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ABSTRACT

Background

The World Health Organization (WHO) recommends Xpert MTB/RIF in place of smear microscopy to diagnose tuberculosis (TB), and many
countries have adopted it into their diagnostic algorithms. However, it is not clear whether the greater accuracy of the test translates into
improved health outcomes.

Objectives

To assess the impact of Xpert MTB/RIF on patient outcomes in people being investigated for tuberculosis.

Search methods

We searched the following databases, without language restriction, from 2007 to 24 July 2020: Cochrane Infectious Disease Group (CIDG)
Specialized Register; CENTRAL; MEDLINE OVID; Embase OVID; CINAHL EBSCO; LILACS BIREME; Science Citation Index Expanded (Web of
Science), Social Sciences citation index (Web of Science), and Conference Proceedings Citation Index - Social Science & Humanities (Web
of Science). We also searched the WHO International Clinical Trials Registry Platform, ClinicalTrials.gov, and the Pan African Clinical Trials
Registry for ongoing trials.

Selection criteria

We included individual- and cluster-randomized trials, and before-after studies, in participants being investigated for tuberculosis. We
analysed the randomized and non-randomized studies separately.

Data collection and analysis

For each study, two review authors independently extracted data, using a piloted data extraction tool. We assessed the risk of bias using
Cochrane and Effective Practice and Organisation of Care (EPOC) tools. We used random effects meta-analysis to allow for heterogeneity
between studies in setting and design. The certainty of the evidence in the randomized trials was assessed by GRADE.
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Main results

We included 12 studies: eight were randomized controlled trials (RCTs), and four were before-and-after studies. Most included RCTs had a
low risk of bias in most domains of the Cochrane 'Risk of bias' tool.

There was inconclusive evidence of an effect of Xpert MTB/RIF on all-cause mortality, both overall (risk ratio (RR) 0.89, 95% confidence
interval (Cl) 0.75 to 1.05; 5 RCTs, 9932 participants, moderate-certainty evidence), and restricted to studies with six-month follow-up
(RR 0.98, 95% CI 0.78 to 1.22; 3 RCTs, 8143 participants; moderate-certainty evidence). There was probably a reduction in mortality in
participants known to be infected with HIV (odds ratio (OR) 0.80, 95% CI 0.67 to 0.96; 5 RCTs, 5855 participants; moderate-certainty
evidence).

Itis uncertain whether Xpert MTB/RIF has no or a modest effect on the proportion of participants starting tuberculosis treatment who had
a successful treatment outcome (OR) 1.10, 95% CI 0.96 to 1.26; 3RCTs, 4802 participants; moderate-certainty evidence).

There was also inconclusive evidence of an effect on the proportion of participants who were treated for tuberculosis (RR 1.10,95% C1 0.98
to 1.23; 5 RCTs, 8793 participants; moderate-certainty evidence).

The proportion of participants treated for tuberculosis who had bacteriological confirmation was probably higher in the Xpert MTB/
RIF group (RR 1.44, 95% Cl 1.29 to 1.61; 6 RCTs, 2068 participants; moderate-certainty evidence). The proportion of participants with
bacteriological confirmation who were lost to follow-up pre-treatment was probably reduced (RR 0.59, 95% Cl 0.41 to 0.85; 3 RCTs, 1217
participants; moderate-certainty evidence).

Authors' conclusions

We were unable to confidently rule in or rule out the effect on all-cause mortality of using Xpert MTB/RIF rather than smear microscopy.
Xpert MTB/RIF probably reduces mortality among participants known to be infected with HIV. We are uncertain whether Xpert MTB/RIF
has a modest effect or not on the proportion treated or, among those treated, on the proportion with a successful outcome. It probably
does not have a substantial effect on these outcomes. Xpert MTB/RIF probably increases both the proportion of treated participants who
had bacteriological confirmation, and the proportion with a laboratory-confirmed diagnosis who were treated. These findings may inform
decisions about uptake alongside evidence on cost-effectiveness and implementation.

PLAIN LANGUAGE SUMMARY

Does using the Xpert MTB/RIF diagnostic test instead of smear microscopy when evaluating people for tuberculosis reduce death
and successful treatment completion?

What is the aim of the review?

Tuberculosis (TB) is a bacterial infection that is spread by inhaling tiny droplets from the coughs or sneezes of an infected person. It mainly
affects the lungs, but it can affect any part of the body. Tuberculosis can usually be cured by taking anti-tuberculosis antibiotics for six
months. Some bacteria are resistant, and then need to be treated with combinations of different antibiotics. Many countries use the Xpert
MTB/RIF test to diagnose tuberculosis. We wanted to find out if using this test affected health outcomes, such as death or successful
treatment in people suspected of having tuberculosis.

What was studied in this review?

A rapid, accurate diagnosis of tuberculosis ensures people who are ill start taking the right antibiotics as soon as possible. This might
reduce the number of people dying, but also, if rifampicin-resistant tuberculosis is detected early, they are more likely to get appropriate
treatment. It also helps ensure people who do not have tuberculosis are not treated unnecessarily.

The Xpert MTB/RIF test is an automated molecular test, commonly used to identify tuberculosis and rifampicin resistance at the same time,
in less than two hours. The World Health Organization (WHO) recommends using the Xpert MTB/RIF test to diagnose tuberculosis instead
of smear microscopy - using a microscope to look for bacteria in samples of sputum (a mixture of saliva and mucus, coughed up from the
lungs). This review investigates whether using Xpert MTB/RIF instead of microscopy improves health outcomes.

What are the main results of the review?

We searched for studies that assessed health outcomes in people who had sought treatment and were suspected of having tuberculosis
and who were diagnosed using either the Xpert MTB/RIF test or smear microscopy. We found 12 relevant studies. Eight studies included
only adults; four included people of all ages. Ten studies took place in sub-Saharan Africa, one in Brazil, and one in Indonesia. The studies
followed people for between two months and two years.

An effect of using the Xpert MTB/RIF test to diagnose tuberculosis, compared with smear microscopy, could not be ruled in or out a for
the numbers of people who:

- died (5 studies; 10,409 people);
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- were successfully treated (3 studies; 4802 people);
- died within six months (3 studies; 8143 people); or
- were treated for tuberculosis (5 studies; 8793 people).

Compared with smear microscopy, use of the Xpert MTB/RIF test probably:

- reduced the number of HIV-positive people who died during follow-up (5 studies; 1789 people);
-increased the number of people with confirmed tuberculosis who started treatment (3 studies; 1217 people); and
-increased the number of treated people who had a confirmed diagnosis of tuberculosis (6 studies; 2068 people).

None of the studies reported people's satisfaction, or the number of visits before tuberculosis was diagnosed. Only one study looked at
the treatment of tuberculosis resistant to rifampicin.

Key messages

The results showed that there was a beneficial effect of Xpert MTB/RIF for some health outcomes, and inconclusive results (where an effect
could not be ruled in or out) for others.

Together, these findings can help inform decisions about the uptake of Xpert MTB/RIF, alongside information on cost-effectiveness and
implementation.

How up to date is this review?

We included studies published to 24 July 2020.
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SUMMARY OF FINDINGS

Summary of findings 1. Impact of Xpert MTB/RIF compared to smear microscopy

Impact of Xpert MTB/RIF compared to smear microscopy

Patient or population: people being investigated for tuberculosis (TB)

Setting: primary healthcare clinics, specialized clinics, hospitals

Intervention: Xpert MTB/RIF

Comparison: smear microscopy

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments

(95% Cl) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with Risk with Xpert

smear mi- MTB/RIF

croscopy
All-c ause mortality a- 5.9% 5.3% (4.4 to RR0.89 (0.75to 9932 (5RRCTs) BDDO Xpert MTB/RIF compared to smear microscopy
mong participants 6.2) 1.05) Moderated probably does not increase mortality. We are

uncertain whether there is a reduction in mor-
tality or not with Xpert MTB/RIF.
All-cause mortality 5.3% 5.2% (4.1t06.5) RR0.98(0.78to 8143 (3 RCTs) el e) Itis uncertain whether there is an effect of
1.22) Moderated Xpert MTB/RIF compared with smear mi-

at 6 months (subgroup) croscopy on mortality at 6 months.
All-cause mortality 8.3% 6.8% (5.7t0 8.0) ORO0.80(0.67to 5855 (5 RCTs) DODO Xpert MTB/RIF probably reduces mortality
) 0.96) compared to smear microscopy in people who
in people who were HIV- Moderated are HIV-positive.
positive (subgroup)
Successful treatment 70% 72% (69 to 75) OR1.10(0.95to 4802 (3 RCTs) ele) There are probably no fewer participants with
outcome in partici- 1.26) a successful treatment outcome for Xpert MTB/
pants treated for tu- Moderated RIF. We are uncertain if there is no effect ora
berculosis modest increase.
Proportion of partici- 20% 22% (19.6 to RR1.10(0.98to 8793 (5 RCTs) DDDO There are probably no fewer patients started
pants who were treat- 24.6) 1.23) on treatment with Xpert MTB/RIF. It is uncertain
ed for tuberculosis Moderated if there is no effect or a modest increase.
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Pre-treatment loss to 14% 8.3% (5.7 to RR0.59 (0.41to 1217 (3RCTs) SODO There are probably fewer patients lost after the
follow-up in partici- 11.9) 0.85) test and before treatment is started with Xpert
pants with bacteriolog- Moderated MTB/RIF than with smear microscopy.

ical confirmation

Treated participants 50% 72% (65 to 81) RR1.44(1.29to0 2068 (6 RCTs) e e) Of the participants started on TB treatment,
with bacteriological 1.61) probably more had a bacterial confirmation
confirmation of tuber- Moderated of TB with Xpert MTB/RIF than with smear mi-

culosis

croscopy

*The risk in the Xpert MTB/RIF group is based on the assumed risk in the comparison group and the relative effect of the intervention. The risk in the smear microscopy
group was calculated from the total number of events and number of participants in the smear microscopy arms of the studies included in each analysis.
Cl: confidence interval; RR: risk ratio; OR: odds ratio; RCT: randomized controlled trial

GRADE Working Group certainty of evidence

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

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect.

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

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

aDowngraded by 1 for imprecision
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BACKGROUND

Description of the condition

Tuberculosis (TB) is caused by the Mycobacterium tuberculosis,
an obligate aerobe bacilli that belongs to the Mycobacteria
tuberculosis complex (MTBC; (Cook 2008)). Transmission of
tuberculosis most commonly occurs through the inhalation
of droplets containing bacilli, from a person with pulmonary
tuberculosis who has coughed or sneezed. It is estimated that 1.7
billion people are infected by M tuberculosis globally without having
disease, and that about 5% to 15% will develop disease (Houben
2016; WHO 2019). The probability of developing disease is higher
in immunocompromised individuals, including those infected
with HIV (WHO 2019). It can affect all age-groups, but mostly
affects adults. Tuberculosis primarily affects the lungs (pulmonary
tuberculosis), however, the disease can involve virtually any
extrapulmonary site in the human body. Clinically, the most
common symptoms of pulmonary tuberculosis include cough with
sputum and blood at times, chest pain, weakness, weight loss,
fever, and night sweats.

In 2018, there were an estimated 10 million new tuberculosis cases
globally and people living with HIV accounted for 9% of these
(WHO 2019). In the same year, tuberculosis was associated with
1.2 million deaths, and a further 251,000 deaths from disease
among people living with HIV (WHO 2019). Both the emergence
and under-reporting of drug resistance to antimicrobials used to
treat tuberculosis remain major problems. In 2018, it was estimated
that half a million people developed tuberculosis disease that was
resistant to rifampicin (RR-TB) or multi-drug resistant tuberculosis
(MDR-TB), and only a third of these received appropriate treatment
(WHO 2019).

Commonly used diagnostic techniques for tuberculosis have
limitations. Culture, which is the gold standard for diagnosis,
is normally centrally located, requires a set of biocontainment
precautions, and takes up to six weeks for liquid, or eight weeks
for solid culture, before results can be obtained (Corbett 2006).
For many years, sputum smear microscopy has been the most
common method used to diagnose tuberculosis, particularly in
low- and middle-income countries (LMICs), and it remains the
main diagnostic technique in primary healthcare facilities in LMICs
(Corbett 2006; Parsons 2011). However, the sensitivity of smear
microscopy is limited, ranging from 20% to 80% (Levy 1989; Parsons
2011), and sensitivity is further reduced in people who are HIV-
seropositive (Corbett 2006). Other limitations of smear microscopy
are that it is labour intensive, dependent on individual skills and
experience, and unable to detect drug resistance (Parsons 2011).
Without molecular tests, MDR-TB diagnosis depends on culture
infrastructure or line probe assays, which are both expensive
and not widely available at point of care (WHO 2016a; WHO
2019). Consequently, there have been calls for early, accurate,
and affordable diagnosis of tuberculosis, including universal drug
susceptibility testing for all people who are being evaluated for
tuberculosis (WHO 2014b).

Description of the intervention

In 2010, the World Health Organization (WHO) released a policy
statement endorsing the Xpert MTB/RIF assay, and recommending
it as the initial diagnostic test for people with suspected MDR-TB
and HIV. The WHO made conditional recommendations, based on

resource availability, for its use as a follow-up test for people with
negative smears. Further recommendations for use in individuals
with extrapulmonary, and paediatric tuberculosis were made in
2013, following new supporting evidence (WHO 2013; WHO 2014).
By the end of 2016, a total of 6659 GeneXpert instruments, and
more than 23 million Xpert MTB/RIF cartridges had been procured
by the public sector among 130 LMICs, at a price concession (WHO
2016b). Among 48 high-burden countries, only 15 reported they had
used the WHO-recommended diagnostic test in more than half of
all notified cases (WHO 2019).

