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BACKGROUND
In 2018, tuberculosis (TB) was associated with 1.2 million deaths and a further 251,000
deaths from tuberculosis disease among people living with HIV (WHO Global
tuberculosis report 2019). The absolute number of TB deaths among HIV-negative
people fell by 27% between 2000 and 2018, from an estimated 1.7 million in 2000 to 1.2
million in 2018, and similarly the mortality rate fell by 42% (including 3.6% between
2017 and 2018). Among HIV-positive people, the number of TB deaths fell faster, from
624 000 in 2000 to 251,000 in 2018 (a reduction of 60%), and the mortality rate fell by
68% (from 10 to 3.3 per 100,000 population) (WHO Global tuberculosis report 2019). Of
the WHO regions, Africa had the highest mortality rate (18%) (WHO Global tuberculosis
report 2019). There has been progress in treatment success (cure and treatment
completion). Latest data show a global success rate of 85% among new TB cases in
2017 compared to 81% in the previous year (WHO Global tuberculosis report 2019).
Overall loss to follow up were high in the WHO region of the Americas accounting for
25%.
Xpert MTB/RIF was endorsed by the WHO in 2010 and since then it has been included
in more than 10 high burden countries in their national policies (Cazabon 2016). By 2016
approximately 23 million Xpert cartridge were procured in the public sector in 130
countries under concessional price and approximately 34.4 million overall globally
(Cazabon 2016; Cazabon 2017).
The aim of this Cochrane Review was to assess the impact of diagnostic strategies
using Xpert MTB/RIF compared to strategies using smear microscopy on people
important outcomes. In this WHO report, we considered the following outcomes: allcause mortality, pre-treatment loss to follow-up, cure, time to diagnosis, and time to
treatment initiation.
METHODS
Search methods
We searched the following databases, without language restriction, from 2007 to 27
February 2018 and updated our search from 2017 to 31 July 2019: Cochrane Infectious
Disease Group (CIDG) Specialized Register; Cochrane CentralRegister of Controlled
Trials (CENTRAL), published in the Cochrane Library;MEDLINE OVID; Embase OVID;
CINAHL EBSCO; LILACS (Latin American andCaribbean Health Science Information
database; BIREME); Science Citation IndexExpanded (Web of Science), Social
Sciences citation index (Web of Science), andConference Proceedings Citation Index Social Science & Humanities (Web ofScience). We also searched the WHO International
Clinical Trials Registry Platform(www.who.int/ictrp/search/en/), ClinicalTrials.gov
(clinicaltrials.gov/), and the Pan AfricanClinical Trials Registry (www.pactr.org/) to
identify ongoing trials using (tuberculosis OR TB) AND (Xpert orGeneXpert or "sputum
microbiology" or "sputum microscopy") as search terms.
Selection criteria
We included published randomized controlled trials and cluster randomized trials that
compared the use of Xpert MTB/RIF and smear microscopy on health outcomes. We
only included trials if they evaluated expectorated sputum consistent with routine
practice. Multiple publications of the trial were included only once by including the
publication with the largest sample size for the outcomes assessed and the most
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detailed information. Except for analysis of the outcome on cure, we included another
publication by Trajman A 2015 from the trial in Brazil by Durovni 2014. We excluded
studies on accuracy of Xpert MTB/RIF and those without a comparison group.
Data collection and analysis
Two review authors independently extracted data using a piloted data extraction tool.
We resolved disagreements through discussion or by consulting a third review author.
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. For
binary outcomes, we extracted the relative risk or odds ratio if available. For time-toevent outcomes, we extracted the log hazard ratio (HR) with standard error or
confidence interval.
In cluster randomized trials, we recorded the number of participants and clusters
randomised to each diagnostic arm, and the number of participants monitored for each
outcome of interest and the number of events in each diagnostic arm. For clusterrandomized trials that were adjusted for clustering, we extracted the adjusted measures
of effect for each outcome and method of adjustment. In studies that are not adjusted for
clustering, we extracted the number of clusters randomised or the mean cluster size and
the intraclass correlation coefficient (ICC), if available. We also extracted data relevant
for the assessment of the risk of bias.
RESULTS
For the impact of Xpert MTB/RIF on all-cause mortality we included five studies (10,409
participants). We included two individually randomized trials (Mupfumi 2014; Theron
2014) and three cluster randomised trials (Churchyard 2015; Cox 2014; Ngwira LG
2017). All studies were conducted in high TB burden and high TB/HIV burden countries.
There were two trials in South Africa (Churchyard 2015; Cox 2014), one in Zimbabwe
(Mupfumi 2014), one in Malawi (Ngwira LG 2017) and one multi-country study with sites
in South Africa, United Republic of Tanzania and Zimbabwe (Theron 2014). All studies
were conducted in outpatient settings and enrolled participants aged18 years or older.
PICO 1 Subquestion 15: Should Xpert MTB/RIF vs smear microscopy be used in
adults with signs and symptoms of pulmonary tuberculosis?
Impact on all-cause mortality
Overall, all-cause mortality occurred in 248 (4.7%) of 5265 in the Xpert MTB/RIF group
and 292 (5.7%) of 5144 in smear group. Compared to smear microscopy, the overall risk
of mortality was estimated to be RR 0.88 (0.73, 1.05) (5 trials, 10,409 participants;
moderate-certainty evidence), (Cox 2014; Churchyard 2015; Ngwira LG 2017 Mupfumi
2014; Theron 2014).
Figure 1: Overall impact on all-cause mortality
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Mortality assessed at six months
Restricting the analysis to the three studies that assessed mortality at six months only
the risk of all-cause mortality was estimated to be RR 0.97 (95%CI: 0.77, 1.23), (3 trials,
8143 participants), (Churchyard 2015; Cox 2014; Theron 2014).
Figure 2: All-cause mortality assessed at six months

Beyond treatment period
Only one study (Ngwira LG 2017) assessed mortality beyond the treatment period. Allcause mortality was assessed at 12 months among HIV-positive patients. Overall, allcause mortality was 22% lower in the Xpert MTB/RIF group, 55 deaths of 818 personyears (6.7 per 100 person-years), compared to the smear microscopy group, 58 deaths
of 685 person-years (8.6 per 100 person-years), RR 0.78 (0.58, 1.06). In a sub-group
analysis among patients with advanced AIDS, all-cause mortality was lower in the Xpert
MTB/RIF group, 32 deaths of 231 person-years (13.9 per 100 person-years), compared
to the smear microscopy group, 36 deaths of 127 person-years (28.3 per 100 personyears) RR 0.43 (0.22, 0.87).
In HIV-positive participants
In studies that included only HIV-positive participants (Ngwira LG 2017; Mupfumi 2014),
the risk of all-cause mortality was estimated to be RR 0.76 (95% CI 0.58, 1.00), (2 trials,
2239 participants), (moderate-certainty evidence).
Figure 3: Impact on all-cause mortality in people living with HIV
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Summary of individual patient data meta-analysis
Di Tanna 2019 compared the effect of Xpert MTB/RIF and smear microscopy on allcause mortality using patient level data. In the analysis for mortality, three randomized
trials were included (Churchyard 2015; Cox 2014: Theron 2014). All three trials were
conducted in South Africa and assessed mortality at six months among adults in
outpatient settings. In summary, for the primary outcome of 6-month mortality risk
among outpatients tested for TB, overall all cause 6-month mortality occurred in 182
(4.5%) of 4050 patients in the Xpert MTB/RIF group and 217 (5.3%) of 4093 patients in
the sputum smear microscopy group, pooled adjusted OR 0.88 (95% CI 0.68, 1.14); P =
0.34, (3 trials, 8143 participants). A stratified analysis among HIV-positive individuals
showed a pooled adjusted OR of 0.83 (0.65, 1.05); P = 0.12.
Pre-treatment loss to follow up
Xpert MTB/RIF was found to reduce the risk of pre-treatment loss to follow-up with an
estimated RR of 0.59 (0.42, 0.84) (3 trials,1165 participants; moderate-certainity
evidence), (Churchyard 2015; Cox 2014; Theron 2014).
Figure 4: Proportion of pre-treatment loss to follow up

Cure
Included studies assessed treatment success as an outcome after six months of TB
treatment. The WHO defines treatment success for TB if there is evidence of cure and
that cure is confirmed bacteriologically or if the patient has completed treatment without
evidence of treatment failure. For analysis of this outcome, we considered treatment
completion as a proxy for cure hence we defined ‘cure’ in those cured and those
completing treatment. In comparison to smear microscopy, Xpert MTB/RIF significantly
increased the odds of cure, OR 1.09 (1.02, 1.16), (2 trials, 4580 participants; highcertainty evidence), (Cox 2014; Durovni 2014).
Figure 5: Proportion cured

Time to diagnosis
The meta-analysis included two trials involving 1924 participants (Theron 2014; Mupfumi
2014). The median time to diagnosis was 0.5 days ((Interquartile range (IQR) 0.5 to 10
days)) for each group, pooled HR 1.05 (95% CI 0.93, 1.19); P = 0.43, (Di Tanna 2019).
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The results were in the direction of benefit and we judged this analysis as highcertainty evidence.
Time to treatment
The meta-analysis included four trials involving 8208 participants (Theron 2014;
Mupfumi 2014; Cox 2014; Churchyard 2015). The median time to treatment was four
days (IQR 1 to 10 days) for the Xpert MTB/RIF group and five days (IQR 1 to 15 days)
for the smear microscopy group, pooled HR 1.0 (95% CI 0.75, 1.32); P = 0.99, (Di Tanna
2019). We judged this analysis as moderate-certainty evidence.
GRADE tables and certainty of evidence
For the main outcome (mortality), we judged risk of bias to be low across studies. There
was no evidence of inconsistency or indirectness. We considered imprecision to be
serious and downgraded one level. Explanations for GRADE-ing are shown below in the
GRADE tables.
AUTHORS’ CONCLUSIONS
We found that, compared with smear microscopy, the use of Xpert MTB/RIF did not
result in a statistically significant reduction in all cause mortality. However, we caution
about interpreting non-significance to mean no effect when the 95% confidence interval
likely includes an effect that may be clinically important. We found that the use of Xpert
MTB/RIF decreased pre-treatment loss to follow-up and increased the proportion of TB
patients cured.
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Table 1: Descriptive summary of studies included for all-cause mortality assessment.
Study,
year

Country

Design

Settings

Sample
size

Month
mortality
assessed

No. (%)
deaths
in smear
group

6

No. of
patients
tested in
smear
group
2332

No. (%)
deaths in
Xpert
group

RR

P value

116 (5)

No. of
patients
tested in
Xpert
group
2324

Churchy
ard 2015

South
Africa

Cluster
RCT

Outpatient
-primary
healthcare
clinics

4656

91 (3.9)

1.1 (0.751.62)

0.61

Cox
2014

South
Africa

Cluster
RCT

Outpatient
-primary
healthcare
clinics

1985

6

1003

38 (3.8)

982

33 (3.4)

0.89 (0.581.75)

0.51

Mupfumi
2014

Zimbabwe

RCT

Ngwira
2017

Malawi

Cluster
RCT

Theron
2014

South
Africa,
Tanzania,
Zambia,
Zimbabwe

RCT

Outpatient
specialize
d
infectious
disease
clinic
Outpatient
-HIV
primary
healthcare
clinics
Outpatient
-primary
healthcare
clinics

424

3

214

17(9.9)

210

11 (6)

0.61 (0.291.27)

0.19

1842

12

841

1001

55
(6.7 per 100
personyears)

0.78 (0.581.06)

0.1

1502

6

758

58
(8.6 per
100
personyears)
63 (8)

744

58 (8)

*AoR 0.92
(0.61-1.39)

0.7

*Odds ratio was included given that odds ratio approximates risk ratio if outcomes are rare e.g. Mortality and inclusion of odds would not lead to overestimation
of the measure of effect.
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Table 2: Descriptive summary of studies included for pre-treatment loss to follow up
Study,
year

Country

Design

Settings

Total
number
tested
positive for
TB

Month
pretreatment
loss to
follow up
assessed

Number of
patients
tested for
TB in
smear
group

Number of
patients
tested for
TB in Xpert
group

174

Number lost
to follow up
before
treatment
initiation in
smear group
N (%)
26 (15)

Churchy
ard 2015

South
Africa

Cluster
RCT

Outpatientprimary
healthcare
clinics

374

1

Cox
2014

South
Africa

Cluster
RCT

Outpatientprimary
healthcare
clinics

424

Theron
2014

South
Africa,
Tanzania,
Zambia,
Zimbabwe

RCT

Outpatient
primary
healthcare
clinics

367

RR

P value

200

Number lost
to follow up
before
treatment
initiation in
Xpert group
N (%)
34 (17)

0.96 (0.481.93)

0.91

3

167

41 (25)

257

32(13)

0.51 (0.330.77)

0.0052

6

182

28 (15)

185

15 (8)

-

0.03

OR

P value

Table 3: Descriptive summary of studies included for cure
Study,
year

Country

Design

Settings

Total
number
treated for
TB

Number of
patients
treated for
TB in smear
group

Number cured in
smear group

Number of
patients
treated for TB
in Xpert group

Number lost to
follow up before
treatment
initiation in Xpert

N (%)

Cox
2014

South Africa

Cluster
RCT

Outpatientprimary
healthcare
clinics

492

224

176 (78.6)

268

N (%)
215 (80.2)

-

0.75

Durovni
2014

Brazil

Step
wedged
cluster
RCT

Outpatient
primary
healthcare
clinics

4088

1856

1267 (68.3)

2232

1571 (70.4)

-

-
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Table 4: Descriptive summary of studies included for time to diagnosis
Study,
year

Country

Design

Settings

Sample
size

Theron
2014

South
Africa,
Tanzania,
Zambia,
and
Zimbabwe
Zimbabwe

RCT

Outpatientprimary
healthcare
clinics

RCT

South
Africa,
Tanzania,
Zambia,
Zimbabwe

IPD metaanalyses

Outpatientspecialized
infectious
disease
clinic
Outpatient
health care
clinics

Mupfumi
2014

Di Tanna
2019

Number of
patients in
Xpert arm

1500

Number
of
patients
in smear
arm
757

Time diagnosis Xpert
arm, median days,
(IQR)

HR (95% CI)

P value

743

Time to
diagnosis
smear arm,
median days,
(IQR)
0.5 (na)

0.5 (na)

-

-

424

210

214

6 (1-25)

2 (1-13)

-

-

1924

967

957

0.5 (0.5-10)

0.5 (0.5-10)

1.05 (0.931.19)

0.43
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Table 5: Descriptive summary of studies included for time to treatment
Study ID

Country

Design

Settings

Sample
size

Number of
patients in
smear arm

Number of
patients in
Xpert arm

Time diagnosis Xpert
arm, median days,
(IQR)

HR (95% CI)

P value

576

Time to
diagnosis
smear arm,
median
days, (IQR)
1 (0-4)

Theron
2014

South Africa,
Tanzania,
Zambia, and
Zimbabwe

RCT

Outpatientprimary
healthcare
clinics

1219

643

0 (0-3)

-

-

Mupfumi
2014

Zimbabwe

RCT

422

Cox 2014

South Africa

RCT

Churchyard
2015

South Africa

RCT

Di Tanna
2019

South Africa,
Tanzania,
Zimbabwe

IPD
metaanalyses

Outpatientspecialized
infectious
disease
clinic
Outpatientprimary
healthcare
clinic
Outpatientprimary
healthcare
clinics
Outpatient
health care
clinics

210

212

8 (3-23)

5 (3-13)

-

-

1911

968

943

8 (2-22)

4 (2-10)

-

-

4656

2332

2324

10 (na)

7 (na)

-

-

8208

4153

4055

5 (1-15)

4 (1-10)

1.00 (0.751.32)

0.99
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BACKGROUND
Xpert MTB/RIF and Xpert Ultra are WHO-recommended rapid tests that simultaneously detect
tuberculosis and rifampicin resistance in people with signs and symptoms of tuberculosis and are
suitable for use at lower levels of the health system. This systematic review assessed the
diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for detecting tuberculosis and rifampicin
resistance from pulmonary specimens in adults. There were an estimated 10 million incident
cases of tuberculosis in 2018 and of the 7 million reported cases, 85% involved the lungs (WHO
Global Tuberculosis Report 2019). In 2018, there were about half a million new cases of
rifampicin-resistant TB, and of these, 78% had multidrug-resistant TB (WHO Global
Tuberculosis Report 2019). A previous Cochrane Review found Xpert MTB/RIF sensitive and
specific for pulmonary tuberculosis, although sensitivity was decreased in paucibacillary samples
(Steingart 2014). We performed a systematic review update for a WHO policy update, as
additional Xpert MTB/RIF studies have been published and Xpert Ultra introduced since the prior
systematic review.

METHODS
Search methods
We searched the Cochrane Infectious Diseases Group Specialized Register, MEDLINE, Embase,
Science Citation Index, Web of Science, Latin American Caribbean Health Sciences Literature,
Scopus, the WHO International Clinical Trials Registry Platform, the International Standard
Randomized Controlled Trial Number Registry, and ProQuest, to 11 October 2018 for studies
evaluating Xpert MTB/RIF and to 23 September 2019 for studies evaluating Xpert Ultra, without
language restriction.
Selection criteria
We included randomized trials, cross-sectional, and cohort studies using respiratory specimens
that evaluated Xpert MTB/RIF, Xpert Ultra, or both against the reference standards of culture for
tuberculosis and culture-based drug susceptibility testing or MTBDRplus for rifampicin
resistance. For Xpert Ultra, we also included a composite reference standard that included clinical
components as defined by the primary study authors. Only studies that enrolled adults (>15 years
of age) were eligible. For the evaluation of TB detection, we included studies that evaluated the
index tests in people with signs and symptoms of pulmonary tuberculosis except for studies in
people living with HIV, for whom studies were eligible irrespective of signs and symptoms of
pulmonary tuberculosis (e.g. studies that performed tuberculosis screening in people living with
HIV as part of intensified case finding or prior to TB preventive therapy).
For tuberculosis detection, we included studies that reported data comparing the index test(s) to
an acceptable reference standard from which we could extract true positive (TP), true negative
(TN), false positive (FP), and false negative (FN) values. For the detection of rifampicin
resistance, we included studies that allowed estimation of sensitivity and specificity (i.e. if no
rifampicin resistance was detected by the reference test in any of the specimens, then the study
was excluded).
Data collection and analysis
Four review authors independently assessed studies for eligibility. Working in pairs, the review
authors extracted data using a standardized form. When possible, we extracted data by sputum
smear and HIV status. In addition, for Xpert Ultra studies, we extracted data by history of prior
tuberculosis and results of repeat testing when initial specimens were “trace” positive. We
assessed methodological quality using QUADAS-2 and performed meta-analyses to estimate
pooled sensitivity and specificity separately for Xpert MTB/RIF and Xpert Ultra and separately
for pulmonary tuberculosis and rifampicin resistance. We investigated potential sources of
12

heterogeneity by reference standard and clinical subgroup. Most analyses used a bivariate
random-effects model. For pulmonary tuberculosis detection, we first estimated accuracy using
all included studies and then only the subset of studies where participants were unselected, i.e. not
selected based on prior microscopy testing or prior history of tuberculosis.

