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SUMMARY

BACKGROUND: Compared with smear microscopy, Xpert® MTB/RIF has the potential to
reduce delays in tuberculosis (TB) diagnosis and treatment initiation, and improve treatment
outcomes. We reviewed publications comparing treatment outcomes of drug-susceptible TB

patients diagnosed using Xpert vs. smear.

METHODS: Citations (2000-2016) reporting treatment outcomes of patients diagnosed using
Xpert compared with smear were selected from PubMed, Scopus and conference abstracts. We
conducted a systematic review and meta-analysis. Favorable (cured, completed) and unfavorable
(failure, death, loss to follow-up) outcomes were pooled for meta-analysis; we also reviewed the
number of TB cases diagnosed, time to treatment and empiric treatment. The Mantel-Haenszel
method with a fixed-effect model was used; # was calculated to measure heterogeneity.

RESULTS: From 13 citations, 43 594 TB patients were included and 4825 were with known TB
treatment outcome. From the pooled analysis, an unfavorable outcomes among those diagnosed
using Xpert compared with smear was 20.2%, 541/2675 vs. 21.9%, 470/2150 (risk ratio 0.92,
95%Cl 0.82-1.02). Statistical heterogeneity was low (% = 0.0%, P =0.910). Compared with
smear, Xpert was reported to be superior in increasing the number of TB patients diagnosed (2/9
citations), increasing bacteriologically confirmed TB (7/9 citations), reducing empiric treatment
(3/5 citations), reducing time to diagnosis (2/3 citations), and reducing time to treatment initiation
(1/5 citations).
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CONCLUSIONS: Xpert implementation showed no discernible impact on treatment outcomes
compared with conventional smear despite reduced time to diagnosis, time to treatment or reduced
level of empiric treatment. Further research is required to learn more about gaps in the existing
health system.

RESUME

Comparé a la microscopie de frottis, I’ Xpert® MTB/RIF a le potentiel de réduire les délais de
diagnostic et de mise en route du traitement de la tuberculose (TB) et d’améliorer les résultats du
traitement. Nous avons revu les publications comparant les résultats du traitement des patients
atteints de TB pharmacosensible diagnostiquée par Xpert contre frottis.

Les références (2000-2016) rapportant les résultats du traitement des patients, diagnostiqués par
Xpert comparé au frottis, ont été sélectionnés sur PubMed, Scopus et dans des résumés de
conférence. Nous avons conduit une revue systématique et une méta-analyse. Les résultats
favorables (guéri, traitement achevé) et défavorables (échec, déces, perdus de vue) ont été
regroupés pour une méta-analyse; nous avons revu les nombres de cas de TB diagnostiqués, le
retard de traitement et la proportion de traitement empirique. Nous avons utilisé la méthode de
Mantel-Haenszel avec un modele & effet fixe ; 2 a été calculé afin de mesurer I’hétérogénéité.

A partir de 13 références, 43 594 patients TB ont été inclus et le résultat du traitement de TB a été
connu pour 4825 d’entre eux. Selon I’analyse regroupée, les résultats défavorables parmi les
patients diagnostiqués par Xpert comparés au frottis ont été de 20,2%, 541/2675 contre 21,9%,
470/2150 (ratio de risque de 0,92; 1C95% 0,82-1,02). L’hétérogénéité statistique a été faible (2 =
0,0%; P =0,910). Comparé au frottis, I’ Xpert s’est avéré supérieur en augmentant le nombre de
patients TB diagnostiqués (2/9 références), en accroissant les TB confirmées par bactériologie (7/9
références), en réduisant le traitement empirique (3/5 références), en réduisant le retard de
diagnostic (2/3 références) et en réduisant le retard de mise en route du traitement (1/5 références).

La mise en ceuvre de I’Xpert n’a pas misen évidence d’impact discernable sur les résultats du
traitement comparé au frottis conventionnel, en dépit d’une diminution du délai de diagnostic, du
délai de traitement ou de la réduction du traitement empirique. Il faut davantage de recherche pour
en savoir plus sur les lacunes du systéme de santé existant.

RESUMEN

En comparacidn con la baciloscopia del esputo, la prueba Xpert® MTB/RIF puede disminuir el
retraso del diagndstico de la tuberculosis (TB) y del inicio del tratamiento y mejorar los desenlaces
terapéuticos. Se llevo a cabo una revision de las publicaciones que comparaban los desenlaces
terapéuticos de pacientes con TB normosensible diagnosticada por la prueba Xpert y de los
pacientes diagnosticados mediante baciloscopia.

Se buscaron referencias de estudios que comparaban los desenlaces terapéuticos de pacientes
diagnosticados mediante la prueba Xpert y la baciloscopia en las bases de datos de PubMed,
Scopus y en resimenes de conferencias (2000-2016). Se llevd a cabo una revision sistematica y
un metanalisis. Con fines del metanalisis se combinaron los desenlaces favorables (curados,
tratamiento completo) y desfavorables (fracaso, muerte y pérdida durante el seguimiento); se
analizo el niimero de casos de TB diagnosticados, el lapso hasta el inicio del tratamiento y la
prescripcion de un tratamiento empirico. Se aplico el método de Mantel-Haenszel con un modelo
de efectos fijos y se midid la heterogeneidad mediante el estadistico /.
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En las 13 citas encontradas, se incluian 43 594 pacientes con TB y en 4825 casos se conocia el
desenlace del tratamiento antituberculoso. Segun el analisis combinado, la proporcién de
desenlaces desfavorables en los pacientes diagnosticados con la prueba Xpert fue 20,2%
(541/2675), comparada con 21,9% (470/2150) en los pacientes diagnosticados por baciloscopia
(cociente de riesgos 0,92; 1C95% 0,82—1,02). La heterogeneidad estadistica fue baja (2= 0,0%; P
=0,910). Los estudios comunicaban que, comparada con la baciloscopia, la prueba Xpert era
superior para aumentar el numero de pacientes diagnosticados (2/9 citas), aumentar los casos de
TB confirmados bacteriolégicamente (7/9 citas), disminuir el tratamiento empirico (3/5 citas),
acortar el lapso hasta el diagndstico (2/3 citas) y para acortar el tiempo hasta el inicio del
tratamiento (1/5 citas).