The Xpert MTB/RIF assay is an automated nucleic-acid
amplification test. It consists of a single-use multi-chambered
cartridge, preloaded with the liquid buffers and lyophilized reagent
beads required for sample processing, DNA extraction, and hemi-
nested, real-time polymerase chain reaction. The assay can be used
with sputum samples, as recommended by the WHO, and also, with
varying sensitivity, with other specimens, including cerebrospinal
fluid, lymph node tissue or aspirates, pleural fluid, ascetic fluid,
urine, dialysis fluid, and pus (Denkinger 2014; Scott 2014). The
assay can be performed without biosafety cabinets at peripheral
laboratories or health facilities; minimal training is required for
laboratory staff (Boehme 2010; Boehme 2011). Xpert MTB/RIF can
detect MTBC and rifampicin resistance within two hours (Helb
2010).

An updated Cochrane Review on the accuracy of Xpert MTB/RIF
for the detection of tuberculosis estimated the pooled sensitivity
of the assay to be 85% (79% to 90%) and the pooled specificity
98% (97% to 99%) (Zifodya 2021). When compared with smear
microscopy, Xpert MTB/RIF sensitivity in smear-negative, culture-
positive individuals was 61% (48% to 72%) (Zifodya 2021). They
estimated sensitivity to be slightly lower in people with HIV
infection (75% (59% to 86%)) than in those who were HIV
seronegative (89% (78% to 95%)). For the detection of rifampicin
resistance, the Xpert MTB/RIF assay had an estimated pooled
sensitivity of 95% (90% to 99%) and specificity of 99% (97% to 99%)
(Zifodya 2021).

There have been practical problems with the introduction of Xpert
MTB/RIF: high rates of modular failure linked to interrupted power
supply, and infrastructure, training, and procurement challenges
were observed among early Xpert MTB/RIF adopters in LMICs
(Creswell 2014). The potential impact of Xpert MTB/RIF depends
partly on a stable power supply, or alternative reliable sources of
energy, such as batteries or solar energy (Albert 2016).

Agrowing number of trials have investigated whether the increased
sensitivity of Xpert MTB/RIF translates into an impact on outcomes
important to people seeking care, such as time to treatment, pre-
treatment loss to follow up, treatment success and mortality. These
are the focus of this review.

How the intervention might work

Xpert MTB/RIF has a higher diagnostic accuracy than smear
microscopy, is able to detect resistance against rifampicin, can
be used close to the people being tested, and has a fast turn-
around time. It may be that these features will lead to a positive
impact on participant-important outcomes. The use of the assay
may translate into a decrease in pre-diagnostic and pre-treatment
loss to follow-up and, perhaps reduce time to treatment. Pre-
treatment loss to follow-up is associated with high mortality rates,
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and thus, a reduction in pre-treatment loss to follow-up may lead
to reduced mortality (MacPherson 2014). A larger proportion of
people with true tuberculosis may receive effective therapy, and
fewer individuals may be falsely diagnosed with the disease on
clinical grounds alone, and incorrectly treated. Rapid detection of
rifampicin resistance may lead to more rapid initiation of effective
treatment. These factors could potentially improve important
participant outcomes.

Why it is important to do this review

Recent evidence from pragmatic trials in programmatic settings
yielded largely inconclusive results for the impact of Xpert MTB/
RIF on different patient outcomes (Di Ruffano 2017a; Di Ruffano
2017b). A narrative review by Auld 2016 reported a limited
impact on morbidity and mortality, but included studies that
demonstrated that Xpert MTB/RIF increased the diagnostic yield
of bacteriologically confirmed tuberculosis, and reduced the time
to the initiation of treatment. A recent individual participant data
meta-analysis, including 8567 participants, found that the effect
of Xpert MTB/RIF on all-cause mortality was inconclusive (odds
ratio 0.88, 95% Cl 0.68 to 1.14; Di Tanna 2019). A large number of
participants are needed to conclusively demonstrate the presence
or absence of an effect of modest size on mortality (Di Ruffano
2017a; Di Ruffano 2017b). This review adds recent studies to
estimate as precisely as possible the impact of this diagnostic test
on mortality and includes further patient outcomes to inform the
allocation of resources in LMICs.

OBJECTIVES

To assess the impact of Xpert MTB/RIF on patient outcomes in
people being investigated for tuberculosis.

METHODS

Criteria for considering studies for this review
Types of studies

We included cluster- and individually-randomized controlled trials,
and observational studies with before-and-after implementation
periods. We performed meta-analyses with data from randomized
studies only. There were too few non-randomized studies per
outcome to perform separate meta-analyses.

Types of participants

Individuals being investigated for tuberculosis. This included
individuals presenting with one or more symptoms of tuberculosis,
or those newly diagnosed as HIV positive, who were able to provide
a sputum sample.

Types of interventions
Intervention

Diagnostic strategies that used Xpert MTB/RIF

Control

Diagnostic strategies that used smear microscopy

Types of outcome measures

Primary outcomes

« All-cause mortality from the time of the first diagnostic test to
the end of trial follow-up

« Proportion of participants starting treatment for tuberculosis
who had a successful treatment outcome (an unfavourable
outcome was defined as death from any cause, default, failure,
being transferred out, or lost to follow-up). This outcome was
added subsequently, at the request of the WHO guideline
development group.

Secondary outcomes

+ Proportion of participants who were treated for tuberculosis

« Proportion of treated participants who were microbiologically
confirmed

« Proportion of participants with microbiological confirmation
who had pre-treatment loss to follow-up

+ Time from first contact with the health system to initiation of
treatment

« Proportion of participants who were diagnosed and treated for
MDR-TB

« Number of visits to the same, or any other, healthcare
facilities prior to diagnosis
« Patient satisfaction

Search methods for identification of studies

We identified all potential trials, regardless of language or
publication status (published, unpublished, in press, and in
progress).

Electronic searches

We searched the following databases, using the MEDLINE search
terms, detailed in Appendix 1, and adapted for the other databases:

« Cochrane Infectious Disease Group (CIDG) Specialized Register
(searched 24 July 2020);

« Cochrane Central Register of Controlled Trials (CENTRAL, 2020,
Issue 7), published in the Cochrane Library (searched 24 July
2020);

« MEDLINE OVID (2007 to 24 July 2020);

« Embase OVID (2007 to 24 July 2020);

+ CINAHL EBSCO (2007 to 24 July 2020);

« LILACS BIREME (Latin American and Caribbean Health Science
Information database; 2007 to 24 July 2020);

« Science Citation Index Expanded, Conference Proceedings
Citation Index- Science (both Web of Science; searched 24 July
2020)

« Social Sciences citation index, and Conference Proceedings
Citation Index - Social Science & Humanities (both Web of
Science; searched 24 July 2020).

To identify ongoing trials, we searched these trials registers, using
the search terms: (tuberculosis OR TB) AND (Xpert or GeneXpert or
"sputum microbiology" or "sputum microscopy").

« World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp/search/en/; searched 24 July
2020)
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« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov/; searched 24 July 2020); and
the

« Pan African Clinical Trials Registry (www.pactr.org/).

Searching other resources

We searched the past two years' proceedings of the International
Union Against Tuberculosis and Lung disease (UNION) conference,
the Conference on Retroviruses and Opportunistic Infections
(CROI), and the International AIDS Conference (IAS).

We reviewed reference lists of all included studies and relevant
systematic reviews.

We contacted leading researchers at the Foundation for Innovative
New Diagnostics (FIND), the WHO, Centers for Disease Control and
Prevention (CDC), and TB-REACH to identify unpublished data.

Data collection and analysis
Selection of studies

Two review authors (FH and MK) independently screened the
reports identified by the literature search, and coded them as either
'potentially include' or 'exclude'. Based on the screening results,
we assessed full-text reports retrieved from the 'potentially include'
category for eligibility, using an eligibility assessment form. We
resolved differences in opinion through discussion. We contacted
study authors for clarification as needed. We reported all excluded
studies, with reasons for exclusion, in the PRISMA flow diagram.

Data extraction and management

Two review authors (FH and MK) independently extracted data,
using a piloted data extraction tool similar to a tool previously
used by Schumacher 2016. We resolved disagreements through
discussion, or by consulting a third review author (AR). We extracted
the following data: study details (first author, year of publication),
participant details, intervention, control, outcome measured and
how it was measured, covariates, length of follow-up, and measure
of effect, with 95% confidence intervals (Cls). For binary outcomes,
we extracted the relative risk and odds ratio if available. For time-
to-event outcomes, we extracted the log hazard ratio with standard
error or Cl, if available.

In addition, we recorded the number of participants and clusters
randomized to each diagnostic arm, the number of participants
monitored for each outcome of interest, and the number of events.
For cluster-RCTs that were adjusted for clustering, we extracted the
adjusted measures of effect for each outcome, and the method of
adjustment. We also extracted data relevant for the assessment of
the risk of bias.

Assessment of risk of bias in included studies

Two review authors (FH and MK) independently assessed the risk
of bias, using categories modified from the Cochrane 'Risk of bias'
assessment tool for assessing risk of bias for randomized studies
(Higgins 2011), and the EPOC categories for assessing risk of bias in
non-randomized studies (EPOC 2018). Many categories applied to
both types of study.

We assessed the included studies for selection bias, with categories
for the method of allocation, sequence generation (we classified

non-randomized studies as having a high risk of bias), allocation
concealment (adequate, inadequate, not done, or unclear (as
defined by Jiini 2001)), having similar baseline characteristics.
We also assessed performance bias (blinding of participants
and personnel, and protection against contamination), detection
bias (blinding of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective reporting), and other
biases. We assessed the risk of bias as low, high, or unclear.

Measures of treatment effect

Forthe outcomes that assessed proportions, we present the impact
of Xpert MTB/RIF using risk ratios, if available, with their 95%
Cls. We aimed to present the impact of Xpert MTB/RIF on time to
treatment, using hazard ratios, if available. We used the estimates
unadjusted for covariates, except in the case of Churchyard 2015,
where imbalance was reported due to a small number of clusters,
and for Di Tanna 2019 where the estimates were adjusted for age
and sex.

Unit of analysis issues

We carried out the analysis based on the intervention groups. All
clustered studies considered the cluster design in their analysis.

Cox 2014 reported that they used design-based F-tests, to take
into account clustering by calendar week, in a single large primary
healthcare clinic. We increased the width of the Cls to match the P
values. The odds ratio for the successful treatment outcome was
calculated from the numbers in each arm: we inflated the standard
error of log(OR) by a factor of 1.10, which corresponds to the
average effect of clustering on the other outcomes.

Dealing with missing data

We used a modified intention-to-treat (mITT) analysis, where
the analysis adhered to ITT principles, except that we excluded
participants with missing outcome data (Higgins 2019).

Assessment of heterogeneity

We calculated the I? statistic (the proportion of variance in the meta-
analysis that is attributable to study heterogeneity).

Assessment of reporting biases

We did not test for heterogeneity in the intervention effect between
studies, or use a funnel plot, since this is not recommended for
meta-analyses with fewer than 10 studies (Page 2019).

Data synthesis

We conducted analyses using Review Manager 5 (Review Manager
2014), and RevMan Web (RevMan Web 2020). We used a random-
effects model, as we expected the intervention effect to vary
between studies, due to the participant mix, settings, aspects of
study design, and health system factors.

Subgroup analysis and investigation of heterogeneity

We conducted an additional subgroup analysis, which was not in
the protocol, by analysing mortality only in studies that reported
mortality at six months. This analysis helped to estimate the effect
of Xpert MTB/RIF at the completion of tuberculosis treatment.
We conducted a subgroup analysis for mortality in HIV-infected
participants. We planned to conduct subgroup analyses for other
outcomes for HIV-positive, for HIV-negative, and for children,
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adults, and people with resistant and sensitive tuberculosis, but
sufficient data were not available.

Sensitivity analysis

We did not perform any planned sensitivity analyses, since the few
circumstances we anticipated were not observed:

« missing data that are likely to influence the outcome;

« excluding studies with outliers that are suspected to influence
the outcome;

« excluding studies with a high risk of bias that are likely to affect
the outcome.

Summary of findings and assessment of the certainty of the
evidence

We summarized the studies and outcomes in a 'Summary of
findings' table.

We assessed the certainty of evidence using the GRADE approach
(GRADE 2014; Guyatt 2011), and GRADEpro GDT software
(GRADEpro GDT). We rated each important outcome as described
by Balshem 2011.

« 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.

« 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.

Evidence from RCTs starts as high certainty, but can be downgraded
if there are valid reasons within the following five categories: risk
of bias, imprecision, inconsistency, indirectness, and publication
bias. Evidence also can be upgraded if there is a large effect, and
if all plausible residual confounding would reduce a demonstrated
effect, or would suggest a spurious effect if no effect was observed
(Balshem 2011).

RESULTS

Description of studies
Results of the search

Our search found 1577 records: 1572 from the databases search
after we removed duplicates, and five from additional sources.
We excluded 1544 records after screening the abstracts and fully
assessed the remaining 33 records for the eligibility criteria. Of the
33 records, we excluded eight studies because they examined the
accuracy of Xpert MTB/RIF, two did not have data on the outcome or
population of interest, seven were observational studies, four had
no comparison group; we included the remaining 12 studies (Figure
1; Table 1).
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Figure 1. Flow diagram of included studies
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Figure 1. (Continued)
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Included studies
Designs

We included three individually-randomized trials (Calligaro 2015;
Mupfumi 2014; Theron 2014a), five cluster-randomized trials
(Agizew 2019a; Churchyard 2015; Cox 2014; Durovni 2014; Ngwira
2019), and four before-afterimplementation studies (Schmidt 2017;
Van den Handel 2015; van Kampen 2015; Yoon 2012). Three cluster-
randomized trials used a parallel design (Churchyard 2015; Cox
2014; Ngwira 2019), and two a stepped-wedge design (Agizew
2019a; Durovni 2014).

