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Executive summary

Background

Drug-resistant tuberculosis (TB) continues to threaten global TB control and remains a major public
health concern in many countries. Globally, an estimated 3.3% of new cases and 20% of previously
treated cases have multidrug-resistant TB (MDR-TBJ. In 2014, there were an estimated 480 000 new
cases of MDR-TB and approximately 190 000 deaths from MDR-TB. The World Health Organization'’s
(WHO's) End TB Strategy calls for the early diagnosis of TB and universal drug-susceptibility testing
(DST), highlighting the crifical role of laboratories in the post2015 era in rapidly and accurately
defecting TB and drug resistance.!

Molecular methods based on nucleic acid amplification have considerable advantages for the scale-
up of programmatic management and the surveillance of drug-resistant TB, offering quicker diagnosis,
standardized testing and the potential for high throughput. Molecular tests for detecting drug resistance
to rifampicin alone or in combination with resistance fo isoniazid have been recommended for use by
WHO since 2008. These tests include the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United
States) and commercial line probe assays (LPAs), such as the Genolype MTBDRplus assay (Hain
Lifescience, Nehren, Germany), which defect the presence of mutations associated with drug resistance
to rifampicin.

In 2008, WHO approved the use of commercial LPAs for detecting Mycobacterium tuberculosis
complex (MTBC| and rifampicin resistance in sputum smear-positive specimens (direct festing) and in
cultured isolates of MTBC (indirect fesfing). A systematic review at that time, evaluating the diagnostic
accuracy of two commercially available [PAs — the INNO-LPA Rif.TB assay (Innogenefics, Ghent,
Belgium) and the GenoType MTBDRplus (version 1) (subsequently referred to as Hain version 1) —
provided evidence for WHO's endorsement.?

Although excellent accuracy was reported for both tfests in defecting rifampicin resistance, their
diagnostic accuracy for isoniazid resistance had lower sensitivity, despite excellent specificity. Because
there were inadequate data fo allow stratification by smear status, VWWHO's recommendation for using
LPAs was limited fo culture isolates or smearpositive sputum specimens. Further data have since been
published on the use of LPAs; newer versions of LPA tfechnology have since been developed, such
as the Hain GenoType MTBDRplus version 2 (subsequently referred to as Hain version 2); and other
manufacturers have entered the market, including Nipro (Tokyo, Japan), which developed the Nipro

NTM+MDRTB detection kit 2 (subsequently referred to as Nipro).

In 2015, FIND (the Foundation for Innovative New Diagnostics| evaluated the Nipro and the Hain
version 2 LPAs and compared them with Hain version 1. The study demonstrated equivalence among
the three commercially available [PAs for detecting TB and resistance to rifampicin and isoniazid.*

! Clobal tuberculosis report 2015. Geneva: World Health Organization; 2015 (WHO,/HTM/TB/2015.22;

hitp:/ /www.who.int/tb/ publications/global_report/gtbr 1 5_main_text.pdf, accessed 4 August 2016).

2 ling DI, Zwerling AA, Pai M. GenoType MTBDR assays for the diagnosis of multidrug-resistant tuberculosis: a meto-analysis.
Eur Respir J. 2008;32:1165-74.

® Molecular line probe assays for rapid screening of patients at risk of multidrug-resistant tuberculosis (MDR-TB): policy statement.
Geneva: World Health Organization; 2008 (hiip://www.who.int/tb/features_archive/policy_siatement.pdf, accessed 4 August
2016).

4 Report for WHO: non-inferiority evaluation of Nipro NTM+MDRTB and Hain GenoType MTBDRplus V2 line probe assays.
Geneva: FIND; 2015 (htp://www.finddx.org/wp-content/uploads/2016,/04 /PA-report_noninferiority-study_oct2015.pdf,
accessed 4 September 2016).
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Obijectives, rationale and methods used to develop the guidance

This document updates existing VWHO policy on the use of molecular LPAs for defecting MTBC and
resistance o isoniazid and rifompicin directly from sputum specimens and by the indirect testing of
MTBC culture isolates.

The objectives of this policy guidance are to:

e evaluate the diagnostic accuracy of molecular LPAs for defecting MTBC and rifampicin resistance
directly from smear-positive sputum specimens and indirectly from isolates of MTBC;

e evaluate the diagnostic accuracy of molecular LPAs for defecting MTBC and isoniazid resistance
directly from smear-positive sputum specimens and indirectly from isolates of MTBC.

WHQO's policy recommendations developed from the evidence synthesis process by the Guideline
Development Group are summarized below.

WHO'’s policy recommendations

For persons with a sputum smear-positive specimen or a cultured isolate of MTBC, commercial molecular
LPAs may be used as the inifial test instead of phenotypic culture-based DST to detect resistance fo
rifampicin and isoniazid (conditional recommendation, moderate cerfainty in the evidence for the tesf's
accuracy).

Remarks

a. These recommendations apply fo the use of LPAs for testing sputum smear-positive specimens (direct
festing) and cultured isolates of MTBC (indirect testing) from both pulmonary and extrapulmonary
sites.

b. LPAs are not recommended for the direct fesfing of sputum smearnegative specimens.

c. These recommendations apply to the detection of MTBC and the diagnosis of MDR-TB but
acknowledge that the accuracy of defecting resistance fo rifampicin and isoniazid differs and,
hence, the accuracy of a diagnosis of MDR-TB is reduced overall.

d. These recommendations do not eliminate the need for conventional culture-based DST, which will
be necessary fo defermine resistance to other anti-TB agents and fo monitor the emergence of
additional drug resistance.

e. Conventional culturebased DST for isoniazid may still be used to evaluate patients when the LPA
result does not detect isoniazid resistance. This is particularly important for populations with a high
pre-test probability of resistance fo isoniazid.

f. These recommendations apply fo the use of LPA in children based on the generalization of data
from adults.
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1. Background

Tuberculosis (TB) remains a large-scale public
health problem. Key global priorities for TB care
and confrol include improving case-detection
and detecting cases earlier, including cases of
smearnegative disease. In 2014, only 63% (6
million] of an estimated 9.6 million people who
developed TB were reported to the World Health
Organization (WHO), meaning that globally
37% of the estimated cases of TB are undefected.
WHO has identified the development and
evaluation of new diagnostic tools as an essential
part of future TB control efforts.’

Conventional methods for mycobacteriological
culture and drug-susceptibility testing (DST) are
slow and cumbersome, requiring  sequential
procedures for isolating mycobacteria  from
clinical specimens, identifying Mycobacterium
tuberculosis complex (MTBC), and performing in
vitro testing of strain susceptibility to anti-TB agents.
During this time, patients may be inappropriately
treated, drugesistant  strains  may  continue
to spread, and resistance may be omplified.
Compared with culture-based DST, genotypic
[molecular) methods, such as line probe assays
(LPAs), offer quicker diagnosis, a standardized
and safer procedure when performed directly
on sputum specimens, the potential for high
throughput, and they are suitable for supporting
the programmatic management and surveillance
of drugresistant TB.

The GenoType MTBDRplus LPA (Hain Lifescience,
Nehren, Germany), subsequently referred to as
Hain version 1, was the first commercial LPA
recommended for use by WHO in 2008.7 It
remains the most widely studied LPA. Further
data have been published on the use of LPAs,

and newer versions of LPA technology have
since been developed including (1) the Hain
Genolype MTBDRplus version 2 (subsequently
referred to as Hain version 2) and (2) the Nipro
NTM+MDRTB detection kit 2 (Nipro, Tokyo,
Japan), subsequently referred to as Nipro. These
newer LPAs aim fo improve the sensitivity of MTBC
detection and to simultaneously defect resistance
to rifampicin and isoniazid.

In 2015, FIND (the Foundation for Innovative
New Diagnostics) evaluated the Nipro and
the Hain version 2 LPAs and compared them
with Hain version 1. The study demonsirated
equivalence among the three commercially
available LPAs for defecting TB and resistance to
rifampicin and isoniazid.?

Also in 2015, WHO commissioned an updated
systematic review of the accuracy of commercial
[PAs for detecting MTBC and resistance fo
rifampicin and isoniazid. A total of 74 studies
were idenfified, comprising 94 unique dafasets
([see Annex 1). Of these, 83 datasets evaluated
Hain version 1, 5 evaluated Hain version 2, and
6 evaluated the Nipro assay.

In accordance with  WHO's  standards  for
assessing evidence when formulating  policy
recommendations, the ~ GRADE  approach
(Grading  of Recommendations  Assessment,
Development and Evaluation, see hip://www.
gradeworkinggroup.org/] was used. GRADE
provides a sfructured framework for evaluating the
accuracy of diagnostic tests and their impact on
patients and public health. The systematic review
assessed the accuracy of the Hain version 1,
Hain version 2 and Nipro assays in the direct

I Global tuberculosis report 2015. Geneva: World Health Organization; 2015 (WHO,/HTM/TB/2015.22; hitp:/ /www.
who.int/tb/ publications/global_report/gtbr 1 5_main_text.pdf, accessed 15 April 2016).

2 Molecular line probe assays for rapid screening of patients at risk of multidrug-resistant tuberculosis (MDR-TB): policy statement.
Geneva: World Health Organization; 2008 (hitp://www.who.int/tb/features_archive/policy_statement.pdf, accessed 15 April

2016).

® Report for WHO: nonvinferiority evaluation of Nipro NTM+MDRTB and Hain GenoType MTBDRplus V2 line probe assays.
Geneva: FIND; 2015 (http://www.finddx.org/wp-content/uploads/2016,/04 /LPA-report_noninferiority-study_oct2015.pdf,

accessed 15 April 20106).
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festing of sputum samples from patients with signs
and symptoms of TB, as well as in the indirect
festing of cultures of MTBC.

The evidence reviewed and this policy guidance
apply to the use of only these commercial assays.
Other assays for defecting MTBC and resistance
fo rifampicin and isoniazid were not evaluated.
Any new or generic assay infended to defect the
presence of MTBC and mutations associated with
drug resistance to rifampicin and isoniazid should
be adequately evaluated and validated in the
seffings where it is intended to be used, as per

WHO's policy.

1.1 Index tests

The Hain version 1 and version 2 assays include
rpoB probes to defect rifampicin resistance, katG

probes fo detect mutations associated with high-
level isoniozid resistance, and inhA probes to
detect mutations usually associated with low-level
isoniazid resistance. The probes used fo detect
wildtype and specific mutations are the same
for both versions of the Hain LPA (Fig. Ta). The
Nipro assay underwent Japanese registration in
2012 and allows for the identification of MTBC
and resistance fo rifampicin and isoniazid. The
Nipro assay also differentiates M. avium, M.
infracellulare and M. kansasii from other non-
tuberculous mycobacteria (Fig. 1b).

The 1poB, katG and inhA mutation probes are
the same for the three assays with the exception
of the katG S315N mutation, which is included
in the Nipro assay but not in Hain version 1 or
version 2. There are some minor variations in the
codon regions covered for the wild type among
Hain version 1 and version 2 and the Nipro.

Figure 1. Examples of different line probe assay strip readouts: (a) Hain GenoType MTBDRplus
version 1 and version 2 (Hain Lifescience, Nehren, Germany) and (b) Nipro NTM+MDRTB Detection

Kit 2 (Nipro, Tokyo, Japan)
(a)

Conjugate Control [CC)
Amplification Control [AC)
M. tuberculosis complex [TUB)

rpoB Locus Control

rpoB wild type probe 1 [rpoB WT1)
rpoB wild type probe 2 [rpoB WT2)
rpoB wild type probe 3 [rpoB WT3)
rpoB wild type probe & [rpoB WT4)
rpoB wild type probe 5 [rpeB WTS)
rpoB wild type probe 6 [rpo8 WT4|
rpoB wild type probe 7 [rpoB WT7)
rpoB wild type probe 8 (rpoB8 WT8)
rpoB mutation probe 1 (rpe MUT1)
rpof mutation probe 24 [rpo8 MUT2A)
rpof mutation probe 28 [rpoB8 MUTZB)
rpo8 mutation probe 3 (rpe8 MUT3]

katG Locus Control

katG wild type probe [katG WT)
katG mutation probe 1 [katG MUT1)
katG mutation probe 2 [katG MUTZ|

inhA Locus Control

inhA wild type probe 1 [inhd WT1)
inhA wild type probe 2 [inhd WT2)
inhA mutation probe 1 [inh4 MUT1)
inhA mutation probe 2 [inh4 MUT2|
inhA mutation probe 3A linhd MUT3A)
inhA mutation probe 3B linh4 MUT3B)
colored marker

(b)
Coloring control b .
Amplification control proae ?Vl
probe int
probe kan
rpaB locus control be TB
rpoB probe S1 probe
rpoB probe S2 rpoB probe R2
rpoB probe S3 1poB probe Rda
rpoB probe S4 rpoB probe R4b
rpoB probe S5 rpoB probe RS

inhA locus control

inhA probe R6a
inhA probe S6

inhA probe REb
inhA probe Réc

katG locus control inhA probe Réd

katG probe S7
katG probe S8
katG probe S8
katG probe $10

katG probe R8a
katG probe R8b

Resistance

Picture: Courtesy of FIND

4

Implementing tuberculosis diagnostics: policy framework. Geneva: World Health Organization; 2015 (WHO,/HTM/

TB/2015.11; hitp://apps.who.int/iris/ bitstream/ 10665/162712/1/9789241508612_eng.pdf, accessed 18 April 2016).
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2. Methods

2.1 Evidence synthesis

Following the 2015 systematic review, WHO's
Clobal TB Programme convened a Guideline
Development Group (GDG) in March 2016 to
assess the data and update the 2008 policy
recommendations on using commercial [PAs to
defect MTBC and resistance fo isoniazid and
rifampicin.  The evaluation used the GRADE
system fo 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 targefed by the action or intervention
(in the case of systematic reviews of the accuracy
of a diagnostic test, P is the population of
interest): the Intervention (| is the index test): the
Comparator (C is the comparator fest or tests);
and the Outcome (O is usually sensifivity and
specificity]. The PICO questions for the review
are given below.

Overarching question

Should [PA results be used to guide clinical
decisions to use rifampicin and isoniazid in
patients diagnosed with TB2

PICO questions addressed by the Guideline

Development Group

1. Should LPAs be used to guide clinical
decisions to use rifampicin in the direct festing
of specimens and the indirect testing of culture
isolates from patients with signs and sympfoms
consistent with TB2

2. Should [PAs be used to guide clinical
decisions fo use isoniazid in the direct testing
of specimens and the indirect testing of culture
isolates from patients with signs and sympfoms
consistent with TB2

3. Should [PAs be used to diagnose multidrug-
resistant TB (MDR-TB) in patients with signs
and symptoms consistent with TB2

4. Should PAs be used fo diagnose TB in
patients with signs and symptoms consisfent
with TB but for whom sputum-smear results are
negative?

A comprehensive search was performed  of
the following databases for relevant citations:
PubMed, Embase, BIOSIS, Web of Science,
LLACS and the Cochrane Collaboration. The
search was restricted from January 2004 fo August
2015 because the firstgeneration Hain assay
was introduced in October 2004. In addition,
laborafory experts and the fests’ manufacturers
(Hain Lifescience and Nipro] were contacted for
lists of addifional published studies. Reference lists
from included studies were also searched.

