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ABSTRACT

Background

Low-complexity automated nucleic acid amplification tests (LC-aNAATs) are molecular World Health Organization (WHO)-recommended
rapid diagnostic tests widely used for simultaneous detection of Mycobacterium tuberculosis complex and rifampicin resistance in sputum.
To extend our previous review on extrapulmonary tuberculosis, we performed this update to inform a WHO policy update.

Objectives

To estimate the diagnostic accuracy of LC-aNAATs for extrapulmonary tuberculosis and rifampicin resistance in adults and adolescents
with presumptive extrapulmonary tuberculosis.

Search methods

We searched the Cochrane Central Register of Controlled Trials, MEDLINE, Embase, Science Citation Index, Latin American Caribbean
Health Sciences Literature, Scopus, ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform, the International Standard
Randomized Controlled Trial Number Registry, and ProQuest, up to 11 October 2023, without language restriction. A WHO public call for
data was made between 30th November 2023 and 15th February 2024 to identify unpublished studies.

Selection criteria

We included cross-sectional and cohort studies using non-respiratory specimens and eight forms of extrapulmonary tuberculosis:
tuberculous meningitis and pleural, lymph node, bone or joint, genitourinary, peritoneal, pericardial, and disseminated tuberculosis.
Reference standards were culture and a study-defined composite reference standard (tuberculosis detection); and phenotypic drug
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susceptibility testing with or without genotypic drug susceptibility testing (rifampicin resistance detection). Index tests included Xpert
Ultra, Truenat assays, STANDARD M10, and Iron qPCR.

Data collection and analysis

Two review authors independently extracted data and assessed the risk of bias and applicability using the QUADAS-2 tool. For tuberculosis
detection, we performed separate analyses by specimen type and reference standard using the bivariate model to estimate summary
sensitivity and specificity with 95% confidence intervals (Cls). Based on a pre-defined condition, based on sample sizes and type of
technology for performing class-based analysis, data for Truenat MTB Plus were not included in the meta-analyses for LC-aNAATs. Hence,
we present results for Xpert Ultra and Truenat MTB Plus separately. We assessed the certainty of evidence using the GRADE approach.

Main results

We included 37 unique studies where 36 studies evaluated Xpert Ultra and three studies evaluated Truenat MTB plus. We found no eligible
studies for the other index tests. Overall, the risk of bias was low for patient selection, index test, and flow and timing domains. For the
reference standard, the risk of bias for included studies was low (75%) or unclear (25%). Applicability for the patient selection domain was
unclear for most studies because we were unsure of the clinical settings, and the applicability concern was low for most studies for the
reference standard domain.

Cerebrospinal fluid
Xpert Ultra (16 studies)

Xpert Ultra summary sensitivity and specificity (95% Cl) against a microbiological reference standard were 88.2% (83.7 to 91.6) (287
participants; high-certainty evidence) and 96.0% (86.8 to 98.9) (1397 participants; moderate-certainty evidence).

Truenat MTB Plus (2 studies)

There were not enough data to meta-analyze, and we have provided descriptive results for Truenat MTB Plus. The sensitivities in these
two studies ranged from 95% to 100% while the specificities ranged from 55% to 100% against a microbiological reference standard. The
sensitivity was 78.7% (70 to 86) and the specificity was 100% (91 to 100) against a composite reference standard from a single study.

Pleural fluid
Xpert Ultra (13 studies)

Xpert Ultra summary sensitivity and specificity against a microbiological reference standard were 74.0% (60.8 to 83.9; 264 participants;
low-certainty evidence) and 88.1% (78.8 to 93.6; 777 participants; very low-certainty evidence).

Truenat MTB Plus (1 study)

The sensitivity was 100% (2.5 to 100) and specificity was 100% (95.3 to 100) against a microbiological reference standard.
Lymph node aspirate

Xpert Ultra (6 studies)

Xpert Ultra summary sensitivity and specificity (95% Cl) against a composite reference standard were 71.3% (64.3 to 77.4) (243 participants;
moderate-certainty evidence) and 97.4% (82.3 to 99.7) (218 participants; very low-certainty evidence).

Truenat MTB Plus (1 study)

The sensitivity and specificity were 77.1% (66 to 86) and 100% (88 to 100), respectively, against a microbiological reference standard. The
sensitivity was 100% (81 to 100) and specificity was 56% (45 to 67) against a composite reference standard.

Rifampicin resistance
Xpert Ultra (13 studies)

Xpert Ultra summary sensitivity and specificity were 100.0% (93.4 to 100.0; 54 participants; high-certainty evidence) and 99.4% (92.1 to
100.0; 392 participants; high-certainty evidence).

Authors' conclusions

LC-aNAATs are helpful in diagnosing extrapulmonary tuberculosis. Sensitivity varies across different extrapulmonary specimens, while for
most specimens specificity is high, the tests rarely yielding a positive result for people without tuberculosis. For tuberculous meningitis,
Xpert Ultra had high sensitivity against culture. Xpert Ultra also had high sensitivity and specificity for rifampicin resistance. Future research
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should acknowledge the concern associated with culture as a reference standard in paucibacillary specimens and consider ways to address
this limitation. Additionally, there is a critical need for robust evidence on other technologies within the LC-aNAAT class.

Funding
Funded by the WHO Global Tuberculosis Program.
Registration

This is an update to the published review “Xpert MTB/RIF Ultra and Xpert MTB/RIF assays for extrapulmonary tuberculosis and rifampicin
resistance in adults” via doi: 10.1002/14651858.CD012768.pub3.

PLAIN LANGUAGE SUMMARY

How accurate are low-complexity automated rapid molecular tests for diagnosing tuberculosis outside the lungs (extrapulmonary
tuberculosis) and rifampicin resistance in adults and adolescents?

Key messages

« Low-complexity rapid molecular tests can help identify people with extrapulmonary tuberculosis and rifampicin resistance.

« These tests can accurately identify tuberculosis in cerebrospinal fluid, pleural fluid, pleural tissue, synovial, peritoneal and pericardial
fluid.

Why is using low-complexity rapid molecular tests for extrapulmonary tuberculosis important?

Tuberculosis is one of the top 10 causes of death worldwide. Tuberculosis mainly affects the lungs but can also occur elsewhere in the body
(extrapulmonary). Quick and accurate tests help people start treatment sooner, which saves lives. Low-complexity automated nucleic acid
amplification tests (LC-aNAATs) are rapid tests that give results in about two hours, unlike culture that takes weeks. They can also detect
resistance to important antibiotics for tuberculosis, like rifampicin.

What is the aim of this review?
To update evidence on how well LC-aNAATs detect extrapulmonary tuberculosis and rifampicin resistance in adults and adolescents.
What did we do?

LC-aNAATs are World Health Organization-recommended rapid molecular diagnostic tests for diagnosing tuberculosis and rifampicin
resistance. We combined study results to find out:

« sensitivity for tuberculosis detection: proportion of people with tuberculosis correctly diagnosed as having tuberculosis;
« specificity for tuberculosis detection: proportion of people without tuberculosis correctly identified as not having tuberculosis;

« sensitivity for rifampicin resistance detection: proportion of people with rifampicin resistance correctly diagnosed as being rifampicin
resistant;

« specificity for rifampicin resistance detection: proportion of people with rifampicin susceptibility correctly identified as being rifampicin
susceptible.

We assessed LC-aNAAT results against a microbiological and a composite reference standard (neither is a perfect reference standard
because extrapulmonary tuberculosis has fewer bacteria).

What are the main results of this review?

Thirty-seven studies tested lymph node, pleural, and cerebrospinal fluid, and other specimens from people presumed to have
extrapulmonary tuberculosis. We found data for 2 LC-aNAATs (Xpert Ultra and Truenat MTB Plus), but could only pool the data for Xpert
Ultra to produce summary estimates which are presented below.

For every 1000 people tested, if 100 had tuberculosis:
cerebrospinal fluid (16 studies)

The sensitivity was 88% with a specificity of 96% against a microbiological reference standard. This means that 124 people would test
positive in total, of which 36 would be without tuberculosis (false positive); also, 876 people would test negative in total, of which 12 would
have tuberculosis (false negative).

pleural fluid (13 studies)
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The sensitivity was 74% with a specificity of 88% against a microbiological reference standard. This means that 181 people would test
positive in total, of which 107 would be without tuberculosis (false positive); also, 819 people would test negative in total, of which 26
would have tuberculosis (false negative).

lymph node aspirate (6 studies)

The sensitivity was 71% with a specificity of 97% against a composite reference standard. This means that 94 people would test positive
in total, of which 23 would be without tuberculosis (false positive); also, 906 people would test negative in total, of which 29 would have
tuberculosis (false positive).

rifampicin resistance (13 studies)

The sensitivity was 100% with a specificity of 99% against a microbiological reference standard. This means 105 people would test positive
in total for resistance, of which 5 would be without resistance (false positive); also 895 people would test negative for resistance in total.

Who do the results of this review apply to?
People with presumed extrapulmonary tuberculosis.
How confident are we in our results?

We are fairly confident about LC-aNAAT in cerebrospinal fluid and less confident about lymph node aspirate and pleural fluid for Xpert
Ultra because our question was to understand how these tests would perform in routine settings. However, most studies for lymph node
aspirate and pleural fluid did not always report the settings. Their results also differed a lot between studies and some of the studies were
very small. We are less confident about Truenat MTB plus, as there were few studies and few people tested. Both reference standards are
imperfect, which may affect accuracy estimates.

What are the implications of this review?

LC-aNAATs may be helpful in diagnosing extrapulmonary tuberculosis, though sensitivity varies across different extrapulmonary
specimens. While for most specimens, specificity is high, the test rarely yields a positive result for people without tuberculosis. LC-aNAATs
had high sensitivity for tuberculous meningitis and high sensitivity and specificity for rifampicin resistance. However, there is a need for
more data on other tests within the same technology class.

What are the limitations of the evidence?

As culture is not a perfect reference standard for this form of tuberculosis, multiple cultures per specimen could help strengthen the
reference standard. However, not all studies reported the number of cultures per specimen, which is a limitation in this review.

How up-to-date is this review?

10 October 2023. A World Health Organization public call for data was made between 30 November 2023 and 15 February 2024 to identify
unpublished studies.
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SUMMARY OF FINDINGS

Summary of findings 1. LC-aNAATs in cerebrospinal fluid

Participants: people presumed to have tuberculous meningitis

Prior testing: people who received LC-aNAATs may first have undergone a health examination (history and physical examination) and possibly received a chest radiograph
Role: initial test, replacement for usual practice

Settings: primarily tertiary care centers (the index test was often run in reference laboratories)

Index tests: LC-aNAATs (Xpert Ultra only)*

Reference standard: solid or liquid culture

Studies: cross-sectional studies

Limitations: participants were evaluated exclusively as inpatients at a tertiary care center, or, if the clinical setting was not reported, LC-aNAAT was performed at a refer-
ence laboratory rather than at primary care facilities and local hospitals. However, we would expect TB meningitis patients to be evaluated in tertiary care settings due to
the nature of this form of tuberculosis.

LC-aNAAT summary sensitivity (95% Cl): 0.88 (95% Cl 0.84 to 0.92)| summary specificity: 0.96 (95% CI 0.87 to 0.99)

Test result Number of results per 1000 patients tested (95% ClI) Number of partici- Certainty of the

pants Evidence (GRADE)
Prevalence 2.5% Prevalence 10% Prevalence 20% (studies)

True positives 22 (21to 23) 88 (84 t0 92) 176 (167 to 183) 287 [erarere]
(16) High

False negatives 3(2to4) 12 (8 to 16) 24 (17 to 33)

True negatives 936 (846 to 964) 864 (781 to 890) 768 (694 to 791) 1397 SPBO
(16) Moderatea,b

False positives 39 (11to 129) 36 (10to 119) 32 (9to 106)

Abbreviations: Cl: confidence interval; LC-aNAAT: low-complexity automated nucleic acid amplification tests
*Only Xpert Ultra was included for this SoF, as Truenat data were insufficient to be included in the class-based analyses.
Explanations

aAlthough the specificity ranged from 50% to 100%, we could explain some of the inconsistency based on whether decontaminated specimens were used for culture inoculation,

which could lead to loss of viable bacteria in the process, thus causing a false negative on the culture and decreasing the specificity.

bThe very wide 95% Cl around false positives may lead to different decisions, depending on which confidence limits are assumed. We downgraded by one level for imprecision.

We downgraded one level only, keeping in mind that culture is an imperfect reference standard and might lead to decreased specificity.
GRADE certainty of the evidence
High: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially

different.

Low: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.

Summary of findings 2. LC-aNAATs in pleural fluid

Participants: people presumed to have pleural tuberculosis

Prior testing: people who received LC-aNAATs may first have undergone a health examination (history and physical examination) and received a chest radiograph
Role: initial test, replacement for usual practice, which may include more invasive tests, such as pleural biopsy

Settings: primarily tertiary care centers (the index test was often run in reference laboratories)

Index tests: LC-aNAATs (Xpert Ultra only)*

Reference standard: solid or liquid culture

Studies: cross-sectional studies

Limitations: in most studies, participants were evaluated at a tertiary care center, or if the clinical setting was not reported, the test was performed at a reference laborato-
ry

LC-aNAAT summary sensitivity (95% CI): 0.74 (95% CI1 0.61 to 0.84) [summary specificity: 0.88 (95% CI1 0.79 to 0.94)

Xpert Ultra result 1000 people tested for TB using Xpert Ultra (95% Cl) Number of partici- Certainty of the
pants (studies) evidence (GRADE)
Prevalence of Prevalence of 10% Prevalence of 20%
2.5%
True-positives (patients with pleural TB) 19 74 148 264 @&P00
(13) Lowa,b
(15to 21) (61 to 84) (122 to 168)
False-negatives (patients incorrectly classifiedasnot 6 26 52
having pleural TB)
(410 10) (16 t0 39) (32t0 78)
True-negatives (patients without pleural TB) 859 793 705 77 @000
(13) Very lowb.c.d
(768 to 913) (709 to 842) (630 to 749)
False-positives (patients incorrectly classified as hav- 116 107 95
ing pleural TB)
(62 t0 207) (58 to 191) (51 to 170)
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Abbreviations: Cl: confidence interval; LC-aNAAT: low-complexity automated nucleic acid amplification tests; TB: tuberculosis

*Only Xpert Ultra was included for this SoF, as Truenat data were insufficient to be included in the class-based analyses.

Explanations

dThe sensitivity of the included studies varied from 0% to 100%. We could not completely explain this heterogeneity in sensitivity estimates. We downgraded by one level for
inconsistency.

bwe were interested in how LC-aNAATs performed in patients presumed to have extrapulmonary tuberculosis who were evaluated as they would be in routine practice. However,
most studies did not report information on the clinical setting. We downgraded by one level for indirectness.

cThe specificity of the included studies varied from 57% to 100%. We could not completely explain this heterogeneity. We downgraded by one level for inconsistency.

dThe very wide 95% Cls around true negatives and false positives could lead to different decisions, depending on which confidence limits are assumed. We downgraded by one
level for imprecision.

GRADE certainty of the evidence

High: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different.

Low: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.

Summary of findings 3. LC-aNAATs in lymph node aspirate

Participants: people presumed to have lymph node tuberculosis

Prior testing: people who received LC-aNAATs may first have undergone a health examination (history and physical examination) and possibly received a chest radiograph
Role: initial test, replacement for usual practice, which may include more invasive tests, such as biopsy of affected organs

Settings: primarily tertiary care centers (the index test was often run in reference laboratories)

Index tests: LC-aNAATs (Xpert Ultra only)*

Reference standard: composite reference standard

Studies: cross-sectional studies

Limitations: in most studies, participants were evaluated at a tertiary care center, or, if the clinical setting was not reported, the test was performed at a reference laborato-
ry

LC-aNAATs summary sensitivity (95% Cl): 0.71 (95% CI 0.64 to 0.77)|summary specificity: 0.97 (95% CI 0.82 to 1.00)

Xpert Ultra result 1000 people tested for TB using Xpert Ultra Number of partici- Certainty of the
(95% Cl) pants (studies) evidence (GRADE)
Prevalence of Prevalence of 10% Prevalence of 20%
2.5%

True-positives (patients with lymph node TB) 18 (16 to 19) 71 (64to 77) 143 (129 to 155) 243 SPPO
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False-negatives (patients incorrectly classified as not 7(6t09) 29 (23 to 36) 57 (45to 71) (6) Moderated
having lymph node TB)
True-negatives (patients without lymph node TB) 950 (801 to 972) 877 (740 to 897) 779 (658 to 798) 218 @O00

(6> Very lOWa:b’c,d

False-positives (patients incorrectly classified as having 25 (3to 174) 23 (3to 160) 21 (2to 142)
lymph node TB)

Abbreviations: Cl: confidence interval; LC-aNAAT: low-complexity automated nucleic acid amplification tests; TB: tuberculosis

*Only Xpert Ultra was included for this SoF, as Truenat data were insufficient to be included in the class-based analyses.

dForindirectness, regarding applicability, for the patient selection domain, we considered most studies to have unclear concerns. We were interested in how LC-aNAATs performed
in patients presumed to have extrapulmonary tuberculosis who were evaluated as they would be in routine practice. However, none of the studies reported this information. We
downgraded by one level for indirectness.

bThe composite reference standard was defined by the primary study authors and, therefore, was not uniform. We downgraded by one level for risk of bias.

CThe specificity ranged from 71% to 100%, and we were unable to explain this heterogeneity. We downgraded by one level for inconsistency.

dThe very wide 95% Cl for true negatives and false positives may lead to different decisions depending on which confidence limits are assumed. We downgraded by one level
for imprecision.

GRADE certainty of the evidence

High: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different.

Low: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.