The units of randomization for the cluster-randomized trials were
primary care facilities (Churchyard 2015), clinics served by single
tuberculosis laboratories (Durovni 2014), clinics with participants
infected with HIV (Agizew 2019a; Ngwira 2019), or calendar week in
a single large primary care tuberculosis clinic (Cox 2014).

The length of follow-up varied across the studies: two months (Yoon
2012), three months (Calligaro 2015; Mupfumi 2014), six months
(Agizew 2019a; Churchyard 2015; Cox 2014; Schmidt 2017; Theron
2014a; Van den Handel 2015), eight months (Durovni 2014), 12
months (Ngwira 2019), and 24 months (van Kampen 2015).

Settings

Most included studies were conducted in sub-Saharan Africa.
There were five in South Africa (Calligaro 2015; Churchyard 2015;
Cox 2014; Schmidt 2017; Van den Handel 2015), one in each of
Zimbabwe (Mupfumi 2014), Uganda (Yoon 2012), Malawi (Ngwira
2019), and Botswana (Agizew 2019a), and one multi-country study
with sites in South Africa, Tanzania, Zimbabwe, and Zambia
(Theron 2014a). The remaining two studies were conducted in
Brazil (Durovni 2014), and Indonesia (van Kampen 2015). The
settings for the studies were primary health facilities (Churchyard
2015; Cox 2014; Durovni 2014; Schmidt 2017; Theron 2014a;
Ngwira 2019), a mix of district, sub-district, and primary healthcare
facilities (Van den Handel 2015), an antiretroviral therapy (ART)
initiation clinic (Mupfumi 2014), intensive care units (Calligaro
2015), a national referral hospital (Yoon 2012), public HIV clinics
(Agizew 2019a ) and clinics for the management of people with
multi-drug resistant tuberculosis (MDR-TB) (van Kampen 2015).

Participants

Eight studies included participants who were 18 years and older,
and four included all age groups (Agizew 2019a; Durovni 2014; Van
den Handel 2015; van Kampen 2015). All but one study reported
HIV co-infection (Schmidt 2017), three studies included only HIV-
infected participants (Agizew 2019a; Mupfumi 2014; Ngwira 2019).
People seeking care were eligible to be included in the studies if
they were evaluated for pulmonary tuberculosis (Calligaro 2015;
Churchyard 2015; Cox 2014; Durovni 2014; Schmidt 2017; Theron
2014a; Van den Handel 2015; Yoon 2012), were at risk of MDR-
TB (van Kampen 2015), were infected with HIV and on ART
(Mupfumi 2014), or were newly registered as infected with HIV, and
undergoing tuberculosis screening (Agizew 2019a; Ngwira 2019).

Interventions

All studies compared Xpert MTB/RIF diagnostic strategies to smear
microscopy strategies and conventional drug sensitive tests (DST),
if used. All studies collected expectorated sputum samples for
Xpert MTB/RIF and smear tests except Calligaro 2015, which used
tracheal aspirate samples. All of the randomized studies collected
two sputum samples for smear microscopy and one sputum for
Xpert MTB/RIF except Agizew 2019a, which collected four sputum
samples (two on screening day, and two the day after). While one
sample per day was tested by smear microscopy or Xpert MTB/RIF,
depending on the randomized arm, the other was submitted to the
national reference laboratory for liquid culture. In Theron 2014a,
at least two expectorated sputum samples were collected, one was
selected at random for smear microscopy or Xpert MTB/RIF, and the
other for microbiological culture.

In the non-randomized trials, Yoon 2012 collected and evaluated
two sputum samples (early morning and spot,taken at the time of
the clinic visit) for smear microscopy, and one extra spot sputum
sample for Xpert MTB/RIF; Van den Handel 2015 collected two
sputum samples during the smear period, and a single sputum
sample in the Xpert MTB/RIF period; Schmidt 2017 collected
electronic data from the National Health Laboratory Services
(NHLS) South Africa database, which records all microbiological
tests for tuberculosis in the region, including the type of test
(sputum smear microscopy, Xpert MTB/RIF, or liquid culture), and
the result of each test; and van Kampen 2015 evaluated one sputum
sample for smear and culture pre-intervention, and two samples
during the intervention (one for Xpert MTB/RIF, the second sample
for culture and drug susceptibility testing (DST)).

Only two studies had chest x-rays available at baseline for all
participants (Theron 2014a; Yoon 2012).

Outcomes
Primary outcomes

All-cause mortality was assessed at different time points across the
randomized studies: at six months by three studies (Churchyard
2015; Cox 2014; Theron 2014a); at three months by two studies
(Calligaro 2015; Mupfumi 2014); and at 12 months by one study
(Ngwira 2019). One before-and-after study assessed mortality
at two months (Yoon 2012). All studies reported estimates for
mortality as risk ratios (RR), with the exception of an incidence rate
ratio by Ngwira 2019 and odds ratios by Di Tanna 2019. For low rates,
theincidence rate ratio is similar to the RR, and for low proportions
the RRis a slightly conservative estimate of the odds ratio.

Three studies reported the proportion of participants with a
successful treatment outcome (Agizew 2019a; Cox 2014; Durovni
2014).

Secondary outcomes

The proportion of participants starting tuberculosis treatment was
reported at different time points across the studies: at one month
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(Agizew 2019a; Durovni 2014; Schmidt 2017; Yoon 2012), two
months (Theron 2014a; van Kampen 2015), three months (Calligaro
2015; Cox 2014), six months (Churchyard 2015), or one year (Ngwira
2019).

Six studies reported the proportion of treated participants who
were microbiologically confirmed (Calligaro 2015; Churchyard
2015; Cox 2014; Mupfumi 2014; Ngwira 2019; Agizew 2019a).
All studies confirmed participants bacteriologically with smear
microscopy or Xpert MTB/RIF. Five studies routinely did culture
(Agizew 2019a; Calligaro 2015; Theron 2014a; van Kampen 2015;
Yoon 2012); six studies did them only for specific subgroups or if
requested (Churchyard 2015; Cox 2014; Durovni 2014; Ngwira 2019;
Schmidt 2017; Van den Handel 2015). One study did not report
cultures.

Three studies reported post-enrolment, pre-treatment loss to
follow-up: at 28 days (Churchyard 2015), two months (Theron
2014a), and three months (Cox 2014). It is unlikely that processes
for trial-related follow-up would have affected health system loss to
follow-up: assessment visits in Churchyard 2015 and Cox 2014 were
scheduled after these time points and Theron 2014a followed
routine procedures.

Durovni 2014 defined time to treatment initiation as the time
between diagnosis or confirmation of tuberculosis to the start
of treatment or notification date; three trials defined it as the
time from sputum collection to treatment initiation (Agizew 2019a;
Schmidt 2017: Van den Handel 2015); four as the time between
the date of enrolment in the study and the date of treatment

initiation (Churchyard 2015; Cox 2014; van Kampen 2015; Yoon
2012); Mupfumi 2014 defined it as the time from baseline visit to
initiation of treatment); and Theron 2014a, as the proportion of
participants initiating treatment by day one (Theron 2014a).

Five studies reported a diagnosis of drug-resistant tuberculosis in
the Xpert MTB/RIF arm only (Calligaro 2015; Churchyard 2015; Cox
2014; Durovni 2014; Theron 2014a), thus, we could not compare
the health impact of Xpert MTB/RIF on MDR-TB. Only one study
reported the impact of Xpert MTB/RIF on participant outcomes in
MDR-TB (van Kampen 2015).

None of the studies reported either the number of visits prior to
diagnosis, or self-reported satisfaction, so we could not assess
these outcomes.

Excluded studies

We excluded 21 studies (Characteristics of excluded studies; Figure
1). Eight studies assessed accuracy, two did not assess any of the
outcomes of interest or the population of interest, four had no
comparison group, and seven were observational studies.

Risk of bias in included studies

We provided the summary of our judgement of the risks of bias
in Figure 2. We listed individual risks of bias in the Characteristics
of included studies section. The study by Di Tanna 2019 was not
assessed forrisks of bias since it is a meta-analysis of otherincluded
studies.
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Figure 2. Summary of risk of bias for all included studies
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Allocation unfavourable outcome was reported as a combined outcome for

Of the eight randomized trials, we assessed five at low risk of
selection bias (Calligaro 2015; Churchyard 2015; Mupfumi 2014;
Ngwira 2019; Theron 2014a); and three with unclear risk, due to
unclear concealment, combined with changes of intervention arm
within the same health facilities (Agizew 2019a; Cox 2014; Durovni
2014).

We assessed the four non-randomized before-after trials at high risk
of bias (Schmidt 2017; Van den Handel 2015; van Kampen 2015;
Yoon 2012).

The characteristics were similar between the Xpert MTB/RIF and
smear groups for all trials except Churchyard 2015, which reported
an imbalance due to a small number of large clusters but adjusted
for the covariates with imbalances in their analyses. van Kampen
2015, a before-after study, reported a higher rate of testing after
Xpert MTB/RIF had been introduced.

Blinding

Blinding was not feasible for any of the trials. We considered that
knowledge of the diagnostic test was part of the intervention.
However, there may be other elements of lack of blinding that may
lead to bias, for example staff knowing which arm was the standard
and which the new diagnostic test. Therefore, we judged all of the
trials to be at high risk of performance bias. There was a low or
unknown risk of detection bias for all studies: they could not be
blinded to the assessors but the outcomes are clearly defined and
objective. We assessed there to be a low risk of contamination
(performance bias) for 10 of the studies. Two studies (Cox 2014
;van Kampen 2015) reported that the intervention was not always
correctly assigned.

Incomplete outcome data

We considered six of the randomized trials to have a low risk of
attrition bias; two trials were at unclear risk (Cox 2014; Calligaro
2015). Cox 2014 did not clearly state what proportion of the
unfavourable outcome was linked to loss to follow-up, since the

Figure 3. 1.1 All-cause mortality

death, failure, and loss to follow-up. Calligaro 2015 had different
loss to follow-up in the two arms. We assessed three of the
non-randomized trials to have a low risk of attrition bias; we
assessed Yoon 2012 to be at high risk since loss to follow-up was
significantly different before and after implementation. Loss to
follow-up is included in two of the outcomes in this meta-analyses:
pre-treatment loss to follow-up and successful treatment outcome.

Selective reporting

Ten of the 12 studies had a low risk of selective bias. Two studies
included some outcomes that were not pre-specified (Cox 2014;
Durovni 2014).

Other potential sources of bias

We assessed there to be a risk of confounding in the before-
after studies (Schmidt 2017; van Kampen 2015; Van den Handel
2015;Yoon 2012). We did not detect any other biases.

Effects of interventions

See: Summary of findings 1 Impact of Xpert MTB/RIF compared to
smear microscopy

Primary outcomes
All-cause mortality

Simple totals across six studies showed recorded deaths as
4.9% (248/5013) in the Xpert MTB/RIF group compared to 5.9%
(292/4919) in the smear microscopy group (Table 2). The estimated
risk ratio (RR) for death using Xpert MTB/RIF compared to smear
microscopy was 0.89 (95% confidence interval (Cl) 0.75 to 1.05;
5 RCTs, 9932 participants; Analysis 1.1; Figure 3). We did not
include Calligaro 2015 since participants in the intensive care
units (ICU) had a very different risk of mortality than those in
non-ICU settings. We did not include the one non-randomized
studies reporting mortality (Yoon 2012). They found a similar risk
of mortality before and after the implementation of Xpert MTB/RIF
(RR 1.04,95% CI 0.75 to 1.46; Table 2).

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Cox 2014 14.5% 0.89[0.57, 1.40] S
Mupfumi 2014 5.6% 0.61[0.30, 1.27] S
Theron 2014a 25.1% 0.94 [0.67 , 1.32] N
Churchyard 2015 20.6% 1.10[0.75, 1.61] — e
Ngwira 2019 34.2% 0.79[0.59, 1.06] —ml
Total (95% CI) 100.0% 0.89 [0.75, 1.05]
Heterogeneity: Tau? = 0.00; Chi2 = 2.94, df =4 (P = 0.57); 2= 0% ﬂ
Test for overall effect: Z = 1.39 (P =0.17) 0?2 0i5 1 é é
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy
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Subgroup analyses

Restricting the analysis to the three studies that assessed mortality
at six months produced an estimate of RR 0.98 (95% Cl 0.78 to 1.22;
3 RCTs, 8143 participants; Analysis 1.2).

In participants infected with HIV, we estimated the effect of using
Xpert MTB/RIF on mortality to be odds ratio (OR) 0.80 (95% CI 0.67 to
0.96; 5 RCTs, 5855 participants; Analysis 1.3). There was no evidence
of a difference in the effect of Xpert MTB/RIF on the risk of death
between participants known to be infected with HIV who attended
general clinics (Ngwira 2019; Di Tanna 2019 ) and who attended
a specialised HIV clinic (Mupfumi 2014) (P = 0.46). A previous
analysis by Di Tanna 2019 estimated the effect of Xpert MTB/RIF
in participants known to be HIV negative (OR 0.83 (95% Cl 0.46 to
1.50)), we did not find any further studies. There was no evidence of
a difference in the effect of Xpert MTB/RIF in participants known to

be HIV positive and HIV negative (P = 0.91). We do not know about
those with unknown HIV status.

Due to lack of data, we were unable to conduct subgroup analyses
for children; for adults; for participants with resistant and sensitive
tuberculosis; and by HIV status other than for mortality.

Proportion of participants treated for tuberculosis who had a
successful treatment outcome

We are uncertain whether there is a modest or no effect of Xpert
MTB/RIF on the proportion of treated participants with a successful
outcome (OR 1.10, 95% CI 0.95 to 1.26; 3 RCTs, 4802 participants;
Analysis 1.4; Figure 4; Table 3). One trial dominated the meta-
analysis with a weight of 85% due to a large sample size (Durovni
2014).