No language restriction was applied but at the full-
fext review stage studies were restricted fo English,
French and Spanish. Abstracts or conference
proceedings were not included in the review
as these usually do not include methodological
details, and dafa are often subject to change.

In an effort to maximize the data, all studies
that defermined the diagnostic accuracy of the
index test in comparison with a defined reference
standard were included along with studies that
used case—control designs. Included studies
were those from which data could be extracted
for true positives, false positives, false negatives
and frue negatives fo calculate sensitivity and
specificity esfimates and  95%
intervals (Cls) for individual studies. The results

confidence

from individual studies were graphed by plotting
the estimates of sensifivity and specificity (and
their 95% Cls) in forest plots.

The following reference standards were used to
define the target condifions.

o The reference standard for the detection of
MTBC was a positive culture using either
solid or liquid media.
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o The

rifampicin and isoniazid resistance was

reference standard  for  defecting

phenotypic culture-based DST using either
solid or liquid culture and incorporating the
anti-TB agent of interest.

e A composite reference standard included
both culturebased phenotypic DST and
sequencing of the same specimens. Results
were classified as follows:

- if a specimen was resistant according
to culture-based DST or had a mutation
conferring resistance that was associ-
ated with a particular anti-TB agent, the
specimen was classified as being resis-
fant fo a particular drug;

— if both culturebased DST and sequenc-
ing indicated susceptibility, the speci-
men was classified as being susceptible
fo a parficular agent;

— if results were discrepant between
culture-based DST aond  sequencing,
the final determination was based on
whether the sequencing mutations de-
tecled were thought o be clinically
significant [that is, associated with
resistance) using the TB Drug Resis-
tance Mutation (TB DReaM\) database
and the relafional sequencing TB data
platform (ReSeq TB) as references;

— if conventional DST showed susceptibil-
ity but sequencing identified mutafions
recognized fo be associated with resis-
tance, the composite reference standard
was considered resistant;

— if conventional DST showed resistance
but sequencing did not identify mutations
associated with resistance, the compos-
ite reference standard was considered
resistant (as mutations were assumed to
be outside of the region sequenced).

A composite reference standard was preferred
because there is evidence that sirains with

disputed mutations that may not be detected
as resistant by phenotypic DST are clinically
important because they are associated with
worse freatment outcomes.

Sequencing is considered a reliable method
for detecting mutations known to be associated
with phenotypic drug resistance; however, not all
resistance-determining mechanisms for rifampicin
and isoniazid are known. As o consequence,
targeted sequencing may not defect all strains
with phenotypic resistance because mutations that
confer resistance may occur outside the area of
a particular gene that is targeted for sequencing.

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

Rates for true positives, frue negatives, false
positives and false negatives were calculated
using prefest probabilities based on the results
of routine surveillance of TB drug resistance that
have been overseen by WHO since 1994.5
Prevalences of 5% and 15% were used to cover
the overall levels of resistance to rifampicin. The
5% level was used to represent the upper level
of rifampicin resistance among new TB cases
and 15% to represent the lower limit of rifampicin
resistance among previously freated persons.®

> Sandgren A, Strong M, Muthukrishnan P, Weiner BK, Church GM, Murray MB. Tuberculosis Drug Resistance Mutation
database. PLOS Med. 2009:6:¢1000002. doi: 10.1371/journal.pmed. 1000002.

¢ Clobal tuberculosis report 2015. Geneva: World Health Organization; 2015 (WHO/HTM/TB/2015.22;

hitp:/ /www.who.int/tb/publications/global_report/gtbr 1 5_main_text.pdf, accessed 18 April 2016).
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Prevalences of 5%, 15% and Q0% were used for
isoniazid. The 5% level was used fo represent
a population with a low level of isoniazid
15% level represented
a population with a high level of isoniazid
monoresistance; and Q0% represented the overall
prevalence of isoniazid resistance associated
with rifampicin resistance. Prevalences of 1%,
5% and 10% were used to cover resistance
associated with MDR-TB. These thresholds were
chosen based on the findings from global drug-
resistance surveillance among TB patients in 217
countfries.

monoresistance; the

The evaluation of the impact on patients was
based on a balance among the following values:

o frue positives — the benefit fo patients from
rapid diagnosis and treatment;

e frue negatives — the benefit to patients who
would be spared unnecessary treatment
(the benefits of reassurance and alternative
diagnosis);

o false positives — the likelihood of anxiety
and morbidity caused by additional fesfing,
unnecessary freafment and possible adverse
effects; the possible stigma associated with
a diagnosis of TB; and the chance that a
false positive might halt further diagnostic
evaluation;

o false negatives — the increased risk of
morbidity and mortality, delayed initiation
of treatment and the continued risk of TB
fransmission.

2.2 Guideline Development Group
meeting

The WHO Steering Group was responsible
for scoping the guideline, drafting the PICO
questions and overseeing evidence refrieval
ond analyses. The Steering Group was also
responsible for selecting the members of the GDG
and the External Review Group, for managing
Declarations of Inferests and for organizing the

CDG meeting. A brief biography of each of the

CDG members was made available for public
scrutiny on the website of the VWWHO Global TB
Programme (htto:/ /www.who.int/tb /areas-
of-work/laboratory/policy_statements/en /)
2 weeks prior fo the GDG meeting.

PICO questions were drafted by the WHO
Steering Group and were presented to the GDG
for discussion and modification. The Steering
Croup also prepared an initial list of relevant
outcomes, including desirable effects and
undesirable effects, and requested the GDG 1o
identify any other important oufcomes.

On 1 February 2016, a webinar was conducted
with members of the GDG prior to the meeting fo
review the preliminary findings from the systematic
reviews, refine and finalize the proposed patient
outcomes and fo rate their relative importance. The
following outcomes for each PICO question were
determined, and the ratings of their importance
were unanimously agreed:

e critical outcomes — diagnostic accuracy
as reflected by frue-positive, true-negative,
false-positive and false-negative results;

e important oufcomes — impact on the time to
diagnosis, ease of use and acceptability of
the test, and cost.

The format for the tables tables showing the
decisions from evidence to recommendations
was discussed and agreed upon by the GDG
members during the webinar. The format includes
the following sections: description of the problem,
accuracy of the diagnostic fest, patients’ values
and preferences, the certainty of the evidence
of a fest's accuracy, the benefits and harms of
using the test, the resources required, equity,
the accepfability of the test, the feasibility of
implementing the fest, and how fo use neufral
language to formulate the recommendations.

The tables showing the decisions made from
evidence fo recommendations were developed
for each of the PICO questions o guide the
process of developing the recommendations.
These tables were completed during the meeting.
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The meefing was chaired by a guideline

methodologist  with  expertise in  guideline
development processes and methods. The
methodologist  participated in the inifial

planning, scoping and in developing 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, which was defined as unanimous
agreement among all  GDG  members.
Consensus was achieved for both of the tables
showing the decisions made from evidence to
recommendations for direct tests (see Online
annex 3, Tables 12 and 14). The remaining
fables showing the decisions made from
evidence to recommendations for indirect testing
were compiled by the WHO Steering Group
and circulated to the GDG for their agreement
following the meeting (see Online annex 3, Tables
13 and 15). All tables were subsequently agreed
fo by consensus among the GDG members.

3. Scope

2.3 External Review Group

The findings and recommendations from the GDG
meeting were sent fo an External Review Group of
international experts in the field of TB laboratory
diagnosfics, which included  representatives
from the WHO TB Supranational Reference
Llaboratory  Network, WHO's  Strategic  and
Technical Advisory Group for TB and members of
the core group of the Global Laboratory Initiative
Working Group of the Stop TB Partnership. The
External Review Group did not identify any major
errors or missing data in the policy guidance.
Members of the External Review Group confirmed
that they had no concerns regarding any of the
recommendations or any other setting-specific
issues, nor were there any implications for
implementation that were not addressed.

This document provides a pragmatic summary of
the evidence and recommendations on using com-
mercial [PAs to defect resistance to rifampicin and
isoniazid in adults with signs and symptoms con-
sistent with TB and who are af risk for MDR-TB. It
should be read in conjunction with the Companion
handbook to the WHO guidelines for the program-
matic management of drug-resistant tuberculosis”
and the 2015 WHO framework for implement-
ing TB diagnostics.®

3.1 Target audience

This guidance is infended fo be used by clinicians
freating patients with TB and drugesistant T8,

7

and 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.

Companion handbook to the WHO guidelines for the programmatic management of drug-resistant tuberculosis.

Geneva: World Health Organization; 2014 (WHO/HTM/TB/2011.6;
hitp://apps.who.int/iris/bitsiream,/10665/130918/1 /9789241548809 _eng.pdfeua=18&ua=1, accessed 19 April 2016).
¢ Implementing tuberculosis diagnostics: policy framework. Geneva: World Health Organization; 2015 (WHO/HTM/
TB/2015.11; hitp://apps.who.int/iris/bitstream/ 10665/162712/1/9789241508612_eng.pdf, accessed 19 April

2016).



8 ——THE USE OF MOLECULAR LINE PROBE ASSAYS FOR THE DETECTION OF RESISTANCE TO ISONIAZID AND RIFAMPICIN — POLICY UPDATE

4. Evidence base for policy formulation

The literature search identified 1 650 citafions
and, of these, 218 full4ext articles were reviewed
(Fig. 2). A total of 74 studies were identified for
inclusion in the systematic review. References
to the included studies are provided in Annex
1 [excluded studies are provided in Online
annex 4). Sixteen of these studies contributed
data o more than one andlysis, resuling in
a fofal of 94 datasefs. Thirteen studies used
different populations of patients or specimens fo
perform indirect and direct fesfting and, thus, were
included as two separate datasets. Only one of
these studies performed heado-head festing of
all three target LPAs on directly tested clinical
specimens and indirectly fested isolafes and these
dota were included as six separate datasets.
One sfudy performed indirect festing on two
different popu\otions with two different phenor\/pic
reference standards and these dafa were included
as two separafe datasets. Two studies examined
two different populations of TB patients and were
included as four separate dafasets. No studies
performed LPA testing on specimens and culture
isolates from the same patients, precluding direct
withinstudy comparisons.

LPAs were compared with a phenotypic culture-
based DST reference standard and a composite
reference sfandard that combined the results
from genetic sequencing with results from
phenotypic culturebased DST. Phenotypic DST
was the primary reference standard applied tfo
all participants for all analyses. These analyses
were strafified, first, by susceptibility or resistance
fo rifampicin or isoniozid, or both, and, second,
by type of LPA festing (indirect festing or direct

9

testing). Within each stratum, estimates of the
studies’ observed sensitivities and  specificities
were plotted in forest plots with 95% confidence
intervals. In cases in which adequate data were
available, data were combined for meta-analysis
by fitting the bivariate random-effects model.% 10

to both
no false

studies did not  confribute
sensitivity  (no and
negatives] and specificity (no true negatives and

Several
frue  positives

no false positives) but to only one of the two. For
these studies, a univariate, random effects meto-
analysis of the estimates of sensitivity or specificity
was performed separately to make optimal use of
the data. The results from the univariate analysis
(using all studies] were compared with the results
from the bivariate analysis of the subset of studies
that contributed 1o estimates of both sensitivity and
specificity.

If there were at least four studies for index tests
with data that contributed on|y to sensitivity or
specificity, a univariate, random effects meta-
analysis was performed to assess one summary
estimate, assuming no correlation  between
sensitivity and specificity. In cases in which there
were fewer than four studies or if substantial
heferogeneity was evident on forest plots that
precluded a mefa-analysis, a descriptive analysis
was performed for these index fesfs. Forest plofs
were visually assessed for heterogeneity among
the studies within each index tfest and in the
summary plots for variability in estimates and
the width of the prediction region, with a wider
prediction region suggesting more heferogeneity.

Chu H, Cole SR. Bivariate meta-analysis of sensitivity and specificity with sparse data: a generalized linear mixed model

approach. J Clin Epidemiol. 2006;59:1331-32; author reply 1332-33. doi:10.1016/].iclinepi.2006.06.011.
10 Reitsma JB, Glas AS, Ruties AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of sensitivity and specificity
produces informative summary measures in diagnostic reviews. | Clin Epidemiol. 2005;58:982-90. doi: 10.1016/].

iclinepi.2005.02.022.
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Figure 2. Selection of studies evaluating the accuracy of line probe assays (LPAs) for detecting
resistance fo rifampicin and isoniazid

1 650 potentially relevant citations
identified from electronic
databases

1 433 excluded during first screening

\4

Reason
Not relevant based on assessments of title
and abstract

4

217 full papers retrieved for
more detailed evaluation

130 excluded during second screening:
Reason

e Abstract or poster: 35

e Duplicate data or study: 3

® Not about pulmonary TB: 2

e Other LPAs: 29 (13)

* No primary dafa: 2

\4

* Inappropriate reference standard: 16
* No dafa on diagnostfic accuracy: 30
e Unable to franslate: 13

14 excluded because data could not be
exiracted and there was no response
from authors

Y

1 included study was the only heado-
head comparison of target LPAs (pending
publication)

A

Y

74 papers included

in the systematic review

|
v v v

Papers included for PICO Papers included for PICO Papers included for
question A [rifampicin): question B (isoniazid): PICO question C
74 (A1), 21 (A2) 70 (B1], 20 (B2) [MDR-TB): 6
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PICO questions

1. Should [PAs be used to guide clinical
decisions fo use rifampicin in the direct testing
of specimens (A1) and the indirect testing of
culture isolates (A2) from patients with signs
and symptoms consistent with TB2

2. Should LPAs be used fo guide clinical
decisions fo use isoniazid in the direct festing
of specimens (B1) and the indirect testing of
culture isolates (B2) from patients with signs
and symptoms consisfent with TB2

3. Should LPAs be used to diagnose multidrug-
resistant TB (MDR-TB) in patients with signs and
symptoms consistent with TB2

4.1 Quality of included studies

The quality of the included studies was appraised
with the Quality Assessment of Diagnostic
Accuracy Studies [QUADAS-2) tool. ' QUADAS-2
consists of four domains: patient selection, index
test, reference standard, and flow and timing. Al
domains were assessed for the potential for risk
of bias, and the first three domains for concerns
regarding applicability (Fig. 3-5).

4.1.1 Risk of bias for defecting rifampicin
resistance

Flow and timing: In the flow and fiming domain
related to rifampicin resistance, 78 of the
94 dafasets were judged fo have a low risk of
bias. Low risk in this domain indicates that the
index and reference tests were performed at the

same point in fime on paired specimens from the
same patient; the same reference standard was
applied fo all specimens; and all patients or
specimens were included in the analysis.

Reference standard: The risk of bias was unclear
for 68 of the 94 datasets because the studies
did not stafe whether the person performing the
reference test had been blinded to the results of
the index fest. Applicability was judged to be of
low concern in all datasets.

Index test: The risk of bias was unclear for 66
of the 94 datasets because the studies did not
state whether the person performing the index fest
had been blinded to the results of the reference
standard. Applicability was judged to be of low
concem in 86 of the 94 datasets. Eight datasets
that reported variations in test processing that did
not follow the manufacturer's recommendations
were judged to have a high risk of bias.

