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Executive summary

The global priorities for tuberculosis (TB) care and control are to improve case-defection and to detect
cases earlier, including cases of smearnegative disease which are often associated with coinfection
with the human immunodeficiency virus HIV) and young age, and to enhance the capacity to diagnose
multidrug-resistant tuberculosis [MDR-TB). In September 2010, the World Health Organization (WHO)
convened an Expert Group to review the evidence on the accuracy of the Xpert MTB/RIF assay
(Cepheid, Sunnyvale, CA, United States| for the purpose of formulating recommendations to guide the
use of the fest. Policy recommendations on using Xpert MTB/RIF were issued by WHO early in 2011,
supported by an operational how-io document? and a checklist for implementation at the country level.®

WHQO's current policies and guidance recommend that Xpert MTB/RIF be used as an initial diagnostic
fest in individuals suspected of having MDR-TB or HIV-associated TB (strong recommendation, moderate
quality of evidence|. The guidance also provides a conditional recommendation that Xpert MTB/RIF be
used as a follow-on test to smear microscopy in settings where MDR-TB or HIV are of lesser concem,
especially for further testing of smearnegative specimens. In acknowledgement of the difficulties of
obfaining microbiological confirmation of the diagnosis in children, this recommendation generalizes
from data on adults to include the use of Xpert MTB/RIF in children.

Since 2010, more than 85 peerreviewed research papers have been published on using Xpert
MTB/RIF to diagnose pulmonary, extrapulmonary and paediatric TB, and studies continue to be
performed. Given the amount of additional data on Xpert MTB/RIF that have emerged since 2010,
an update of WHO's policies and guidance was warranted. WHO's Global TB Programme therefore
commissioned three systematic reviews to update and revise the guidance; these reviews examined the
utility of Xpert MTB/RIF in diagnosing TB and rifampicin resistance in pulmonary, extrapulmonary and
paediatric TB. Published studies on the affordability and cost effectiveness of Xpert MTB/RIF were also
reviewed. WHO convened an Expert Group fo review the evidence af les Pensierés, Veyrierdulac,
France during 20-21 May 2013. The maijor findings and recommendations of this Expert Group are
summarized below, and a detailed meetfing report is available af:

http:/ /www.who.int/tb/laboratory/policy_statements/en/

1 Automated reaktime nucleic acid amplification technology for rapid and simultaneous defection of tuberculosis and rifampicin
resistance: Xpert MTB/RIF system. Policy statement. Geneva, World Health Organization, 2011
(http: / /whglibdoc.who.int/publications/2011,/9789241501545 _eng.pdf).

2 Rapid implementation of the Xpert MTB/RIF diagnostic fest. Technical and operational ‘how-o": practical considerations.
Ceneva, World Health Organization, 2011
(http: / /whglibdoc.who.int/publications/2011,/9789241501569_eng.pdf).

3 Prerequisites fo country implementation of Xpert MTB/RIF and key action points at country level: checklist. Geneva, World
Health Organization, 2011
(http:/ /whglibdoc.who.int/hq/2011/WHO_HTM_TB_2011.12_eng.pdf).
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Using Xpert MTB/RIF to diagnose pulmonary TB

and rifampicin resistance in adults

Twenly seven unique studies involving 9 558 participants were included in the review. The reference
standards for defecting pulmonary TB were solid culture or liquid culture. The reference standard for
defecting rifampicin resistance was phenotypic culture-based drug-susceptibility festing (DST).

When used as an initial diagnostic test replacing smear microscopy, Xpert MTB/RIF achieved an
overall pooled sensitivity of 88% (95% credible interval [Crl], 84-92%)* and a pooled specificity of
Q9% (95% Cil, 98— 99%) (22 studies, 2008 participants).

When used as an add-on test following a negative smearmicroscopy result, Xpert MTB/RIF yielded
a pooled sensitivity of 8% (95% Crl, 61-74%) and a pooled specificity of 99% (95% Cil, 98-99%)
(23 studies, 7151 participants).

For smearpositive culture-positive TB, the pooled sensitivity of Xpert MTB/RIF was 98% (95% Cil,

Q7-99%) (23 studies, 1952 participants); for smearnegative culture-positive TB, the pooled sensitivity
was 68% (95% Cil, 61-74%) (23 studies, 7 151 participants).

For people living with HIV, the pooled sensitivity of Xpert MTB/RIF was 79% (95% Cril, 70-86%) (7
studies, 1789 participants); for people without HIV infection, the pooled sensitivity was 86% (95% Cil,
76-92%) (7 studies, 1470 participants).

When used fo detfect rifampicin resistance, Xpert MTB/RIF achieved a pooled sensitivity of 95% (95%
Crl, 90-97%) (17 studies, 555/2624 tofal specimens) and a pooled specificity of 98% (95% Cil,
Q7-99%) (24 studies, 2414 specimens, including frue negatives and false positives).

Using Xpert MTB/RIF to diagnose extrapulmonary TB
and rifampicin resistance in adults and children

Fifleen published studies and 7 unpublished studies, involving 5922 samples, were included in the
review. The majority of studies [59%) were performed in seffings with a high burden of TB. Due to
the heferogeneity of sample types included in the studies, prespecified subgroups of samples (pleural
fluid, lymph node samples [biopsy and aspirate combined], other fissues and cerebrospinal fluid
[CSF]) were included in the meta-analysis with a comparison against culture and against a composite
reference standard (CRS). In the different studies, the CRS included some combination of a nucleic
acid amplification test (NAAT) other than Xpert MTB/RIF, histology, smear, culture, biochemical festing,
presenting signs, or a response to treatment with anti-TB therapy (Table 1).

4 The credible inferval (Crl) is the Bayesian equivalent of the confidence interval, or Cl.
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Table 1. Meta-analysis of the sensitivity and specificity of Xpert MTB/RIF in diagnosing extrapulmonary
TB and rifampicin resistance in adults and children compared against culture as a reference
standard as well as against a composite reference standard, by type of extrapulmonary

specimen
. Median (%) pooled Median (%) pooled
Specimen type Compcftrlso; f | sensitivity specificity
INo. of studies, No. of samples) (pooled 95% Crl)  (pooled 95% Crl)
Xpert MTB/RIF compared against  84.9 92.5
culture (72-92) (80-97)
Llymph node tissue (14 studies, 849 samples)
and aspirate Xpert MTB/RIF compared against ~ 83.7 99.2
a composite reference standard (74-90) (88-100)
(5 studies, 1 unpublished)
Xpert MTB/RIF compared against ~ 79.5 98.6
culture [62-90) (96-100)
Cerebrospinal fluid (16 studies, 709 samples)
Xpert MTB/RIF compared against ~ 55.5 98.8
a composite reference standard (51-81) (95-100)
(6 studies, 512 samples)
Xpert MTB/RIF compared against ~ 43.7 @8.1
culture (25-65) (95-99)
Ploural fluid (17 studies, 1385 samples)
Xpert MTB/RIF compared against 17 99.9
a composite reference standard (8-34) (94-100)
(7 studies, 698 samples)

, Xpert MTB/RIF compared against ~ 83.8 98.1
G‘?j”'c voge e (66-93) (92-100)
and aspirate (12 studies, 1258 samples)

. Xpert MTB/RIF compared against  81.2 08.1
Other fissue e e (68-90) (87-100)
samples

(12 studies, 699 samples)

Crl, credible interval; the Crl is the Bayesian equivalent of the confidence interval.

The data for additional sample types (such as, ascitic fluid, pericardial fluid, urine, blood and stool)
were limited and therefore not considered in the analysis.
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Using Xpert MTB/RIF to diagnose pulmonary TB

and rifampicin resistance in children

Sixteen studies (12 published and 4 unpublished] were included in the review. All studies were
performed at higher levels of care, and the children included in the studies were mainly inpafients.

Pulmonary TB was evaluated in 13 siudies that included 2603 participants. The overall pooled
sensitivity of Xpert MTB,/RIF compared against culture as a reference standard in children presumed to
have TB was 66% in 10 studies where expectorated sputum or induced sputum was used (95% Cil,
52-77%); the pooled sensitivity was 66% in 7 studies where samples from gastric lavage or aspiration
were used (95% Crl, 51-81%). The pooled specificity of Xpert MTB/RIF compared against culture as

the reference standard was at least 98%, with narrow confidence intervals.

The pooled sensitivity of Xpert MTB/RIF in culture-negative specimens from children compared against
clinical TB used as the reference standard was very low at 4% for samples of expectorated or induced
sputum (8 studies), and 15% for samples from gastric lavage or aspiration (3 studies), both sensitivities
had wide confidence intervals. It is likely that the apparently poor performance of Xpert MTB/RIF was
the result of a reference standard for clinical TB that lacked specificity. The sensitivity of Xpert MTB/RIF
to detect rifampicin resistance in specimens from children was 86% (95% Cil, 53-98%).

Affordobi“fy and cost effectiveness of using Xpert MTB/RIF
to diagnose TB

Twelve published papers were identified that compared the costs of current diagnostic algorithms for
diagnosing TB and MDR-TB with the costs of using Xpert MTB/RIF as the initial diagnostic fest or as a
follow-on fest to microscopy . The seffing for the majority of analyses was South Africa; two studies in-
cluded other countries in sub-Saharan Africa (Botswana, Lesotho, Namibia, Swaziland and Ugandal;
one study included countries in the former Soviet Union; and one global analysis included all countries.
Seven of the 12 studies analysed costs, and 5 were cost—effectiveness analyses. VWide variations in the
methods used, the underlying assumptions, and the intended use of Xpert MTB/RIF made a systematic
review impossible.
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WHO’s policy recommendations

XV

Box 1. Using Xpert MTB/RIF to diagnose pulmonary TB and rifampicin resistance in adults and
children

These recommendations should be read in conjunction with the remarks in section 5.1.

Xpert MTB/RIF should be used rather than conventional microscopy, culture and DST as
the initial diagnostic test in adults suspected of having MDR-TB or HIV-associated TB (strong
recommendation, high-quality evidence).

Xpert MTB/RIF should be used rather than conventional microscopy, culture and DST as the
initial diagnostic test in children suspected of having MDR-TB or HIV-associated TB (sfrong
recommendation, very low-quality evidence).

Xpert MTB/RIF may be used rather than conventional microscopy and culture as the
initial diagnostic fest in all adults suspected of having TB [conditional recommendation
acknowledging resource implications, high-quality evidence).

Xpert MTB/RIF may be used rather than conventional microscopy and culture as the
initial diagnostic test in all children suspected of having TB (conditional recommendation
acknowledging resource implications, very low-quality evidence).

Xpert MTB/RIF may be used as a follow-on test fo microscopy in adults suspected of having
TB but not af risk of MDR-TB or HIV-associated TB, especially when further testing of smear-
negafive specimens is necessary (conditional recommendation acknowledging resource
implications, high-quality evidence).

Box 2. Using Xpert MTB/RIF to diagnose extrapulmonary TB and rifampicin resistance in adults

and children

These recommendations should be read in conjunction with the remarks in section 5.2.

Xpert MTB/RIF should be used in preference to conventional microscopy and culture as the
initial diagnostic test for CSF specimens from patients suspected of having TB meningitis
[strong recommendation given the urgency for rapid diagnosis, very low-quality evidence.

Xpert MTB/RIF may be used as a replacement test for usual practice (including conventional
microscopy, culture or histopathology) for testing specific nonrespiratory specimens (lymph
nodes and other fissues) from patients suspected of having extrapulmonary TB [conditional
recommendation, very low-quality evidence).
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POLICY UPDATE

1. Background

The global priorifies for tuberculosis (TB) care
and control are to improve case-defection and
fo defect cases earlier, including cases of smear
negative disease which are often associated with
coinfection with the human immunodeficiency virus
(HIV) and young age, and to enhance capacity
fo diagnose multidrugresistant tuberculosis (MDR-
TB). In September 2010, the World Health
Organization [WHO) convened an Expert Group
fo review the evidence on the Xpert MTB/RIF
assay (Cepheid, Sunnyvale, CA, United States)
in order to formulate recommendations on using
the test. Po|icy recommendations on using the
Xpert MTB/RIF assay were issued by VWWHO early
in 2011°, supported by an operational how-o
document® and a checklist for implementation at
the country level”.

WHO's  current  policies and  guidance
recommend that Xpert MTB/RIF be used as an
iniial diagnostic fest in individuals suspected
of having MDR-TB or HIV-associated TB (strong
recommendation, moderate quality of evidence.
The guidance also provides a conditional
recommendation that Xpert MTB/RIF be used as
a follow-on test to smear microscopy in seftings
where MDR-TB or HIV are of lesser concermn,
especially for further testing of smearnegative
specimens. In acknowledgement of the difficulties
of obtaining microbiological confirmation  of
the diagnosis in children, the recommendation
generalizes from data on adults to include the use

of Xpert MTB/RIF in children.

Extrapulmonary  TB  accounts  for  about
25% of all cases of TB and an even higher

percenfage of cases in children and in people
who are  immunocompromised.  Diagnosing
extrapulmonary TB is offen challenging, requiring
the clinician fo obtain specimens for microscopy,
culture and histopathology from the suspected sites
of involvement. However, the availability of these
fests is limited and the need for allernative fests
fo use to diagnose TB in nonrespirafory samples
is great. In 2011, the global burden of TB in
children was estimated to be 500 000 cases,
representing approximately 6% of all cases of TB.
However, in all likelihood this burden has been
underestimated due to the difficulties associated
with obtaining microbiological confirmation of
the diagnosis of TB in children.

The Xpert MTB/RIF assay remains the only fully
automated cartridge-based reaktime DNA-based
fest that can detect both TB and resistance
to rifompicin in less than 2 hours, and it is the
the only mature technology representing a new
generation of aufomated platforms for molecular
diagnosis.

Since 2010, at least 85 peerreviewed research
papers have been published about using Xpert
MTB/RIF o diagnose pulmonary, exirapulmonary
and paediafric TB, and sfudies continue fo be
performed. Given the amount of additional dafa
on Xpert MTB/RIF that have emerged since 2010,
an update of WHO's policies and guidance
was warranted. WHO's Global TB Programme
therefore commissioned three systematic reviews
fo updafe and revise the guidance; these
reviews assessed the utility of Xpert MTB/RIF

5 Automated reaHime nucleic acid amplification technology for rapid and simultaneous detection of tuberculosis
and rifampicin resistance: Xpert MTB/RIF system. Policy statement. Geneva, World Health Organization, 2011
(http:/ /whglibdoc.who.int/publications/2011,/9789241501545_eng.pdf).

6 Rapid implementation of the Xpert MTB/RIF diagnostic test. Technical and operational ‘how-o”: practical considerations.

Geneva, World Health Organization, 2011

(http:/ /whglibdoc.who.int/publications/2011,/9789241501569_eng.pdf).

7 Prerequisites fo country implementation of Xpert MTB/RIF and key action points at country level: checklist. Geneva, World

Health Organization, 2011

(http:/ /whglibdoc.who.int/hq/2011/WHO_HTM_TB_2011.12_eng.pdf).
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for diagnosing TB and rifampicin  resistance
in pulmonary, extrapulmonary and paediafric
TB. Published studies on the affordability and
cost effectiveness of Xpert MTB/RIF were also
reviewed. WHO convened an Expert Group fo
review the evidence af les Pensierés, Veyrierdu-
lac, France, during 20-21 May 2013.

Xpert MTB/RIF is an automated polymerase
chain reaction (PCR) test (that is, a molecular
test) utilizing the GeneXpert platform [Cepheid,
Sunnyvale, CA, United States). Xpert MTB/RIF is
a single test that can detect both Mycobacterium
tuberculosis complex and rifampicin resistance
within 2 hours after starting the assay, with
minimal hands-on technical time (Figure 1). Unlike
conventional nucleic acid amplification  tests
(NAATs), in Xpert MTB/RIF sample processing,
PCR amplification and detection are integrated
info a single self-enclosed test unit, which is the
Xpert  MTB/RIF carfridge. Following  sample

loading, all steps in the assay are automated and

Figure 1. Steps in using the Xpert MTB/RIF assay®

contained within the carfridge. In addifion, the
assay’s sample reagent, used fo liquefy sputum,
is tuberculocidal (that is, it has the ability to kil
TB bacteria), which largely eliminates concerns
about biosafety during the test procedure. These
features allow the technology to be taken out of @
central laboratory or reference laboratory and fo
be used nearer o patients. However, Xpert MTB/
RIF requires an uninferrupted and stable electrical
power supply, temperature confrol and yearly
calibration of the instrument’s modules®.

The fest procedure may be used directly on
clinical specimens, either fresh sputum samples
or sputum pellets (also called sputum sediment),
which are obtained affer decontaminating and
concentrating the sputum. In both cases, the fest
material is combined with the reagent, mixed
by hand or vortex, and incubated at room
temperature for 15 minutes. After incubation,
2 ml of the treated sample are transferred to the
cartridge, and the run is initiated.

Sample is
automatically
End of hands-on work filtered & washed

|

e tten

h
-

Transfer of Z2mi
after 15 min

Sputum liquifaction & E
inactivation with 2:1 SR

Concentrates bacilll &
removes inhibitors

Ultrasonic lysis of filter-
captured organisms to
release DNA

DNA is mixed with dry
PCR reagents

4

Semi-nested real-time
amplification & detection
in integrated reaction tube

.|f

s

Printable test result

a Figure used with permission from the Foundation for Innovative New Diagnostics (FIND).