Summary of findings 4. LC-aNAATs for rifampicin resistance

Participants: people with tuberculosis detected by LC-aNAATs
Role: initial test, replacement test for standard practice, which includes culture-based drug susceptibility testing or line probe assay

Settings: primarily tertiary care centers (the index test was often run in central reference laboratories) where drug susceptibility testing for the reference standard could be
performed

Index tests: LC-aNAATs (Xpert Ultra only)*
Reference standard: culture-based drug susceptibility testing using solid or liquid media
Studies: cross-sectional studies

LC-aNAAT summary sensitivity (95% CI): 1.00 (95% C1 0.93 to 1.00)|summary specificity: 0.99 (95% C1 0.92 to 1.00)

Xpert Ultra result 1000 people tested for rifampicin resistance using Xpert Ultra Number of partici- Certainty of the
(95% Cl) pants (studies) evidence (GRADE)
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Prevalence of 2% Prevalence of 10% Prevalence of 15%

True-positives (patients correctly classified as rifampicin 20 (19 to 20) 100 (93 to 100) 150 (140 to 150) 54 BPDD
resistant) (13) High
False-negatives (patients incorrectly classified as ri- 0(0to1) 0(0to7) 0(0to 10)

fampicin susceptible)

True-negatives (patients correctly classified as rifampicin 974 (903 to 980) 895 (829 to 900) 845 (783 to 850) 392 OPPD
susceptible) (13) High

False-positives (patients incorrectly classified as ri- 6(0to 77) 5(0to71) 5(0to 67)
fampicin resistant)

Abbreviations: Cl: confidence interval; LC-aNAAT: low-complexity automated nucleic acid amplification tests; TB: tuberculosis
*Only Xpert Ultra was included for this SoF, as Truenat data were insufficient to be included in the class-based analyses.
GRADE certainty of the evidence

High: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially

different.
Low: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.
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BACKGROUND

Tuberculosis causes tremendous suffering worldwide and has
surpassed HIV/AIDS as the world’s leading infectious cause of
death. The World Health Organization (WHO) estimates that
globally in 2023, 10.8 million (95% uncertainty interval [Ul]: 10.1
to 11.7 million) people became ill with tuberculosis. In 2023,
around 1.09 million HIV-negative people died from tuberculosis and
161,000 HIV-positive people died from tuberculosis [1]. Globally,
extrapulmonary tuberculosis accounted for 20% of the 8.2 million
cases of tuberculosis notified in 2023 [1]. Among countries in the
European Union, extrapulmonary tuberculosis was responsible for
19% of all notified cases (range: 6% to 44%) [2]. The WHO estimates
that from 2000 to 2019 more than 60 million lives were saved
by diagnosing and treating tuberculosis. However, the COVID-19
pandemic resulted in disruptions in tuberculosis diagnosis and
treatment, reversing gains made over recent years.

A large retrospective analysis from China found that, of
19,279 hospitalized tuberculosis patients, around 33% had
extrapulmonary tuberculosis [3]. The number of people affected
by extrapulmonary tuberculosis is likely to be higher, given that
(according to the WHO), extrapulmonary tuberculosis is notified
as pulmonary tuberculosis when the two forms exist together,
and diagnosing extrapulmonary tuberculosis is challenging,
as described below. Additionally, extrapulmonary tuberculosis
accounts for an increasing proportion of tuberculosis cases in some
countries, in part because of host and genetic considerations, and
the association of extrapulmonary tuberculosis and HIV [4, 5, 6, 7].
Based on surveillance and epidemiological data, extrapulmonary
tuberculosis affects a greater proportion of children than adults [8].

Drug-resistant tuberculosis is a serious threat to global health. In
2023, 175,923 people were diagnosed and treated for multidrug-
resistant or rifampicin-resistant tuberculosis (MDR/RR-TB), which
is only 44% of the total estimated people who developed
MDR/RR-TB [1]. For the purpose of surveillance and treatment,
drug-resistant tuberculosis is classified as rifampicin-resistant
tuberculosis (RR-TB), MDR-TB, and extensively drug-resistant
tuberculosis. MDR-TB is defined as resistance to at least isoniazid
and rifampicin, the two most important first-line anti-tuberculosis
drugs. Extensively drug-resistant (XDR-TB) tuberculosis is defined
as MDR-TB plus resistance to at least one fluoroquinolone
(levofloxacin or moxifloxacin) and to at least one other Group Adrug
(bedaquiline or linezolid). Ten countries (China, the Democratic
People’s Republic of Korea, India, Indonesia, Myanmar, Nigeria,
Pakistan, the Philippines, Ukraine, and Vietnam) account for 70%
of the estimated number of people who develop MDR/RR-TB each
year globally [1].

In 2014, the World Health Assembly unanimously approved the
WHO End TB Strategy, a 20-year strategy devised to end the global
tuberculosis epidemic [9]. Early diagnosis of tuberculosis, including
universal drug susceptibility testing (DST) and systematic screening
of contacts and high-risk groups, is a part of pillar one of the
strategy.

Target condition being diagnosed
Extrapulmonary tuberculosis

Tuberculosis is caused by infection with Mycobacterium
tuberculosis (M tuberculosis) bacteria. Tuberculosis predominantly

affects the lungs (pulmonary tuberculosis). Extrapulmonary
tuberculosis refers to tuberculosis in parts of the body other than
the lungs. Extrapulmonary tuberculosis is known to affect virtually
every part of the body, with lymph nodes and the pleura being the
most common sites [10]. Although active pulmonary tuberculosis
is transmissible by droplets spread by coughing, extrapulmonary
tuberculosis is thought to result from hematogenous spread
(spread by way of the bloodstream) from an initial lung infection
and is not infectious. Extrapulmonary tuberculosis can occur alone
or together with pulmonary tuberculosis.

The various forms of extrapulmonary tuberculosis cause signs and
symptoms related to the structures affected. Table 1 describes
the forms of extrapulmonary tuberculosis included in this review,
as well as the respective specimens that may be collected for
diagnosis.

Diagnosis of extrapulmonary tuberculosis is challenging for several
reasons. Many forms of extrapulmonary tuberculosis require
invasive diagnostic sampling; gathering adequate specimens
can pose a risk of harm to the patient and can be costly.
Most forms of extrapulmonary tuberculosis are paucibacillary
(tuberculosis disease caused by a small number of bacteria),
making diagnosis by various tests less sensitive. Culture, for
example, has reduced sensitivity in paucibacillary disease. In
addition, culture takes several weeks for results and requires
a highly-equipped laboratory. Limitations are also associated
with histology, which relies on highly-trained operators, and
characteristic morphology is shared with other diseases. As
a result of these difficulties, the diagnosis of extrapulmonary
tuberculosis is often made on the grounds of clinical suspicion
alone, and many people receive the wrong diagnosis, leading
to unnecessary tuberculosis treatment or poor outcomes from
untreated extrapulmonary tuberculosis.

Tuberculosis treatment regimens must contain multiple drugs
to which the organisms are sensitive to cure tuberculosis
and avoid selection for drug resistance. WHO tuberculosis
treatment guidelines recommend the same drug regimens for
extrapulmonary and pulmonary disease, with notable mention of
tuberculous meningitis and bone or joint tuberculosis, for which
longer treatment regimens are recommended [11, 12, 13]. For
patients with tuberculous meningitis or tuberculous pericarditis,
the use of adjuvant corticosteroid therapy is recommended in
addition to appropriate tuberculosis treatment regimens [11, 13].
Other tuberculosis treatment guidelines include India [14], and
those issued by the American Thoracic Society, the Centers for
Disease Control and Prevention (CDC), and the Infectious Diseases
Society of America [15]. The WHO currently recommends three
categories of regimen for drug-resistant tuberculosis: a short
oral regimen consisting of bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) for people with MDR/RR-TB and without
moxifloxacin for people with pre XDR-TB; an all-oral short regimen
for people with MDR/RR-TB; and longer regimens of 18 to 20 months
that may include injectable drugs. The shorter 6-month regimen is
recommended for individuals aged 14 years and older with MDR/
RR-TB or pre-XDR-TB.

Rifampicin resistance

Rifampicin inhibits bacterial DNA-dependent RNA polymerase,
encoded by the RNA polymerase gene (rpoB) [16]. Resistance to
this drug has been associated mainly with mutations in a limited
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region of the rpoB gene [17]. Rifampicin resistance may occur alone
or in association with resistance to isoniazid and other drugs. In
settings with a high burden of MDR-TB, the presence of rifampicin
resistance alone may serve as a proxy for MDR-TB [18]. People with
drug-resistant tuberculosis can transmit the infection to others.

Index test(s)

The WHO groups individual tests with similar characteristics
and performance into one of three classes: low-complexity
automated nucleic acid amplification tests (LC-aNAATs); low-
complexity manual NAATs (LC-mNAATs), and moderate-complexity
automated NAATs (MC-aNAATs). The classes are defined by the type
of technology (e.g. automated or reverse hybridization NAATs), the
complexity of the test for implementation (e.g. low, moderate, or
high - considering the requirements of infrastructure, equipment
and technical skills of laboratory staff) and the target conditions
(e.g. diagnosis of tuberculosis, and detection of resistance to first-
line or second-line drugs) [19]. The following four index tests in the
LC-aNAATs class were considered in this review.

Xpert MTB/RIF Ultra

Xpert MTB/RIF Ultra (Xpert Ultra, Cepheid Inc, subsidiary
of Danaher Corporation, Sunnyvale, USA) is a nucleic acid
amplification test (NAAT) (i.e. molecular test) used for diagnosing
tuberculosis and rifampicin-resistant tuberculosis. Xpert Ultra
cartridges are used with the GeneXpert system [20, 21]. Xpert
Ultra is able to detect both M tuberculosis complex and rifampicin
resistance within 90 minutes of starting the test, with minimal
hands-on technical time. Unlike conventional NAATs, Xpert
Ultra's sample processing and polymerase chain reaction (PCR)
amplification and detection are integrated into a single, self-
enclosed test unit, the GeneXpert cartridge. Following sample
loading, all steps in the assay are completely automated and self-
contained. In addition, the assays' sample reagent, used to liquefy
sputum, has potent tuberculocidal (the ability to kill tuberculosis
bacteria) properties and so largely eliminates biosafety concerns
during the test procedure [22]. Except as described below for Xpert
Ultra trace call results, a single Xpert Ultra run will provide both
detection of tuberculosis and detection of rifampicin resistance.
One cannot deselect testing for rifampicin resistance and only run
the assay for tuberculosis detection.

In order to overcome the limitations with Xpert MTB/RIF of low
sensitivity in paucibacillary specimens, Cepheid developed Xpert
Ultra, a re-engineered assay that uses a newly-developed cartridge,
but may be run on the same device after a software upgrade.
To improve sensitivity for tuberculosis detection, Xpert Ultra
incorporates two different multi-copy amplification targets and a
larger DNA reaction chamber than Xpert MTB/RIF [23]. A laboratory
study reported that the limit of detection (the lowest number of
colony-forming units (CFUs) per sample that can be reproducibly
distinguished from negative samples with 95% confidence) using
Xpert Ultra improved to 15.6 CFU/mL of sputum compared to
112.6 CFU/mL for Xpert MTB/RIF [24]. Xpert Ultra has added a
new result category, ‘trace call), that corresponds to the lowest
bacillary load for M tuberculosis detection [23]. This new category
is reported as 'MTB trace DETECTED" Interpreting a trace call
result requires a reassessment of clinical symptoms and history
of prior tuberculosis. No rifampicin resistance results are available
(indeterminate) for people with trace results. As with Xpert MTB/RIF
[25], Xpert Ultra detects both live and dead bacteria.

To address limitations in rifampicin resistance detection, Xpert
Ultra uses melting temperature-based analysis, in lieu of real-
time PCR analysis with Xpert MTB/RIF. Melting temperature-
based analysis allows Xpert Ultra to better distinguish resistance-
conferring mutations from silent mutations with improved
diagnostic accuracy for rifampicin resistance detection [26].

For sputum specimens, the test procedure may be used either
directly on raw sputum specimens or sputum pellets created after
decontaminating and concentrating the sputum [27]. In both cases,
the test material is combined with the assay sample reagent
(sodium hydroxide and isopropanol), mixed by hand or vortex, and
incubated at room temperature for 15 minutes. After the incubation
step, 2 mL of the treated specimen is transferred to the cartridge
and the run is initiated [28]. According to the manufacturer, as
with Xpert MTB/RIF, Xpert Ultra may be used with fresh sputum
specimens, which may be either unprocessed sputum or processed
sputum sediments. The sample reagent:sample volume ratio is
2:1 for unprocessed sputum and 3:1 for sputum pellets. The
manufacturer does not specifically mention the use of Xpert Ultra
with frozen specimens [20, 21]. Xpert Ultra using the GeneXpert
sytem requires an uninterrupted and stable electrical power
supply, temperature control, and yearly calibration of the cartridge
modules [29]. Like previous Xpert cartridge generations, Xpert Ultra
can be performed by operators with minimal technical expertise
[30]. The time to run the assay is shorter for Xpert Ultra (around 65
to 87 minutes) than Xpert MTB/RIF [26]. Currently, the manufacturer
has made no claim for the use of Xpert Ultra in non-sputum
specimens [21]. However, there is a standard operating procedure
provided by the WHO for processing non-sputum specimens [31].

Truenat MTB assays

Truenat assays, developed by Molbio diagnostics in Bangalore,
India, include Truenat MTB, Truenat MTB Plus, and Truenat MTB-
RIF Dx. The Truenat and Xpert assays can both detect dead and live
bacilli in the test sample. Penn Nicholson and colleagues reported
that Truenat assays were non-inferior to Xpert assays [32]. Truenat
MTB targets the ribonucleoside-diphosphate reductase B single-
copy gene (nrdB), and the target of Truenat MTB Plus is the nrdZ
gene and the multicopy insertion sequence 1S6110 for identifying
M tuberculosis. Truenat MTB is a quantitative test that gives actual
colony-forming units (CFUs) per milliliter count, while Truenat MTB
Plus is semi-quantitative and gives four grades (high, medium, low,
and very low) based on CFUs, but does not specify the actual count
[33, 34]. Both assays have similar run time and shelf life. Truenat
MTB-RIF Dx targets the rpoB gene (RNA polymerase gene's beta
subunit) for detecting rifampicin resistance. Once Truenat MTB plus
is positive, Truenat MTB-RIF Dx is performed as a follow-on test for
drug resistance detection.

STANDARD M10, SD Biosensor, Republic of Korea

The STANDARD M10 is an in vitro molecular diagnosis system
that automatically extracts and amplifies nucleic acids (DNA,
RNA) from the collected samples, and analyzes the data
from amplification in real-time, by combining the processes of
isothermal amplification and real-time PCR in a single platform
using all-in-one cartridge systems. There are two variations
currently available for tuberculosis:

+ STANDARD™ M10 MTB/NTM; and
« STANDARD™ M10 MDR-TB.
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These assays are intended for use with the STANDARD M10 system
[35].

IRON qPCR, Bioneer, Republic of Korea

IRON-gPCR ™ is a point-of-care molecular diagnostics system
which combines nucleic acid extraction and real-time PCR. It does
syndromic diagnostics, i.e. the process of using a single cartridge
test to detect > 10 gene targets which cause overlapping signs
and symptoms. IRON-gPCR ™ has high multiplexing capacity of up
to 40 targets in a single test and provides results in 40 minutes.
The IRON gPCR RFIA kit is a cartridge-based assay that detects
M tuberculosis and resistance to 11 drugs: rifampicin, isoniazid,
fluoroquinolones (levofloxacin, moxifloxacin, gatifloxacin and
ofloxacin), aminoglycosides (kanamycin, amikacin, capreomycin),

prothionamide, and ethionamide. It uses IRON gPCR, which is a
single instrument for extraction and amplification and detection.
Two modules are available per instrument [36]. IRON qPCR RFIA is
not commercially available.

Clinical pathway

LC-aNAATs such as Xpert Ultra and Truenat MTB assays are
used for the diagnosis of extrapulmonary tuberculosis and
rifampicin resistance. Figure 1 shows the clinical pathway and
presents the context in which molecular WHO-recommended
diagnostic tests (MWRDs) might be used [37]. The target conditions
are extrapulmonary tuberculosis, which includes several forms
(e.g. tuberculous meningitis, pleural tuberculosis) and rifampicin
resistance.

Figure 1. The clinical pathway describes how patients might present and the point in the pathway at which they
would be considered for testing with low-complexity automated NAATs. This algorithm for the use of a molecular
WHO-recommended rapid diagnostic (WRD) comes from the WHO operational handbook on tuberculosis [37].
Copyright © [2020] [World Health Organization]: reproduced with permission. Abbreviations:

DST: drug susceptibility testing

INH: isoniazid

MDR-TB: multidrug-resistant TB

MTB: Mycobacterium tuberculosis

PLHIV: people living with HIV

RIF: rifampicin

TB: tuberculosis

WRD: WHO-recommended rapid diagnostic
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Before a specimen is tested, individuals with presumptive
extrapulmonary tuberculosis would have undergone a health
examination (history and physical examination) and possibly a
chestradiograph. The presentation of extrapulmonary tuberculosis
varies depending on the body site affected, and it may imitate
other diseases, such as cancer and bacterial and fungal infections.
Signs and symptoms of extrapulmonary tuberculosis are often
non-specific and may include fever, night sweats, fatigue, loss of
appetite, and weight loss (as seen in pulmonary tuberculosis) or
specific complaints related to the involved site (e.g. headache for
tuberculous meningitis, back pain for tuberculosis of the spine).
The clinical presentation of extrapulmonary disease may be acute
but is more often subacute (falling between acute and chronic) or
chronic, meaning that patients may have symptoms for days to
months before they seek care.

We have described in Table 1 the signs and symptoms of the
forms of extrapulmonary tuberculosis included in this review.
The clinician should take a careful history, noting a history of
tuberculosis exposure, prior tuberculosis disease, and medical
conditions that increase the risk for tuberculosis disease (e.g.
HIV, diabetes mellitus, low body weight). In comparison with
HIV-negative people, HIV-positive people have higher rates of
extrapulmonary tuberculosis or mycobacteremia (tuberculosis
bloodstream infection). People with HIV with signs or symptoms
of extrapulmonary tuberculosis should have specimens taken from
the suspected site(s) of involvement to increase the likelihood of
tuberculosis diagnosis. Tuberculous meningitis is the most severe
form of tuberculosis. In tuberculous meningitis, diagnosis is often
delayed, with appalling consequences for patients. For all forms
of extrapulmonary tuberculosis, patients may be evaluated in
primary- or secondary-care settings. However, if more complex or
invasive tests are needed, patients may be referred to a tertiary
medical center [10, 38, 39].

The downstream consequences of testing include the following.

« True-positive (TP): patients would benefit from rapid diagnosis
and appropriate treatment.

« True-negative (TN): patients would be spared unnecessary
treatment and would benefit from reassurance and pursuit of an
alternative diagnosis.

« False-positive (FP): patients would likely experience anxiety and
morbidity caused by additional testing, unnecessary treatment,
and possible adverse effects; possible stigma associated with a
tuberculosis or MDR-TB diagnosis; and the chance that a false-
positive may halt further diagnostic evaluation.

« False-negative (FN): increased risk of morbidity and mortality
and delayed treatment initiation for patients.

Prior test(s)

People presumed to have tuberculosis could undergo prior
screening by modalities like symptomatic screening, chest X-ray,
C-reactive protein, cytology/histopathology for extrapulmonary
specimens, etc. These help triage people for downstream
diagnostic testing. Smear microscopy could also be considered as
prior testing before participants are included or diagnosed further.

For the purpose of this review, we recorded and judged whether
participants were included in the study based on prior testing,
especially if these tests could over or under-estimate the diagnostic
accuracy of LC-aNAATs.