RESULTS
Detection of pulmonary tuberculosis
For detection of pulmonary tuberculosis, we identified a total of 94 studies. The total includes one
study that provided data for two cohorts and we classified these as two distinct studies, Mishra
2019a and Mishra 2019b. A total of 85 studies (40,652 participants) evaluated Xpert MTB/RIF
and nine studies (3881 participants) evaluated both Xpert Ultra and Xpert MTB/RIF.
Of the total 94 studies, 50 (53%) took place in high tuberculosis burden and 54 (57%) in high
TB/HIV burden countries. Most studies had low risk of bias. Regarding applicability, most
studies had low concern about applicability because participants in these studies were evaluated
in primary care facilities, local hospitals, or both settings.
PICO 1, pulmonary TB in adults
1. Should Xpert MTB/RIF be used to diagnose pulmonary TB in adults with signs and
symptoms of pulmonary TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% Credible Interval (CrI)) were 85% (82 to
88%) and 98% (97 to 98%), respectively (70 studies, 37,237 unselected participants; highcertainty evidence).
For a population of 1000 people where 100 have pulmonary tuberculosis on culture, 103 would
be Xpert MTB/RIF-positive and 18 (17%) would not have tuberculosis (false-positives); 897
would be Xpert MTB/RIF-negative and 15 (2%) would have pulmonary tuberculosis (falsenegatives).
2. Should Xpert Ultra be used to diagnose pulmonary TB in adults with signs and symptoms
of pulmonary TB, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity (95% CrI) were 90% (84% to 94%) and 96% (93%
to 98%), respectively (6 studies, 2654 unselected participants; high-certainty evidence).
For a population of 1000 people where 100 have pulmonary tuberculosis on culture, 130 would
be Xpert Ultra-positive and 40 (31%) would not have pulmonary tuberculosis (false-positives);
870 would be Xpert Ultra-negative and 10 (1%) would have pulmonary tuberculosis (falsenegatives).
3. Should Xpert Ultra be used to diagnose pulmonary TB in adults with signs and symptoms
of pulmonary TB, against a composite reference standard?
Xpert Ultra sensitivity and specificity ranges were 80% to 96% and 96% to 100%, respectively (2
studies, 433 unselected participants; very low-certainty evidence for sensitivity; low-certainty
evidence for specificity). We did not perform a meta-analysis owing to insufficient data.
4. Should Xpert MTB/RIF vs. Xpert Ultra be used to diagnose pulmonary TB in adults with
signs and symptoms of pulmonary TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% CrI) were 83% (76% to 88%) and 99%
(97% to 99%), respectively (6 studies, 2654 unselected participants; high-certainty evidence).
Xpert Ultra pooled sensitivity and specificity (95% CrI) were 90% (84% to 94%) and 96% (93%
to 98%), (6 studies, 2654 unselected participants; high-certainty evidence).
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Xpert MTB/RIF

Xpert Ultra

Sensitivity 0.83 (95% CrI: 0.76 to 0.88) Sensitivity 0.90 (95% CrI: 0.84 to 0.94)
Specificity 0.99 (95% CrI: 0.97 to 0.99) Specificity 0.96 (95% CI: 0.93 to 0.97)

For a population of 1000 people where 100 have pulmonary tuberculosis on culture, 96 would be
Xpert MTB/RIF-positive and 13 (14%) would not have pulmonary tuberculosis (false-positives)
while 130 would be Xpert Ultra-positive and 40 (31%) would not have pulmonary tuberculosis
(false-positives). 904 would be Xpert MTB/RIF-negative and 17 (2%) would have pulmonary
tuberculosis (false-negatives) while 870 would be Xpert Ultra-negative and 10 (1%) would have
pulmonary tuberculosis (false-negatives).
5. Should Xpert MTB/RIF be used to diagnose pulmonary TB in smear-positive adults with
signs and symptoms, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity (95% CrI) was 98% (97% to 98%) (45 studies, 4064
participants; high-certainty evidence).1
6. Should Xpert MTB/RIF be used to diagnose pulmonary TB in smear-negative adults with
signs and symptoms, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% CrI) were 67% (62% to 72%) and 98%
(98% to 99%), respectively (45 studies, 18,962 participants; high-certainty evidence).
For a population of 1000 people where 100 have smear-negative, culture positive pulmonary
tuberculosis, 85 would be Xpert MTB/RIF-positive and 18 (21%) would not have pulmonary
tuberculosis (false-positives); 915 would be Xpert MTB/RIF-negative and 33 (4%) would have
pulmonary tuberculosis (false-negatives).
7. Should Xpert Ultra be used to diagnose pulmonary TB in smear-positive adults with signs
and symptoms, against a microbiological reference standard?
Xpert Ultra pooled sensitivity (95% CrI) was 99% (98% to 100%) (6 studies, 575 participants;
high-certainty evidence).
8. Should Xpert Ultra be used to diagnose pulmonary TB in smear-negative adults with
signs and symptoms, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity (95% CrI) were 79% (70% to 87%) and 94% (87%
to 97%), respectively (7 studies, 2547 participants; high-certainty evidence).
For a population of 1000 people where 100 have smear-negative, culture positive pulmonary
tuberculosis, 136 would be Xpert Ultra-positive and 57 (42%) would not have pulmonary
tuberculosis (false-positives); 864 would be Xpert Ultra-negative and 21 (2%) would have
pulmonary tuberculosis (false-negatives).

1

We performed a univariate analysis for sensitivity. We could not estimate Xpert MTB/RIF pooled specificity in
smear-positive adults because, in many studies, there were few or zero false positive and true negative values reported.
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9. Should Xpert MTB/RIF be used to diagnose pulmonary TB in HIV-positive adults with
signs and symptoms, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% CrI) were 81% (75% to 86%) and 98%
(97% to 99%), respectively (14 studies, 4664 unselected participants; high-certainty evidence).
For a population of 1000 HIV-positive people where 100 have pulmonary tuberculosis on culture,
99 would be Xpert MTB/RIF-positive and 18 (18%) would not have pulmonary tuberculosis
(false-positives); 901would be Xpert MTB/RIF-negative and 19 (2%) would have pulmonary
tuberculosis (false-negatives).
10. Should Xpert Ultra be used to diagnose pulmonary TB in HIV-positive adults with signs
and symptoms, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity (95% CrI) were 87% (74% to 94%) and 92% (79%
to 96%), respectively (3 studies, 627 unselected participants; low-certainty evidence).
For a population of 1000 HIV-positive people where 100 have pulmonary tuberculosis on culture,
160 would be Xpert Ultra-positive and 73 (46%) would not have pulmonary tuberculosis (falsepositives); 840 would be Xpert Ultra-negative and 13 (2%) would have pulmonary tuberculosis
(false-negatives).
11. Should Xpert MTB/RIF be used to diagnose pulmonary TB in adults with signs and
symptoms of pulmonary TB with prior TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% CrI) were 82% (74% to 88%) and 96%
(93% to 98%), respectively (11 studies, 4196 unselected participants; moderate-certainty
evidence for sensitivity; high-certainty evidence for specificity).
For a population of 1000 people with prior TB where 100 have pulmonary tuberculosis on
culture, 118 would be Xpert MTB/RIF-positive and 36 (31%) would not have pulmonary
tuberculosis (false-positives); 882 would be Xpert MTB/RIF-negative and 18 (2%) would have
pulmonary tuberculosis (false-negatives).2
12. Should Xpert Ultra be used to diagnose pulmonary TB in adults with signs and
symptoms of pulmonary TB with prior TB, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity (95% CrI) were 84% (72% to 91%) and 86% (72%
to 94%), respectively (4 studies, 602 unselected participants; low-certainty evidence).
For a population of 1000 people with prior TB where 100 have pulmonary tuberculosis on
culture, 206 would be Xpert Ultra-positive and 122 (59%) would not have pulmonary
tuberculosis (false-positives); 794 would be Xpert Ultra-negative and 16 (2%) would have
pulmonary tuberculosis (false-negatives).3

2

3

This analysis included studies in which >25% of participants had a history of prior tuberculosis.
This analysis included only participants with a history of prior tuberculosis.
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Table. PICO 1, diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for pulmonary TB and
rifampicin resistance in adults
PICO
subquestion

Test, analysis
group

Reference

Pooled
Sensitivity %
(95% CrI)

Pooled
Specificity %
(95% CrI)

1

Xpert MTB/RIF,
unselected

MRS

85
(82 to 88)

2

Xpert Ultra,
unselected
Xpert Ultra

MRS

90
(84 to 94)
-

98
(97 to 98)
96
(93 to 98)
-

Xpert MTB/RIF vs
Ultra, direct
comparison
Xpert MTB/RIF,
smear positive
Xpert MTB/RIF,
smear negative
Xpert Ultra, smear
positive
Xpert Ultra, smear
negative
Xpert MTB/RIF,
HIV positive
Xpert Ultra, HIV
positive
Xpert MTB/RIF,
prior TB history
Xpert Ultra, prior
TB history
Xpert MTB/RIF
for rifampicin
resistance
Xpert Ultra for
rifampicin
resistance

MRS

83
(76 to 88)

MRS

3
4*

5
6
7
8
9
10
11
12
13

14

CRS

MRS
MRS
MRS
MRS
MRS
MRS
MRS
Culturebased
DST, LPA
CultureDST, LPA

Positive
Predictive
Value %
(95% CI)
83
(75 to 83)

Negative
Predictive
Value %
(95% CI)
98
(98 to 99)

69
(56 to 81)
-

99
(98 to 99)
-

99
(97 to 99)

86
(76 to 94)

98
(97 to 99)

98
(97 to 98)
67
(62 to 72)
99
(98-100)
79
(70 to 87)
81
(75 to 86)
87
(74 to 94)
82
(74 to 88)
84
(72 to 91)
96
(94 to 97)

Did not
estimate
98
(98 to 99)
Did not
estimate
94
(87 to 97)
98
(97 to 99)
92
(79 to 96)
96
(93 to 98)
86
(72 to 94)
98
(98 to 99)

Could not
estimate
79
(78 to 89)
Could not
estimate
58
(38 to 76)
82
(74 to 91)
54
(29 to 75)
69
(54 to 83)
41
(22 to 63)
84
(84 to 92)

Could not
estimate
96
(96 to 97)
Could not
estimate
98
(96 to 99)
98
(97 to 98)
98
(96 to 99)
98
(97 to 99)
98
(96 to 99)
99
(99 to 100)

94
(87 to 98)

99
(98 to 100)

91
(80 to 97)

99
(99 to 100)

Predictive values were determined at pre-test probability of 10%. Dashes indicate analyses where data were insufficient
to perform meta-analyses. Abbreviations: CI: Confidence interval; CrI: Credible interval; CRS: composite reference
standard; DST: drug susceptibility testing; LPA: line probe assay; MRS: microbiological reference standard (culture);
*Results in this row are for Xpert MTB/RIF. Results for Xpert Ultra (direct comparison) are in PICO subquestion 2.

Detection of rifampicin resistance
For detection of rifampicin resistance, a total of 57 studies (8287 participants) evaluated Xpert
MTB/RIF and eight studies (1039 participants) evaluated Xpert Ultra. The total number of Xpert
Ultra studies includes one study that provided data for two cohorts and we classified these as two
distinct studies, Mishra 2019a and Mishra 2019b. Of the 57 studies, 27 took place in high MDRTB burden countries. We judged most studies as having low risk of bias.
13. Should Xpert MTB/RIF in sputum be used to diagnose rifampicin resistance in adults
with signs and symptoms of pulmonary TB?
Xpert MTB/RIF pooled sensitivity and specificity (95% CrI) were 96% (94 to 97) and 98% (98 to
99), respectively (48 studies, 8020 participants; high-certainty evidence).

16

For a population of 1000 people where 100 have rifampicin-resistant tuberculosis, 114 would be
Xpert MTB/RIF-positive and 18 (16%) would not have rifampicin resistance (false-positives);
886 would be Xpert MTB/RIF-negative and 4 (0.4%) would have rifampicin resistance (falsenegatives).
14. Should Xpert Ultra in sputum be used to diagnose rifampicin resistance in adults with
signs and symptoms of pulmonary TB?
Xpert Ultra pooled sensitivity and specificity were 94% (87% to 98%) and 99% (98% to 100%),
respectively (5 studies, 930 unselected participants; high-certainty evidence).
For a population of 1000 people where 100 have rifampicin-resistant tuberculosis, 103 would be
Xpert Ultra-positive and 9 (9%) would not have rifampicin resistance (false-positives); 897
would be Xpert Ultra-negative and 6 (1%) would have rifampicin resistance (false-negatives).
PICO 5
61. Should Xpert Ultra repeated test be used to diagnose pulmonary TB in adults with signs
and symptoms of pulmonary TB who have an initial Ultra trace result, against a
microbiological reference standard?
We identified three studies: Mishra 2019a (4 participants), Piersimoni 2019 (4 participants), and
Dorman 2018 (42 participants). Dorman 2018 and Piersimoni 2019 retested the same initial
samples. Mishra 2019a retested only those participants with discrepant (Ultra trace
positive/culture negative) results and re-testing was performed on new specimens obtained a
median of 444 days (range 245 to 526 days) after initial testing. Xpert Ultra accuracy in Mishra
2019a and Piersimoni 2019 was 100% for both sensitivity and specificity. Dorman 2018 found
sensitivity of 69% (95% CI 39 to 91) and specificity of 66% (46 to 82). We judged certainty of
evidence as very low and did not perform a meta-analysis owing to the limited number of studies.

AUTHORS' CONCLUSIONS
We found Xpert MTB/RIF to be sensitive and specific for diagnosing pulmonary tuberculosis and
rifampicin resistance, consistent with findings reported previously. Xpert MTB/RIF was more
sensitive for tuberculosis in smear-positive than smear-negative participants and HIV-negative
than HIV-positive participants.
• In head-to-head comparisons, Xpert Ultra had higher sensitivity (90%) than Xpert
MTB/RIF (83%) and lower specificity (96%) than Xpert MTB/RIF (99%) for
tuberculosis detection (6 studies).
• Among people living with HIV, Xpert Ultra again demonstrated higher sensitivity (87%)
than MTB/RIF (81%) and lower specificity (92%) than Xpert MTB/RIF (98%) for
tuberculosis detection.
• The greatest difference in sensitivity between Xpert Ultra and Xpert MTB/RIF was with
smear-negative specimens (79% and 67%, respectively), (indirect comparison).
• Among participants with a history of prior tuberculosis, Xpert Ultra (86%) specificity
was lower than that of Xpert MTB/RIF (96%), (indirect comparison).
• Limited data were available to inform decisions on the re-testing of Ultra trace positive
specimens.
• Xpert MTB/RIF and Xpert Ultra had similar sensitivity and specificity for rifampicin
resistance.
Xpert MTB/RIF and Xpert Ultra provide accurate results and can allow rapid initiation of
treatment for multidrug-resistant tuberculosis.
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BACKGROUND
Globally, extrapulmonary tuberculosis accounted for 15% of the 7.0 million cases of tuberculosis
notified in 2018, range, 8% in the WHO Western Pacific Region to 24% in the Eastern
Mediterranean Region (WHO Global Tuberculosis Report 2019). In 2018, there were about
500,000 new cases of rifampicin-resistant tuberculosis; of these cases, 78% had multidrugresistant tuberculosis (WHO Global Tuberculosis Report 2019). Xpert MTB/RIF and Xpert Ultra
are WHO-recommended rapid tests that simultaneously detect tuberculosis and rifampicin
resistance in people with signs and symptoms of tuberculosis and are suitable for use at lower
levels of the health system. The aim of this systematic review was to determine the diagnostic
accuracy of Xpert MTB/RIF and Xpert Ultra in non-respiratory specimens for different forms of
extrapulmonary tuberculosis in adults.
METHODS
Search methods
We searched the following databases: Cochrane Infectious Diseases Group Specialized Register;
MEDLINE (OVID, from 1966); Embase (OVID, from 1974); Science Citation Index - Expanded
(from 1900), Conference Proceedings Citation Index - Science (CPCI-S, from 1990), and BIOSIS
Previews (from 1926), all three from the Web of Science; Scopus (Elsevier, from 1970); and
Latin American Caribbean Health Sciences Literature (LILACS) (BIREME, from 1982). We also
searched ClinicalTrials.gov, the WHO International Clinical Trials Registry (ICTRP) Platform
(www.who.int/trialsearch), and the International Standard Randomized Controlled Trials Number
(ISRCTN) registry (www.isrctn.com/) for trials in progress, and ProQuest Dissertations & Theses
A&I (from 1990) for dissertations to 2 August 2019, without language restriction.
Selection criteria
We included cross-sectional and cohort studies using non-respiratory specimens that evaluated
Xpert MTB/RIF, Xpert Ultra, or both against a microbiological and a composite reference
standard for tuberculosis and culture-based drug susceptibility testing or MTBDRplus for
rifampicin resistance. We included the following common forms of extrapulmonary TB: TB
meningitis and pleural, lymph node, bone or joint, genitourinary, peritoneal, pericardial, and
disseminated TB. We excluded studies that evaluated Xpert MTB/RIF or Xpert Ultra in gastric
fluid, as this specimen is used most often to investigate pulmonary TB in children. We also
excluded stool specimens because tuberculosis bacteria may be swallowed and passed into stool
as a marker of pulmonary tuberculosis.
Data collection and analysis
Two review authors independently extracted data using a standardized form. We assessed study
quality using QUADAS-2. Whenever possible, we extracted data on per participant rather than
per specimen. For most studies, the number of specimens was the same as the number of
participants. We performed meta-analyses to estimate pooled sensitivity and specificity separately
for Xpert MTB/RIF and Xpert Ultra separately for the different forms of extrapulmonary
tuberculosis (and the related specimens used for diagnosis), and rifampicin resistance. We used a
bivariate random-effects model to determine summary estimates for sensitivity and specificity.
We performed analyses by type of reference standard, microbiological or composite.
RESULTS
Detection of extrapulmonary tuberculosis
For detection of extrapulmonary tuberculosis, we included 65 studies, Figure 1. A total of 63
studies (13,144 participants) evaluated Xpert MTB/RIF and six studies (507 participants)
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evaluated Xpert Ultra, including five studies that evaluated Xpert MTB/RIF and Xpert Ultra,
Appendix.
Of the total 65 studies, 39 studies (60%) took place in high tuberculosis burden and 41 (63%) in
high TB/HIV burden countries. We judged risk of bias to be low in the patient selection, index
test, and flow and timing domains and high or unclear in the reference standard domain because
many studies decontaminated sterile specimens before culture inoculation. Regarding
applicability, in the patient selection domain, we judged high or unclear concern for most studies
because either the participants were evaluated exclusively as inpatients at tertiary care centers (for
any form of extrapulmonary TB, other than TB meningitis), or we were not sure about the clinical
settings.
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Potentially relevant citations
identified through electronic
databases: 1537