Patient selection: In the patient selection domain
related to rifompicin resistance, 17 of the 94 data-
sefs were judged to have a high risk of bias. A tofal
of 21 datasets were judged to have a low risk of
bias. In 56 datasets, the risk of bias was unclear.
In 54 of these 56 datasets, the method of sam-
pling patients or specimens was not specified; 1
dafaset had an unclear design; and in 1 dataset it
was unclear whether there had been inappropriate
exclusions. Applicability was judged to be a low
risk in 75 of the 94 datasets and an unclear risk in
19 datasets that did not specify the type of patients
tested or the type of laboratory setting.

Figure 3. Risk of bias for detecting rifampicin resistance: review authors’ judgements about each

domain across studies

Flow and Timing - [ |

Reference Standard _

Index Test [N

Patient Selection [N |
.

0% 25%

50% 75% 100%

BLow risk of bias  BHigh risk of bias  OUnclear risk of bias |

" Whiting PF, Ruties AW, Westwood ME, Mallett S, Deeks ||, Reitsma JB, et al. QUADAS-2: a revised tool for the quality
assessment of diagnostic accuracy studies. Ann Infern Med. 2011;155(8):529-36.

doi:10.7326,/0003-4819-155-8-201110180-00009.
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4.1.2 Risk of bias for detecting isoniazid
resistance

Flow and timing: In the flow and fiming domain
related to isoniazid resistance, 74 of the
Q0 dafasets were judged to have a low risk of
bias.

Reference standard: The risk of bias was unclear
for 65 of the Q0 datasets because the studies
did not state whether the person performing the
index fest had been blinded to the results of the
reference standard. Applicability was judged to
be of low concern in all datasets.

Index test: The risk of bias was unclear for 63
of the Q0 datasets because the studies did not
state whether the person performing the index test

had been blinded to the results of the reference
standard. Applicability was judged to be of low
concern in 82 of the 90 datfasets. Eight datasets
that reported variations in fest processing that did
not follow the manufacturer's recommendations
were judged to have a high risk for bias.

Patient selection: Overall, in the patient selection
domain related to isoniazid resistance, there was
an unclear risk of bias for 53 of the Q0 datases.
This was predominantly because the method of
sampling patients was not defined. Applicability
was judged to be a low risk in 71 of the
Q0 dafasets and an unclear risk in 19 dafasets
that did not specify the type of patients fested or
the type of laboratory setting.

Figure 4. Risk of bias for detecting isoniazid resistance: review authors’ judgements about each

domain across studies

Flow and Timing

Reference Standard

Patient Selection

0% 25%

50% 75% 100%

| Blow risk of bias  BHigh risk of bias  OUnclear risk of bias |

4.1.3 Risk of bias for defecting

Mycobacterium tuberculosis complex

Flow and timing: In the flow and timing domain,
all six datasets were judged to have a low risk of

bias for defecting MTBC.

Reference standard: In the reference standard
domain, there was an unclear risk of bias for
three of the six datasets because the studies did
not specify whether the person performing the
reference test had been blinded to the results of
the index fest.

Index test: In the index test domain, there was
an unclear risk of bias for two of the six datasets

because the studies did not specify whether
the person performing the index test had been
blinded to the results of the reference standard.

Patient selection: In the patient selection domain,
there was an unclear risk of bias for five of
the six dafasets that evaluated the accuracy of
detecting MTBC. This was mainly because the
method of sampling patients or specimens was
not specified. Applicability was judged to be a
low risk in five of the six included datasets and an
unclear risk in one dataset that did not specify the
laboratory setting.
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Figure 5. Risk of bias for detecting Mycobacterium tuberculosis complex: review authors’ judgements

about each domain across studies
Flow and Timing
Reference Standard
Index Test

Patient Selection

0% 25%

50% 75% 100%

‘ BLow risk of bias BHigh risk of bias OUnclear risk of bias |

The certainty of the evidence (also called the quality
of the evidence or confidence in effect estimates)
was assessed using the GRADE approach'? 1
and GRADEpro guideline  development  tool
software.™ In the context of a systematic review,
the ratings of the certainty of the evidence reflect
the extent of the confidence that the estimates of
the effect are correct (including test accuracy and
associations). The certainty of the evidence was
rated as high (no points subtracted), moderate
[one point subtracted), low (two points subtrocted)
or very low (more than two points subtracted)
based on five domains: risk of bias, indirectness,
inconsistency, imprecision and publication bias.
One point was subtracted when a serious issue
was identified and two points were subtracted
when a very serious issue was identified in any
of the domains used to judge the certainty of the
evidence.

4.2 Accuracy for detecting rifampicin
resistance

Altogether, @1 studies were included in the
bivariate analysis, with a total of 21 225 samples
that included 6 789 confirmed rifampicin-esistant
TB cases (32%). Meta-analysis of the studies
that reported data on sensitivity and specificity

independently of the type of LPA or the type of
testing performed (direct or indirect) or the type
of phenotypic reference standard used revealed
a pooled sensitivity of 96.7% (95% Cl: 95.6-
97.5) and a pooled specificity of 98.8% (95%
Cl: 98.2-99.2).

The pooled sensitivity estimate from a univariate
analysis that included three additional datasets,
with a fotal of 22 078 samples, confributing
data only for sensitivity was 96.5% (95% Cl:
95.6-97.3). Because it was anficipated that
studies included in this systematic review would
be diverse with respect fo the sample types tested
and assays used, the results were analysed
separately for direct testing of sputum specimens
and indirect festing of culture isolates. Pooled
analysis stratified by LPA demonstrated a slightly
lower sensitivity for Hain version 2 and Nipro
(95.0% and 94.3%, respectively) compared with
Hain version 1 (97.1%), although confidence
intervals overlapped and specificity was similar
[respectively, 98.3%, 98.1% and 98.9%).

4.2.1 Direct festing for detecting rifampicin
resistance

Altogether, 48 datasets were available for
[PAs used to defect rifampicin resistance by

12 Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J, et ol . GRADE guidelines: 3. Rating the quality of
evidence. | Clin Epidemiol. 2011;64(4):401-6. doi:10.1016/].jclinepi.2010.07.015.

13 Schiinemann H, Brozek J, Guyatt G, Oxman A, editors. Handbook for grading the quality of evidence and the strength of
recommendations using the GRADE approach. Hamilton, Ontario: McMaster University, Evidence Prime; 2013 (http://gd.
guidelinedevelopment.org/app/handbook,/handbook.himl, accessed 20.04.16).

14 GRADEpro GDT: GRADEpro guideline development toal [software]. Hamilion, Ontario: McMaster University, Evidence Prime;

2015 (htips: //gradepro.org, accessed 20.04.16 ).
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direct festing of 10 560 sputum specimens
that included 2 876 specimens from confirmed
rifampicin-resistant TB cases (27%). Compared
with a culture-based DST reference standard, the
pooled sensitivity across studies was 96.3% (95%
Cl: 94.6-97.5) and the pooled specificity was
08.2% (95% Cl: 97.2-98.8).

A tofal of 41 datasets assessed the Hain version
1 assay (Fig. 6); 4 datasets (Bablishvili et al.
2015, Catanzaro et al. 2015, Crudu et al.
2012, Nathavitharana et al. 2016) evaluated
Hain version 2 on 1 872 specimens that included
827 rifampicin-resistant TB cases (44%). Bivariate
mefa-analysis revealed that the pooled sensitivity
across the four sfudies evaluating Hain version 2
was 95.8% (95% Cl: 92.6-97.6) and specificity
was 98.4% (95% Cl: 96.9-99 2. Because there

were only three dafasefs that evaluated Nipro
(Mitarai etal. 2012, Nathavitharana etal. 2016,
Rienthong ef al. 2015), o meta-analysis could
not be performed separately for this assay. The
three datasets evaluating Nipro included a fofal
of 657 specimens with 182 rifampicin-resistant
TB cases (28%): sensitivity estimates ranged from
75% 1o 100%, and specificity estimates ranged
from 96.5% to 100%. The pooled sensitivity and
specificity across studies for Hain version 1 did
not differ substantially from the overall pooled
estimates across all three LPAs reported above
(for sensitivity 96.8%, 95% Cl: 94.7-98.1; and
for specificity 98.1%, 95% Cl: 96.9-98.8). The
only study (Nathavitharana et al. 2016} that
compared all three LPAs side by side, directly on
specimens, showed similar performance across
all three tests (Table 1).

Table 1. Head- to-head comparison of three line probe assays used to detect rifampicin resistance in
the direct festing of sputum specimens compared with a culture-based reference standard for drug-

susceptibility testing

Hain version 1

97.1(93.3-99.0) (166/171)

Q7.1 (94.3-98.7) (267 /275)

Hain version 2

98.2 (95.0-99.6) (168/171)

Q7.8 (95.3-99.2) (269/275)

Nipro

96.5(92.5-98.7) (165/171)

97.5(94.8-99.0) (268/275)

@ Values are percentage (95% confidence interval)
b Absolute numbers

For individual studies, the point esfimates for
sensitivity ranged from 40% to 100%, and the
point estimates for specificity ranged from 50% fo
100% (Fig. 6, 7). Outliers with lower sensitivity
were predominantly datasets with limited numbers
of resistant specimens (fewer than 10) and,
thus, were accompanied by wide confidence
intervals. Heterogeneity also appeared to be

limited for specificity, aside from a few outliers
that were predominantly datasets with fewer
than 10 rifampicin-susceptible specimens. One
large outlier study (N'Guessan et al. 2014)
demonstrated a low specificity of 74.5%. The
patient population included in this study was
unclear.
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Figure 6. Forest plot for the sensitivity of all line probe assays evaluated for diagnosing rifampicin

resistance in sputum specimens that were fested directly®
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Chan 2074 —— 85.94 (74.98, 93,36} 1,63 55 18 9 244
Liz2ois —— BB.49 (81.98, 83.28} 3.40 123 33 ‘B 1135
Ascentias 2012 —— G187 (73,00, 98,97} 0,89 2 1 778
Faroaqi 2072 —— 2,45 (81,79, 8791} 202 49 2 4 4%
—— 3,33 (68.05, 89.83} 0.61 14 2
—— 93,38 (87,81, 9693} 440 127 7 & 105
—— G355 (84,30, 9821} 253 58 2 4 mn
Lyu 2013 —e— 5420 (80.84,09.30) 162 33 0 2 133
Imperiale 2012 —e 0,15 (80,36, 99,90} 147 25 O an
Nikolayawskyy 2009 — 56,40 (91,03, 99.01}) 507 10 4 4 4
Tukvadze 20°2 = DE.55 (91.41,808.05}] 5.28 1tz 4 4 338
Hillernann 2007 — 05,77 (83,30, 99,92} 192 a0 40
Nathavitharana 2016 == G708 (93.31,99.04) 664 166 8 b5 267
Singhal 2012 —f= 0756 (01.47,80.70) 481 a0 2 2 M
Dubais Cauwalaart 2011 —= 57,92 (88,93, 99.95) 351 47 4 02
Yadav 2013 — G059 (92.40, 99.96) 5.33 0 1 176G
Barnard 2008 = 0B.O5 (04.27,00.97} 6.67 94 2 353
Albert 2000 — 100,00 (78,20, 100,00) 1,21 15 4 0 73
Anek-Vorapong 2010 — 100,00 (82,35, 100.00) 1.74 19 0 0 14s
Aurin 2014 =$ 100.00 (98.07, 100.00) 9.41 189 0 o a8
Cabibbe 2015 —— 100,00 (73,54, 100,00) 0,86 12 9 0 35
Causse 2008 — 100,00 (66,37, 10000} 055 9 0 0 @
Eligeay 2013 == 100.00 (84.78, 100.00) 7.06 g8 2 o 102
Friedrich 2011 100,00 (2,50, 100.00) 0.07 1 O 0 8%
Gauthiar 204 — 10000 (76,84, 100.00) 108 14 0 0 195
Lacema 2008 —— 100.00 (86.77, 100.00) 2.73 28 3 o 13
Lunlknmaynr 2014 — 100,00 (84,56, 100,00) 216 22 ‘7 0 248
Macedo 2009 — 100,00 (85.18, 100.00) 2.30 23 0 0 45
Mictte 2008 100.00 (29.24, 100.00) 0.13 3 1 o &5
Miatla 2008 — 100,00 (82,35, 100,00) 1,74 19 2 0 10
Mictto 2008 — 10000 (63.06, 100.00) 046 8 ' 0 1
NGuessan 2014 =8 100.00 (04.48, 100.00) 6.81 &5 14 0 4
Ravopndran 2012 100,00 (47,82, 10000) 024 5 o 0 1
Au‘al 2014 — 100.00 (83.16, 100.00) 188 2z 0 0 3
Sublatal ©  97.20(95.92, 98.48}  100.00
MTBDRplus V2
Bablighvili 2015 —— 90.28 (80.90, DE.00} T7.06 &5 1 7 258
Crudu 2012 e G434 (BB09, 97.89) 1433 100 2 6 48
Catanzaro 2015 = 5665 (94.62,90.07) 4353 482 7 16 324
Nathavitharzng 2016 == 0F25(040B 0064} 3508 188 £ 3 29
Sublatal <> 96.43(94.31,58.55) 100,00
Nigre
Riarithong 2015 75.00(2491,5681) 098 & o0 7 1§
Na tharana 2016 == 0549 (02.52, 98.70) BB27 185 7 6 264
Mitarai 2012 10000 (20.24, 10000) 076 3 o 0 52
Sublatal <> 96:31(93.24,9937) 100,00
I I I I I I I I I
o 20 30 40 50 (4] 70 80 0 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% Cl (horizontal line). The individual
studies are stratified by the version of the line probe assay and ordered by decreasing sensitivity. Values for test results are the number
of each type of result (frue positive, false positive, false negative, frue negative).
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Figure 7. Forest plot for the specificity of all line probe assays evaluated for diagnosing rifampicin
resistance in sputum specimens that were tested directly®