8  Rapid implementation of the Xpert MTB/RIF diagnostic test. Technical and operational ‘how-o':
practical considerations. Geneva; World Health Organization, 2011
(http:/ /whglibdoc.who.int/publications /2011,/9789241501569_eng.pdf).
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Xpert MTB/RIF uses molecular beacon technology
fo defect rifampicin resistance. Molecular beacons
are nucleic acid probes that recognize and report
the presence or absence of the normal, rifampicin-
susceptible wildtype sequence of the rpoB gene
of TB. Five different coloured beacons are used,
each covering a separate nucleic acid sequence
within the amplified rpoB gene. When a beacon
binds fo the mafching sequence, it fluoresces (or
lights up), which indicates the presence of one
of the gene sequences that is characterisfic of
rifampicin-susceptible TB. If a beacon fails to bind

2. Methods

fo the matching sequence or if binding is delayed,
the sample is potentially resistant to rifampicin. The
number of positive beacons and the timing of their
detection (when the fluorescent signal rises above
a predetermined baseline cycle threshold), as
well as the results of sample processing controls,
allow the test o distinguish among the following
results: no TB; TB detected, rifompicin resistance
detected; TB defected, no rifampicin resistance
detected; TB defected, rifampicin resistance
indeterminate; and an invalid result.

2.1 Evidence synthesis

In May 2013, a guideline development group
referred to as the Expert Group in this document]
was convened by WHO's Global TB Programme
fo assess the data on Xpert MTB /RIF with a view to
updating WHO's 2011 policy recommendations
on its use. WHO commissioned three systematic
reviews on the use of Xpert MTB/RIF to diagnose
pulmonary, extrapulmonary and paediatric TB
and to detect rifampicin resistance, as well as a
review of the affordability and cost effectiveness

of Xpert MTB/RIF.

In accordance with WHO's standards for assess-
ing evidence when formulating policy recommen-
dations, the Grading of Recommendations As-
sessment, Development and Evaluation (GRADE]

system” was used for the evidence synthesis pro-
cess fo provide a systematic, structured framework
for evaluating both the accuracy of the test and
the fesf's impact on patienfs and public health.
The evaluations used the GRADE system to deter-
mine the quality of the evidence and provide in-
formation on the strength of the recommendations
using a priori quesfions (that is, PICO questions)
agreed by the Expert Group. PICO refers fo the
following four elements that should be included in
questions that govern a systematic search of the
evidence: the Populafion targeted by the action
or intervention: the Intervention; the Comporofor;
and the Outcome.The PICO questions for each
review are given in Box 3.

9 Schinemann HJ et al. Grading quality of evidence and strength of recommendations for diagnostic tests and strategies.

BMJ, 2008, 336:1106-1110.
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Box 3. PICO questions for the four systematic reviews evaluating the accuracy of the Xpert MTB/
RIF assay in diagnosing TB

Review 1. Updated systematic review: Xpert MTB/RIF for diagnosis of pulmonary tuberculosis
and rifampicin resistance in adults

1. What is the diagnostic accuracy of Xpert MTB/RIF for defection of pulmonary TB in adults,
where Xpert MTB/RIF is used as a replacement test for smear microscopy?

2. What is the diagnostic accuracy of Xpert MTB/RIF for defection of pulmonary TB in adults,
where Xpert MTB/RIF is used as an add-on fest following a negative smearmicroscopy resulte

3. What is the diagnostic accuracy of Xpert MTB/RIF for detection of smear-positive pulmonary
TB in adults?

4. What is the diagnostic accuracy of Xpert MTB/RIF for defection of smearnegative (culture-
posifive) pulmonary TB in adults2

5. What is the diagnostic accuracy of Xpert MTB/RIF for detection of pulmonary TB in people
living with HIV {adults)?

6. What is the diagnostic accuracy of Xpert MTB/RIF for defection of pulmonary TB in adults
without HIV infection?

7. What is the diagnostic accuracy of Xpert MTB/RIF for defection of rifampicin resistance, where
Xpert MTB/RIF is used as an initial fest replacing phenotypic culture-based drug-susceptibility
testing®

Review 2. Systematic review: Xpert MTB/RIF for diagnosis of tuberculosis and detection

of rifampicin resistance on nonrespiratory samples (extrapulmonary TB)

1. What is the diagnostic accuracy of Xpert MTB/RIF overall compared with culture for
nonrespiratory specimens, where Xpert MTB/RIF is used as a replacement test for usual practice?
2. What is the diagnostic accuracy of Xpert MTB/RIF overall compared with a combined clinical
and laboratory reference standard for nonrespiratory specimens, where Xpert MTB/RIF is used as
a replacement fest for usual practice?

2a. What is the diagnostic accuracy of Xpert MTB/RIF for lymph node fluid and fissue, where
Xpert MTB/RIF is used as a replacement test for usual practice?

2b. What is the diagnostic accuracy of Xpert MTB/RIF for pleural fluid, where Xpert MTB/RIF is
used as a replacement fest for usual practice?

2c. What is the diagnostic accuracy of Xpert MTB/RIF for cerebrospinal fluid, where Xpert MTB/
RIF is used as a replacement test for usual practice?

2d. What is the diagnostic accuracy of Xpert MTB/RIF for gastric fluid, where Xpert MTB/RIF is
used as a replacement fest for usual practice?

2e. What is the diagnostic accuracy of Xpert MTB/RIF for tissue samples, where Xpert MTB /RIF
is used as a replacement fest for usual practice?

3. What is the diagnostic accuracy of Xpert MTB/RIF for detection of rifampicin resistance in
nonrespiratory specimens, where Xpert MTB/RIF is used as an initial test replacing phenotypic
culture-based drug-susceptibility fesfing?

Review 3. Systematic review: Xpert MTB/RIF for diagnosis of tuberculosis and rifampicin
resistance in children

1. What is the diagnostic accuracy of Xpert MTB/RIF for detection of TB in children compared
with culture, where Xpert MTB/RIF is used as a replacement fest for usual pracfice@®
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2. What is the diagnostic accuracy of Xpert MTB/RIF for defection of TB in children compared
with a combined clinical and laboratory reference standard, where Xpert MTB/RIF is used as a
replacement test for usual practice?

3. What is the diagnostic accuracy of Xpert MTB/RIF for defection of TB in children, where Xpert
MTB/RIF is used as an add-on test following a negative smearmicroscopy resulte

4. What is the diognostic accuracy of Xpert MTB/RIF compared with smear microscopy for
detection of TB in children?

5. What is the diagnostic accuracy of Xpert MTB/RIF for detection of rifampicin resistance in
children, where Xpert MTB/RIF is used as an initial fest replacing phenotypic culture-based drug-
susceptibility festing®

6. What is the diagnostic accuracy of Xpert MTB/RIF for detection of peripheral lymph node TB
in children, where Xpert MTB/RIF is used as a replacement fest for usual practice?

7. What is the diagnostic accuracy of Xpert MTB/RIF for detection of TB meningitis in children,
where Xpert MTB/RIF is used as a replacement test for usual practice?

Review 4. Systematic review: Affordability, cost effectiveness and resource implications

for Xpert MTB/RIF scale up

1. For which diagnosfic and screening algorithms is the Xpert MTB/RIF assay an affordable and
a costeffective infervention?

a Most analyses were performed using two reference standards: culture (the current reference standard) and a combined
clinical and laboratory reference standard chosen by the study’s authors (given the technical limitations of using culture for
diagnosis).

b Given the difficulties of diagnosing TB in children, usual practice refers to customary practice in the field, which may
vary from sefting to sefting. The usual practice for children (aged 0-15 vears) suspected of having intrathoracic TB (that
is, pulmonary, pleural, and mediastinal or hilar lymph node TB) normally requires bacteriological confirmation through
examination of sputum (obtained by expectoration, gastric washings, or induction) for smear microscopy and culture. In the
event of negative bacteriological results, a diagnosis of TB may be based on the presence of abnormalities consistent with
TB on chest radiography, a history of exposure o an infectious case, evidence of TB infection (that is, a positive tuberculin
skin test or interferon-g release assay) and clinical findings suggestive of TB. For children suspected of having exirapulmonary
TB, appropriate specimens from the suspected sites of involvement may be obtained for microscopy, and for culture and
histopathological examination.

Three

sysfematic  reviews were conducted A comprehensive search of the literature for

according fo the standards outlined by the

Cochrane  Collaboration in the  Cochrane
handbook.’® A comprehensive search of the
following databases was performed: Cochrane
Infectious Diseases Group Specialized Register,
MEDLINE, Embase, Thomson Reuters (formerly
IS} Web of Knowledge, Medion, LILACS,
BIOSIS and Scopus. Searches of the metaRegister
of Controlled Trials and the search portal of
WHQO's International Clinical Trials Registry were
also performed to identify any confinuing frials.
Searches included all studies without restrictions

on language.

studies on the cost effectiveness and affordability
of Xpert MTB/RIF included PubMed, the Health
Economics Evaluation Database, the United
Kingdom's National Health Service Economic
Database, the
Analysis Registry and the Research Papers in
Economics database.

Evaluation Costeffectiveness

Where feasible, mefa-analysis was used fo
summarize the results of independent studies, and
these results have been displayed as forest plofs.
Where meta-analysis was not feasible due fo
heferogeneity, the evidence has been presented
in a narrafive synthesis.

10 Higgins JPT, Green S, eds. Cochrane handbook of systematic reviews for inferventions, version 5.1.0. Cochrane
Collaboration, 2011 (available at http: / /www.cochrane-handbook.org).
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Each reviewer prepared GRADE evidence profiles
for each PICO question. GRADE evidence profiles
were prepared fo assess the diagnostic accuracy
of Xpert MTB/RIF for each systematic review.
In systematic reviews that assess the accuracy
of diagnostic fesfs, the choice of an optimal
reference standard is critical, since the reference
standard is used fo defermine the presence or
absence of the target condition. The reference
standards used for the different systematic reviews
are described below.

* Using Xpert MTB/RIF to detect pulmonary
TB and rifampicin resistance: the reference
standards used were conventional culture
and drug-susceptibility testing (DST). Culture
using either solid media or commercial
liquid media, as recommended by WHO,
was considered to be an acceptable
reference standard. The reference methods
for DST for rifampicin resistance were
those recommended by WHO, and these
included molecular line probe assays.

e Using Xpert MTB/RIF to detect
extrapulmonary TB in adults and children:
the reference standard used was either
conventional culture (as described above)
or a composite reference sfandard (CRS)
defined by the authors of the individual
studies that were included in the sysfematic
review; in the different studies the CRS
included some combination of NAAT other
than Xpert MTB/RIF, histology, smear,

culture,  biochemical testing, presenting
signs, or a response fo treatment with anti-
TB therapy.

* Using Xpert MTB/RIF to detect TB and
rifampicin resistance in children: the
reference  standard
conventional culture (as described above)
or a clinical TB reference standard,
recognizing the limitations of mycobacterial
culture in children.  Children
categorized as positive using the clinical
TB standard if they had started anfi-TB

therapy as a result of a clinical diagnosis of

used was either

were

TB. This broad clinical reference standard
was chosen in order to accommodate
the heterogeneous methods and  clinical
definitions used in the studies. Children
assigned o the group clinical not TB (that
is, negafive according fo the reference
standard clinical TB) either (1) did not have
another diognosis assigned, or (2) did
not start anti-TB treatment but nonetheless
improved, or their condition did not worsen
after af least 1 month of follow-up after
enrolment.

Using the GRADE framework, results for sensitivity
and specificity were used as proxy measures
for outcomes seen as important to patients;
these outcomes were based on the relative
importance or impact of false-positive and false-
negative results. Poor sensifivity would result in
falsenegative results so that patients with TB or
MDR-TB would be missed, and this would have
negafive consequences in ferms of morbidity,
morfality and transmission of disease. Poor
specificity would result in false-positive results
so that patients without TB or MDR-TB would be
prescribed unnecessary freatment, and this would
have negative consequences that might include
serious adverse events relafed fo treatment with
second-ine anti-TB agents.

Rafes for frue positives, frue negatives, false
positives and false negatives were calculated
based on prefest probabiliies — that is, an
assumed prevalence of TB of 2.5%, 5% and 10%
among patients suspected fo have TB who were
being screened, and an assumed prevalence of
rifampicin resistance of 5% and 15% (as a proxy
for MDR-TB) among patients with confirmed TB.

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

* frue posifives — the benefit to patients from
rapid diagnosis and treatment;

* frue negatives — the benefit to patients who
would be spared unnecessary treatment;
the benefit of reassurance and alternative
diagnosis;



XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLCY UPDATE ————— 7

* false positives — the likelihood of anxiety
and morbidity caused by additional
fesfing, unnecessary freatment, or both; the
chance that a false positive may halt further
diagnostic evaluation;

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

For each outcome, the quality of evidence
according fo GRADE was initially regarded as
high since all studies were cross-sectional or
cohort studies, prospectively enrolling  patients
suspected of having TB or MDR-TB. The quality
of the evidence and the limitations of the studies
were assessed using six GRADE criteria: (1)
study design, (2) risk of bias, (3) direciness, (4]
inconsistency, (5) imprecision, and (6) publication
or reporting bias.

Each review used the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS -2) tool
fo appraise the studies.! This tool consists of four
domains: patient selection, index test, reference
standard, and flow and timing.

2.2 Expert Group meeting
PICO questions were draffed by the WHO

Steering Group and were presented tfo the
Expert Group for discussion and modification.
The Steering Group also prepared an initial list
of relevant outcomes, including desirable effects
and undesirable effects, and requested the Expert
Group to identify any other important outcomes.

A webinar was conducted with members of
the Expert Group prior to the meeting fo refine
and finalize the proposed outcomes seen as
important fo patients, and to rafe their relafive
importance. The following outcomes for each
PICO question were defermined, and the ratings
of their imporfance were unanimously agreed by
the Expert Group:

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

* important outcome — cost.

The meeting was chaired by an expert in evidence
synthesis. Decisions were based on consensus.
Concerns raised by members were noted and
included in the final report of the meeting. The
defailed report was prepared by the Steering
Group; the report went through several iterations
before being finally signed off by members of the
Expert Group.

2.3 External review

The findings and recommendations from the Expert
Group's meeting were presented in June 2013 fo
WHQO's Strategic and Technical Advisory Group
for TB [STAG-TB), members of which served as the
external review group. STAG-TB agreed with the
Expert Group’s recommendations, and advised
WHO to develop and disseminate an updated
policy on using Xpert MTB/RIF to diagnose TB
and rifompicin resistance in  pulmonary and
extrapulmonary TB in adults and children. STAG-
TB also recommended that WHO should continue
its global coordination and implementation plan
aimed at scaling up the use of the Xpert MTB/
RIF assay.'?

2.4 Preparing the policy update

The draft policy update, which was based on
the consensus recommendations made by the
Expert Group, was subsequently prepared by
the Steering Group and circulated fo the Expert
Group and members of STAGTB following an
iterafive process similar fo that described above.

11 Whiting PF et al. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Annals of Internal

Medicine, 2011, 155:529-536.

12 Strategic and Technical and Advisory Group for Tuberculosis (STAG-TB): report of the 13th meeting. Geneva, World Health
Organization, 2013 (WHO/HTM/TB/2013.09) available at hitp: / /www.who.int/tb /advisory_bodies/STAG _report2013.pdf]
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3. Scope

This document replaces WHO's 2011 policy
statement on Xpert MTB/RIF'3, and provides a
pragmatic summary of the updated evidence
and recommendations on using Xpert MTB/RIF
to diagnose pulmonary and exirapulmonary T8,
and to detect rifampicin resistance in adults and
children. It should be read in conjunction with
the detailed findings from the 2013 report of the
Expert Group’s meeting'* and the framework for
implementing TB diagnostics. These documents
are available at hitp://www.who.int/tb/dots/
laboratory/policy/en; they provide guidance on
implementing the diagnostic fools and methods
approved by WHO within the confext of a
counfry's infrasfructure, resources, epidemiology
of TB and MDR-TB, and on TB policy reform. This
policy update will be supported by the second
edition of WHO's Xpert MTB/RIF implementation
manual (a publication derived from the guidance
on policy).'®

None of the existing tools for diagnosing TB are
mutually exclusive, and they can be implemented
in various combinafions in screening and
diagnostic algorithms, which can be tailored fo
be highly specific to each country’s seffings and
resources. Therefore, input from experts working
in TB laboratories is needed fo define the most
costeffective and efficient algorithms for individual
countries; these algorithms should be guided

by WHO's standards and procedures, and

implemented within a framework of integrated
activities aimed at strengthening laboratories.

This policy guidance should be used fo support
the implementation of Xpert MTB/RIF fechnology
to diagnose TB and detect rifampicin resistance
within TB and TB-HIV programmes. The policies
are intended to be used by managers and
laboratory directors working in these programmes
with laboratory
consultants, donor agencies, technical advisers,
laborafory  technicians,
for laboratory equipment, service providers in
the private sector, relevant govemnment sectors,
and implementation pariners that are involved
in country-level strengthening of TR laboratories.
Individuals  responsible  for  programme
planning, budgeting, mobilizing resources and

in  coordination external

procurement  officers

implementing training activities for TB and TB-
HIV diagnostic services may also benefit from this
document.

3.1 Date of review: 2017

Additional data from implementation sites will
be reviewed annually, and the guidance will
continue fo be refined based on more extensive
field evaluations of the new technology that
will be conducted after implementation; these
evaluations will include country-specific cosi—
effectiveness and cost-benefit analyses.

13 Automated reakime nucleic acid amplification technology for rapid and simulianeous defection of tuberculosis and rifampicin
resistance: Xpert MTB/RIF system. Policy statement. Geneva, World Health Organization, 2011
(http:/ /whglibdoc.who.int/publications/2011,/9789241501545_eng.pdf).

14 Using the Xpert MTB/RIF assay fo defect pulmonary and extrapulmonary tuberculosis and rifampicin resistance in adults and
children: Expert Group meeting report. Geneva, World Health Organization, 2013
(available at hitp:/ /www.who.int/tb/laboratory,/policy_statements/en/)

15 Xpert MTB/RIF implementation manual. Technical and operational "how-to': practical considerations. 2nd ed. Geneva, World
Health Organization, 2014 (available at hitp: / /www.who.int/tb/laboratory/policy_statements/en/)
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4. Evidence base for policy formulation

4.1 Using Xpert MTB/RIF to diagnose
pulmonary TB and rifampicin
resistance in adults

A Cochrane review published 31 January
2013' evaluated 18 studies (Figure 2). An

additional literature search was performed on

7 February 2013, which identified 9 additional
studies (Figure 3). From the combined literature
searches, 27 relevant studies in 36 study centres
(26 published studies and 1 unpublished study)
were identified and evaluated.