La utilizacién de la prueba Xpert no reveld un impacto perceptible sobre el desenlace terapéutico,
en comparacion con la baciloscopia corriente, pese al acortamiento del tiempo hasta obtener el
diagnostico y el lapso hasta el inicio del tratamiento y a la disminucion de los tratamientos
empiricos. Las investigaciones futuras deberan aportar nuevas aclaraciones sobre las lagunas que
existen en el sistema de salud vigente.

Keywords
patient-level; treatment outcome; Xpert; smear

TUBERCULOSIS (TB) TREATMENT outcomes remain a concern among clinicians,
particularly among TB patients co-infected with the human immunodeficiency virus (HIV),
who have a high risk of mortality (~40%), even when receiving antiretroviral therapy (ART).
1 Less sensitive, traditional TB diagnostic methods such as smear microscopy contribute to
poor treatment outcomes; a missed diagnosis of TB can lead to late patient presentation and
delayed TB treatment initiation.2:3 Smear has low sensitivity (~45 %) in diagnosing culture-
positive disease among people living with HIV (PLHIV).4°

The Xpert® MTB/RIF assay is a real-time, fully automated molecular test developed on the
GeneXpert platform (Cepheid, Sunnyvale, CA, USA), which can detect both
Mycobacterium tuberculosis complex (MTC) and rifampicin (RIF) resistance within 2 h.6.7
After endorsement by the World Health Organization (WHO) in 2010, over 145 countries
had implemented the assay, as of December 2016.8

Recent evidence from meta-analysis suggests that in comparison with smear, Xpert shows a
23% increase in TB detection among culture-confirmed cases.® Studies have indicated that
Xpert has superior sensitivity (79-88%) than smear for TB diagnosis.®11 In addition to
diagnosing more TB cases, the shorter turnaround time of diagnosis using Xpert has the
potential to reduce delays in TB treatment initiation and improve patient-level clinical
outcomes.1? Since 2013, the WHO has been recommending the use of Xpert rather than
conventional microscopy as the initial diagnostic test in all adults; however, we have yet to
see an improvement in treatment outcomes, including mortality and morbidity.? There is
limited published evidence with detailed patient-level clinical outcomes on the impact of
Xpert compared with smear.
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From the limited emerging evidence comparing the use of Xpert vs. smear, varying results
have been reported on the impact of Xpert on patient-level clinical outcomes. The majority
of the reports agree that the inability to show improved clinical impact (treatment outcome)
of Xpert over smear is potentially a result of a high level of empiric anti-tuberculosis
treatment. The expectation is not that clinicians can eliminate use of empiric treatment,
particularly in childhood TB and in smear-negative TB; however, compared with smear,
Xpert has higher sensitivity to accurately diagnose TB and higher specificity to identify true-
negatives, and this may be beneficial to patients, who would be spared unnecessary anti-
tuberculosis treatment.13-17 patients with non-tuberculous mycobacteria (NTM) disease who
present with symptoms similar to TB are particularly at risk of avoidable empiric anti-
tuberculosis treatment. Patients with NTM who receive anti-tuberculosis treatment may have
unfavorable outcomes because NTMs do not respond, or partially respond (depending on the
NTM species), to anti-tuberculosis treatment.1® We conducted a systematic review and meta-
analysis to establish the effect of Xpert on treatment outcomes.

The aims of the present review were primarily to compare smear and Xpert assays among
TB patients to determine if Xpert reduces: 1) unfavorable outcomes (failure, death, loss to
follow-up [LTFU]); 2) time to diagnosis and time to treatment; 3) use of empiric treatment.

METHODS

Search strategy

We followed Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines.1® This systematic review and meta-analysis is registered at
PROSPERO (http://www.crd.york.ac.uk/PROSPERO; number CRD42016050625).

As Xpert is a relatively new TB diagnostic technology, we searched PubMed and Scopus for
all relevant articles published between January 2000 and December 2016. A sensitive search
strategy was used, with Xpert as the key heading term used in combination with potentially
relevant key factors: Xpert AND ‘tuberculosis’; or ‘impact’; or ‘effect’; or ‘treatment
outcome’; or ‘time to diagnosis’; or ‘time to treatment’; or ‘empiric treatment’: or ‘loss to
follow-up’; or ‘mortality’; or ‘morbidity’.

We also reviewed abstract books from the Union World Conference on Lung Health from
2012 to 2016 for studies that may have been completed but not yet published. In addition,
we reviewed the reference lists of the primary studies to include additional references that
might have been missed with our primary search strategy.

Review of studies

Studies designed as cohort studies or randomized clinical trials comparing the diagnosis
and/or treatment outcomes of TB patients diagnosed using Xpert vs. smear were potentially
eligible to be included in the review. Citations with patient-level treatment outcomes
(favorable or unfavorable) comparing Xpert and smear microscopy were eligible for
inclusion in the meta-analysis. The target study population was patients of any age or sex
who presented with TB symptoms at any health care level.
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The inclusion criteria that studies reported on were 1) treatment outcomes in drug-
susceptible TB patients, diagnosed using Xpert compared with those diagnosed using smear;
2) the effect of Xpert on time to diagnosis, time to treatment, empiric treatment or mortality.

The exclusion criteria were 1) studies reporting on treatment outcomes for drug-resistant
TB; and 2) studies not reporting on patient-level treatment outcomes or whose reporting was
from modeling studies or population-level impact. Detailed descriptions of cohort selection
as Xpert or smear groups are included as notes under each table.

Two reviewers (TA and RB) independently reviewed study titles and abstracts to determine
eligibility. All studies that met the inclusion criteria received full-text reviews, and
differences were resolved by consensus.

Data extraction and statistical analysis

For studies fulfilling the inclusion criteria, two independent reviewers selected eligible
citations and compiled data on a pre-piloted Excel™ (MicroSoft, Redmond, WA, USA)
spreadsheet. The following information was collected, if available: article author and title,
year of publication, study setting, population (HIV-infected and/or non-infected), participant
demographics and baseline characteristics, details of intervention and control conditions,
study methodology, treatment outcomes, time to diagnosis, time to treatment, diagnostic test
(smear and Xpert), incremental value (additional TB cases diagnosed) and description of
empiric treatment practices.