%
Author Specificty (95% CI)  Weight TP FP FN TN
MTBDRplus V1
Miotto 2009 + 50.00(1.26,98.74) 002 8 1 0 1
Sangsayunh 2014 + 66.67(9.43,99.16) 002 14 1 1 2
N'Guessan 2014 —— 7455(61.00,8533) 027 65 14 0 41
Miotto 2009 + 8333(5159,9791) 008 19 2 0 10
Banu 2014 + 84.62(5455,9808) 009 58 2 4 1
Lacoma 2008 —p— 86.36(65.09,97.09) 016 26 3 0 19
Nikolayevskyy 2009 —— 8047 (75.20,97.06) 033 107 4 4 34
Chen 2014 =  9313(80.36,9588) 249 55 18 9 244
Raizada 2014 w—=  9375(87.55,9745 135 1277 9 105
Maschmann Rde 2013 —— 0412(80.32,99.28) 043 23 2 5 3
Singhal 2012 —— 0444(8134,9932) 047 80 2 2 34
Albert 2010 —=  0481(87.23,9857) 108 15 4 0 73
Luetkemeyer 2014 =& 9538(9208,9759) 305 22 12 0 248
Faroogi 2012 —= 96.08(86.54,9952) 085 49 2 4 49
Scott 2011 —- 9643(89.92,9926) 148 2 3 3 81
Nathavitharana 2016 -$ 9709(%94.359874) 386 166 8 5 267
Li 2015 & 97.17(96.059805 603 123 33 16 1135
Dubois Cauwelaert 20)1 - 9806(95.10,9947) 388 47 4 1 202
Eliseev 2013 —& 0808(9323,9977) 248 69 2 0 102
Miotto 2008 —d 9848(91.84,9996) 184 3 1 0 65
Rigouts 2011 9 9848(96.17,9959) 469 3 4 2 260
Ascencios 2012 - 9868(9289,9997) 228 2 1 2 75
Tukvadze 2012 4 9883(97.03,9968) 542 112 4 4 338
Chryssanthou 2012 —® 098.84(9369,9997) 262 3 1 1 8
Dorman 2012 = 99.01(96.47,9988) 470 12 2 2 200
Kapata 2015 ® 9926(98.12,9980) 629 6 4 1 537
Yadav 2013 -9 99.42(%.78,9999) 490 70 1 1 170
Barnard 2008 9 9944(97.98,9993) 606 94 2 1 353
Anek-Vorapong 2010 =8 100.00(97.49,100.00)555 19 0 0 145
Aurin 2014 =& 100.00(95.89,100.00)409 189 0 0 88
Cabibbe 2015 = 100.00(90.00,10000)133 12 0 0 35
Causse 2008 — 100.00 (66.37,100.00)014 9 0 0 9
Felkel 2013 —) 100.00 (86.77,100.00)083 5 0 1 2
Friedrich 2011 =& 100.00(95.94,100.00)413 1 0 0 89
Gauthier 2014 < 100.00(98.13,100.00)6.13 14 0 0 195
Hillemann 2007 g 100.00(91.19,100.00) 162 30 0 1 40
Imperiale 2012 = 100.00(90.75,100.00) 151 25 0 1 38
Lyu 2013 =& 100.00(97.26,100.00)534 33 0 2 133
Macedo 2009 — 100.00(92.13,100.00)1.92 23 0 0 45
Raveendran 2012 — 100.00 (71.51,10000)020 5 0 0 1
Rufai 2014 4 100.00(29.24,100.000003 20 0 0 3
Subtotal 0 98.46(97.82,99.10) 100.00
MTBDRplus V2
Crudu 2012 w—= 96.00(86.29,9951) 323 100 2 6 48
Nathavitharana 2016 - 97.82(9531,99.20) 2465 168 6 3 269
Catanzaro 2015 % 07.89(9569,99.15) 2836 462 7 16 324
Bablishvili 2015 9 9961(97.85,99.99) 4376 65 1 7 25
Subtotal O 98.56(97.35,99.78)  100.00
Nipro
Nathavitharana 2016 =+ 0745(94.83,9897) 3538 1657 6 268
Mitarai 2012 =@ 100.00(93.15,100.00)1943 3 0 0 52
Rienthong 2015 =& 100.00(96.95,100.00)4519 6 0 2 119
Subtotal € 99.10(97.31,100.89) 100.00
T T 1T 1T 11
0 0 3 40 50 60 70 8 9 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: frue positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% ClI (horizontal line). The individual
studies are sfrafified by the version of the line probe assay and ordered by decreasing specificity. Values for fest results are the
number of each type of result (true positive, false positive, false negative, true negative|.
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4.2.2 Indirect testing for defecting
rifampicin resistance

In 43 datasets, LPA was used to detect rifampicin
resistance by indirect testing of 10 696 culture
isolates of MTBC that included 3 913 culiures
with confirmed  rifampicin-resistant TB  (37%).
Compared with a phenotypic culture-based DST
reference standard, the pooled sensitivity across
studies was 96.9% (95% Cl: 95.5-98.0) and
the pooled specificity was 99.3% (95% Cl:
98.6-99.6).

Altogether, 39 datasets assessed the Hain version
1 assay. One dataset (Nathavitharana et al.
2016) evaluated Hain version 2 on 376 culture
isolates that included 172 rifampicin-resistant TB
strains (46%) and found a sensitivity of 91.3%
and specificity of 98.0% compared with a

culturebased DST reference standard. Because
there only three datasets evaluated Nipro (Mitarai
et al. 2012, Nathavitharana et al. 2016,
Rienthong ef al. 2015), a meta-analysis could not
be performed separately for this assay. The three
datasets evaluating Nipro included a total of
952 culture isolates with 357 rifampicin-resistant
TB strains (38%): sensitivity estimates ranged from
92.8%to 98.9%, and specificity estimates ranged
from 97.3% 10 98.2%. The pooled sensitivity and
specificity across studies for Hain version 1 did
not differ substantially from the overall pooled
estimates across all three LPAs reported above
(for sensitivity 97.3%, 95% Cl: 95.7-98.3; and
for specificity 99.5%, 95% Cl. 98.8-98.8%).
The only study (Nathavitharana ef al. 2016) that
compared all three LPAs side by side on culture
isolates showed similar performance across all
three tests (Table 2).

Table 2. Head- to-head comparison of three line probe assays used to detect rifampicin resistance in
the indirect testing of cultures of Mycobacterium tuberculosis complex compared with a culture-based

reference standard for drug-susceptibility testing

Hain version 1

1.3 (86.0-95.0)(157/172)

Q7.1 (94.3-98.7) (267 /275)

Hain version 2

91.3(86.0-95.0) (157/172)

Q7.1 (94.3-98.7) (267 /275)

Nipro

92.4 (87.4-95.9) (159/172)

07.5 (94.3-99.2) (197,/202)

* Values are percentage (95% confidence interval)
®  Absolute numbers

For individual studies, the point esfimates for
sensifivity ranged from 85.6% to 100%, and
specificity ranged from 78.3% to 100% (Fig. 8,
9). Results for both sensitivity and specificity were
more homogeneous than those for direct testing.
A study of TB patients undergoing refreatment
(Khadka et al. 2011) demonstrated a sensitivity
of 85.6%. Another study (Tolani , D'Souza,
& Mistry 2012) demonstrated a sensitivity of
86.3% on a group of persons presumed fo have
TB but without risk factors for MDRTB. A third
study (Niehaus ef al. 2015) of 1 000 routine
LPA results reported a sensitivity of 89.3% for

detecting rifampicin resistance, although the
reason for the lower sensitivity was unclear. There
was one ouflier study [Mironova et al. 2012)
with a specificity of 78.3%. The outlier study
used both the BACTEC mycobacterial growth
indicator tube (MGCIT) liquid media DST (Becfon
Dickinson, Franklin Lakes, NJ, United States) and
the Lowenstein-Jensen proportion method as the
phenotypic reference standards (in separate study
populations); the lower specificity was noted
for the isolates that were compared with the
Léwenstein-Jensen proportion method.
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Figure 8. Forest plot for the sensitivity of all line probe assays evaluated for detecting rifampicin
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates®

%
Author Sensitivity (95% CI) Weight TP FP FN TN
MTBDRplus V1
Khadka 2011 —— 85.56 (76.57, 92.08) 1.92 w0 13 17
Tolani 2012 —j— 86.36 (65.09,97.09)  0.62 19 1 3 65
Niehaus 2015 = 89.36 (87.12, 91.34) 474 773 4 92 125
Nathavitharana 201 —— 91.28 (86.02,95.04)  3.34 157 4 15 198
Lacoma 2008 91.67 (61.52, 99.79) 0.45 1m0 1 50
Huyen 2010 —— 93.10 (83.27, 98.09) 203 54 0 4 52
Jin 2012 —— 93.45 (88.59, 96.69) 3.60 157 0 1 89
Miotto 2008 —— 93.66 (88.31, 97.06) 341 133 3 9 61
Evans 2009 m—e=  94.57 (87.77,98.21) 296 87 3 5 128
Tho 2011 —e— 94.87 (87.39, 98.59) 277 74 0 4 72
Al-Mutairi 2011 —e— 95.12 (87.98,98.66)  2.90 78 0 4 43
Huang W 2009 — 95.45 (92.01, 97.71) 432 231 0 1 30
Ferro 2013 = 95.97 (90.84, 98.68) 3.68 1g 2 5 95
Mironova 2012 — 36.43 (81.65, 99.91) 1.53 27 10 1 36
Kumar 2014 —e  06.88 (89.16,99.62)  2.95 62 0 2 77
Schon 2013 (= 97.26 (90.45, 99.67) 3.28 711 2 19
Mironova 2012 —=  98.44 (91.60, 99.96) 353 63 7 1 172
Tolani 2012 =—f=  08.44 (91.60,99.96)  3.53 68 0 1 3
Cabibbe 2015 =—= 98.53(92.08,99.96) 3.66 67 0 1 23
Hillemann 2007 —@ 98.67(92.79,99.97) 3.88 7“4 0 1 50
Huang W 2014 = 08.80 (96.55, 99.75) 4,99 248 0 3 73
Fabre 2011 =-® 99.22(95.76, 99.98) 474 128 0 1 18
Anek-Vorapong 201 100.00 (54.07, 100.00) 0.32 6 0 0 44
Asante-Poku 2015 % 100.00 (39.76, 100.00) 0.19 4 0 0 109
Ascencios 2012 — 100.00 (90.00, 100.00) 3.07 35 2 0 58
Aung 2015 — 100.00 (89.42, 100.00) 2.92 3 0 0 156
Brossier 2009 =@ 100.00 (95.26, 100.00) 4.60 76 0 0 37
Bwanga 2010 — 100.00 (76.84, 100.00) 1.07 14 1 o] 16
Causse 2008 — 100.00 (87.23, 100.00) 2.42 27 0 0 14
Chryssanthou 2012 —) 100.00 (80.49, 100.00) 1.39 17 0 0 460
Daum 2012 — 100.00 (83.89, 100.00) 1.82 212 0 0 5
Gitti 2011 100.00 (2.50, 100.00)  0.07 1 o 0 220
Huang F 2015 — 100.00 (81.47, 100.00) 1.50 18 0 0 197
Imperiale 2012 — 100.00 (85.18, 100.00) 2.03 23 0 0 7
Nwofor 2015 — 100.00 (69.15, 100.00) 0.66 0 1 0 86
Raveendran 2012 — 100.00 (80.49, 100.00) 1.39 17 1 0 51
Simons 2015 == 100.00 (95.65, 100.00) 4.71 83 21 0 2545
Tessema 2012 — 100.00 (78.20, 100.00) 1.18 i5 0 0 245
Vijdea 2008 — 100.00 (83.89, 100.00) 1.82 21 1 0 93
Subtotal ©  96.88 (95.54,98.21) 100.00
Nipro
Nathavitharana 201 —— 92.44 (87.42, 95.91) 3363 158 5 13 197
Rienthong 2015 —— 92.78 (85.70, 97.05) 27.57 90 3 7 160
Mitarai 2012 = 98.86 (93.83, 99.97) 38.80 87 & 1 220
Subtotal <> 95.03(90.37,99.69)  100.00
MTBDRplus V2
Nathavitharana 201 —— 91.28 (86.02, 95.04) 100.00 157 4 15 198
Subtotal L] 91.28 (86.77, 95.79) 100.00
| | | | 1 | | | |
0 20 30 40 50 60 70 80 90 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a The figure shows the estimated sensitivity and specificity of each study (square] and its 95% CI (horizontal line). The individual
studies are stratified by the version of the line probe assay and ordered by decreasing sensitivity. Values for test results are the number
of each type of result [irue positive, false positive, false negative, true negative).
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Figure 9. Forest plot for the specificity of all line probe assays evaluated for detecting rifampicin
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates®

%
Author Specificity (95% CI) Weight TP FP FN TN
MTBDRplus V1
Mironova 2012 —— 78.26 (63.64, 89.05) 0.04 27 10 1 36
Bwanga 2010 —— 04,12 (71.31,99.85)  0.04 14 1 0 16
Schon 2013 —— 95.00 (75.13, 99.87) 0.05 AR 2 19
Miotto 2008 —e 9531 (86.91,99.02)  0.20 133 3 9 61
Mironova 2012 == 96.09 (92.11,98.41) 0.71 63 7 1 172
Ascencios 2012 m—fe=  96.67 (88.47,99.59)  0.23 3 2 0 58
Niehaus 2015 m—f=  96.90 (92.25,99.15)  0.60 773 4 92 125
Evans 2008 == 97.71(93.45,99.53) 0.77 87 3 5 128
Ferro 2013 —f=  97.94(92.75,99.75) 058 19 2 5 95
Nathavitharana 201 =$ 98.02(95.01,99.46) 1.41 157 4 15 198
Raveendran 2012 m—=  98.08 (89.74, 99.95) 0.27 17 1 0 51
Tolani 2012 —=  98.48 (91.84, 99.96) 0.43 19 1 3 65
Nwofer 2015 =@ 98.85 (93.76, 99.97) 0.73 10 1 ] 86
Vijdea 2008 =) 98.94 (94.21, 99.97) 0.85 21 1 o 93
Simons 2015 ® 099.18(98.75,99.49) 2546 83 21 0 2545
Al-Mutairi 2011 =) 100.00 (91.78, 100.00) 0.42 78 0 4 43
Anek-Vorapong 201 ——@ 100.00 (91.96, 100.00) 0.44 6 0 0 44
Asante-Poku 2015 =® 100.00 (96.67, 100.00) 2.47 4 0 0 109
Aung 2015 =® 100.00 (97.66, 100.00) 4.76 33 0 0 156
Brossier 2009 — 100.00 (90.51, 100.00) 0.32 7% 0 0 37
Cabibbe 2015 — 100.00 (85.18, 100.00) 0.13 67 0 1 23
Causse 2008 — 100.00 (76.84, 100.00) 0.05 27 0 0 14
Chryssanthou 2012 @ 100.00 (99.20, 100.00) 23.60 17 0 o 460
Daum 2012 % 100.00 (47.82, 100.00) 0.01 21 0 o 5
Fabre 2011 — 100.00 (81.47, 100.00) 0.08 1280 1 18
Gitti 2011 = 100.00 (98.34, 100.00) 8.59 10 0 220
Hillemann 2007 —@ 100.00 (92.89, 100.00) 0.56 74 0 1 50
Huang F 2015 = 100.00 (98.14, 100.00) 7.15 18 0 0 197
Huang W 2009 — 100.00 (88.43, 100.00) 0.21 231 0 1 30
Huang W 2014 =$ 100.00 (95.07, 100.00) 1.16 248 0 3 73
Huyen 2010 m— 100.00 (93.15, 100.00) 0.61 54 0 4 52
Imperiale 2012 % 100.00 (59.04, 100.00) 0.02 23 0 ] 7
Jin 2012 = 100.00 (94.79, 100.00) 1.04 157 0 1 69
Khadka 2011 =& 100.00 (96.90, 100.00) 2.82 77 0 13 17
Kumar 2014 =@ 100.00 (95.32, 100.00) 1.28 62 0 2 77
Lacoma 2008 =—@ 100.00 (92.89, 100.00) 0.56 1M1 0 1 50
Tessema 2012 % 100.00(98.51,100.00) 1022 15 0 O 245
Tho 2011 =@ 100.00 (95.01,100.00) 1.13 74 0 4 72
Tolani 2012 100.00 (29.24, 100.00) 0.01 63 0 1 3
Subtotal § 99.63(99.36,99.90)  100.00
Nipro
Mitarai 2012 =-$ 97.35(94.31,99.02) 3502 &7 6 1 220
Nathavitharana 201 =@ 97.52(94.32,99.19) 3269 159 5 13 197
Rienthong 2015 =4 98.16(9472,9962) 3229 90 3 7 180
Subtotal © 97.67(96.27,99.06)  100.00
MTBDRplus V2
Nathavitharana 201 =@ 98.02(95.01, 99.46) 100.00 157 4 15 198
Subtotal <> 98.02(95.79,100.24)  100.00
| | I | | | | | |
0 20 30 40 50 60 70 80 90 100

Cl: confidence inferval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% Cl (horizontal line). The individual
studies are strafified by the version of the line probe assay and ordered by decreasing sensitivity. Values for fest results are the number
of each type of result (frue positive, false positive, false negative, frue negative).