Figure 2. Selection of studies evaluating the accuracy of Xpert MTB/RIF in diagnosing pulmonary TB
and rifampicin resistance in adults: flow diagram of studies identified by the initial literature searches

139 records identified through

database search

5 additional records identified
through other sources

25 September 2011

\ A4

duplicates removed

137 records screened after

77 records excluded
based on fitle and abstract

4

60 fulltext articles

81 records assessed for eligibility

identified through

42 fulHext articles excluded

database search

»

15 December v

2011: no new

records identified 18 studies included in

qualitative synthesis

4

15 studies included
in mefa-analysis of TB
detection: 11 studies

included in meta-
analysis of defection of
rifampicin resistance

Y

Reasons

® Abstract only: 10

® Case—control study: 1

* Correspondence with authors: 1
e Costeffectiveness analysis: 1

e Could not obtain: 1

® Duplicate data: 1

e Ediforial or comment article: 13
® Exirapulmonary TB: 5

e Paediatric TB: 1

® Review article: 6

e Technical article: 2

16 Steingart KR et al. Xpert® MTB/RIF assay for pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database

of Systematic Reviews, 2013, (1):CDO09593 (doi: 10.1002/14651858.CDO0593.pub2).
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Figure 3. Selection of studies evaluating the accuracy of Xpert MTB/RIF in diagnosing pulmonary TB
and rifampicin resistance in adults: flow diagram of studies identified by the updated literature search

343 records identified through

7 February 2013

database search 2 additional records identified
through other sources

Y A4

130 records screened after
duplicates removed

76 records excluded based

y

54 fulktext articles
assessed for eligibility

A4

on title and abstract

A\ 4

9 studies included
in qualitative synthesis

y

7 studies included
in quantitative synthesis
[meta-analysis)

To assess the accuracy of Xpert MTB/RIF in
defecting TB, data were reviewed from 27
studies that included 9558 poarticipants; 22
of the sfudies, involving Q008 participants,
were included in the meta-analysis. Five studies
that enrolled primarily smearpositive or smear-

Y

45 fulkext articles excluded

Reasons

e Extrapulmonary TB: 7

e Paediatric TB: 6

e Correspondence with authors: 5

e Duplicate datfa: 4

e Impact study: 4

e Study did not enrol patients
suspected of having TB: 3

e Technical arficle: 3

o Case—confrol study: 2

e Case report: 2

e Editorial or comment artficle: 2

e Data insufficient: 2

e Treatment monitoring: 2

e Abstract: 1

e Reference standard not safisfied: 1

e Relevance: 1

negotive patients were excluded. The pooled
sensitivity of Xpert MTB/RIF for detecting TB was
88% (95% credible interval [Crl], 84-92%); the
pooled specificity for defecting TB was 99%
(@5% Cil, 98-99%) (Figure 4)”

17 The credible interval (Crl) is the Bayesian equivalent of the confidence interval (Cl).
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1

Figure 4. Forest plot of the sensitivity and specificity of Xpert MTB/RIF for detecting pulmonary TB in
27 studies (36 study centres)e
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a The figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% CI (black horizontal line). Values
for test results are the number of each type of result (irue positive, false positive, false negative, frue negative).

4.1.1 Using Xpert MTB/RIF as a
replacement test for smear
microscopy

Twenty-one studies (8 880 participants) provided
data that compared the sensitivity of Xpert MTB/
RIF with smear microscopy. For smear microscopy,
the pooled sensitivity was 65% (95% Cil, 57—

72%). For Xpert MTB/RIF, the pooled sensitivity

was 88% (95% Cil,

84-92%).

Therefore,

in comparison with smear microscopy, Xpert
MTB/RIF increased TB detection among culture-
confirmed cases by 23% (95% Crl, 15-32%)

(Table 2).
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Table 2. Pooled sensitivity and specificity of the Xpert MTB/RIF assay for detecting pulmonary TB and

rifampicin resistance

Type of analysis Median (%) pooled  Median (%) pooled
(No. of studies, No. of participants) sensitivity (95% Crl)  specificity (95% Crl)
Xpert MTB/RIF used as an initial test for TB detection 88 (84-92) 90 (98-99)
replacing microscopy (22, 9008)
Xpert MTB/RIF used as an add-on fest for B 68 (61-74) 99 (98-99)
detection following a negative smearmicroscopy

result (23, 7151)
Xpert MTB/RIF used as an initial test for defecting Q5 (90-97) 98 (97-99)

rifampicin resistance replacing conventional drug-

susceptibility testing as the initial test®

Cirl, credible inferval; the Crl is the Bayesian equivalent of the confidence interval.

a The pooled sensitivity estimates and specificity esfimates for defecting rifampicin resistance were determined separately by
univariate analyses. The pooled sensitivity analysis included 17 studies (555 participants); the pooled specificity analysis included

24 studies (2414 participants).

4.1.2 Using Xpert MTB/RIF as an add-on

fest following microscopy

When Xpert MTB/RIF was used as an add-on
fest following a negative smearmicroscopy result
(23 studies, 7151 participants), the pooled
sensitivity was 68% (95% Cil, 61-74%); the
pooled specificity was 99% (95% Crl, 98— 99%).
In other words, 68% of smearnegative culture-
confirmed cases of TB were defected using Xpert
MTB/RIF following smear microscopy, which
increased case-detection by 68% (95% Cil, 61—
74%) in this group (Table 2).

4.1.3 Using Xpert MTB/RIF fo detect

smear-positive culfurepositive TB

There was little variation in the sensitivity esfimates
(95-100%) for studies reporting data on smear-
positive cases (24 studies, 33 study centres, 2071
participants). In the mefa-analysis, the pooled
sensitivity for smear-posifive culture-positive TB was
very high at 98% (95% Crl, 97-99% (23 studies,
1952 participants].  Esfimates of the pooled
specificity of Xpert MTB/RIF were not performed
because participants in  the  smearposifive
subgroup were considered fo be true cases of TB.

4.1.4 Using Xpert MTB/RIF to defect smear-

negative culturepositive TB

Twenty four studies (33 study centres, 7247
participants) reporfed dafa on smearnegative
cases. There was considerable variability in
the sensitivity estimates (range, 43-100% ).
Specificity estimates showed less variation
[range, 86-100%). The mefa-analysis included
23 studies that allowed for direct comparison
between subgroups that were smear-positive
and those that were smearnegative. The pooled
esfimate of sensitivity for smearnegative culture-

positive TB was 68% (95% Cil, 61-74%).

4.1.5 Using Xpert MTB/RIF to detect
pulmonary TB in HIV-negative
and HIV- positive individuals

Nine studies (18 study centres, 2555 participants)
reported data on HIV-negative individuals, and
10 studies (16 study centres, 2378 participants)
reported on HIV-positive individuals (Figure 5).
There was variability in sensitivity in both the HIV-
negative subgroup (range, 56-100%) and HIV-
posifive subgroup (range, O-100%). The small
number of participants in several studies may have
contributed to some of the variability. Specificity
varied less than sensitivity in both subgroups: from
Q6% to 100% in the HIV-negative subgroup, and
from 92% to 100% in the HIV-positive subgroup.
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Figure 5. Forest plots of the sensitivity and specificity of Xpert MTB/RIF for detecting pulmonary TB
in HIV-negative individuals suspected of having TB (9 studies, 18 study centres) and HIV-positive
individuals suspected of having TB (10 studies, 16 centres)®

HIV negative
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
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TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence inferval.

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

The mefa-analysis included 7 siudies that
provided dafa on both HIV-negative individuals
(1470 participants) and HIV-positive individuals
(1789 participants). The pooled sensitivity for the
HIV-negative subgroup was 86% (95% Crl, 76—~
92%); for the HIV-positive subgroup it was 79%
(95% Crl, 70-86%) .

The corresponding pooled  specificities were
similar:  for the HIV-negative subgroup  the
specificity was 99% (95% Crl, 98-100%); for
the HIV-positive subgroup it was 98% (95% Cil,
96-99%). When adjusfing for the percentage of
smearpositive patients in each study, the impact

of the HIV covariate decreased, suggesting that
some of the differences between the HIV-positive
subgroup and the HIV-negative subgroup could
be aftributed to differences in smear status.

Five studies reported data from which it was
possible fo assess the accuracy of Xpert MTB/
RIF in HIV-positive individuals with culture-positive
smearnegative TB. The sensitivity of Xpert MTB/
RIF in HIV-positive individuals with smearnegative
culiure-positive TB ranged from 43% to 93%;
in HIV-positive individuals with smear-positive
culture-positive TB it ranged from 91% to 100%.
Data were sufficient to perform a univariate meta-
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analysis to assess the sensitivity of Xpert MTB/
RIF. Among people living with HIV, the pooled
sensitivity of Xpert MTB/RIF for smearnegative
culture-positive TB was 61% (95% Crl, 42-79%)
compared with 97% (95% Crl, 91-99%) for
smear-positive culture-positive TB; this was a
statistically significant result (data not shown).
Hence, among people who are coinfected with
HIV and TB, those with smear-positive disease
were more likely to be diagnosed with TB using
Xpert MTB/RIF than those with smearnegative
disease.

4.1.6 Using Xpert MTB/RIF fo detect

rifampicin resistance

Of the 27 studies, 24 studies (33 study centres,
2969 participants) provided data on detecting

rifampicin  resistance, and included 555
rifampicin-resistant specimens. Figure & shows
the forest plots of sensitivity and specificity for
this analysis. Although there was variability in
the estimates of sensitivity (range, 33-100%), in
general the poorer estimates of sensitivity were
related fo study centres that had only a low number
of rifampicin-resistant specimens. There was less
variability in specificity (range, 83-100%). The
pooled sensitivity by univariate analysis was 95%
(95% Crl, 90-97%); the pooled specificity was
98% (95% Crl, 97-99%). The pooled sensitivity
and specificity were the same when bivariate
analysis was used for the subset of studies that
provided data on both sensitivity and specificity
(17 studies, 2624 participanfs).

Figure 6. Forest plots of the sensitivity and specificity of Xpert MTB/RIF for detecting rifampicin
resistance when Xpert MTB/RIF was used as an initial test replacing phenotypic culture-based drug-
susceptibility testing in 24 studies (33 study centres)e
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1.00 [0.94, 1.00]
0.90 [0.55, 1.00]
1.00 [0.94, 1.00]
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TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence inferval.

a The figure shows the estimated sensitivity and specificity of each study (blue square] and its 95% Cl (black horizontal line). Values
for test results are the number of each type of result (true positive, false positive, false negative, true negative).
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4.1.7 Effect of the version of the Xpert
MTB/RIF assay

The basis in the Xpert MTB/RIF system for
detecting rifompicin resistance is the difference
between the first M. tuberculosis-specific beacon
or probe (the early-cycle threshold) and the last
beacon [the latecycle threshold). This difference
is referred to as the deltacycle threshold. The
original configuration of the Xpert MTB/RIF
system reported rifampicin resistance when the
delta-cycle threshold was higher than 3.5 cycles;
rifampicin sensitivity was reporfed when the delia-
cycle threshold was 3.5 cycles or lower (using
the Xpert MTB/RIF G1 cartridge). After May
2010, the manufacturer modified the deliacycle
threshold cutoff value to improve the specificity of
Xpert MTB/RIF in detecting rifampicin resistance
(using the Xpert MTB/RIF G2 and G3 cartridges).
Another modification was implemented in late
2011 (using the Xpert MTB/RIF G4 cartridge),
which changed the molecular beacon sequence
of Probe B to improve detection of rifampicin
resistance when there were fluctuations in the
annealing temperature.  Changes to  fluidics
and software virtually eliminated the signaHoss
detection error (known as the 5011 error), and
allowed high sensitivity and specificity to be
maintained when detecting TB and rifampicin
resistance. These enhancements to the assays
were considered to be part of a routine process
of product improvement. Cepheid, the Foundation
for Innovative New Diagnostics (FIND] and
the University of Medicine and Dentfisiry of
New Jersey will continue to monitor the clinical
performance of the Xpert MTB/RIF test. By 2013,
the G4 cartridges were the only type of cartridge
available.

The effect of the version of Xpert MTB/RIF on the
sensitivity and specificity for defecting rifampicin
resislance  was investigated.  The  pooled
sensifivity for studies using Xpert MTB/RIF G2,
G3 or G4 cartridges (13 studies) was 93% (95%
Crl, 87-97%); for studies using the Xpert MTB/
RIF G1 cartridge (4 studies) it was 97% (95%

Crl, 91-99%] . The pooled specificity for studies
using Xpert MTB/RIF G2, G3 or G4 carfridges
(15 studies) was 98% (95% Crl, 96-99%): for
studies using the Xpert MTB/RIF G1 carfridge
(4 studies) it was 99% (95% Cirl, 98-100%).
The overlapping credible intervals indicate that
there was no stafistically significant difference in
the estimates of either sensitivity or specificity for
the Xpert MTB/RIF G1 carfridge when compared
with lafer versions of the cartridge.

4.1.8 Accuracy of the Xpert MTB/RIF G4
cariridge

Two studies used the Xpert MTB/RIF G4 cartridge
and provided data  suitoble to  determine
specificity. One study observed a specificity of
100% (10/10 tests) (95% confidence interval
[Cl], 69-100%); the second study reported a
specificity of 95% (42/44 tests) (95% Cl, 85—
Q9%) (Figure 6).

FIND evaluated the diagnostic accuracy of the
G4 carfridge'® in a study that fested 233 archived
sputum specimens that had been stored in Borstel,
Germany, and were from individuals suspected of
having TB; additionally, there were 184 frozen
sediments from Llima, Peru, that were positive
for acidfast bacilli (AFB), as well as frozen
sputum specimens from a further 231 patients
consecutively enrolled from Baku, Azerbaijan.
All of the samples were shipped to and tested in
Germany using the G4 carfridge. Fresh sputum
samples from 30 patients were fested using
both the G3 carfridge and the G4 cartridge in
Kampala, Uganda; a further 218 specimens
were evaluated using both the G3 cartridge and
the G4 cartridge in Cape Town, South Africa.

The reference standard used across all sites
included at least one Ldwenstein-Jensen culture
and at leost one culture using the BACTEC
MGIT  [mycobacterial  growth indicator  tube
960 Mycobacterial Defection System  (Becton
Dickinson, Franklin Lakes, NJ, United States), with
M. tuberculosis species confirmed using Capilia
(Tauns Laboratories, Shizuoka, Japan), GenoType

18 Report: performance of Xpert MTB/RIF version G4 assay. Geneva, Foundation for Innovative New Diagnostics, 2011
(available at: http:/ /www.stoptb.org/wg/gli/assets /documents/map/findg4cartridge. pdf).
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MTBDRplus (Hain Lifescience, Nehren, Germany)
or Genolype Mycobacterium CM/AS  (Hain
lifescience, Nehren, Germany). Conventional
festing for rifampicin resistance was performed
using either the LSwenstein-Jensen proportion
method or the BACTEC MGIT 960 and, in a
few cases, using only the Genotype MTBDRplus
assay. Genefic sequencing was performed on
results discordant between Xpert MTB/RIF and
conventional DST. Six patients [smearnegative
and culturenegative) were sfarted on anti-TB
freatment and excluded from the analysis. Genetic
sequencing was used fo resolve discordant results
fo determine sensitivity and specificity.

The overall sensitivity for rifampicin-resistant TB was
98.9% (87/88 tests| (95% Cl, 93.8-99.8%);
the overall specificity for rifampicin-sensitive TB
was 99.8% (433/434 tests) (95% Cl, 98.7-
100.0%). For four cases in which results were
discordant [Xpert MTB/RIF identified samples
as rifampicin-sensitive but DST identified them
as resistant), the rpoB region was sequenced;
the discordant results resolved in three of these
cases in favour of Xpert MTB/RIF. For nine cases
in which results were discordant and Xpert MTB/
RIF identified the specimens as rifampicin resistant
but DST identified them as rifampicin sensitive,
sequencing of the rpoB region was performed;
discordant results resolved in eight of these cases

in favour of Xpert MTB/RIF.
4.1.9 Accuracy of the reference standards

Culture is regarded as the best reference standard
for active TB, and was the reference standard
used for TB in the systematic review on pulmonary
TB. Phenotypic culture-based DST methods, using
WHO's recommended critical concentrations,
were the reference standards for rifampicin
resistance. !’

Three recent studies have raised concerns
about using phenotypic DST to detect rifampicin

resistance, in particular the automated BACTEC
MGIT 960 system. Van Deun and colleagues
reported that the BACTEC 460 and the BACTEC
MGIT 960 missed certain strains associated with
low-level rifampicin  resistance.? Using Xpert
MTB/RIF and gene sequencing, Williamson
and colleagues identified four patients (three with
clinical information available] whose TB isolates
confained mutations fo the rpoB gene but whose
results from the BACTEC MGIT 960 indicated
that the isolates were rifampicin susceptible. In
this study, 2/49 (4.1%) patients whose isolates
did not have apparent rpoB gene mutations
experienced freatment failure compared with 3/3
(100%) patients whose isolates did have rpoB
gene mutations and had been deemed rifampicin-
susceptible using phenotypic methods.?!

In a study involving refreatment patients, Van
Deun and colleagues found that disputed rpoB
mutations conferring low-grade resistance were
often missed by rapid phenotypic DST, particularly
with the BACTEC MGIT 960 system, but fo a
lesser extent also by conventional slow DST.??
The authors suggested this may be the reason for
the perceived insufficient specificity of molecular
DST for rifampicin. Although the study involved
refreatment patients, the results also appear fo be
similar for individuals newly diagnosed with TB
[A Van Deun, personal communication, 2013).