Favorable TB treatment outcomes were defined as cured or completed treatment.
Unfavorable treatment outcomes were defined as failed, death or LTFU. Empiric treatment
was defined as initiation of treatment in the absence of a bacteriologically confirmed
diagnosis. Diagnostic impact (reduced time to diagnosis, increased number of TB cases
diagnoses and increased bacteriologically confirmed TB), therapeutic impacts (reduced time
to treatment, reduced LTFU and reduced empirical treatment) and patient-level outcomes
(improved treatment outcome, including mortality) were described based on Schumacher et
al.’s framework.12

The data abstracted were aggregated and summarized as favorable and unfavorable
outcomes for patients diagnosed and treated using smear- and Xpert-based algorithms.
Pooled analysis was conducted using the Mantel-Haenszel method with a fixed-effect model
and a forest plot created using STATA v14.0 (STATA Corporation, College Station, TX,
USA). The statistical test, /2, was applied to measure heterogeneity. To support the results
from the pooled analysis, a narrative analysis of articles that did not meet the criteria for
meta-analysis was produced to identify factors potentially affecting treatment outcomes
(time to diagnosis and time to treatment, empiric treatment and bacteriologically confirmed
TB).

Quality assessment

While scales such as the Detsky et al. scale can be useful, many authors consider the scoring
schemes to be imprecise, and cut-off points can be arbitrary; we therefore did not use any
scale or scoring system.20:21 We applied a set of strict inclusion and exclusion criteria to
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identify as many comparable studies as possible. For consistency and to ensure high quality
of data, two authors (TA and RB) independently reviewed methods used in potentially
eligible articles and abstracts. The included citations provided information on how patient-
level treatment outcomes were measured and reported results using risk ratio (RR), 95%
confidence interval (Cls) or Pvalues. Following review, any concern or uncertainty was
resolved by consensus.

Ethics statement

RESULTS

Ethical approval was not required for this systematic review.

A total of 683 unique citations were identified, with 89 reporting on either outcome or
impact (Figure 1). Of these, 13 citations on drug-susceptible pulmonary TB were eligible
and were fully reviewed; respectively 43 594 patients and 4825 with known TB treatment
outcomes were included for systematic review and meta-analysis.

The designs of analyzed citations in the present study are included in Tables 1-4. Of the 13
citations included in this analysis, nine (including all four citations in the meta-analysis)
reported results from randomized clinical trials (Tables 1-4).13-16.22-26 Citations reported on
the following, comparing those diagnosed using Xpert vs. those diagnosed using smear: 1)
patient-level treatment outcomes among TB patients were reported in 6/13 (46%) citations
(Table 1),13-16.:25.27 and among presumptive TB patients in 5/13 (31%) citations (Table 2):
13,22,23,25.26 ) the total number of patients with a TB diagnosis was reported in 3/13 (23%)
citations (Table 3),27-29 and in 6/13 (46%) citations which reported on TB patients
diagnosed among presumptive TB patients (Table 4);1322-26 3) the proportion of
bacteriologically confirmed TB was reported in 6/13 (46%) citations among TB patients
diagnosed (Table 3)14.1522.27.29.30 anq in 3/13 (23%) citations among presumptive TB
patients (Table 4);13:24.28 4) the proportion of TB patients empirically treated was reported

in 4/13 (31%) citations (Table 3)1422.25.27 and in 1/13 (8%) citations among presumptive TB
patients (Table 4);26 5) the proportion of LTFU among presumptive TB was reported in 2/13
(15%) citations (Table 4);23.25 and 6) time to diagnosis was reported in 3/13 (23%) citations,
22,2527 and time to treatment in 5/13 (39%) citations (Table 5).13.22.24,25,27

Meta-analysis

The four citations that fulfilled the criteria for meta-analysis were from Botswana (7 = 1),
Brazil (n= 1) and South Africa (7= 2). The data from these citations are summarized in
Tables 1 and 6.13-16 Of a combined total of 4825 TB patients, 55% (2675/4825) were
diagnosed using Xpert and 45% (2150/ 4825) using smear, were initiated on anti-
tuberculosis treatment and had a known treatment outcome. Bivariate analysis showed
similar treatment outcomes between TB patients diagnosed using Xpert and smear (Table 6).
Unfavorable outcomes were reported for respectively 20.2% (541/2675) and 21.9%
(470/2150) of patients diagnosed using Xpert and smear. The pooled analysis showed a RR
of 0.92 (95%Cl 0.82—1.02) (Figure 2). Statistical heterogeneity was low (£ = 0.0%, P=
0.910).

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.
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Tuberculosis treatment outcomes

Of the 13 reviewed citations, six reported on patient-level treatment outcomes among TB
patients, four of which had sufficient data allowing for classification as favorable or
unfavorable; treatment outcome was similar among those diagnosed using Xpert vs. those
diagnosed with smear. Yoon et al. and Mupfumi et al. reported on mortality among TB
patients at 2 and 3 months with no difference between smear and Xpert groups (Table 1).
13-16,25.27 Another five citations, reporting among presumptive TB patients, showed no
mortality benefit at 6 months,1322:23.25.26 or gt 3 months (Table 2).22 Cox et al.
demonstrated superiority of Xpert to smear (21.9%, 215/982 vs. 17.5%, 176/1003; RR 1.25,
P=0.032) on treatment success (measured as favorable outcome) among presumptive TB
patients.13

Reviewed diagnostic and therapeutic impact: Xpert vs. smear

TB patients diagnosed—Of the three citations reporting on the total number of TB
patients diagnosed,2’-2% only Sachdeva et al. indicated increased TB diagnosis (16%) among
Xpert compared with smear (134/100 000 vs. 116/100 000 population, RR 1.16, < 0.001).
Creswell et al. reported lower than expected (8.5%, non-significant) annual pulmonary TB
notifications at 4589 in the second year of intervention (Xpert introduction) compared with
the baseline (pre-intervention) 5123 TB notifications.2® Of the six citations that reported on
presumptive TB patients, only Cox et al. demonstrated a higher proportion of TB diagnosed
in the Xpert arm than in the routine arm (smear) (28%, 277/98 vs. 23%, 299/1003; RR 1.44,
P =0.013); all other citations showed no incremental benefit (i.e., increased TB case
detection), including Durovni et al., who reported results per 100 000 rather than proportions
(79.6 vs. 91.7/100 000, smear and Xpert, respectively, 2= 0.115).1322-26 Theron et al. noted
that the effect of Xpert, compared with smear, on incremental value was demonstrated only
within the first 3 days after sputum collection, and the benefit was no longer seen at day 14
(41%, 303/744 vs. 39%, 292/758, P= 0.383) and thereafter at day 28 and day 56 (Table 4).26