Role of index test(s)

We were interested in the following roles for testing:

1. LC-aNAATs for detection of extrapulmonary tuberculosis

An index test used as an initial test replacing usual practice
(including conventional microscopy, culture, or histopathology)
for the diagnosis of extrapulmonary tuberculosis in adults and
adolescents with presumptive extrapulmonary tuberculosis [19].
An initial test does not mean that other tests will follow.

11.LC-aNAATs for detection of rifampicin resistance

Anindextestused asaninitial test replacing culture and phenotypic
DST for the diagnosis of rifampicin-resistant tuberculosis in adults
and adolescents with presumptive extrapulmonary tuberculosis
[19].

As mentioned, in high MDR-TB settings, the presence of rifampicin
resistance alone may serve as a proxy for MDR-TB. LC-aNAATs do
not eliminate the need for subsequent culture and phenotypic DST,
which are required to monitor treatment progress and to detect
resistance to drugs other than rifampicin.

Alternative test(s)

For a comprehensive review of new tests not yet in widespread use,
we refer the reader to these references [40, 41, 42].

Smear microscopy (light microscopy (Ziehl-Neelsen), fluorescence
microscopy, or light-emitting diode (LED) fluorescence microscopy)
is the examination of smears for acid-fast bacilli (tuberculosis
bacteria) under a microscope. Around 5000 to 10,000 organisms
per mL must be present in the specimen for tuberculosis bacteria
to be visible by microscopy [43]. For extrapulmonary tuberculosis,
microscopy can be performed on fluid or tissue specimens
from sites of disease involvement; for example, in cerebrospinal
fluid (CSF) in presumptive tuberculous meningitis or in lymph
node tissue in presumptive lymph node tuberculosis. For most
extrapulmonary sites, because there are usually few organisms,
the sensitivity of smear microscopy is generally low. Ranges from
studies, some with selected cases, are quoted here: 0% to 10% in
pleural fluid; 14% to 39% in pleural tissue; 2% to 30% in CSF; < 5%
in peritoneal fluid; and 0% to 42% in pericardial fluid. In contrast,
the specificity of smear microscopy tends to be quite high, as can
be seen in pulmonary tuberculosis (= 90%) [41, 44].

Mycobacterial culture is a method used to grow bacteria on
nutrient-rich media. In comparison with microscopy, a positive
culture requires only around 100 organisms per mL and
therefore can detect lower numbers of tuberculosis bacteria
[43]. Additionally, culture is essential for species identification
and DST. However, culture takes several weeks and requires a
highly-equipped laboratory. Culture has reduced sensitivity in
paucibacillary disease (reference standards have included culture
from a different specimen, such as sputum, smear microscopy,
NAATs, presence of granulomatous inflammation, clinical criteria,
imaging studies, and response to anti-tuberculosis therapy, done
alone or in various combinations): CSF 45% to 70%; pleural fluid
23% to 58%; urine 80% to 90%; peritoneal tuberculosis 45% to 69%;
pericardial tuberculosis 50% to 65% [41]; lymph node tuberculosis
(excisional biopsy) 18% to 93%; and lymph node tuberculosis (fine-
needle aspirate) 10% to 67% [45].
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Histological examination involves examination of tissue specimens
under a microscope. Diagnosis of extrapulmonary tuberculosis
by histological examination is based on finding acid-fast
bacilli and granulomatous inflammation, frequently with caseous
(cheese-like) necrosis (necrotizing granulomas). The sensitivity
of histology has been reported to vary for different forms of
extrapulmonary tuberculosis (reference standards have included
smear microscopy, culture, NAATSs, clinical criteria, and imaging
studies, done alone or in various combinations): 59% to 88%
for lymph node tuberculosis (excisional biopsy) [45]; 69% to
97% in pleural tissue (closed pleural biopsy); 86% to 94% in
urological tissue; 60% to 70% in endometrial curettage; 79% to
100% in peritoneal biopsy; and 73% to 100% in pericardial tissue
[41]. Sensitivity has also been observed to vary for different
diagnostic techniques. Diacon and colleagues found thoracoscopy
to be more sensitive (sensitivity of 100%) than closed-needle
biopsy (sensitivity of 66%) for establishing a diagnosis of pleural
tuberculosis (reference standards have included microscopy
smear, culture, or presence of granulomatous inflammation with
caseous necrosis) [46]. Specificity has been observed to be
low because of the presence of granulomas in other diseases,
both infectious and non-infectious [41], although the presence
of ‘necrotizing' granulomatous inflammation increases specificity
[47]. Histological examination carries the additional concern that
invasive procedures that are complex and costly may be required
to obtain the necessary specimens [4].

Cytopathological examination of fluid specimens (such as pleural
and peritoneal fluid) may be performed, first to exclude cancer,
and then to obtain material for additional analyses, such
as measurement of levels of adenosine deaminase and free
interferon-gamma (IFN-y) and cell counts [41, 48]. Advantages
of these tests are that they are rapid and simple and can be
performed in most clinical laboratories [49]. In pleural, pericardial,
and peritoneal fluid, a predominance of lymphocytes, especially in
the absence of mesothelial cells, is highly suggestive of tuberculosis
[48]. However, in HIV-positive people, this pattern may not be
observed [48]. Adenosine deaminase, an enzyme involved in purine
metabolism, has been extensively studied for its potential role in
the diagnosis of pleural tuberculosis, peritoneal tuberculosis, and
tuberculous meningitis [41]. IFN-y is released after it is sensitized by
T cells in response to specific M tuberculosis antigens. An evidence
synthesis using GRADE provides the following recommendations:

« "..cell counts and chemistries be performed on amenable fluid
specimens (including pleural, cerebrospinal, ascitic, and joint
fluid) collected from sites of presumed extrapulmonary TB
(conditional recommendation, very low-quality evidence);

« ..adenosine deaminase levels be measured, rather than not
measured, on fluid collected from patients with presumed
pleural TB, TB meningitis, peritoneal TB, or pericardial TB
(conditional recommendation, low-quality evidence);

o ..free IFN-y levels be measured, rather than not measured,
on fluid collected from patients with presumed pleural TB
or peritoneal TB (conditional recommendation, low-quality
evidence)" [41].

NAATs including LC-aNAATs and LC-mNAATs are molecular
techniques that can detect small quantities of genetic material
(DNA or RNA) from micro-organisms, such as M tuberculosis.
The key advantage of NAATs is that they are rapid diagnostic
tests, potentially providing results in a few hours. This is a

particularly important feature of the test in life-threatening forms
of extrapulmonary tuberculosis, such as tuberculous meningitis.
A variety of molecular amplification methods are available, of
which PCRis the most common. NAATs are available as commercial
kits and in-house tests (based on a protocol developed in a
laboratory) and are used routinely in high-income countries for
tuberculosis detection. In-house PCR is widely used in low-income
countries because these tests are less expensive than commercial
kits. A systematic review found that NAATs have relatively low
sensitivity for extrapulmonary tuberculosis but high specificity (e.g.
for tuberculous meningitis, for pleural TB), indicating that these
tests cannot be used reliably to rule out tuberculosis [49]. An
evidence synthesis reported sensitivities of 72% to 88% in lymph
node tissue, 28% to 81% in pleural fluid, 90% in pleural tissue, and
31% to 56% in CSF. Specificity ranged from 90% to 100% [41]. A
systematic review of 24 studies estimated a summary sensitivity of
T7% (95% Cl: 68 to 85) and summary specificity of 99% (95% Cl:
96 to 100) for TB- LAMP, a LC-mNAAT test. However, the review did
not report the findings based on different sites of extrapulmonary
tuberculosis and also included in-house assays [50].

Alternative molecular methods for DST include the commercial
line-probe assays, GenoType MTBDRplus assay (MTBDRplus, Hain
LifeScience, Nehren, Germany), and the Nipro NTM+MDRTB
detection kit 2 (Nipro, Tokyo, Japan), which detect the presence
of mutations associated with drug resistance to isoniazid and
rifampicin [51]. MTBDRplus is the most widely studied line-probe
assay. Advantages of line-probe assays are that they can provide a
result for the detection of tuberculosis and drug resistance in one
to two days. Drawbacks are that line-probe assays are expensive
and need to be used in intermediate and central laboratories [42].
The WHO recommends that for persons with a sputum smear-
positive specimen or a cultured tuberculosis isolate, commercial
molecular line-probe assays may be used as the initial test instead
of phenotypic culture-based DST to detect resistance to rifampicin
and isoniazid [19]. Other molecular assays for the detection of
tuberculosis and resistance to rifampicin and isoniazid along with
instruments are in development [52].

Alere Determine™ TB LAM Ag (AlereLAM) Alere Inc, (Waltham, USA) is
acommercially-available point-of-care test for tuberculosis disease
(pulmonary and extrapulmonary tuberculosis). The test detects
lipoarabinomannan (LAM), a component of the bacterial cell wall,
which is present in the urine of some people with tuberculosis.
AlereLAM is performed by placing urine on one end of a test
strip, with results appearing as a band on the strip if tuberculosis
is present. The test is simple, requires no special equipment,
and shows results in 25 minutes. This urine test has potential
advantages over sputum-based testing due to ease of sample
collection. The accuracy of urinary LAM detection is improved
among people living with HIV with advanced immunosuppression
[53]. In two randomized trials, the use of Alere LAM in adult
inpatients living with HIV was shown to reduce mortality [54, 55].
Based on evidence from the randomized trials and a Cochrane
Review [53], the WHO currently recommends that AlereLAM should
be used to assist in the diagnosis of active tuberculosis in adults,
adolescents, and children living with HIV [19]. The key change from
the WHO 2015 guidelines is broadening the indication for the use
of LF-LAM among inpatients with HIV with signs and symptoms
of active tuberculosis (pulmonary and extrapulmonary); the test
is now recommended for all such patients, irrespective of their
CD4 count. The WHO issued a rapid communication in September
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2024 regarding concurrent use of a molecular test on respiratory
samples and LF-LAM on urine for the diagnosis of tuberculosis
in adults and adolescents with HIV. Use of concurrent tests has
improved accuracy compared with a single test and has moderate
cost requirements [19].

Fujifilm SILVAMP TB LAM (FuijiLAM, co-developed by FIND, Geneva,
Switzerland and Fujifilm, Tokyo, Japan) is a new, urine-based,
point-of-care test for tuberculosis diagnosis in people living with
HIV. In an individual participant data meta-analysis that included
five cohorts of people living with HIV, FujiLAM was found to have
superior sensitivity, 70.7% (95% Cl 59.0% to 80.8%), compared
to AlereLAM sensitivity of 42.3% (31.7% to 51.8%), against a
microbiological reference standard; FujiLAM had lower specificity,
90.9% (87.2 to 93.7), compared to AlereLAM specificity of 95.3%
(92.2 to 97.7) [56]. There has been additional evidence generation
on FujiLAM [57], however, owing to a lot of variation for this test [58],
manufacturers have been working on redesigning it and there has
been no policy guidance on this test.

Rationale

LC-aNAATs are rapid tests that may provide benefits for patients
(earlier diagnosis and the opportunity to begin earlier, appropriate
treatment), especially in high tuberculosis-burden countries.

Since 2010, the WHO has recommended the use of Xpert MTB/RIF
as the preferred initial diagnostic test for people thought to have
MDR-TB or HIV-associated tuberculosis (strong recommendation,
moderate-certainty evidence) [59]. In 2013, the WHO expanded the
recommendations, stating that Xpert MTB/RIF may be used rather
than conventional microscopy and culture as the initial diagnostic
test in all adults suspected of having tuberculosis (conditional
recommendation acknowledging resource implications, high-
quality evidence) [60]. The 2013 recommendations extended to
the diagnosis of several forms of extrapulmonary tuberculosis,
including tuberculous meningitis and lymph nodes and other
tissues. In addition, the WHO recommended that, following
an Xpert MTB/RIF test that demonstrates rifampicin resistance,
subsequent DST (e.g. using a line-probe assay for second-line
drugs) remains essential to detecting resistance to drugs other
than rifampicin [60]. In 2017, based on a non-inferiority analysis of
Xpert Ultra compared with Xpert MTB/RIF [61], the WHO stated that
recommendations on the use of Xpert MTB/RIF also apply to the use
of Xpert Ultra as the initial diagnostic test for all adults and children
with signs and symptoms of tuberculosis [23].

In December 2019, the WHO convened a Guideline Development
Group (GDG) to update the recommendations on the use of
molecular assays intended as initial tests for the diagnosis
of pulmonary and extrapulmonary tuberculosis and rifampicin
resistance. In 2020, the WHO recommended class-based tests.
Currently, low-complexity automated NAATs (LC-aNAATs) such as
Xpert Ultra and Truenat MTB assays are widely available and
recommended by the WHO as initial tests for the diagnosis
of tuberculosis as they detect both tuberculosis disease and
rifampicin resistance. We performed this systematic review on
the diagnostic accuracy of LC-aNAATs for the detection of
extrapulmonary tuberculosis in adults and adolescents to inform
the 2024 update of the WHO policy guideline on rapid NAATs for
tuberculosis detection. The GDG meeting was convened in May
2024 to update the previous WHO policy. This review is an update
of a Cochrane review first published in 2018 [62], and previously

updated in 2021 [63]. The review was updated to inform WHO policy
guideline development in 2024. Previous reviews only included
Xpert MTB/RIF and Xpert Ultra; however, this review update was
intended to include newer studies for Xpert Ultra and search for
more technologies that fit into this class of LC-aNAATSs.

The Background and Methods sections of this review include some
text that overlaps with some of our other Cochrane Reviews for LC-
aNAATs for diagnosing tuberculosis [64, 65, 66, 67].

OBJECTIVES

To estimate the diagnostic accuracy of LC-aNAATs for:

a) extrapulmonary tuberculosis by site of disease; and

b) rifampicin resistance in adolescents and adults with presumptive
extrapulmonary tuberculosis.

Presumptive tuberculosis refers to an individual who presents with
symptoms or signs suggestive of tuberculosis.

Secondary objectives

To investigate the effects of potential sources of heterogeneity on
test accuracy across the included studies.

For potential sources of heterogeneity, for extrapulmonary
tuberculosis, we included smear status, HIV status, and prevalence
of extrapulmonary tuberculosis. For cerebrospinal fluid (CSF), we
considered the presence of a concentration step and specimen
volume.

METHODS

Criteria for considering studies for this review
Types of studies

We included cross-sectional and cohort studies using non-
respiratory specimens to estimate the accuracy of LC-aNAATs
against a microbiological or composite reference standard for
tuberculosis, and culture-based drug susceptibility testing or
whole genome sequencing for rifampicin resistance. We included
the following common forms of extrapulmonary tuberculosis:
tuberculous meningitis and pleural, lymph node, bone or
joint, genitourinary, peritoneal, pericardial, and disseminated
tuberculosis. We excluded studies that evaluated the index tests
in gastric fluid, as this specimen is used most often to investigate
pulmonary tuberculosis in children. We also excluded stool
specimens because tuberculosis bacteria may be swallowed and
passed into stool as a marker of pulmonary tuberculosis. We
only included studies that reported data comparing the index
test(s) to an acceptable reference standard from which we could
extract true-positive (TP), true-negative (TN), false-positive (FP),
and false-negative (FN) values. We excluded case-control studies
(i.e. multiple-group studies with two or more sets of eligibility
criteria) and case reports.

Participants

We included studies where at least 85% of the participants
enrolled were adults and adolescents aged 10 years or older with
presumptive extrapulmonary tuberculosis from all settings and
countries. We excluded studies where we could not disaggregate
data on adults from those in children and studies where we could
not tell the age of the participants enrolled. Restricting the age
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group to adults and adolescents differs from the original review,
where we also included children [62]. The update in 2021 also
did not include children and was reflected clearly in the 2021
update. We did this because children are now included in a separate
Cochrane Review, Xpert MTB/RIF and Xpert MTB/RIF Ultra assays
for active tuberculosis and rifampicin resistance in children [65]
(Supplementary material 12). Adults and adolescents were defined
as peopleaged 10 years and above and were included in this review.

We included non-respiratory specimens (such as CSF, pleural fluid,
lymph node aspirate or tissue). We excluded sputum and other
respiratory specimens, such as fluid obtained from bronchial
alveolar lavage and tracheal aspiration. As we anticipated finding
many studies, we set a bar to exclude smaller studies to reduce
unnecessary work. We therefore required studies to provide data
for at least five specimens for a given form of extrapulmonary
tuberculosisincluded in the review. We excluded studies evaluating
the use of LC-aNAATs to diagnose relapse of previously-treated
extrapulmonary tuberculosis to avoid the selection bias that may
arise by limiting to a group that is already at elevated risk of
extrapulmonary tuberculosis. We attempted to identify studies that
included participants who were not taking anti-tuberculosis drugs
or had taken anti-tuberculosis drugs for fewer than seven days.

We have tried to eliminate stigmatizing language, for example, by
changing ‘suspected tuberculosis' to ‘presumptive tuberculosis'
Whenever possible, we extracted data per participant rather than
per specimen. For most studies, the number of specimens was the
same as the number of participants.

Index tests

We considered the following LC-aNAATs: Xpert Ultra; Truenat
(Truenat MTB Plus and Truenat MTB-RIF Dx); STANDARD M10, SD
Biosensor; and IRON-qPCR, BIONEER.

Index test results are automatically generated (i.e. there is a single
threshold), and the user is provided with a printable test result as
follows.

Xpert Ultra

« MTB (M tuberculosis)
Resistance DETECTED;

« MTBDETECTED MEDIUM; RIF Resistance DETECTED;

« MTBDETECTED LOW; RIF Resistance DETECTED;

« MTBDETECTED VERY LOW; RIF Resistance DETECTED;

« MTBDETECTED HIGH; RIF Resistance NOT DETECTED;

« MTB DETECTED MEDIUM; RIF Resistance NOT DETECTED;

« MTBDETECTED LOW; RIF Resistance NOT DETECTED;

« MTBDETECTED VERY LOW; RIF Resistance NOT DETECTED;

« MTB DETECTED HIGH; RIF Resistance INDETERMINATE;

« MTB DETECTED MEDIUM; RIF Resistance INDETERMINATE;

« MTBDETECTED LOW; RIF Resistance INDETERMINATE;

« MTBDETECTED VERY LOW; RIF Resistance INDETERMINATE;

« MTB Trace DETECTED; RIF Resistance INDETERMINATE;

« INVALID (the presence or absence of MTB cannot be
determined);

« ERROR (the presence or absence of MTB cannot be determined);

« NO RESULT (the presence or absence of MTB cannot be
determined).