Figure 4. 1.4 Proportion of participants starting tuberculosis treatment who had successful treatment outcomes

Odds Ratio Odds Ratio

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI

Durovni 2014 87.8% 1.09[0.94, 1.27] h

Cox 2014 7.7% 1.11[0.67, 1.84] R

Agizew 2019a 4.5% 1.26 [0.65, 2.44] S

Total (95% CI) 100.0% 1.10 [0.95, 1.26]

Heterogeneity: Tau? = 0.00; Chi2 =0.17, df =2 (P =0.92); 2= 0%

Test for overall effect: Z = 1.30 (P = 0.19) 0.2 0.5 1 > 5

Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy
Subgroup analyses Secondary outcomes

We were unable to conduct subgroup analyses for this outcome due
to lack of data.

Proportion of participants who were treated for tuberculosis

We are uncertain whether there was a modest or no effect for Xpert
MTB/RIF on the proportion of participants who were treated for
tuberculosis (RR 1.10,95% CI 0.98 to 1.23; 5 RCTs, 8793 participants,
Analysis 1.5, Figure 5, Table 4).
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Figure 5. 1.6 Proportion of participants treated for tuberculosis who were microbiologically confirmed

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Theron 2014a 36.5% 1.57[1.33, 1.85] -
Cox 2014 22.3% 1.41[1.13, 1.76] =
Mupfumi 2014 4.1% 1.49[0.87, 2.57] 4
Calligaro 2015 3.5% 1.90 [1.06, 3.41] -
Churchyard 2015 26.3% 1.20[0.98, 1.47] | -
Agizew 2019a 7.2% 1.62 [1.08, 2.43] - .
Total (95% CI) 100.0% 1.44[1.29, 1.61] ‘
Heterogeneity: Tau? = 0.00; Chi2 =5.37,df =5 (P =0.37); 2= 7%
Test for overall effect: Z = 6.43 (P < 0.00001) 0f2 OiS 1 é EI-)
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Proportion of treated participants who were microbiologically

confirmed

A higher proportion of those treated in the

Xpert MTB/RIF group

were confirmed microbiologically than those treated in the smear

microscopy group (RR 1.44, 95% Cl 1.29 to 1.61; 6 RCTs, 2068
participants; Analysis 1.6; Figure 6; Table 5).

Figure 6. 1.7 Proportion of participants with microbiological confirmation who had pre-treatment loss to follow-up

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Cox 2014 44.1% 0.51[0.32, 0.82] S T
Theron 2014a 32.4% 0.52[0.29, 0.92] -
Churchyard 2015 23.5% 0.96 [0.48, 1.92] -
Total (95% CI) 100.0% 0.59 [0.41, 0.85]
Heterogeneity: Tau? = 0.02; Chi2 = 2.45, df =2 (P = 0.29); 2 = 18%
Test for overall effect: Z = 2.82 (P = 0.005) 0.2 0.5 1 > 5
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Proportion of patients with pre-treatment loss to follow-up

There was evidence that Xpert MTB/RIF reduced the risk of pre-
treatment loss to follow-up over smear microscopy (RR 0.59, 95%
Cl10.41 to0 0.85; 3 RCTs, 1217 participants; Analysis 1.7; Table 6).

Time from first contact with the health system to initiation of

treatment

Only one randomized study reported the hazard ratio (HR) for
time-to-treatment initiation (HR 0.76, 95% Cl 0.63 to 0.92; 1985
participants; Cox 2014). Table 7 reports the medians of the skewed
distributions for treatment initiation reported in eight studies, and
the proportion treated on the same day in one study (Theron
2014a).

This outcome was the subject of a recent individual participant
meta-analysis (Di Tanna 2019), which included four of the included
studies, with an overall estimated hazard ratio of 1.00 (95% CI 0.75
to 1.32; Churchyard 2015; Cox 2014; Mupfumi 2014; Theron 2014a),
adjusting for age and gender. We do not replicate this analysis.

Proportion of participants who were diagnosed and treated for
multi-drug resistant tuberculosis (MDR-TB)

We were unable to compare between Xpert MTB/RIF and smear
strategies for outcomes specific to drug-resistant tuberculosis
because drug-resistant tuberculosis diagnoses were reported for
the Xpert MTB/RIF arms only.

One non-randomized study assessed participant outcomes among
those diagnosed with multi-drug resistant tuberculosis (van
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Kampen 2015). MDR-TB was diagnosed with first-line drug sensitive
tests (DST). The median time to MDR-TB treatment initiation was
88 days before, and 16 days after Xpert MTB/RIF was used as a
diagnostic tool.

Number of visits to the same or any other healthcare facilities
prior to diagnosis

None of the included studies measured this outcome.

Self-reported satisfaction

None of the included studies measured this outcome.

Subgroup analyses

We were unable to conduct subgroup analyses for any of the
secondary outcomes due to lack of data.

DISCUSSION

Summary of main results

Weincluded 12 studies that assessed the effect of Xpert MTB/RIF on
health outcomes. Compared to diagnostic strategies using smear
microscopy, there was evidence of a positive effect of Xpert MTB/
RIF for some outcomes, and inconclusive evidence for others.

The effect on all-cause mortality overall was uncertain (moderate-
certainty evidence; Summary of findings 1). There was probably a
decrease in mortality among participants known to be infected with
HIV.

There was probably no decrease in the proportion of participants
initiating treatment who had a successful treatment outcome with
Xpert MTB/RIF, but whether there was no or a modest increase was
uncertain (moderate-certainty evidence).

There was inconclusive evidence of a modest or no effect
on the proportion of participants treated for tuberculosis.
There was probably a reduction in loss to follow-up before
treatment initiation, and an increase in the proportion of treated
participants who had microbiological confirmation (moderate-
certainty evidence).

Overall completeness and applicability of evidence

This review includes studies carried out in low- and middle-income
countries, where most tuberculosis cases and tuberculosis-related
deathsoccur (Nliwasa2018; WHO 2019). Mostincluded studies were
undertaken in sub-Saharan Africa, in areas with a high burden of
tuberculosis and HIV. The findings were generally similar in the
trials set in South America and Asia, suggesting that the findings
may be more widely applicable to high burden areas.

A limitation is that there are a small number of studies conducted
on the impact of Xpert MTB/RIF on participant outcomes, and
some of our outcomes have few studies contributing to the
overall estimates. A further limitation is the variability in trial
characteristics, such as the duration of follow-up among studies,
which may increase heterogeneity in the study effect estimates.
We could not assess all objectives planned for this review due to
limitations in data availability, highlighting an information gap. We
were unable to assess participant satisfaction, the number of visits
to health facilities, and drug sensitive and resistant tuberculosis.

Subgroup analyses in people who were HIV positive, negative or
who have unknown HIV status were limited.

Our findings should be interpreted in the context of healthcare
systems. Patient-important outcomes, such as mortality, may
depend on health system factors other than diagnosis, such
as treatment completion rates, co-morbidities, and empirical
treatment (Pai 2018). Studies have reported different experiences
in the gaps in the healthcare cascade, for example South Africa
performed generally better in terms of individuals accessing
tuberculosis tests, but had poor treatment outcomes (Subbaraman
2019). The effects of diagnostic strategies may depend, in part,
on the linkage between diagnosis and treatment. Most included
studies were from countries where tuberculosis is primarily
managed in the public sector. The impact of Xpert MTB/RIF may be
different in countries where tuberculosis is managed in the private
sector, with poor linkage to national programmes.

Further molecular diagnostic tests have recently been introduced
or are under development, such as Xpert MTB/RIF Ultra (Cepheid)
and Truenat (Molbio Diagnostics). The results here may inform the
likely impact of these new tests.

Quality of the evidence

Overall, there were a small number of trials, although some had
a large number of participants. We judged the certainty of the
evidence for the outcomes as moderate, due to imprecision.

The trials included in the analysis could not be blinded. Clinicians'
knowledge and perception of the diagnostic test could be regarded
as part of the intervention, but the lack of blinding may lead to
other biases, caused by knowing which new diagnostic was under
evaluation. We judged that there were high risks of performance
bias in all studies.

In endemic settings, empirical treatment (when there is no
bacteriological confirmation, and the decision to treat is based on
a chest X-ray, or clinical judgement, or both) is common. Empirical
treatment may result from a perceived lack of availability or access
to confirmation of tuberculosis (Boyles 2017). Empirical treatment
has long been recommended by the World Health Organization
(WHO), particularly in resource-limited settings (Walusimbi 2013). It
is more frequent when there is a high tuberculosis or tuberculosis
and HIV burden, a high pre-test probability for tuberculosis, or
when adelayininitiating treatment could result in severe morbidity
or mortality. By acting without test results, empirical treatment
may diminish any potential benefits of a more sensitive test (Di
Tanna 2019; Theron 2014b). It has also been suggested that a higher
quality of care during the trials may have reduced the observed
impact (Ochodo 2019).

Potential biases in the review process

We carried out a comprehensive search, as far as possible without
language restriction, to ensure we included all studies that met the
inclusion criteria. The studies included those in two recent reviews
which have some overlap in outcomes (Agizew 2019b; Di Tanna
2019).
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Agreements and disagreements with other studies or
reviews

The evidence for an effect of Xpert MTB/RIF on mortality
was inconclusive. A similar conclusion was reached in a recent
meta-analysis using participant level data, in which an impact on
mortality could be neither ruled in nor out (Di Tanna 2019). Di Tanna
2019 included three studies for six-month mortality, giving an
overall estimated odds ratio (OR) of 0.88 (95% confidence interval
(Cl) 0.68 to 1.14; Churchyard 2015; Cox 2014; Theron 2014a). We
included five studies, including these three, with varying lengths
of follow-up in our analysis and reached a similar estimate (RR
0.89) with a slightly narrower 95% CI (0.75 to 1.05). In a narrative
literature review of eight trials, which assessed the impact of Xpert
MTB/RIF on participant outcomes, none of the individual trials
reported a significant impact of Xpert MTB/RIF on mortality (Auld
2016). We included all eight studies in our review.

Among participants who were HIV positive, we found evidence of a
reduction in all-cause mortality in the Xpert MTB/RIF arm (OR 0.80,
95% C10.67 t0 0.95). The findingsin Di Tanna 2019 were inconclusive
for the proportion dying by six months in this subgroup (OR 0.83,
95% Cl 0.65 to 1.05), but there was evidence of an increase in
survival (HR 0.76, 95% CI 0.60 to 0.97). Our review included the
studies in Di Tanna 2019, plus two more.

Participants who were treated for tuberculosis in the Xpert MTB/
RIF groups were more likely to be confirmed bacteriologically
than those in the smear microscopy groups. Similar findings were
reported in a recent review, in which Xpert MTB/RIF was shown
to be superior for tuberculosis bacteriological confirmation, in
a subset of seven of the nine studies that we included (Agizew
2019b). In South Africa, the introduction of Xpert MTB/RIF in
101 primary healthcare facilities was shown to increase the rate
of bacteriological confirmation and reduce the rate of empirical
treatment over a period of four years, in a large population-based
programmatic cohort (Hermans 2017). Similar observations were
made in Nepal (Creswell 2015).

We found that Xpert MTB/RIF reduced the risk of pre-treatment loss
to follow-up compared to smear microscopy (RR 0.59,95% Cl10.41 to
0.85). A recent review of 23 studies from 14 countries reported that
pre-treatment loss to follow-up of participants who were smear or
culture positive was commonly reported in studies from Africa (6%
to 38%) and Asia (4% to 28%; (MacPherson 2014)).

A meta-analysis of a related outcome, the difference in median
times to diagnosis, found substantial heterogeneity between
studies (McGrath 2020). Although we did not analyse time to
treatment, the medians appeared to vary greatly (Table 7). This is

likely to be due to the differences in study design, participant mix,
and settings.

AUTHORS' CONCLUSIONS

Implications for practice

Compared with smear microscopy, we found evidence that using
Xpert MTB/RIF had a beneficial impact on some participant
outcomes, but was inconclusive for others.

The evidence for a reduction in all-cause mortality among all
participants was inconclusive, but there was evidence of a modest
reduction for the subgroup of participants who were known to
be infected HIV. We were unable to rule in or out, an impact on
the proportion of those treated who had a successful treatment
outcome, or on the proportion treated. There was evidence of a
decrease in pre-treatment loss to follow-up, and an increase in
the proportion of those treated who had been microbiologically
confirmed.

The summary of the current evidence for an impact of Xpert MTB/
RIF on participant outcomes can help to inform decision-makers,
alongside additional information, such as cost-effectiveness and
feasibility.

Implications for research

Future studies on newly developed molecular point-of-care tests
should incorporate the assessment of participant outcomes. Such
studies are valuable when carried out in settings close to where
people live, such as primary healthcare facilities. We identified gaps
in knowledge. Future studies should include the number of visits
to health facilities, participant satisfaction, participant outcomes
for drug-resistant tuberculosis, and the mechanisms of empirical
treatment, as well as cost-effectiveness and implementation.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Agizew 2019a

Study characteristics

Methods Stepped-wedge cluster-randomized trial. A cluster was defined as HIV care and treatment clinic. Twen-
ty-two clusters, located at five district hospitals and 17 primary healthcare facilities, were purposively
selected to: (1) be representative of HIV treatment clinics in Botswana, and (2) have new antiretroviral

therapy (ART) initiation rates sufficient to meet sample size requirements per protocol

Participants Participants were new HIV clinic attendees, regardless of age, and who were not prisoners at

the time of the first HIV clinic visit between August 2012 and November 2014.
Female: 66% in the Xpert arm, 68% in the smear arm

HIV infection: all were HIV infected

Settings:primary healthcare facilities

Country: Botswana

Sample size: 4225 Xpert arm, 1816 smear arm

Interventions Participants who screened positive for at least one tuberculosis symptom were requested to provide

four sputa samples: two were provided on the screening day (spot 1 and 2) and two on the following
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Agizew 2019a (Continued)

day. On day 2, one sputum sample was collected at home early in the morning (morning sample), and
another sample was taken at the clinic (spot 3).