4.2.3 Comparison of diagnostic accuracy:
direct versus indirect testing

The pooled sensitivity estimates of LPA for defecting
rifampicin resistance were almost identical for LPA
performed directly on sputum specimens and
indirectly on culture isolates (96.3% and 96.9%,

respectively). The pooled specificity estimate
was slightly increased for indirect tesfing (99.3%
compared with 98.2%).

No studies performed LPA festing on specimens
and culture isolates from the same patients,
thus precluding direct within-study comparisons.
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Only one study (Nathavitharana et al. 2016)
performed a head+o-head comparison of all three
LPAs, and it found that Hain version 2 and Nipro
were equivalent to Hain version 1 for defecting
rifompicin resistance in both direct and indirect
festing. ' In this study, the sensitivities for detecting
rifampicin resistance for all three LPAs were lower
for indirect testing of MTBC culture isolates than
for the direct testing of sputum specimens (90—
Q1% compared with 97-98%, respectively). The
reduced sensitivity was due fo the use of strains
with resistance-conferring mutations that had been
preselected fo challenge the performance of the
LPAs and were not intended to represent a typical
population-based frequency of the distribution of
resistance-conferring mutations. The specificities
demonstrated for the two methods (direct versus
indirect) did not significantly differ (97.5-98.5%
compared with 97-97.5%).

4.2.4 Accuracy of defecting rifampicin
resistance compared with a composite
reference standard

A tofal of 23 datasets were identified that included
data onthe accuracy of using LPA to defect rifampicin
resistance compared with a composite reference
standard that included both DNA sequencing of
the rpoB gene and phenotypic culture-based DST.
A total of 5 483 cultures of MTBC that included
2 091 (38%) rifampicin-esistant strains were
evaluated. Bivariate metaranalysis of these studies
revealed a pooled sensifivity of 95.3% (95% Cl:
93.4-96.6) and a pooled specificity of 99.5%
(95% Cl: 98.6-99.8).

Sensitivity did not change when a composite
reference sfandard was used because no false-
negative LPA results were reclassified based on
the results of sequencing. Even when sequencing
results matched the LPA results — that is, when
sequencing defected wildtype sfrains or silent
mutations — the phenotypic culiure-based DST result
was considered fo be correct. In these cases, it
was assumed that there could be mutations outside
of the hotspots targeted by the LPA and sequencing
that were responsible for resistance [no studies
performed whole-genome sequencing). However,
specificity increased when a composite standard
was used as 37 false-positive LPA results (from 11
datasets) were reclassified as true positives based
on sequencing confirming o known resistance-
conferring mutation.

Fig. 10 and Fig. 11 show the forest plofs for the
sensifivity and specificity of all [PAs evaluated
for defecting rifampicin resistance by indirect
festing of MTBC culture isolates compared
against a composite reference standard. Results
for both sensitivity and specificity were largely
homogeneous. One study (Maschmann et al.
2013] demonstrated o sensitivity of 82.8%.
Two of the five cultures of MTBC that had been
incorrectly classified had inserfions in codons
516-517, which may have caused hybridization
of the corresponding wildtype (known as wi]
probe (Wi3 for codons 517-520), and the
other three culiures were sequenced as wild-type
strains, suggesting that resisfance may have been
due to the presence of mutations outside of the
rpoB hotspot.

15 Report for WHO: non-inferiority evaluation of Nipro NTM+MDRTB and Hain GenoType MTBDRplus V2 line probe assays.
Geneva: FIND; 2015 (http:/ /www.finddx.org/wp-content/uploads/2016,/04 /PAsreport_noninferiority-study_oct2015.pdf,

accessed 15 April 20106).
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Figure 10. Forest plot for the sensitivity of all line probe assays evaluated for detecting rifampicin
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates compared
against a composite reference standard®

Author TP FP FN TN Sensitivity (95% Cl)
Maschmann 2013 24 1 5 32 —— 82.76 (64.23, 94.15
Felkel 2013 5 0 1 —— 83.33 (35.88, 99.58
Dorman 2012 14 0 2 200 —— 87.50 (61.65, 98.45
Li 2015 142 14 16 1135 - 89.87 (84.08, 94.10
Nathavitharana 2016 158 3 15 198 ~ 91.33 (86.10, 95.07
Nathavitharana 2016 158 3 15 198 -~ 91.33 (86.10, 95.07
Lacoma 2008 11 0 1 50 —— 91.67 (61.52, 99.79
Nathavitharana 2016 161 3 13 197 ~ 92.53 (87.56, 95.96
Farooqi 2012 50 0 4 49 —- 92.59 (82.11, 97.94
Rienthong 2015a 93 0 7 160 - 93.00 (86.11, 97.14
Huyen 2010 54 0 4 52 — 9310 (83.27, 98.09
Jin"2012 157 0 11 69 -~ 93.45 (88.59, 96.69
Al-Mutairi 2011 78 0 4 43 -~ 95.12 (87.98, 98.66
Huang 2009 231 0 11 30 -~ 95.45 (92.01, 97.71
Imperiale 2012 25 0 1 38 — 96.15 (80.36, 99.90
Hillemann 2007 30 0 1 40 — 96.77 (83.30, 99.92
Hillemann 2007 74 0 1 50 -~ 98.67 (92.79, 99.97
Huang 2014 248 0 3 < 98.80 (96.55, 99.75
Mitaral 2012a 89 4 1 220 ~ 98.89 (93.96, 99.97
Fabre 2011 128 0 1 1 = 99.22 (95.76, 99.98
Asante Poku2015 4 0 0 109 ———100.00(39.76, 100.00
Huang 2015 18 0 0 197 — 100.00 (81.47, 100.00
Vijdea 2008a 2 0 0 — 100.00 (84.56, 100.00
T T T T T T
0 2040 60 80100

Cl: confidence inferval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

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

Figure 11. Forest plot for the specificity of all line probe assays evaluated for detecting rifampicin
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates compared
against a composite reference standard®

Author TP FP FN TN Specificity (95% Cl)
Maschmann 2013 24 1 5 32 — 96.97 (84.24, 99.92
Mitarai 2012a 89 4 1 220 - 98.21 (95.49, 99.51
Nathavitharana 2016 161 3 13 197 - 98.50 (95.68, 99.69
Nathavitharana 2016 158 3 15 198 ~ 98.51 (95.70, 99.69
Nathavitharana 2016 158 3 15 198 < 98.51 (95.70, 99.69
Li 2015 142 14 16 1135 +98.78 (97.96, 99.33
Al-Mutairi 2011 78 0 4 43 —100.00(91.78, 100.00
Asante Poku 2015 4 0 0 109 = 100.00 (96.67, 100.00
Dorman 2012 14 0 2 200 »100.00 (98.17, 100.00
Fabre 2011 128 0 1 18 — 100.00 (81.47, 100.00
Farooqi 2012 50 0 4 49 —100.00 (92.75, 100.00
Felkel 2013 0 1 26 — 100.00 (86.77, 100.00
Hillemann 2007 30 0 1 40 —100.00 (91.19, 100.00
Hillemann 2007 74 0 1 50 - 100.00 (92.89, 100.00
Huang 2009 231 0 11 30 — 100.00 (88.43, 100.00
Huang 2014 248 0 3 73 - 100.00 (95.07, 100.00
Huang 2015 18 0 0 197 +100.00 (98.14, 100.00
Huyen 2010 54 0 4 52 —100.00 (93.15, 100.00
Imperiale 2012 25 0 1 38 — 100.00 (90.75, 100.00
Jin 2012 157 0 11 69 ~100.00 (94.79, 100.00
Lacoma 2008 1 0 1 50 - 100.00 (92.89, 100.00
Rienthong 2015a 93 0 7 160 +100.00 (97.72, 100.00
Vijdea 2008a 22 0 0 93 =100.00 (96.11, 100.00
T T T T T T
0 20 40 60 80100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% Cl (horizontal line). The individual
studies are ordered by decreasing sensifivity. Values for fest results are the number of each type of result (true positive, false positive,
false negative, frue negative).
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4.3 Accuracy for detecting isoniazid
resistance

Altogether, 87 datasefs were included in the
bivariate analysis, with a fotal of 20 954
specimens that included 8 135 confirmed
isoniazid-resistant TB cases (39%). Mefa-analysis
of the studies that reported data on sensifivity and
specificity independently of the type of LPA or the
type of testing performed (direct or indirect) or
the type of phenotypic reference standard used
revealed a pooled sensitivity of 90.2% (95% ClI:
88.2-91.9) and pooled specificity of 99.2%
(@5% Cl: 98.7-99.5%).

The pooled sensitivity estimate from a univariate
analysis with three additional datasets, with a total
of 21 665 samples, that contributed data only for
sensitivity was largely unchanged at 89.4% (95%
Cl: 87.8-90.9). Pooled analysis stratified by the
type of LPA demonstrated a lower sensitivity for
Nipro (86.9%) and a higher sensitivity for Hain
version 2 (93.6%) compared with Hain version 1
(20.2%), although specificity was similar (99.1%,
99.1% and 99.2%, respectively).

4.3.1 Direct festing for defecting isoniazid
resistance

A tofal of 46 datasets used LPA to defect isoniazid
resistance by direct testing of 10 472 sputum
specimens that included 3 576 confirmed
isoniazid-resistant TB cases (34%). Compared
with a culture-based DST reference standard,
the pooled sensitivity across studies was 89.2%
(95% Cl: 85.8-91.9) and the pooled specificity
was 98.4% (95% Cl: 97.5-98.9). One dataset

contributed data only fowards  sensitivity but
not specificity, increasing the tofal to 10 483
specimens. A meta-analysis including this dataset
demonstrated o similor sensitivity estimate  of
88.4% (95% Cl: 86.0-90.8), suggesting that
excluding this study did not affect the pooled
esfimate for sensifivity.

A tofal of 39 datasets assessed the Hain version 1
assay [Fig. 12, 13); 4 datasets (Bablishvili et
al. 2015, Catanzaro et al. 2015, Crudu et al.
2012, Nathavitharana et al. 2016) evaluated
Hain version 2 on 1 865 specimens that included
Q31 isoniazidresistant TB cases (50%). Bivariate
metaranalysis revealed that the pooled sensitivity
across the four studies evaluating Hain version 2
was 94.5% (95% Cl: 91.4-96.5) and specificity
was 99.3% (95% Cl: 92.6-100.0). Because
there were only three datasefs that evaluated
Nipro [Mitarai et al. 2012, Nathavitharana ef al.
2016, Rienthong et al. 2015), a meta-analysis
could not be performed separately for this assay.
The three datasets evaluating Nipro included a
fotal of 653 specimens with 218 (33%) isoniazid-
resistant TB  cases: sensitivity estimates ranged
from 50% to 94.9%, and the specificity esfimates
ranged from 96.5% to 97.8%. When the results
for Hain version 2 and Nipro were excluded, the
pooled sensifivity and specificity for Hain version 1
did not differ substantially from the overall pooled
estimates across all three LPAs reported above
[sensitivity 88.4%, 95% Cl: 84.4-91.6; and
specificity 98.3%, 95% Cl: 97.4-98.9). The only
study (Nathavitharana ef al. 20106) that compared
all three [PAs side-byside directly on specimens
showed similar performance across all three tests
(Table 3).

Table 3. Head- to-head comparison of three line probe assays used to detect isoniazid resistance in
the direct festing of sputum specimens compared with a culture-based reference standard for drug-

susceptibility testing

Hain version 1

94.4 (90.2-97.2) (186,/197)

06.4 (93.2-98.3) (240,/249)

Hain version 2

95.4(91.5-97.9)(188/197)

98.8 (96.5-99.8) (246,/249)

Nipro

94.9 (90.9-97.5)(187/197)

Q7.6 (94.8-99.1) (243/249)

@ Values are percentage (95% confidence inferval)
b Absolute numbers
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For individual studies, the point estimates for
sensifivity ranged from 50% to 100%, and the
point estimates for specificity ranged from 79%
to 100% (Fig. 12, 13). A greater degree of
heterogeneity was noted for isoniazid sensitivity
compored with rifompicin sensifivity. Five datasets
had a sensitivity of less than 70% for detecting
isoniazid resistance. Two of these studies with
lower sensitivity (Mitarai et al. 2012, Scott
et al. 2011,) had limited numbers of resistant
specimens (fewer than 10) and, thus, had wide

confidence infervals. One sfudy (Rigoufs et al.
2011) demonstrated a sensitivity of 54% based
on evaluating new smear-positive cases in the
United Republic of Tanzania. Although the authors
suggested that new TB cases may be more likely
to have rare isoniazid resistance—conferring
mutations, another dataset [Maschmann et al.
2013), which evaluated patients with treatment
failure or relapse presenting fo o TB reference
hospital in Brazil, also demonstrated a low

sensitivity (60%).