DETECTED HIGH; RIF (rifampicin)

Xpert Ultra incorporates a semi-quantitative classification for
results: trace, very low, low, moderate, and high. ‘Trace'
corresponds to the lowest bacterial burden for detection of M
tuberculosis [24]. We considered a trace result to mean MTB (M
tuberculosis) DETECTED. However, no rifampicin-resistance result
was available for participants with trace results because the
trace sample is always reported as 'INDETERMINATE' for rifampin
resistance [20]. Additionally, a rifampicin resistance or susceptible
result can only be determined if the person has tuberculosis.

Truenat MTB Plus

We did not include Truenat MTB in this review because the WHO
received official information from Molbio Diagnostics in 2024 that
the Truenat MTB assay will no longer be sold in the international
market. The results of Truenat MTB plus are categorized as follows.

1. MTB (M tuberculosis)
Resistance DETECTED;

MTB DETECTED MEDIUM; RIF Resistance DETECTED;

MTB DETECTED LOW; RIF Resistance DETECTED;

MTB DETECTED VERY LOW; RIF Resistance DETECTED;
MTB DETECTED HIGH; RIF Resistance NOT DETECTED;
MTB DETECTED MEDIUM; RIF Resistance NOT DETECTED;
MTB DETECTED LOW; RIF Resistance NOT DETECTED;

MTB DETECTED VERY LOW; RIF Resistance NOT DETECTED.

DETECTED HIGH; RIF (rifampicin)

© N~ wN

If results are positive from Truenat MTB plus, as a follow-on test,
Truenat MTB-RIF Dx is performed and the results are shown as “Rif
Resistance Detected” if mutations are detected or “Rif Resistance
Not Detected” if mutations are not detected. For failed runs, it is
shown as “Indeterminate” or “Error”.

STANDARD M10 SD, SD Biosensor

These assays provide qualitative results within 80 minutes from
sputum or sputum sediment specimens.

1. STANDARD™ M10 MTB/NTM assay aids in the simultaneous
detection of M tuberculosis complex (MTBC) and non-
tuberculous mycobacteria (NTM) DNA.

2. STANDARD™ M10 MDR-TB assay aids in the simultaneous
detection of M tuberculosis and drug-resistance against
rifampicin (RIF) and isoniazid (INH).

IRONQPCR, Bioneer

This assay provides qualitative results for TB and drug resistance
detection. The system has the capacity for simultaneous detection
of Mycobacterium tuberculosis and detection of resistance to
rifampicin (RIF), fluoroquinolones (FQs; including moxifloxacin
(MOX)), isoniazid (INH), and aminoglycosides (AGs). It can test two
samples simultaneously within 30 minutes.

Target conditions

The target conditions were extrapulmonary tuberculosis and
rifampicin resistance. We included eight common forms of
extrapulmonary tuberculosis and considered these subcategories
of the target condition as separate diagnostic classifications [2, 10,
68].

« Tuberculous meningitis;
o Pleural tuberculosis;
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« Lymph node tuberculosis;
« Genitourinary tuberculosis;
« Boneorjoint tuberculosis;
« Peritoneal tuberculosis;

« Pericardial tuberculosis;

« Disseminated tuberculosis.

Table 1 lists the forms of extrapulmonary tuberculosis and
specimens used for diagnosis in the review. We excluded
less common forms, such as cutaneous tuberculosis, ocular
tuberculosis, female genital tuberculosis, and tuberculosis of the
breast, ear, and paranasal sinuses [10].

Reference standards
Detection of extrapulmonary tuberculosis

We included two reference standards.

« Solid or liquid mycobacterial culture (microbiological reference
standard)

o ‘Tuberculosis' was defined as a positive M tuberculosis
culture

o ‘Not tuberculosis' was defined as a negative M tuberculosis
culture;

« Composite reference standard
o 'Tuberculosis' was defined as a positive M tuberculosis
culture or positive composite reference test

o ‘Not tuberculosis' was defined as a negative M tuberculosis
culture and a negative composite reference test.

The composite reference standard is based on the results of
microbiological tests, culture or NAATs other than the index
tests mentioned above: imaging studies, histology, and clinical
characteristics, and includes at least one component test that is
positive, according to the definition of the primary study authors.

For pleural tuberculosis, we defined the composite reference
standard as the presence of granulomatous inflammation or a
positive culture. We proposed this definition because we found
evidence to support the inclusion of histopathological examination
in the definition. Around 60% of patients undergoing pleural
biopsy will show granulomatous inflammation [43]. A prospective
cohort study of participants with clinical and radiological findings
consistent with pleural tuberculosis [69] found that histological
examination of tissue obtained from pleural biopsy had a higher
diagnostic yield (78%; 66/84) than that of culture (62%; 52/84).

Culture is considered the best reference standard for tuberculosis.
However, culture may lead to the misclassification of some cases
of extrapulmonary tuberculosis as ‘not tuberculosis', owing to the
paucibacillary nature of the disease. This means that culture may
have low sensitivity for extrapulmonary tuberculosis overall and,
further, that culture sensitivity may differ for different forms of
extrapulmonary tuberculosis [41]. This misclassification by culture
may lead to biased estimates (overestimation or underestimation)
of the diagnostic accuracy of the index tests.

« Effect of low sensitivity of culture on the sensitivity of LC-aNAATs:
the low sensitivity of culture means that index test FNs may
be misclassified as TNs when culture is used as the reference
standard. Therefore, when LC-aNAATs are evaluated against
culture, the number of FNs (classified as negative by the index

test and positive by the reference test) may be decreased and
the sensitivity of the index test may be overestimated.

« Effect of low sensitivity of culture on the specificity of LC-aNAATs:
the low sensitivity of culture means that index test TPs may
be misclassified as FPs when culture is used as the reference
standard. Therefore, when LC-aNAATs are evaluated against
culture, the number of FPs (classified as positive by the index
test and negative by the reference test) may be increased and
the specificity of the index test may be underestimated.

In contrast to culture, a composite reference standard that includes
culture, other tests, and clinical characteristics may correctly
classify index test results as TPs (instead of as FPs with respect to
culture), especially in people with paucibacillary disease in whom
culture may be negative. However, because of the uncertainties
that surround a clinical diagnosis of tuberculosis and, in some
instances, the conditional dependence of the index tests and
other tests in the composite reference standard (for example,
for most of these tests, detection of tuberculosis depends on
bacillary load), a reference standard that uses additional tests and
clinical characteristics (in culture-negative people) may incorrectly
classify people without tuberculosis as having tuberculosis [70]. An
additional challenge with including a composite reference standard
is that the definition of the composite reference standard may
vary across studies, making it difficult to interpret the accuracy
estimates.

Thus, both reference standards, culture and composite, are
imperfect and may affect accuracy estimates.

Detection of rifampicin resistance

The reference standard was culture-based DST, also known
as phenotypic DST (pDST) using solid or liquid media, as
recommended by the WHO [19, 71] with or without whole genome
sequencing, also known as genotypic drug susceptibility testing
(gDST).

Search methods for identification of studies

We attempted to identify all relevant studies, regardless of
language or publication status (published, unpublished, in press,
or ongoing). We monitored abstracts to see if these studies were
published during the time we performed the review. We also
reached out to authors and other researchers in this area to ensure
no relevant studies are missed.

We did not use generative Al in the search process.

We updated the search terms as indicated in Supplementary
material 1, where we added new index test terms as this review
update includes index tests other than Xpert Ultra as well.

Electronic searches

The Cochrane Infectious Diseases Group Information Specialist
(VL) performed literature searches on 11 October 2023, without
language restrictions, in the following databases, using the search
terms described in Supplementary material 1:

« Ovid MEDLINE(R) ALL (from 1946 to 11 October 2023);
« Embase (Ovid, from 1947 to 11 October 2023);

« Science Citation Index Expanded (SCI-EXPANDED; Web of
Science, from 1900 to 11 October 2023);

Low-complexity automated nucleic acid amplification tests for extrapulmonary tuberculosis and rifampicin resistance in adults and 17

adolescents (Review)

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

« BIOSIS previews (Web of Science, from1926 to 11 October 2023);
« Scopus (Elsevier), from 1970 to 11 October 2023);

« Cochrane Central Register of Controlled Trials (CENTRAL)
published in the Cochrane Library, Issue 10 of 12, October 2023;

« WHO Global Index Medicus (accessed 11 October 2023).

We also searched ClinicalTrials.gov (clinicaltrials.gov/) and the
WHO Clinical Trials Registry platform (www.who.int/trialsearch) on
18 October 2023, to identify ongoing trials. These searches were
updated by the addition of index test names to capture other tests
included in this class of technology.

Searching other resources

TThe authors examined the reference lists of included articles
and relevant review articles identified through the electronic
searches. VL also searched for relevant dissertations in ProQuest
Dissertations & Theses A&l on 11 October 2023. The authors
searched information on ongoing and unpublished studies from
manufacturers through a WHO public call; and from experts
working on new diagnostics for TB such as STOP TB Partnership’s
New Diagnostic Working Group and FIND (the global alliance for
diagnostics).

We did not run another literature search to keep this review update
aligned with the WHO policy update. As there were no ongoing or
studies awaiting classification, no new studies were added after
this initial search was performed in October 2023. However, there
was a WHO public call for data till 15 February 2024 to identify
unpublished and upcoming studies. We included one unpublished
study that came through this WHO call.

Data collection and analysis
Selection of studies

We used Covidence to manage the selection of studies [72]. Two
review authors (MK, LRI) independently scrutinized titles and
abstracts identified by electronic literature searching to identify
potentially eligible studies. We selected any citation identified by
either review author as potentially eligible for full-text review. The
same review authors independently assessed full-text papers for
study eligibility using predefined inclusion and exclusion criteria,
and resolved any discrepancies by discussion. We recorded all
studies excluded after full-text assessment and their reasons for
exclusion. We illustrated the study selection process in a PRISMA
diagram [73, 74].

Data extraction and management

Using a previously-developed form (Supplementary material 6),
two review authors (MK, LRI) worked independently to extract data
on the following characteristics.

« Author; publication year; country; setting (outpatient, inpatient,
or both outpatient and inpatient); study design; manner of
participant selection; number of participants enrolled; number
of participants for whom results are available.

o Characteristics of participants: sex; age; HIV status; history of
prior tuberculosis; receipt of anti-tuberculosis treatment.

¢ Index test.

« Target condition and subcategories
extrapulmonary tuberculosis).

(different forms of

+ Type of reference standard.

« Quality Assessment of Studies of Diagnostic Accuracy - Revised
(QUADAS-2) items.

« Details of specimen: type (such as CSF, pleural fluid, or lymph
node aspirate or tissue); condition (fresh or frozen); smear-
positive or smear-negative.

« Specimen preparation; homogenization step (for tissue
specimens); concentration step and specimen volume (for CSF);
adherence to WHO standard operating procedures.

o Number of TP, FP, FN, TN (i.e. true-positives, false-positives,
false-negatives, and true-negatives), and trace results; number
of inconclusive results for the detection of extrapulmonary
tuberculosis; number of indeterminate results for the detection
of rifampicin resistance.

« Number of missing or unavailable test results.

We classified a country's income status as either low- and middle-
income or high-income, according to the World Bank List of
Economies [75].

We extracted TP, FP, FN, and TN values for the following specimens:
CSF, pleural fluid and tissue, lymph node aspirate and tissue
(the latter specimen acquired by surgical biopsy), bone or joint
aspirate and tissue, urine, peritoneal fluid and tissue, pericardial
fluid and tissue, and blood. We extracted these values for each of
the specimen types separately. For example, we used one 2 x 2
table for lymph node aspirate, and another 2 x 2 table for lymph
node tissue. In situations in which a participant contributed more
than one specimen but of different types, we extracted data for all
specimens. When a study included data for both raw specimens
and concentrated sediment involving the same participants, we
preferentially extracted data for raw specimens, except in the case
of CSF, for which we extracted data for concentrated sediment
as recommended by the WHO [31]. We extracted accuracy data
according to the defined reference standards (see Reference
standards). We did not encounter any situations in which a subset
of participants in a study received the reference standard, but
others did not. Hence, there was no need to make corrections for
verification bias in the statistical analysis [76].

In most studies, the number of specimens was the same as the
number of participants. However, in some studies, the number of
specimens exceeded the number of participants or study authors
reported only the number of specimens.

We contacted authors of primary studies for missing data or
clarifications. We entered all data into Microsoft Excel 2019 [77].
Primary authors were contacted twice with a one-month difference.

We followed Cochrane policy, which states that "authors of primary
studies will not extract data from their own study or studies.
Instead, another author will extract these data, and check the
interpretation against the study report and any available study
registration details or protocol”.

Assessment of methodological quality

We used the QUADAS-2 tool, tailored to this review, to assess
the quality of the included studies (Supplementary material
7) [78]. QUADAS-2 consists of four domains: patient selection,
index test, reference standard, and flow and timing. We assessed
all domains for risk of bias and the first three domains for
concerns about applicability. Two review authors (MK and LRI)

Low-complexity automated nucleic acid amplification tests for extrapulmonary tuberculosis and rifampicin resistance in adults and 18

adolescents (Review)

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

independently completed QUADAS-2 and resolved disagreements
through discussion. We present the results of this quality
assessment in text, tables, and graphs.

We modified QUADAS-2 as follows.

Participant selection domain, applicability: for tuberculous
meningitis, owing to the severity of the illness, we judged 'low
concern'if participants were evaluated as inpatients at tertiary care
centers. Intheoriginal review, we judged tertiary care to be a setting
of high concern.

Reference standard domain: we clarified that CSF, pleural fluid,
and lymph node aspirates are usually considered to be sterile, and
standards specify that these specimens may be placed directly
into the culture medium. Overly processing specimens may lead
to false-negative cultures. We scored ‘yes' if studies did not
use N-acetyl-L-cysteine-sodium hydroxide for processing sterile
specimens and 'unclear' if studies used N-acetyl-L-cysteine-sodium
hydroxide.

Investigations of heterogeneity: for specimen volume, we restricted
this analysis to CSF because it was most clinically meaningful.
For other fluid specimen types, the manufacturer's instructions
for sputum were usually followed. In terms of the WHO standard
operating procedure for lymph node tissue, we did not investigate
this further because 80% (8/10) of the included studies followed the
WHO recommendations. In performing the review, it became clear
that, because a homogenization step is part of the WHO standard
operating procedure for preparing tissue specimens, there was no
need to perform an additional separate analysis to confirm the
presence of a homogenization step. We removed the condition
of the specimen (fresh or frozen) from the analysis, because we
identified only six studies in the current review that used frozen
specimens, and we had already performed an analysis of this
possible source of heterogeneity for the Cochrane Review on Xpert
MTB/RIF for pulmonary tuberculosis [79].

Statistical analysis and data synthesis

We performed descriptive analyses of the characteristics of the
included studies using Stata 18.0 [80], and we present key study
characteristicsin the Supplementary material 2 table. We used data
reported in the TP, FP, FN, and TN formats to calculate sensitivity
and specificity estimates and 95% confidence intervals (Cls) for
individual studies. We present individual study results graphically
by plotting the estimates of sensitivity and specificity (and their
95% Cls) in forest plots using Review Manager (RevMan) web [81].

To assess the diagnostic accuracy of the index tests, we estimated
summary sensitivity and specificity and corresponding 95% Cls
using a bivariate random-effects model for meta-analysis [82,83].
The bivariate model allowed us to calculate the summary
estimates of sensitivity and specificity while dealing with potential
sources of variation caused by: (1) imprecision of sensitivity
and specificity estimates within individual studies; (2) correlation
between sensitivity and specificity across studies; and (3) variation
in sensitivity and specificity between studies. In addition, we
determined predictive values at a pretest probability of 10%, a
value suggested by the WHO.

If bivariate meta-analysis was not possible due to sparse data,
or if there was little or no variability in estimates of sensitivity
and specificity across studies, we fitted univariate random-effects

logistic regression models separately for sensitivity and specificity,
as appropriate [84, 85]. We only conducted meta-analyses if there
were three or more studies for each form of extrapulmonary
tuberculosis. In addition to the number of studies, we also included
the condition that the number of TB cases should be more than 30.
If meta-analysis was not possible, we provided ranges of sensitivity
and specificity.

All analyses were conducted using Stata 18.0 and meta-analysis
models were fitted using the ‘metandi’ user-written function or the
‘megrlogit’ command. Where sensitivity was 100% in all studies
and univariate logistic regression analysis failed to converge, we
calculated the summary estimate by summing the number of TPs
across studies and calculating an exact (Clopper-Pearson [86]) 95%
binomial CI.

We performed separate analyses grouped by type of
extrapulmonary specimen (e.g. CSF, pleural fluid, peritoneal
fluid), rather than estimating summary accuracy for all forms of
extrapulmonary tuberculosis combined, because we considered
the former approach to be the most clinically meaningful. In
addition, we performed separate analyses using the reference
standard.

For the accuracy of LC-aNAATs for detection of rifampicin resistance,
we included participants who: (1) were culture-positive; (2) were
tuberculosis-positive by the index test; and (3) had a valid result for
rifampicin resistance, detected or not detected (susceptible) by the
index test.

« Sensitivity = Index test rifampicin resistance detected/

phenotypic DST* resistant.
« Specificity = Index test rifampicin resistance not detected/
phenotypic DST* susceptible.

*With or without genotypic DST

For the detection of rifampicin resistance, when a study included
multiple types of specimens, we based our analysis on all available
data in the study, including data for specimens that we did not
includein the primary analyses for the detection of extrapulmonary
tuberculosis. For example, if a study provided data for several
specimen types combined (e.g. all tissue specimens) and we could
not disaggregate the data for a specific specimen type, we included
all data (for all tissue specimens) in the analysis for rifampicin
resistance detection. We did this because we did not expect the
accuracy of rifampicin resistance detection to vary by specimen
type. We used the bivariate random-effects model to estimate
summary sensitivity and specificity.

For rifampicin resistance, we planned to assess the impact of the
prevalence of rifampicin resistance on accuracy estimates, but we
had insufficient data for this analysis.

Analyses performed in this review have been provided in
Supplementary material 4 and the data package used in this review
has been provided in Supplementary material 5.

Class-level analyses

As this review is about a class of technology, we developed criteria
to assess when the test results could be combined into one class
to provide summary accuracy estimates. These conditions are
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provided in Table 2. Based on these conditions, Truenat MTB Plus
did not meet the criteria to be included in a class-based analysis.

Approach to inconclusive index test results

The proportion of inconclusive (non-determinate) rates for the
detection of pulmonary tuberculosis is the number of tests
classified as ‘invalid', ‘error!, or ‘no result' divided by the total
number of index tests performed. The proportion of inconclusive
(indeterminate) rates for detection of rifampicin resistance is the
number of tests classified as ‘MTB DETECTED, Rif (rifampicin)
resistance INDETERMINATE' divided by the total number of index
test-positive results.