Participants in the smear arm were enrolled in XPRES before Xpert MTB/RIF instrument implementa-
tion; therefore, spots 1 and 3 were tested only with Ziehl-Nielson smear at the peripheral laborato-
ry. However, if participants in the smear arm screened positive for tuberculosis during a follow-up ap-
pointment after Xpert MTB/RIF instrument implementation, spots 1 and 3 were tested by Xpert MTB/
RIF at the peripheral laboratory or point of care sites.

For the Xpert arm, all spot 1 and 3 samples were tested by Xpert MTB/RIF either at the peripheral labo-
ratory or at point of care sites. Spot 2 and morning samples were submitted to the National tuberculo-
sis Reference Laboratory for liquid culture.

Outcomes Treatment outcome
Time to treatment initiation

Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk The authors reported that the statistician randomly selected one of the roll-
tion (selection bias) out permutations
Allocation concealment Unclear risk No details on how the allocation list was concealed
(selection bias)
Baseline characteristics Low risk There were no substantial differences
similar (selection bias)
Blinding of participants High risk Blinding was not done, however, blinding is not feasible for a diagnostic test,
and personnel (perfor- and knowledge of the test is part of the intervention
mance bias)
All outcomes
Protection against cont- Low risk Allocation of the intervention replaced smear microscopy at different periods
amination (performance in a stepped-wedge design
bias)
Blinding of outcome as- Unclear risk Blinding was not done, however, blinding was not feasible given pragmatic na-
sessment (detection bias) ture of the trial
All outcomes
Incomplete outcome data  Low risk The rate of loss to follow-up was similar between the Xpert MTB/RIF arm and
(attrition bias) smear microscopy arm
All outcomes
Selective reporting (re- Low risk All outcomes in the trial were reported
porting bias)
Other bias Low risk Not detected

Calligaro 2015
Study characteristics
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Calligaro 2015 (continued)
Methods

Individual randomized controlled trial in ICUs in four hospitals.

Participants

Participants: people who were mechanically ventilated, and suspected of having tuberculosis, 18 years
old and older, admitted between 1 Aug 2010 and 31 July 2013. with no tuberculosis treatment in the
previous 60 days

Female: 40% in the Xpert arm, 41% in the smear microscopy arm

HIV infection: 27% Xpert, 32% smear

Settings: intensive care units (ICUs) in four tertiary and secondary hospitals in Cape Town
Country: South Africa

Sample size: 317 participants in total

Interventions

Smear and culture (control), or Xpert MTB/RIF and culture (intervention) of tracheal aspirate samples

Outcomes Primary outcome: proportion of culture-positive participants started on anti-tuberculous treatment in
each trial group 48 hrs after enrolment
Secondary outcomes
« timeto bacteriological diagnosis,
o time to treatment initiation,
« the proportion of culture-positive participants started on antituberculous treatment by the end of the
study,
« proportion of participants given empirical anti-tuberculous treatment,
« mortality.
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Use of block size of 10, by computer-generated allocation list
tion (selection bias)
Allocation concealment Low risk Allocation list was kept centrally by the data manager, a nurse contacted the
(selection bias) data manager each time an eligible participant was identified
Baseline characteristics Low risk No substantial differences observed
similar (selection bias)
Blinding of participants High risk Laboratory staff were blinded to clinical and microbiological details of the par-
and personnel (perfor- ticipants. Participants and clinicians were not blinded to the test used.
mance bias)
All outcomes
Protection against cont- Low risk Allocation and assignment of the group was done centrally, by a data manag-
amination (performance er, after a nurse called following availability of eligible participants. No risk of
bias) contamination
Blinding of outcome as- Unclear risk Assessment of the outcome was done using study staff who were not blinded,
sessment (detection bias) but the outcome was clear.
All outcomes
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Calligaro 2015 (continued)

Incomplete outcome data  Unclear risk The proportions of loss to follow-up were 29% in smear, and 8% in the Xpert
(attrition bias) MTB/RIF groups.
All outcomes
Selective reporting (re- Low risk All outcomes in the methods section were reported
porting bias)
Other bias Low risk not detected
Churchyard 2015
Study characteristics
Methods Two-arm, parallel, cluster-randomized trial. A cluster was defined as a laboratory and two primary care

clinics, served by but not co-located with that laboratory.

Participants

Participants had suspected tuberculosis: a systematic sample of adults giving sputum for tuberculosis-
investigation; 18 years old and older

Female: 62% overall

HIV: 62% overall, 33% of whom had ever been on antiretroviral therapy

Setting: primary healthcare clinics and laboratories in medium-burden districts in four provinces
Country: South Africa

Sample size: 4658 participants in total, 10 clusters in each arm

Interventions

In the Xpert group, participants had one spot sputum specimen collected for Xpert MTB/RIF testing at
the associated laboratory.

In the microscopy group, participants had two sputum specimens collected for fluorescence mi-
croscopy.

Outcomes Primary outcome: mortality, measured 6 months after enrolment
Secondary outcomes:
« proportion with a positive index test result;
« in participants with a positive result, initial loss to follow-up, defined as the proportion not started on
tuberculosis treatment within 28 days of enrolment;
« proportion of the overall cohort starting tuberculosis treatment by 6 months from enrolment
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomization sequence was generated by a statistician using Stata statisti-
tion (selection bias) cal software
Allocation concealment Low risk Randomization was by laboratory, at the outset
(selection bias)
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Churchyard 2015 (Continued)

Baseline characteristics Unclear risk Differences between groups reported, but these were adjusted for in the analy-

similar (selection bias) sis

Blinding of participants High risk Participants and clinicians were not blinded. It is not possible to blind in prag-

and personnel (perfor- matic settings.

mance bias)

All outcomes

Protection against cont- Low risk randomization by cluster

amination (performance

bias)

Blinding of outcome as- Low risk Deaths were recorded through participants' nominated contacts, clinic staff,

sessment (detection bias) and by accessing the department of home affairs vital statistics using South

All outcomes African's identification numbers. In case of ascertainment conflict, an end-
point small committee assigned vital status, but for small number of partici-
pants

Incomplete outcome data  Low risk The proportion of loss to follow-up was similar in both arms.

(attrition bias)

All outcomes

Selective reporting (re- Low risk All outcomes were reported

porting bias)

Other bias Low risk Not detected

Cox 2014
Study characteristics
Methods Pragmatic prospective cluster-randomized trial.

The study took place in one large primary care facility, with randomization by week to the intervention
orroutine care.

Participants

Participants were presumptive pulmonary tuberculosis presenting at Ubuntu clinic in Khayelitisha
Cape town; 18 years old and older

Female: 44.7% in the Xpert group, and 46% in smear microscopy group
HIV infection: 59% in Xpert group, 59.7% in smear microscopy group
Setting: primary healthcare clinic

Country: South Africa

Sample size: 982 Xpert MTB/RIF arm, and 1003 smear microscopy arm

Interventions

Randomization was done on weekly basis. Each week during the study period was randomized to ei-
ther Xpert MTB/RIF or smear microscopy

Intervention: Xpert MTB/RIF

Routine care: smear, culture and DST for high risk of drug resistance

Outcomes

Primary outcome: proportion of bacteriologically confirmed tuberculosis cases that had not initiated
appropriate treatment by 3 months after enrolment
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Cox 2014 (Continued)

Secondary outcomes:

« time to diagnosis,

« timeto tuberculosis treatment,

« all-cause mortality,

« the number of clinic visits prior to appropriate tuberculosis treatment

Notes Target condition: tuberculosis

case definition: bacteriological confirmation of tuberculosis (smear, Xpert, or culture)
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Weeks during the study period were randomized to either intervention (Xpert
MTB/RIF) or control (smear microscopy). Sequence was generated using web
based (Random.org) system prior to the start of the study.

Allocation concealment
(selection bias)

Unclear risk The principal investigator generated the schedule list however no details on
how and who kept the list

Baseline characteristics
similar (selection bias)

Low risk Characteristics were similar in both group

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk The trial was not blinded

Protection against cont-
amination (performance
bias)

Unclear risk Randomization was done weekly during the study weeks; the intervention was
not always correctly assigned

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcomes were objectively assessed. It is unlikely that treatment initiation
was done differently across group. Mortality was ascertained through regional
and national registry, using civil identification numbers

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Proportion of unfavourable outcomes was reported in combination (default-
ers, death, and failure). It is not clearly stated how much of the unfavourable
outcome was linked to loss to follow-up, and whether this affected the groups

differently
Selective reporting (re- Unclear risk Some outcomes were not prespecified
porting bias)
Other bias Low risk No other biases were detected

Di Tanna 2019

Study characteristics

Methods

Di Tanna 2019 is a meta-analysis of three studies. The study characteristics for those three are included
separately. We have included Di Tanna 2019 as a study, so it will appear in the meta-analysis.

Participants
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Di Tanna 2019 (Continued)

Interventions

Outcomes

Notes

Durovni 2014

Study characteristics

Methods Stepped-wedge cluster-randomized trial. All 14 laboratories started with smear microscopy. Two labo-
ratories then switched overnight to the Xpert arm every month, so that by the eighth and final month
of the trial, all clusters were in the Xpert arm. The unit of comparisons were laboratories and the clinics
that used their services.

Participants Participants who had sputum samples sent to the study laboratories for the diagnosis of pulmonary tu-
berculosis between February and October 2012

All age groups

Female: 35.6% Xpert, 35.9% smear microscopy

HIV infection: 7.4% Xpert, 9.8% smear

Settings: primary healthcare facilities that used the laboratories in the study

Country: Brazil, the study was conducted in the cities of Manaus (three laboratories) and Rio de Janeiro
(eleven laboratories)

Sample size: 2610 Xpert, 2050 smear microscopy, 14 clusters

Interventions The diagnostic test for pulmonary tuberculosis was:
Intervention: Xpert

Comparison arm: sputum smears

Outcomes Primary outcome

« notification rate of laboratory confirmed pulmonary tuberculosis by clinics relying on study laborato-
ries’ services

« time to treatment initiation, estimated by the notification date minus the laboratory result date
Secondary outcomes
notification rates: for

« pulmonary tuberculosis, despite a negative test result,

« pulmonary tuberculosis without any laboratory result reported,

« overall pulmonary tuberculosis, irrespective of laboratory test result.
« the rate of Xpert tests positive for rifampicin resistance

« proportion of participants with a rifampicin-resistant Xpert result confirmed by conventional DST
(PPV)

Notes

Risk of bias
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Durovni 2014 (continued)

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Stepped-wedge trial design: randomization of the order in which the inter-
tion (selection bias) vention was implemented in the laboratories was stratified by case load and

estimated HIV prevalence. No detailed information was given on how the se-
quence was generated.

Allocation concealment Unclear risk Allocation was not concealed, but the staff were blinded to the order of entry
(selection bias) into the intervention
Baseline characteristics Low risk Baseline characteristics were similar in the two groups

similar (selection bias)

Blinding of participants High risk Participants and clinicians were not blinded to the intervention itself.
and personnel (perfor-

mance bias)

All outcomes

Protection against cont- Low risk Laboratories and clinics serving laboratories were randomized in a stepped-
amination (performance wedge design; Xpert MTB/RIF replaced smear microscopy; no risk of contami-
bias) nation

Blinding of outcome as- Low risk It was not clear who assessed the outcomes, and whether there was a differ-
sessment (detection bias) ence in how the outcome was assessed between the baseline and intervention
All outcomes periods

Incomplete outcome data  Low risk The proportion lost to follow-up were disclosed and analysed. 41% of notifica-
(attrition bias) tions could not be linked to any test, but the proportion was similar in the two
All outcomes arms.

Selective reporting (re- Unclear risk Some outcomes were not prespecified.

porting bias)

Other bias Low risk Not detected

Mupfumi 2014

Study characteristics

Methods Single centre, pragmatic individually-randomized controlled trial

Participants Participants included were consecutive symptomatic and asymptomatic HIV-infected participants initi-
ating anti-retroviral therapy

18 years old and older

Female: 55%

HIV infection: 100% (HIV clinic)

Setting: specialized infectious disease hospital
Country: Zimbabwe

Sample size: 424
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Interventions
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participants provided 2 spot sputum specimens at least 1 hour apart. If participants were unable to ex-
pectorate sputum, attempts were made to induce sputum using nebulized 6% hypertonic saline.

Samples in the microscopy group had a direct smear completed on each sample followed by staining
with auramine O (Leica, Germany).

Xpert MTB/RIF assays were completed on direct sputum.

Outcomes Primary outcome: proportion of participants who were diagnosed with ART-associated tuberculosis,
or who died within 3 months of randomization

Notes Target condition: Tuberculosis
Case definition: participants with at least 1 positive Xpert or microscopy (for 'scanty' samples, both
smears needed to be recorded as 'scanty')

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Allocation list was generated by the data manager and supplied to the labora-

tion (selection bias) tory manager in sealed envelope

Allocation concealment Low risk Allocation was given in sealed opaque envelope

(selection bias)

Baseline characteristics Low risk Similar baseline characteristics in both groups

similar (selection bias)

Blinding of participants High risk Blinding was not done. Blinding was not feasible given a pragmatic trial de-

and personnel (perfor- sign, however, sample transporter to the central laboratory for quality control

mance bias) was blinded to participant identification

All outcomes

Protection against cont- Low risk Randomization was generated by a data manager, and codes were keptin en-

amination (performance velopes; participants were assigned based on codes.

bias)

Blinding of outcome as- Unclear risk Blinding was not feasible; death occurring after tuberculosis diagnosis was

sessment (detection bias) considered tuberculosis-related death, however, the authors did not clearly

All outcomes explain the different ways to verify death.