Figure 12. Forest plot for the sensitivity of all line probe assays evaluated for detecting isoniazid

resistance by direct testing of sputum specimens®

%
Author Sensilivity (95% CI) Weight T# FP FN TN
MTBORDuS V1
Rigouts 2011 —j— 54,90 (40.34, £8.87) 220 28 3 23 215
Maschmann Rde 2013 —— 60.42 (45.27, 74.23) 217 28 0 19 14
Dorman 2012 —— 62.07 (42.26,79.31) 168 B 2 11 130
Scoft 2011 66,67 (22.28, 95.67) 0.63 4 4 2 79
FRalzada 2014 ——— 71.89 (64.83,78.24)  3.37 135 2 52 81
Miotto 2008 72,73 (39.03, $3.98) 1.00 8 4 3 54
Cabibbe 2015 ——— 7419 (55.39,86.14) 183 23 1 8 17
Kapata 2015 —— 75,00 (56,60, BB,54) 198 24 13 B 4%
Farooqi 2012 —— 76.27 (63.41,86.38) 261 45 0 14 44
Chen 2014 e ] 76.47 (66.03, B5.00) 293 65 11 20 230
Li 2016 —— 77.78 (70.99, 83.62) 343 140 26 40 1101
Dubois Cauwelasrt 201 —— 70.71 (68.31, 88.44) 284 55 4 14 181
Friedrich 2011 80,00(28.36,9949) 066 4 0 1 &1
Gauthier 2074 —— 80.56 (63.98, 51.81) 225 26 6 7 167
Albert 2010 —— 80.77 (60.65, 83.45) 1.92 21 0 5 &6
Singhal 2012 —j— 83,33 (74.66, 89.98) 322 85 1 17 15
Felks! 2013 8571 (42.13,0064) 093 6 0 1 25
Luetkemeyer 2014 ——j— 8571 (67.33,9597) 219 24 3 & 257
Raveendran 2012 -+ 85.71 (42.13, 89.64) 0.93 ] 0 1 9
Imperiale 2012 —— 87.18(72567,8570) 260 34 0 5 23
Chryssanthou 2012 ——j— 0,24 (63.56, 98,54) 1.80 o0 2 73
Tukvadze 2012 —— 80.83 (84.40, 83.86) 365 18 2 18 27
Hillomann 2007 —— 50,24 (76.87, 97.28) 281 37 0 4 30
Miotto 2009 —— 91 67 (73.00, 98.97) 238 2 0 2 7
Yadav 2013 —— 92,47 (B5.10, 96.92) 349 B6 1 7 148
Banu 2014 —— 92,65 (83.67, 57.57) 334 63 2 5 8
Lyu 2013 —— 92 86 (80.52, 08.50)  3.01 3@ 2 3 124
Sangsayunh 2014 ——j— 32 86 (66.13, 99,82) 187 13 1 1 4
Anek-Verapong 2010 —— 310 (77.23, 89.15) 269 2zr 0 2 135
Barnard 2008 ——— 9417 (B8.35,9762) 366 113 1 7 328
Nathavitharana 2016 —— 94,42 (90.23, 97.18) 379 186 9 M 240
N'Guessan 2014 —e— 0494 (87.54,0860) 354 75 2 4 a2
Lacoma 2008 —— 55,30 (81.03, §9.91) 294 26 0 1 21
Eliseev 2013 — 0663 (90.46, 99.30) 369 86 0 3 a4
Ascencios 2012 — OF,77 (83,30, 98,92) 312 o 3 1 66
Nikolayavskyy 2004 —m 57,50 (92.87, 59.48) a8 "7 6 3 23
Aurin 2014 =-$ 95.48 (97.12, 89.99) 394 190 1 1 85
Caussa 2008 —— 100,00 (63.06, 100.00) 1.69 8 0 0 10
Macado 2009 — 10000 (85.75, 100.00) 3.31 24 0 0 a4
Sublola < 86,90 (83.74,90,07) 100,00
MTBOFRplus V2
Bablishvs 2015 —j— 89,62 (82.19, 54.70) 912 95 0 n 224
Catanzaro 2015 - 93.91 (91.47, 05.82) 4247 478 1 31 280
Nalhavitharana 2016 m—fm 9543 (9150,97.89) 2690 86 3 § 245
Crudu 2012 — 96,64 (91,62, 99.08) 21.51 s 5 4 32
Subtota <> 9452(9252,8651)  100.00
Nipro
Mitarai 2012 5000(11.81,88.18) 1645 3 1 3 45
Rienthong 2015 > 86,67 (50.54, 08.34) 3256 3 4 108
Nathavitharana 2016 — 94,92 (80.86, 87.54) 51.99 B7 6 10 243
Subtota ———m 8529 (67.45,103.13)  100.00
| | | | | | | | |
o 20 a0 40 50 &0 70 80 90 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: frue positive.

a 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 (irue positive, false positive,

false negative, true negative).
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Figure 13. Forest plot for the specificity of all line probe assays evaluated for detecting isoniazid

resistance by direct testing of sputum specimens®

Author Specificity (95% Cl) Weight 7 FPOFN TN
MTBDRplus V1
Nikalayevskyy 200% ———f— 79.31 (60.28, 52,01) 010 17 6 3 23
Banu 2014 > 80.00 (44.39, 67.48) 0.04 63 2 5 8
Sangsayunh 2014 . 80.00 (28.36, 98.49) 0.02 131 1 4
Mictio 2008 —j— 5310 (83.27, 58.09) 0.44 8 4 3 54
Singhal 2012 —— 03,75 (60.77,00.84) 011 BS 1 17 15
Cabibbe 2015 —— 04,44 (72.71,99.88) 014 23 1 8 17
N'Guessan 2014 —— 45,12 (83.47, 89.40) 0.39 Mmooz 4 39
Seolt 2011 —f= 0518 (86.12, 98.67) 085 4 4 2 73
Chen 2014 —p 95,44 (91.98, §7.70) 253 65 1 20 230
Ascancios 2012 — 95 65 (B7.82, 00.09) 075 30 3 1 [
Nathavitharana 2016 =—m 95,39 (93.25, 58.33) 305 186 8 n 240
Gauthier 2014 —= $6.53 (82,60, 58.72) 226 26 6 7 167
Fiaizada 2014 m—f= 55.83 (B0.00, 89.61) 084 133 2 52 61
Kapata 2015 = 57.46 (55.70, 58.64) 6.36 24 13 B A9
Li 2015 ® 9769 (96.64,88.43) 951 140 26 40 1101
Dubois Cavwelaer 201 s 5784 (94,56, 99.41) azs 55 4 14 181
Lyu 2013 —  OB8.41(04.38,8981) 275 38 2 3 124
Figouts 2011 =& 9B.62(96.03, 95.72) 488 28 3 23 215
Aurin 2014 — G884 (93,69, 59.97) 216 190 1 1 85
Luetkemeyer 2014 = 9585 (86.67, 80.76) 6.01 24 3 4 257
Dorman 2012 =§ 5896 (96.29, 55.87) 503 w2 1 180
Tukvadze 2012 -$ 90.29 (87.45, 89.91) 762 158 2 18 278
Yadav 2013 =$ 99,33 (96.32, 99.98) 489 BE 1 7 148
Barnarg 2008 » 99.70 (98.32, 59.99) 1012 M3 7 26
Albert 2010 — 100.00 (94.56, 100.00) 2.74 21 0 5 €6
Anak-Vorapong 2010 =$ 100,00 (97.30, 100.00) 698 20 2 135
Causse 2008 —— 100,00 (69.15, 100.00) 0.1 5 0 0 10
Chryssanthau 2012 == 100,00 (95.07, 100.00) 3.20 15 0 2 73
Eliseav 2013 — 100.00 (95.70, 100.00) 3.93 86 0 3 84
Faroogl 2012 — 100.00 (81.96, 100.00) 1.40 45 0 14 a4
Felke! 2013 — 100,00 (86.28, 100.00) 052 & 0 1 25
Friedricn 2011 —@ 100.00 (85.55, 100.00) 3.73 4 0 1 81
Hillemann 2007 — 100,00 (88.43, 100.00) 0.71 o0 4 30
Impariale 2012 — 100.00 (85.18, 100.00) 0.44 30 5 23
Lacoma 2008 — 100.00 (B3.88, 100.00) 0.38 26 0 1 21
Macado 2009 — 100,00 (91.96, 100.00) 1.40 24 0 0 a4
Maschmann Rde 2013 — 100,00 (76.84, 100.00) 0.19 28 0 1|14
Miotto 2009 100,00 (59.04, 100.00) 0.06 2 0 2 7
Raveendran 2012 — 100,00 (66.37, 100.00) 0.09 & o 1 E
Subtota) ¢ 9867(98.17,80.17)  100.00
MTBORpus V2
Crudu 2012 —j— 86,49 (71.23, 55.46) 069 s 5 4 32
Nathavitnarana 2016 -$ 9880 (96.52, 90.75) 2288 186 3 9 246
Calanzaro 2015 % 9954 (98.03,9999) 3615 476 1 31 280
Bablishvi® 2015 » 100,00 (98.37, 100.00) 4027 %5 O n o Z24
Subtotal { 9050(98.49,100.52) 100.00
Nipro
Fienthang 2015 —f= 95,43 (91.11, 99.02) 2045 13 4 2 108
Nathavitharana 2016 -8 5759 (94.83, 59.11) 659.82 187 6 0 243
Mitara: 2012 —= 0783 (B6.47,00.94) 072 3 1 3 45
Subtota’ O  97.38(95.59, 99.16) 100,00
| | | | | | | | |
] 20 a0 40 &0 60 70 80 90 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% ClI (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).

A South African study (Dorman et al. 2012)
evaluating miners  with signs and  symptoms
consistent  with  pulmonary TB  demonstrated
a sensifiviy of 2% for detecting isoniazid
resistance.  Heferogeneity was  much  less
pronounced for specificity estimates.

4.3.2 Indirect testing for defecting isoniazid
resistance

For 40 datasets, LPA was used to detect isoniazid
resislance by the indirect testing of 10 462
culture isolates of MTBC that included 4 559

cultures  with confirmed isoniazid-resistant TB
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(44%). Compared with a culturebased DST
reference sfandard, the pooled sensitivity across
studies was 91.0% (95% Cl: 88.6-93.0) and
the pooled specificity was 99.7% (95% Cl:
99.3-99.9). Two dafasets contfributed data only
towards sensitivity but not specificity, increasing
the fofal to 11 162 samples. A meta-analysis
including these studies demonstrated a sensitivity
of 90.0% (95% Cl: 87.8-92.1), indicating that
the exclusion of these datasets did not affect the
estimate of sensitivity.

A tofal of 36 datasets assessed the Hain version
1 assay. One dataset (Nathavitharana et al.
2016) evaluated Hain version 2 on 378 culture
isolates that included 199 isoniazid-resistant TB
strains (50%), and found a sensitivity of 89.4%
and a specificity of 98.9% compared with a
culture-based DST reference standard. Because

there were only three dafasets that evaluated
Nipro (Mitarai ef al. 2012, Nathavitharana et al.
2016, Rienthong ef al. 2015), a mefa-analysis
could not be performed separately for this assay.
The three datasets evaluating Nipro included a
fotal of 952 culture isolates with 444 isoniazid-
resistant TB strains (4/7%): sensitivity estimates
ranged from 61.6 % 1o 91.6%, and the specificity
esfimates ranged from 99.4% to 100%. The
pooled sensitivity and specificity across studies
for Hain version 1 did not differ substantially
from the overall pooled estimates across all three
LPAs reported above (sensitivity 91.5%, 95% Cl:
89.0-93.5; and specificity 99.8%, Cl: 99.3—-
100). The only study (Nathavitharana et al.
20106) that compared all three LPAs side-by-side
on culture isolates showed similar performance
across all three tests (Table 4).

Table 4. Head- to-head comparison of three line probe assays used to detect isoniazid resistance in
the indirect testing of cultures of Mycobacterium tuberculosis complex compared with a culture-based

reference standard for drug-susceptibility testing

Hain version 1

89.4(84.3-93.3) (178/199)

98.9 (96.0-99.9)(175/177)

Hain version 2

89.4(84.3-93.3) (178/199)

98.9 (96.0-99.9) (175/177)

Nipro

89.9(84.9-93.8) (179/199)

99.4 (96.9-100) (176/177)

* Values are percentage (95% confidence inferval)
® Absolute numbers

For individual sfudies, the point esftimates for
sensitivity ranged from 61.6% to 100%, and the
point estimates for specificity ranged from 66.7%
to 100% (Fig. 14, 15). Several siudies were
outliers for sensifivity, but specificity was largely
homogeneous. One study in Japan (Mitarai et
al. 2012), demonstrated a sensitivity of 61.6%
for defecting isoniazid resistance using Nipro fo
test 554 culture isolates from patients with TB or
infection with non-uberculous mycobacteria. The
isoniazid resistance—conferring mutations that are
the most common globally occur less frequently in
Japan, which could account for the lower sensitivity
for defecting resistance. Another study, evaluafing
62 MTBC culture isolates in Spain (lacoma et
al. 2008), found a sensitivity of 72.9%. Studies

reporting higher sensitivities for defecting isoniazid

resistance often have a higher proportion of sirains
with the S315T katG mutation, which is easier to
detect by phenotypic culiure-based DST because
this mutation is associated with higher minimum
inhibitory concentrations (MICs). In this study, 10
of the 13 strains misclassified as sensitive by LPA
had low-level isoniazid resistance associated with
mutations in the inhA promoter region that may
be more difficult to detect with phenotypic culture-
based DST. Another study (Miofio et al. 2008
found a sensitivity of 79% in an evaluation of 173
isoniazid-resistant strains, but details regarding
discrepant results were not reported. One study
that contained only three isoniazid-susceptible
strains (Tolani, D'Souza & Mistry 2012) was an
outlier, with a specificity of only 66.7% (95% CI:
9.4-99.2).
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Figure 14. Forest plot for the sensitivity of all line probe assays evaluated for detecting isoniazid
resistance by indirect testing of cultures of Mycobacterium tuberculosis complex®

%
Author Sensitivity (95% CI)  Weight TP FP FN TN
MTBDRpus V1
Lacoma 2008 —— 7292 (58.15, 84.72) 1.69 30 13 14
Jin 2012 —— 75,00 (67,75, 81.35) 3.00 126 0 47 B9
Miotto 2008 —p— 79.19 (72,37, 84.98) 312 1737 0 36 33
Tolani 2012 —— 80.00 (64.35, 90.95) 1.69 32 4 8 44
Huang W 2009 —— 81.82 (76.37, B6.47) kX3 198 0 44 20
Evans 2009 —— 83.47 (75.63, 89.60) 295 101 1 20 99
Cabbbe 2015 —— 85.06 (75.80,91.80) 2.7 40 14
Asante-Poku 2015 85.71(57.19,98.22) 093 2 o0 2 88
Brosswor 2009 —— 86,32 (77.74, 92.51) 286 82 0 13 18
Huang F 2015 —— 86.48 (71.23, 95.46) 1.88 2 2 5 176
Simons 2016 —— 87.89 (83.82, §1.24) an 283 1 39 2326
Bwanga 2010 —— 08 24 (63,56, 08.54) 1.18 15 0 2 14
Fuang W 2014 —— 88.93 (84.31, 92.58) 3.62 217 0 27 80
Chryssanthou 2012 —— 89,29 (78.12,96597) 250 50 0 6 42
Nathavilharana 201 —— 89.45 (84,32, 93.35) 354 178 2 21 178
Gitti 2011 —— 89,47 (66,86, 98.70) 1.35 17 1 2 2m
The 2011 —j— 90.00 (82.38, 95.10) 3.10 a0 0 i 50
Tessema 2012 —— 1.67 (77.53, 98.25) 220 33 2 3 22z
Fillemann 2007 —— 92.00 (83.40,97.01) 299 64 0 & 50
Faveendran 2012 —— 92,31 (74.87,99.05) 188 24 0 2 43
Fuyen 2010 —— 92,59 (82.11, 97.94) 273 50 0 4 56
Al-Mutair 2011 —— 92,68 (84.75, 97.27) 313 760 6 43
Kumar 2014 —— 92.86 (84.11, 97.64) 3.00 65 0 5 7
Causse 2008 —— 310 (77.23, 99.15) 2,08 27 1 2 "
Vijdea 2008 —— 0322 (83.54, 98.12) 2.88 58 0 4 56
Mironava 2012 m—== 0444 (87.51,9817) 335 BS 0 5 153
Farro 2013 —— 94.70 (89.38, 57.84) 3.60 125 0 7 80
Tolani 2012 (e 96,88 (89.16, 99.62) 3.37 G2 1 2 2
Mircnova 2012 — G730 (85.84,99.93) 294 3 2 1 a5
Ascencios 2012 —e 7 50 (8684, 89.94)  3.06 39 1 1 54
Nighaus 2015 ® 09762 (96.42, 98.50) 4.09 02 1 22 B9
Aung 2015 —f= 07,73 (87.98, 99.94) 319 43 0 1 145
Khadka 2017 e 98,13 (93.41, 99.77) a8 05 0 2 100
Anek-Vorapong 201 — 100.00 {76.84, 100.00) 1.97 4 0 0 3
Daum 2012 —) 100.00 (79.41,100.00) 2.21 16 0 a 10
Imperale 2012 — 100.00 (86.77, 100.00) 3.04 2 0 0 4
Nwafor 2015 — 1 00.00 (66.37, 100.00) 1.25 3 0 0 &8
Suptatal < 91,00 (88.75,93.25)  100.00
Nipro
Mitarai 2012 —— 61.50 (52.94, 69.74) 31984 85 0 53 176
Nathavitharana 201 —— 89.95 (84.91, 83.75) 34.36 179 1 20 176
Rienthang 2015 —— 91.50 (84.63,96.08) 3370 98 0 9 153
Subtatal ——T e §1.44(66.23,96.66)  100.00
MTBDRpius V2
Nathavitharana 201 —— 89.45 (84.32, 93.35) 100,00 178 2 21 175
Subtotal - 89.45 (84.03, 03.96)  100.00
| | | | | | | | |
0 20 a0 40 50 60 70 80 90 100

Cl: confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: frue positive.

a The figure shows the estimated sensitivity and specificity of each study (square) and its 95% ClI (horizontal line). The individual
studies are ordered by decreasing sensitivity. Values for test results are the number of each type of result (irue positive, false positive,
false negative, true negative).
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Figure 15. Forest plot for the specificity of all line probe assays evaluated for detecting isoniazid
resistance by indirect testing of cultures of Mycobacterium tuberculosis complex®

Yo
Author Specificity (95% C1)  Weight TP FP FN TN
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Cl: confidence inferval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

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

false negative, true negative).