Investigations of heterogeneity

Initially, we investigated heterogeneity through visual examination
of forest plots of sensitivities and specificities and through visual
examination of the ROC space of the raw data. We used the
summary ROC plots to visually assess heterogeneity; however,
these plots were not included in the review as the forest plots
provide a clearer and comprehensive visualization of individual
study estimates and the uncertainty around the estimates. When
data allowed, we evaluated potential sources of heterogeneity
using subgroup analyses and bivariate meta-regression. We
included the following covariate:

« HIV status;

« For tuberculous meningitis, the concentration step used for
preparing specimens (yes or no);
« CSF specimen volume.

We had planned to investigate smear status, history of tuberculosis,
and whether WHO standard procedures for preparing tissue
specimens were followed. However, we had insufficient data to do
this.

Sensitivity analyses

We did not perform sensitivity analyses.

Assessment of reporting bias

We did not perform a formal assessment of publication bias using
methods such as funnel plots or regression tests because such
techniques have not been helpful for diagnostic test accuracy
studies [87].

Summary of findings and assessment of the certainty of the
evidence

We assessed the certainty of evidence using the GRADE approach
for diagnostic studies [88, 89, 90, 91]. As recommended, we
rated the certainty of evidence as either high (not downgraded),
moderate (downgraded by one level), low (downgraded by two
levels), or very low (downgraded by more than two levels)
based on five domains: risk of bias, indirectness, inconsistency,
imprecision, and publication bias. For each outcome, the certainty
of evidence started as high when there were high-quality studies
(cross-sectional or cohort studies) that enrolled participants with
diagnostic uncertainty. If we found a reason for downgrading,
we used our judgment to classify the reason as either serious
(downgraded by one level) or very serious (downgraded by two
levels). If we downgraded by two levels for one of the five domains
and downgraded by one level for any other of the four domains, this

could lead to very low certainty of evidence. Two review authors
discussed judgments and applied GRADE in the following way [92,
93,94].

o Assessment of risk of bias. We used QUADAS-2 to assess the risk
of bias.

« Indirectness. We assessed indirectness in relation to the
population (including disease spectrum), setting, interventions,
and outcomes (accuracy measures). We also used the
prevalence of the target condition as a guide to whether there
was indirectness in the population.

« Inconsistency. ~GRADE recommends downgrading for
unexplained inconsistency in sensitivity and specificity
estimates. We carried out prespecified analyses to investigate
potential sources of heterogeneity and downgraded when we
could not explain inconsistency in the accuracy estimates.

« Imprecision. We considered a precise estimate to be one that
would allow a clinically meaningful decision. We considered the
width of the Cl and asked, 'Would we make a different decision
if the lower or upper boundary of the Cl represented the truth?'
In addition, we worked out projected ranges for TP, FN, TN, and
FP for a given prevalence of tuberculosis and made judgments
on imprecision from these calculations.

o Publication bias. We rated publication bias as undetected
(not serious) for several reasons: the comprehensiveness of
the literature search and extensive outreach to tuberculosis
researchers to identify studies; the presence only of studies
that produced precise estimates of high accuracy despite small
sample size; and our knowledge of studies that were conducted
but not published.

For the summary of findings tables for CSF and pleural fluid, we
provide evidence using a microbiological reference standard, which
is considered the best reference standard for tuberculosis [41].
For lymph node aspirate, we provide evidence using a composite
reference because, based on findings from the original review
[62], we believe a composite reference standard is preferable for
estimating accuracy.

Prevalences used in these tables were finalized after conversations
and consensus from the WHO. These were decided based on
the range of prevalences observed in different high and low-
burden settings for these forms of extrapulmonary tuberculosis.
The domains mentioned above helped in reaching the certainty of
evidence which are provided as explanatory notes for each table.
Based on the meta-analyzed results and prevalences, we provided
the TP, FN, TN, and FP values that would be observed in a cohort of
1000 people.

RESULTS

Results of the search

In this review update, we identified 575 records for screening. After
removing 351 duplicates, 224 abstracts were assessed. Of these, 75
full-text articles were reviewed against our inclusion criteria. We
excluded 49 studies for reasons including: not evaluating the index
test(s), insufficient data to construct 2 x 2 tables, inappropriate
reference standard, lack of data by specimen type, absence of
extrapulmonary specimens, duplicate data, case-control designs,
inclusion of children, screening study designs, case report formats,
or fewer than five specimens for a given type.
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From our previous review of Xpert Ultra, 11 additional studies were
included, bringing the total to 37 studies in this update. Among
these, 36 evaluated Xpert Ultra and three evaluated Truenat MTB
Plus. Two Truenat MTB Plus studies (Sharma 2023 [95], Sharma
2021 [96]) also assessed Xpert Ultra. No eligible studies were found
for Truenat MTB-RIF Dx. Two studies on Iron gPCR and Standard
M10 were identified but excluded — one was an ongoing trial on
pulmonary TB, and the other was a case-control study presented
only as a conference abstract.

In total, 37 studies (comprising 39 datasets) met the inclusion
criteria. Of these, all but one study (Boloko 2022 [97]) were included
in the quantitative analyses.

Figure 2 shows the flow of studies in the review. We recorded
the excluded studies and the reasons for their exclusion in
Supplementary material 3.
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Figure 2. Flow of studies through the screening and selection process.
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Figure 2. (Continued)

in qualitative
synthesis

36 studies included
in quantitative
synthesis
(meta-analysis)

Methodological quality of included studies

Studies evaluating LC-aNAATs for detection of extrapulmonary
tuberculosis

Figure 3 shows the risk of bias and applicability concerns
for each of the 37 studies included for tuberculosis detection.

Also, we separately present risk of bias and applicability
concerns for studies evaluating different forms of extrapulmonary
tuberculosis (Supplementary material 8; Supplementary material
9; and Supplementary material 10). Table 3 provides summary
characteristics of all included studies.
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Figure 3. Risk of bias and applicability concerns summary of LC-aNAATs for tuberculosis detection: review authors'
judgments about each domain for each included study Note: most boxes are blank for Index test: Truenat as there are
only three studies that included this index test.
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Figure 3. (Continued)
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In the patient selection domain, we thought that 31 studies (84%)
had low risk of bias, and five studies (13%) had unclear risk of
bias because the manner of patient selection was unclear or non-
consecutive or random (Pefata-Bedoya 2021 [98]; Sharma 2021;
Sharma 2023; Wu 2019 [99]; Yadav 2023 [100]) and high risk of bias
duetoinappropriate exclusions (Perez-Risco 2018 [101]). Regarding
applicability (patient characteristics and setting), we thought that
13 studies (35%) had low concerns because participants were
evaluated in local hospitals or primary health settings or, in the
case of tuberculous meningitis, tertiary centers (Anie 2024 [102];
Bahr 2017 [103]; Chin 2019 [104]; Cresswell 2020 [105]; Donovan
2020 [106]; Huang 2021 [107]; Huerga 2023 [108]; Osei 2019 [109];
Quinn 2021 [110]; Shao 2020 [111]; Sharma 2020 [112]; Sharma
2021; Yadav 2023). Four studies (11%) had high concerns because
participants were evaluated exclusively as inpatients at a tertiary
care center (Hoel 2020 [113]; Hoel 2020a [114]; Mekkaoui 2021
[115]; Slail 2023 [116]); and 20 (54%) studies had unclear concerns
because we could not identify the clinical setting (Alomatu 2023
[117]; Antel 2020 [118]; Boloko 2022; Christopher 2021 [119];
Cresswell 2020a [120]; Gao 2021 [121]; Makambwa 2019 [122];
Meldau 2019 [123]; Minnies 2021 [124]; Minnies 2023 [125]; Ninan
2022 [126]; Pefiata-Bedoya 2021; Perez-Risco 2018; Sharma 2023;
Spener-Gomes 2021 [127]; Sun 2019 [128]; Wang 2019 [129]; Wang
2020 [130]; Wu 2019; Yu 2022 [131]).

In the index test domain, we judged that all studies had low risk
of bias because the results of the index tests are automatically
generated, the user is provided with printable test results, and the
test threshold is prespecified. Regarding applicability, we judged
that 32 studies (86%) had low concerns and three studies (8%) had
high concerns because the index test was not performed according

to WHO standard operating procedures (Chin 2019; Shao 2020; Wu
2019).

In the reference standard domain, 27 studies (73%) had low risk of
bias because the results of the reference standard were interpreted
without knowledge of the results of the index test and only non-
sterile specimens were decontaminated. One study (3%) had a high
risk of bias because the results of the reference standard were
interpreted with knowledge of the results of the index test (Anie
2024). Nine studies (24%) had unclear risk of bias for the following
reasons: three studies did not report whether there was blinding of
the reference standard (Perez-Risco 2018; Wang 2019; Wang 2020),
and six studies decontaminated specimens generally considered to
be sterile (Gao 2021; Osei 2019; Shao 2020; Spener-Gomes 2021;
Sun 2019; Yu 2022).

Regarding the applicability of the reference standard, we judged
that 32 studies (86%) had low concerns because these studies
performed a test to identify M tuberculosis species (speciation) and
five studies (14%) had unclear concerns because we could not tell
whether the study performed speciation (Alomatu 2023; Boloko
2022; Chin 2019; Wang 2019; Wu 2019).

In the flow and timing domain, we considered all studies to have
low risk of bias, noting that all participants were accounted for in
the analysis.

Studies evaluating LC-aNAATs for detection of rifampicin
resistance

Figure 4 shows risk of bias and applicability concerns for each of the
16 studies included for rifampicin resistance detection.
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Figure 4. Risk of bias and applicability concerns summary of LC-aNAATs for detection of rifampicin resistance:
review authors' judgments about each domain for each included study
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In the patient selection domain, we judged that four studies
(25%) had unclear risk of bias (Pefiata-Bedoya 2021; Sharma 2021;
Sharma 2023; Wu 2019) as the manner of patient selection was
unclear, while most (75%) of the studies had low risk of bias.
For applicability, we thought that three studies (19%) had high
concerns as the studies were conducted in low tuberculosis-burden
countries (Hoel 2020a; Mekkaoui 2021; Slail 2023). Eight studies
(50%) had unclear concerns because we could not identify the
details of the clinical setting (Minnies 2021; Pefiata-Bedoya 2021;
Sharma 2023; Spener-Gomes 2021; Sun 2019; Wang 2019; Wang
2020; Wu 2019).

In the index test domain, we judged that all studies had low risk
of bias because the results of the index tests are automatically
generated, the user is provided with printable test results, and the
test threshold is prespecified. For applicability, two studies (12%)
had high concerns because fewer than 50% of the specimen typesin
these studies were processed according to WHO recommendations
(Chin 2019; Wu 2019). One study [127] had unclear applicability
concerns in the index test domain as it was not clear if the
specimens processed the specimens according to the WHO
recommendations.

In the reference standard domain, four studies (60%) had unclear
risk of bias as it was unclear whether blinding of the reference
standard was performed (Spener-Gomes 2021; Sun 2019; Wang
2019; Wang 2020). For the applicability of the reference standard,
we judged that all studies had low concerns because detection of
rifampicin resistance occurs only when the M tuberculosis target is
present within the specimen.

In the flow and timing domain, we considered all studies to have
low risk of bias, noting that all participants were accounted for in
the analysis.

Findings

The 37 studies were conducted in 13 different countries. Most of
the studies were conducted in China (n = 8), India (n = 10), South
Africa (n = 9), and Uganda (n = 6). Of the 37 studies, 31 (84%)
took place in high tuberculosis-burden countries and 22 (59%) in
high-tuberculosis/HIV-burden countries. Most studies performed
the index tests and culture on the same specimen type, except for
one study (Boloko 2022) in which Xpert Ultra was performed on
blood and culture was performed on sputum. Most studies did not
report the exact number of cultures used to confirm a diagnosis of
tuberculosis, but it is likely that many studies used a single culture.

We contacted the primary authors of six studies to request
2 x 2 tables by specimen type, details on blinding of the
reference standard, and demographic information on the included
populations. For two studies (Sharma 2020, Sharma 2021),
the authors could not provide demographic data because the
specimens were received directly by the laboratory without
accompanying participant information. However, all authors were

able to provide data on 2 x 2 tables, reference standards, and
blinding.

We present key characteristics of the included studies in
Supplementary material 2.

I. Detection of extrapulmonary tuberculosis

Both studies on Xpert Ultra and Truenat MTB plus are categorized
as LC-aNAAT.

Xpert Ultra: of the 36 studies, the number of studies evaluating
different specimens was as follows: tuberculous meningitis
(CSF), 16 studies; pleural tuberculosis (pleural fluid), 13 studies;
lymph node tuberculosis (lymph node aspirate), nine studies;
genitourinary tuberculosis (urine), seven studies; bone or joint
tuberculosis (bone or joint aspirate), five studies; pericardial
tuberculosis (pericardial fluid), five studies; peritoneal tuberculosis
(peritoneal fluid), three studies and disseminated tuberculosis
(blood), one study. Several studies included more than one
specimen.

Truenat MTB plus: of the three studies, the number of studies
evaluating different specimens was as follows: tuberculous
meningitis (CSF), two studies; lymph node tuberculosis (lymph
node aspirate), three studies; bone or joint tuberculosis, one study,
and peritoneal tuberculosis, one study.

Table 4 presents summary sensitivity and specificity estimates
and predictive values by reference standard for all forms of
extrapulmonary tuberculosis and specimen types included in the
review.

For the class-level analysis of each specimen type across different
technologies, we could only include studies from Xpert Ultra based
on the criteria in Table 2. Therefore, the summary estimates in
Table 4 were obtained only from studies of Xpert Ultra. We present
the findings in detail below for each specimen type together with
statements about the certainty of the evidence. For Truenat MTB
Plus, we present data separately in Supplementary material 11.

A: LC-aNAAT testing in cerebrospinal fluid for tuberculous
meningitis

Microbiological reference standard

Eighteen studies (16 Xpert Ultra; 2 Truenat MTB plus) evaluated
Xpert Ultra in cerebrospinal fluid (CSF) specimens against culture.
LC-aNAAT sensitivity ranged from 50% to 100% and specificity
ranged from 50% to 100% (Figure 5). Chin 2019 reported the
lowest specificity (50%). In this study, the investigators inoculated
uncentrifuged CSF, which could have led to lower culture positivity,
thus resulting in a higher number of false positives. Perez-Risco
2018 (specificity 100%) contributed only one participant to this
analysis. Only 16 Xpert Ultra studies contributed to the meta-
analysis and summary sensitivity and specificity (95% CI) were
88.2% (83.7 to 91.6) and 96.0% (86.8 to 98.9) (1684 participants;
Table 4, Summary of findings 1).
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Figure 5. Forest plots of Xpert Ultra sensitivity and specificity in cerebrospinal fluid by reference standard and
in people living with HIV. The squares represent the sensitivity and specificity of one study, the black line its

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

Cerebrospinal fluid, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)
Bahr 2017 9 12 1 107 0.90 [0.55, 1.00]
Chin 2019 4 3 1 3 0.80 [0.28, 0.99]
Cresswell 2020 24 15 3 162 0.89 [0.71, 0.98]
Donovan 2020 20 4 2 62 0.91[0.71, 0.99]
Huang 2021 6 19 1 58 0.86 [0.42, 1.00]
Mekkaoui 2021 0 2 0 49 Not estimable
Ninan 2022 3 0 1 37 0.75[0.19, 0.99]
Osei 2019 0 0 0 6 Not estimable
Pefiata-Bedoya 2021 12 8 3 181 0.80 [0.52, 0.96]
Perez-Risco 2018 3 0 0 1 1.00 [0.29, 1.00]
Quinn 2021 13 4 2 29 0.87 [0.60, 0.98]
Shao 2020 2 26 2 54 0.50 [0.07, 0.93]
Sharma 2020 54 0 2 188 0.96 [0.88, 1.00]
Sharma 2021 35 38 3 40 0.92 [0.79, 0.98]
Slail 2023 6 1 2 29 0.75[0.35, 0.97]
Spener-Gomes 2021 1 0 0 49 1.00 [0.03, 1.00]
Wang 2019 19 0 3 17 0.86 [0.65, 0.97]
Yadav 2023 43 0 7 250 0.86 [0.73, 0.94]

Cerebrospinal fluid, Xpert Ultra, composite reference standard

Study TP FP FN TN Sensitivity (95% CI)
Bahr 2017 16 5 7 101 0.70[0.47, 0.87]
Cresswell 2020 39 0 12 153 0.76 [0.63, 0.87]
Donovan 2020 25 0 18 60 0.58 [0.42, 0.73]
Huang 2021 25 0o 14 45 0.64[0.47, 0.79]
Ninan 2022 3 0 14 24 0.18 [0.04, 0.43]
Shao 2020 28 0 32 24 0.47 [0.34, 0.60]
Sharma 2020 147 0 57 40 0.72 [0.65, 0.78]
Sharma 2021 49 0 24 75 0.67 [0.55, 0.78]
Wang 2019 19 0 24 17 0.44[0.29, 0.60]
Yadav 2023 134 0 66 100 0.67 [0.60, 0.73]

Cerebrospinal fluid, Xpert Ultra, culture, people living with HIV

Study TP FP FN TN Sensitivity (95% CI)
Bahr 2017 9 12 1 107 0.90 [0.55, 1.00]
Cresswell 2020 24 15 3 162 0.89[0.71, 0.98]
Quinn 2021 13 4 2 29 0.87 [0.60, 0.98]
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Composite reference standard

LC-aNAAT summary sensitivity and specificity (95% Cl) were 60.3%
(50.9 to 69.0) and 99.2% (98.1 to 99.7) from 10 Xpert Ultra studies
(1397 participants; Table 4, Figure 5).

Investigations of heterogeneity
Xpert Ultra in people living with HIV

We identified three studies (Bahr 2017; Cresswell 2020; Quinn 2021)
that provided information for Xpert Ultra accuracy in people living
with HIV, against a microbiological reference standard. There were
no Truenat studies which provided this information. LC-aNAAT
summary sensitivity and specificity (95% Cl) were 88.5% (76.6 to
94.7) and 90.6% (86.9 to 93.3) (3 studies; 381 participants; Figure 5).

—_— -
0.92 [0.86, 0.95] — -
0.88 [0.72, 0.97] -~ e
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Specimen concentration
Xpert Ultra

We found that concentrating CSF improved both Xpert Ultra
sensitivity and specificity. Xpert Ultra summary sensitivity in
concentrated specimens was 92.8% (87.5 to 96.0) (5 studies;
781 participants) versus 81.0% (68.0 to 89.5) (6 studies; 470
participants) in unconcentrated specimens. Xpert Ultra summary
specificity in concentrated specimens was 93.6% (70.8 to 98.9)
versus 85.8% (68.9 to 94.3) in unconcentrated specimens (Table 5).