Incomplete outcome data  Low risk The proportion of loss to follow-up was not significantly different between-

(attrition bias) groups

All outcomes

Selective reporting (re- Low risk All outcomes in the methods were reported

porting bias)

Other bias Low risk Not detected

Ngwira 2019
Study characteristics
Methods Cluster-randomized trial in 12 primary healthcare centres in rural Thyolo district Malawi
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Ngwira 2019 (Continued)

Participants

Participants included were newly diagnosed with HIV
18 years old and older

Female: 55%

HIV infection: 100% (HIV clinic)

setting: primary healthcare facilities

Country: Malawi

Sample size: 1842

Interventions

Primary healthcare clinics were randomized to either screen tuberculosis in newly HIV participants by
Xpert MTB/RIF, or light emitting diode fluorescence microscopy (LED FM). Symptom screening and spu-
tum evaluation were performed on-site by trained study personnel, and results were provided to par-
ticipants on the same day. Participants testing positive for active tuberculosis were referred for treat-
ment. Participants with tuberculosis symptoms but negative Xpert or LED FM results were asked to re-
turn in one month, and provided with Isoniazid Preventive Therapy (IPT) at that time if asymptomatic.
All participants with positive Xpert or LED FM results had sputum taken for confirmatory culture, per-
formed at a central laboratory. All participants were asked to return to study clinics for assessment
every three months (with one extra visit when on IPT).

Outcomes Primary outcome:
« all-cause mortality within 12 months following HIV diagnosis
Secondary outcomes:
« tuberculosis treatment outcomes,
« tuberculosis incidence,
« mortality in subgroups of age (< 35 versus > 35 years old), sex, clinical stage (stage I/Il versus IlI/1V),
and ART eligibility/CD4 count
Notes Target condition: tuberculosis in newly diagnosed HIV-positive participants
Case definition: positive Xpert MTB/RIF, LED FM, or positive culture
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomization was done by study statistician who identified possible ran-
tion (selection bias) domization that would result in prespecified balance, and the randomization
was carried out by an official using the coin flip method
Allocation concealment Low risk Investigators and laboratory staffs were blinded to allocation
(selection bias)
Baseline characteristics Low risk Baseline characteristics were reported to be similar, no detection of selection
similar (selection bias) bias
Blinding of participants High risk Participants and clinics were not blinded
and personnel (perfor-
mance bias)
All outcomes
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Ngwira 2019 (Continued)
Protection against cont- Low risk Intervention was allocated at a cluster, and recruitment done in waves based
amination (performance on geography
bias)
Blinding of outcome as- Low risk Blinding was not possible, mortality is an objective outcome

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Loss to follow-up was similar in both arms

(attrition bias)

All outcomes

Selective reporting (re- Low risk All pre-specified outcomes in the methods were reported
porting bias)

Other bias Low risk Not detected

Schmidt 2017

Study characteristics

Methods

Before and after evaluation cohort to evaluate impact of roll-out of Xpert MTB/RIF on detection and
treatment of adults with pulmonary tuberculosis

Participants

18 years old and above

Adults suspected of pulmonary tuberculosis
Female: 45.9% before, 44.1% after

HIV infection was not reported

Setting: primary health care in the Cape Winelands East in Weastern Cape. The Cape Winelands is a se-
mi-rural area with a very high estimated total tuberculosis case notification rate of 1400 per 100,000
population

Country: South Africa

Sample size: 15,629 before; 10,741 after

Interventions

Data were collected from the electronic NHLS database, which records all microbiological tests for tu-
berculosis in the region, including the type of test (sputum smear microscopy, Xpert MTB/RIF, or liquid
culture), and the result of each test. Unique individuals tested for pulmonary tuberculosis were identi-
fied by unique laboratory identifiers. Data from the two periods were compared for the proportion of
participants investigated for tuberculosis who tested positive by sputum smear microscopy, liquid cul-
ture, or Xpert MTB/RIF, and the proportion of sputum smear microscopy, liquid culture, or Xpert MRB/
RIF tests that were positive.

Outcomes Primary outcome: tuberculosis detection
Secondary outcome:
« median time to diagnosis
« median time to treatment

Notes
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Schmidt 2017 (continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  High risk A before-after study, no randomization was done

tion (selection bias)

Allocation concealment High risk A before-after study, where allocation of intervention was not concealed; allo-
(selection bias) cation was determined by calender period
Baseline characteristics Low risk No substantial differences observed

similar (selection bias)

Blinding of participants High risk No blinding was done

and personnel (perfor-

mance bias)

All outcomes

Protection against cont- Low risk Data were extracted by specific test used, based on the unique laboratory
amination (performance identifier

bias)

Blinding of outcome as- Unclear risk Data were available prior to the evaluation; outcome assessor unlikely to be
sessment (detection bias) blinded in routine care

All outcomes

Incomplete outcome data  Low risk Missing data were similar before and after intervention, and not statistically
(attrition bias) different
All outcomes

Selective reporting (re- Low risk All outcomes stated in the methods were reported
porting bias)

Other bias High risk Risk of confounding due to before-after design

Theron 2014a

Study characteristics

Methods Pragmatic, randomized, parallel-group, multi-centre trial,
Eligible participants were randomly assigned to undergo either Xpert MTB/RIF or smear microscopy

Participants Eligible participants had one or more symptoms of tuberculosis according to WHO criteria, able to
spontaneously expectorate two sputum samples, had not received anti-tuberculosis treatment within
the previous 60 days, gave informed consent, 18 years old and older
Female: 43%
HIV infection: 60%
Setting: five peri-urban primary healthcare tuberculosis clinics, with attached or close-by treatment fa-
cilities and microscopy laboratories
Countries: South Africa, Tanzania, Zambia, Zimbabwe
Sample size: 758 participants randomized to microscopy, 744 to Xpert
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Theron 2014a (Continued)

Interventions

Intervention group received Xpert MTB/RIF sputum testing, and control group smear microscopy spu-
tum testing

Outcomes Primary outcome: tuberculosis-related morbidity (graded using tuberculosis score and Karnofsky per-
formance score)

Secondary outcomes:

« Feasibility of point-of-care Xpert MTB/RIF testing (accuracy, failure rates, operator protocol adher-
ence, and user appraisals);

« Time to diagnosis (overall, and at days 1, 2, 3, 14, 28, and 56);

« Time to anti-tuberculosis treatment initiation (overall, and at days 1, 2, 3, 14, 28, and 56);

« Proportion of culture-positive participants not started on anti-tuberculosis treatment (dropouts), or
lost to follow-up (culture-positive participants started on treatment who were not retained in the
study)

Notes Target condition: tuberculosis

case definition: culture positive participants
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization schedule generated prior to the study, using computer-gener-
ated allocation list

Allocation concealment
(selection bias)

Low risk A nurse at each site, blinded to the lists, contacted the data manager by tele-
phone to obtain assignment once an eligible participant was identified

Baseline characteristics Low risk Selection bias was not detected

similar (selection bias)

Blinding of participants High risk Central laboratory personnel were blinded, however clinicians could not be
and personnel (perfor- blinded

mance bias)

All outcomes

Protection against cont- Low risk Participants were assigned to intervention based on computer-generated allo-

amination (performance
bias)

cation list by the data manager

Blinding of outcome as- Unclear risk The study was not blinded
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Similar proportions of loss to follow-up were observed in both groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All pre-specified outcomes in the methods sections were reported
porting bias)
Other bias Low risk Not detected
Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review) 35

Copyright © 2021 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Van den Handel 2015

Study characteristics

Methods A before-and-after implementation study

Participants All age groups
Individuals were screened for signs and symptoms of tuberculosis (cough for 2 weeks, weight loss,
night sweats)
Female: 46% smear microscopy period, 46% Xpert MTB/RIF decentralized period
HIV: 32% smear microscopy period, 27% Xpert MTB/RIF decentralized period
Settings: National Health Laboratory services (NHLS) laboratories and peripheral hospitals (district,
sub-district, and primary healthcare facilities) in a district municipality
Sample size: 584 smear microscopy period, and 375 Xpert MTB/RIF decentralized period

Interventions Tuberculosis diagnosis and treatment initiation were evaluated at six of the nine towns/communities
in the Karoo, during three distinct periods. We extracted estimates from the smear microscopy and de-
centralized Xpert periods. Between April and October 2011 (the smear microscopy period), all sputum
samples were sent for smear microscopy to the assigned NHLS laboratory.
In October 2011, a single one-module Xpert instrument was placed in a safe, secure space at hospitals
located in Laingsburg, Murraysburg, and Prince Albert (the decentralized Xpert period), and the three
nurses in charge of tuberculosis care were trained in performing the assay.

Outcomes Time to treatment initiation

Notes Target condition: tuberculosis
Case definition; bacteriological confirmation using smear microscopy, Xpert MTB/RIF, or culture

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Pre- and post-study allocation was determined by calendar dates

tion (selection bias)

Allocation concealment High risk Allocation was not concealed
(selection bias)

Baseline characteristics Low risk Baseline characteristics were similar
similar (selection bias)

Blinding of participants High risk No blinding due to study design
and personnel (perfor-

mance bias)

All outcomes

Protection against cont- Low risk Xpert MTB/RIF allocated after smear microscopy period, and in areas which
amination (performance were geographically apart, minimal risk of contamination

bias)

Blinding of outcome as- Unclear risk No blinding was done, but outcomes were objective

sessment (detection bias)
All outcomes
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Van den Handel 2015 (continued)

Incomplete outcome data  Unclear risk Loss to follow-up was reported during smear period, no clear reports on num-
(attrition bias) ber of participants who were lost to follow-up during Xpert MTB/RIF

All outcomes

Selective reporting (re- Low risk All outcomes in the methods were reported

porting bias)

Other bias High risk Risk of confounding due to pre-post design

van Kampen 2015

Study characteristics

Methods

Before-and-after implementation study

Participants

Criteria: individuals at high risk of MDR-TB according to guidelines, March 2011 to March 2013
All age groups

Female: pre 40%, post 38%

HIV: pre 0.8%, post 2.9%

Setting: three clinics offering programmatic management of drug resistant tuberculosis in East, Cen-
tral, and West Java in Indonesia

Country: Indonesia

Number of eligible participants: pre 871, post 966

Interventions

The diagnostic approach in the before period was to collect one sputum sample from each individual,
and conduct smear microscopy and culture on solid or liquid media. If the culture was positive for tu-
berculosis, an isolate was re-cultured for first-line DST. During the intervention, one sputum sample
was collected for Xpert testing and a second sample was used for diagnostic workup with culture and
first-line DST

Outcomes Proportion of individuals positive for tuberculosis
Second-line treatment initiation in participants with rifampicin-resistant tuberculosis
Time from client registration to diagnosis
Time from diagnosis to treatment start
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk A pre-post study without randomization
tion (selection bias)
Allocation concealment High risk A pre-post study where allocation of intervention was not concealed, alloca-

(selection bias)

tion was determined by calender period
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van Kampen 2015 (Continued)

Baseline characteristics Unclear risk participant characteristics were reported; no substantial differences were ob-
similar (selection bias) served. However, a higher rate of testing occurred after the introduction of
Xpert MTB/RIF.

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias)

All outcomes

Protection against cont- High risk Some participants were tested using conventional methods during the inter-
amination (performance vention period

bias)

Blinding of outcome as- Unclear risk No blinding was done, and could not have been achieved

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Missing data were reported; there were no differences between before and af-
(attrition bias) ter
All outcomes

Selective reporting (re- Low risk Outcomes stated in the methods were reported
porting bias)

Other bias High risk Risk of confounding due to pre-post design
Yoon 2012
Study characteristics
Methods A multicentre implementation study of Xpert MTB/RIF with two phases: baseline and implementation

phases, using a cohort of patients at the Mulago national referral hospital

Participants 18 years old and older
History of cough for more than two weeks, but less than six months
48% female
HIV infection: 76%
setting: Mulago national referral hospital
Country: Uganda

Sample size: 477

Interventions In the baseline phase (August 2009 to March 2010), Xpert MTB/RIF results were not reported to clini-
cians, or used for patient management. This phase allowed for the collection of baseline data on study
outcomes, and was necessary for local validation of Xpert MTB/RIF performance compared with con-
ventional laboratory methods. In the subsequent implementation phase (March 2010 to August 2010),
Xpert MTB/RIF results were provided to clinicians, and were used to inform tuberculosis treatment de-
cisions. Each sample underwent smear microscopy, Xpert MTB/RIF, and culture.

Outcomes Primary outcome: two-month mortality

Secondary outcome: time to tuberculosis detection and treatment
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Yoon 2012 (Continued)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk A pre and post study design without randomization

tion (selection bias)

Allocation concealment High risk Allocation of intervention was determined by calender dates
(selection bias)

Baseline characteristics Low risk Baseline characteristics were reported; were not significantly different
similar (selection bias)

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias)

All outcomes

Protection against cont- Low risk No Xpert MTB/RIF data were used for clinical management during the baseline
amination (performance period

bias)

Blinding of outcome as- Unclear risk Blinding of outcome assessment was not possible, and it is unclear whether
sessment (detection bias) blinding could have affected the assessment of mortality

All outcomes

Incomplete outcome data  High risk Loss to follow-up was significantly different between the before and after in-
(attrition bias) tervention periods
All outcomes

Selective reporting (re- Low risk All outcomes in the methods were reported
porting bias)

Other bias High risk Risk of confounding due to pre-post design

DST (PPV): drug sensitive test

TB: tuberculosis

hr: hour

IPT: isoniazid preventive therapy

MDR-TB: multi-drug resistant tuberculosis

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Boehme 2011 Diagnostic accuracy study
Buchelli Ramirez 2014 Observational retrospective study focused on diagnostic performance
Chilembo 2020 Observational retrospective study based on tuberculosis registers
Feasey 2013 Diagnostic performance study
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Study

Reason for exclusion

Hanrahan 2013

Describes a single group screened with both Xpert MTB/RIF and smear microscopy

Hanrahan 2015

Reviewed retrospective records in health facilities that had implemented Xpert, and those that had
not

Kim 2015 Diagnostic accuracy of Xpert MTB/RIF in detecting RMP resistance against the conventional pheno-
typic DST

Kwak 2013 Primarily a diagnostic study, allocation to group by clinical decision

Lawn 2011 This study assessed the accuracy of the Xpert in diagnosing tuberculosis and drug resistance
against the fluorescent smear microscopy

Lebina 2016 The study included household contacts of people recently diagnosed with tuberculosis, whereas

our review focused on individuals with suspected tuberculosis.