Empiric treatment—Of the 5 citations that reported on empiric anti-tuberculosis
treatment, 1 was among presumptive TB patients and 4 among TB patients.1522.25-27 |n 2/4
citations reporting on TB patients, Xpert use led to reduction in empiric treatment compared
with smear (7%, 9/125 vs. 15%, 27/178 by Yoon et al. and 17%, 4/24 vs. 56%, 9/16 by
Calligaro et al.) (Table 3).22:27 Theron et al. showed a decrease in empiric treatment
compared with smear among presumptive TB patients (17%, 130/744 vs. 26%, 197/758)
(Table 4).26

Bacteriologically confirmed TB—Of the 9 citations that reported the proportion of
bacteriologically confirmed TB, 6 were among TB patients and 3 among presumptive TB
patients. In 7/9 (78%) citations, Xpert was superior to smear in confirming TB
bacteriologically.13:22-27 |n studies by Yoon et al. and Calligaro et al., bacteriological
evidence was similar between Xpert and smear; all TB patients included in these two
analyses were hospitalized patients unlike the rest of the citations (Tables 3 and 4), in which
Xpert was shown to be superior.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.
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Time to diagnosis and time to treatment—TFive citations reported on time to
treatment, three of which also reported on time to diagnosis. Compared with smear, Xpert
significantly reduced delay in diagnosis in 2 of the 3 citations that measured time to
diagnosis, 222527 and reduced time to treatment in 1/5 citations (Table 5).13:22.24.25.27 One of
the studies reporting on time to treatment (not time to diagnosis) was by Durovni et al., who
reported that Xpert was useful in increasing the number of TB patients who initiated
treatment early in a Brazilian setting, compared with smear (Table 4).13:24 Theron et al.
reported the proportion of TB patients diagnosed and initiated on treatment but did not
report the number of days to treatment initiation (Table 4); instead, they reported that Xpert
increased the number of TB patients diagnosed and the number of patients who were
subsequently treated in the first 3 days after sputum collection, but that there was little
difference between Xpert and smear groups for those starting treatment at 2, 4 and 8 weeks
after sputum collection. In this cohort, mortality at 2 and at 6 months was similar among
patients diagnosed using Xpert and those diagnosed using smear, irrespective of time to
treatment initiation.26 None of the citations showed that reduced time to diagnosis or
treatment translated into an improvement in TB treatment outcome or mortality.

Loss to follow-up—Of the two citations reported on LTFU among presumptive TB
patients,23:25 Xpert use had no effect on reducing LTFU. Comparing Xpert vs. smear,
Mupfumi et al. reported that LTFU was 15% (32/ 214) vs. 18% (38/210), A= 0.380, and
Churchyard et al. reported 0.99% (23/2332) vs. 1.08% (25/2324) (P value not available)
(Table 4).

DISCUSSION

To our knowledge, this is the first systematic review and meta-analysis of the impact of
using Xpert compared with smear on patient-level TB treatment outcomes (coded as
favorable and unfavorable) in the diagnosis of drug-susceptible TB. Pooled results gathered
from the four randomized trials included in the meta-analysis demonstrated similar TB
treatment outcomes among patients diagnosed with Xpert compared with smear, suggesting
that Xpert has not been observed to reduce unfavorable TB treatment outcomes. No previous
meta-analysis has compared drug-susceptible TB treatment outcomes between cohorts using
Xpert and smear. The report by Auld et al., who reviewed eight clinical trials, was the only
one available; they concluded that Xpert showed no impact on the key patient-level
outcomes, mortality and morbidity.3!

Recent publications have demonstrated that Xpert has the potential to increase the number of
TB cases diagnosed,®13:28 and microbiologically confirmed TB cases, and reduce time to
diagnosis and treatment initiation.%13:22.24.27.28 Baohme et al. also demonstrated that shorter
turnaround times resulted in substantially faster initiation of anti-tuberculosis treatment,
which resulted in a significant reduction in LTFU.10 It remains unclear as to why Xpert did
not result in a discernible impact in terms of improvement of clinical outcome despite such
potential.

Theron et al. hypothesized that the potential benefits from Xpert are masked by high levels
of rapid empiric treatment,1’ and several reports agreed with this assumption.13:14.26 |n
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contrast, Churchyard et al. reported that Xpert could minimize the proportion of patients
receiving empiric treatment.23 Although clinicians cannot eliminate the use of empiric
treatment, Xpert has a higher sensitivity than smear to accurately diagnose TB and a higher
specificity to identify true-negatives, and this may be of benefit to patients, who would be
spared unnecessary anti-tuberculosis treatment.%:18:23 Creswell et al. demonstrated an 8.5%
reduction in empiric treatment in Nepal when Xpert was used in program settings.2?
Churchyard et al., Creswell et al. and the present review do not support the assumption that
the effects of Xpert are being masked by clinicians continuing a high level of empiric
treatment. Nonetheless, the concern as to why treatment outcome has not been affected by
reduced empiric treatment prevails. The majority of the reviewed citations in the present
analysis indicated that the use of Xpert reduced empiric treatment, but no treatment outcome
benefits were observed. It is also worth noting that empiric treatment may have some added
value, particularly in TB in children and people with smear-negative TB, where Xpert
sensitivity is lower than that in patients with smear-positive or culture-positive TB. In such
cases, empiric treatment remains important. An editorial from Lawn et al., in support of
Theron et al.’s hypotheses, concluded that the effect and extent of empiric treatment on
treatment outcomes warranted further evaluations in real-world settings.17:32 An
observational prospective study (ClinicalTrials.gov Identifier: ) was started in 2016 in
Zambia to evaluate the effect of Xpert on patient health outcomes and empiric TB treatment
among PLHIV. The study is expected to be completed in 2018, and the results will provide
an opportunity to examine any association between Xpert use and empiric treatment.33