Cerebrospinal fluid collection volumes
Xpert Ultra

Eleven studies reported the volume of CSF collected for Xpert Ultra
testing, which ranged from 0.8 mL to > 6 mL. Table 6 provides
accuracy estimates, CSF volumes and concentration steps. We did
not observe any important trends for this analysis.
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B: LC-aNAAT testing in pleural fluid for pleural tuberculosis
Microbiological reference standard

Thirteen studies evaluated Xpert Ultra in pleural fluid with respect
to culture. Xpert Ultra sensitivity ranged from 0% to 100%, and
specificity ranged from 57% to 100% (Figure 6).

Figure 6. Forest plot of Xpert Ultra sensitivity and specificity in pleural fluid and tissue by reference standard.
The squares represent the sensitivity and specificity of one study, the black line its confidence interval. FN: false-
negative; FP: false-positive; TN: true-negative; TP: true-positive

Pleural fluid, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Christopher 2021 4 9 2 65 0.67 [0.22, 0.96] 0.88[0.78, 0.94] - = —-
Gao 2021 3 10 3 45 0.50[0.12, 0.88] 0.82[0.69, 0.91] - — -
Hoel 2020 0 0 1 12 0.00 [0.00, 0.97] 1.00[0.74, 1.00] ¢ -
Makambwa 2019 13 6 22 8 0.37[0.21, 0.55] 0.57[0.29, 0.82] P R
Mekkaoui 2021 6 1 3 67 0.67 [0.30, 0.93] 0.99 [0.92, 1.00] - ——
Minnies 2023 12 9 0 59 1.00 [0.74, 1.00] 0.87[0.76, 0.94] N — .
Pefiata-Bedoya 2021 3 6 0 84 1.00 [0.29, 1.00] 0.93 [0.86, 0.98] . -
Perez-Risco 2018 10 0 1 3 0.48 [0.26, 0.70] 1.00 [0.29, 1.00] [ — .
Slail 2023 26 21 5 127 0.84[0.66, 0.95] 0.86 [0.79, 0.91] — . .
Spener-Gomes 2021 3 2 0 6 1.00[0.29, 1.00] 0.75[0.35, 0.97] . [ —
Wang 2019 48 18 11 33 0.81 [0.69, 0.90] 0.65 [0.50, 0.78] — —

Wang 2020 46 1 9 83 0.84[0.71, 0.92] 0.99 [0.94, 1.00] — - -
Wu 2019 17 30 6 72 0.74[0.52, 0.90] 0.71[0.61, 0.79]

Pleural fluid, Xpert Ultra, composite reference standard
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Christopher 2021 7 0 24 49 0.23[0.10, 0.41] 1.00 [0.93, 1.00] — - -
Gao 2021 13 0 14 34 0.48 [0.29, 0.68] 1.00 [0.90, 1.00] [ —
Hoel 2020 0 0 1 12 0.00 [0.00, 0.97] 1.00 [0.74, 1.00] & —
Makambwa 2019 19 0 30 116 0.39 [0.25, 0.54] 1.00 [0.97, 1.00] — - 1
Meldau 2019 18 1 30 83 0.38 [0.24, 0.53] 0.99 [0.94, 1.00] S i~
Minnies 2023 19 3 15 48 0.56 [0.38, 0.73] 0.94 [0.84, 0.99] T — =
Wang 2019 66 1 42 22 0.61 [0.51, 0.70] 0.96 [0.78, 1.00] - =

Pleural tissue, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)
Christopher 2021 2 4 3 25 0.80 [0.52, 0.96]
Gao 2021 9 13 0 39 1.00 [0.66, 1.00]

Pleural tissue, Xpert Ultra, composite reference standard

Study TP FP FN TN  Sensitivity (95% CI)
Christopher 2021 14 1 12 17 0.54[0.33, 0.73]
Gao 2021 22 1 5 33 0.81[0.62, 0.94]

LC-aNAATs summary sensitivity and specificity (95% Cl) were 74.0%
(60.8 to 83.9) and 88.1% (78.8 to 93.6) from 13 Xpert Ultra studies
(1041 participants; Table 4; Summary of findings 2).

Composite reference standard

Seven studies evaluated Xpert Ultra in pleural fluid with respect to
a composite reference standard (Figure 6). Sensitivity ranged from
23% to 61%, and specificity ranged from 94% to 100%.

LC-aNAATs summary sensitivity and specificity (95% Cl) were 43.6%
(32.81t055.0) and 99.2% (95.2 to 99.9) from seven Xpert Ultra studies
(667 participants; Table 4).
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C: LC-aNAAT testing in pleural tissue for pleural tuberculosis
Microbiological reference standard

We identified two studies evaluating Xpert Ultra in pleural tissue
against culture (Christopher2021; Gao 2021). Meta-analysis was not
performed due to paucity of data. The sensitivities of LC-aNAATs
ranged from 80% to 100% and specificities from 75% to 86% from
two Xpert Ultra studies (105 participants; Table 4; Figure 6).

Composite reference standard

We did not perform meta-analysis against a composite reference
standard. The sensititivies of LC-aNAATs ranged from 54% to 81%
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and specificities ranged from 94% to 97% from two Xpert Ultra
studies (105 participants; Table 4; Figure 6).

D: LC-aNAAT testing in lymph node aspirate for lymph node
tuberculosis

Microbiological reference standard

Nine studies evaluated Xpert Ultra in lymph node aspirate with
respect to culture. Xpert Ultra sensitivity ranged from 50% to 100%
and specificity ranged from 33% to 100% (Figure 7).

Figure 7. Forest plots of Xpert Ultra sensitivity and specificity in lymph node aspirate by reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence interval. FN: false-
negative; FP: false-positive; TN: true-negative; TP: true-positive

Lymph node aspirate, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)
Antel 2020 7 14 2 50 0.78 [0.40, 0.97]
Christopher 2021 15 12 7 89 0.68 [0.45, 0.86]
Hoel 2020 3 0 0 2 1.00 [0.29, 1.00]
Hoel 2020a 0 0 11 1.00 [0.40, 1.00]
Minnies 2021 18 16 3 47 0.86 [0.64, 0.97]
Sharma 2023 16 34 2 48 0.89 [0.65, 0.99]
Slail 2023 1 2 1 1 0.50 [0.01, 0.99]
Spener-Gomes 2021 7 4 0 7 1.00 [0.59, 1.00]
Yu 2022 3 8 0 11 1.00 [0.29, 1.00]

Lymph node aspirate, Xpert Ultra, composite reference standard
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Antel 2020 21 0 9 43 0.70 [0.51, 0.85]
Christopher 2021 25 1 17 80 0.60 [0.43, 0.74]
Hoel 2020 3 0 1 1 0.75[0.19, 0.99]
Minnies 2021 58 16 18 39 0.76 [0.65, 0.85]
Sharma 2023 50 0 20 30 0.71[0.59, 0.82]
Yu 2022 17 1 4 7 0.81[0.58, 0.95]
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The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
85.3% (73.4 t0 92.4) and 74.1% (63.5 to 82.5) from nine Xpert Ultra
studies (445 participants; Table 4).

Composite reference standard

Six studies evaluated Xpert Ultra in lymph node aspirates with
respect to a composite reference standard. The sensitivity ranged
from 60% to 81% and the specificity ranged from 71% to 100%
(Figure 7).

The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
71.3% (64.3 to 77.4) and 97.4% (82.3 to 99.7) from six Xpert Ultra

0 02 04 06 08 10 02 04 06 08 1

studies (461 participants; Table 4; Summary of findings 3). Of note,
with a composite reference standard, specificity was higher (100%)
than that observed when using culture as the reference standard
(74%).

E: LC-aNAAT testing in lymph node biopsies for lymph node
tuberculosis
Microbiological reference standard

Nine studies evaluated Xpert Ultra for lymph node biopsies against
culture as a reference standard. The sensitivity ranged from 88% to
100% and the specificity ranged from 38% to 100% (Figure 8).
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Figure 8. Forest plots of Xpert Ultra sensitivity and specificity in lymph node biopsy by reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence interval. FN: false-
negative; FP: false-positive; TN: true-negative; TP: true-positive

Lymph node biopsy, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)
Antel 2020 9 9 1 62 0.90 [0.55, 1.00]
Hoel 2020 0 0 0 2 Not estimable
Hoel 2020a 1 0 3 1.00 [0.03, 1.00]
Mekkaoui 2021 23 24 1 148 0.96 [0.79, 1.00]
Ninan 2022 14 9 2 63 0.88 [0.62, 0.98]
Pefiata-Bedoya 2021 5 0 5 1.00 [0.48, 1.00]
Slail 2023 20 6 1 65 0.95 [0.76, 1.00]
Wu 2019 13 23 0 14 1.00 [0.75, 1.00]
Yu 2022 7 19 0 29 1.00 [0.59, 1.00]

0 02 04 06 08 10 02 04 06 08 1
Lymph node biopsy, Xpert Ultra, composite reference standard
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The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
96.5% (84.7 to 99.3) and 79.4% (65.4 to 88.8) from eight Xpert Ultra
studies (578 participants; Table 4).

Composite reference standard

Four studies evaluated lymph node biopsies for Xpert Ultra. The
sensitivity ranged from 47% to 73% and the specificity ranged from
96% to 100%.

The summary sensitivity and specificity (95% CI) of LC-aNAATs were
61.5% (47.1to 74.2) and 96.7% (91.5 to 98.7) from three Xpert Ultra
studies (229 participants; Figure 8).

F: LC-aNAAT testing in urine for genitourinary tuberculosis

Microbiological reference standard

Six studies evaluated Xpert Ultra in urine against culture as the
reference standard. The sensitivity was 100% (3 studies) and
specificity ranged from 28% to 100% (6 studies, 232 participants;
Figure 9).

Figure 9. Forest plots of Xpert Ultra sensitivity and specificity in urine by reference standard. The squares represent
the sensitivity and specificity of one study, the black line its confidence interval. FN: false-negative; FP: false-

positive; TN: true-negative; TP: true-positive

Urine, Xpert Ultra, culture

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Huerga 2023 0 0 0 3 Not estimable 1.00 [0.29, 1.00] T —
Mekkaoui 2021 0 0 0 4 Not estimable 1.00 [0.40, 1.00] J—
Osei 2019 0 52 0 20 Not estimable 0.28[0.18, 0.40] — -
Pefiata-Bedoya 2021 1 5 0 97 1.00 [0.03, 1.00] 0.95[0.89, 0.98] 2 -
Perez-Risco 2018 12 0 0 12 1.00 [0.74, 1.00] 1.00 [0.74, 1.00] JR— JR—
Spener-Gomes 2021 1 0 0 25 1.00 [0.03, 1.00] 1.00 [0.86, 1.00] | - - - - 1 ) ) ) —
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Urine, Xpert Ultra, composite reference standard
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Cresswell 2020a 19 10 37 198 0.34[0.22, 0.48] 0.95[0.91, 0.98] N — -
Huerga 2023 13 0 44 295 0.23[0.13, 0.36] 1.00 [0.99, 1.00] S 1
Minnies 2021 6 40 30 0.13[0.05, 0.26] 0.97[0.83, 1.00] - ) ) ) | | ) ) ) —=
0 02 04 06 08 10 02 04 06 08 1

Due to the low number of specimens, it was not possible to meta-
analyze the data.

Composite reference standard

Three studies evaluated Xpert Ultra in urine against a composite
reference standard. The sensitivity ranged from 13% to 34% and the
specificity ranged from 95% to 100% (Figure 9).
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The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
23.0% (14.7 to 34.1) and 98.9% (89.7 t0 99.9) from three Xpert Ultra
studies (693 participants; Table 4).

G: LC-aNAAT testing in bone or joint aspirate for bone or joint
tuberculosis

Microbiological reference standard

Five studies evaluated Xpert Ultra in bone or joint aspirate against
culture as the reference standard. The sensitivity ranged from 88%
to 100% and specificity ranged from 80% to 100% (Figure 10).

Figure 10. Forest plots of Xpert Ultra sensitivity and specificity in bone or joint fluid and tissue by reference
standard. The squares represent the sensitivity and specificity of one study, the black line its confidence interval.
FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive

Bone or joint aspirate, Xpert Ultra, culture

Specificity (95% CI)
0.88[0.68, 0.97]

Sensitivity (95% CI)

Specificity (95% CI)

Study TP FP FN TN  Sensitivity (95% CI)
Mekkaoui 2021 3 3 0 21 1.00 [0.29, 1.00]
Slail 2023 3 2 0 8 1.00 [0.29, 1.00]
Sun 2019 50 1 233 0.96 [0.87, 1.00]
Perez-Risco 2018 7 0 1 0 0.88[0.47, 1.00]
Pefiata-Bedoya 2021 0 0 0 6 Not estimable

Bone or joint aspirate, Xpert Ultra, composite reference standard
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107 1 4 33

Study
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Sensitivity (95% CI)
0.96 [0.91, 0.99]

The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
96.6% (87.2 t0 99.1) and 91.1% (80.8 to 96.2) from three Xpert Ultra
studies (126 participants; Table 4; Figure 10).

Composite reference standard

In bone or joint aspirate, Xpert Ultra sensitivity and specificity
against a composite reference standard were 96% (91 to 99) and
97% (85 to 100), (1 study; 145 participants; Figure 10). We did not
perform meta-analysis due to lack of sufficient data.
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H: LC-aNAAT testing in peritoneal fluid for peritoneal
tuberculosis

Microbiological reference standard

Three studies evaluated Xpert Ultra in peritoneal fluid against
culture as the reference standard. The sensitivity ranged from 33%
to 67% and the specificity ranged from 94% to 100% (3 studies, 69
participants; Figure 11). The data were insufficient to do a meta-
analysis.

Figure 11. Forest plot of Xpert Ultra sensitivity and specificity for peritoneal, pericardial and disseminated TB by
reference standard. The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive

Peritoneal fluid, Xpert Ultra, culture

Study TP FP FN TN  Sensitivity (95% CI)
Pefata-Bedoya 2021 2 0 1 43 0.67 [0.09, 0.99]
Slail 2023 1 1 1 17 0.50 [0.01, 0.99]
Perez-Risco 2018 1 0 2 0 0.33[0.01, 0.91]

Pericardial fluid, Xpert Ultra, culture

Study TP FP FN TN Sensitivity (95% CI)
Mekkaoui 2021 0 0 0 19 Not estimable
Slail 2023 2 1 1 14 0.67 [0.09, 0.99]
Pefata-Bedoya 2021 0 0 0 15 Not estimable
Minnies 2023 49 14 8 69 0.86 [0.74, 0.94]
Alomatu 2023 12 2 3 27 0.80 [0.52, 0.96]

Blood, Xpert Ultra, culture
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Composite reference standard

We did not identify any studies that evaluated Xpert Ultra in
peritoneal fluid against a composite reference standard.

I: LC-aNAAT testing in pericardial fluid for pericardial
tuberculosis

Microbiological reference standard

Five studies evaluated Xpert Ultra in pericardial fluid against culture
as the reference standard. The sensitivity ranged from 67% to 86%
and the specificity ranged from 83% to 100% (Table 4; Figure 11).

The summary sensitivity and specificity (95% Cl) of LC-aNAATs were
84.0% (73.9 t0 90.7) and 86.6% (79.5 to 91.5) from three Xpert Ultra
studies (202 participants; Table 4; Figure 11).

Composite reference standard

We did not identify any studies that evaluated Xpert Ultra in
pericardial fluid against a composite reference standard.

J: LC-aNAAT testing in blood for disseminated tuberculosis
Microbiological reference standard

One study evaluated Xpert Ultra in blood against culture as the
reference standard. The sensitivity was 38% (33.0 to 43.0) and

specificity was 98% (94.0 to 100) (1 study; 578 participants; Figure
11).

Composite reference standard

We did not identify any studies that evaluated Xpert Ultra in blood
against a composite reference standard.

11. Detection of rifampicin resistance
LC-aNAAT testing for rifampicin resistance
Xpert Ultra

Thirteen studies evaluated Xpert Ultra for the detection of
rifampicin resistance. Xpert Ultra sensitivity estimates were 100%;
specificity varied from 98% to 100% (Figure 12). One study reported
zero participants with rifampicin resistance and thus sensitivity
was not estimable (Chin 2019). LC-aNAAT summary sensitivity and
specificity values (95% Cl) were 100.0% (93.4 to 100.0) and 99.4%
(92.1 to 100.0) (13 Xpert Ultra studies: 446 participants; Table 4;
Summary of findings 4).

Figure 12. Forest plots of Xpert Ultra sensitivity and specificity for rifampicin resistance. The squares represent the
sensitivity and specificity of one study, the black line its confidence interval. FN: false-negative; FP: false-positive;
TN: true-negative; TP: true-positive

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Chin 2019 0 0 0 3 Not estimable 1.00 [0.29, 1.00] S
Hoel 2020a 2 0 0 4 1.00 [0.16, 1.00] 1.00 [0.40, 1.00] . S—
Huerga 2023 1 0 o0 6 1.00 [0.03, 1.00] 1.00 [0.54, 1.00] . -
Mekkaoui 2021 0 0 0 36 Not estimable 1.00 [0.90, 1.00] —
Minnies 2021 1 0 o0 8 1.00 [0.03, 1.00] 1.00 [0.63, 1.00] . -
Pefiata-Bedoya 2021 1 0 0 26 1.00 [0.03, 1.00] 1.00 [0.87, 1.00] . —]
Sharma 2020 8 0 0 37 1.00 [0.63, 1.00] 1.00 [0.91, 1.00] — —]
Sharma 2021 1 0 0 24 1.00 [0.72, 1.00] 1.00 [0.86, 1.00] — —
Sharma 2023 2 0 0 14 1.00 [0.16, 1.00] 1.00 [0.77, 1.00] . —
Slail 2023 3 3 0 160 1.00 [0.29, 1.00] 0.98 [0.95, 1.00] S .
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DISCUSSION « LC-aNAAT sensitivity for extrapulmonary tuberculosis varied

across different types of specimens (from 74.0% in pleural
fluid to 96.6% in bone or joint fluid) against a microbiological
reference standard (Table 4).

« The sensitivity for each form of extrapulmonary tuberculosis
decreased when assessed against a microbiological reference
standard, while specificity increased when assessed against a
composite reference standard (Table 4).

Summary of main results

This systematic review update summarizes the current literature
and includes 37 unique studies on the accuracy of LC-aNAATs
which includes Xpert Ultra and Truenat MTB plus for detection
of extrapulmonary tuberculosis and rifampicin resistance. We
identified 36 studies evaluating Xpert Ultra, and 3 studies

evaluating Truenat MTB plus. We included two reference standards:
a microbiological and a composite reference standard, and have
stratified all analyses by type of reference standard. Major findings
from our review include the following:

« In cerebrospinal fluid, LC-aNAAT sensitivity and specificity
were 88.2% (83.7 to 91.6) and 96.0% (86.8 to 98.9) against a
microbiological reference standard (Summary of findings 1).