Therefore, using only phenotypic DST as a
reference to determine the specificity of a
molecular method of DST may underestimate the
specificity of the molecular method of DST. In
light of these findings, it is unclear whether and
to what extent Xpert MTB/RIF might outperform
phenotypic methods of DST in assessing rifampicin
resistance.

WHQO confinues to collect and evaluate emerging
data on this issue, and will formally review the

19 Policy guidance on drug-susceptibility testing [DST) of second-ine antituberculosis drugs. Geneva, World Health Organization,

2008 (WHO/HTM/TB/2008.392).

20 Van Deun A et al. Mycobacterium tuberculosis strains with highly discordant rifampin susceptibility test results. Journal of

Clinical Microbioclogy, 2009,47:3501-3506.

21 Williamson DA et al. An evaluation of the Xpert MTB/RIF assay and detection of false-positive rifampicin resistance in
Mycobacterium tuberculosis. Diagnostic Microbiology and Infectious Disease, 2012, 74:207-209.
22 Van Deun A et al. Rifampicin drug resistance tests for tuberculosis: challenging the gold standard. Journal of Clinical

Microbiology, 2013, 51:2633-2640.
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accuracy of phenotypic resistance standards for
DST once sufficient data become available.

4.2 Using Xpert MTB/RIF to diagnose
extrapulmonary TB and rifampicin
resistance in adults and children

A literature search was performed for published
and unpublished reports of studies made available

from 1 January 2007 until 14 December 2012.
From the literature searches, 22 relevant studies
that included 5922 specimens were identified.
Figure 7 shows the Preferred Reporting ltems for
Systematic Reviews and Meta-analyses [PRISMA)
diagram with the flow of the studies.

Figure 7. Selection of studies evaluating the accuracy of Xpert MTB/RIF in diagnosing extrapulmonary
TB and detecting rifampicin resistance in adults and children: flow diagram of studies included in the

review
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Thirtfeen studies (59%) were conducted in low-
income and middle-income countries. All studies
were performed in terfiary care centres or
reference laboratories. Two studies [one by Bates
and one by Walters) included only children;?®
nine studies included no children. In the remaining
11 studies the percentages of children in the
study population ranged from 2% to 34%. Three
published studies and four unpublished studies
included only one type of sample (for example,
only pleural fluid). The remainder of the studies
included varying percentages of different types
of samples. Twelve studies reporfed on only
one sample per patient; the other studies either
reported on multiple samples per patient or did
not report the number of somp|es per patient. Six
studies used frozen, archived samples ; 15 used
fresh samples; and 1 study used both fresh and

frozen samples.

The studies reviewed were diverse with respect
to both the different types of samples fested and
their relative percentages in each siudy. The
heterogeneity in the performance characteristics
of Xpert MTB/RIF, primarily in sensitivity, across
the different types of samples was substantial.
Therefore, combining these studies to obtain an
overall estimate of the accuracy of Xpert MTB/

RIF in diagnosing extrapulmonary TB would not
be meaningful.

An analysis of predefined subgroups of sample types
(that is, pleural fluid, lymph node aspirate or tissue,
CSF, gastric fluid, and fissue other than lymph node]
was undertoken fo account for the heterogeneity
among the studies. Data on the smear status of
samples were not available for the individual
types of samples. Therefore, samples included in
the subgroups were either smear posifive, smear
negative or of unknown smear status.

4.2.1 Defecting lymph node TB in samples
rom biopsy or fine-needle aspiration

Fourteen sftudies were identified that tested the
accuracy of Xpert MTB/RIF on samples from lymph
node biopsies or fineneedle aspiration (FNA|
compared against culture as a reference standard
(Figure 8). A mefa-analysis was performed for
each sample type if af least 4 studies had at least
10 samples in each study. For the 11 studies with
more than 10 samples [iotal, 849 samples) the
esfimates for sensitivity ranged from 50% to 100%.
The pooled sensitivity across studies was 84.9%
(95% Cl, 72.1-92.4%); the pooled specificity
was 92.5% (95% Cl, 80.3-97.4%).

Figure 8. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting extrapulmonary TB
in lymph node samples (tissue or aspirate) compared with culture as the reference standarde

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Al-Ateah 2012 s 0 1 2 0.83[0.36 1000 1.00[0.16, 1.00]
Armand 2011 8 0 8 2 050[0.250.75] 1.00[0.16, 1.00] —a— R —1
Causse 2011 16 0 1 70 0.94[0.71,1.00] 1.00 [0.95, 1.00] — -
Hanif 2011 6 0 0 3 1.00[0.54,1.00] 1.00(0.29, 1.00] a -
Hillemann 2011 6 3 4 52 0.60[0.26,0.88] 0.95[0.85, 0.99] e e
14 4 1 10 0.93[0.68 1.00] 0.71[0.42, 0.92] —= —i—
Ligthelm 2011 28 3 1 16 0.97[0.82,1.00] 0.84[0.60,0.97] —a ——
Malbruny 2011 6 0 0 17 1.00[0.54,1.00] 1.00[0.80, 1.00] —_— —a
Moure 2012 24 0 10 4 0.71[0.53,085] 1.00 (0,40, 1.00) —e— —_—m
Saflanowska 2012 2 0 0 2 1.00[0.16,1.00] 1.00 [0.16, 1.00] a -
17 108 0 65 1.00[0.80, 1.00] 0.38 [0.30, 0.45] —a -
Tortoli 2012 24 4 5 85 0.83(0.64,094] 0.96[0.89, 0.99] —ze -
Vadwai 2011 32 17 12 127 0.73(0.57,0.85] 0.88(0.82, 0.93) —a— -
Zeka 2011 11 2 3 10 0.79[0.49.0.95] 0.83[0.52, 0.98] , o L
00.20406081 002040608 1

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

aThe figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% Cl (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (irue positive, false

positive, false negative, frue negative).

23 Additional information about the studies can be found in the annexes to Using the Xpert MTB/RIF assay to defect pulmonary
and extrapulmonary tuberculosis and rifampicin resistance in adults and children: Expert Group meeting report. Geneva, World
Health Organization, 2013 (available at: hitp:/ /www.who.int/tb/laboratory/policy_statements /en/)
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Five studies (one unpublished) assessed the
accuracy of Xpert MTB/RIF on samples from
lymph nodes compared against an author
defined CRS (Figure 9). In the different studies
the CRS included some combination of NAAT
other than Xpert MTB/RIF, histology, smear,

culture, biochemical tfesting, presenting signs,
or a response fo freatment with anti-TB therapy.
The pooled sensifivity was estimated fo be
83.7% (95% Cl, 73.8-90.3%), and the pooled
specificity was 99.2% (95% Cl, 88.4-100%).

Figure 9. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting extrapulmonary TB
in lymph node samples (tissue or aspirate) compared with a composite reference standard®

TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CD)

Study

17 1 4 7 0.81 [0.58, 0.95]
Ligthelm 2011 29 2 1 16 0.97 [0.83, 1.00]
Tortoli 2012 28 0 5 B85 0.85 [0.68, 0.95]
Vadwai 2011 49 0 17 122 0.74 [0.62, 0.84]
Zeka 2011 13 0 4 9 0.76 [0.50, 0.93]

0.88 [0.47, 1.00] —— —_—
0.89 [0.65, 0.99] —a —=
1.00 [0.96, 1.00] —8- -
1.00 [0.97, 1.00] —— -

1.00 [0.66, 1.00]

k t t t .I it t t ¥ t 1
0020406081 0020406081

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

aThe figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% Cl (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (frue positive, false

positive, false negative, frue negativel.

Studies that used fresh samples showed a slightly
higher sensitivity and a lower specificity than those
that used frozen samples; however, the precision
of these estimates was low because data were
limited. Only nine studies included information
on the prevalence of HIV, and only two studies
included more than 10% HIV-positive patients.
Accuracy estimates for these studies did not differ
substantially from those that included fewer HIV-
positive patients. Given the limited amount of
data for the group that had a prevalence of HIV
greater than 10%, a summary esfimate was nof
determined.

4.2.2 Detecting pleural TB in pleural fluid

Seventeen studies (1385 samples, 217 culture
positive) provided data that could be used to
estimate the sensitivity and specificity of Xpert
MTB/RIF in festing pleural fluid. Results from
the assessment of the accuracy of Xpert MTB/
RIF using samples from pleural biopsy were
integrated info the assessment of Xpert MTB/RIF
for testing tissue biopsies of all kinds other than

lymph node.

The sensitivity of Xpert MTB/RIF in festing pleural
fluid varied from 0% to 100% among the studies.
The outliers at the lower end of the range and the
upper end were studies with few culture-confirmed
cases of TB. One study was excluded from the
mefa-analysis because the sensifivity could nof
be estimated; a second study was also excluded
because it included fewer than 10 specimens of
pleural fluid. The pooled sensitivity was low af
43.7%, with wide confidence intervals (95% Cl,
24.8-64.7%); the pooled specificity was high at
98.1% (95% Cl, 95.3-99.2%) (Figure 10).

Seven sfudies (4 published and 3 unpublished)
with 698 samples (188 culture  positivel
evaluated Xpert MTB/RIF in testing pleural fluid
compared with a CRS. In the different studies
the CRS included some combination of NAAT
other than Xpert MTB/RIF, histology, smear,
culture, biochemical fesfing, presenting  signs,
or a response fo freatment with anti-TB therapy.
Compared with studies that used culture as the
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Figure 10. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB using pleural
fluid compared with culture as a reference standard®

Study TP FP FN

Al-Ateah 2012 i 0 0 10 1.00(0.29,1.00]
Armand 2011 3 0 4 1 0.43([0.10,0.82)
Causse 2011 4 0 0 30 1.00(0.40, 1.00)
Friedrich 2011 5 0 4 15 0.56(0.21, 0.86)
Hanif 2011 3 0 0 8 1.00(0.29,1.00]
Hillemann 2011 0 2 0 103 Not estimable
] 1 2 0 81 1.00(0.03,1.00]
Malbruny 2011 0 0 2 10 0.00(0.00, 0.84]
| ] 5 6 11 54 ©.31[0.11,0.59)]
Moure 2012 9 019 6 0.32(0.16, 0.52]
Oliveira 2013 1 113 68 0.07[0.00,0.34]
Safianowska 2012 0 0 2 30  0.00[0.00, 0.84]
F— 45 15 53 270  0.46 [0.36, 0.56)
—— 1 5 0 64 1.00[0.03,1.00]
Tortoli 2012 5 3 10 312 0.33[0.12, 0.62]
Vadwai 2011 S 0 5 19 0.50[0.19, 0.81]
Zeka 2011 0 0 4 52 0.00 [0.00, 0.60]

TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% CI)

1.00 [0.69, 1.00] E— —a
1.00 [0.03, 1.00] = -
1.00 [0.88, 1.00] — —a
1.00 [0.78, 1.00] — —a
1.00 [0.63, 1.00] R —a
0.98 [0.93, 1.00] -
0.98 [0.92, 1.00) ———= -
1.00 [0.69, 1.00] #— —a
0.90 [0.79, 0.96] —®— —
1.00 [0.54, 1.00] —a— —a
0.99 [0.92, 1.00] =— -
1.00 [0.88, 1.00] #———— —a
0.95 [0.91, 0.97] —— a
0.93 [0.84, 0.98§) ————— = -
0.99 [0.97, 1.00) —=—— L]
1.00 [0.82, 1.00] —. —a
100093, 1000 %977 . .. . . . W
0020406081 0020406081

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

aThe figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% CI (black horizontal line). The
names of unpublished studies have been obscured. Values for fest results are the number of each type of result (irue positive, false

positive, false negative, frue negativel.

reference sfandard, the CRS subgroup yielded
an even lower pooled sensitivity [17.0%; 95%
Cl, 7.5-34.2%), albeit with a high specificity
[99.9%; 95% Cl, 93.7-100.0%) (Figure 11).

Pleural fluid is not regarded as a suitable
specimen for the microbiological diagnosis
of pleural TB. Pleural biopsy is the preferred
sample type for diagnosing pleural TB.

Figure 11. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB in pleural fluid

compared with a composite reference standard®

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% C1) Sensitivity (95% CI) Specificity (95% CI)
Friedrich 2011 5 0 15 5 0.25 [0.09, 0.49] 1.00 [0.48, 1.00] —&— —
| ] 3 0 30 51 0.09 [0.02, D.24] 1.00 [0.93, 1.00] —=— -
| 9 1 31 48 0.23(0.11,0.38] 0.98[0.89,1.00] —=— =
Oliveira 2013 2 057 26 0.03[0.00 012] 1.00[0.87, 1.00] ® —a
Tortoli 2012 8 0 10 312 0.44 [0.22, 0.69] 1.00 [0.99, 1.00] —— L
Vadwai 2011 5 0 5 19 0.50 [0.19, 0.81] 1.00 [0.82, 1.00] —_— —a
Zeka 2011 0 0 & 48 000[0.00,037] 1100093, 100/9%9—4— . . . . ==

00.20.40.60.81 00.20.40.60.8 1

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

aThe figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% CI (black horizontal line. The
names of unpublished studies have been obscured. Values for test results are the number of each type of result [irue positive, false

positive, false negative, true negative).

4.2.3 Defecting TB in samples of CSF

In total, 709 CSF samples in 16 studies were
tested with Xpert MTB/RIF, and the results were
compared against culture as a reference standard
(13 studies had more than 10 samples, and 10 of
these provided information on both sensitivity and
specificity). Only 117 culture-confirmed cases
of TB were found. Estimates of sensitivity varied

widely and ranged from 51% to 100%; one study
with 19 samples (3 false negatives) was an outlier
at 0%. The pooled sensitivity across studies was
79.5% (95% Cl, 62.0-90.2%) and the pooled
specificity was 98.6% (95% Cl, 95.8-99.6%),
suggesting good performance of Xpert MTB/RIF
in detecting TB in CSF when tested against culture
as a reference standard (Figure 12).
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Ten of the sixteen siudies comparing Xpert MTB/
RIF with culiure as a reference standard used
a concentration step in processing the sample.
Six studies did not use a concentration sfep. A
concentration step  appeared fo increase the

sensifivity of Xpert MTB/RIF (82%; 95% Cl, 71—
Q3% for concentrated samples versus 56%; 95%
Cl 3677% for unconcentrated samples), although
the confidence infervals overlapped. The use of a
concentration step did not offect the specificity.

Figure 12. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB in cerebrospinal
fluid compared with culture as a reference standard®

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Al-Ateah 2012 o 0 14 Mot estimable 1.00 [0.77, 1.00] —a
Armand 2011 0 0 0 5 Mot estimable 1.00 [0.48, 1.00] —=a
Causse 2011 5 0 1 44 0.83 [0.36, 1.00] 1.00 [0.92, 1.00] —_— --
Caws 2013 43 0 5 93 0.90 [(0.77, 0.97] 1.00 [0.96, 1.00] —a- -
Hanif 2011 1 0 0 4 1.00 [0.03, 1.00] 1.00 [0.40, 1.00] - a
Hillemann 2011 o 0 0 19 Mot estimable 1.00 [0.82, 1.00] —a
2 1 0 37 1.00 [0.16, 1.00] 0.97 [0.86, 1.00] —_—=a —a
Malbruny 2011 1 0 0 14 1.00 [0.03, 1.00] 1.00 [0.77,1.00) ——= —a
Moure 2012 2 0 0 12 1.00 [0.18, 1.00] 1.00 (0,74, 1.00] _— —=
Patel 2013 18 7 17 107 0.51[0.34,0.69] 0.94 [0.88, 0.97] —_ -
Safianowska 2012 0 0 0 6 Mot estimable 1.00 [D.54, 1.00] —a
2 1 1 23 0.67 [0.09, 0.99] 0.96 [0.79, 1.00] ————®%—— —=

[ 0 3 0 38 Not estimable  0.93 [0.80, 0.98] —=
Tortoli 2012 11 2 2 118 0.85 [0.55,0.98] 0.98 [0.94, 1.00] —a— -
Vadwai 2011 0o 0o 3 16 0.00 [0.00, 0.71] 1.00 [0.79, 1.00) #¥— —=
Zeka 2011 3 0 0 28 1.00 [0.29, 1.00] l.o0(0.88,100 _, —/———=®, . ., . ¥
0020406081 0020406081

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

a The figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% ClI (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (frue positive, false

positive, false negative, frue negative).

Only 6 studies (3 unpublished) assessed the
accuracy of using Xpert MTB/RIF to test CSF
samples compared against an authordefined
CRS; sensitivity estimates ranged from 20% to 86%
[Figure 13). The pooled sensifivity was estimated

to be 55.5% (95% Cl, 44.2-66.3%), and the

pooled specificity was estimated to be 98.8%
(95% Cl, 94.5-99.8%). The reduced sensitivity
of Xpert MTB/RIF compared with the CRS versus
culture as a reference standard suggests that either
the CRS was too broad or that culture as the single
reference standard is inadequate.

Figure 13. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB in cerebrospinal
fluid compared with a composite reference standard®

Study TP FP FN

Caws 2013 43 0 28 70 0.61[0.48, 0.72]

I 3 0 7 29 0.30[0.07,0.65]
Patel 2013 20 5 23 101 0.47 [0.31, 0.62]
Tortoli 2012 12 1 2 118  0.86[0.57, 0.98)
Vadwaiz0ll 1 0 4 14 0.20[0.01,0.72]
Zeka 2011 3 0 2 26 0.60[0.15,0.95)

TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)

Specificity (95% CI)

1.00 [0.95, 1.00] —— -
1.00 [0.88, 1.00] —=—— —m
0.95 [0.89, 0.98] —— -
0.99 [0.95, 1.00] — L
1.00 [0.77, 1.00] —&%—— —=

1.00 [0.87, 1.00]

L ‘._.'_._: n } . | -
00.2040608 1 00.2040.60.8 1

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

a The figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% CI (black horizontal line). The
names of unpublished studies have been obscured. Values for fest results are the number of each type of result (irue positive, false
positive, false negative, true negative).