Duplicates removed: 19

Total number of studies
screened: 1518

Excluded studies: 1596

Full-text articles excluded with reasons: 157
Abstracts: 10
Did not have adult population: 27
Case-control study: 14
Case report: 3
Could not extract 2 x 2 values: 32
Studies eligible for full
text review: 222

Could not extract data by specimen type: 14
Duplicate data: 11
Did not include extrapulmonary specimen:
14
Less than five specimens for a given
specimen type: 4
Inappropriate reference standard: 21
Index test other than Xpert: 5
Screening study: 2

Studies included in
systematic reviews: 65
Xpert MTB/RIF: 63
Xpert Ultra: 6

Figure 1. Flow of studies in the reivew
PICO 3, extrapulmonary TB in adults
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32. Should Xpert MTB/RIF be used to diagnose TB meningitis in cerebrospinal fluid in adults
with signs and symptoms of TB meningitis, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity (95% credible Interval (CrI)) were 70.3% (60.9
to 79.0) and 96.8% (95.2 to 98.1), (28 studies, 3103 participants; moderate-certainty evidence for
sensitivity; high-certainty evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 99 would be Xpert
MTB/RIF-positive and 29 (29%) would not have tuberculosis (false-positives); 901 would be
Xpert MTB/RIF-negative and 30 (3%) would have tuberculosis (false-negatives).

Figure 2. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 3. Xpert MTB/RIF for TB meningitis, against a microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line.
33. Should Xpert MTB/RIF be used to diagnose TB meningitis in cerebrospinal fluid in adults
with signs and symptoms of TB meningitis, against a composite reference standard?
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Xpert MTB/RIF pooled sensitivity and specificity were 40.6% (30.0 to 52.6) and 99.5% (98.9 to
99.9), (12 studies, 1897 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 45 would be Xpert
MTB/RIF-positive and 4 (9%) would not have tuberculosis (false-positives); 955 would be Xpert
MTB/RIF-negative and 59 (6%) would have tuberculosis (false-negatives).

Figure 4. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies, the black line its confidence interval.
FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive.

Figure 5. Xpert MTB/RIF for TB meningitis, against a composite reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
34. Should Xpert Ultra be used to diagnose TB meningitis in cerebrospinal fluid in adults with
signs and symptoms of TB meningitis, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity were 86.9% (69.4 to 95.7) and 87.7% (69.0 to 95.6),
(4 studies, 183 participants; low-certainty evidence).
The four studies include Chin 2019 (11 participants), which had a specificity of 50%. We could
only explain in part the low specificity. Therefore, we conducted a sensitivity analysis removing
Chin 2019. The pooled sensitivity and specificity of this analysis were 88.1% (69.4 to 96.5) and
91.9% (78.4 to 97.5), respectively (3 studies, 172 participants). When we removed Chin 2019
from the analysis, we noted that the pooled specificity increased to 91.9% as compared to the
specificity of 87.7% when all four studies were included.
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For a population of 1000 people where 100 have tuberculosis on culture, 210 would be Xpert
Ultra-positive and 126 (60%) would not have tuberculosis (false-positives); 790 would be Xpert
Ultra-negative and 16 (2%) would have tuberculosis (false-negatives).

Figure 6. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 7. Xpert Ultra for TB meningitis, against a microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
35. Should Xpert Ultra be used to diagnose TB meningitis in CSF in adults with signs and
symptoms of TB meningitis, against a composite reference standard?
Xpert Ultra sensitivity ranged from 44% to 70% and specificity ranged from 95% to 100%, (2
studies, 189 participants; very low-certainty evidence for sensitivity; very low-certainty evidence
for specificity).

Figure 8. Xpert Ultra for TB meningitis, against a composite reference standard. The individual
studies are ordered by decreasing sensitivity. The squares represent the sensitivity and specificity
of one study, the black line its confidence interval. FN: false-negative; FP: false-positive; TN:
true-negative; TP: true-positive.
36. Should Xpert MTB/RIF be used to diagnose lymph node TB in lymph node fluid in adults
with signs and symptoms of lymph node TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 88.7% (82.3 to 93.2) and 86.0%
(77.7 to 92.1), (14 studies, 1588 participants; moderate-certainty evidence for sensitivity; very
low-certainty evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 215 would be Xpert
MTB/RIF-positive and 126 (59%) would not have tuberculosis (false-positives); 785 would be
Xpert MTB/RIF-negative and 11(1%) would have tuberculosis (false-negatives).
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Figure 9. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 10. Xpert MTB/RIF for lymph node TB, against a microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
37. Should Xpert MTB/RIF be used to diagnose lymph node TB in lymph node fluid in adults
with signs and symptoms of lymph node TB, against a composite reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 80.9% (62.1 to 92.0) and 95.9%
(90.1 to 98.3), (4 studies, 679 participants; low-certainty evidence for sensitivity; low-certainty
evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 118 would be Xpert
MTB/RIF-positive and 37 (31%) would not have tuberculosis (false-positives); 882 would be
Xpert MTB/RIF-negative and 19(2%) would have tuberculosis (false-negatives).
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Figure 11. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 12. Xpert MTB/RIF for lymph node TB, against a composite reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
38. Should Xpert MTB/RIF be used to diagnose lymph node TB in lymph node tissue in adults
with signs and symptoms of lymph node TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 82.0% (72.9 to 89.2) and 79.3%
(58.5 to 90.6), (11 studies, 786 participants; moderate-certainty evidence for sensitivity; very lowcertainty evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 268 would be Xpert
MTB/RIF-positive and 186 (65%) would not have tuberculosis (false-positives); 722 would be
Xpert MTB/RIF-negative and 18 (2%) would have tuberculosis (false-negatives).

Figure 13. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 14. Xpert MTB/RIF for lymph node TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
39. Should Xpert Ultra be used to diagnose lymph node TB in lymph node tissue in adults with
signs and symptoms of lymph node TB, against a microbiological reference standard?
Xpert Ultra reported a sensitivity of 100% (95 to 100) and specificity of 38% (22 to 55), (1 study,
50 participants; very low-certainty of evidence for sensitivity; very low- certainty of evidence for
specificity).

Figure 15. Xpert Ultra for lymph node TB, against microbiological reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive.
40. Should Xpert MTB/RIF be used to diagnose pleural TB in pleural fluid in adults with signs
and symptoms of pleural TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 49.6% (39.3 to 60.5) and 98.7%
(97.2 to 99.5), (24 studies, 2926 participants; very low-certainty evidence for sensitivity; highcertainty evidence for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 62 would be Xpert
MTB/RIF-positive and 12 (19%) would not have tuberculosis (false-positives); 938 would be
Xpert MTB/RIF-negative and 50 (5%) would have tuberculosis (false-negatives).

Figure 16. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 17. Xpert MTB/RIF for pleural TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
41. Should Xpert MTB/RIF be used to diagnose pleural TB in pleural fluid in adults with signs
and symptoms of pleural TB, against a composite reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 19.3% (11.9 to 28.3) and 98.9% (97.5 to
99.6), (10 studies, 1024 participants; moderate-certainty evidence for sensitivity; high certainty
for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 16 would be Xpert
MTB/RIF-positive and 11 (69%) would not have tuberculosis (false-positives); 984 would be
Xpert MTB/RIF-negative and 29 (2%) would have tuberculosis (false-negatives).

Figure 18. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 19. Xpert MTB/RIF for pleural TB, against composite reference standard. The individual
studies are ordered by decreasing sensitivity. The squares represent the sensitivity and specificity
of one study, the black line its confidence interval. FN: false-negative; FP: false-positive; TN:
true-negative; TP: true-positive.
42. Should Xpert Ultra be used to diagnose pleural TB in pleural fluid in adults with signs and
symptoms of pleural TB, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity were 71.1% (49.0 to 85.8) and 71.2% (52.3 to 85.5),
(3 studies, 257 participants; very low-certainty evidence).
For a population of 1000 people where 100 have tuberculosis on culture, 330 would be Xpert
Ultra-positive and 259 (78%) would not have tuberculosis (false-positives); 670 would be Xpert
Ultra-negative and 29 (4%) would have tuberculosis (false-negatives).

Figure 20. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 21. Xpert Ultra for pleural TB, against microbiological reference standard. The individual
studies are ordered by decreasing sensitivity. The squares represent the sensitivity and specificity
of one study, the black line its confidence interval. FN: false-negative; FP: false-positive; TN:
true-negative; TP: true-positive.
43. Should Xpert Ultra be used to diagnose pleural TB in pleural fluid in adults with signs and
symptoms of pleural TB, against a composite reference standard?
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Xpert Ultra sensitivity ranged from 38% to 61% and specificity ranged from 96% to 99%, (2
studies, 263 participants; very low-certainty evidence for sensitivity; moderate certainty for
specificity).

Figure 22. Xpert Ultra for pleural TB, against composite reference standard. The individual
studies are ordered by decreasing sensitivity. The squares represent the sensitivity and specificity
of one study, the black line its confidence interval. FN: false-negative; FP: false-positive; TN:
true-negative; TP: true-positive.
44. Should Xpert MTB/RIF be used to diagnose genitourinary TB in urine in adults with signs
and symptoms of genitourinary TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 84.7% (70.8 to 93.1) and 97.3% (91.0 to
99.2), (9 studies, 943 participants; very low-certainty evidence for sensitivity; moderate certainty
for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 109 would be Xpert
MTB/RIF-positive and 24 (22%) would not have tuberculosis (false-positives); 891 would be
Xpert MTB/RIF -negative and 15 (2%) would have tuberculosis (false-negatives).

Figure 23. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 24. Xpert MTB/RIF for genitourinary TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
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specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
45. Should Xpert MTB/RIF be used to diagnose genitourinary TB in urine in adults with signs
and symptoms of genitourinary TB, against a composite reference standard?
Xpert MTB/RIF sensitivity ranged from 33% to 41% and specificity was 100%, (2 studies, 463
participants; low certainty evidence)

Figure 25. Xpert MTB/RIF for genitourinary TB, against composite reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
46. Should Xpert Ultra be used to diagnose genitourinary TB in urine in adults with signs and
symptoms of genitourinary TB, against a microbiological reference standard?
Xpert Ultra reported a sensitivity and specificity of 100% (1 study, 24 participants; very low
certainty evidence)

Figure 26. Xpert Ultra for genitourinary TB, against microbiological reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive.
47. Should Xpert MTB/RIF be used to diagnose bone or joint TB in bone or joint fluid in adults
with signs and symptoms of bone or joint TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 97.1% (91.7 to 99.2) and 93.7% (66.7 to
99.1), (6 studies, 471 participants; moderate-certainty evidence for sensitivity; very low certainty
for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 154 would be Xpert
MTB/RIF-positive and 57 (37%) would not have tuberculosis (false-positives); 846 would be
Xpert MTB/RIF -negative and 3 (0.3%) would have tuberculosis (false-negatives).

Figure 27. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 28. Xpert MTB/RIF for bone or joint TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
48. Should Xpert MTB/RIF be used to diagnose bone or joint TB in bone or joint fluid in adults
with signs and symptoms of bone or joint TB, against a composite reference standard?
Xpert MTB/RIF sensitivity ranged from 82% to 94% and specificity was 100% (2 studies, 205
participants; low certainty for sensitivity; very low-certainty for specificity)

Figure 29. Xpert MTB/RIF for bone or joint TB, against composite reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
49. Should Xpert Ultra be used to diagnose bone or joint TB in bone or joint fluid in adults with
signs and symptoms of bone or joint TB, against a microbiological reference standard?
Xpert Ultra sensitivity was 96% (87% to 100%) and specificity was 97% (85% to 100%), (1
study, 86 participants; very low-certainty evidence)

Figure 30. Xpert Ultra for bone or joint TB, against microbiological reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive.
50. Should Xpert Ultra be used to diagnose bone or joint TB in bone or joint fluid in adults with
signs and symptoms of bone or joint TB, against a composite reference standard?
Xpert Ultra sensitivity was 96% (87% to 100%) and specificity was 97% (85% to 100%), (1
study, 86 participants; low-certainty evidence for sensitivity; very low- certainty for specificity)
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Figure 31. Xpert Ultra for bone or joint TB, against composite reference standard. The individual
studies are ordered by decreasing sensitivity. The squares represent the sensitivity and specificity
of one study, the black line its confidence interval. FN: false-negative; FP: false-positive; TN:
true-negative; TP: true-positive.
51. Should Xpert MTB/RIF be used to diagnose peritoneal TB in peritoneal fluid in adults with
signs and symptoms of peritoneal TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 58.9% (42.3 to 75.8) and 97.3% (95.1 to
98.7), (13 studies, 619 participants; low-certainty evidence for sensitivity; high certainty for
specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 83 would be Xpert
MTB/RIF-positive and 24 (29%) would not have tuberculosis (false-positives); 917 would be
Xpert MTB/RIF -negative and 41 (5%) would have tuberculosis (false-negatives).

Figure 32. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 33. Xpert MTB/RIF for peritoneal TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
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52. Should Xpert MTB/RIF be used to diagnose pericardial TB in pericardial fluid in people with
signs and symptoms of pericardial TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 60.4% (34.7 to 81.7) and 87.8%
(72.7 to 96.9), (5 studies, 181 participants; very low-certainty evidence for sensitivity; low
certainty for specificity).
For a population of 1000 people where 100 have tuberculosis on culture, 170 would be Xpert
MTB/RIF-positive and 110 (65%) would not have tuberculosis (false-positives); 830 would be
Xpert MTB/RIF -negative and 40 (5%) would have tuberculosis (false-negatives).

Figure 34. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.

Figure 35. Xpert MTB/RIF for pericardial TB, against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
53. Should Xpert MTB/RIF be used to diagnose pericardial TB in pericardial fluid in people with
signs and symptoms of pericardial TB, against a composite reference standard?
Xpert MTB/RIF sensitivity ranged from 40% to 75% and specificity ranged from 99% to 100%,
(2 studies, 77 participants, very low- certainty of evidence)

Figure 36. Xpert MTB/RIF for pericardial TB, against composite reference standard. The squares
represent the sensitivity and specificity of one study, the black line its confidence interval. FN:
false-negative; FP: false-positive; TN: true-negative; TP: true-positive.
54. Should Xpert MTB/RIF be used to diagnose disseminated TB in blood in people with signs
and symptoms of disseminated TB, against a microbiological reference standard?
Xpert MTB/RIF reported a sensitivity of 56% (21% to 86%) and specificity of 94% (84% to
98%), (1 study, 74 participants, very low- certainty of evidence).
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Figure 37. Xpert MTB/RIF for disseminated TB, against microbiological reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. FN: false-negative; FP: false-positive; TN: true-negative; TP: true-positive.