In the present analysis, we reviewed the diagnostic and therapeutic impact of Xpert, and
their effect on patient-level treatment outcomes. In the majority of the citations (7/9),
although Xpert increased bacteriologically confirmed TB, the effect did not translate into
increased numbers of TB cases treated or improvement in treatment outcomes.
13,15,22,24,27-29 \\e are in agreement with Auld et al. that merely replacing smear with Xpert
is not enough to see the desired effect of highly sensitive new molecular testing.3! Another
recent report from Auld et al. seems to support this hypothesis; their study showed a
significant 12-month mortality reduction when enhanced care (defined as intensified case
finding with additional staff support actively tracing patients who missed clinic
appointments) was added to routine standard of care, rather than only replacing smear with
Xpert. Auld et al. suggested that the intensified case finding and active tracing of TB
patients to improve retention in care by health care workers were key factors for any
mortality benefits.34

The need for enhanced care discussed by Auld et al. is an issue of health systems
strengthening.3! An additional area of concern, which was not included in our systematic
review but has a potential to negatively affect Xpert test results and thus treatment initiation,
is sputum quality. Orina et al. from Kenya and Meyer et al. from Uganda reported concerns
with a higher than expected proportion of salivary sputum samples collected for Xpert
testing.3%:36 The Xpert diagnostic test does not function in isolation, and considering other
health system and pre- and post-diagnostic test-related factors in the TB diagnostic cascade
is essential.3” There are three key intervention areas that are important to address for
successful Xpert implementation. The first is the pre-diagnostic stage. Interventions may
include training of Xpert operators, including proficiency tests, assessment of potential
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diagnostic delays, both patient-related (e.g., health care seeking) and health system (e.g.,
sample transport) and assessment of optimal placement of GeneXpert instruments to
improve access to testing (high-burden areas, point-of-care peripheral clinics or even at the
community level if GeneXpert Omni is available). The second is the diagnostic stage.
GeneXpert instruments should be regularly maintained and should use the latest version of
Xpert cartridges (currently G4 or Ultra). The third area is post-diagnostic stage. Attention
should be placed on turnaround time, early treatment initiation, reduced empiric treatment,
and reduced LTFU by actively tracking patients after treatment initiation.

While Xpert as a highly sensitive and rapid diagnostic test is appreciated in TB control
efforts, patient-related factors, quality sputum samples and stronger health systems seem to
matter more than the use of innovative technology alone. Population-level TB control
success in high-income countries was achieved long before molecular testing was
introduced, which was not necessarily due to the diagnostic technology used.38 Having said
this, we are not by any means minimizing the need for new Xpert molecular technology, as it
plays a very important role in the rapid diagnosis of drug-resistant TB, extra-pulmonary TB
and childhood TB. Furthermore, the use of the Xpert Ultra assay in settings with limited
infrastructure is promising, and should be further explored.

Our study had seven main limitations. First, of the 13 citations that reported on the impact or
treatment outcomes, only four fulfilled the inclusion criteria for the meta-analysis. All of
these citations were from randomized clinical trials but the covariate data on age, sex, HIV
status and previous history of TB were insufficient to be included in the analysis. Second,
TB treatment outcomes for meta-analysis reported by Agizew et al. and Fielding et al. were
adjusted for clustering,1516 whereas data from the trial reports from Cox et al. and Trajiman
et al. were extracted and thus not adjusted for clustering.13-14 Third, studies that measured
delays in time to diagnosis or time to treatment used inconsistent definitions. In some
studies, delays were measured from the time of enrollment,13:25 while in others, this was
measured from the time of sputum sample collection;25 some did not provide clear
definitions.22:24 Fourth, no data were available on other potential factors that could influence
patient care and outcomes, such as delays in sample transportation, efficiency of patient
referrals, proficiency of staff in conducting diagnostic tests, and adherence of clinicians to
standard guidelines for patient screening, diagnosis and treatment, all of which could have
had an effect on time to diagnosis and time to treatment. Fifth, the population studied in the
present analysis included a mix of HIV-infected and non-infected persons, with the
exception of two citations that included only HIV-infected persons in the analysis. Due to
their compromised immune status, HIV-infected individuals might possibly have affected
treatment outcomes. However, the citations which included both did not report treatment
outcomes by HIV status; it was therefore not possible to see any impact difference between
the HIV-infected and non-infected groups. Sixth, in the present analysis, the microbiological
status of TB patients may have affected treatment outcomes; however, none of the citations
included reported treatment outcomes by microbiological status. Finally, although 9/13
citations reported in this analysis were from randomized clinical trials,14-16:22-26 the relative
effect of the study design may have affected the impact of the interventions, as highlighted
in a review by Auld et al.3!

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.
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In conclusion, Xpert implementation showed no discernible impact on clinical outcomes
compared with conventional smear. Despite improved time to TB diagnosis, treatment
initiation and/or empiric treatment, patient-level outcomes for Xpert and smear were similar.
With the available evidence, efforts towards TB control need more than just consideration of
replacement of smear with Xpert. Further implementation research is required to better
understand the gaps in existing health systems. Although improved clinical outcomes have
not yet been observed with Xpert, identifying areas of intervention for health system
reinforcement is a worthwhile exercise on an ongoing basis. Within a wider context,
optimizing the use of Xpert to maximize benefits, such as early diagnosis and management
of drug-resistant TB, and diagnosis of extra-pulmonary TB and pediatric TB, are also
essential.
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Forest plots of unfavorable treatment outcomes among tuberculosis patients diagnosed using
Xpert vs. smear. RR = risk ratio; Cl = confidence interval.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 16

Agizew et al.