4.2.4 Defecting TB in gastric fluid gastric fluid and compared the results against
culture as a reference standard (8 studies had
more than 10 samples). Two studies included

only children. The remaining 10 studies included

Twelve studies (1258 samples) examined the
performance of Xpert MTB/RIF in samples of
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adults and children (the proportion of children
included across sample types ranged from 0% to
33.5%). One study with 788 samples that had
valid results using Xpert MTB/RIF accounted for
62.6% of dll gastricfluid samples. The estimates
of sensitivity varied from 69% to 100%; specificity
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varied from 98% to 100%, with one unpublished
study an outlier reporting 52% specificity. The
pooled sensifivity across studies was 83.8% (95%
Cl, 65.9-93.2%), and the pooled specificity
was 98.1% (25% Cl, 92.3-99.5%] (Figure 14).

Figure 14. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB in gastric fluid

compared with culture as a reference standard®

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Armand 2011 7 0 3 2 0.70 [0.35,0.93]  1.00 [0.16, 1.00] - =
Bates 2012 33 5 15 735 0.69 [0.54, 0.81]  0.99 [0.98, 1.00] —a— L]
Causse 2011 8 0 0 46 1.00 [0.63, 1.00] 1.00 [0.92, 1.00) —a -
Hanif 2011 1 0 0 1 1.00 [0.03, 1.00] 1.00 [0.03, 1.00) = =
Hillemann 2011 7 0 1 19 0.88(0.47, 1.00) 1.00[0.82,1.00] — —a
Malbruny 2011 5 0 0 28 1.00 [0.48, 1.00] 1.00 [0.88, 1.00) — —=
Moure 2012 2 0 1 3 0.67 [0.09, 0.99] 1.00 [0.29, 1.00) & -
g 0 0 1 Not estimable 1.00 [0.03, 1.00]) -_—
[T 18 32 0 35 1.00(0.81,1.00] 0.52[0.40, 0.65) —a —-—
Tortoli 2012 45 3 13 163 0.78 [0.65, 0.87] 0.98 [0.95, 1.00] — -
Walters 2012 3 0 0 17 1.00 [0.29, 1.00] 1.00 [0.80, 1.00) —_—=s —=a
Zeka 2011 0 1 5§ 0 0.00 [0.00, 0.52] 0.00 [0.00, 0.97) p—7—— | e
b0204060310020405031

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

a The figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% ClI (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (irue positive, false

positive, false negative, frue negative).

All studies used a concentration sfep during
specimen processing and prior fo using the
Xpert MTB/RIF assay; therefore, this was not
considered to be a source of heterogeneity
within the data. The condition of the gastric-fluid
specimen (fresh versus frozen) did not appear to
affect the performance of Xpert MTB/RIF. The five
studies testing fresh specimens achieved a pooled
sensifivity of 83% (95% Cl, 71-93%). A further
three studies used frozen specimens and had a
pooled sensitivity of 79% (95% Cl, 57-100%).
The condition of the specimen [fresh or frozen) did

not affect the specificity.
4.2.5 Detecting TB in tissue samples

There were 12 studies (699 samples) that tested
Xpert MTB/RIF using tissue samples from any

site other than a lymph node, and compared the
results against culture as a reference standard (10
studies had more than 10 samples). The estimates
of sensitivity varied widely and ranged from 42%
to 100%. The pooled estimate of sensitivity was
calculated as 81.2% (95% Cl, 67.7-89.9%).
The pooled specificity was 98.1% (95% Cl,
87.0-99.8%) (Figure 15).

The condition of the specimen (fresh versus frozen)
did not appear fo affect the performance of Xpert
MTB/RIF. The five studies testing fresh specimens
achieved a pooled sensitivity of 79% (95% Cl,
64-94%).
specimens and had a pooled sensitivity of 76%
[95% Cl, 58-94%). The condition of the specimen

(fresh or frozen) did not affect the specificity.

A further three studies used frozen
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Figure 15. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting TB in fissue
samples (other than from a lymph node) compared with culture as a reference standard®

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Al-Ateah 2012 § 0 1 7 0.89 [0.52, 1.00] 1.00 [0.59, 1.00] — —a
Armand 2011 i 0 2 o 0.60 [0.15, 0.95] Not estimable —_——
Causse 2011 6 0 0 17 1.00 [0.54, 1.00] 1.00 [0.80, 1.00] —a —a
Hillemann 2011 14 0 5 152 0.74 [0.49,0.91) 1.00 [0.98, 1.00] —&— =
Malbruny 2011 1 0 0 16 1.00 [0.03, 1.00] 1.00 [0.79, 1.00] ——— = —a
Moure 2012 5 0 7 8 0.42[0.15,0.72] 1.00[0.63, 1.00] — —a
safianowska 2012 1 0 0 16 1.00 [0.03, 1,00] 1.00[0.79, 1.00] ———— —a
3 0 1 5 0.75 [0.19, 0.99] 1.00 [0.48, 1.00] L u
2 14 0 22 1.00[0.16,1.00] 0.61[0.43,0.77] —————=a ——
Toroli 2012 47 & 6 189 0.89 [0.77, 0.96] 0.96 [0.92, 0.98) — -
Vadwal 2011 16 10 6 81 0.73 [0.50, 0.89] 0.89 [0.81, 0.95) —a— —&
Zeka 2011 6 2 1 11 0.86 [0.42,1.00) 0.85[0.55,098 , k6@~ —7—*®— A A — @
0020406081 0020406081

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

a The figure shows the estimated sensifivity and specificity of each study (blue square) and its 95% CI (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (irue positive, false

positive, false negative, frue negativel.

4.2.6 Defecting rifampicin resistance

Data on detecting rifampicin resistance were
used only from published studies because
dafa collection was incomplefe in some of the
unpublished studies. Furthermore, data from a
study were included only if DST had been done
for all samples that were positive by culture and
Xpert MTB/RIF because the selective confirmation
of results could have infroduced bias.

In fofal, data on resistance testing were available
for 566 samples from 13 studies. Forty one
samples were confirmed to be rifampicin resistant
by phenotypic DST. Given the limited amount of
dafa, no summary estimate was calculated. The
average prevalence of rifampicin resisiance across
the studies was 5.4%, with the highest prevalence
reported from India (25.6%). Xpert MTB/RIF did
not identify 2 of the 41 phenotypically rifampicin-
resistant samples. Six of the 41 samples that were
identified as rifompicin resistant b\/ Xpert MTB/RIF
were identified as susceptible by phenotypic DST.
Five of these six samples underwent sequencing
of the rpoB gene, and four were found to have a

mutation in the same region of the rpoB gene af
codon 533. Hence, Xpert MTB/RIF detected four
additional rifampicin-resistant strains that would
have been missed by phenotypic DST alone.

See section 4.1.9 for more information about
the accuracy of the reference standards used to
detect rifampicin resistance.

4.3 Using Xpert MTB/RIF to diagLnose
TB and rifampicin resistance in children

An electronic literature search was performed
initially on 24 January 2013. In total, 39 articles
were identified. Of these, 26 were excluded
based on a review of their tile and abstract.
Of the remaining 12 arficles that underwent a
fulktext review, 10 were included in this review.
An additional 2 published studies were included
that had been identified during a final electronic
search conducted on 3 April 2013. An additional
four unpublished studies were included that had
been identified by querying networks of people
working in childhood TB and contacting authors.
In fofal, 16 studies were included (Figure 16).
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Figure 16. Selection of studies evaluating the accuracy of Xpert MTB/RIF in diagnosing TB and
rifampicin resistance in children: flow diagram of studies included in the review

39 articles identified through
initial database search

January 29, 2013

39 articles screened
by fifle and abstract

26 arficles excluded

\ 4

based on fitle and

abstract

2 published articles
included after final

12 full text articles
assessed for eligibility

2 fulext articles
excluded
[> 15 years only)

A\ 4

database search and
review on 3 April, 2013 |

4 unpublished studies
identified and included
through additional
searches

16 studies included
(12 published, 4 unpublished)
for qualitative analysis/synthesis
* 13 pulmonary TB
* 6 Rifampicin resistance
® 4 peripheral lymph node TB
® 5 TB meningitis

4.3.1 Using Xpert MTB/RIF to diagnose
pulmonary TB in children

The ufility of Xpert MTB/RIF in diagnosing
paediafric pulmonary TB was evaluated in 13
studies that included 2603 participants. Studies
either collected the same specimen type from
all children or different types of specimens from
different subgroups of children (for example,
samples of expectorated sputum were collected
from older children; samples of induced sputum
or gasfric lavage or aspirate were collected
from younger children). In three studies different
types of specimens were collected from each
child. As a result, a fofal of 3347 specimens

were assessed: expectorated sputum (4 studies,
270 children), induced (7 studies,
1279 children),  nasopharyngeal  aspirate
(1 study, 474 children), gastric lavage or aspirate
(6 studies, 1324 children).

spufum

For samples of expectorated sputum, sensitivity
varied from 55% to 90%; for induced sputum
sensitivity varied from 40% to 100%; and for
gastric lavage or aspirate it varied from 40% to
100%. Confidence intervals overlapped for each
specimen fype, suggesfing that no specimen
type was superior. Specificities for all studies
and specimen types ranged from 93% to 100%
(Figure 17).



XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE

25

Figure 17. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting pulmonary TB,
peripheral lymph node TB and TB meningitis in children compared against culture as a reference

standard, by study and specimen type®

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
ES_Bates 2013 9 2 1 130 0.90[0.55,1.00] 0.98[0.95, 1.00] — -
ES_Nhu 2013 21 0 4 22 0.84 [0.64, 0.95] 1.00 [D.85, 1.00] - -
ES_Rachow 2012 11 2 9 56 0.55(0.32,077] 0.97[0.88, 1.00] — -a
GLA_Bates 2013 33 5 15 735 0.69 [0.54,0.81] 0.99 [0.98, 1.00] —a— ®
GLA_Causse 2012 5 0 0 38 1.00[048, 1.000] 1.00[0.91, 1.00] —s -=
GLA 3 8 3 200 050[0.12,0.88) 0096(0.93, 098 ———&—— L]
GLA_Malbruny 2011 0 0 0 5 Not estimable  1.00 [0.48, 1.00] —— =
GLA_Nhu 2013 4 0 0 16 1,00[0.40, 1.00] 1.00[0.79, 1.00] —= —=
GLA_Tortoli 2012 37 2 22 113 0.63(0.49,0.75] 0.98 [0.94, 1.00] —— -
GLA_Walters 2012 3 0 0 17 1.00[0.29,1.00] 1.00(0.80,1.00] —=
GLA, 6 3 9 42 040[0.16 068 093[0.82, 099 —=—— =
IS, 2 14 3 192 0.40[0.05, 0.85] 0.93([0.89,096) ——=—— -
;s_m 2 0 0 199 1.00[0.16,1.00) 1.00[0.98,1.00) ———=a =
15_Nico 9 0 3 36 0.75[0.43,0095] 1.00[0.90, 1.00] — --
I5_Rachow 2012 2 1 & 42 0.25[0.03,065 0.98[0.88, 1.00) —%—— =
15_Sekkade 2013 27 7 7 194 0.79[0.62,0.91] 10.97[0.93, 0.99] —— -
IS 7 3 8 41 047[021,0.73] 0.93[0.81,0.99] —— —
I5_Zar 2012 52 2 35 385  0.60([0.49,0.70] 0.99[0.98, 1.00] —— Bl
NPA_Zar 2012 38 1 49 386 0.44(0.33,0.55] 1lo00[099,100] , ,b —-®- . . . .0 0m
00.20406081 0020406081

TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence inferval; ES,
expecforated sputum; GLA, gastric lavage or aspirate; 1S, induced sputum; NPA, nasopharyngeal

aspirafe.

a The figure shows the estimated sensifivity and specificity of each study (blue square) and its 95% CI (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (frue positive, false

positive, false negative, true negative).

One study examined the yield of specimens of
nasopharyngeal aspirate. The sensitivity of Xpert
MTB/RIF for these specimens was 44% (95%
Cl, 33-55%). In the same group of children, the
sensitivity for induced sputum was 60% (25% Cl,
49-70%).

The sensitivity and specificity of Xpert MTB/RIF
were compared against mycobacterial culture
as the reference standard as well as against the
clinical TB reference standard.

4.3.1.1 Differences in the reference standards
used

In all of the studies included in the review,
13.2% of children had culture-confirmed TB.
The proportion of children with culture-confirmed
TB varied by study and specimen type (range,
0-54.2%). In the majority of studies (9/13;
69%), multiple cultures were performed on
samples from single participants. Hence, the
definition of culture positive was based on the
presence of af least one positive culture result

out of as many as six cultures performed. The
average bacteriological yield in studies using
multiple cultures was increased compared with the
group of four studies that defined a participant as
culture-positive based only on one culture result.
Studies also used different culture techniques, but
the impact of this potential source of bias was not
evaluated.

Children were categorized as posifive using
the clinical TB reference standard if they were
culture negative and had started anti-TB therapy
based on a clinical diagnosis of TB. This broad
clinical reference standard was chosen in order
the study
methods and clinical definitions used in the
studies. Children assigned to the group clinical
not TB (that is, negative according fo the clinical
TB reference standard) either (1) did not have
another diagnosis assigned, or (2] did not start
anti-TB freatment but nonetheless improved or did
not worsen after at least 1 month of follow-up after
enrolment.

fo  accommodate heterogeneous
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4.3.1.2 Accuracy of Xpert MTB/RIF compared

with culture

The pooled sensitivity — of MTB/RIF
compared against culture was 66% for samples
of expectorated or induced sputum (95% Cil,
52-77%), and 66% for samples of gastric lavage
or aspirate (95% Cil, 51-81%). The width of the

credible infervals indicated there was a high

Xpert

level of heterogeneity among the studies. The
specificity values for Xpert MTB/RIF compared
against culture as the reference standard were all
at least 98%, with narrow credible infervals.

4.3.1.3 Accuracy of Xpert MTB/RIF compared
with clinical TB as the reference standard

The sensitivity of Xpert MTB/RIF in culture-negative
samples from paediafric  patients compared
against clinical TB as the reference standard
was 4% for samples of expectorated or induced
sputum and 15% for gastric lavage or aspirate,
with all confidence infervals being wide and

therefore indicating a high level of heferogeneity.
It is likely that the apparently poor performance
of Xpert MTB/RIF was the result of a clinical TB
reference standard that lacked specificity. The
specificity values of Xpert MTB/RIF compared
against the clinical TB reference standard were
at least 99%, with narrow confidence intervals.

4.3.2 Xpert MTB/RIF compared with smear
microscopy

The diagnostic accuracy of smear microscopy
was calculated and compared against culture
as the reference standard. Sensifivities varied
from 30% to 60% for samples of expectorated
sputum, 0% fo 50% for induced sputum, 0%
to 50% for gastric lavage or aspirate, and the
sensitivity was 18% in the one cohort providing
samples of nasopharyngeal aspirate. The 95%
confidence infervals were wide and overlapping.
The specificity was 95% or higher for all studies
and specimen types [Figure 18).

Figure 18. Forest plot of the sensitivity and specificity of smear microscopy in detecting pulmonary
TB, peripheral lymph node TB and TB meningitis in children compared against culture as a reference

standard , by study and specimen type®

Study TP FP

ES_Bates 2013 i 7 7 125 0.30 [0.07, 0.65]
ES Nhu 2013 15 0 10 22 0.60 [0.39, 0.79]
ES_Rachow 2012 6 0 14 58 0.30 [0.12, 0.54]
GLA_Bates 2013 12 23 36 717 0.25 [0.14, 0.40]
GLA_Causse 2012 1 0 4 38 0.20 [0.01, 0.72]
GLA 1 0 5 208 0.17 [0.00, 0.64)
CLA Malbruny 2011 0 0 0 5 Mot estimable
GLA_Nhu 2013 2 0 2 16 0.50 [0.07, 0.93]
GLA_Tortoli 2012 15 0 44 115 0.25 [0.15, 0.38]
GLA_Walters 2012 1 0 2 17 0.33 [0.01, 0.91]
GLA 0 0 15 45 0.00 [0.00, 0.22]
15 0 0 5 206 0.00 [0.00, 0.52]
IS, 0 0 2 199 0.00 [0.00, 0.84)
I5_Nicol 2011 6 0 6 36 0.50 [0.21, 0.79]
I5_Rachow 2012 0 0 B 43 0.00 [0.00, 0.37]
IS_sekkade 2013 14 0 20 201 0.41 [0.25, 0.59]
15 1 0 14 44 0.07 [0.00, 0.32]
IS_Zar 2012 23 0 64 387 0.26[0.18,0.37]
NPA_Zar 2012 16 ©0 71 387 0.18 [0.11, 0.28]

FN TN Sensitivity (95% Cl) Specificity (95% C1) Sensitivity (95% CI) Specificity (95% CI)

0.95 [0.89, 0.98] —=—

1.00 [0.85, 1.00] —
1.00 [0.94, 1.00] —®—

0.97 [0.95, 0.98] —a—

1.00 [0.91, 1.00] —®—
1.00 [0.98, 1.00] —@%—

1.00 [0.48, 1.00]

1.00 [0.79, L.o0] ——&%—
1.00 [0.97, 1.00] ——

1.00 [0.80, 1.00] ——%——

1.00 [0.92, 1.00] =—

1.00 [0.98, 1.00] #=——

1.00 [0.98, 1.00] #—————

1.00 [0.90, 1.00] —

1.00 [0.92, 1.00] =——o

1.00 [0.98, 1.00] —a—

1.00 [0.92, 1.00] =——

1.00 [0.99, 1.00] -

1.00[099,100 = .
0020406081 00.2040.60.8 1

.a.a&..al.ll.&-al*

TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence inferval; ES,
expecforated sputum; GLA, gastric lavage or aspirate; 1S, induced sputum; NPA, nasopharyngeal
aspirate.

a The figure shows the esfimated sensitivity and specificity of each study (blue square) and its 95% CI (black horizontal line). The

names of unpublished studies have been obscured. Values for fest results are the number of each type of result (irue positive, false
positive, false negative, true negative).
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For expectorated and induced sputum the pooled  level of heterogeneity. The pooled specificity of
sensifivity was 29% (95% Crl, 16-42%]; for
gastric lavage or aspirate it was 22% (95% Cil,
12-35%); the pooled credible intervals were
wide for both expectorated or induced sputum

and gastric lavage or aspirate, indicating a high

Xpert MTB/RIF for samples of gastric lavage or
aspirate was 99% (95% Crl, 97-100%); for
expecforated and induced sputum it was 100%

(95% Crl, 99-100%) (Table 3).