Table. PICO 3, diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for
extrapulmonary TB and rifampicin resistance in adults
PICO
sub
questio
n
32

33

34

35
36

37

38

39

40

41

Test,
Analysis
Group
Xpert
MTB/RIF,
CSF
Xpert
MTB/RIF,
CSF
Xpert
Ultra, CSF
Xpert
Ultra, CSF
Xpert
MTB/RIF,
lymph
node fluid
Xpert
MTB/RIF,
lymph
node fluid
Xpert
MTB/RIF,
lymph
node tissue
Xpert
Ultra,
lymph
node tissue
Xpert
MTB/RIF,
pleural
fluid
Xpert
MTB/RIF,
pleural
fluid

Number of
studies
(specimens
)
28 (3103)

Referenc
e
Standard

Pooled
Sensitivity
(95% CrI)

Pooled
Specificity
(95% CrI)

Positive
Predictive
Value
(95% CrI)
71%
(59 to 82)

Negative
Predictive
Value
(95% CrI)
97%
(96 to 98)

MRS

12 (1897)

CRS

4 (184)

MRS

2 (189)

CRS

70.3%
(60.9 to
79.0)
40.6%
(30.0 to
52.6)
86.9%
(69.4 to
95.7)
-

96.8%
(95.2 to
98.1)
99.5%
(98.9 to
99.9)
87.7%
(69.0 to
95.6)
-

91%
(75 to 98)

94%
(93 to 95)

40%
(17 to 68)

98%
(94 to 99)

-

-

14 (1588)

MRS

88.7%
(82.3 to
93.2)

86.0%
(77.7 to
92.1)

41%
(29 to 57)

99% (97 to
99)

4 (679)

CRS

80.9%
(62.1 to
92.0)

95.9%
(90.1 to
98.3)

69% (41 to
86)

98% (96 to
99)

11 (786)

MRS

82.0%
(72.9 to
89.2)

79.3%
(58.5 to
90.6)

31% (16 to
51)

98% (95 to
99)

1 (50)

MRS

-

-

-

-

24 (2926)

MRS

49.6%
(39.3 to
60.5)

98.7%
(97.2 to
99.5)

81% (61 to
94)

95% (93 to
96)

10 (1024)

CRS

19.3%
(11.9 to
28.3)

98.9%
(97.5 to
99.6)

66% (35 to
88)

92% (91 to
97)
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42

43

44

45

46

47

48

49

50

51

52

53

54

Xpert
Ultra,
pleural
fluid
Xpert
Ultra,
pleural
fluid
Xpert
MTB/RIF,
urine
Xpert
MTB/RIF,
urine
Xpert
Ultra,
urine
Xpert
MTB/RIF,
bone or
joint fluid
Xpert
MTB/RIF,
bone or
joint fluid
Xpert
Ultra,
bone or
joint fluid
Xpert
Ultra,
bone or
joint fluid
Xpert
MTB/RIF,
peritoneal
fluid
Xpert
MTB/RIF,
pericardial
fluid
Xpert
MTB/RIF,
pericardial
fluid
Xpert
MTB/RIF,
blood

3 (257)

MRS

71.1%
(49.0 to
85.8)

71.2%
(52.3 to
85.5)

22% (10 to
40)

96% (90 to
98)

2 (263)

CRS

-

-

-

-

9 (943)

MRS

94% (88 to
97)

CRS

97.3%
(91.0 to
99.2)
-

93% (77 to
98)

2 (463)

84.7%
(70.8 to
93.1)
-

-

-

1 (24)

MRS

-

-

-

-

6 (471)

MRS

97.1%
(91.7 to
99.2)

93.7%
(66.7 to
99.1)

63% (23 to
93)

100% (99
to 100)

2 (161)

CRS

-

-

-

-

2 (94)

MRS

-

-

-

-

1 (145)

CRS

-

-

-

-

13 (580)

MRS

58.9%
(42.3 to
75.8)

97.3%
(95.1 to
98.7)

71% (49 to
86)

96% (94 to
97)

5 (181)

MRS

60.4%
(34.7 to
81.7)

87.8%
(72.7 to
96.9)

35% (12 to
75)

95% (91 to
98)

2 (77)

CRS

-

-

-

-

2 (85)

MRS

-

-

-

-
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55

Xpert
23 (1084)
Culture- 96.3%
98.8%
91% (83 to 100% (99
MTB/RIF,
based
(92.1 to
(97.9 to
96)
to 100)
rifampicin
DST,
98.6)
99.5)
resistance
LPA
56
Xpert
3 (103)
Culture- 96.7%
98.8%
90% (62 to 100% (98
Ultra,
based
(81.6 to
(94.3 to
99)
to 100)
rifampicin
DST,
99.8)
99.9)
resistance
LPA
Predictive values were determined for a pre-test probability of 10%; dashes indicate that there
were insufficient data to perform a meta-analysis. Abbreviations: CrI: credible interval; CRS:
composite: DST: drug susceptibility testing; LPA: line probe assay; MRS: microbiological
Detection of rifampicin resistance
For detection of rifampicin resistance, we included 35 studies. A total of 32 studies (1220
participants) evaluated Xpert MTB/RIF alone and three studies (79 participants) evaluated Xpert
Ultra.
Of the total 35 studies, 17 took place in high MDR-TB burden countries. Most studies had low
risk of bias and low concern about applicability.
55. Should Xpert MTB/RIF in extrapulmonary specimens be used to diagnose rifampicin
resistance in adults with presumed extrapulmonary tuberculosis?
Xpert MTB/RIF pooled sensitivity and specificity were 96.3% (92.1 to 98.6) and 98.8% (97.9 to
99.5), (23 studies, 1084 patients; high-certainty evidence).
For a population of 1000 people where 100 have rifampicin-resistant TB, 106 would be positive
for rifampicin-resistant TB: of these, 10 (9%) would not have rifampicin resistance (falsepositives); and 894 would be negative for rifampicin-resistant TB: of these, 4 (0.4%) would have
rifampicin resistance (false-negatives).

Figure 38. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 39. Xpert MTB/RIF for rifampicin resistance against microbiological reference standard.
The individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity
and specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
56. Should Xpert Ultra in extrapulmonary specimens be used to diagnose rifampicin resistance in
adults with presumed extrapulmonary tuberculosis?
Xpert MTB/RIF pooled sensitivity and specificity were 96.7% (81.6 to 99.8) and 98.8% (94.3 to
99.9), (3 studies, 103 patients; low-certainty evidence).
For a population of 1000 people where 100 have rifampicin-resistant TB, 108 would be positive
for rifampicin-resistant TB: of these, 10 (10%) would not have rifampicin resistance (falsepositives); and 892 would be negative for rifampicin-resistant TB: of these, 3 (0.3%) would have
rifampicin resistance (false-negatives).

Figure 40. Risk of bias and applicability concerns graph: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 41. Xpert Ultra for rifampicin resistance against microbiological reference standard. The
individual studies are ordered by decreasing sensitivity. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. FN: false-negative; FP: falsepositive; TN: true-negative; TP: true-positive.
AUTHORS' CONCLUSIONS
Xpert MTB/RIF pooled sensitivity (defined by culture) varied across different types of specimens
(50% in pleural fluid to 97% in bone or joint fluid). Xpert MTB/RIF pooled sensitivity was 80%
or greater in lymph node fluid, lymph node tissue, urine, and bone or joint fluid. Xpert MTB/RIF
pooled specificity (defined by culture) varied less than sensitivity across different specimens
(79% in lymph node tissue to 99% in pleural fluid). Xpert MTB/RIF pooled specificity was 96%
or greater in cerebrospinal fluid, pleural fluid, urine, and peritoneal fluid. For TB meningitis,
Xpert Ultra had higher pooled sensitivity (84%) than Xpert MTB/RIF (70%) and lower pooled
specificity (88%) than Xpert MTB/RIF (97%) based on an indirect comparison. Xpert MTB/RIF
and Xpert Ultra had similar sensitivity and specificity for rifampicin resistance.
IMPLICATIONS FOR RESEARCH
Future studies should perform comparisons of different tests, including Xpert Ultra, as this
approach will reveal which tests (or strategies) yield superior diagnostic accuracy. For these
studies, the preferred study design is one in which all participants receive all available diagnostic
tests or are randomly assigned to receive one or another of the tests. Studies should include
children and HIV-positive people. Future research should acknowledge the concern associated
with culture as a reference standard in paucibacillary specimens and should consider ways to
address this limitation.
Rapid point-of-care diagnostic tests for extrapulmonary TB are critically needed. Research groups
should focus on developing diagnostic tests and strategies that use readily available clinical
specimens such as urine, rather than specimens that require invasive procedures for collection.
Operational research is needed to ensure tests are optimally used in settings of intended use.
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BACKGROUND
Globally, child tuberculosis accounted for 11% of the 10.0 million estimated global cases of
tuberculosis in 2018. Children account for a disproportionate share of tuberculosis mortality
(14%) suggesting poorer access to diagnosis and treatment. In 2018, there were about half a
million new cases of rifampicin-resistant tuberculosis, and of these, 78% had multidrug-resistant
tuberculosis; however programmatic data on the burden of drug-resistant tuberculosis in children
are limited (WHO Global Tuberculosis Report 2019). Xpert MTB/RIF and Xpert Ultra are WHOrecommended rapid tests that simultaneously detect tuberculosis and rifampicin resistance in
people with signs and symptoms of tuberculosis. The aim of this systematic review was to
determine the diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for pulmonary tuberculosis
in children with signs and symptoms of pulmonary tuberculosis, in several types of clinical
specimens, including sputum specimens, gastric specimens, nasopharyngeal specimens, and stool
specimens. In addition, this review aimed to determine the diagnostic accuracy of Xpert
MTB/RIF for the diagnosis of lymph node tuberculosis and tuberculous meningitis in children.
In 2013, informed by a systematic review (Detjen and Mandalakas 2015), the WHO
recommended the use of Xpert MTB/RIF in children as a front-line test for the diagnosis of
tuberculosis. The review found that, when evaluated against a reference standard of culture, Xpert
MTB/RIF had a sensitivity and specificity of 62% (95% credible interval (95%CrI) 51% to 73%)
and 98% (95%CrI 97% to 99%) for the diagnosis of pulmonary TB in children. In preparation for
a WHO meeting to update recommendations on the use of molecular methods for diagnosing
tuberculosis, we performed a Cochrane Review to update the Detjen and Mandalakas review and
to assess the accuracy of Xpert MTB/RIF and Xpert Ultra against both a microbiological
reference standard and a composite reference standard. References of data included in this
systematic review are included in Appendix A.
Clinical pathway
An example of the clinical pathway in children and the placement of the index tests within the
diagnostic pathway can be found in Appendix B. A careful clinical history of tuberculosis
exposure and symptoms is the first step in the diagnostic pathway for childhood tuberculosis.
Children with household or other close and persistent exposure to a person with tuberculosis are
at increased risk of tuberculosis infection and resultant progression to tuberculosis disease. All
children with recent exposure to tuberculosis must be evaluated for clinical symptoms and
examination findings consistent with tuberculosis disease. Additional testing depends on the
context, but may include chest radiograph and a test of tuberculosis infection. Symptoms of
tuberculosis disease are generally persistent for greater than two weeks and are unremitting
(Marais 2005).The most common symptoms are cough, fever, decreased appetite, weight loss or
failure to thrive, and fatigue or reduced playfulness. Symptoms of extrapulmonary tuberculosis
are typically localized, and diagnostic findings are generally obtained from the site of disease
(Appendix B). However, no symptom-based diagnostic algorithms have been validated or have
been shown to be reliable in multiple contexts. Symptom-based diagnostic algorithms tend to
perform poorly in children under three years of age and children living with HIV, two populations
at high risk for disease progression (Marais 2006b).
Unfortunately, there are no examination features specific to pulmonary tuberculosis in children.
However, the examination findings in extrapulmonary tuberculosis can be quite specific when
identified. Clinicians should consider medical comorbidities that increase the risk for tuberculosis
disease and modify diagnostic algorithms accordingly. HIV infection not only significantly
increases risk of tuberculosis in the paediatric population, but also raises the risk of increased
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disease severity. HIV-positive children often present with advanced forms of tuberculosis and
have high levels of immunosuppression, further complicating diagnosis and management.
Additional diagnostic imaging studies can assist in the diagnosis of nearly all forms of pulmonary
tuberculosis and extrapulmonary tuberculosis. Tests of tuberculosis infection, such as interferon
gamma release assays or tuberculin skin tests, can also aid in establishing the diagnosis of
tuberculosis in a child but are not necessary to make the diagnosis. Diagnostic recommendations
strongly suggest collecting appropriate specimens from the suspected sites of involvement in both
pulmonary and extrapulmonary tuberculosis for microbiological examination. The preferred
sample in pulmonary tuberculosis is sputum, however in young children that cannot expectorate,
the sample is commonly obtained via a gastric aspiration or sputum induction. To diagnose
extrapulmonary tuberculosis, the collection of samples targets the affected site of disease.
The purpose of Xpert MTB/RIF or Xpert Ultra is diagnosis of active tuberculosis (pulmonary and
extrapulmonary tuberculosis) and detection of rifampicin resistance. The results of MTB/RIF or
Xpert Ultra can be used as a decision-making tool in the following ways:
M tuberculosis detected/rifampicin resistance not detected: child would start treatment for drugsensitive tuberculosis;
M tuberculosis detected/rifampicin resistance detected: child would need further resistance testing
and would start treatment for drug-resistant tuberculosis according to the country guidelines;
M tuberculosis not detected: a negative Xpert MTB/RIF or Xpert Ultra result does not rule out
tuberculosis disease. Therefore, clinicians should still consider initiation of tuberculosis treatment
in children with history and clinical features suggestive of tuberculosis disease despite a negative
Xpert MTB/RIF or Xpert Ultra result. A negative Xpert MTB/RIF or Xpert Ultra result may also
represent a true negative.
Possible consequences of a false-positive and a false-negative result may include the following:
false positives (FP): children and their families would likely experience anxiety and morbidity
caused by additional testing, unnecessary treatment, and possible adverse effects; possible stigma
associated with a tuberculosis or drug-resistant tuberculosis diagnosis and the chance that a false
positive may halt further diagnostic evaluation;
false negatives (FN): would likely result in an increased risk of morbidity and mortality and
delayed treatment initiation for patients.
METHODS
Search methods
We searched the following databases: Cochrane Infectious Diseases Group Specialized Register;
MEDLINE (OVID, from 1966); Embase (OVID, from 1974); Science Citation Index - Expanded
(from 1900), Conference Proceedings Citation Index - Science (CPCI-S, from 1990), and BIOSIS
Previews (from 1926), all three from the Web of Science; Scopus (Elsevier, from 1970); and
Latin American Caribbean Health Sciences Literature (LILACS) (BIREME, from 1982). We also
searched ClinicalTrials.gov, the WHO International Clinical Trials Registry (ICTRP) Platform
(www.who.int/trialsearch), and the International Standard Randomized Controlled Trials Number
(ISRCTN) registry (www.isrctn.com/) for trials in progress, and ProQuest Dissertations & Theses
A&I (from 1990) for dissertations to 29 April 2019, without language restriction.
Selection criteria
We included cross-sectional and cohort studies that evaluated the accuracy of Xpert MTB/RIF
and Xpert Ultra for the diagnosis of active tuberculosis and rifampicin resistance in children 0 to
14 years of age with signs and symptom of tuberculosis. For tuberculosis detection, we used a
microbiological reference standard (culture) and a composite reference standard. We defined the
composite reference standard as a positive culture or a clinical decision to initiate treatment for
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tuberculosis. In the absence of information on tuberculosis treatment, for the composite reference
standard, we accepted a study specific definition (i.e. a definition of confirmed tuberculosis
defined by the primary study authors), if available. For rifampicin resistance detection, the
reference standards were culture-based drug susceptibility testing and MTBDRplus. Studies were
eligible for inclusion if they described the use of Xpert MTB/RIF or Xpert Ultra on routine
respiratory specimens, such as expectorated or induced sputum, gastric specimens, and
nasopharyngeal specimens. In addition, we included studies evaluating stool because tuberculosis
bacilli are present in swallowed sputum and recoverable from stool specimens using Xpert assays.
For extrapulmonary TB, we included studies that assessed the accuracy of the index tests for TB
meningitis and lymph node TB against a microbiological or composite reference standard.
References to included studies are included in Appendix A.
Data collection and analysis
Two review authors independently extracted data using a standardized form. We assessed study
quality using QUADAS-2 and performed meta-analyses using a bivariate random-effects model
to determine summary estimates of sensitivity and specificity for Xpert MTB/RIF and Xpert Ultra
separately for the different specimens used for detection of tuberculosis and rifampicin resistance.
We investigated potential sources of heterogeneity by reference standard and by clinical
subgroup, including smear result and HIV infection status.
Assessment of certainty of the evidence
We assessed the certainty of the evidence using the GRADE approach, and GRADEpro Guideline
Development Tool (GDT) software (GRADEpro GDT 2015). For each outcome, we considered
the certainty of the evidence to begin as high when high-quality observational studies (crosssectional or cohort studies) enrolled participants with diagnostic uncertainty. If we had a reason
for downgrading, we used our judgement to classify the reason as serious (downgraded by one
level) or very serious (downgraded by two levels).
We applied GRADE in the following ways:
Risk of bias: we used QUADAS-2 to assess risk of bias.
Indirectness: we used QUADAS-2 for concerns of applicability and looked for
important differences between the populations studied (for example, the spectrum of disease), the
setting, index test, and outcomes, and asked whether differences were sufficient to lower certainty
in results.
Inconsistency: GRADE recommends downgrading for unexplained inconsistency in sensitivity
and specificity estimates. We carried out prespecified analyses and did not downgrade when we
believed we could explain inconsistency in the accuracy estimates.
Imprecision: we considered a precise estimate to be one that would allow a clinically meaningful
decision. We considered the width of the CI and asked ourselves, ‘Would we make a different
decision if the lower or upper boundary of the CI represented the truth?'. In addition, we
calculated projected ranges for true positives (TP), false negatives (FN), true negatives
(TN), and false positives (FP) for a given prevalence of tuberculosis and made judgements on
imprecision from these calculations.
Publication bias: we rated publication bias as undetected (not serious) because of
the comprehensiveness of the literature search and following extensive outreach to tuberculosis
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researchers to identify studies. As we included a large number of studies, we thought that had we
missed several small studies, the results would probably not be different.
RESULTS
Pico 2: Detection of Pulmonary TB in Children
The initial search resulted in 835 individual records, with one additional reference identified
through other sources, from which 701 were excluded. We retrieved 134 articles, and after fulltext review, included 50 studies in the quantitative meta-analysis. The PRISMA diagram and
reasons for exclusion are included in Appendix C.
Of the 50 studies included in the review, 40 (80%) took place in high tuberculosis burden and 40
in high TB/HIV burden countries. For pulmonary tuberculosis detection, we included 43 studies
that evaluated the diagnostic accuracy of Xpert MTB/RIF in children and three studies that
evaluated both Xpert Ultra and Xpert MTB/RIF. 42 studies evaluated pulmonary tuberculosis
using a reference standard of culture and one study evaluated pulmonary tuberculosis using smear
only. The results of this large, single study evaluating pulmonary tuberculosis using a reference
standard of smear are described in Appendix D.
Concerning the assessment of methodological quality, in the patient selection domain, we judged
most studies (81%) evaluating pulmonary tuberculosis to have low risk of bias if they
consecutively recruited patients. In the index test domain, we judged all studies to have low risk
of bias based on the automated nature of the Xpert MTB/RIF test. In the flow and timing domain
we judged most studies (88%) to have low risk of bias according to the timing of the index test
and reference test specimen collection. In the reference standard domain, with respect to the
microbiological reference standard, we judged 46% of studies to have unclear risk of bias because
only one culture was used to exclude tuberculosis. With respect to the composite reference
standard, we judged all studies to have unclear risk of bias because of imperfect accuracy of the
composite reference standard and differing definitions of this standard used by the primary study
authors. Regarding applicability, in the patient selection domain, we judged high or unclear
concern for 49% of studies because participants were evaluated exclusively as inpatients at
tertiary care centres, or we were not sure about the clinical setting. With respect to applicability of
the index test, we judged most studies (72%) as having low concern owing to standardized
application of the index tests. We judged 11 studies evaluating stool as a specimen for Xpert
MTB/RIF or Xpert Ultra to have unclear risk of bias because of the absence of a standardized
protocol for stool preparation. With respect to applicability of the reference standard, we
considered this to be a low concern for most studies (91%).