« In pleural fluid, LC-aNAAT sensitivity and specificity were 74.0%
(60.8 to 83.9) and 88.1% (78.8 to 93.6) against a microbiological
reference standard (Summary of findings 2).
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« In lymph node aspirate, LC-aNAAT sensitivity and specificity
were 71.3% (64.3 to 77.4) and 97.4% (82.2 to 99.7) against a
composite reference standard (Summary of findings 3).

« For the detection of rifampicin resistance, Xpert Ultra sensitivity
and specificity were 100.0% (93.4 to 100.0) and 99.4% (92.1 to
100.0) against culture-based drug susceptibility testing using
solid or liquid media (Summary of findings 4).

It is important to note that these summary estimates for LC-aNAAT
include studies for Xpert Ultra only. For Truenat MTB plus, the data
were insufficient to be included in the class-level analyses (Table 2)
and have been provided separately in Supplementary material 11.

LC-aNAAT testing in cerebrospinal fluid

See Summary of findings 1

Results of these studies indicate that, in theory, for a population
of 1000 people where 100 have tuberculosis meningitis in culture,
124 would be LC-aNAAT-positive - of these, 36 (29%) would not have
tuberculosis (false-positives); and 876 would be LC-aNAAT-negative
- of these, 12 (1%) would have tuberculosis (false-negatives).

Rapid diagnosis of tuberculous meningitis is critical so that
lifesaving treatment can be started promptly. Around 50% of
those affected die or experience disabling consequences [132].
Xpert Ultra was designed to improve tuberculosis detection, in
particular, in people with paucibacillary disease. The limit of
detection for MTB is lower with Xpert Ultra (16 bacterial colony-
forming units (CFU) per mL) than with Xpert MTB/RIF (131 CFU
per mL) [24]. In subgroup analyses, we found slightly higher Xpert
Ultra accuracy in studies that concentrated the cerebrospinal fluid
(CSF): pooled sensitivity of 92.8% in concentrated specimens versus
81.0% in unconcentrated specimens, and pooled specificity of
93.6% in concentrated specimens versus 85.8% in unconcentrated
specimens. The Tuberculous Meningitis International Research
Consortium has recommended increasing the volume of CSF
collected for diagnosis followed by centrifugation as a way
of improving Xpert MTB/RIF (now superseded by Xpert Ultra)
sensitivity [133]; however, we did not have sufficient data to
investigate CSF collection volume.

LC-aNAAT testing in pleural fluid

See Summary of findings 2

Results of these studies indicate that, in theory, for a population
of 1000 people where 100 have pleural tuberculosis on culture, 181
would be LC-aNAAT-positive - of these, 107 (59%) would not have
tuberculosis (false-positives), and 819 would be LC-aNAAT-negative
- of these, 26 (3%) would have tuberculosis (false-negatives).

LC-aNAAT pooled sensitivity in pleural fluid was lower than that
of CSF. One reason for the lower sensitivity of LC-aNAAT in pleural
fluid could be the paucibacillary nature of pleural tuberculosis.
Other possible reasons are contamination of blood or the presence
of certain polymerase chain reaction (PCR) inhibitors in the
pleural fluid [134, 135]. However, Theron and colleagues found
that extrapulmonary specimens showed less evidence of PCR
inhibition than pulmonary specimens, with bacterial load being
more important for a positive Xpert MTB/RIF result. Given that
false-negative results were common (low sensitivity), a negative LC-
aNAAT result may not be relied on to exclude tuberculosis.

LC-aNAAT testing in lymph node aspirates

See Summary of findings 3

Results of these studies indicate that, in theory, for a population
of 1000 people where 100 have lymph node tuberculosis verified
by a composite reference standard, 94 would be LC-aNAAT positive
- of these, 23 (24%) would not have tuberculosis (false-positives),
and 906 would be LC-aNAAT-negative - of these, 29 (3%) would have
tuberculosis (false-negatives).

Regarding Xpert testing for lymph node aspirates, it is important
to point out that although tissue biopsy provides material for
histological examination which may be of substantial diagnostic
value, a fluid specimen may be collected more easily. In addition,
fine-needle aspiration of lymph nodes is well-suited for use in
resource-limited settings because the procedure is simple, easy to
learn, minimally invasive, and inexpensive [136]. Thus, clinicians
may want to consider fine-needle aspiration of lymph nodes before
surgical biopsy.

We considered several reasons why the specificity of LC-aNAATs in
lymph node aspirates against culture would be lower than in other
extrapulmonary specimens. Although not always reported, studies
may have included participants receiving tuberculosis treatment.
We considered the type of culture used in the included studies
because liquid culture is more sensitive than solid culture [43].
Although most studies used liquid culture or a combination of
solid and liquid culture, culture results may also be negative owing
to inefficient specimen collection or errors in sampling, differing
bacterial loads, and contamination [136]. Negative culture results
in lymph node tuberculosis have previously been reported [45].

Another reason for negative culture results is that there may have
been a decrease in live tuberculosis bacteria during processing
with N-acetyl-L-cysteine-sodium hydroxide, which is routinely
used to homogenize, decontaminate, and liquefy non-sterile
specimens, such as sputum, for mycobacterial culture [43].
Harsh decontamination practices have been noted to contribute
to false-negative culture results, especially in paucibacillary
specimens [137]. Standards specify that "specimens collected from
normally sterile sites may be placed directly into the culture
medium” [43]. CSF, pleural fluid, and lymph node aspirates are
usually considered to be sterile specimens. It is our understanding
that some laboratories do decontaminate sterile site specimens as
a precaution against non-sterile collection procedures. We did not
have sufficient data to further investigate laboratory practices.

In summary, several factors probably contributed to low LC-aNAAT
specificity against culture in lymph node aspirates. The 'true'
specificity of LC-aNAATs in lymph node aspirates is likely to be
higher for the aforementioned reasons. The index test specificity
was higher against a composite reference standard, similar to that
found in CSF, pleural fluid, and other specimens (Table 4).

LC-aNAAT testing for rifampicin resistance

See Summary of findings 4

Results of these studies indicate that, in theory, for a population
of 1000 people where 100 have rifampicin resistance, 105 would be
LC-aNAAT-positive (resistant) - of these, five (5%) would not have
rifampicin resistance (false-positives); and 895 would be LC-aNAAT-
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negative (susceptible) - of these, none (0%) would have rifampicin
resistance.

For the detection of rifampicin resistance in extrapulmonary
specimens, we found the sensitivity and specificity of LC-aNAATs
(100%) to be comparable to estimates in pulmonary specimens
[64]. These findings suggest that the use of Xpert Ultra in
extrapulmonary specimens could assist in rapid diagnosis of
rifampicin-resistant tuberculosis and early initiation of treatment
for multidrug-resistant tuberculosis (MDR-TB).

Notably, concerns have been raised about rapid drug susceptibility
testing (DST) methods; in particular, the automated mycobacteria
growth indicator tube (MGIT) 960 for tuberculosis drug resistance
using the recommended critical concentrations [138].

People-important outcomes, such as mortality, are especially
relevant to patients, decision-makers, and the wider tuberculosis
community. While performing this systematic review, we did not
identify direct evidence of studies linking true-positives, false-
positives, true-negatives, and false-negatives to people-important
outcomes when either Xpert Ultra or Truenat MTB plus was used to
diagnose extrapulmonary tuberculosis.

This review represents the most comprehensive review of the
diagnostic accuracy of LC-aNAATs for extrapulmonary tuberculosis
in adults. These reviews provide evidence that may help countries
to make decisions about scaling up the tests for programmatic
management of tuberculosis and drug-resistant tuberculosis.
Although the information in this review will help to inform
such decisions, other factors such as resource requirements and
feasibility (including stable electrical power supply, temperature
control, and maintenance of the cartridge modules) will also be
important considerations.

Strengths and weaknesses of the review
Completeness of evidence

This is a reasonably complete data set. We included any non-
English studies that we found from which we could obtain accuracy
data. However, we acknowledge that we may have missed some
studies despite the comprehensive search and our outreach to
investigators. We included eight common forms of extrapulmonary
tuberculosis in the review. However, for some of these forms,
such as disseminated tuberculosis, data were insufficient to
allow us to determine summary accuracy estimates. We did not
include less common forms, such as cutaneous tuberculosis, ocular
tuberculosis, female genital tuberculosis, and tuberculosis of the
breast. Our inclusion criteria, limiting eligibility to adults and
adolescents, meant that some of the studies included in our
previous reviews were excluded from the current update. We
followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses of Diagnostic Test Accuracy (PRISMA-DTA) [74]. To
keep this updated review aligned with the WHO policy guidance,
we did not re-run another literature search for these technologies,
which is a limitation of this updated review. However, we also had
a WHO public call for data to include unpublished studies and,
therefore, we are confident about the comprehensiveness of this
review.

Accuracy of the reference standards used

In a systematic review of diagnostic test accuracy studies, the
reference standard is the best available test to determine the
presence or absence of the target condition. For the detection
of tuberculosis, we used two reference standards: culture and a
composite reference standard, both of which are known to be
imperfect. While the composite reference standard is designed to
have improved accuracy compared to culture alone, it may still
lead to biased accuracy estimates of the index test, depending on
various factors such as the accuracy of the different components;
decision rules for combining them; prevalence of the target
condition; and conditional dependence between the components
and the index test [139]. Conditional dependence between two
imperfect tests arises when both tests make the same false-positive
or false-negative errors more often than expected by chance [70].
Hence, conditional dependence may arise between the index
test and both reference standards we have used, as they are
imperfect. As a consequence, we may over- or underestimate the
diagnostic accuracy of the index tests. An additional challenge with
including a composite reference standard is that the definition of
the composite reference standard may vary across studies, making
it difficult to interpret the accuracy estimates.

Several factors may have contributed to false-negative culture
results for the accuracy of the reference standard for lymph node
aspirate in particular, including inefficient specimen collection and
overly harsh decontamination.

Establishing a diagnosis of extrapulmonary tuberculosis would
ideally include pursuing the diagnosis of pulmonary tuberculosis
as well, because participants with tuberculosis may have both
pulmonary and extrapulmonary tuberculosis and the lung may
be the only site where the presence of tuberculosis can be
established. Because of the difficulties involved in diagnosing HIV-
associated tuberculosis, it is recommended that multiple cultures
from sputum and other types of specimens be evaluated in
people with HIV [53, 140]. Given the limitations in the reference
standard, we recommend that future studies consider using liquid
culture because this is more sensitive than solid culture, and that
researchers obtain multiple specimens for culture to confirm the
diagnosis of extrapulmonary tuberculosis [141].

Most studies included in this review used culture-based DST (either
Lowenstein-Jensen (LJ) or mycobacteria growth indicator tube
(MGIT) 960) as the reference standard for the detection of rifampicin
resistance. Concerns have been raised about rapid DST methods,
in particular, automated MGIT 960, for tuberculosis drug resistance
using the recommended critical concentrations [138].

Quality and quality of reporting of the included studies

The risk of bias was low for the participant selection, index
test, and flow and timing domains and was high or unclear for
the reference standard domain (most of these studies performed
specimen decontamination before culture inoculation). For the
applicability domain, most studies had an unclear concern as the
testing was done either in reference laboratories or the setting
was not clear. Because of this, it was difficult to tell if a given
reference laboratory provided services mainly to very sick patients
(inpatients in tertiary care) or to all patients, including very sick
patients and those with less severe disease (primary, secondary,
and tertiary care). A limitation was that several studies included
more than one specimen per participant, which artificially inflated
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the sample size of the study and may have led to overestimation
or underestimation of the accuracy estimates. Additionally, it is
important to note that clinical practice may differ in studies where
participant inclusion could be based on symptom screening, chest
X-ray abnormality, C-reactive protein (CRP) levels or a combination
of multiple factors. In general, the studies were fairly well-reported,
although we corresponded with the primary study authors to ask
for additional data and missing information, where applicable. In
several studies, accuracy data by site of extrapulmonary disease
were not reported, and, in a minority of studies, blinding was not
reported. We strongly encourage the authors of future studies to
follow the recommendations provided in the updated Standards
for Reporting Diagnostic Accuracy (STARD) statement to improve
the quality of reporting [142].

Interpretability of subgroup analyses

We investigated potential sources of heterogeneity in the different
extrapulmonary specimens. Importantly, we found slightly higher
Xpert Ultra accuracy in studies with concentrated cerebrospinal
fluid (CSF) in comparison to unconcentrated specimens. We note
that subgroup findings should be interpreted with caution, as there
were only three studies and few participants with tuberculous
meningitis were included in these analyses.

Comparison with other systematic reviews

We identified one systematic review that estimated the summary
accuracy of Xpert Ultra that found, for all forms of extrapulmonary
tuberculosis combined, pooled sensitivity and specificity of 85.1%
(95% CI 76.7 t0 90.8) and 95.7% (95% C1 87.9 to 98.6) (7 studies; 1500
specimens) [143].

Applicability of findings to the review question

For the patient selection domain, most studies (other than the
ones evaluating TB meningitis) had high or unclear concern
for applicability because either participants were evaluated
exclusively as inpatients in tertiary care or we were not sure
about the clinical settings. We therefore cannot be sure about
the applicability of our findings to primary care. Studies that
take place in referral settings may include participants whose
conditions are more difficult to diagnose than are seen at lower
levels of the health system. However, we recognize that classifying
studies as primary, secondary, or tertiary care may not adequately
account for differences in the disease spectrum [144]. For the index
and reference test domains, most studies had low concern for
applicability.

AUTHORS' CONCLUSIONS

Implications for practice

In people presumed to have extrapulmonary tuberculosis, LC-
aNAAT may be helpfulin confirming the diagnosis. Sensitivity varies
across different extrapulmonary specimens; however, for most
specimens specificity is high, and the test rarely yields a positive
result for people without tuberculosis. For tuberculous meningitis,
LC-aNAAT had a high summary sensitivity and specificity against
culture. LC-aNAATs had high accuracy for rifampicin resistance.

Implications for research

Future studies should perform comparisons of different tests,
including Xpert Ultra, as this approach will reveal which tests (or

strategies) yield superior diagnostic accuracy. For these studies,
the preferred study design is one in which all participants receive
all available diagnostic tests or are randomly assigned to receive
one or another of the tests. Studies should include children and
people with HIV. Future research should acknowledge the concern
associated with culture as a reference standard in paucibacillary
specimens, and should consider ways to address this limitation.

Rapid point-of-care diagnostic tests for extrapulmonary
tuberculosis are critically needed. Research groups should focus
on developing diagnostic tests and strategies that use readily-
available clinical specimens, such as urine, rather than specimens
that require invasive procedures for collection. As this is a class-
levelanalysis, itisimportant that other tests falling into this class by
definition should generate robust data to be evaluated and pooled
for future reviews.
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Registration and protocol

This review was part of the larger WHO policy recommendations
and this is an update to previous reviews. These versions are stated
below:

Protocol: ~ Xpert® MTB/RIF assay for extrapulmonary
tuberculosis and rifampicin resistance (protocol) (2017); DOI:
10.1002/14651858.CD012768.

Original review: Xpert® MTB/RIF assay for extrapulmonary
tuberculosis and rifampicin  resistance (2018); https://
doi.org/10.1002/14651858.CD012768.pub2

Updated review: Xpert MTB/RIF Ultra and Xpert MTB/RIF assays
for extrapulmonary tuberculosis and rifampicin resistance in adults
(2021); https://doi.org/10.1002/14651858.CD012768.pub3

We have also described differences in the previous versions of this
review and current review in Supplementary material 12.

Data, code and other materials

As part of the published Cochrane Review, the following is made
available for download for users of the Cochrane Library:

« Full search strategies for each database;

o Full citations of each unique report for all studies included,
ongoing or waiting classification, or excluded at the full text
screen, in the final review;

« Study data, including study information, study arms, and study
results or test data;

« Consensus risk of bias assessments and analysis data, including
overall estimates and settings, subgroup estimates, and
individual data rows.

Appropriate permissions have been obtained for such use. Analyses
and data management were conducted using Cochrane’s authoring
tool, RevMan, using the inbuilt computation methods. All analyses
were conducted using Stata 18.0 and meta-analysis models were
fitted using the ‘metandi’ user-written function or the ‘meqrlogit’
command. We provide all analyses in Supplementary material 4 and
Supplementary material 5. Template data extraction forms from MS
Word documents are available in Supplementary material 6.

What's new

Date Event Description

4 August 2025 New citation required but conclusions This is an update to the previous review which will be a new cita-

have not changed tion.

4 August 2025 New search has been performed We updated the literature search for Xpert Ultra and included
other technologies in this class of LC-aNAATs. We included new
studies based on this updated search. The authors have also
changed in this review.

History

Protocol first published: Issue 8, 2017
Review first published: Issue 8,2018

Date Event Description
11 January 2021 New search has been performed We have updated the review with more information. There are
no major changes to the conclusions.
11 January 2021 New citation required but conclusions We updated the literature search and included 22 new studies.
have not changed
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ADDITIONAL TABLES

Table 1. Forms of extrapulmonary TB

Form of extrapul-
monary TB

Characteristics

Diagnostic specimens
and means of collec-
tion

Tuberculous meningitis

Tuberculosis of the meninges affects people of all ages but is most common
among children and people with untreated HIV infection. In adults, tuber-
culous meningitis presents with gradual onset of headache, neck stiffness,
malaise, and fever, and if untreated can progress to altered sensorium, focal
neurological deficits, coma, and death. Young children may present with poor
weight gain, low-grade fever, and listlessness. Infants may present with fever,
cough (related to the primary pulmonary infection that occurs before tubercu-
lous meningitis develops), change of consciousness at presentation, bulging
anterior fontanel, and seizures [132]. Tuberculous meningitis is sometimes as-
sociated with a concurrent cerebral tuberculoma, or, more rarely, a tubercu-
lous abscess.

Cerebrospinal fluid, ac-
quired by lumbar punc-
ture with or without ra-
diological guidance;
biopsy of tuberculoma,
acquired surgically

Pleural tuberculosis, al-
so called TB pleurisy

TB infection of the pleura presents with gradual onset of pleuritic chest pain,
shortness of breath, fever, night sweats, and weight loss. Chest X-ray may
demonstrate unilateral or occasionally bilateral pleural effusion. The severity
of symptoms is highly variable, with many patients experiencing spontaneous
resolution of symptoms, while others may develop severe pleural effusions re-
quiring drainage. Pleuro-pulmonary tuberculosis, in which parenchymal lung
involvement is visible on a chest X-ray, is associated with higher mortality than
isolated pleural infection, which appears to be rarely fatal [145].