Table 3. Meta-analysis of the estimated sensitivity and specificity of smear microscopy in diagnosing
pulmonary TB, peripheral lymph node TB and TB meningjitis in children compared against culture as
a reference standard in published and unpublished studies

Comparison Specimen type Median (%) Median (%)
(No. of studies, pooled sensitivity  pooled specificity
No. of children) (pooled 95% Crl)  (pooled 95% Crl)
Smear microscopy compared Exze@grotej sputtum 29 100
against culture as a reference (o]no l?;ilcg] spuium (16-42) (@9-100)
standard (published and —
unpublished studies) Go§1r\c lavage or 22 79
aspirate (7, 1319) (12-35) (@7-100)

Cirl, credible interval; the Crl is the Bayesian equivalent of the confidence interval.

These data suggest that in comparison with
smear microscopy, the sensitivity of Xpert MTB/
RIF was 37% higher if performed on samples of
expecforated or induced sputum and 44% higher
it performed on samples of gastric lavage or
aspirafe.

4.3.3 Performance of Xpert MTB/RIF in
smear-positive and smearnegative

children

Seven studies reporting data from 1083 children
were included in the analysis of using Xpert MTB/
RIF to test samples of expeciorated or induced
sputum.

Six studies with data from 1259 children were
included in the analysis of using Xpert MTB/RIF
fo test samples of gastric lavage or aspirate. All
studies that were included reported results for
both smear-positive and smearnegative children

(Figure 19).

The sensitivity of Xpert MTB/RIF on samples of
expectorated or induced sputum from children
with smearnegative results ranged from 25% to
86%. In contrast, the sensitivity of Xpert MTB/
RIF in festing samples of either expectorated or
induced sputum from smear-positive  children

ranged from 92% to 100%.

The pooled estimate of sensitivity for smear-
positive children was 96% (95% Cil, 90-99%);
for smearnegative children it was 55% (95% Crl,
A41-69%).

The findings were similar when Xpert MTB/RIF
was used fo test samples of gastric lavage or
aspirate: for smear-positive children the overall
sensitivity was 95% (95% Crl, 83-99%), and
for smearnegative children it was 62% (95%
Crl, 44-80%). The credible
wide (indicating variability), but did not overlap
(Table 4).

infervals were
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Figure 19. Forest plot of the sensitivity of Xpert MTB/RIF in diagnosing pulmonary TB, peripheral
lymph node TB and TB meningitis in smear-positive and smear-negative children, by study and

specimen type*®

Xpert in smear positive children

Xpert in smear negative children

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% C1)
ES_Bates 2013 31 0 6 1.00 [0.29, 1.00] 0.86 [0.42, 1.00] . &
ES_Mhu 2013 14 0 1 0 0.93 [0.68, 1.00] Not estimable —=

ES_Rachow 2012 6 0 0 O 1.00 [0.54, 1.00] Not estimable ]

GLA_Bates 2013 11 1 1 22 0.92 [0.62, 1.00]) 0.96 [0.78, 1.00] — —=
GLA_Causse 2012 1 0 0 0 1.00 [0.03, 1.00] Not estimable ———#%&

GLA 1 0 0 0O 1.00 [0.03, 1.00] Not estimable ———=a

GLA_Malbruny 2011 00 0 0 Not estimable Not estimable

GLA_Nhu 2013 2 0 0 0 1.00 [0.16, 1.00] Not estimable —_—— =

GLA_Tortoli 2012 1S 0 0 0 1.00 [0.78, 1.00] Not estimable —a

GLA_Walters 2012 1 0 0 O 1.00 [0.03, 1.00] Not estimable ——=&

GLA e 0 0 0 Not estimable Not estimable

1S, 00 0 0 Not estimable Not estimable

5 0O 9 0 0 Naot estimable Not estimable

I5_Nic €6 0 0 0 1.00 [0.54, 1.00] Not estimable —

IS_Rachow 2012 0 0 0 0 Not estimable Not estimable

IS _Sekkade 2013 12 0 1 0 0.92 [0.64, 1.00] Not estimable —

15, 1 0 0 0 1.00 [0.03, 1.00] Not estimable ]

IS_Zar 2012 230 0 o0 1.00 [0.85, 1.00] Not estimable

T
0020406081 00.20.40.60.8 1

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% C1) Sensitivity (95% CI) Specificity (95% C1)
ES_Bates 2013 6 1 1 124 0.86 [0.42, 1.00] 0.99 [0.96, 1.00] EE— =
ES_Mhu 2013 7 @ 3 22 0.70 [0.35, 0.33] 1.00 [0.85, 1.00] R —a
ES_Rachow 2012 § 2 9 56 0.36(0.13,0.65] 0.97[0.88,1.00] —=— —-
GLA_Bates 2013 22 4 14 713 0.61 [0.43, 0.77] 0.99 [0.99, 1.00] —— L
GLA_Causse 2012 4 0 0 38 1.00 (0.40, 1.00] 1.00 [0.91, 1.00] —a —a
GLA, 2 8 3 200 0.40[0.05,0.85] 0.96[0.93,098 ——8— -

GLA_Malbruny 2011 o 0 0 5 Mot estimable 1.00 [0.48, 1.00] —
GLA_Nhu 2013 2 0 0 16 1.00 [0.16, 1.00] 1.00 [0.79, 1.00] —_—a —a
GLA_Tortoli 2012 22 2 22 113 0.50 [0.35, 0.65] 0.98 [0.94, 1.00] —— -
GLA_Walters 2012 2 0 0 17 1.00 [0.16, 1.00] 1.00 [0.50, 1.00] E— —a
GLA, 6 3 9 42 0.40 [0.16, 0.68] 0.93 [0.82, 0.99] il -~

5 2 14 3 192 0.40 [0.05, 0.85] 0.93 [0.89,0.95] ——&%— -

15, 2 0 0 199 1.00 [0.16, 1.00] 1.00 [0.98, 1.00] —_—a L]
I5_Nicol 2011 3 0 3 136 0.50 [0.12, 0.88) 1.00 [0.90, 1.00] —_—l -
IS_Rachow 2012 2 1 & 42 0.25 [0.03, 0.65] 0.98 [0.88, 1.00] —&— -
I5_Sekkade 2013 14 7 6 194 0.70 [0.46, 0.88] 0.97 [0.93, 0.99] — -
15 6 3 & 41 0.43 [0.18,0.71] 0.93 [0.81, 0.99] —— =

15_Zar 2012 29 2 35 385 0.45 [0.33, 0.58] 0.99 [0.98, 1.00] =

0020406081 0020406081

TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence inferval; ES,
expectorated sputum; GLA, gastric lavage or aspirate; 1S, induced sputum.
a The figure shows the estimated sensitivity and specificity of each study (blue square] and its 95% Cl (black horizontal line). The

names of unpublished studies have been obscured. Values for test results are the number of each type of result [irue positive, false
positive, false negative, frue negative).



XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE

29

Table 4. Meta-analysis of the sensitivity and specificity of Xpert MTB/RIF in diagnosing pulmonary
TB, peripheral lymph node TB and TB meningitis compared against culture as a reference standard in
smear-negative and smear-positive children in published and unpublished studies

Comparison Specimen type Median (%) Median (%)
(No. of studies, pooled sensitivity  pooled specificity
No. of children) (pooled 95% Crl)  (pooled 95% Crl)
Expectorated sputum 96
or induced sputum (R0-99) c
Xpert MTB/RIF [/, 68)
in smear-positive children Gastric lavage 95
or aspirate (83-99) c
(6, 32)
Expectorated sputum
orFi)nduced squt)um 99 78
Xpert MTB/RIF (7, 1008)° (41-69) (Q6-99)
in smearnegative children ' )
Castric lavage 62 99
or aspirate (6, 1204 (44-80) (Q7-99)

Crl, credible interval; the Crl is the Bayesian equivalent of the confidence interval; additional

information about the studies can be found in the annexes fo Using the Xpert MTB /RIF assay fo defect

pulmonary and extrapulmonary tuberculosis and rifompicin resistance in adults and children: Expert
Group meeting report. Geneva, World Health Organization, 2013
(available at: hitp:/ /www.who.int/tb/laboratory/policy_statements/en/)

a This analysis included studies by Bates 2013, Nhu 2013, Nicol 2011, Rachow 2012 (expectorated sputum only), Sekadde

2013, an unpublished study by Walters and Zar 2012.

b This analysis included studies by Bates 2013, Causse 2011, an unpublished study by Chisti, Nhu 2013, Tortoli 2012 and

Walters 2012.

¢ There were not enough data fo calculate specificity.

As expected, smear status was associated with
the performance of Xpert MTB /RIF, indicating that
the sensitivity of Xpert MTB/RIF was greater in
children who had a higher mycobacterial burden
than in those with paucibacillary disease. Xpert
MTB/RIF detected 55% of smearnegative culture-
positive children from samples of expectorated
or induced sputum, and 62% of smearnegative
culture-positive children from samples of gastric
lavage or aspirate.

4.3.4 Xpert MTB/RIF in children aged
O-4 years and 515 years

Five of the seven studies reported results for children
aged 0-4 years and 5-15 years. Data from 976
children were included in the analysis of using
Xpert MTB/RIF fo test samples of expectorated or

induced sputum. The estimated accuracy of Xpert
MTB/RIF in tesfing samples of gastric lavage or
aspirate was reported only for children aged 0-4
years (5 studies, 957 children).

The sensitivity of Xpert MTB/RIF in both age
groups ranged from 0% to 100%. The pooled
sensitivity among children aged 0-4 years was
57% for Xpert MTB/RIF used fo fest samples of
expectorated or induced sputum (95% Crl, 36—
74%) and gastric lavage or aspirate (95% Cil,
38-75%). The pooled sensitivity for samples of
expecforated or induced sputum was higher in
children aged 5-15 vyears (83%; 95% Cril, 68—
92%). The pooled specificity was at least 98%
for all groups assessed, with relafively narrow
credible infervals.
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4.3.5 Xpert MTB/RIF in HIV-positive and
HIV-negative children

Seven studies reporting dafa from 1074 children
were included in the analysis of the accuracy of

Xpert MTB/RIF in tesfing samples of expectorated

or induced sputum. All studies reported results for
both HIV-positive and HIV-negative children.

The sensitivity of the test among HIV-positive
children ranged from 20% to 100%; among HIV-
negative children it ranged from 33% to 100%
(Figure 20).

Figure 20. Forest plot of the sensitivity and specificity of Xpert MTB/RIF in detecting pulmonary TB,
peripheral lymph node TB and TB meningitis in HIV-positive and HIV-negative children, by study and

specimen type®

Xpert in HIV-infected children

Study TP FP

ES_Bates 2013 6 0 0 38 1.00[0.54, 1.00]
ES_Nhu 2013 2 0 0 4 1.00 [0.16, 1.00]
ES_Rachow 2012 6 0 3 33 0.67 [0.30, 0.93]
GLA_Bates 2013 10 2 6 217 0.63 [0.35, 0.85]
GLA 1 0 1 5 0.50 [0.01, 0.99]
15 0 0 0 35 Not estimable
IS_Nicol 2011 5 0 0 13 1.00 [0.48, 1.00]
1S_Rachow 2012 1 1 4 19 0.20[0.01, 0.72)
IS_Sekkade 2013 9 4 2 B4 0.82 [0.48, 0.98]
IS 1 0 1 4 0.50 [0.01, 0.99]
I5_Zar 2012 12 0 3 92 0.80 [0.52, 0.96]

Xpert in HIV-uninfected children

Study TP FP FN

ES_Bates 2013 3 2 1 B4 0.75 [0.19, 0.99]
ES_Rachow 2012 3 225 23 0.38 [0.09, 0.76]
GLA_Bates 2013 23 3 8 470 0.74 [0.55, 0.88]
GLA 5 3 8 137 0.38 [0.14, 0.68]
15 0 0 163 1.00 [0.16, 1.00]
I5_Nicol 2011 4 0 3 23 0.57 [0.18, 0.90]
I5_Rachow 2012 1 0 2 21 0.33 [0.01, 0.91]
I5_Sekkade 2013 18 3 5 110 0.78 [0.56, 0.93]
IS 6 3 7 137 0.46 [0.19, 0.75]
I5_Zar 2012 40 2 32 293 0.56 [0.43, 0.67]

FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% CI)

1.00 [0.91, 1.00] = -
1.00 [0.40, 1.00] = =
1.00 [0.89, 1.00] —a -m
0.99 [0.97, 1.00] — [ ]
1.00 [0.48, 1.00) = -
1.00 [0.90, 1.00) -m
1.00 [0.75, 1.00) e —a
0.95 [0.75, 1.00] —8—— —m
0.95 [0.89, 0.99] —e -
1.00 [0.40, 1.00) = a
1.00(096,100) , , —@— = . . @

0020406081 00.20.40.60.8 1

0.98 [0.92, 1.00] —_—a -
0.92 [0.74,0.99] —8—— —a
0.99 [0.98, 1.00] —a— @
0.93 [0.80, 0.98) —=—— —=
1.00 [0.98,1.00) ——————= @
1.00 [0.85, 1.00] — —=
1.00 [0.84, 1.00] ——8——— —=
0.97 [0.92, 0.99] —a— -
0.93 [0.80, 0.98) —— —=
0.99 [0.98, 1.00) —.—

0020406081 00.20.40.60.8 1

TP, frue positive; FP, false positive; FN, false negative; TN, frue negative; Cl, confidence inferval; ES,
expectorated sputum; GlA, gastric lavage or aspirate; 1S, induced sputum.

a The figure shows the estimated sensitivity and specificity of each study (blue square) and its 95% Cl (black horizontal line). The
names of unpublished studies have been obscured. Values for test results are the number of each type of result (irue positive, false

positive, false negative, frue negative).

The pooled sensitivity among  HIV-positive
children (75%; 95% Crl, 57-88%) was higher
than the sensitivity for HIVnegative children
(57%: 95% Crl, 41-71%); however, the credible
intervals were wide and overlapping. The pooled
specificity was 98% for both groups.

An analysis of the performance of Xpert MTB/

RIF stratified by smear status and HIV status
demonstrated that the test had high sensitivity
among smear-positive children regardless of their
HIV status. The sensitivity of Xpert MTB/RIF was
lowest among HIV-negative children, although
the credible intervals were wide and overlapping
(Table 5).



XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE ————— 31

Table 5. Meta-analysis comparing Xpert MTB/RIF for diagnosing pulmonary TB, peripheral lymph
node TB and TB meningitis using culture as a reference standard in HIV-positive and HIV-negative
children, stratified by smear status

Category (Sl\'l)sfi:;i:utc{izz No. of children) g’;’r C(’::I‘;“Siﬁ"“)’ "
HIV posiive and smear positive E;Eii:oge; e ndvesd 8 5?1700]
HIV positive and smear negative SE;ESTT:O(?GS;}?UM“ or induced (463987)
HIV negative and smear positive E;E;ii?e;cjfumm orinduesd (8 ]Qj)Q)
HIV negative and smear negative E;Eziﬁ?es;fumm or induced (2;1_867)

Crl, credible interval; the Crl is the Bayesian equivalent of the confidence interval; additional
information about the studies can be found in the annexes fo Using the Xpert MTB /RIF assay fo detect
pulmonary and extrapulmonary tuberculosis and rifampicin resistance in adults and children: Expert
Group meeting report. Geneva, World Health Organization, 2013 (available at: hitp://www.who.
int/th/laboratory/policy_statements /en/)

a The studies included in this analysis were Bates 2013, Nicol 2011, Rachow 2012 (expeciorated sputum), Sekadde 2013 and
Zar 2012.

A mefaregression model that simultaneously  children than in smearnegative children. The odds

conirolled for smear siatus and HIV status using  of Xpert MTB/RIF positivity were not stafistically
significant for HIV-positive children compared

Xpert MTB/RIF fo test samples of expectorated
with HIV-negative children (Table 6).

or induced sputum showed that the odds of test
positivity were fourfold greater in smear-positive

Table 6. Metaregression model for Xpert MTB/RIF using samples of expectorated or induced sputum
from children, controlling for smear status and HIV status

Node Mean SD MC error 2.5% Median 97.5%
Beta O 0.06201 0385 00054 -0.8159 -0.064 07059
Beta 1 (HIV) 0.5863 0.5551 0.008862 -0.4919 0.5789  1.705
Beta 2 (Smear] 3.98 1.076 0.02855 2.159  3.878  6.399
Smearnegave and o5 0 0o06a 00013 0.3066 0484  0.6695
HIV negative
g d
= -
£ Smear positive an 09694 003031 6402 08873 09785 09983
¢ HIV negative
T Smear negafive and
° © 06213  0.1101 0001197 03944 06257 08216
8 HIV positive
o

Smear positive and
HIV positive
SD, standard deviation.

0.988 0.01977  3.951 0.9284 0.9879  0.9991
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There were insufficient data fo perform a mefa-
analysis comparing the performance of Xpert MTB/
RIF when using samples of gastric lavage or aspirate
from HV-positive and HIV-negative children.