Figure 1. Risk of bias and applicability concerns graph for pulmonary TB studies: review
authors' judgements about each domain presented as percentages across included studies.
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For the meta-analysis, a total of 23 studies (6703 participants) evaluated sputum specimens; 14
studies (3482 participants) evaluated gastric specimens; four studies (1125 participants) evaluated
nasopharyngeal specimens; 11 studies (1592 participants) evaluated stool specimens; all of the
above evaluated Xpert MTB/RIF alone. No studies evaluated Xpert Ultra alone. Three studies
(753 participants) evaluated both Xpert MTB/RIF and Xpert Ultra on frozen sputum specimens.
One study (195 participants) evaluated both Xpert MTB/RIF and Xpert Ultra on nasopharyngeal
specimens.
For the WHO Guideline meeting, our review team addressed PICO 2 and PICO 4 and several
subquestions of PICO 5. The specific findings follow below.
PICO 2 Subquestions
16. Should Xpert MTB/RIF be used to diagnose pulmonary TB in sputum in children with
signs and symptoms of pulmonary TB, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 64.6% (55.3 to 72.9) and 99.0% (98.1 to
99.5), (23 studies, 6703 participants; moderate-certainty evidence for sensitivity; moderatecertainty evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 74 would
be Xpert MTB/RIF-positive and 9 (12%) would not have tuberculosis (false-positives); 926 would
be Xpert MTB/RIF-negative and 35 (4%) would have tuberculosis (false-negatives).

Figure 2. Q16 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum against a microbiologic reference standard and stratified by the
number of cultures obtained. The squares represent the sensitivity and specificity of one study,
the black line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative;
TN: true-negative.
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Figure 3. Risk of bias and applicability concerns graph for pulmonary TB studies using
sputum: review authors' judgements about each domain presented as percentages across included
studies.
17. Should Xpert MTB/RIF be used to diagnose pulmonary TB in sputum in children with
signs and symptoms of pulmonary TB, against a composite reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 19.7% (12.1 to 30.4) and 100% (100 to
100), (16 studies, 4379 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 smear-negative children where 100 have pulmonary tuberculosis by a
microbiologic reference standard, 20 would be Xpert MTB/RIF-positive and 0 (0%) would not
have tuberculosis (false-positives); 980 would be Xpert MTB/RIF-negative and 80 (8%) would
have tuberculosis (false-negatives).

Figure 4. Q17 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum against a composite reference standard. The squares represent
the sensitivity and specificity of one study, the black line its confidence interval. TP: truepositive; FP: false-positive; FN: false-negative; TN: true-negative.
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Figure 5. Risk of bias and applicability concerns graph for pulmonary TB studies using
sputum compared to a composite reference standard: review authors' judgements about each
domain presented as percentages across included studies.

18. Should Xpert Ultra be used to diagnose pulmonary TB in sputum in children with signs
and symptoms of pulmonary TB, against a microbiological reference standard?
Xpert Ultra pooled sensitivity and specificity were 72.8% (64.7 to 79.6) and 97.5% (95.8 to 98.5),
(3 studies, 697 participants; low-certainty evidence for sensitivity; high-certainty evidence for
specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 100 would
be Xpert Ultra-positive and 27 (27%) would not have tuberculosis (false-positives); 900 would be
Xpert Ultra-negative and 27 (3%) would have tuberculosis (false-negatives).

Figure 6. Q18 Forest plots of Xpert Ultra sensitivity and specificity for pulmonary
tuberculosis using sputum against a microbiologic reference standard. The squares
represent the sensitivity and specificity of one study, the black line its confidence interval. TP:
true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 7. Risk of bias and applicability concerns graph for pulmonary TB studies on Xpert
Ultra using sputum: review authors' judgements about each domain presented as percentages
across included studies.
19. Should Xpert Ultra be used to diagnose pulmonary TB in sputum in children with signs
and symptoms of pulmonary TB, against a composite reference standard?
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Xpert Ultra pooled sensitivity and specificity were 23.5% (20.0 to 27.4) and 99.2% (96.9 to 99.8),
(3 studies, 753 participants; low-certainty evidence for sensitivity; low-certainty evidence for
specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis by a composite
reference standard, 33 would be Xpert Ultra-positive and 9 (27%) would not have tuberculosis
(false-positives); 967 would be Xpert Ultra-negative and 76 (8%) would have tuberculosis (falsenegatives).

Figure 8. Q19 Forest plots of Xpert Ultra sensitivity and specificity for pulmonary
tuberculosis using sputum against a composite reference standard. The squares represent
the sensitivity and specificity of one study, the black line its confidence interval. TP: truepositive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 9. Risk of bias and applicability concerns graph for pulmonary TB studies on Xpert
Ultra against a composite reference standard using sputum: review authors' judgements about
each domain presented as percentages across included studies.
20. Should Xpert MTB/RIF be used to diagnose pulmonary TB in sputum in smear-positive
children with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
There were only 91 cases among smear-positive children and 103 total patients (11 studies, 103
participants). The bivariate model did not converge for this analysis. We performed a univariate
analysis for sensitivity, which was 97.8% (91.6 to 99.4) in smear-positive children.
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Figure 10. Q20 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum against a microbiologic reference standard in smear positive
patients. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
21. Should Xpert MTB/RIF be used to diagnose pulmonary TB in sputum in smearnegative, culture-positive children with signs and symptoms of pulmonary TB, against a
microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 58.9% (45.6 to 71.0) and 99.1% (97.1 to
99.7), (12 studies, 3118 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 children where 100 have smear-negative pulmonary tuberculosis on
culture, 68 would be Xpert MTB/RIF-positive and 9 (13%) would not have tuberculosis (falsepositives); 932 would be Xpert MTB/RIF-negative and 41 (4%) would have tuberculosis (falsenegatives).

Figure 11. Q21 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum against a microbiologic reference standard in smear negative
patients. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.

22. Should Xpert MTB/RIF be used to diagnose pulmonary TB in sputum in HIV-positive
children with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
Xpert MTB/RIF pooled sensitivity and specificity were 72.2% (59.9 to 81.8) and 99.4% (97.2 to
99.9) (10 studies, 642 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 HIV-positive children where 100 have pulmonary tuberculosis on
culture, 81 would be Xpert MTB/RIF-positive and 9 (11%) would not have tuberculosis (falsepositives); 919 would be Xpert MTB/RIF-negative and 28 (3%) would have tuberculosis (falsenegatives).
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Figure 12. Q22 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum against a microbiologic reference standard in HIV positive
patients. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.

23. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a gastric specimen in
children with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
Xpert MTB/RIF pooled sensitivity and specificity were 73.0% (52.9 to 86.7) and 98.1% (95.5 to
99.2), (14 studies, 3482 participants; very low-certainty evidence for sensitivity; low certainty of
evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 90 would
be Xpert MTB/RIF-positive and 17 (19%) would not have tuberculosis (false-positives); 910
would be Xpert MTB/RIF-negative and 27 (3%) would have tuberculosis (false-negatives).

Figure 13. Q23 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a gastric specimen against a microbiologic reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.
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Figure 14. Risk of bias and applicability concerns graph for pulmonary TB studies using
gastric specimens: review authors' judgements about each domain presented as percentages
across included studies.
24. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a gastric specimen in
children with signs and symptoms of pulmonary TB, against a composite reference
standard?
Xpert MTB/RIF pooled sensitivity and specificity were 31.7% (20.2 to 46.0) and 99.7% (97.1 to
100), (6 studies, 933 participants; very low-certainty evidence for sensitivity; moderate certainty
for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis by the composite
reference standard,41 would be Xpert MTB/RIF-positive and 9 (22%) would not have
tuberculosis (false-positives); 959 would be Xpert MTB/RIF-negative and 68 (7%) would have
tuberculosis (false-negatives).

Figure 15. Q24 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a gastric specimen against a composite reference standard. The squares
represent the sensitivity and specificity of one study, the black line its confidence interval. TP:
true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 16. Risk of bias and applicability concerns graph for pulmonary TB studies using
gastric specimens against a composite reference standard: review authors' judgements about
each domain presented as percentages across included studies.
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25. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a gastric specimen in
HIV-positive children with signs and symptoms of pulmonary TB, against a microbiological
reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 73.3% (54.9 to 86.1) and 98.5% (97.1 to
99.2) (3 studies, 634 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 82 would
be Xpert MTB/RIF-positive and 9 (11%) would not have tuberculosis (false-positives); 918 would
be Xpert MTB/RIF-negative and 27 (3%) would have tuberculosis (false-negative).

Figure 17. Q25 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a gastric specimen against a microbiologic reference standard in HIV
positive children. The squares represent the sensitivity and specificity of one study, the black
line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.

26. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a nasopharyngeal
specimen in children with signs and symptoms of pulmonary TB, against a microbiological
reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 45.7% (27.6 to 65.1) and 99.6% (98.9 to
99.8), (4 studies, 1125 participants; moderate-certainty evidence for sensitivity; high-certainty
evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 46 would
be Xpert MTB/RIF-positive and 0 (0%) would not have tuberculosis (false-positives); 954 would
be Xpert MTB/RIF-negative and 54 (6%) would have tuberculosis (false-negatives).

Figure 18. Q26 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a nasopharyngeal specimen against a microbiologic reference
standard. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
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Figure 19. Risk of bias and applicability concerns graph for pulmonary TB studies using
nasopharyngeal specimens: review authors' judgements about each domain presented as
percentages across included studies.
27. Should Xpert Ultra be used to diagnose pulmonary TB in a nasopharyngeal specimen in
children with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
Xpert MTB/RIF sensitivity and specificity were 45.7% (28.9 to 63.3)) and 97.5% (93.7 to 99.3),
(1 study, 195 participants; very low-certainty evidence for sensitivity; low-certainty evidence for
specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 46 would
be Xpert MTB/RIF-positive and 0 (0%) would not have tuberculosis (false-positives); 954 would
be Xpert MTB/RIF-negative and 54 (6%) would have tuberculosis (false-negatives).

Figure 20. Q27 Forest plots of Xpert Ultra sensitivity and specificity for pulmonary
tuberculosis using a nasopharyngeal specimen against a microbiologic reference
standard. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
28. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a stool specimen in
children with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
Xpert MTB/RIF pooled sensitivity and specificity were 61.5% (44.1 to 76.4) and 98.5% (97.0 to
99.2), (11 studies, 1592 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis on culture, 75 would
be Xpert MTB/RIF-positive and 13 (17%) would not have tuberculosis (false-positives); 925
would be Xpert MTB/RIF-negative and 38 (4%) would have tuberculosis (false-negatives).
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Figure 21. Q28 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a stool specimen against a microbiologic reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 22. Risk of bias and applicability concerns graph for pulmonary TB studies using
stool specimens: review authors' judgements about each domain presented as percentages across
included studies.
29. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a stool specimen in
children with signs and symptoms of pulmonary TB, against a composite reference
standard?
Xpert MTB/RIF pooled sensitivity and specificity were 16.3% (8.4 to 29.2) and 99.7% (97.8 to
100), (10 studies, 1739 participants; low-certainty evidence for sensitivity; moderate-certainty
evidence for specificity).
For a population of 1000 children where 100 have pulmonary tuberculosis by a composite
reference standard, 25 would be Xpert MTB/RIF-positive and 9 (36%) would not have
tuberculosis (false-positives); 975 would be Xpert MTB/RIF-negative and 84 (9%) would have
tuberculosis (false-negatives).
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Figure 23. Q29 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a stool specimen against a composite reference standard. The squares
represent the sensitivity and specificity of one study, the black line its confidence interval. TP:
true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 24. Risk of bias and applicability concerns graph for pulmonary TB studies using
stool specimens against a composite reference standard: review authors' judgements about
each domain presented as percentages across included studies.

30. Should Xpert MTB/RIF be used to diagnose pulmonary TB in a stool specimen in HIVpositive children with signs and symptoms of pulmonary TB, against a microbiological
reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 69.8% (56.3 to 80.6) and 98.6% (96.1 to
99.5), (4 studies, 526 participants; low-certainty evidence for sensitivity; high-certainty
evidence for specificity).
For a population of 1000 HIV-positive children where 100 have pulmonary tuberculosis on
culture, 88 would be Xpert MTB/RIF-positive and 18 (20%) would not have tuberculosis (falsepositives); 912 would be Xpert MTB/RIF-negative and 30 (3%) would have tuberculosis (falsenegatives).

Figure 25. Q30 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using a stool specimen against a microbiologic reference standard in HIVpositive patients. The squares represent the sensitivity and specificity of one study, the black
line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
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Table 1. PICO 2 summary: diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for pulmonary TB and rifampicin resistance in
children*
PICO,
Test, analysis group
subquestion

Reference Studies Number of
Standard
children
(TB cases)

Sensitivity %
(95% CI)

Specificity %
(95% CI)

16

Xpert MTB/RIF,
sputum
Xpert MTB/RIF,
sputum
Xpert Ultra, sputum

MRS

23

6703 (494)

64.6 (55.3 to 72.9)

99.0 (98.1 to 99.5)

Positive Predictive Negative
Value %
Predictive
(95% CI)
Value %
(95% CI)
88.2 (79.6 to 93.5) 96.2 (95.1 to 97.0)

CRS

16

4379 (1541) 19.7 (12.1 to 30.4)

100 (99.8 to 100)

98.4 (89.2 to 99.8)

91.8 (90.9 to 92.6)

MRS

3

697 (136)

72.8 (64.7 to 79.6)

97.5 (95.8 to 98.5)

76.4 (65.6 to 84.6)

97.7 (95.9 to 97.7)

Xpert Ultra, sputum
Xpert MTB/RIF,
sputum, smear positive
Xpert MTB/RIF,
sputum, smear negative
Xpert MTB/RIF,
sputum, HIV positive
Xpert MTB/RIF,
gastric specimen
Xpert MTB/RIF,
gastric specimen
Xpert MTB/RIF,
gastric specimen, HIV
positive
Xpert MTB/RIF,
nasopharyngeal
specimen
Xpert Ultra,
nasopharyngeal
specimen
Xpert MTB/RIF, stool
specimen

CRS
MRS

3
11

753 (498)
91 (88)

23.5 (20.0 to 27.4)
97.8 (91.6 to 99.4)

99.2 (96.9 to 99.8)
−

76.9 (45.3 to 93.0)
−

92.1 (91.7 to 92.5)
−

MRS

12

3118 (184)

58.9 (45.6 to 71.0)

99.1 (97.1 to 99.7)

88.4 (68.8 to 96.3)

95.6 (94.0 to 96.8)

MRS

10

642 (88)

72.2 (59.9 to 81.8)

99.4 (97.2 to 99.9)

93.2 (74.0 to 98.5)

97.0 (95.5 to 97.9)

MRS

14

3482 (273)

73.0 (52.9 to 86.7)

98.1 (95.5 to 99.2)

81.0 (65.5 to 90.6)

97.0 (94.5 to 98.4)

CRS

6

933 (461)

31.7 (20.2 to 46.0)

99.7 (97.1 to 100)

91.7 (58.3 to 98.9)

92.9 (91.6 to 94.0)

MRS

3

634 (50)

73.3 (54.9 to 86.1)

98.5 (97.1 to 99.2)

84.1 (72.7 to 91.3)

97.1 (93.8 to 98.4)

MRS

4

1125 (144)

45.7 (27.6 to 65.1)

99.6 (98.9 to 99.8)

92.6 (81.1 to 97.3)

94.3 (92.0 to 95.9)

MRS

1

195 (35)

45.7 (28.9 to 63.3)

97.5 (93.7 to 99.3)

67.0 (42.0 to 85.1)

94.1 (92.2 to 95.6)

MRS

11

1592 (174)

61.5 (44.1 to 76.4)

98.5 (97.0 to 99.2)

81.7 (72.2 to 88.5)

95.8 (93.8 to 97.3)

17
18
19
20**
21
22
23
24
25

26

27

28
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PICO,
Test, analysis group
subquestion

Reference Studies Number of
Standard
children
(TB cases)

Sensitivity %
(95% CI)

Specificity %
(95% CI)

29

CRS

10

1739 (879)

16.3 (8.43 to 29.2)

99.7 (97.8 to 100)

Positive Predictive Negative
Value %
Predictive
(95% CI)
Value %
(95% CI)
87.4 (42.8 to 98.5) 91.5 (90.5 to 92.4)

MRS

4

526 (53)

69.8 (56.3 to 80.6)

98.6 (96.1 to 99.5)

84.7 (66.2 to 94.0)

30
31

Xpert MTB/RIF, stool
specimen
Xpert MTB/RIF, stool
specimen, HIV positive
Xpert MTB/RIF,
rifampicin resistance

96.7 (95.1 to 97.8)

Culture6
223 (20)
90.0 (67.6 to 97.5) 98.3 (87.7 to 99.8) 85.7 (42.7 to 98.0) 98.9 (95.9 to 99.7)
DST,
MTBDRpl
us
* Predictive values were determined at a pre-test probability of 10%
Abbreviations: CI: confidence interval; CRS: composite reference standard (culture, tuberculosis treatment initiation and clinically diagnosed tuberculosis); DST:
drug susceptibility testing; MRS: microbiological reference standard (culture)
**We performed a univariate meta-analysis for this analysis group.
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PICO 2: Detection of Rifampicin Resistance in Children
We identified 14 studies that provided data on the detection of rifampicin resistance.
Nevertheless, we were able to include only six studies in the meta-analysis to generate evidence
about the detection of rifampicin resistance. All of the six studies (223 participants) evaluated
only Xpert MTB/RIF, and were conducted in high tuberculosis burden countries and in high
MDR TB burden countries. 42% of studies had a low risk of bias with respect to patient selection
while all studies had a low risk of bias with respect to the reference standard. Risk of bias was
considered low for the reference standard (86%) if an automated process was used or it was clear
that the reference standard results were interpreted without knowledge of the index tests. Nine
studies (64%) had high or uncertain applicability concerns regarding patient selection due to
enrolment exclusively from inpatient or tertiary centers.