‘dn-moj |04 01 SSO|=N411

‘sniIA ASUB101BpOUNLUILLT UBWINY=A[H ‘[el1} [8d1UI]D PSZIWOPURI=] DY ‘3]qR|IeAR J0U=\/N ‘[BLI} PaZILIOPUR] PaIRISN|o=1HD 10Y0d 8A11080S0Id=0d ‘[eAIBIUI BOUSPLUOI=]D ‘Ol1el YSU=YHY ‘SISo|ndJagm=g |

‘N4 ‘ylesp ‘ainjiej Juswiess) = m_gegﬁczw

‘N1 “(Aupeniow) yresp ‘ainjiey = 9|qeIOABIUN pue ‘pa)a|duwiod ‘paind = w_%sauu_,N

'SUOIIENID BY) Ul paystjgnd se uae) a1em sdnolB padx pue Jesws 10y siusiied g1 JO Jaquinu sy} JO J0TRUILLOUSP PUB JoJeIaWNU 8y |
*

(6S°T 3Wo2IN0 I
80 -0L0)S0T (LT1)SC €12 (gen)1e 612 a|qeionBjUN ‘siusned-InQ - 9597 140 B3V yinos GT0Z grBuIpIalS
(1271 3W00IN0 21U AIH
—-€9'0)€0T  (002)2e 29T (012)8  6€ a|qeIonBIUN ‘siusned-IN0  T09 140 euemsiog ST0Z GMaziby
(022) (r'v2) 3WOAN0 21Ul ‘spusiyed
VN — 444 G102 60% 9/9T d|qelonesuN -no pue -ul 880y 140 lizeig GT0C yruewlel]
amgequiiz
‘eluezue]|
syiuow U g1 ‘elqwez
7500 — o rr  T2E (08)9z  tee 2 e Aujenony ‘siuaned-InQ - Z0ST 104 'eduv yinos ¥102 gzHosBYL
[endsoy
syiuow 18 91UI1d AIH
610 — (09)tT 28T (oom) LT 2T € 1e Aujenoy ‘siusied-IN0  yzy 104 amaequiiz ¥102 gziwunydniy
NmEooSo oo
WN — (Len) 1 6¥2 (LeT) 82 %02 3|qeIoABMUN ‘siuaned-INO G86T 140 BV Yyinos 102 e1X00
syjuow
080 — (0¥ ¥T 66 (02T) 9z €51 2 1e Aujeniopy swened-ul  //y od epuebn (4104 1zU00A
anfeA d (109656) (%) u u (%) u u 8aWo2IN0 sbumes uazis ubisa@ Aiunod Jeak ERIVEIETEY]
SPS] 1adyx Buisn Jeaws Buisn ,UwE 0ol a|dwes uonealgnd Joyiny
pasoubelp pasoubelp jusunesil
sjuaired g1 sjusned g1

Author Manuscript

*mpcm_u.ma g1 Buowre painseaw awo02IN0 Juswieal]

T alqeL

Author Manuscript Author Manuscript Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 17

Agizew et al.

'SNUIA ADUBID1BpOUNWIWI UBWINY = AJH [eL) [eD1UI]D PaZIWOpUR) = | DY [eli) PAZILIOPUEI PRISISN[O=1HD ‘[BAISIUI 90UBPIIUOD = | ‘Oe YSU = HY ‘SIS0|naIaqny = g1

"pa1dBLUI-A|H-Uou Buowe swoldwAs g1 syaam g< pue paloajul-AlH Buowre (ssoj 1ybiram 4o 1eams ybiu ‘1ansy ‘ybnod) swoldwAs g1 Inoy Buimoljo) ayy Jo Aue Ylim sjusited

1

*suoITeNd ay) Ul paystignd se usxel asam sdnolB uady pue Jeaws Joy syusied g1 sAndwnsald 40 J18QuINU 3y} JO JOJRUILIOUSP pue JOJeIsWNU 8y |
*

(291 TS
190 -SL0TT (6€) 16  VTee (09) 91T  zeeT 9 ‘syusned-INn0 - 9597 140 ©ILJY YInos GTO0Z gzPreAyoInyd
nun
3Jed aAIsuaul
ul pazijendsoy
6YT0 — (0ze)9e  TIT (ozv) 8y STT € ‘syuaned-ul - TyE 104 ©ILJY YInos GT0Z 2204eB1|[eD
amaequilZ
‘eluezue]
o ‘elquez
v1L0 — (08)8s v (08)e9  8sL 9 g1 ‘sluened-N0  Z0ST 109 ‘eduyv yinos 102 gzHosBYL
|endsoy
ezt Te o1uld AIH
6T0 -620)T90 (09)TT 28T (oom) LT 2T € ‘Siuaned-In0 vy 10y amgequiiz 102 gelwngdniy
(or'T auUIjo
8150 -950)680 (re)ee 286 (8€)8e  €00T 9 ‘syuaned-INnO  G86T 140 ©ILJY YInos ¥102 e1X00
anfen (10%56) (%) u u ady (%) u U Jeaws paanseaw sbumas u azIs ubisa@ Anunod Jeak ERIVEIETEY]
d oy Buisn paisay Buisn paisay Aljeriow a|dwes uonesljgnd Joyiny
_ﬁwc@_aa a1 mEm_HS a1 yoym
anndwnsaid anndwnsaid ¥e SUIUOIN
L Swaned g1 aAndwnsaid Buowe painseaw AjfeloN
Z 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 18

Agizew et al.

‘|eu paziwopuel

paIBIsN[o= 14D ‘SNIIA AUBID1apOUNLILIT UBWNY = AJH [B} [BI1UN]D PAZILOPURI= | DY ‘3]qe|IeAR 10U = WN ‘H0Y02 9A1I0adsoid = Dd ‘[eAlalul 30USpIUO0D = [D ‘011el XSI = JY ‘SIsonaiaqn = g1

gz (100°0 ¢ "9T'T dY ‘uotrendod 000 00T/9TT 'SA 000 00T/VET Alaanoadsal) Jesws pue uiadx Buowe 000 00T Jad pasouBelp siuaied g1 paniodal *[e 18 BASPUIES ¢-'(EZT G 'SA 68S P) SUONEIIIOU €1
(uonuaniayui-aid) aurjaseq yum pasedwod (Uononposul Lady) uonuaAlaul JO Jeak puodas ayj ul suorealynou g Areuowind [enuue payoadxa Uey) 1amo| ‘Juedlj1ubis-uou 94G'g Ue pajodal ‘Je 19 ||amsal)