4.3.3 Comparison of diagnostic accuracy:
direct versus indlirect festing

The pooled sensitivity estimates of using LPA to
defect isoniazid resistance were almost identical
for LPA performed directly on sputum specimens
and indirectly on culture isolates (89.2% and
91.0%, respectively). The pooled specificity
estimate was slightly increased for indirect testing
(99.7% compared with 98.4%).

No studies performed LPA festing on specimens
and culture isolates from the same patients,
precluding  direct  withinstudy ~ comparisons.
Only one study (Nathavitharana ef al. 2016
performed a headto-head comparison of all
three LPAs, and this study found that Hain version
2 and Nipro were equivalent to Hain version
1 for defecting isoniazid resistance for both
direct and indirect testing.” In this study, for all
three LPAs the sensitivities for defecting isoniazid
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resistance were lower for the indirect tesfing of
MTBC culture isolates than for the direct festing
of sputum specimens (indirect testing 89.1-
89.6% compared with 94.4-95.4% for direct
testing). The reduced sensitivity was due to the
use of strains with resistance-conferring mutations
that had been preselected to challenge the
performance of the LPAs and were not intended to
represent a typical population-based frequency of
the distribution of resistance-conferring mutations.
In this study, specificity was higher for the indirect
festing of culture isolates than for the direct festing
of sputum specimens (indirect testing 99.4-100%
compared with 96.4-98.8% for direct testing].

4.3.4 Accuracy for detecting isoniazid
resistance compared with a composite
reference standard

A total of 24 datasets were identified that
included data on the accuracy of LPAs in
detecting isoniazid resistance compared with a
composite reference standard that included both
DNA sequencing of the inhA gene promoter and
the katG gene as well as phenotypic culture-
based DST. Altogether, 4 516 cultures of MTBC
that included 2 346 (52%) isoniazid-resistant
strains were evaluated. Bivariate analysis of these
studies revealed a pooled sensitivity of 85.0%
(95% Cl: 80.5-88.6) and a pooled specificity of
99.5% (95% Cl: 99.1-99.8).

Sensitivity did not change when a composite
reference standard was used because no false-
negative LPA results were reclassified based on
the results of sequencing. Even when sequencing
results matched the LPA results — that is, when
sequencing defected wildtype strains or silent
mutations — the phenotypic culiurebased DST
result was considered to be correct. In these

cases, it was assumed that there could be

mutations outside of the hofspots targeted by the
LPA and sequencing that were responsible for
resistance (no studies performed whole-genome
sequencing). Sequencing also revealed resistance
mutations that were not defected by LPA. In one
study {Jin et al. 2012), 10 of 11 sirains with a
rarer katG mutation, S3 15N, were not detected
by LPA due to the absence of a specific probe for
this mutation in the assay, and the wild-type probe
for this region failed to disappear. Although seven
LPA false-positive results (from six datasets) were
reclassified as true positives based on sequencing
confirming a known resistance mutation (four
katG S315T mutations and three inhA C15T
mutations), the specificity barely increased when
a composite standard was used.

Fig. 16 and Fig. 17 show the forest plofs for the
sensitivity and  specificity of all LPAs evaluated
for detecting isoniazid resistance by indirect
festing of MTBC culture isolates compared
against a composite reference standard; the plots
demonstrate homogeneous results for specificity,
which was largely also the case for sensitivity,
aside from a few outliers. The lowest sensitivity
observed was in a study in Japan (Mitarai et al.
2012), which showed a sensitivity of 61.6% (95%
Cl: 52.9-69.7). Of the 53 isolates incorrectly
identified as susceptible by [PA, 24 had a range
of rare katG mutations not identified by any of
the kalG probes; 17 had inhA mutations; and
12 were identified as wild type by sequencing.
Another study (Maschmann et al. 2013) reported
that all 19 strains misclassified as susceptible
by LPA were found to have wildtype katG and
inhA genes according tfo targefed sequencing,
indicating that there may have been mutations in
other genes associated with isoniazid resistance or
efflux systems that could not be detected by LPA.
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Figure 16. Forest plot for the sensitivity of all line probe assays evaluated for detecting isoniazid
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates compared
against a composite reference standarde

Author TP FP FN TN Sensitivity (95% Cl)
Mitarai 2012b 4 0 3 45 ——— 57.14(18.41, 90.10
Maschmann 2013 29 0 19 14 — 60.42 (45.27, 74.23
Mitarai 2012a 85 0 53 176 — 61.59 (52.94, 69.74
Dorman 2012 19 0 9 190 —— 67.86 (47.65, 84.12
Lacoma 2008 35 0 13 14 — 72.32 58.15, 34.72
Jin 2012, 126 0 42 69 -~ 75.00 (67.75, 81.35
Farooqui 2012 45 0 14 44 —— 76.27 (63.41, 86.38
Miotto 2008a 137 0 36 33 —~ 79.19 (72.37, 84.98
Huang 2009 198 0 44 30 - 81.82(76.37, 86.47
Asante Poku 2015 12 0 2 99 — 85.71 57.19, 98.22
Felkel 2013 6 0 1 25 —— 85.71 (42.13, 99.64
Brossier 2009 82 0 13 18 —- 86.32 (77.74, 92.51

uang 34_ 0 5 176 — g7.18 72.57, 92.70
Huang W 2014 217 0 26 80 - 89.30 (84.72, 92.89
Nathavitharana 2016 179 1 21 175 - 89.50 (84.40, 93.38
Nathavitharana 2016 179 1 21 175 ~ 89,50 (84.40, 93.38
Nathavitharana 2016 180 0 20 176 - 90.00 (84.98, 93.78
Hillemann 37 0 4 30 — 80.24 738; 87.28
Rienthong 2015a 98 0 9 153 - 91,59 (84.63, 96.0
Hillemann 2007 69 0 6 50 — 92.00 (83.40, 97.01
Al-Mutairi 2011 76 0 6 43 —~ 9268 (84.75, 97.27
Anek-Voragong 2010 27 O 2 135 —-93.10 (77.23, 99.15
Vijdea 2008a 55 0 4 56 — 83.22 33.84, 83.12
Aung 2015 43 0 1 145 — 97.73 (87.98, 99.94

T T T T T T
0 20406080100

Cl: confidence inferval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a 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 fest results are the number of each type of result (irue positive, false positive,
false negative, frue negoﬂve).

Figure 17. Forest plot for the specificity of all line probe assays evaluated for detecting isoniazid
resistance by indirect testing of Mycobacterium tuberculosis complex culture isolates compared
against a composite reference standarde

Author TP FP FN TN Sensitivity (95% Cl)
Mitarai 2012b 4 0 3 45 ——— 57.14(18.41, 90.10
Maschmann 2013 29 0 19 14 — 60.42 (45.27, 74.23
Mitarai 2012a 85 0 53 176 — 61.59 (52.94, 69.74
Dorman 2012 19 0 9 190 —— 67.86 (47.65, 84.12
Lacoma 2008 35 0 13 14 — 72.32 58.15, 84.72
Jin 2012, 126 0 42 69 -~ 75.00 (67.75, 81.35
Farooqui 2012 45 0 14 44 —— 76.27 (63.41, 86.38
Miotto 2008a 137 0 36 33 —~ 79.19 (72.37, 84.98
Huang 2009 198 0 44 30 - 81.82(76.37, 86.47
Asante Poku 2015 12 0 2 99 — 85.71 57.19, 98.22
Felkel 2013 6 0 1 25 —— 85.71 (42.13, 99.64
Brossier 2009 82 0 13 18 — 86.32 (77.74, 92.51
Huang 2015 34_ 0 5 176 — g7.18 72.57, 92.70
Huang W 2014 217 0 26 80 - 89.30 (84.72, 92.89
Nathavitharana 2016 179 1 21 175 - 89.50 (84.40, 93.38
Nathavitharana 2016 179 1 21 175 ~ 89,50 (84.40, 93.38
Nathavitharana 2016 180 0 20 176 - 90.00 (84.98, 93.78
Hillemann 2007 37 0 4 30 — 80.24 738; 87.28
Rienthong 2015a 98 0 9 153 - 91,59 (84.63, 96.0

Hillemann 2007 69 0 6 50 — 92.00 (83.40, 97.01
Al-Mutairi 2011 76 0 6 43 —~ 9268 (84.75, 97.27
Anek-Voragong 2010 27 O 2 135 —-93.10 (77.23, 99.15
Vijdea 2008a 55 0 4 56 — 83.22 33.84, 83.12
Aung 2015 43 0 1 145 — 97.73 (87.98, 99.94

T T T T T T
0 20406080100

Cl: confidence inferval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

a 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 (irue positive, false positive,
false negative, true negative).
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4.4 Accuracy in diagnosing MDR-TB

Altogether, 57 datasets included data on the
diagnostic accuracy of LPA (direct and indirect
festing] for detecting MDR-TB, with a tofal of
13 033 specimens that included 4 248 confirmed
MDR-TB cases (33%). Bivariate meta-analysis
of these datasets revealed a pooled sensitivity
of 92.9% (95% Cl: 90.4-94.8) and a pooled
specificity of 99.3% (95% Cl: 98.7-99.6). Three
additional datasets confributed data only towards
sensitivity but not specificity, increasing the tofal
fo 13 806 samples. A mefa-analysis including
these studies demonstrated a sensitivity of 91.4%
(95% Cl: 89.4-93.4). Specificity estimates were
largely homogeneous except for a few outliers in
which the number of sensitive (non-MDR) strains
was fewer than 15, which was largely also the
case for these sensitivity outliers.

Twelve datasets contained data comparing LPA
with @ composite reference standard (using the
resuls from sequencing and phenotypic DST),
with a fofal of 2 745 samples that included
1 315 MDR-TB cases [48%) (Fig. 15). Bivariate
mefa-analysis of these studies revealed a pooled
sensitivity of 86.6% (95% Cl: 81.9-90.3) and
a pooled specificity of 99.6% (95% Cl: 98.9-
99.9). Bivariate analysis of the same 12 dafasets
compared with phenotypic culture-based DST
revealed a pooled sensitivity of 86.9% (95% Cl:
82.1-90.7) and a pooled specificity of 99.5%
(@5% Cl: 97.9-99.9).

4.5 Dio;;nosing Mﬁ/cobacferium

tuberculosis complex infection

Data on diagnosing MTBC infection were limited
because the majority of LPA studies identified by
the systematic review did not report results for
MTBC detection. Of the 21 datasefs that did
report dafa on MTBC detection, 15 studies were
excluded because either they fested patients who
were being treated (which can lead to false-
positive LPA results due to the defection of dead
bacilli] or did not specify that patients who were
being treated were excluded.

Six dofasets were included in the bivariate
analysis, with a tofal of 3 451 samples that
included 1 277 confirmed MTBC cases (37%). In
all six of the datasefs, LPA was performed directly
on sputum specimens. Only one study (Crudu ef
al. 2012) evaluated Hain version 2. The other five
studies evaluated Hain version 1 (Dorman et al.
2012, Felkel et al. 2012, Friedrich et al. 2011,
Luetkemeyer et al. 2014, Scoft et al. 2011). A
mefa-analysis of the datasets that reported both
sensitivity and  specificity revealed a pooled
sensitivity of 85.0% (95% Cl: 70.0-93.3) and
a pooled specificity of 98.0% (95% Cl: 96.2-
99.0). In individual studies, the point estimates
for sensitivity ranged from 49% to 100%, and the
point estimates for specificity ranged from 52% to
100%. Moderate heferogeneity was seen among
the sensitivity estimates for MTBC detfection by LPA,
with the point estimates ranging from 49% to 100%.
The specificity estimates were homogeneous.

Five of the six datasets that evaluated LPAs on the
direct festing of clinical specimens also reported
smear sfatus.  Among  sputum  smear-positive
specimens for all five studies — which accounted
for 802 samples, of which 781 were confirmed
MTBC cases — there was a pooled sensitivity
of 94.4% (95% Cl: 89.4 —99 .4). Five studies
included

which accounted for 961 samples, of which 487

sputum  smearnegative  specimens,
were confirmed MTBC cases. Of these, only
four studies confributed data o both sensitivity
and specificity, and a bivariate metfa-analysis
revealed a pooled sensitivity of 44.4% (95% Cl:
20.2-71.7) and a specificity of 98.9% (95% Cl:
95.4-99.7). The comparative study of all three
LPA assays [Nathavitharana et al. 2016) found
that smear grade affected rates of indeterminate
results, and other studies also mentioned that
smear grade offected the number of valid results,
often resulting in studies evaluating only smear
positive specimens or selecting for analysis the
specimens with the highest smear grade.
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5. Summary: from evidence to recommendations

In patients with signs and symptoms consistent
with TB, a positive LPA result for rifampicin
resistance, isoniazid resistance or MDR-TB, or
a combination of these, can be treated with
confidence. Phenotypic resistance to rifampicin
and isoniazid correlates strongly with resistance-
conferring mutations defected by [PA. The
diagnostic accuracy of LPA is similar when
performed direcly on sputum specimens or
indirectly on cultured isolates of M. tuberculosis.

Given the confidence in a positive result showing
rifampicin resistance and the ability of the test o
provide results within a matter of days (compared
with up to 3 weeks for phenotypic culture-based
DST), LPA may be considered for use as an initial
test for defecting resistance fo firstine anti-TB
agents. However, when the fest shows a negative
result for isoniazid, phenotypic culture-based DST
can be performed, especially in persons with a
high pre-est probability of isoniazid resistance,
such as patients with rifampicin-esistant TB.