Pleural fluid; pleural
biopsy, which may be
performed via thora-
coscopy or percuta-
neously with Abram's
needle, with or without
ultrasound guidance

Lymph node tuberculo-
sis, also called TB lym-
phadenitis

Tuberculosis of the lymph nodes may affect one node or a group of nodes, or
multiple groups within a chain. Lymph node tuberculosis is relatively more
common among children than adults. The most common presentation is of a
single, firm, non-tender enlarged node in the neck, although any lymph node
group can be affected. This may be accompanied by fever, weight loss, and
night sweats, particularly in people with HIV. Patients with tuberculosis in
deep lymph nodes, such as the mediastinal or mesenteric lymph nodes, may
present with fever, night sweats, and weight loss, or, more rarely, with symp-
toms related to compression of adjacent structures. Over time, lymph nodes
become fluctuant and may discharge via a sinus to the skin or an adjacent vis-
cus. It should be noted that lymphadenopathy may also be seen in other forms
of tuberculosis as part of the immune response, but this is not usually caused
by direct infection of the lymph nodes.

Fine-needle aspira-
tion of fluid from affect-
ed lymph node, with

or without radiologi-
cal guidance; surgical
biopsy of superficial
lymph nodes; endo-
scopic biopsy of deep
lymph nodes with ultra-
sound guidance

Bone or joint tuberculo-
sis

Tuberculosis of bones or joints, or both, causes chronic pain, deformity, and
disability, and tuberculosis of the cervical spine can be life-threatening. The
usual presenting symptom is pain. Fever and weight loss, with or without signs

Aspiration of joint flu-
id or periarticular ab-
scesses; percutaneous
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Table 1. Forms of extrapulmonary TB (continued)

of spinal cord compression, may be present. Patients with advanced disease
may have severe pain, spinal deformity, paraspinal muscle wasting, and neu-
rological deficits. Children may have failure to thrive and difficulty walking.

computed tomogra-
phy-guided biopsy of le-
sions is preferred, but
some patients may re-
quire open biopsy

Genitourinary tubercu-
losis

Tuberculosis of the genitourinary tract includes renal tuberculosis and tu-
berculosis of the reproductive system. Renal tuberculosis presents with flank
pain, hematuria, and dysuria. Female genital tuberculosis presents with infer-
tility (and may be otherwise asymptomatic), pelvic pain, and vaginal bleeding.
Testicular tuberculosis presents with a scrotal mass and infertility.

Urine; biopsy of affect-
ed organs, acquired un-
der radiological guid-
ance or surgically

Pericardial tuberculo-
sis, also called TB peri-
carditis

Tuberculosis of the pericardium presents with fever, malaise, night sweats,
and weight loss. Chest pain and shortness of breath are also commonly experi-
enced symptoms. Pericardial tuberculosis may be associated with pericardial
effusion, which can be severe and lead to life-threatening tamponade. Some
patients go on to develop pericardial constriction, which can lead to heart fail-
ure and death and may require surgical intervention even after mycobacterial
cure.

Pericardial fluid ac-
quired by pericardio-
centesis; pericardial
biopsy, acquired under
radiological guidance
orsurgically

Peritoneal tuberculosis

Tuberculosis of the peritoneum usually presents with pain and abdominal
swelling, which may be accompanied by fever, weight loss, and anorexia.

Ascitic fluid acquired
by paracentesis; peri-
toneal biopsy [146]

Disseminated tubercu-
losis, also called mil-
iary tuberculosis. It has
been proposed that the
designation ‘miliary TB'
be restricted to dissem-
inated TB with miliary
shadows on chest radi-
ograph [39].

Disseminated tuberculosis involves two or more distinctly separate sites. Man-
ifestations may be varied, ranging from acute fulminant disease to nonspecif-
ic symptoms of fever, weight loss, and weakness. HIV-positive people are more
likely to have disseminated tuberculosis than HIV-negative people. In a sys-
tematic review of the prevalence of tuberculosis in post-mortem evaluations
of HIV-positive people among adults, disseminated tuberculosis was found in
88% of tuberculosis cases and was considered the cause of death in 91% of TB
cases [147].

Blood; specimens ac-
quired from affected ex-
trapulmonary sites

Abbreviations:

HIV: human immunodeficiency virus

TB: tuberculosis

We adapted the table from [14].

Table 2. Criteria for the inclusion of individual test technologies in LC-aNAAT class

Parameters

Sensitivity Specificity

Pre-condition

Total number across included studies = 50 TB+ or

drug-resistant TB+ drug-resistant TB-

(number with TB or drug resistance)

Total number across included studies = 100 TB - or

(number with no TB or drug resistance)

Condition 1 The summary estimate of an assay lies within +5 The summary estimate of an assay lies within +2 per-
percentage points of the overall point estimate. centage points of the overall point estimate.
Condition 2 The summary estimate for an assay lies within The summary estimate for an assay lies within 95%
95% Cl of the overall point estimate Cl of the overall point estimate
AND AND
The summary estimate for an assay lies within 5
percentage points of the overall summary estimate.
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Table 2. Criteria for the inclusion of individual test technologies in LC-aNAAT class (continued)
The summary estimate for an assay lies within
+10 percentage points of the overall point esti-

mate.
Abbreviations:
Cl: confidence interval
TB: tuberculosis
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Table 3. Table of summary study characteristics

Author,year  Country Age Female Clinical setting Target condition Index test Number of
specimens
evaluated

Alomatu 2023  South Africa Median age: 48 years 47.80% Tertiary care center Pericardial TB Xpert Ultra 44

(IQR: 33.75 to 66)

Anie 2024 India Mean: 52.3 (SD 19.6) 44.40% Tertiary care hospital TB meningitis, pleural TB,  Truenat MTB 372

lymph node TB, genitouri-  plus
nary TB, bone or joint TB,
peritoneal TB

Antel 2020 South Africa Median 37 years (IQR30  55% Tertiary referral center,in- Lymph node TB Xpert Ultra 99

to 49) patients and outpatients

Bahr2017 Uganda Median 32 years (IQR 30 45% Tertiary care center (inpa-  TB meningitis Xpert Ultra 129

to 34) tient)

Boloko 2022 South Africa Median 36.3 years [in- 52% Tertiary care center Disseminated TB Xpert Ultra 582

terquartile range (IQR)
40 to 44]

Chin 2019 Uganda Range 20-41 years Not reported Tertiary care center (inpa-  TB meningitis Xpert Ultra 11

tients)
Christopher India Mean 47 years, range: 39% Tertiary care center Lymph node TB, pleural Xpert Ultra 250
2021 15-83 years B
Cresswell Uganda Median age 32 years 42.60% Tertiary care center (inpa-  TB meningitis Xpert Ultra 204
2020 (IQR: 29 to 38) tients)
Cresswell Uganda Median age 32 years 42.60% Tertiary care center (inpa-  Disseminated TB Xpert Ultra 264
2020a (IQR: 29 to 38) tients)
Donovan 2020  Vietnam Median age 42 (IQR: 31 40% Tertiary care center (inpa-  TB meningitis Xpert Ultra 205
to 57) tients)

Gao 2021 China Mean 53.5 years [range 29.50% Tertiary TB referral center  Pleural TB Xpert Ultra 61
16-80] (Beijing chest hospital)

Hoel 2020 Norway Not reported Not reported Regional tertiary care hos-  Pleural TB, lymph node TB  Xpert Ultra 288

pitals
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Table 3. Table of summary study characteristics (continued)

Hoel 2020a Norway Not reported Not reported Regional tertiary care hos-  Lymph node TB Xpert Ultra 86
pitals
Huang 2021 China Not reported 44% Regional tertiary care hos-  TB meningitis Xpert Ultra 84
pitals
Huerga 2023 Uganda, Median age: symp- 52.20% Outpatient clinics at- Genitourinary TB Xpert Ultra 351
Kenya, tomatic HIV-positive tached to HIVand TB re-
Mozambique,  group: 43 (35-53); ferral hospitals and PHCs
and South asymptomatic HIV-posi-
Africa tive group: 37 (30-45)
Makambwa South Africa Mean: 45.6 65% Referral hospital Pleural TB Xpert Ultra 49
2019
Mekkaoui Belgium Mean age + SD: 52.46 + 32.30% Tertiary care hospital Lymph node TB, TB Xpert Ultra 461
2021 28.49 years meningitis, genitourinary
B
Meldau 2019 South Africa Median 39 years (IQR28  11% Tertiary care hospital Pleural TB Xpert Ultra 149
to 57)
Minnies 2021 South Africa Median age: 36 (IQR: 29-  53% Tertiary referral clinic Lymph node TB Xpert Ultra 135
46.5)
Minnies 2023 South Africa Median age: 41 (IQR: 34-  42% Tertiary care hospital Pleural TB, pericardial TB Xpert Ultra 270
53)
Ninan 2022 India Not reported Not reported Tertiary care hospital Lymph node TB, bone or Xpert Ultra 242
joint TB, TB meningitis
Osei 2019 South Africa Not reported Not reported University hospital TB meningitis, genitouri- Xpert Ultra 78
nary TB
Pefia- Colombia Range: 15-92 years 37% University hospital TB meningitis, pleural TB, ~ Xpert Ultra 540
ta-Bedoya Lymph node TB, bone or
2021 joint TB, peritoneal TB,
pericardial TB
Perez-Risco Spain > 18 years Not reported Laboratory-based evalua- ~ TB meningitis, pleural TB, ~ Xpert Ultra 75
2018 tion genitourinary TB, bone or

joint TB
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Table 3. Table of summary study characteristics (continued)

Quinn 2021 Uganda Median age: 33 (IQR: 26-  36.60% Referral hospital TB meningitis Xpert Ultra 48
40)
Shao 2020 China Mean: 37.6 (range: 18- 52% University hospital TB meningitis Xpert Ultra 84
69)
Sharma 2020 India Not reported Not reported Tertiary care hospital TB meningitis Xpert Ultra 244
Sharma 2021 India Not reported Not reported Tertiary care hospital TB meningitis Xpert Ultra 108
and Truenat
MTB plus
Sharma 2023 India Not reported Not reported Tertiary care hospital Lymph node TB Xpert Ultra 100
and Truenat
MTB plus
Slail 2023 Saudi Arabia 32+17.1years 39.50% Referral hospital TB meningitis, lymph Xpert Ultra 845
node TB, genitourinary
TB, bone or joint TB,
pleural TB, pericardial TB,
peritoneal TB
Spen- Brazil 37 (IQR: 30-43) 38% University hospital TB meningitis, lymph Xpert Ultra 157
er-Gomes node TB, peritoneal TB,
2021 pleural TB, genitourinary
B
Sun 2019 China Median 51 years (range 55% National TB referral center  Bone or joint TB Xpert Ultra 166
16 to 86)
Wang 2019 China Range: 15-89 years Pleural TB: National TB referral center ~ TB meningitis, pleural TB. Xpert Ultra 131
20%; TB
meningitis:
445
Wang 2020 China Median 45 years; range: 32.50% Laboratory-based evalua-  Pleural TB Xpert Ultra 139
1510 89 tion
Wu 2019 China > 16 years 32% Tertiary care hospital Lymph node TB, pleural Xpert Ultra 119
B
Yadav 2023 India Mean +SD:37.15+16.27  56% Tertiary care hospital TB meningitis Xpert Ultra 300
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Table 3. Table of summary study characteristics (continued)

Yu 2022

China

Median age: 32 (range:
16-89)

58%

Tertiary care hospital

Lymph node TB

Xpert Ultra 106

Abbreviations:

IQR; interquartile range
PHC: primary health care

TB: tuberculosis

Table 4. Summary accuracy of LC-aNAAT for detection of extrapulmonary tuberculosis and rifampicin resistance

EPTB specimen Reference Number of Number of Summary sensi- Summary speci- Positive predic- Negative predictive
standard studies participants tivity ficity tive value value
(cases)
(95% Cl) (95% ClI) (95% CI)* (95% CI)*

Cerebrospinal fluid MRS 16 1684 (287) 88.2 (83.7t0 91.6) 96.0 (86.8 to 98.9) 70.9 (41.3 to 89.9) 98.7 (98.0 t0 99.1)
Cerebrospinal fluid CRS 10 1397 (753) 60.3 (50.9 t0 69.0) 99.2 (98.1t0 99.7) 89.6 (75.3 t0 96.0) 95.7 (94.7 t0 96.7)
Pleural fluid MRS 13 1041 (264) 74.0 (60.8 to 83.9) 88.1(78.8t093.6) 40.8 (24.1to0 59.4) 96.8 (94.8 t0 98.1)
Pleural fluid CRS 7 667 (298) 43.6 (32.8 10 55.0) 99.2 (95.2 t0 99.9) 85.4 (42.9 to 97.8) 94.1(92.7t0 95.2)
Pleural tissue MRS 2 105 (24) - - - -

Pleural tissue CRS 2 105 (53) - - - -

Lymph node aspirate MRS 9 445 (89) 85.3(73.4t092.4) 74.1 (63.5t0 82.5) 26.8 (18.3 to 37.0) 97.8 (95.6 t0 99.0)
Lymph node aspirate CRS 6 461 (243) 71.3(64.3t0 77.4) 97.4 (82.3t099.7) 75.6 (28.7 t0 96.5) 96.8 (95.4 to 97.5)
Lymph node tissue MRS 8 578 (97) 96.5 (84.7 t0 99.3) 79.4 (65.4 to 88.8) 34.3(21.4t049.5) 99.5(97.5t0 99.9)
Lymph node tissue CRS 3 229 (109) 61.5(47.1t0 74.2) 96.7 (91.5t0 98.7) 67.2 (38.0 to 86.8) 95.8 (94.0 t0 97.2)
Urine MRS 6 232(14) - - - -

Urine CRS 3 693 (159) 23.0 (14.7 to 34.1) 98.9 (89.7 t0 99.9) 70.7 (13.7t0 97.4) 92.0(90.4 t0 93.2)
Bone or joint fluid MRS 3 126 (58) 96.6 (87.2t0 99.1) 91.1(80.8 to 96.2) 54.8 (33.6 to 74.2) 99.6 (98.3 t0 99.9)
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Table 4. Summary accuracy of LC-aNAAT for detection of extrapulmonary tuberculosis and rifampicin resistance (continued)

Bone or joint fluid CRS 1 145 (111) - - - -

Pericardial fluid MRS 3 202 (75) 84.0(73.9t090.7)  86.6(79.5t091.5)  41.1(28.6t054.3)  98.0(96.5 to 98.9)
Peritoneal fluid MRS 3 69 (8) - - - -

Blood MRS 1 578 (423) - - - .

Rifampicin resistance MRS 13 446 (54) 100.0 (93.4 to 99.4(92.1t0100.0)  94.6 (56.7t0 100.0)  100.0 (99.2 to 100.0)

100.0)

Abbreviations:

Cl: confidence interval

Crl: credible interval

CRS: Composite reference standard

CSF: cerebrospinal fluid

EPTB: extrapulmonary tuberculosis

LC-aNAAT: low-complexity automated nucleic acid amplification test
LPA: Line probe assay

MRS: Microbiological Reference Standard

TB: tuberculosis

Studies in this table include estimates from Xpert Ultra only as Truenat MTB plus could not be included in the class-level analyses.
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Studies included in the table are limited to those that report data for both sensitivity and specificity; thus, the number of studies (specimens) may differ slightly from those
reported in the main text of the review. For tuberculosis detection, the reference standard was a microbiological reference standard and a composite reference standard. For
rifampicin resistance detection, the reference standards were culture-based drug susceptibility testing or line probe assay. Pooled sensitivity and pooled specificity are posterior
median estimates.

Analyses where univariate/fixed-effect models were used were: CSF for CRS; lymph node biopsy for CRS; urine for CRS; bone or joint fluid for MRS; pericardial fluid for MRS;
rifampicin resistance.

aueIYd0D 3Y1 0 Jleyaq uo ‘py] ‘suos 7 A3)Im uyor Aq paystignd smainsy d13ewalsAs Jo aseqeieq auedydo) sioyny ayl sz0z @ ysuAdo)

pue s)inpe ui aduejsisas upidweyll pue sisojndiagny Ateuowndesyxs 40y s3sa3 uonesydwe pide d19)2nu pajewone £31xa)dwod-mo

(4]

SM3IADY J13BWSISAS JO seqeleq auelyd0)



Cochrane

€) Jiisits

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Table 5. Impact of concentrating cerebrospinal fluid on LC-aNAAT sensitivity and specificity

Covariate (number of studies, participants)

Pooled sensitivity (95% Crl)

Pooled specificity (95% Crl)

Microbiological reference standard

Concentrated specimen (5, 781)

92.8 (87.5 t0 96.0)

93.6 (70.8 t0 98.9)

Unconcentrated specimen (6, 470)

81.0 (68.0 to 89.5)

85.8 (68.9 to 94.3)

Composite reference standard

Concentrated specimen (5, 828)

70.0 (64.7 to 74.7)

99.9 (81.8 to 100.0)

Unconcentrated specimen (3, 228)

50.9 (41.7 to 60.0)

100.0 (97.4 to 100.0)

Abbreviations:
Crl: credible interval

LC-aNAAT: low-complexity automated nucleic acid amplification test

Table 6. Cerebrospinal fluid starting volumes, concentration step and accuracy estimates

Study CSF volume Concentration Sensitivity (95% CI) Specificity (95% Cl)
Chin 2019 0.8 mL No 80 (28 to 99) 50 (12 to 88)
Cresswell 2020 Target>6 mL Yes 89 (71to 98) 92 (86 to 95)
Donovan 2020 6mL Yes 91 (71 to 99) 94 (85 to 98)
Huang 2021 3-5mL No 86 (42 to 100) 75 (64 to 84)
Pefata-Bedoya 2021 <2mL No 80 (52 to 96) 96 (92 to 98)
Quinn 2021 2mL No 87 (60 to 98) 88 (72 to 97)
Shao 2020 6mL No 50 (7 to 93) 68 (56 to 78)
Sharma 2020 3-5mL Yes 96 (88 to 100) 100 (98 to 100)
Sharma 2021 2-3mL Yes 92 (79 to 98) 51 (40 to 63)
Wang 2019 >3mL No 86 (65 to 97) 100 (80 to 100)
Yadav 2023 2.5-3.5mL Not clear 86 (73to 94) 100 (99 to 100)

Abbreviations:

CSF: cerebrospinal fluid
Cl: confidence interval

Sensitivity and specificity are presented as percentages (95% Cl).

Low-complexity automated nucleic acid amplification tests for extrapulmonary tuberculosis and rifampicin resistance in adults and

adolescents (Review)

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