7 S1souBeIp pauuyuod AjjealBojolieloed € Jo 8ousSqe BU Ul JUSULTEa) JO UONENIUI By L

5

+

"x3]dwod SIS0|N2JagN} WNLIB1oRqOIAIN 40 8duasald ay) JO 3dUspIAS |e2160|01IBIdR] U0 paseq sisoubelp g1

)

"SUOIIEND By} Ul paysijgnd se uae) asam sdnolB pady pue Jeaws 1oy siusied g1 JO Jaquinu sy} JO JOTRUILIOUSP PUE JoTelawnu ay |
*

(zg0
-85°0) (0°z6) gL pawluod a1u1}9 ‘sjuaired eIV oglopuEH
100°0> 690 v1T €eT (0v9) 8y 6L Alreaifiojoisioeg Anopue-ul  6yy T Od yinos G102 uaQ ueA
(e¢8) (z'99) €1 pawiuod o1 ‘syuatyed
. gzl I9MS3ID
7000 — 218L  GIE6 06E€ €T S Alreaifojoisioeg -nopue-ul  9v8 ¥T Od [edaN ST02 §
ST00 — (omv vz (095)6 9T juswiyeal) oudws
11UN 8Jed BAISUBIUI
g1 pawiyuod ul pazijendsoy RO
VN — (ee8)oz  ve (§28)9 o1 Alreaibojonisioeg ‘sjusned-ul - TyE 104 uyinos §T02 il o)
€1 pawijuod ol
100°0> — (0gs) 98 6v1 (0ez)s  se AlreoiBojonieioeg  AIH ‘senedn0 0 9 184D euemsiog 102 qrmeziby
(0€2) (0'ze)
L\ — €5 €z e 765 988 T awiess opdwy
(z'92) (0'89) €1 pawiuod o1 ‘spuatyed
S0'0> — T0LT €T e 92T 98T Alreaifojouisioeg -Inopue-ul 880 ¥ 140 l1zelg G102 pruewlest
lendsoy e o1u1jd
0zT0 — ¥s)ee  ev (69) 1€ S wawiesn oMdws  AIH ‘slusned-ing g 104 amqequiz 102 gzlwnydniy
(0's2)
150 — (0'82)86 GzT vET 8.1 pasoubelp sased g1
usweal) oudw
100 — ©OD6 Sz OsT iz 8L FHeusEss dLIdLS
9WJIJuU0d
(0'09) 8L peuy
WN — (0g9)e8 szt 10T 8.1 Alreaifojoisioeg suaned-ul  LJp od epuebn 2102 1zU00A
anfeA d (10%56) 000 u (%) u u Juswiealy oudwa sbumes uazIS ubisag Anunod Jeak ERIVEIETEY
I 00T/40  1aadX Buisn Jeaws Buisn /91 pawluod s|dwes uonealgnd aoyiny
(%) u pasoubelp pasoubelp Ajreaibojorisioeq
sjuaned g1 sjusnned g1 /pasoubelp sases g1

Author Manuscript

, SUOITEID PamaIAa] Ul JusLuyeal) dLIdws pue g1 pawlijuod AjeaibojoLis)oeq ‘pasoubelp sesed g1

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 19

Agizew et al.

(zs'1
-9T'7) (e'02) (2 4)) €1 pawiuod alp
VN €e'T 66ZVT 9GS 0L ¢eS T G/90T Allea1fojorieroeg ‘s)usned-IN0 - TEZ T8 ad elpu] ST0C 8z8N3PYIES
(80'T) (66°0)
VN - 14 A4 €¢ Zee ¢ n411
(ev'T
-9.°0) (8'01) (5z1) S1u1j2
6.0 70T 0S¢ A4 T6¢ zeee pasoubelp sased g1 ‘sjuaned-INO - 9591 14D eouyy yinos ST0Z ezPIeAyaInyd
nun
9.Jed aAIsusIul
(022) (0v1) ur pazijendsoy
62T°0 — 14 1T 91 GTT pasouBelp sased g1 ‘siuaned-ul  TpE 10d  BOLV YInos ST0C 2z0%eB11[eD
90 — (0R74 1475 ocy 86/, 96 Aeq
6070 - (U474 1475 (0R0)4 86/ 8¢ Ae@
€8€°0 - 0Ty 1475 0'6€ 8GL T Ae@
00 — 0¢ce 1475 0'.¢ 86/, ¢ Aeg
6000 — 00€ WL 0¥  8SL z ke@
(0€2) (0sT)
T000> — 89T 1475 STT 86/, 1 Ae@
— pasoubelp sesed g1 aMaequIZ
‘eluezue|
1) (0'92) JUoWIEan SLIdeS o a1 ‘BIqWeZ
T00'0> — 0€T 1475 16T 86/, 7 o ‘s)usned-IN0 20S T 104 ‘2oL YInos ¥102 gzUoIBY L
(0s1) (081)
08€°0 - 43 T1¢ 8¢ 0T¢ N4d.L
lendsoy
(002) (0'12) e 01U AIH
0080 - o174 1474 Sy (0) %4 pasoufelp sased g1 uened-N0 Ty 104 amgequiiz ¥102 gzlwnydniy
(zv1) (2'6) g1 pauliyuod o1u1o ‘syuaired 1uAoIN
. A a
T000 — LLLT [44gAr LETT SOLTT AjjeaiBojonisioeg -Ino pue -uj ¢ ve 140 l1zeig ¥10¢ §
(82) (€2) JuBWLIeaN
€100 - LlC 286 6¢¢ €00 T uo pajeniu]
(2871 9 02
Z€1 (090 (027) 8L pauLy AU AIH
T000> JAH) LS¢ 86 19T €00 T Alleaifojorieroeg ‘s)usned-IN0 S86 T 140 BILJV Yinos ¥10¢ e1X00
anfend  (10%56) 000 u Jadyx (%) u u Jeaws juswieas sBumeas uazIs ubiseqg Anunod Jeak ERVEIETED
pERS| 00T/ 40 Buisn paisal Buisn paysal oudwsa pue N4171 a)dwes uoiedlgnd Joyiny
(%) u syuened g1 sjuaired g1 ‘91 pawJiuod

anndwnsaid

anndwnsaid

Ajreaibojonisloeq
‘sased g1

. SuoneNo pamainal ut sjuaired g1 aAndwnsaid Buowre Juswiyeal) duidws pue N417 ‘91 pawIyuod Ajjea1fojorialoeq ‘pasoubelp sased g1

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 20

Agizew et al.