The use of LPAs in roufine care should improve the
time to diagnosis of drug-resistant TB, especially
when used for the direct festing of a smear-positive
sputum specimen from a patient with signs and
symptoms consistent with TB who is at risk of MDR-
TB. Early defection of resistance fo rifampicin,
isoniazid, or both, can allow for earlier initiation
of appropriate therapy and improve patients’
health outcomes. The accuracy of the assay in
testing sputum smear-positive specimens is very
good and interprefable results can be achieved
in almost 95% of cases. In contrast, the limited
data on the use of LPAs in sputum smearnegative
specimens suggest that with direct testing only
44% of results will be inferprefable. The GDG felt
that the yield of LPA if used for all persons with
signs and symptoms of TB would be suboptimal
because the large majority of persons tested would

have a negative LPA result. As a consequence,
direct testing of sputum smearnegative specimens
is not recommended.

Online annex 2 contains the GRADE summary of
findings tables that summarize the review findings
for direct and indirect festing of LPAs by applying the
results to a hypothetical cohort of 1 000 individuals
with signs and symptoms consistent with TB.

5.1 Using line Frobe assays fo detect
resistance fo ritampicin

When used for direct testing, L[PAs detect 96% of
people whose TB has rifampicin resistance and
rarely give a positive result for people whose TB
is susceptible [see Online annex 2, Tables 5-7).
Sensitivity did not change when a composite
reference standard was used because no false-
negative LPA results were reclassified based on
the results of sequencing. However, specificity
increased when a composite standard  was
used, as 37 LPA falsepositive results (from 11
datasets) were reclassified as true positives based
on sequencing, confirming a known resistance-
conferring  mutation.  Commercial liquid DST
using the BACTEC MGIT failed to detect some
clinically relevant strains with rpoB mutations, ¢
which suggests that sequencing of the rpoB
gene may serve as a better reference method
than phenotypic culture-based DST for defecting

rifampicin resistance.

In a population of 1 000 people in which 150
have TB with rifampicin resistance (15% pre-fest
probability, the lower limit of rifampicin resistance
among previously treated TB cases), LPAs will
correctly identify 144 people with rifampicin
resislance and miss & people. In this same
population of 1 000 people in which 850 people
have TB without rifompicin resistance, the fest

' Van Deun A, Aung K], Bola V, Lebeke R, Hossain MA, de Rijk WB, et al. Rifampicin drug resistance tests for tuberculosis:
challenging the gold standard. J Clin Microbiol. 2013;51(8):2633-40. doi: 10.1128/JCM.00553-13.
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will correctly classify 835 people as not having
rifampicin resistance and misclassify 15 people
as having resistance.

In a situation in which the prefest probability is
5% (which is considered to be the upper limit of
the prevalence of rifampicin resistance among
new TB cases), the number of missed people with
TB (false negatives) will decrease to 2, whereas
the number of persons misclassified as having
resistance (false positives) will increase to 17.
Hence, as the pretest probability for detecting
rifampicin resistance increases, fewer patients will
be misclassified as having resistance.

The GDG felt that both false-positive and false-
negative rifampicin resistance results may cause
harms to a patient. The consequences for patients
wrongly diagnosed with rifampicin resistance
(folse positives) are likely to be anxiety, possible
delays in further diagnostic evaluation, and
prolonged and unnecessary freatment with anti-TB
agents that may have additional serious adverse
effects or less efficacy, or both. The consequences
of the falsenegative results for patients in the
hypothetical scenario of 1 000 persons are the
potential for increased risks of morbidity and
mortality for the patient and the continued risk of
community fransmission of drugesistant TB.

Given the speed of the test and ifs accuracy, and
considering the balance of harms and benefits,
the GDG made a conditional recommendation in
favour of using an LPA as the initial fest to detect
rifampicin resistance among patients with signs
and symptoms consistent with TB (see Online
annex 3, Tables 12 and 13].

5.2 Using line probe assays to detect
resistance fo isoniazid

When used for direct testing, LPAs detect 89%
of people with isoniazid resistance and rarely
give a positive result for people without resistance
(Online annex 2, Tables 8-10). Neither the
sensifivity nor the specificity for detecting
isoniazid resistance changed significantly when
a composite reference standard was used.

A prevalence of 5% is considered the lower end
of observed isoniazid monoresistance in some
countries [for example, in Bangladesh, Malawi
and Myanmar). A prevalence of 15% would be
considered the higher end of observed isoniazid
monoresistance in other countries (for example, in
Azerbaijan, Latvia and Viet Nam). In a theoretical
population of 1 000 people in which 150 of
them have TB with isoniazid resistance (15%
pretest probability), PA will corectly identify
134 people with isoniazid resistance and miss
16 people. In this same population of 1 000
people in which 850 have TB without isoniazid
resistance, the fest will corectly classify 836
people as not having isoniazid resistance and
misclassify 14 people as having resistance.

In a population of 1 000 people in which 50 of
them have TB with isoniazid resistance (5% pre-test
probability), [PA will correctly identify 45 people
with isoniazid resistance and miss 5 people. In
this same population of 1 000 people in which
950 have TB without isoniazid resistance, the fest
will correctly classify 935 people as not having
isoniazid resistance and misclassify 15 people as
having resistance.

lsoniozid resistance is highly correlated with
resistance to rifampicin. A prefest probability
for isoniazid resistance of 90% is considered
the lower limit for rifampicin-associated isoniazid
resistance in the majority of settings. Hence, in a
population of 1 000, 803 TB patients out of 00
patients will be correctly identified. Under this pre-
fest probability, the number of patients incorrectly
classified as not having isoniazid resistance (false
negatives] and the number of patients without
isoniazid resistance (irue negatives) will be almost
the same: 97 and 98 patients, respectively. Thus,
a negafive LPA result for isoniazid resistance
in patients with rifampicin resistance is not
considered fo be reliable, and phenotypic culture-
based DST is necessary to confirm or exclude
resistance to isoniazid.

Resistance-conferring  mutations in inhA  and
kaiG genes account for approximately 90% of
isoniazid resistance defected by phenotypic DST
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methods. Different mutations are associated with
different levels (MICs) of resistance to isoniazid.
Mutations in the promoter region of the inhA gene
are normally associated with low-level resistance
fo isoniazid and with crossresistance to the
thioamides [ethionamide and prothionamide].'” 18
The presence of a katG 315 mutation alone is
associated with elevated MICs.'” 20 Although
resisfance  associated with  katG is  almost
always encoded by the same mutation, (that
is Ser315Thr), MICs vary considerably, with
a mean of around 5 pg/ml or the peak serum
concentration after a normal dose of isoniazid.
With high-dose isoniazid, this peak increases
proportionally. In only a minority of strains with
this mutation are therapeutically achievable levels
exceeded.?’

Mutations  outside the hotfspot  regions are
uncommon, but the presence of double mutations
in the coding region and promoter regions of the
inhA gene have been reported to be associated
with high-level isoniazid resistance.?

The GDG felt that both false-positive and false-
negative isoniozid resistance results may cause
harms to a patient. The consequences for patients
wrongly diagnosed with isoniazid resistance [false
positives) are likely patient anxiety, possible delays
in further diagnostic evaluation, and prolonged
and unnecessary freatment with anfi-TB agents that
may have additional serious adverse effects. The
consequences of falsenegative results for patients
in the hypothetical scenario of 1 000 persons are
the potential for increased risks of morbidity and
mortality for the patient and a continued risk of
community fransmission of drug-resistant TB.

Given the speed of performing the fest and
considering the balance of harms and benefits,
the GDG made a conditional recommendation in
favour of using an LPA as the initial fest to defect
isoniazid resistance among patients at risk of
MDR-TB. Conventional culture-based DST should
be used in the follow-up evaluation of patients
with @ high risk for isoniazid resistance and a
negative LPA result, especially in seffings with a
high prefest probability of resistance to isoniazid
(Online annex 3, Tables 14 and 15).

5.3 Using line probe assays to detect
MDR-TB

When used for direct testing, LPAs detect 93% of
people with MDRTB and rarely give a positive
result for people without resistance. In a population
of 1 000 people in which 100 have MDR-TB, LPA
will correctly identify 93 people with MDR-TB and
miss 7 people. In this same population of 1 000
people in which 900 do not have MDR-TB, the test
will correctly classify 894 people as not having
MDR-TB and misclassify 6 people as having MDR-
TB (Online annex 2, Table 11).

The consequences for  patients  wrongly
diagnosed with MDR-TB (false positives) and the
MDR-TB patients who are missed (false negatives)
are similar to those that occur with the detfection
of rifampicin resistance and isoniazid resistance
(see Sections 5.1 and 5.2).

[PAs have varying accuracy for detecting
resistance-conferring mutations fo rifampicin and
isomozid, the combination of which lower their
overall accuracy for defecting MDRTB. As a

17" Vilchéze C, Wang F, Arai M, Hazbén MH, Colangeli R, Kremer L, et al. Transfer of a point mutation in Mycobacterium
tuberculosis inhA resolves the target of isoniazid. Nat Med, 2006;12:1027-9. doi: 10.1038/nm 1466.

'8 Morlock G, Metchock B, Sikes D, Crawford T, Cooksey RC. ethA, inhA, and katG loci of ethionamide-resistant clinical
Mycobacterium tuberculosis isolates. Antimicrob Agents Chemother. 2003;47(12):3799-805.

doi:10.1128/AAC.47.12.3799-3805.2003.

19" Kambli P, Ajbani K, Sadani M, Nikam C, Shetty A, Udwadia Z, et al. Defining multidrug-resistant tuberculosis: correlating
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consequence, the GDG decided that LPAs can be
used for diagnosing MDR-TB but acknowledged
that the diagnostic accuracy is suboptimal.

The GDG did feel that LPAs could be used for

6. WHO’s policy recommendations

the surveillance of MDR-TB, given sfafistical
approaches that can adjust for its lower sensitivity
and specificity during surveillance studies.

For persons with a sputum smear-positive specimen or a cultured isolate of MTBC, commercial molecular
LPAs may be used as the inifial test instead of phenotypic culturebased DST to detect resistance fo
rifampicin and isoniazid (conditional recommendation, moderate cerfainty in the evidence for the fesf's
accuracy).

Remarks

a.

These recommendations apply fo the use
of LPAs for fesfing sputum smear-positive
specimens (direct testing) and  cultured
isolates of MTBC (indirect testing] from both
pulmonary and extrapulmonary sites.

LPAs are not recommended for the direct
festing of sputum smear-negative specimens.

These recommendations apply fo the detection
of MTBC and the diagnosis of MDR-TB
acknowledge that the accuracy of defecting
resistance fo rifampicin and isoniazid differs
and, hence, the overall accuracy of a
diagnosis of MDR-TB is reduced overall.

These recommendations do not eliminate

the need for conventional culture-based

7. Implementation considerations

DST, which will be necessary to defermine
resisiance fo other anfi-TB agents and fo
monitor the emergence of additional drug
resistance.

Conventional culture-based DST for isoniazid
may still be used fo evaluate patients when
the LPA result does not defect isoniazid
resistance. This is particularly important for
populations with a high preest probability of

resistance fo isoniazid.

These recommendations apply fo the use of
LPA in children based on the generalization
of data from adults.

Adopting LPAs for defecting rifampicin resistance

and

isoniazid resistance does not eliminate

the need for capacity for conventional culture
and DST. Culture and phenotypic culturebased
DST have critical roles in monitoring patients’
responses fo freatment and defecting additional
resistance to second-ine agents.

e The adoption of LPA should be phased
in, starting at national or central reference
laboratories or those with proven capability
to conduct molecular testing. Expansion
could be considered, within the context of a
counfry's plans for laboratory strengthening,
the availability of suitable personnel in
peripheral centres and the quality of
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specimen transport systems.

o Adequate and appropriate laboratory
infrastructure  and  equipment  should  be
provided fo ensure that the required
precautions for biosafety and the prevention
of confamination are met: specimen

processing for culture and procedures for

manipulating cultures must be performed in
biclogical safety cabinets in TB-containment

laboratories.

e laboratory facilities for LPAs require at least
three separate rooms, one each for DNA
exfraction, pre-amplification  procedures,
and amplification and  postamplification
procedures.  To contamination,
access fo molecular facilities must be

avoid

restricted, a unidirectional work flow must
be implemented, and stringent cleaning
protocols must be established.

o Appropriate laboratory  sfaff  should  be
frained fo conduct LPA  procedures. It
is strongly recommended that staff are
supervised by a senior sfaff member with
adequate fraining and  experience  in
molecular assays. A programme for the
external quality assessment of laboratories
using LPAs should be developed as a priority.

o Mechanisms for rapidly reporfing LPA results
fo clinicians must be established to provide
patients with the benefit of early diagnosis.
The same infrastructure used for performing
LPAs can be used also to perform second-

line LPAs.

8. Research needs

o [PAs are designed fo defect TB and
resistance to rifampicin and isoniazid in
the direct festing of processed sputum
somp|es and in the indirect festing of culture
isolates of MTBC. The use of LPAs with
other respirafory samples (for example,
from bronchoalveolar lavage or gastric
aspiration] or exrapulmonary  samples
[such as tissue samples, cerebrospinal
fluid or other body fluids) have not been
adequately evaluated.

o The availability of secondline agents
is criical in the event that resistance to
rifampicin or isoniazid, or both, is defected.

o For patients with confirmed  rifampicin-
resistant TB or MDR-TB, second-ine LPAs
are recommended to detect additional
resistance to second-line anti-TB agents.

7.1 Plans for disseminatimr:] WHO'’s
policy guidance on using line probe
assays

This WHO guidance will be published online
(hitp://www.who.int/tb/laboratory /policy_
statements/en/) and  disseminated  through
WHO's  Global TB  Department  LSTSERV
to all WHO Regional and Country Offices
and Member States, the Global Llaboratory
Inifiative, the TB/HIV Working Group and New
Diagnostics Working Groups of the Stop TB
Partership, and to donors, technical agencies
and other stakeholders.

Current recommendations on LPAs should not
prevent or restrict further research on new, rapid
molecular drug-susceptibility tests, especially for
assays that can be used as close as possible fo
where patients with a presumptive diagnosis of
TB are idenfified and where treatment can be
initiated. Further operational research on LPAs

should focus on the following priorities:

e developing and improving understanding
of the correlation between the detection
of resistance-conferring mutations  using
culture-based DST and patients” outcomes;

e reviewing evidence fo confirm or revise



different critical concentrations used in
culture-based DST method:s;

determining the limit of defection for LPA in
defecting heteroresistance;

defermining needs for training, assessing
competency  and  ensuring  quality
assurance;

gothering more evidence on the impact on
mortality of inifiating appropriate freatment

9. Online annexes
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for MDR-TB ;

meeting the Standards for reporting
Diagnostic  Accuracy — sfudies  (known
as STARD) for future diagnostic studies
[see  hitp://www.equatornetwork.org/
reporting-guidelines/stard/);

performing country-specific cost—
effectiveness and cost-benefit analyses of
LPA use in different programmatic settings.

Online annexes are available at  hitp://www.who.int/tb/areas-of-work/laboratory/policy_

sfatements/en/ .

Annex 2. GRADE summary of findings tables

Annex 3. Evidence to recommendations tables

Annex 4. References to studies excluded from the review
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