Lessells 2017

The comparison arm did not use smear microscopy

Mboze 2016

Xpert MTB/RIF test was used as an add-on test

Metcalfe 2016

There was no comparison group, all participants received Xpert MTB/RIF test, smear microscopy,
and cultures

Mwansa-Kambafwile 2016

All PHC facilities had Xpert machines

0'Grady 2012

All study participants received Xpert MTB/RIF smear microscopy tests; there was no comparison
group.

Padayatchi 2016

no smear microscopy strategies as comparison group

Rachow 2011

Evaluated accuracy of Xpert MTB/RIF

Sachdeva 2015

The study did not include our prespecified outcomes of interest

Scott 2010

The study assessed the accuracy of the Xpert against the conventional methods

Theron 2011

Study was designed to assess the accuracy of Xpert test against the conventional methods

Wang 2020

Observational prospective study, focusing on re-treatment cases

RMP: rifampicin
DST: drug susceptibility testing
PHC: primary healthcare facilities

DATA AND ANALYSES
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Comparison 1. Xpert MTB/RIF vs smear microscopy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 All-cause mortality 5 9932 Risk Ratio (IV, Random, 0.89[0.75, 1.05]
95% Cl)

1.2 All-cause mortality in the subgroup as- 3 Risk Ratio (IV, Random, 0.98[0.78, 1.22]

sessed at six months 95% Cl)

1.3 All-cause mortality: subgroup analysis 3 0Odds Ratio (IV, Random, Subtotals only

by HIV status 95% Cl)

1.3.1 HIV positive 3 Odds Ratio (IV, Random, 0.80[0.67,0.96]
95% Cl)

1.3.2 HIV negative 1 Odds Ratio (IV, Random, 0.83[0.46, 1.50]
95% Cl)

1.4 Proportion of participants starting tu- 3 Odds Ratio (IV, Random, 1.10[0.95, 1.26]

berculosis treatment who had a successful 95% Cl)

treatment outcome

1.5 Proportion of participants treated for 5 8793 Risk Ratio (IV, Random, 1.10[0.98,1.23]

tuberculosis 95% Cl)

1.6 Proportion of participants treated for 6 2068 Risk Ratio (IV, Random, 1.44[1.29,1.61]

tuberculosis who were microbiologically 95% Cl)

confirmed

1.7 Proportion of participants with mi- 3 1217 Risk Ratio (IV, Random, 0.59[0.41, 0.85]

crobiological confirmation, who had pre-
treatment loss to follow-up

95% Cl)

Analysis 1.1. Comparison 1: Xpert MTB/RIF vs smear microscopy, Outcome 1: All-cause mortality

Xpert MTB/RIF smear microscopy Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cox 2014 -0.116 0.23 982 1003 14.5% 0.89[0.57, 1.40] R
Mupfumi 2014 -0.49 0.37 182 172 5.6% 0.61[0.30, 1.27] -
Theron 2014a -0.064  0.1745 744 758 25.1% 0.94[0.67, 1.32] —
Churchyard 2015 0.095 0.193 2324 2332 20.6% 1.10[0.75, 1.61] JR P
Ngwira 2019 -0.2357  0.1495 781 654 34.2% 0.79[0.59, 1.06] —.t
Total (95% CI) 5013 4919 100.0% 0.89 [0.75 , 1.05]
Heterogeneity: Tau? = 0.00; Chi? = 2.94, df = 4 (P = 0.57); 2= 0% ﬂ
Test for overall effect: Z =1.39 (P =0.17) sz 0f5 1 i '5
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy
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Analysis 1.2. Comparison 1: Xpert MTB/RIF vs smear microscopy,
Outcome 2: All-cause mortality in the subgroup assessed at six months

Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Theron 2014a -0.064 0.1745  41.8% 0.94[0.67, 1.32]
Cox 2014 -0.116 0.23 24.1% 0.89[0.57, 1.40]
Churchyard 2015 0.095 0.193  34.2% 1.10[0.75, 1.61]
Total (95% CI) 100.0% 0.98 [0.78 , 1.22]
Heterogeneity: Tau? = 0.00; Chi2 = 0.59, df = 2 (P = 0.74); 12 = 0%
Test for overall effect: Z = 0.20 (P = 0.84) 0507 1 15 2
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Analysis 1.3. Comparison 1: Xpert MTB/RIF vs smear microscopy,

Outcome 3: All-cause mortality: subgroup analysis by HIV status

Odds Ratio Odds Ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 HIV positive
Mupfumi 2014 -0.49 0.37 6.1% 0.61[0.30, 1.27] JR S
Ngwira 2019 -0.2357  0.1495 37.5% 0.79[0.59, 1.06] —m!
Di Tanna 2019 -0.186 0.122 56.3% 0.83 [0.65, 1.05] B
Subtotal (95% CI) 100.0% 0.80 [0.67 , 0.96] ‘

Heterogeneity: Tau? = 0.00; Chi? = 0.62, df =2 (P = 0.73); I2 = 0%
Test for overall effect: Z = 2.44 (P = 0.01)

1.3.2 HIV negative
Di Tanna 2019 (1) -0.186  0.3015 100.0% 0.83[0.46 , 1.50]

Subtotal (95% CI) 100.0% 0.83 [0.46 , 1.50] i
Heterogeneity: Not applicable

Test for overall effect: Z = 0.62 (P = 0.54)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.91), 2 = 0% 032 0f5 i

Favours Xpert MTB/RIF Favours smear microscopy

Footnotes

(1) Di Tanna report odds ratios, Mupfumi report RR which are a slightly conservative estimate of odds ratios for small proportions, and Ngwira

2

5

Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review)

Copyright © 2021 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.

42



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 1.4. Comparison 1: Xpert MTB/RIF vs smear microscopy, Outcome 4: Proportion
of participants starting tuberculosis treatment who had a successful treatment outcome

Odds Ratio Odds Ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Durovni 2014 0.086 0.07682 87.8% 1.09[0.94, 1.27] h
Cox 2014 0.10106  0.25969 7.7% 1.11[0.67, 1.84] PR P
Agizew 2019a 0.23  0.3388 4.5% 1.26 [0.65, 2.44] R S
Total (95% CI) 100.0% 1.10[0.95, 1.26]
Heterogeneity: Tau? = 0.00; Chi2 = 0.17, df = 2 (P = 0.92); 2= 0%
Test for overall effect: Z = 1.30 (P = 0.19) 0.2 05 1 > 5
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Analysis 1.5. Comparison 1: Xpert MTB/RIF vs smear microscopy,
Outcome 5: Proportion of participants treated for tuberculosis

Xpert MTB/RIF  smear microscopy Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Total Total ‘Weight IV, Random, 95% CI 1V, Random, 95% CI
Cox 2014 0.211  0.08662 982 1003 30.2% 1.23[1.04, 1.46] -
Mupfumi 2014 -0.06188  0.18833 214 210 8.8% 0.94[0.65, 1.36] JR —
Theron 2014a 0.0276 0.0601 744 758  45.5% 1.03[0.91, 1.16] s
Calligaro 2015 0.4408  0.294097 111 115 3.9% 1.55[0.87, 2.77] .
Churchyard 2015 0.039221  0.161253 2324 2332 11.6% 1.04[0.76 , 1.43] —
Total (95% CI) 4375 4418 100.0% 1.10 [0.98, 1.23]
Heterogeneity: Tau? = 0.00; Chi2 = 5.18, df =4 (P = 0.27); 2 = 23% r
Test for overall effect: Z = 1.56 (P = 0.12) sz 065 1 é é
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Analysis 1.6. Comparison 1: Xpert MTB/RIF vs smear microscopy, Outcome 6: Proportion
of participants treated for tuberculosis who were microbiologically confirmed

Xpert MTB/RIF  smear microscopy Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Theron 2014a 0.4498  0.0856 317 320 36.5% 1.57[1.33, 1.85] -
Cox 2014 0.3434  0.11358 277 229 22.3% 1.41[1.13, 1.76] —-—
Mupfumi 2014 0.4021  0.2756 43 45 4.1% 1.49(0.87, 2.57] -
Calligaro 2015 0.6444  0.2978 24 16 3.5% 1.90[1.06, 3.41]
Churchyard 2015 0.1823  0.1034 250 291 26.3% 1.20[0.98, 1.47] |
Agizew 2019a 0.484  0.2069 199 57 7.2% 1.62[1.08,2.43] —_—
Total (95% CI) 1110 958 100.0% 1.44[1.29, 1.61] ‘
Heterogeneity: Tau? = 0.00; Chi? = 5.37, df =5 (P =0.37); 2= 7%
Test for overall effect: Z = 6.43 (P < 0.00001) sz OiS é é
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy

Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review)
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Analysis 1.7. Comparison 1: Xpert MTB/RIF vs smear microscopy, Outcome 7: Proportion of
participants with microbiological confirmation, who had pre-treatment loss to follow-up

Xpert MTB/RIF smear microscopy Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cox 2014 -0.67334  0.24096 257 167  44.1% 0.51[0.32,0.82] —
Theron 2014a -0.6616 0.2937 215 204 32.4% 0.52[0.29, 0.92] — -
Churchyard 2015 -0.04082  0.354972 200 174 23.5% 0.96[0.48 , 1.92] [ —
Total (95% CI) 672 545 100.0% 0.59 [0.41, 0.85] ‘
Heterogeneity: Tau? = 0.02; Chi2 = 2.45, df =2 (P = 0.29); 2= 18%
Test for overall effect: Z = 2.82 (P = 0.005) 0.2 0.5 2 5
Test for subgroup differences: Not applicable Favours Xpert MTB/RIF Favours smear microscopy
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ADDITIONAL TABLES
Table 1. Descriptive summary of studies

Study Country Design Settings Unit of Diagnostic strategies Participant Agegroup Monthsof Number Total
random- eligibility follow-up  of clus- sample
ization ters per

arm
Calligaro South RCT intensive care  individual ~ smear microscopy + cul- evaluated 18 years 26 n/a 242
2015 Africa units ture vs Xpert MTB/RIF + for TB old & older
culture using tracheal as-
pirate samples

Mupfumi Zimbabwe RCT ART initiation  individual ~ smear microscopy vs HIV positive 18 years 3 n/a 424

2014 centre Xpert MTB/RIF and on ART old &older

Theron South RCT primary individ- smear microscopy vs people eval- 18 years 6 n/a 1502

2014a Africa, health facili- ual partici-  Xpert MTB/RIF on sputum uated forTB  old & older

Tanzania, ties pant samples
Zambia,
Zimbabwe
Church- South clus- primary health fa- smear microscopy vs evaluated 18 years 6 10 4656
yard 2015  Africa ter-RCT health facili- cility Xpert MTB/RIF for 7B old &older
ties
Cox 2014 South clus- primary people Xpert MTB/RIF vs routine evaluated 18 years 6 26 weeks 1985
Africa ter-RCT health facility ~ seenwith-  diagnostic algorithm of for 7B old & older (Xpert)
in the cal- smear, culture, and DST and 25
endar weeks
week (smear mi-
croscopy)
Ngwira Malawi Cluster - public HIV Clinic smear microscopy vs newly reg- 18 years 12 6 1842
2019 RCT clinics Xpert MTB/RIF istered peo-  old &older
ple with HIV

Agizew Botswana  stepped- public HIV clinic smear microscopy vs newly reg- all age 6 22 6041

2019a wedge clinics Xpert MTB/RIF istered peo-  groups

ple with HIV
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Table 1. Descriptive summary of studies (continued)

Durovni Brazil stepped- clinics using laborato- smear microscopy vs evaluated all age 6 14 11,705
2014 wedge laboratory ries Xpert MTB/RIF forTB groups smear
services tests;
12,522
Xpert tests
performed
Schmidt South before/af-  primary n/a participants investigated evaluated 18 years 6 n/a 15,629
2017 Africa ter healthcare fa- by smear microscopy vs forTB old &older before;
cilities Xpert MTB/RIF 10,741 af-
ter
van Kamp- Indonesia before/af-  clinics offer- n/a before: sputum sample at risk of all age 24 n/a 975 be-
en 2015 ter ing PMDT ser- underwent smear mi- MDR-TB groups fore; 1442
vices croscopy + culture + DST after
after: Xpert MTB/RIF + cul-
ture + DST
Van den South before/af-  district, sub n/a smear microscopy vs de- evaluated all age 6 n/a 959
Handel Africa ter district and centralized Xpert MTB/RIF  for TB groups
2015 primary (we excluded centralized
healthcare fa- Xpert)
cilities
Yoon 2012  Uganda before/af-  nationalrefer- n/a smear microscopy (base- evaluated 18 years 2 n/a 287 base-
ter ral hospital line) vs Xpert MTB/RIF (im-  for TB old & older line; 190
plementation) imple-
mentation

ART: antiretroviral therapy

DST: drug susceptibility testing

MDR-TB: multi-drug resistant TB

n/a: not applicable

PMDT: programmatic management of drug-resistant tuberculosis
RCT: randomized controlled trial

TB: tuberculosis

VS: versus

Table 2. Summary of studies: all-cause mortality

Months of
follow-up

Study Country Design Settings

Proportion deaths

RR (95%Cl)
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Table 2. Summary of studies: all-cause mortality (continued)

smear arm (n/N)

Xpert arm (n/N)

Churchyard South Africa cluster-RCT primary health clinics 6 116/2332 (5.0%) 91/2324 (3.9%) 1.10(0.75to 1.62)
2015

Cox 2014 South Africa cluster-RCT primary health clinic 6 38/1003 (3.8%) 33/983 (3.4%) 0.89 (0.56 to 1.40)
Mupfumi2014  Zimbabwe RCT ART initiation centre 3 17/172 (9.9%) 11/182 (6.0%) 0.61 (0.29 to 1.27)
Ngwira 2019 Malawi cluster-RCT primary health centres 12 58/685 (8.9%) 55/818 (7.8%) 0.79 (0.59 to 1.06)
Theron2014a  multiple RCT primary health clinics 6 63/758 (6%) 58/744 (8%) 0.94 (0.67 to 1.32)
Yoon 2012 Uganda before/after national referral hospital 2 44/186 (24%) 64/259 (25%) 1.04 (0.75 to 1.46)

Cl: confidence interval

RCT: randomized controlled trial

RR: risk ratio

ART: antiretroviral therapy for HIV

Ngwira 2019 reported estimates as incidence rate ratios (IRR) 0.78 (95% Cl 0.58 to 1.06). We converted to RR, assuming 12 months of follow-up.