"8]qe|1eAe J0u=\YN ‘L0y0d
aAN0adso1d=Dd ‘|eL eaIulfo PazIWopURI=1 DY ‘SNIIA AOUBID1IBPOUNLULLI UBWNY=A|H [el] PSZILOPUEI PaIBISN|O=1¥D ‘[eAISIUI 80UBPLIU0I=]D ‘011Rl 3SLi=4Y ‘dN-MmO||0} 01 SSO|=N-LT ‘SISO|ndIaqm=g.L

'safejuaaiad Jou pue (GTT'0 = ‘A1aAndadsas ‘Lady pue Jeaws ‘000 00T/L'T6 'SA 9°6/) 000 00T/pasoubelp syusned g1 pajussaid ‘|e 19 _c>o§n_%

7 SIsouBelp pauLyuod AjjealBojolaloed € JO 82UaSqe B Ul JUaWea) JO co_ﬁ_u_c_u

"X8]dWod SISOIN2JagN) WNLIB1oRGOIAA JO ouasaid sy J0 80UBPIAG [2160j0LIB)0RY UO paseq sisoubelp m¢

'suoIIeld ayy Ul paystjgnd se usyel atem sdnolb Ladx pue Jeaws 1oy sjuaired g1 sAndwnsaid Jo Jaquunu ay) 4O JojeulloUsp pue ojesawnu ay L
¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 21

Agizew et al.

“snuIA AousIdBpoUNLIWI UBWNY = AH ‘[eL) [e91UI[O PaZILOpURI= | DY ‘8]ge]IeAR 10U = /N ‘[eli] PaZILIOPUEI PaIslsN|o= 14D 110yod aAndadsold = Dd ‘ebuel ajiuenbisiul = YOI ‘sisojnoseqni = g1

47 S1S0uBeIP 01 UOI931{02 WININGS LLIOLY IO 517 ‘SISOUBRIP 0] JUBWI|0IUB WO BN JAULIS Se PAUISAP JUBWIEI) aWil pue sisoubelp o) aliL

i

"SUOIIENID 8y} Ul paystignd se uaxe) alem sdnolB padx pue Jesws 1oy siusiied g JO Jagquinu 8y} JO JOTRUILLOUSP PUe JoJRIaWNU 8y L
*

670 [z1-z0leo vz [ez-zolzo ot JuUaLWIEaI) 0] BWIL
11UN 81ed SAISUBIUI
[zzz ul pazijendsoy
1000> [g0-zolzo ¥z €0l TeT 9T sisoufelp 0} awiL ‘siusned-ul - Tye 10¥  ®Bdlyv ynos G102 il o]
9z'0 [eT-€ls 4 [ez—€l 8 Sy JuUaLWIEaI) 0] BWIL
[endsoy ye ou1jd
100 [eT-TlZ ey [sz-T]9 Gy sisouBelp 03 swi | AlH 8ned-In0 ey 104 amaequiiz ¥102 gelwngdniy
[sv1 O]
700 [e6-tvslT8 0192 -G8l '1T 0502 Juswyeany oy swil  'sjusped-no pue-ul  Lz2Z v2 140 l1zeig ¥102 vzlunoing
VN [s-2lv 112 [1z-2]8 (44 JuBWIIea.] 0} AWIL oo ‘sjusned-in0 - 586 T 140 eduyV yinos 102 e7X00
waEumm:
090'0> [c-0lo [S14) [s-0lT 8.1 O
km_wo:mc_u
100°0> [t-0lo erA [oz-0l T 8.1 0} w1 syuened-ul  //y od epuehn 2102 1zH00A
anfeA d [H0O1] u [40O1] u sAep juswieaal sbumes u azis ubisa@ Anunod Jeak ERIVEIETEY
uelpaw sAkeq  pady Buisn ueipaw sAeg  Jaeaws Buisn 0} Wi 10 a|dwes uonedl|gnd Joyiny
pasoubelp pasoubelp sisoufelp 03 sawi |
syuaied g1 sjuaired g1

Author Manuscript

G 9lqeL

Author Manuscript

, Juawyeau) 0] W) pue sisoubelp o0} awi L

Author Manuscript

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



Page 22

Agizew et al.

Author Manuscript

‘[EAJR1UI 3OUSPIIUOD = | ‘ONRl YSU = Y

*dno.B pady 8WO00IN0 JUSLUTEAI) UMOUY LM JuaLLyess) pateniul siusired g1

+

“dn-MoJ0} 01 SSO] ‘y1eap ‘ain|ie) Jusweal |

1

*dn0JB JeaWS BWOIINO JUBITESL) UMOU UIIM JUaWIBa]) pateniul oym syuaned g1
*

(95'1-€9°0) 00T  (¥7) B¥C/VE (¥T) voz/8e ¥102 ¢T2LV LINOS 'X0D
(ez1-86'0) 2T'T  (22) STOC/YYY (¥2) 9.91/601 1004 prlizeig ‘vewlelp
(L0z-250) v0'T  (02) 29T/ee (12) 618 G102 greuemsiog ‘meziby
(65'1-02'0) G0'T  (TT) T€2/ST (e1) 6¥2/I1E GT0Z T8V YInos ‘Buipfal4

(10%56) 94 H?é N/U 3]qeJonejun  (9%6) N/U ,3]qeJOARJUN  JB3A  8dUaJajad ‘A1unod Joyiny

sy nsaJ 11adyx

I
S]|nsaJ Jesws

9 9|qeL

Author Manuscript

Author Manuscript

sisAJeue-e18W 8Y) Ul Papn|oul SaIPNIS JO SoNSIIgoRIRYD

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 November 22.



	SUMMARY
	METHODS
	Search strategy
	Review of studies
	Data extraction and statistical analysis
	Quality assessment
	Ethics statement

	RESULTS
	Meta-analysis
	Tuberculosis treatment outcomes
	Reviewed diagnostic and therapeutic impact: Xpert vs. smear
	TB patients diagnosed
	Empiric treatment
	Bacteriologically confirmed TB
	Time to diagnosis and time to treatment
	Loss to follow-up


	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