Figure 26. Risk of bias and applicability concerns graph for rifampicin resistance: review
authors' judgements about each domain presented as percentages across included studies.
31. Should Xpert MTB/RIF be used to diagnose rifampicin resistance in children with signs
and symptoms of pulmonary TB?
Xpert MTB/RIF pooled sensitivity (95% CI) and specificity (95% CI) were 90.0% (67.6% to
97.5%) and 98.3% (87.7% to 99.8%), (6 studies, 223 unselected participants; low-certainty
evidence for sensitivity; moderate-certainty evidence for specificity).
For a population of 1000 children where 100 have rifampicin resistance, 108 would be Xpert
MTB/RIF-rifampicin resistance detected and 18 (17%) would not have rifampicin resistance
(false-positives); 892 would be Xpert MTB/RIF-rifampicin resistance NOT detected and 10 (1%)
would have rifampicin resistance (false-negatives).

Figure 27. Q31 Forest plots of Xpert MTB/RIF sensitivity and specificity for rifampicin
resistance against a reference standard of phenotypic drug susceptibilities or line probe
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resistance assays. The squares represent the sensitivity and specificity of one study, the black
line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
PICO 4: Detection of Extrapulmonary Tuberculosis in Children
To evaluate detection of extrapulmonary tuberculosis, we included studies that evaluated the
diagnostic accuracy of Xpert MTB/RIF in children with signs or symptoms of lymph node TB or
TB meningitis. We did not identify any studies that evaluated the accuracy of Xpert Ultra for
detecting lymph node TB or TB meningitis.
For diagnosis of lymph node TB, we included six studies (210 participants) evaluating Xpert
MTB/RIF against a microbiologic reference standard of smear or culture on lymph node
specimens. Two studies (105 participants) evaluated Xpert MTB/RIF against a composite
reference standard for lymph node TB. For TB meningitis, we included six studies (241
participants) evaluating Xpert MTB/RIF against culture on cerebrospinal fluid. In addition, two
studies (155 participants) assessed Xpert MTB/RIF against a composite reference standard
including a clinical diagnosis of TB meningitis.
Of the 13 studies evaluating extrapulmonary TB, in the patient selection domain, we considered
nine (69%) to have low risk of bias because of prospective consecutive enrolment. In the
reference standard domain, with respect to the microbiological reference standard, we judged 12
studies (92%) to have unclear risk of bias because only one culture was obtained. For the
composite reference standard, we judged all studies to have unclear risk of bias because of
imperfect accuracy of the composite reference standard and differing definitions of this standard
used by the primary study authors. In the flow and timing domain, we judged one study (11%) to
have unclear risk of bias. For applicability, in the patient selection domain, we judged three
studies (33%) to have unclear concern and five studies (38%) to have high concern. In the index
test domain, we judged all studies to have low concern. And in the reference standard domain,
we judged one study (8%) to have unclear concern and one study to have high concern (8%) and
the remaining studies to have low concern.

Figure 28. Risk of bias and applicability concerns graph for extrapulmonary TB: review
authors' judgements about each domain presented as percentages across included studies.
PICO 4 Subquestions
57. Should Xpert MTB/RIF be used to diagnose TB meningitis in CSF in children with signs
and symptoms of TB meningitis, against a microbiological reference standard?
Xpert MTB/RIF pooled sensitivity and specificity were 54.0% (27.8 to 78.2) and 93.8% (84.5 to
97.6) (6 studies, 262 participants; very low-certainty evidence for sensitivity; low certainty
evidence for specificity).
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For a population of 1000 children where 100 have TB meningitis on culture, 86 would be Xpert
MTB/RIF-positive and 59 (69%) would not have tuberculosis (false-positives); 914 would be
Xpert MTB/RIF-negative and 23 (3%) would have tuberculosis (false-negatives).

Figure 29. Q57 Forest plots of Xpert MTB/RIF sensitivity and specificity for tuberculosis
meningitis using a cerebrospinal fluid specimen against a microbiologic reference
standard. The squares represent the sensitivity and specificity of one study, the black line its
confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.

Figure 30. Risk of bias and applicability concerns graph for TB meningitis: review authors'
judgements about each domain presented as percentages across included studies.

58. Should Xpert MTB/RIF be used to diagnose TB meningitis in CSF in children with signs
and symptoms of TB meningitis, against a composite reference standard?
Xpert MTB/RIF sensitivity and specificity ranges were 25% to 38% and 100%, respectively (2
studies, 155 participants. We did not perform a meta-analysis owing to insufficient data.

Figure 31. Q58 Forest plots of Xpert MTB/RIF sensitivity and specificity for tuberculosis
meningitis using a cerebrospinal fluid specimen against a composite reference standard.
The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

59. Should Xpert MTB/RIF be used to diagnose lymph node TB in a lymph node specimen
in children with signs and symptoms of lymph node TB, against a microbiological reference
standard?
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Xpert MTB/RIF pooled sensitivity and specificity were 90.4% (55.7 to 98.6) and 89.8% (71.5 to
96.8) (6 studies, 210 participants; very low-certainty evidence for sensitivity; low-certainty
evidence for specificity
For a population of 1000 children where 100 people have lymph node TB on culture, 142 would
be Xpert MTB/RIF-positive and 97 (68%) would not have lymph node TB (false-positives); 858
would be Xpert MTB/RIF-negative and 5 (1%) would have lymph node TB (false-negatives).

Figure 32. Q59 Forest plots of Xpert MTB/RIF sensitivity and specificity for lymph node
tuberculosis using a lymph node specimen against a microbiologic reference standard.
The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 33. Risk of bias and applicability concerns graph for lymph node TB: review authors'
judgements about each domain presented as percentages across included studies.

60. Should Xpert MTB/RIF be used to diagnose lymph node TB in a lymph node specimen
in children with signs and symptoms of lymph node TB, against a composite reference
standard?
Xpert MTB/RIF sensitivity and specificity ranges were 18% to 100% and 78% to 100%,
respectively (2 studies, 105 participants). We did not perform a meta-analysis owing to
insufficient data.

Figure 34. Q60 Forest plots of Xpert MTB/RIF sensitivity and specificity for lymph node
tuberculosis using a lymph node specimen against a composite reference standard. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.
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Table 2. PICO 4 summary: diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for lymph node TB and TB meningitis
PICO, sub- Test, analysis group
question

Reference Studies Number of
Sensitivity %
Standard
children (cases) (95% CI)

57

Xpert MTB/RIF, CSF

MRS

6

262 (28)

58*

Xpert MTB/RIF, CSF

CRS

2

59

Xpert MTB/RIF, LN

MRS

60*

Xpert MTB/RIF, LN

CRS

Specificity %
(95% CI)

54.0 (27.8 to 78.2)

Positive predictive
value %
(95% CI)
93.8 (84.5 to 97.6) 49.1 (26.8 to 71.7)

Negative predictive
value %
(95% CI)
94.8 (91.1 to 97.1)

155 (89)

−

−

−

6

210 (54)

90.4 (55.7 to 98.6)

89.8 (71.5 to 96.8) 49.6 (23.7 to 75.7)

98.8 (93.1 to 99.8)

2

105 (61)

−

−

−

*Meta-analysis was not possible due to limited data.
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−

−

PICO 5: Detection of TB using multiple Xpert tests in Children
To evaluate multiple Xpert MTB/RIF (6 studies) or Ultra (2 studies) tests compared with a single
test, we included studies that evaluated the diagnostic accuracy of single and multiple Xpert
MTB/RIF or Ultra tests in children with signs or symptoms of pulmonary TB. There were 5
(1935 participants) studies that evaluated multiple Xpert MTB/RIF sputum specimens compared
to one sputum specimen. The remaining analyses for other specimen types were limited to one or
two studies.
Of the seven total studies, all had a low risk of bias for the domains on patient selection, reference
standard and participant flow and timing. Two studies (29%) had high applicability concerns,
and one (14%) unclear applicability concern for patient selection. All studies had low concern for
the applicability of the reference standard.

Figure 35. Risk of bias and applicability concerns graph for multiple Xpert studies: review
authors' judgements about each domain presented as percentages across included studies.

PICO 5 subquestions
61. Should one Xpert MTB/RIF vs. more than one Xpert MTB/RIF be used to diagnose
pulmonary TB in sputum in children with signs and symptoms of pulmonary TB, against a
microbiological reference standard?
The difference in the pooled sensitivity and specificity of Xpert MTB/RIF using multiple sputum
specimens compared to one sputum specimen were 12.8% (-6.78 to 32.3) and -0.34% (-1.09 to
0.41) (5 studies, 1925 participants multiple Xpert MTB/RIF tests and 1939 participants one Xpert
MTB/RIF test); low-certainty evidence for sensitivity; high-certainty evidence for specificity).
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Figure 36. Q61 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum with one test against multiple tests. The squares represent the
sensitivity and specificity of one study, the black line its confidence interval. TP: true-positive;
FP: false-positive; FN: false-negative; TN: true-negative.

62. Should one Xpert Ultra vs. more than one Xpert Ultra be used to diagnose pulmonary
TB in sputum in children with signs and symptoms of pulmonary TB, against a
microbiological reference standard?
The difference in sensitivity and specificity for Xpert MTB/RIF using multiple sputum specimens
compared to one sputum specimen were 10.7% (-13.2 to 34.6) and -1.87% (-4.44 to 0.70) (1
study, 135 participants; low-certainty evidence).

Figure 37. Q62 Forest plots of Xpert Ultra sensitivity and specificity for pulmonary
tuberculosis using sputum with one test against multiple tests. The squares represent the
sensitivity and specificity of one study, the black line its confidence interval. TP: true-positive;
FP: false-positive; FN: false-negative; TN: true-negative.

63. Should one Xpert MTB/RIF vs. more than one Xpert MTB/RIF be used to diagnose
pulmonary TB in a gastric specimen in children with signs and symptoms of pulmonary TB,
against a microbiological reference standard?
The difference in sensitivity and specificity for Xpert MTB/RIF using multiple gastric specimens
compared to one gastric specimen were 13.2% (-4.64 to 31.1) and -0.45% (-0.99 to 0.09)) (1
study, 921 participants multiple Xpert tests and 935 participants one Xpert test; low-certainty
evidence).
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Figure 38. Q63 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using sputum with one test against multiple tests. The squares represent the
sensitivity and specificity of one study, the black line its confidence interval. TP: true-positive;
FP: false-positive; FN: false-negative; TN: true-negative.
64. Should one Xpert MTB/RIF vs. more than one Xpert MTB/RIF be used to diagnose
pulmonary TB in a nasopharyngeal specimen in children with signs and symptoms of
pulmonary TB, against a microbiological reference standard?
The difference in pooled sensitivity and specificity for Xpert MTB/RIF using multiple
nasopharyngeal specimens compared to one nasopharyngeal specimen were 13.5% (-9.50 to 36.5)
and -0.49% (-1.63 to 0.66) (2 studies, 705 participants; very low-certainty evidence for
sensitivity; moderate-certainty evidence for specificity).

Figure 39. Q64 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using nasopharyngeal aspirates with one test against multiple tests. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

65. Should one Xpert Ultra vs. more than one Xpert Ultra be used to diagnose pulmonary
TB in a nasopharyngeal specimen in children with signs and symptoms of pulmonary TB,
against a microbiological reference standard?
The difference in sensitivity and specificity for Xpert u MTB/RIF sing multiple nasopharyngeal
specimens compared to one nasopharyngeal specimen were 16.7% (-11.1 to 44.5) and -1.89% (6.34 to 2.57 (1 study, 130 participants; very low-certainty evidence for sensitivity; low-certainty
evidence for specificity).
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Figure 40. Q65 Forest plots of Xpert Ultra sensitivity and specificity for pulmonary
tuberculosis using nasopharyngeal aspirates with one test against multiple tests. The
squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

66. Should one Xpert MTB/RIF vs. more than one Xpert MTB/RIF be used to diagnose
pulmonary TB in a stool specimen in children with signs and symptoms of pulmonary TB,
against a microbiological reference standard?
The difference in sensitivity and specificity for Xpert MTB/RIF using multiple stool specimens
compared to one stool specimen were 10.3% (-20.8 to 41.4) and 0.02% (-1.21 to 1.25 (1 study,
247 participants multiple Xpert MTB/RIF tests, 236 one Xpert MTB/RIF test; low-certainty
evidence for sensitivity).

Figure 41. Q66 Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary
tuberculosis using stool with one test against multiple tests. The squares represent the
sensitivity and specificity of one study, the black line its confidence interval. TP: true-positive;
FP: false-positive; FN: false-negative; TN: true-negative.
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Table 3. PICO 5 summary: diagnostic accuracy of Xpert MTB/RIF and Xpert Ultra for pulmonary TB in children, comparison of repeated testing
versus first test
PICO,
Test, analysis group Reference Studies Number of Sensitivity %
subStandard
children
(95% CI)
question
(cases)

Specificity %
(95% CI)

More than one Xpert MRS
MTB/RIF, sputum
One Xpert
MRS
MTB/RIF, sputum
Absolute difference

5

1925 (177) 59.1 (43.0 to 73.4)

99.5 (97.7 to 99.9)

Positive predictive Negative
value %
predictive
(95% CI)
value %
(95% CI)
93.5 (74.1 to 98.6) 95.6 (93.8 to 97.0)

61

5

1939 (180) 46.3 (35.0 to 57.9)

99.9 (99.5 to 100)

97.8 (91.9 to 99.5)

94.3 (93.1 to 95.4)
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More than one Xpert MRS
Ultra, sputum

1

135 (28)

75.0 (55.1 to 89.3)

98.1 (93.4 to 99.8)

81.7 (52.6 to 94.7)

97.2 (94.9 to 98.6)
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One Xpert Ultra,
sputum
Absolute difference

1

135 (28)

64.3 (44.1 to 81.4)

100 (96.6 to 100)

Not estimable*

96.2 (93.8 to 97.6)

61

63

64

65

MRS

12.8 (−6.78 to 32.3), −0.34 (−1.09 to 0.41),
P=0.20
P=0.37

10.7 (−13.2 to 34.6), −1.87 ( −4.44 to 0.70),
P=0.38
P=0.16

More than one Xpert MRS
MTB/RIF, gastric
specimen
One Xpert
MRS
MTB/RIF, gastric
specimen
Absolute difference

1

921 (31)

22.6 (9.59 to 41.1)

99.4 (98.7 to 99.8)

81.7 (60.0 to 93.0)

92.0 (90.5 to 93.4)

1

935 (32)

9.38 (1.98 to 25.0)

99.9 (99.4 to 100)

90.4 (50.1 to 98.9)

90.9 (89.9 to 91.7)

More than one Xpert MRS
MTB/RIF,

2

82.2 (69.6 to 90.3)

09.7 (96.7 to 95.1)

13.2 (−4.64 to 31.1), −0.45 (−0.99 to 0.09),
P=0.15
P=0.10
705 (91)

54.2 (36.1 to 71.3)

98.7 (97.4 to 99.3)
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PICO,
Test, analysis group Reference Studies Number of Sensitivity %
subStandard
children
(95% CI)
question
(cases)

65

66

66

67

67

nasopharyngeal
specimen
One Xpert
MTB/RIF,
nasopharyngeal
specimen
Absolute difference

MRS

2

705 (91)

40.7 (27.9 to 54.9)

Specificity %
(95% CI)

Positive predictive Negative
value %
predictive
(95% CI)
value %
(95% CI)

99.2 (98.1 to 99.7)

84.7 (69.8 to 93.0)

07.0 (92.3 to 95.0)

13.5 (−9.50 to 36.5), −0.49 (−1.63 to 0.66),
P=0.25
P=0.40

More than one Xpert MRS
Ultra,
nasopharyngeal
specimen
One Xpert Ultra,
MRS
nasopharyngeal
specimen
Absolute difference

1

130 (24)

54.2 (32.8 to 74.4)

96.2 (90.6 to 99.0)

61.5 (36.3 to 81.7)

94.9 (92.4 to 96.7)

1

130 (24)

37.5 (18.8 to 59.4)

98.1 (93.4 to 99.8)

68.9 (33.8 to 90.5)

93.4 (91.2 to 95.0)

More than one Xpert MRS
MTB/RIF, stool
specimen
One Xpert
MRS
MTB/RIF, stool
specimen
Absolute difference

1

247 (17)

35.3 (14.2 to 61.7)

99.6 (97.6 to 100)

90.0 (53.6 to 98.6)

93.3 (90.7 to 95.1)

1

236 (16)

25.0 (7.27 to 52.4)

99.5 (97.5 to 100)

85.9 (42.0 to 98.1)

92.3 (90.0 to 94.0)