All estimates are unadjusted, apart from Churchyard 2015, who reported imbalance due to a small number of large clusters.
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Table 3. Summary of trial results: proportion of those treated for tuberculosis who had a successful outcome

Study Country Design Setting Smear (n/N) Xpert (n/N) OR (95% Cl)

Cox 2014 South cluster-RCT  primary health clinic ~ 176/224 (79%) 215/268 (80%) 1.11(0.67 to 1.84)
Africa

Agizew Botswana stepped- public HIV clinics 36/57 (63%) 136/199 (68%) 1.26 (0.64 t0 2.42)

2019a wedge

Durovni Brazil stepped- primary health clinic  1276/1840 1571/2214 1.09 (0.94 to 1.27)

2014 wedge (68%) (70%)

Cl: confidence interval

RCT: randomized controlled trial

OR: odds ratio

Agizew 2019a defined an unsuccessful outcome as default, all-cause death, failure, or transfer, Durovni 2014 and Cox 2014 also included
a small number of participants who were not evaluated.

We calculated the OR for Cox 2014 from the number in each arm. The Cl took clustering by week into account, by inflating the standard
error of log(OR) by a factor in line with the other outcomes in the same study.

Table 4. Summary of studies: proportion of participants treated for tuberculosis

Study Country Design Setting Proportion participants treated RR (95% ClI)
Smear arm (n/ Xpert arm (n/N)
N)
Calligaro South RCT intensive care units 16/115 (14%) 24/111 (22%) 1.55(0.87t0 2.77)
2015 Africa
Churchyard  South cluster-RCT  primary health clinics 291/2332 (12%) 250/2324 (11%) 1.04 (0.76 to 1.43)
2015 Africa
Cox 2014 South cluster-RCT  primary health clinic 229/1003 (23%) 277/982 (28%) 1.23 (1.04 to 1.46)
Africa
Mupfumi Zimbabwe RCT ART initiation centre 45/210 (21%) 43/214 (20%) 0.94 (0.65 to 1.36)
2014
Theron multi-coun- RCT primary health clinics 317/758 (42%) 324/744 (44%) 1.03(0.91, 1.16)
2014a try

ART: antiretroviral therapy

Cl: confidence interval

RCT: randomized controlled trial

RR: risk ratio

All estimates are unadjusted, apart from Churchyard 2015, who reported imbalance due to a small number of large clusters.

Table 5. Summary of studies: proportion of treated participants with microbiological confirmation

Study Country Design Setting Smear (n/ Xpert (n/N) RR (95% Cl)
N)
Agizew 2019a Botswana stepped- public HIV clinics 18/57 102/199 1.62 (1.08 to 2.44)
wedge
Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review) 48
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Table 5. Summary of studies: proportion of treated participants with microbiological confirmation (continved)

Calligaro 2015  South RCT intensive care units 7/16 20/24 1.90 (1.06 to 3.41)
Africa

Churchyard South cluster-RCT  primary health clinics 189/291 196/250 1.20(0.98 to 1.47)

2015 Africa

Cox 2014 South cluster-RCT  primary health clinic 131/229 226/277 1.41(1.13t0 1.77)
Africa

Mupfumi2014  Zimbabwe RCT specialized hospital 14/45 20/43 1.50 (0.87 to 2.57)

Theron 2014a multiple RCT primary health clinics 120/317 190/320 1.57(1.33t0 1.86)

Cl: confidence interval

RCT: randomized controlled trial

RR: risk ratio

All estimates use unadjusted, apart from Churchyard 2015, who reported imbalance due to a small number of large clusters.

Table 6. Summary of studies: pre-treatment loss to follow-up

Study Country Design Setting Smear (n/N) Xpert (n/N) RR (95%Cl)

Churchyard  South cluster-RCT  primary health facilities 26/174 (15%) 34/200(17%) 0.96 (0.48 to 1.93)

2015 Africa

Cox 2014 South cluster-RCT  primary health facility 41/167 (25%) 32/257 (13%) 0.51(0.32t00.82)
Africa

Theron multiple RCT primary health facilities 30/204 (15%) 16/215 (7%) 0.52 (0.29 t0 0.92)

2014a

Cl: confidence interval

RCT: randomized controlled trial

RR: risk ratio

All estimates are unadjusted, apart from Churchyard 2015, who reported imbalance due to a small number of large clusters.

Table 7. Summary of studies: time to initiate treatment

Study Country Design Setting Smear Xpert Compari-
son
Median days Median days
(IQR) (IQR)
Mupfumi Zimbabwe RCT specialized hospital 8 (3t023) 5(3to 13) P=0.26
2014
Theron multiple RCT primary healthcare facilities 15% (115/178)  23% P =0.0002
2014a (168/744)
Churchyard South cluster-RCT  primary healthcare facility 10 7
2015 Africa
Cox 2014 South cluster-RCT  primary healthcare facility 8 (2to 27) 4 (210 8) HR
Africa 0.76 (0.63
Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review) 49

Copyright © 2021 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Table 7. Summary of studies: time to initiate treatment (continued)

t00.92) P=
0.005
Agizew Botwsana stepped- public HIV clinics 22 (3to 51) 6(2to17) P =0.005
2019a wedge
Durovni 2014  Brazil stepped- clinics using laboratories 11.4(8.5t0 8.1(5.4to P=0.04
wedge 14.5) 9.3)
Van den South before/af- district, sub-district, and primary 11.5(6to 24) 1(0to2)
Handel 2015  Africa ter healthcare facilities
Yoon 2012 Uganda before/af- national referral hospital 1(0to5) 0(0to2) P=0.06
ter
Schmidt South before/af- primary healthcare facilities 5(2to 14) 4 (210 8) P <0.001
2017 Africa ter
van Kampen  Indonesia before/af- drug-resistant TB clinics 42 (25 to 55) 15(7to 51) P <0.001
2015 ter

HR: hazard ratio

IQR: interquartile range

RCT: randomized controlled trial

TB: tuberculosis

Theron 2014a reported the proportion of participants initiating treatment on the day of diagnosis.

Di Tanna 2019 included an individual participant data (IPD) meta-analysis for time to treatment for Churchyard 2015; Cox 2014; Mupfumi
2014;and Theron 2014a. The HR was estimated to be 1.00 (95% CI 0.75 to 1.32) for Xpert MTB/RIF compared to smear microscopy, adjusting
for age and sex.

APPENDICES

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials: Issue 7 of 12, July 2020
ID Search

#1 Xpert* or GeneXpert*or Cepheid or "near* patient":ti,ab,kw (Word variations have been searched)
#2 (smear and microscop*) or (sputum and microscopy):ti,ab,kw
#3 MeSH descriptor: [Sputum] explode all trees

#4 #1or#2 or #3

#5 tuberculosis:ti,ab,kw

#6 MeSH descriptor: [Tuberculosis] explode all trees

#7 TB:ti,ab,kw

#8 #5 or #6 or #7

Database: Embase OVID

Search Strategy:

Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review) 50
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1 Xpert*.mp.

2 genexpert*.mp.

3 Cepheid.mp.

4 "near* patient".mp.

5 lor2or3or4

6 (smear adj3 microscopy).mp.

7 “*sputum/

8 6or7

9 exp Tuberculosis/

10 tubercul*.ab. or tubercul® ti.

11 TB.ab. or TBLi.

12 Mycobacterium tuberculosis/

13 9orl0orllorl2

14 5or8

15 1l4and13

16 limit 15 to human

17 limit 16 to yr="2007 -Current"

18 (treatment or effect* or outcome* or mortality or impact*).m_titl.
19 (effect* or outcome* or mortality or impact*).ab.

20 19or18

21 17and20

22 randomized controlled trial/

23 (randomized or placebo or double-blind* or single-blind*).mp.
24 controlled clinical trial.tw. or controlled clinical trial/
25 follow up/ or cohort analysis/ or cohort.mp.

26 (before and after).mp.

27 22o0r23or24or250r26

28 2land27

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) <1946 to present
1 (Xpert* or genexpert* or Cepheid or "near* patient").mp.
2 (smear adj3 microscop*).mp.

3 (sputum adj3 microscopy).mp.

4 “*sputum/

5 2or3or4

6 exp Tuberculosis/

Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tuberculosis (Review) 51
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7 tubercul*.ab. or tubercul* ti.

8 TB.ab.or TB.i.

9 Mycobacterium tuberculosis/

10 6or7or8or9

11 1lor5

12 10and11

13 (treatment or effect* or outcome* or mortality or impact*).m_titl.
14 (effect* or outcome* or mortality or impact*).ab.

15 13o0rl4

16 12and15

17 randomized controlled trial.pt

18 (randomized or placebo or double-blind* or single-blind*).tw
19 controlled clinical trial.tw. or controlled clinical trial.pt

20 Follow-Up Studies/ or cohort.mp.

21 (before and after studies).mp. (745518)

22 exp Cohort Studies/ (2012868)

23 17orl18or19o0r20o0r2lor22

24 16and23

Cinahl EBSCOHost

# Query
S4 S1AND S2 AND S3
S3 TI ( effect or impact or influence or consequences or outcome* or mortality ) OR AB ( effect or im-

pact or influence or consequences or outcome* or mortality )

S2 Tl ( Xpert mtb/rif or GeneXpert* ) OR AB ( Xpert mtb/rif or GeneXpert*)

S1 Tl ( tuberculosis or tb or "mycobacterium tuberculosis" ) OR AB ( tuberculosis or tb or "mycobac-
terium tuberculosis" )

Science Citation Index - Expanded, Social Sciences citation index (Web of Science), Conference Proceedings Citation Index- Science, Social
Sciences citation index, and Conference Proceedings Citation Index - Social Science & Humanities (all Web of Science)

#1 TOPIC: (tuberculosis or tb or "mycobacterium tuberculosis") AND TOPIC: (x-
pert mtb/rif or GeneXpert* or sputum or microscopy) AND TOPIC: (effect
or impact* or influence or consequences or outcome* or mortality) AND-
TOPIC: (randomized or trial or "controlled trial" or cohort or "before and af-
ter")
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Database: LILACS

Searchon: tuberculosis or TB [Words] and xpert$ or GeneXpert$ [Words]

ClinicalTrials.gov
Xpert* or GeneXpert or sputum | Tuberculosis
WHO ICTRP

Tuberculosis and (Xpert* or GeneXpert*)
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Protocol

Review

Title

Impact of diagnostic test Xpert MTB/RIF® on health out-
comes for tuberculosis

Impact of the diagnostic test Xpert MTB/RIF on patient outcomes for tu-
berculosis

Outcomes

Primary outcomes

o All-cause mortality during trial follow-up by time
from first contact with health care

« Number of tuberculosis cases reported,and the num-
ber of drug sensitive and number of drug resistance
tuberculosis reported.

+ Proportion of participants treated

« Proportion of participants microbiologically con-
firmed and treated

« Proportion of participants not microbiologically con-
firmed but treated

Secondary outcomes

« Time from first contact to initiation treatment
+ Proportion of pre-treatment lost to follow-up

« Proportion of study participants who were diagnosed
with or treated with MDR/TB

« Number of the visit prior to diagnosis
+ Self-reported satisfaction

During review, some primary outcomes were moved to secondary out-
comes following the advice of the reviewers. We also used more specific
wording for the outcomes.

Primary outcomes

« All-cause mortality during trial follow-up from time from first contact
with healthcare

« The proportion of participants treated for tuberculosis who had a suc-
cessful treatment outcome (This outcome was included after a request
from the WHO guideline development group for policy update on Xpert
MTB/RIF)

Secondary outcomes

« Proportion of participants treated for tuberculosis

« Proportion of participants treated for tuberculosis who were microbio-
logically confirmed

« Proportion of participants with microbiological confirmation who had
pre-treatment loss to follow-up

Subgroup analysis

In the protocol we planned to conduct the following
subgroup analysis:

« in participants with and without HIV and tuberculo-
sis,

« in participants with pulmonary and extrapulmonary
tuberculosis,

« inchildren and adults,

« in participants with drug-resistant and non-drug re-
sistant tuberculosis

During the review, the only subgroup analysis we were able to perform
was for mortality in participants by HIV status. Other planned analyses
were not feasible due to lack of data availability.

We introduced one subgroup analysis that we had not planned in the pro-
tocol: mortality assessed at six months. Mortality assessed at six month
would provide relevant data to understand impact of Xpert MTB/RIF dur-
ing treatment.

Selection and review of studies
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In the protocol, we had indicated FH and RN to review In the review, studies were reviewed by FH and MK.

studies

In the protocol, the affiliation for Claudia Denkinger In the review, the affiliation for Claudia Denkinger is both the Division of
was FIND Geneva Tropical Medicine, Center of Infectious Diseases, University of Heidelberg,

Germany and FIND, Geneva. Claudia Denkinger no longer works for FIND.
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