4.3.6 Using Xpert MTB/RIF fo detect
peripheral lymph node TB in children

The use of samples from FNA or lymph node
biopsy to diagnose peripheral lymph node TB was
evaluated in five studies. Two studies were excluded
from the meta-analysis because their samples
included fewer than five participants. Therefore,
the analysis included 3 sfudies with data from
172 children (Figure 21). The pooled sensitivity
of Xpert MTB/RIF compared against culiure as
the reference standard was 86% (95% Crl, 65—
Q6%); the pooled specificity was 81% (95% Cil,
54-93%). Credible intervals were wide for both

sensitivity and specificity, indicating heterogeneity.

4.3.7 Using Xpert MTB/RIF fo defect TB
meningitis in children

The use of CSF fo diagnose TB meningifis was
evaluated in five studies that included 61 children.

In total 7/61 (11.5%) children had TB meningitis
confirmed by CSF culture. Of these, 3 children
were positive by Xpert MTB/RIF (3/61; 4.9%).
Two studies were excluded from the mefa-analysis
because they did not include any culture-positive
children. One of the remaining studies had a
subgroup sample size that included fewer than
five children. Hence, there were insufficient data o
calculate sensitivity from the two remaining studies
in which 2/6 (33%) culture-positive children had
positive results from Xpert MTB/RIF (Figure 21]. The
pooled specificity, which included 3 studies and
51 children, was 95% (95% Crl, 81-99%), with
relatively wide credible intervals.

4.3.8 Using Xpert MTB/RIF fo detect

rifampicin resistance in children

In fotal, seven studies provided data on using
Xpert MTB/RIF to defect rifampicin resistance
(Figure 21). Four studies used conventional
phenotypic DST, and three used line probe
assays. A meta-analysis of 3 studies that included
176 participants showed a pooled sensitivity
of 86% (95% Cil, 53%98%) and a pooled
specificity of 98% (95% Crl, 94-100%).

Figure 21. Forest plot of the sensitivity and specificity of Xpert MTB/RIF for detecting resistance to
rifampicin, peripheral lymph node TB and TB meningitis in children, by study and specimen type®

Xpert for RIF resistance

Xpert in lymph node FNA | biopsies

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CD)  Sensitivity (95% CI) Specificity (95% CI)
RIF_Bates 2013 2 0 1 38 0.67([0.090599 1.00[0.91, 1.00] —_— —a
RIF_Malbruny 2011 0 0 0 12 Not estimable 1,00 [0.74, 1.00] —a
RIF_Nicol 2011 0 2 0 16 Not estimable  0.89 [0.65, 0.99] —=
RIF_Rachow 2012 00 0 25 Not estimable  1.00 [0.86, 1.00] —a
RIF_Tortoli 2012 00 0 4 Nat estimable  1.00 [0.40, 1.00) E—
RIF 1 0 0 13 1.00 [0.03, 1.00] 1.00[0.75,1.00) ———— = —a
RIF_Zar 2012 5 1 1 114 0.83 [0.36, 1.00] 0.99 [0.95, 1.00] Ere——r

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
A TN :: 14 7 34 0.77[0.58,0.90] 0.71[0.56, 0.83] — .
FNA_Tortoli 2012 15 3 0 71 1.00 [0.78, 1.00] 0.96 [0.89, 0.99] —a -a
FNA_Vadwai 2012 1 2 0 2 1.00 [0.03, 1.00] 050 [0.07, 0.93) ————————8 ———&——
00.20406081 00.2040.60.8 1
Xpert in CSF
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
CSF_Nhu 2013 o 0 0 5 Not estimable  1.00 [0.48, 1.00] — =
CSF_Tortoli 2012 2 1 2z 38 0.50([0.07,0.83] 0.97 [0.87, 1.00] —_—— —=
CSF_Vadwai 2012 0 1 2 6 0.00]0.00,0.84] 0.86[0.42, 1.00] —— ——

0020406081 D0Z04060.8 1

0020406081 00.2040.60.8 1

RIF, rifampicin; TP, true positive; FP, false positive; FN, false negative; TN, true negative; Cl, confidence
inferval; FNA, fine needle aspiration; CSF, cerebrospinal fluid.

a The figure shows the estimated sensitivity and specificity of each study (blue square] and its 95% Cl (black horizontal line]. The
names of unpublished studies have been obscured. Values for test results are the number of each type of result [irue positive, false
positive, false negative, frue negative).
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4.4 Affordability and cost effectiveness
of using Xpert MTB/RIF to diagnose TB

Twelve published papers were identified that
compared the costs of using Xpert MTB/RIF and
follow-on tests to diagnose TB and MDR-TB with
current diagnostic algorithms. The setting for most
of these analyses was South Africa (10 studies);
2 of these studies also included other countries
in  sub-Saharan  Africa  (Botswana, Llesotho,
Namibia, Swaziland and Uganda); 1 study
included countries in the former Soviet Union: and
1 global analysis was done (Table 7).

On a global level, the review of the evidence
showed that using Xpert MTB/RIF o diagnose TB
and MDR-TB was cost effective for all individuals
suspected of having TB including those suspected
fo be coinfected with HIV when compared
with current practices. Using Xpert MTB/RIF to
diagnose MDR-TB would cost US$ 0.09 billion
per year globally, which is less than the cost of
conventional diagnostics used globally and in all
counfries that have a high burden of TB.

Diagnosing TB in HIV-positive people using Xpert
MTB/RIF would cost about US$ 0.10 billion per

year, and would cost less than the conventional
diagnostics used globally in almost all of the
countries with a high burden of TB. Tesfing
everyone who has signs and symptoms of TB
would cost almost US$ 0.47 billion per year
globally, which is much more than the cost
of conventional diagnostics. Nevertheless, in
European countries, Brazil and South Africa, the
cost would represent less than 10% of current
funding for TB programmes.

Introducing Xpert MTB/RIF to diagnose MDR-
TB and fo diagnose TB in HIV-positive people
is warranted in many countries. Using it to fest
everyone who has signs and symptoms of TB is
affordable in several middle-income countries,
but its financial viability in low-income countries
would require large increases in TB funding or
further reductions in the price of the test, or both.

At the country level, the majority of costing
and cost—effectiveness studies were from South
Africa, so there remains a need for further
evidence to be collected from other countries and
epidemiological settings.
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5. WHO's policy recommendations

The GRADE process confirmed that there is a
solid evidence base to support the widespread
use of Xpert MTB/RIF to defect TB and rifampicin
resistance. VWWHO therefore recommends the use

of Xpert MTB/RIF as described below.

5.1 Using Xpert MTB/RIF to diognose
pu|monory TB and rifompicin
resistance in adults and children

o Xpert MTB/RIF should be used rather
than microscopy,
and DST as the initiol diagnostic test in
adults suspected of having MDR-TB or HIV-
associated TB  (strong  recommendation,

high-quality evidence.
o Xpert MTB/RIF should be used rather than

conventional microscopy, culture and DST
as the initial diagnostic test in children
suspected of having MDRTB or HIV-
associated TB  ([strong recommendation,
very low-quality evidence).

o Xpert MTB/RIF may be used rather than
conventional microscopy and culture as the
initial diagnostic test in all adults suspected
of having TB (conditional recommendation
acknowledging resource implications, high-
quality evidence.

o Xpert MTB/RIF may be used rather than
conventional microscopy and culture as
the initial diagnosfic fest in all children
suspected of having TB (conditional
recommendation acknowledging resource
implications, very low-quality evidence.

conventional culture

* Xpert MTB/RIF may be used as a follow-on
fest fo microscopy in adults suspected of
having TB but who are not at risk of MDR-
TB or HIV-associated TB, especially when
further testing of smearnegative specimens
is necessary [condifional recommendation
acknowledging resource implications, high-
quality evidencel.

Remarks

These recommendations apply to the use of
Xpert MTB/RIF for specimens of processed and
unprocessed sputum.

These recommendations also apply fo specimens
of gastric lavage and aspirate from adults and
children; the recommendation for adults is based
on the generalization of data from children.

These recommendations support the use of a
single sputum specimen for diagnostic testing,
acknowledging  that  processing  multiple
specimens increases the sensitivity of Xpert MTB/
RIF but has resource implications.

Children suspected of having pulmonary TB but
who have had a single negative result by Xpert
MTB/RIF  should undergo further diagnostic
testing, and a child for whom there is a high
clinical suspicion of TB should be treated even if
an Xpert MTB/RIF result is negative or if the test
is not available.

Conventional microscopy and culture remain

essential  for monitoring  therapy and  for
performing DST for anfi-TB agents other than
rifampicin (including for isoniazid and second-ine

anti-TB agents).

Expanding the scope of the use of Xpert MTB/
RIF and ifs placement in diagnostic algorithms
will have significant implications for operational
implementation, and its use should be phased in
within the context of national strategic p\ons for

TB.

Emerging data have shown that Xpert MTB/
RIF defects some rifampicin-resistant strains that
are identified as susceptible by phenotypic
DST. Sequencing these discordant results usually
resolves in favour of Xpert MTB/RIF, and patients
missed by phenotypic DST have poor treatment
oufcomes on firstline treatment.
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5.2 Using Xpert MTB/RIF to diagnose
extrapulmonary TB and rifampicin
resistance in adults and children

* Xpert MTB/RIF should be used in preference
fo conventional microscopy and culture as
the initial diagnostic test for CSF specimens
from patients suspected of having TB
meningifis [strong recommendation given
the urgency of rapid diagnosis, very low-
quality evidence.

* XpertMTB/RIF may be used as a replacement
fest for usual practice (including conventional
microscopy, culture or histopathology) for
fesfing specific nonrespiratory  specimens
(lymph nodes and other fissues) from
patients suspected of having extrapulmonary
TB (conditional recommendation, very low-
quality evidence).

Remarks

Individuals suspected of having extrapulmonary
TB but who have had a single negative result from
Xpert MTB/RIF should undergo further diagnostic
festing, and those for whom there is a high clinical
suspicion for TB (especially children) should be
freated even if an Xpert MTB/RIF result is negative
or if the test is not available.

For CSF specimens, Xpert MTB/RIF should be
preferentially used instead of culture if the sample

6. Implementation considerations

volume is low or if additional specimens cannot
be obtained in order to make a quick diagnosis.
If sufficient volume of material is available,
concentration methods should be used to increase

the vield.

Pleural fluid is o suboptimal sample for the
bacterial confirmation of pleural TB regardless of
the method used. A pleural biopsy is the preferred
sample. The sensitivity of Xpert MTB/RIF in testing
samples of pleural fluid is very low. Nevertheless,
any individual with a positive result from pleural
fluid tested by Xpert MTB/RIF should be treated
for pleural TB; those with a negative result from
Xpert MTB/RIF should have other fests.

Conventional microscopy and culture are essential
for monitoring therapy and for performing DST for
anti-TB agents other than rifampicin {including for
isoniazid and secondine anti-TB agents|.

Emerging data have shown that Xpert MTB/
RIF detects some rifampicin-esistant strains that
are found fo be susceptible by phenotypic DST.
Sequencing these discordant results  usually
resolves in favour of Xpert MTB/RIF, and patients
missed by phenotypic DST have poor treatment
oufcomes on firstline freatment.

These recommendations do not apply fo samples
of stool, urine or blood, given the lack of data on

the utility of Xpert MTB/RIF for these specimens.

A range of implementation issues were identified
that need fo be addressed to ensure that the use
of Xpert MTB/RIF will be optimal.

o Although Xpert MTB/RIF is suitable for
use af all levels of the health system, and
testing with Xpert MTB/RIF does not require
additional
sophisticated nature of the device requires

laboratory  equipment,  the

care in handling — that is, a stable and
uninferrupted electrical supply is necessary
fo avoid interrupting the procedure and
losing results; security against theft s
necessary as is adequate sforage space
for the cartridges; staff must be assigned
to perform the festing; and biosafety
procedures must be put in place that are
similar to those used for microscopy.
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Scaling up the implementation of Xpert
MTB/RIF does not eliminate the need for
capacity for conventional TB microscopy,
culture and DST. Microscopy or culture,
or both, remain essential for monitoring
freatment since molecular tests based on
DNA detection have not been shown to
be suitable. Therefore, Xpert MTB/RIF
should not be used to monitor treatment.
In addition, conventional culture and DST
are required fo defect resistance to anti-TB
agents other than rifampicin.

The decision fo scale-up the implementation
of Xpert MTB/RIF should be made by
minisiries of health within the context of
national plans for managing TB, MDR-TB
and HIV-associated TB; plans for scale-
up should consider the couniry’s specific
epidemiology, the screening sfrategies
used, how to ensure fimely access fo
quality-assured  firstline and  second-ine
anti-TB agents, and whether care-delivery
mechanisms are appropriate.

Countries already using the molecular line
probe assay fo rapidly diagnose rifampicin
resistance may infroduce Xpert MTB/RIF af
lower levels of the laboratory service, given
that the line probe assay is suitable for high-
throughput testing at the central or regional
laboratory level (for additional information,
see hitp://www.who.int/tb/laboratory/
policy_statements/en/).

The negative predictive value of Xpert MTB/
RIF?* used fo fest for rifompicin resistance
is more than 99% both in seffings with a
low prevalence of rifampicin resistance
and in those with a high prevalence of
rifampicin resistance — that is, @ negative
result accurately excludes the possibility
of rifampicin resistance and no further
testing is needed fo confirm the negative
resulfs.

e The positive predictive value? of Xpert

MTB/RIF used to test for susceptibility o
rifampicin exceeds 0% in settings or patient
groups where the underlying prevalence
of rifampicin resistance is greater than
15%. In settings or patient groups where
rifampicin resistance is rare, the positive
predictive value is adversely affected. The
posifive predictive values ranges from 7 1%
fo 84% in settings where the prevalence
of rifampicin resistance is between 5%
and 10%, and it diminishes to less than
70% when the prevalence of underlying
rifompicin resistance falls below 5%. The
positive predictive value can be greatly
improved by engaging in a careful risk
assessment for individual patients and by
using targeted testing.

It is important fo differenfiate between
new cases of TB and previously treated
cases; previously freated cases have a
much higher likelihood of MDR-TB. Even
in groups in which the prevalence of
MDR-TB is low, testing previously treated
TB cases with Xpert MTB/RIF will result
in a high positive predictive value for
detecting rifampicin resistance. Testing
new cases not af risk for MDR-TB in groups
in which the prevalence of MDR-TB is low
will result in o lower positive predictive
value for rifampicin susceptibility.

It is uncommon fo defect rifampicin
resistance in groups in which there is a
low prevalence of MDR-TB. In patients in
a low-prevalence group who initially test
positive by Xpert MTB/RIF, a second Xpert
MTB/RIF test may be used fo confrol for
preanalyfical and  postanalytical errors,
and fo improve the clinicians’ confidence
in deciding on an appropriafe regimen.

— In patients whose Xpert MTB/RIF result
repeatedly defects rifampicin resistance,

24 The negative predictive value for rifampicin resistance is the proportion of cases diagnosed as rifampicin-susceptible that are
truly susceptible.

25 The positive predictive value for rifampicin resistance is the proportion of cases diagnosed as rifampicin-resistant that are fruly
resistant.



a WHO-recommended treatment regimen
for MDR-TB (including isoniazid) should
be initiated and optimized following
confirmatory festing for rifampicin resistance
and additional DST to test for resistance to
isoniazid and second-ine anti-TB agents.

— Patients with discordant results for rifampicin
resistance reported by Xpert MTB /RIF should
be commenced on a VWHOrecommended
regimen of firstine agenfs.

Based on the considerations above,
confirmatory festing for rifampicin resistance
in groups with a low prevalence of MDR
-TB shown by Xpert MTB/RIF using other
genotypic festing or conventional DST
techniques may be unreliable and can
produce discordant results which require
resoluion by DNA  sequencing [section

4.1.9).

Because Xpert MTB/RIF detects resistance
onlytorifampicin, countries withdocumented
or suspected cases of extensively drug-
resistant TB (XDR-TB) should establish or
expand their capacity for conventional
culture and DST for second-line agents to
ensure quality assured fesfing of second-line
agents, following WHO's policy guidance.

Scaleup of Xpert MTB/RIF should be
imp|emenfed within the context of national
plans  for  laboratory  sfrengthening,
considering that the GeneXpert system
may also provide a technology platform
for other diagnostic services, and reduce
the costs involved in providing infegrated
laboratory services.

Xpert  MIB/RIF  cartridges and  the
specimen reagent should be stored af
2-28 °C, following the manufacturer's
recommendations. The carfridges are bulky
and require substantial storage space.

The maximum capacity of a  single,
4-module GeneXpert instrument is 16-20
specimens per day. Therefore, busier sites
will either need several 4-module instruments
or larger instruments (16 modules or more,

XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE ————— 41

and these additional requirements  will
have associated implications for cost and
storage.

The manufacturer's recommended ambient
operating temperature for the GeneXpert
instrument is limited to @ maximum of 30 °C.
In settings where the ambient temperature
regularly exceeds 30 °C, the room where
the assay is being done may need to be air
conditioned.

The Xpert MTB/RIF cartridges have a shelf-
life of 12 months, posing a challenge in
relatively inaccessible areas that have
complex cusfoms-clearance  procedures.
Therefore, inventory will need fo be
managed carefully by considering  the
usage, shelflife and lead time for the
delivery of orders.

The GeneXpert modules require annual
calibration, which must be performed
by an authorized service provider or
carried out by exchanging the modules.
A remote calibration option is available
from the manufacturer. This option does
not require that modules be exchanged,
and it can be done using a specially
designed calibration kit. The calibration
kit contains special carfridges that can be
run on each module (without a sample)
when calibration is due. During this run
[which lasts approximately 20 minutes), the
instrument will be automatically calibrated.
However, if this calibration fails, it will be
necessary to exchange the module. The
calibration kit has the same shelf-ife as the
usual cartridges; in 2013 the cartridges
and kit could be ordered fogether at the
preferential pricing of US$ 450.00 for a

kit sufficient to calibrate up to 4 modules.