16.7 (−11.1 to 44.5), −1.89 (−6.34 to 2.57),
P=0.25
P=0.41

10.3 (−20.8 to 41.4), 0.02 (−1.21 to 1.25),
P=0.52
P=0.97
*Not estimable because the predictive values were calculated using Bayes equation and likelihood ratios derived from the meta-analysis of sensitivity and
specificity. Since specificity =100%, the false positive rate (FPR) is zero and so the positive likelihood ratio (sensitivity/FPR) cannot be computed due to division
by zero
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SUMMARY OF MAIN RESULTS
Xpert MTB/RIF pooled sensitivity (defined by culture) for the diagnosis of pulmonary TB
Sputum 64.6% (95% CI 55.3 to 72.9)
NPA 45.7% (95% CI 27.6 to 65.1)
Gastric specimen 73.0% (95%CI 52.9 to 86.7)
Stool 61.5% (95% CI 44.1 to 76.4)
Xpert MTB/RIF pooled specificity ranged between 98.1 and 100% for all specimen types used to
diagnose pulmonary TB.
Xpert MTB/RIF pooled sensitivity defined by a composite reference standard for the diagnosis of
pulmonary TB
Sputum 19.7% (95% CI 12.1 to 30.4)
Gastric specimen 31.7% (95% CI 20.2 to 46.0)
Stool 16.3% (95% CI 8.43 to 29.2)
Xpert MTB/RIF pooled specificity ranged between 99.7 and 100% for all specimen types used to
diagnose pulmonary TB
Xpert Ultra pooled sensitivity defined by culture for the diagnosis of pulmonary TB
Sputum 72.8% (95% CI 64.7 to 79.6)
NPA 45.7% (95% CI 28.9 to 63.3)
Xpert Ultra pooled specificity was 97.5% for both specimen types used to diagnose pulmonary TB
Xpert Ultra pooled sensitivity defined by a composite reference standard for the diagnosis of
pulmonary TB
Sputum 23.5% (95% CI 20.0 to 27.4)
Xpert Ultra pooled specificity was 99.2 (95% CI 96.9 to 99.8)
Xpert MTB/RIF pooled sensitivity defined by a microbiologic reference standard for the diagnosis of
TB meningitis
CSF: Sensitivity 54.0% (95% CI 27.8 to 78.2)
CSF: Specificity 93.8% (95% CI 84.5 to 97.6)
Xpert MTB/RIF pooled sensitivity defined by a microbiologic reference standard for the diagnosis of
lymph node TB
Lymph node: Sensitivity 90.4% (95% CI 55.7 to 98.6)
Lymph node: Specificity 89.8% (95% CI 71.5 to 96.8)
Multiple Xpert MTB/RIF or Ultra tests sensitivity as compared to one Xpert test for the diagnosis of
pulmonary TB
Xpert MTB/RIF Sputum: 12.8% (95%CI −6.78 to 32.3), P=0.20
Xpert Ultra Sputum: 10.7% (95%CI −13.2 to 34.6), P=0.38
Xpert MTB/RIF Gastric Specimen: 13.2% (95% CI -4.64 to 31.1), P=0.15
Xpert MTB/RIF Nasopharyngeal Aspirate: 13.5% (95%CI −9.50 to 36.5), P=0.25
Xpert Ultra Nasopharyngeal Aspirate: 16.7% (95%CI −11.1 to 44.5), P=0.25
Xpert MTB/RIF Stool: 10.3% (95%CI −20.8 to 41.4), P=0.52
AUTHORS’ CONCLUSIONS
Differences between sensitivity observed in this review may be in part attributable to differences in
clinical setting (more commonly inpatient for gastric specimen collection) and differences in the
quality of the reference standard.
The pooled sensitivity of Xpert Ultra was higher than Xpert MTB/RIF on sputum, but was unchanged
for nasopharyngeal specimens; specificity was similar for sputum and nasopharyngeal aspirates
(indirect comparisons). Xpert Ultra may detect an increased proportion of paucibacillary TB in
children.
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Xpert MTB/RIF sensitivity (defined by culture) was higher for multiple specimens compared with a
single specimen and similar across specimen types. Multiple Xpert MTB/RIF or Ultra specimens of
the same type, likely increases test sensitivity (defined by culture).
IMPLICATIONS FOR RESEARCH
There are numerous areas where additional research on the diagnostic accuracy of Xpert Ultra in
children is necessary. Studies are needed that evaluate the diagnostic accuracy of Xpert Ultra in
gastric or stool specimens for pulmonary TB and extrapulmonary TB in children. Establishing the
diagnostic accuracy of Xpert Ultra on extrapulmonary specimens is an urgent need particularly given
the encouraging data on cerebrospinal fluid in adults.
Xpert sensitivity increases with multiple as compared to one specimen in a small number of studies;
however, there is a need for additional studies evaluating the combinatorial benefit of multiple
specimen types. There were limited data suggesting that the combination of non-invasive specimens
performs comparably with traditional gastric specimens or induced sputum specimens.
Additional operational and qualitative research is needed to determine the best approach to lessinvasive specimen collection. Implementation studies on a method of suction for nasopharyngeal
aspiration that is appropriate for low-skill or low-resource environments are needed. Extensive
operational research is needed surrounding the use of stool as a diagnostic specimen in terms of
integration into normal diagnostic clinical pathways, definition of laboratory protocols that
successfully balance ease of implementation and diagnostic performance, and the impact of stool
testing on patient important outcomes. There is a dearth of qualitative research identifying child and
family preferences for and acceptability of comparative diagnostic approaches.
It is important to understand the diagnostic accuracy of Xpert MTB/RIF and Ultra in the context of
the composite reference standard, where in most circumstances Xpert MTB/RIF and Ultra identify
less than 30% of cases. More research continues to be needed to identify an improved reference
standard that accurately defines TB disease in children. Sensitivity of all available diagnostics are suboptimal and highlight the continued urgency to develop new tools that correctly diagnose a higher
proportion of child TB cases. Ideally, the new tools will be rapid, affordable, feasible, and acceptable
to children and their parents.
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APPENDICES
Appendix A. Clinical Pathway

Abbreviations: AFB: acid-fast bacilli; CT: computed tomography; LAM: mycobacterial lipoarabinomannan
antigen; MRI: magnetic resonance imaging; NAAT: nucleic acid amplification test; TB: tuberculosis; TST:
tuberculin skin test. The Clinical Pathway. Clinical suspicion of tuberculosis includes persistent cough, fever,
weight loss or failure to thrive, lymphadenitis, irritability, lethargy, headache, vomiting or neurological
symptoms, history of possible or confirmed exposure to M tuberculosis, increased risk for tuberculosis disease
due to immunocompromising conditions.
1
Availability of investigations and tests may be different in high- and low-resource settings and may influence
the approach to the diagnosis of child tuberculosis.
2
Non-microbiological confirmation of M tuberculosis does not exclude tuberculosis disease in children,
therefore initiation of treatment should be considered empirically if other clinical indications are present.
3
Mycobacterial culture results are rarely timely to aid the decision to initiate treatment but can confirm or refute
clinical decision-making if positive.
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Appendix B. PRISMA Diagram and Reasons for Exclusion

Exclusion reasons
Unable to separate paediatric data from adult data

Number of studies
20

Adult population
Not a diagnostic accuracy study
Case-control
Incorrect index test (index test not studied)
Unable to extract data by sample type
Insufficient data
Inappropriate reference standard
Index text not studied
Study involved screening for clinical tuberculosis prior to enrolment
Duplicate data
A clinical diagnosis of tuberculosis was established at enrolment
Total

16
23
3
6
1
5
2
1
2
3
2
84
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Appendix C. Xpert MTB/RIF diagnostic accuracy with a references standard of smear
An analysis of a large dataset from India evaluating Xpert against a reference standard of smear
demonstrated clearly different diagnostic accuracy than comparisons using a microbiologic reference
standard of culture. The results for pulmonary TB, lymph node TB and TB meningitis are described
below.
Xpert MTB/RIF sensitivity and specificity against smear as a reference standard for the diagnosis of
pulmonary TB were 99% (0.99 to 1.00) and 96% (0.96 to 0.96), (1 study, 79,424 participants; grade
assessment not performed).

Forest plots of Xpert MTB/RIF sensitivity and specificity for pulmonary tuberculosis using sputum against
a microbiologic reference standard of smear. The squares represent the sensitivity and specificity of one
study, the black line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN:
true-negative.

Xpert MTB/RIF sensitivity and specificity against smear as a reference standard for the diagnosis of
lymph node TB were 100% (0.93 to 1.00) and 70% (0.67 to 0.73), (1 study, 998 participants; grade
assessment not performed).

Forest plots of Xpert MTB/RIF sensitivity and specificity for lymph node tuberculosis using lymph node
specimens against a microbiologic reference standard of smear. The squares represent the sensitivity and
specificity of one study, the black line its confidence interval. TP: true-positive; FP: false-positive; FN: falsenegative; TN: true-negative.

Xpert MTB/RIF sensitivity and specificity against smear as a reference standard for the diagnosis of
TB meningitis were 92% (0.62 to 1.00) and 93% (0.92 to 0.94), (1 study, 3633 participants; grade
assessment not performed).

Forest plots of Xpert MTB/RIF sensitivity and specificity for TB meningitis using CSF against a
microbiologic reference standard of smear. The squares represent the sensitivity and specificity of one study,
the black line its confidence interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: truenegative.
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Executive Summary
We carried out a systematic review of economic evaluations on molecular based tests GeneXpert
MTB/RIF (Xpert) including the novel Xpert Ultra as well as the novel Molbio Truenat MTB/RIF test for
the diagnosis of active TB. The objective of this review was to summarize current economic evidence
and further understand the costs, cost-effectiveness and affordability of these molecular tests for TB
diagnosis. We identified 28 studies meeting our inclusion criteria and addressing one of the PICO
questions of interest. Only on study assessing cost-effectiveness of Truenat, and no studies were
identified assessing cost-effectiveness of Xpert Ultra. Included studies were primarily assessing Xpert
in African outpatient settings, but also among outpatients in India and Brazil. Four included studies
were conducted among hospitalized patients in Germany, China (Hong Kong Special Administrative
Region) and the USA, 2 screening studies focused on PLHIV in Mozambique and South Africa and one
among the elderly in China (Hong Kong SAR) and among prisoners in former Soviet Union countries.
One study specifically assessing extrapulmonary TB was conducted in Beijing, China, and repeated
Xperts were evaluated in two studies from South Africa among PLHIV, one among hospitalized
patients from the US and one study among outpatients in China.
Studies employed a variety of different modelling approaches, populations and settings. Variations
in costing, effectiveness and epidemiological parameters were present across included studies
making direct comparisons across studies challenging. Studies used both short-term diagnostic
outcomes (additional cases diagnosed, RR-TB cases diagnosed) and long-term outcomes (years of life
saved, DALYs averted etc.). There was variation in costing elements included across different
analyses, both in terms of what was included in unit test costs (consumables and equipment only
versus overhead, staffing, training etc.), and whether implementation costs were included for
introducing novel diagnostic testing, and whether downstream costs associated with TB treatment,
MDR-TB treatment and ART and HIV care were included.
While many studies demonstrated that Xpert may be cost-effective in diagnosing pulmonary TB, key
implementation conditions and settings were highly influential on determining cost-effectiveness
and must be considered when implementing Xpert. Cost-effectiveness of Xpert was shown to be
improved among populations with higher TB prevalence, among PLHIV populations and where rates
of empirical treatment were low. Cost-effectiveness of Xpert is highly dependant on a number of
important factors including placement of Xpert machines (centralized facilities versus
decentralization) test volume, underlying TB prevalence, level of empirical treatment and pretreatment loss to follow-up. Only one study assessing cost-effectiveness of Molbio’s Truenat
MTB/RIF was identified, while this study suggests Truenat is likely cost-effective if implemented at
the POC in India, it relies on several important modelling assumptions including improved linkage to
care and increased treatment initiation.

Caution should be used when generalizing cost-effectiveness and economic evaluations across
settings. Local implementation conditions and settings should be considered and local
implementation studies may be helpful to assess likely impact on case-finding, long-term outcomes
and cost-effectiveness.
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BACKGROUND
The Xpert MTB/RIF assay (Cephid, Sunnyvale, Ca. USA) is an automated, cartridge-based nucleic
acid amplification test for the detection of Mycobacterium tuberculosis employing the GeneXpert
multi-disease platform. The Xpert assay can be performed on sputum samples (processed or
unprocessed) as well as selected extrapulmonary specimens. Xpert provides rapid turn-around time
to results, typically within 2 hours and also provides identification of rifampicin resistance. In 2010,
WHO endorsed use of this diagnostic test for TB and subsequent policy updates have been issued in
2013 and 2016.
Truenat (Molbio Diagnostics/Bigtec Labs, Goa/Bengaluru, India) is a novel molecular assay that
offers rapid detection of tuberculosis (TB) and rifampicin-resistance using a battery powered
platform which may be potentially useful in peripheral healthcare settings or for point-of-care
testing.
In preparation for the guideline development group meeting “Molecular assays intended as initial
tests for the diagnosis of pulmonary and extrapulmonary TB in adults and children. Policy Update”
scheduled for 3-6 December, 2019, there is a need to summarize the current economic evidence on
molecular tests: GeneXpert MTB/RIF/Ultra and the novel Molbio/TrueNat MTB/RIF including
available cost evidence, cost-effectiveness, and affordability of these tests for the diagnosis of TB
and Rifampicin resistance (RR).
Molecular tests have demonstrated potential to improve case-finding over standard approaches
including sputum smear microscopy and offer rapid turn around time compared with culture, but
likely also come with a higher unit test cost. Understanding the costs, cost-effectiveness and
affordability of these molecular tests across different populations and settings individuals can provide
important evidence for policy makers needing to make decisions around scale-up of Xpert and/or
Truenat within national TB programmes.

Objective
To perform a systematic review of the published literature on economic evaluations on the
molecular based tests GeneXpert MTB/RIF / Ultra and Molbio TrueNat MTB/RIF for the diagnosis of
active TB. To summarize current economic evidence and further understand the costs, costeffectiveness and affordability of these molecular tests for TB diagnosis. Affordability will be
considered with respect to budget impact assessments performed in specific countries under given
scenarios/conditions.
Research Questions
PICO 1 & 2: Among adults and children with signs and symptoms of pulmonary TB, seeking care at
health care facilities what is the economic evidence surrounding the use of Xpert MTB/RIF / Ultra as
an initial test for diagnosis of pulmonary TB and RR?
PICO 3 & 4: Among adults and children with signs and symptoms of EP TB, seeking care at health
care facilities what is the economic evidence for Xpert MTB/RIF / Ultra to be used as an initial test
for diagnosis of EP TB and RR?
PICO 5: Among people with signs and symptoms of pulmonary TB, seeking care at health care
facilities what is the cost-effectiveness of repeated Xpert (Ultra) tests on subsequent samples for the
diagnosis of pulmonary TB?
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PICO 6: Among adults in a population-based TB disease prevalence survey with symptoms or chest Xray abnormalities suggestive of pulmonary TB, what is the economic evidence for Xpert MTB/RIF /
Ultra alone, or to be used to define the case of active TB disease 4?
PICO 7: Among people being screened for pulmonary TB, what is the economic evidence for Xpert
MTB/RIF/Ultra to be used alone to define TB and RR?
PICO 8: Among people with signs and symptoms of pulmonary TB, seeking care at health care
facilities what is the economic evidence and cost-effectiveness of Molbio TrueNat MTB / Rif to be
used as an initial test for diagnosis of pulmonary TB and RR?

METHODS
Search strategy & Data Sources
We performed a search of three online databases: EMBASE, Medline, Web of Science and Scopus for
new studies published from January 1, 2007 through October 4, 2019 We reviewed citations of all
eligible articles, guidelines and reviews for additional studies.
The search strategy used was modified to meet the criteria of each database but generally included
the following terms and structure: (tuberculosis OR TB OR mycobacterium))
AND ((xpert* or genexpert* or cepheid* or molbio or truenat)) AND ("cost-benefit*" OR cost* OR
economic* OR "cost effectiveness*" OR "cost-utility" OR "disability adjusted life year*" OR DALY OR
"quality-adjusted life year*" OR QALY OR "cost benefit analysis" OR "cost effectiveness analysis" OR
"quality of life" OR "utility").
Types of studies considered
Studies were included if they evaluated one of the three tests under investigation: Xpert MTB/RIF,
Xpert MTB/RIF Ultra or Molbio TrueNat MTB/RIF for the detection of active TB disease and included
an economic evaluation in the analysis. Our search terms as outlined above, were designed to broadly
capture any economic evaluations or studies mentioning cost or disability-adjusted life years (DALYs)
or quality-adjusted life years (QALYs) and was not limited to cost-effectiveness analyses. We
considered studies eligible if they evaluated the use of either Xpert or Truenat as the initial diagnostic
test. Eligible studies could use either primary or secondary data sources (i.e., published literature) for
either economic or epidemiologic parameters and included studies using both hypothetical modelled
populations and those based on diagnostic trials. Studies were excluded from full data extraction if
there was no link to health outcomes such as incremental yield, mortality, or DALYs/QALYs. Only
studies published in English were included. While only studies including cost-effectiveness analyses
were included in the systematic review for full data extraction, studies focusing solely on test costs
and/or implementation are included when relevant in the subsequent discussion.
Study selection
The study selection followed PRISMA guidelines (1,2).Potentially relevant studies were identified
through electronic searches of the online databases as described above, and duplicates were removed.
An initial abstract review of each study was completed independently by two reviewers (OD & ET);
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articles were excluded if they did not evaluate one of our diagnostic tests, or if they were reviews,
letters or opinion pieces (i.e. no original data), conference abstracts were also excluded. Full text
review was then completed on remaining articles, and articles that met predetermined inclusion
criteria were retained for the review.
Data extraction
Full texts of included studies including published supplemental material, were independently
reviewed by two reviewers, with all disagreements resolved by discussion with a third reviewer.
The study design data elements extracted from each study included: the primary research question,
country and setting, year of study, patient population, clinical setting, Xpert diagnostic scenarios,
comparison diagnostic scenarios and reference scenarios, economic analysis perspective, analytic
time horizon, type of economic evaluation, source of costing, primary outcome measure, type of
model, types of sensitivity and uncertainty analyses performed and willingness-to-pay threshold.
Key model parameters were extracted and presented in tables, including epidemiologic parameters,
diagnostic accuracy parameters and treatment and outcome parameters. Cost components and unit
test costs were also extracted, along with key costing input parameters. Costs are presented in USD
(United States Dollars).