The initial capital cost for the GeneXpert
unit (US$ 17 000 per 4-module desktop
unit or US$ 17 500 per 4-module laptop
unit) is significantly higher than the cost
of microscopy (around US$ 1 500 per
microscope), but it is much lower than
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for conventional culture and DST (up fo
US$ 1.4 million for a new laboratory or
up to US$ 300 000 for an established
laboratory), given the need for extensive
biosafety equipment and the infrasfructure
required for conventional festing.

* A detailed commercial sales confract
and customer support plan should be
negotiated with the supplier, guaranteeing
an ample and continual supply of cartridges,
cusfoms  clearance,
calibration, and appropriate repair and
replacement.

maintenance and

* Mechanisms for rapidly reporting Xpert
MTB/RIF results 1o clinicians, and offering
timely access to appropriate freatment,
must be established to provide patients with
the benefits of an early diagnosis.

* Health-care sfaff must be trained how fo
properly select persons fo test with the Xpert
MTB/RIF assay in different epidemiological
seffings; they must also be trained fo interpret
the results of rifampicinresistance tesfing
for persons with and without risk factors
for drugresistant TB, understand when fo
initiate a = WHO-recommended MDRTB
regimen based on the results from Xpert
MTB/RIF, and how fo use additional testing
(either a second Xpert MTB/RIF assay or
another test) fo ensure early initiation of the
appropriate WHO-recommended firstHine
regimen or MDR-TB treatment regimen.

6.1 Research needs

A series of operational research questions have
been identified related to the infroduction and
scale-up of Xpert MTB/RIF, and its impact on the
diagnosis of TB, MDR-TB and the management
of patients.

No additional studies, at country level, on the
diagnostic accuracy of Xpert MTB/RIF are
needed.

Further operational research should focus on the
following priorifies:

¢ evaluation of diagnostic algorithms in
different epidemiological and geographical
seftings, and patient populations;

* couniry-specific  cost-effectiveness  and
cost-benefit analyses of Xpert MTB/RIF in

different programmatic seftings;

* prospective evaluations of using Xpert
MTB/RIF for nonrespiratory specimens,
including blood, urine and stool;

* evaluation of the impact of Xpert MTB/RIF
in reducing the diagnostic delay and the
time until appropriate freatment is mitiofed;

* evaluation of the impact of Xpert MTB/
RIF on casedetfection, treatment access
and freatment outcomes in hard4oreach
populations.

6.2 Plans for supporting scale-up of the
implementation of Xpert MTB/RIF

WHO will continue to evaluate the usefulness and
impact of Xpert MTB/RIF, with active collaboration
from the Global Laboratory Initiative of the Stop TB
Parinership?®, the WHO and Global laboratory
Initiative’s TB Supranational Reference Laboratory
Network, and several organizations that have
implemented the Xpert MTB/RIF system (including
technical agencies, research organizations,
nongovermnmental —organizations and  donors).
Implementing organizations are brought fogether
by WHO during an annual meeting to share their
experiences, identify operational consfraints and
solufions, and confribute fo the global collection

of data by WHO on the scale-up of Xpert MTB/
RIF in different settings.

In addition, WHO's Clobal TB Programme
mainfains o website”” dedicated o moniforing
the roll-out of Xpert MTB/RIF in order to inform
and facilitate coordination among implementing
organizations including  countries,  technical

26 For additional information, see hip://www.stoptb.org/wg/gli/.

27 For additional information, see htip://www.who.int/tb/laboratory/mbrifrollout.



XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE ————— 43

agencies, nongovemmental agencies and other
partners.

A second edition of WHO's implementation
document for Xpert MTB/RIF is being developed
by WHO's Global TB Programme based on this
policy update; it will be disseminated widely
through e-mail and on the web sites of stakeholders.
The Xpert MTB/RIF  implementation  manual
outlines the requirements for systematic scale-up
of Xpert MTB/RIF in varying epidemiological
and resource seftings. The document suggests
ways fo developing diagnostic algorithms and
manage patients; it also discusses the operational
and logistical aspects that need to be addressed
during implementation of Xpert MTB/RIF. This
policy update will also be incorporated info a
comprehensive training package on Xpert MTB/
RIF (being developed by WHO and the Global
Laboratory Initiative] that will be made available
fo country and technical partners.

WHO and the Global Drug Facility have initiated

a unified forecasting inifiative for Xpert MTB/
RIF that collects forecasts of orders from major
programmes and projects; these forecasts are
submitted quarterly to the manufacturer. Reliable
forecasting is needed to ensure effective scale-up
of Xpert MTB/RIF by aiding the manufacturer in
planning fo meet demand.

Given the publichealth importance and the ease
of use of the Xpert MTB/RIF technology, expanded
uploke at country level is anficipated and,
therefore, the impact on TB case-detection will
be monitored by WHO's Global TB Programme.
In addition, improvements in diagnosing drug-
resistant TB using this technology will need
fo be accompanied by scaleup of access to
appropriate freatment, and it will be essential that
scale-up is closely coordinated with care-delivery
mechanisms at the country level. Therefore,
implementation of the new policy guidance will
be harmonized with the Global TB Programme's
efforts to scale-up treatment of MDR-TB.

Box 4. Online resources

Strategic and Technical Advisory Group for Tuberculosis (STAG-TB): report of the 13th meeting.
Geneva, World Health Organization, 2013 (WHO,/HTM/TB/2013.09)
(http:/ /www.who.int/entity /tb/advisory_bodies/STAG_report2013.pdf).

Using the Xpert MTB/RIF assay fo detect pulmonary and extrapulmonary tuberculosis and
rifampicin resistance in adults and children: Expert Group meeting report. Geneva, World Health
Organization, 2013 (available at htp: / /www.who.int/tb /laboratory/policy_statements/en/).

Policy framework for implementing new tuberculosis diagnostics. Geneva, World Health

Organization, 2010

(available at: http:/ /www.who.int/tb/laboratory,/whopolicy_framework_mar2011 pdf).

Xpert MTB/RIF implementation manual. Technical and operational 'how-o’:  practical
considerations, 2nd ed. Geneva, World Health Organization, 2014
(available at hitp:/ /www.who.int/tb/laboratory/policy_statements/en/).

Xpert MTB/RIF training package. Geneva, Global laboratory Initiative, 2014 (available at

http:/ /www.stoptb.org/wg/gli/|.
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Table 15. Sensitivity of Xpert MTB/RIF in smear-negative culture-confirmed pulmonary TB in
individuals, by HIV status

PICO question: What is the diagnostic accuracy of Xpert MTB/RIF for detection of pulmonary TB in
adults, where Xpert MTB/RIF is used as an add-on fest following a negative smear microscopy result,
strafified by HIV status?

Parficipants: Adults with smearnegative culture-confirmed pulmonary TB

Setting: One intermediate-level laboratory and one primary health-care clinic

Reference standard: Phenotypic culture using solid media or liquid media

Number of studies (number of participants): 2 (91)

Study HIV-positive participants HIV-negative participants
(n=33) (n=58)
Sensitivity (%) Sensitivity (%)

(95% Cl) (95% ClI)

Theron 2011 48 45
(27-69) (25-67)

Van Rie 2013 60 o7
(27-86) (13-98)

Cl, confidence interval.

Table 16. GRADE evidence profile: additional yield of Xpert MTB/RIF over microscopy in smear-
negative TB

PICO question: What is the additional yield of Xpert MTB/RIF over microscopy in smearnegative TB2
Parficipants: Adults who are smear negative and culture positive

Setting: Mainly intermediate-level laboratories and primary health-care facilities

Target condifion: Pulmonary TB

Reference standard: Solid culture or liquid culture

Number of studies (number of participants): 23 [7151)

Polled sensitivity for smear microscopy: 0%; pooled sensitivity for Xpert MTB/RIF : 68% (95% Cil,
O1-74%)

Number of results/1000 individuals tested (95% Crl)e
Prevalence 25/1000 Prevalence 50/1000 Prevalence 100/1000 Q“"fl")'
of

Out
vieome Smear Xpert Smear  Xpert  Smear  Xpert gyidencet
microscopy MTB/RIF microscopy MTB/RIF microscopy MTB/RIF

True positives 0 17 0 34 0 68 Moderate
(individuals with TB) (15-19) (31-37) (61-74) @D O
True positives 17 more 34 more 68 more
(absolute difference)
False negatives 25 8 50 16 100 32 Moderate
(individuals incorrectly (7-10) (13-20) (26-29) @@ DO
classified as not having
T8)
False negatives 17 fewer 34 fewer 68 fewer
(absolute difference)

Crl, credible interval.

a The sensitivity results were taken from the bivariate analyses (including both sensitivity and specificity) to obtain the values for true
positives and false negatives.
b The GRADE framework was used to assess the quality of the evidence. The quality of the evidence was downgraded one point
for inconsistency,/imprecision.
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B. Summary of findings

Reference standard: Culture

Number of studies (number of samples): 14 (849); 11 studies had more than 10 samples
Pooled sensitivity: 85% (95% Cl, 72-92); pooled specificity: 93% (95% Cl, 80-97)
Reference standard: Composite reference standard

Number of studies (number of samples): 5 (409)

Pooled sensitivity: 84% (95% Cl, 74-90%); pooled specificity: 99% (5% Cl, 88—100%)

Number of results/ 1000 individuals tested (95% Crl)

Quality

Outcome Prevalence 2.5% Prevalence 5% Prevalence 10% of
Cultre CRS  Cultre CRS  Culure  CRS  ©Vidence
True positives 21 21 43 42 85 84 Very low
(individuals with TB) (18-23)  (19-23) (36-46)  (37-45) (72-92) (74-90) @000
True negatives Q07 Q65 884 Q41 837 891 Very low

[individuals without TB)  (780-946) (858-975) [/60-922) (836-950) (720-873) (792-900) & OO O

False positives 68 10 67 10 63 9 Very low

lindividuals incorrectly - . _ _ _ _
clossified as having 18] (29-195)  (0-117) (29-190) (O-114) (27-180) (0-108) @©OOO

False negatives

[individuals incorrectly 4 3 8 8 15 16 Very low
classified as not having (2-7) 4-7) [4-14) (5-13) (8-28) (10-26) ©@0O0OO
1B)

Cl, confidence inferval; CRS, composite reference standard.
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56 ————————— XPERT MTB/RIF FOR THE DIAGNOSIS OF PULMONARY AND EXTRAPULMONARY TB - POLICY UPDATE

B. Summary of findings

Reference standard: Culture

Number of studies (number of samples): 17 (1384), 16 studies had more than 10 samples
Pooled sensitivity: 44% (95% Cl, 25-65%); pooled specificity: 98% (95% Cl, 95-99%)
Reference standard: Composite reference standard

Number of studies (number of samples): 7 (698)

Pooled sensitivity: 17% (95% Cl, 8-34%); pooled specificity: 100% (5% Cl, 94-100%)

Number of results/ 1000 individuals tested (95% Crl)

Quality
Outcome Prevalence 2.5% Prevalence 5% Prevalence 10% of
Cultre CRS  Culture CRS  Culture  CRs  ©Vidence
True positives 11 4 22 Q 44 17 Very low
(individuals with TB) (6-16) (2-9) (13-33) 4-17) (25-65) (8-34) @000
True negatives Q56 Q75 Q31 Q50 882 Q00 Llow
(individuals without TB)  (926-965) (917-975) (903-941) (893-950) (855-891) (846-900) &6 O O
E:losl f/igog\tsivﬁwscorredl 20 0 19 0 18 0 Low
y Y (10-49)  (0-59)  [10-48]  (0-57) (9-45)  (0-54] ©HOO

classified as having TB)

False negatives

[individuals incorrectly 14 21 28 42 56 83 Very low
classified as not having (@-19) (17-23)  (18-38]  (33-46]  (35-/5] (66-92) €©OOO
TB)

Cl, confidence inferval; CRS, composite reference standard.
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B. Summary of findings

Reference standard: Culture

Number of studies (number of samples): 16 (709); 13 studies had more than 10 samples
Pooled sensitivity: 80% (95% Cl, 62-90%); pooled specificity: 99% (25% Cl, 96-100%)
Reference standard: Composite reference standard

Number of studies (number of samples): 7 (698)

Pooled sensitivity: 56% (95% Cl, 44-66%); pooled specificity: 99% (95% Cl, 95-100%)

Number of results/ 1000 individuals tested (95% Crl)

Quality
Outcome Prevalence 2.5% Prevalence 5% Prevalence 10% of
Cultore  CRS  Culture CRS  Cultre  CR§  ©vidence
True positives 20 14 40 28 80 56 Very low
lindividuals with TB) (16-23)  (11-17) (31-45)  (22-33) [62-90) (44-66) ©@ OO0
True negatives Q65 Q65 Q41 Q41 891 891 Llow
(individuals without TB)  (936-975) (926-975) (912-950) (203-950) (864-900) (855-900) @@ O O
E:(‘j ie igogiltsivi?correctl 10 10 10 10 ? ? low
viaY Y (0-39) (0-49) (0-38)  (0-48) (0-36) 0-45) @©BOO

classified as having TB)

False negatives

(individuals incorrectly 5 Q 10 22 20 56 Very low
classified as not having (3-10) (11-14) (5-19) (17-28) (10-38) [44-66) ©00O0
TB)

Cl, confidence interval; CRS, composite reference standard.
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C. What is the additional yield of Xpert MTB/RIF compared with microscopy in children with
smear-negative culture-positive TB?

Number of results/ 1000 smear-negative culture-positive children tested

(95% Crl) Quality
Outcome Prevalence 10/1000  Prevalence 50/1000 Prevalence 100/1000 of
Smear Xpert Smear  Xpert  Smear  Xpert evidence
microscopy MTB/RIF microscopy MTB/RIF microscopy MTB/RIF
Specimens from expectorated or induced sputum
True positives 0 6 0 28 0 55 Llow
(patients with TB) (4-7) (21-35) 41-69) @ OO
True positives 6 more 28 more 55 more
(absolute difference)
False negatives (patients 10 5 50 23 100 45 Llow
incorrectly classified as (3-6) (16-30) (31-59) @O0
not having TB)
False negatives 5 fewer 27 fewer 55 fewer
(absolute difference)
Specimens from gastric lavage or aspiration
True positives 0 6 0 31 0 62 Llow
(patients with TB) (4-8) (22-40) (44-80) @ OO
True positives 6 more 31 more 62 more
(absolute difference)
False negatives (gaoﬂents 10 4 50 19 100 38 Llow
incorrectly classified as (2-6) (10-28) (20-56) @B OO
not having TB)
False negatives 6 fewer 31 fewer 62 fewer

(absolute difference)

Crl, credible interval.
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Table 27. Incremental yield of Xpert MTB/RIF compared with smear microscopy in children with
culture-confirmed TB (A. Expectorated sputum and induced sputum, B. Gastric lavage or aspirate)

PICO question: What is the incremental yield of Xpert MTB/RIF compared with smear microscopy in
children with culture-confirmed TB?2

A. Expectorated sputum and induced sputum

Parficipants: Children aged 0-15 years with culture-confirmed TB

Setting: Mainly terfiary care referral hospitals and university hospitals

Target condition: Pulmonary TB. Reference standard: Solid culture or liquid culture.

Number of studies (number of participants): 10 (1546

Microscopy

Pooled sensitivity: 29% (95% Crl, 16-42%); pooled specificity: 100% (95% Crl, 99-100%)
Xpert MTB/RIF

Pooled sensitivity: 66% (95% Crl, 52-77%); pooled specificity: 98% (95% Crl, 96-99%)

Number of results/ 1000 culture-positive children tested (95% Crl)°
Prevalence 10/1000 Prevalence 50/1000 Prevalence 100/1000 Q”“fl“)’

Outc
vicome Smear Xpert Smear  Xpert  Smear  Xpert evic?ence
microscopy MTB/RIF microscopy MTB/RIF microscopy MTB/RIF

True positives 3 7 15 33 29 66 Llow
[patients with TB) (2-4) (5-8) (8-21) (26-39)  (16-42) (52-/7) & OO
True positives 4 more 18 more 37 more
(absolute difference)
False negatives (patients 7 3 36 17 71 34 Llow
incorrectly classified as (6-8) (2-5) (29-42)  (12-24) (58-84) (23-48) &® OO
not having TB)
False negatives 4 fewer 19 fewer 37 fewer
(absolute difference)

Cil, credible interval.
a These are the same studies as those assessed in Table 24 A. Rachow 2012 reported testing one cohort using expectorated sputum
and one using induced sputum; this was counted as two studies.

B. Gastric lavage or aspirate

Number of studies (number of participants): 7 (1319)

Microscopy

Pooled sensitivity: 11% (95% Crl, 12-35%); pooled specificity: 99% (95% Crl, 97-100%)
Xpert MTB/RIF

Pooled sensitivity: 66% (95% Crl, 51-81%); pooled specificity: 98% (95% Crl, 96-99%)

Number of results/ 1000 culture-positive children tested (95% Crl)°
Prevalence 10/1000 Prevalence 50/1000 Prevalence 100/1000 Q”“fl“)’

Outc
vicome Smear Xpert Smear  Xpert  Smear  Xpert evic?ence
microscopy MTB/RIF microscopy MTB/RIF microscopy MTB/RIF

True positives 2 7 11 33 22 66 Llow
[patients with TB) (1-4) (5-8) ([6-18) (26-41)  (12-35)  (51-81) & OO
True positives 5 more 22 more 44 more
(absolute difference)
False negatives [patients 8 3 39 17 /8 34 Llow
incorrectly classified as (7-9) (2-5) (33-44)  (10-25) (65-88) (19-49] & OO
not having TB)
False negatives 5 fewer 22 fewer 44 fewer
(absolute difference)

Crl, credible interval.
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