RESULTS
Study Selection
A search of online databases as of October 4, 2019 returned a total of 1221 articles. Duplicates were
excluded (n=612) for a total of 609 articles that were screened and reviewed for study eligibility.
Articles were excluded if they were not relevant to our study question (n=469, not focused on TB,
did not include Xpert or Truenat, or did not include an economic analysis). A full text review was
performed on the remaining 140 articles, 112 studies were excluded for not meeting inclusion
criteria outlined in the above methods section, leaving 28 articles eligible for inclusion in our review.
Details on reasons for exclusion are available in the PRISMA flow diagram in figure 1.
Characteristics of included studies
Study characteristics for included studies are presented in tabl 1. Among the 28 studies included in
this review, 17 focus on economic evaluations of Xpert in sub-Saharan Africa (3–19), 10 with
analyses based in South Africa (5–8,10,11,13,14,16,19), and three of which include multi country
analyses (10,13,19). Economic analyses from African countries included Ethiopia, Tanzania,
Botswana, Lesotho, Namibia, Swaziland, Mozambique, Zambia, Zimbabwe, Uganda and Malawi.
Three studies assess cost-effectiveness in high income/low TB prevalence countries including
Germany and the United States (20–22), 4 studies include analyses of cost-effectiveness of Xpert in
India (19,23–25), 1 in China (26), 2 in China (Hong Kong SAR)(27,28), 1 in Brazil (29) and 1 from the
former Soviet Union countries (30).
A large number of economic analyses have been published since the 2016 review and WHO policy
update, including 16 studies published between 2016 and 2019 (4,6–8,12,13,15–17,20,21,24–27,29).
Among the 28 included studies, 5 studies focused exclusively on people living with HIV (PLHIV) all
from sub-Saharan Africa: Ethiopia, South Africa, Mozambique and Malawi (3–5,12,18). Four studies
focus their cost-effectiveness evaluations on hospitalized patients: 2 from the United States (21,22),
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1 from Germany (20) and 1 from China (Hong Kong SAR)(28). Fifteen studies assessed predominantly
outpatient settings or used population level approaches. We identified only one study assessing
cost-effectiveness of Xpert specifically in extrapulmonary samples (26). Regarding the evaluation of
repeated Xpert we identified 2 studies focused solely in PLHIV (5,14), one study among hospitalized
populations (21) and one study among outpatients (26). No studies identified in this review assessed
the cost-effectiveness of Xpert for use as an initial diagnostic test in a population-based prevalence
survey. Cost-effectiveness of screening in select populations was assessed in two studies focused on
screening among PLHIV (5,12) and by Li et al in China (Hong Kong SAR) with their evaluation of Xpert
among patients with symptoms of TB at admission to residential care homes for the elderly (27), and
Winetsky et al who evaluated Xpert for screening inmates in prisons across former Soviet Union
countries (30). Finally we identified one that directly addressed the cost-effectiveness of Molbio
Truenat MTB/RIF study (24).
We had restricted our inclusion criteria to only include studies where at least one diagnostic
algorithm under investigation included Xpert as the initial diagnostic test. Some studies focused on
implementing Xpert in centralized testing facilities while others evaluated Xpert as a decentralized or
point-of-care approach. A variety of reference strategies were compared but most typically included
sputum smear microscopy (SSM) and/or culture. Most studies took a health care system perspective
with just two (16,23) employing a societal perspective and including patient costs. Studies employed
a variety of modelling approaches, epidemiological and costing parameters and implementation
approaches making comparisons across different studies challenging. Studies included a mixture of
modelling approaches, from decision analysis, and discrete event simulation to transmission model
while several studies were based on trial or operational data without modelling components.
Primary outcomes across studies included incremental cost/DALY averted or incremental cost/QALY
gained, incremental cost /year of life saved, cost per accurate TB diagnosis or Rifampicin resistant TB
case identified, and with the exception of Schnippel and Diel, costs were presented in USD and
studies employed a mix of published literature and empirical costing. Several studies also included
budget impact assessments, details of which have been summarized below in relevant sections.
Willingness to pay thresholds varied greatly across studies to determine cost-effectiveness, but
relevant country’s GDP per capita was most commonly used. Cost components of unit test costs are
presented in table 2, with checkmarks indicating when authors explicitly mentioned elements were
included in unit test cost calculations.

Figure 1. PRISMA flow diagram showing study inclusion and exclusion for systematic review of
Xpert and Truenat studies.

1221 Records identified from electronic
database search

612 duplicates removed
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469 Excluded after title and abstract
inspection

112 Excluded after full text review with reasons
47 No costs or relevant economic analysis
21 Wrong study design
14 Xpert not initial test
10 Abstract only/conference proceedings
6 Full text not found
6 Review or commentary
3 Wrong comparator
2 Does not include Xpert or Truenat
2 Not published in English
1 Correction to original article

28 studies included in final review

PICO 1 & 2: Among adults and children with signs and symptoms of pulmonary TB, seeking care at
health care facilities should Xpert MTB/RIF/ Ultra be used as an initial test for diagnosis of
pulmonary TB and Rif resistance?
Cost-effectiveness of Xpert MTB/RIF Among People living with HIV with signs and symptoms of TB
We identified four studies assessing the use of Xpert MTB/RIF among PLHIV with signs and
symptoms of TB (3–5,18). Studies were conducted in countries with high HIV prevalence including
South Africa, Ethiopia and Malawi. All reported Xpert would likely be cost-effective in these
populations but to varying degrees and conditions of implementation. No studies assessed children
specifically among these studies.
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Abimbola et al assessed Xpert as a replacement for SSM followed by CXR if smear negative in a
population of persons with advanced HIV initiating ART in South African HIV clinics and found Xpert
dominated current practice as the least costly and most effective algorithm at reducing early
mortality compared with SSM and CXR (3). Limitations of this analysis include not accounting for
empirical treatment or implementation costs.
Andrews et al also assessed a population of PLHIV initiating ART in South Africa, and compared
several diagnostic algorithms both in patients with signs and symptoms of TB and among all patients
regardless of symptoms (5). Employing 2 Xperts for all (regardless of symptoms) was more costeffective and less costly, with a lower ICER ($5100/YLS) compared with 2 cultures or 2 Xperts among
symptomatic persons or a single Xpert regardless of symptoms. This remained cost-effective (using
the South African GDP as a willingness to pay threshold) unless TB prevalence fell below 7.5%. This
analysis does allow for empirical treatment but did not account for costs associated with Xpert scaleup nor did they account for potential benefits accrued through ongoing transmission.
Zwerling et al. used costs and operational data from an RCT assessing point of care diagnostics
including LED fluorescence microscopy and Xpert among people with a new HIV diagnosis and signs
and symptoms of TB in rural Malawi (18). Authors found Xpert could be cost-effective compared to
standard of care - SSM at the discretion of the physician - (using Malawian GDP) given a combination
of high-test volume at point of care and TB prevalence (ICER $298 /DALY averted (1000
samples/annually and 6% TB prevalence). Whereas in settings with low annual test volume, and/or
low TB prevalence LED would be preferred over Xpert, ICER $6606/DALY averted (50 samples tested
annually and 1% TB prevalence).
In the most recent publication, Adelman et al assess Xpert among those with signs and symptoms of
TB in Ethiopian HIV clinics, compared with standard approach of smear microscopy and clinical
diagnosis among a population where 89% are already on ART (4). Authors found the Xpert algorithm
to be highly cost-effective with an ICER of $5/DALY averted at a 6% TB prevalence, assuming 15,000
Xpert tests performed annually. Authors did not account for scale-up costs, impacts to ongoing
transmission, or patients unable to provide sputum or those lost to follow-up.
Cost-effectiveness of Xpert among hospitalized patients with signs and symptoms of TB
Four studies among hospitalized patients were identified, 2 from the USA (21,22), 1 from Germany
(20) and 1 study from China (Hong Kong SAR)(28). All 4 studies concluded that replacement of SSM
with Xpert would results in cost-savings driven largely from high hospitalization costs associated with
respiratory isolation. No studies assessed children specifically among these studies.

Millman et al assessed using Xpert as a replacement for 2 SSM amongst hospitalized patients with
signs and symptoms of TB in San Francisco, USA (22). Authors concluded Xpert strategy would result
in cost-savings of $2278/patient compared with SSM, cost savings were driven by reduction of costs
associated with admission for respiratory isolation.
You et al also assessed the replacement of 2 SSM with Xpert among patients with signs and
symptoms of TB hospitalized in China (Hong Kong SAR)(28). The Xpert strategy dominated and was
cost-savings and more cost-effective compared with 2 SSM. This result was robust unless sensitivity
of SSM was increased from 50% to over 74% where a SSM followed by Xpert only I those with
negative smear results was preferred.
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Diel et al performed a cost-benefit analysis in a German inpatient population to assess the replacing
smear and culture with Xpert for diagnosis amongst patients with suspected TB (20). Authors found
Xpert resulted in a cost-savings of 449.98 Euro/patient primarily driven by reduction of cots
association with isolation in hospital. Authors note downstream costs such as expanding subsequent
contact investigation to all patients as opposed to only smear positive patients would likely lead to
increased costs not explicitly accounted for in this analysis.
Cowan et al assessed the use of Xpert amongst hospitalized patients suspected of pulmonary TB in
Seattle, USA (21). Compared with SSM on either 2 or 3 sputum samples, 1 unconcentrated Xpert
was cost savings and more effective thus dominating the standard of care. Cost savings were
primarily driven by high costs of airborne infection isolation. The 2 Xpert strategy was also costsavings when compared with 3 SSM, but resulted in a very high ICER of $2826682/accurate case
diagnosed compared with 1 Xpert.
Cost-effectiveness of Xpert outpatients with signs and symptoms of TB
We identified 15 studies assessing cost-effectiveness of Xpert among persons presenting to primary
health care facilities across South Africa, India, Uganda, Botswana, Lesotho, Namibia, Swaziland,
Tanzania, Mozambique, Ethiopia, Zambia, Zimbabwe and Brazil (6–11,13,15–17,19,23–25,29). While
early studies found Xpert would likely be cost-effective (albeit using a range of willingness to pay
thresholds across different countries, several concerns around cost-effectiveness have been raised
by subsequent analyses. Inclusion of downstream costs associated with MDR-TB and HIV treatment
and care has been shown to lead to increased ICERs and increased total expenditures. Costs
associated with scale-up of Xpert have been estimated to result in an important increase relative to
existing TB and HIV programme budgets and in many countries may not be deemed affordable
despite ICERs for Xpert approaches being under willingness to pay thresholds. Studies have
highlighted the importance of implementation conditions, including existing standard of care, levels
of empirical treatment, TB prevalence among presumptive patients being tested, and test volume as
highly influential variables on cost-effectiveness results. Results from individual studies are
summarized below. While some studies employd a population based approach no studies specifically
addressed children.
Vassall et al (PLos Medicine 2011) was one of the first to assess the cost-effectiveness of
replacement of SSM with Xpert among outpatients presenting with signs and symptoms of TB, and
focused on three different countries: South Africa, India and Uganda (19). Authors found model
increased case-finding and costs resulting in ICERs of $68/DALY averted in India, $138/DALY averted
in South Africa and $52/DALY averted in Uganda. Limitations of this early work included not
accounting for ART costs or patient costs, empirical treatment or transmission.
Meyer-Rath used a population-level model to assess cost-effectiveness of Xpert as a replacement for
the current SSM and culture-based approach in South Africa among patients with suspected TB (11).
Authors concluded that at full scale, Xpert will increase the cost of national TB diagnosis and
treatment programmes it will also increase the number of TB cases diagnosed per year by 69-71%,
notably increasing proportion of patients diagnosed on the initial visit from 46% to 81%. Cost of TB
diagnosis per patient tested increased by 55% to $61. The incremental capital cost of Xpert scale-up
was estimated to be 22 million with an incremental recurrent cost of $287-316 million over 6 years.
Menzies et al employed a dynamic transmission model examining replacement of SSM with Xpert in
5 countries: Botswana, Lesotho, Namibia, South Africa and Swaziland (10). Authors found ICERs over
a ten-year horizon for Xpert ranged from $792 in Swaziland to $1257 in Botswana, and study found
ICERs continue to fall 20% over 20 years due to benefits accrued through reduced transmission.

84

Updated Report

Version 3.1

ICERs were significantly higher than had been reported in previous CEA partially due to inclusion of
downstream ART costs, which along with MDR-TB treatment costs account for a large proportion of
total expenditures under the Xpert strategy.
Langley et al employed a linked operational and transmission modelling approach to assess costeffectiveness of full roll- out of Xpert as a replacement for SSM among outpatients in Tanzania
presenting with signs and symptoms of TB (9). Authors estimated an ICER of $169/DALY averted for
Xpert compared with SSM, which was deemed cost-effective compared to the Tanzania GDP ($599),
authors also estimated the additional cost of roll-out at $36.9 million over 10 years, representing an
increase of 25% compared to current TB and HIV programmes. These results were based on low
levels of empirical treatment observed in Tanzania and authors note results may not be
generalizable countries with high rates of empirical treatment. Similar to Menzies study above, this
analysis does include transmission and costs of ART.
Suen et al also employed a dynamic transmission model this time in the Indian context to assess the
cost-effectiveness of Xpert as a replacement for SSM and culture (when MDR-TB is suspected) (23).
Suen was also one of just a few studies to take a societal versus health care perspective and Suen et
al also sought to model care-seeking in both the public and private sectors in India, and were
interested in assessing the cost-effectiveness of implementing nationwide public-private mix (PPM)
assuming a cost of $38 /person. In the evaluation of Xpert as the initial test to replace SSM authors
found that while more individuals received accurate diagnoses and time to treatment initiation
among MDR-TB patients was greatly reduced, this strategy was dominated by PPM strategies.
Jha et al performed a cost-effectiveness analysis looking at automated microscopy for outpatients
with signs and symptoms of TB in South Africa but also assessed Xpert for all and manual SSM (8).
Compared to manual SSM, Xpert for all resulted in an ICER of $1720/additional true TB diagnosis.
Test volume was an important factor in analyses as authors were interested in peripheral testing
setting. Authors concluded that where resources are sufficient Xpert is the preferred strategy.
Wikman-Jorgensen et al employed a transmission markov model to assess the cost-effectiveness of
Xpert or Microscopic observation drug-susceptibility assay (MODs) compared with SSM in rural
Mozambique (17). Model assumes no empirical treatment and no MDR-TB and estimates and ICER
of $122.13/DALY averted for Xpert compared with SSM. Several parameters were influential on
model results in sensitivity analyses specifically TB prevalence and risk of infection, therefore
authors concluded that while Xpert was found to be cost-effective (using Mozambique GDP as WTP
threshold) uncertainty was high.
Khaparde et al used a decision analysis model to assess the scale-up of Xpert as a replacement for
SSM in the Indian context (25). Total costs associated with the Xpert for all approach increased by
46% compared with SSM primarily due to costs associated with second-line treatment of a higher
number of rifampicin-resistant patients due to increased drug-resistant TB. Diagnostic costs for an
estimated 7.64 million presumptive TB patients would account for 50% of the annual TB control
budget in India. Mean total costs per DR-TB case initiated on treatment were lowest in the Xpert for
all scenario.
Tesfaye et al assessed 8 different algorithms including an Xpert for all scenario compared with the
standard of care: 3 SSM, among persons presenting to public health facilities in Ethiopia with signs
and symptoms of TB (15). Full roll-out of Xpert is expected to produce the greatest patient level
gains, and an ICER of $370/DALY averted compared to SSM, and an additional health system cost of
$11.6 million USD over 10 years. Authors concluded that full roll out of Xpert was not affordable and
recommended same day LED fluorescence microscopy as an alternative combined with targeted
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Xpert. Targeted approaches may be more affordable but do not convey the same amount of health
benefits.
Vassall et al (Lancet GH 2017) employed XTEND (a pragmatic trial) data which assessed the use of
Xpert in lieu of SSM among people presenting to primary health facilities in South Africa with signs
and symptoms or TB (16). This is one of just a few studies to employ a societal perspective and
include patient costs. Authors found less than a 3% probability that Xpert is cost-effective in this
population, primarily due to results from the XTEND trial showing no improvement in time to
treatment initiation, no increase in number of people initiating ART and was not powered to
examine time to initiation amongst MDR-TB patients. In most simulations, model results showed
fewer DALYs averted as treatment initiations were actually lower in Xpert arm compared with SSM.
Xpert roll-out was predicted to be cost-neutral where increased costs associated with Xpert
equipment was mitigated by reduction in downstream costs further along the diagnostic cascade.
Cost-effectiveness of Xpert was influenced by implementation and adherence to to TB and HIV
diagnostic and treatment pathways and less influenced by Xpert’s specific diagnostic performance.
Dunbar et al used an operational model in South Africa to assess the effects of increased casefinding (scale-up of Xpert) and corresponding decrease in proportion of TB cases among presumptive
TB patients on laboratory costs per TB case diagnosed and per additional TB case diagnosed with
Xpert versus SSM and culture (6). Authors varied TB prevalence and Xpert cartridge costs. Cost per
additional TB case diagnosed in Xpert strategy compared with SSM and culture was US$986. Cost
ranged from $603 at 31% TB prevalence to $9245 at 3%. Varying Xpert cartridge cost resulted in cost
per additional TB case diagnosed via Xpert of $886 given a 10% cost reduction per cartridge to $489
at a 50% cost reduction. I an ideal situation if TB prevalance among presumptive patients were 2531% and price of Xpert cartridges could be reduced by 50%, the cost per TB case diagnosed would
range from $50-59, comparable to cost per TB case diagnosed via SSM and culture ($48.77).
In a subsequent analysis Dunbar et al estimated the number and cost of rifampicin resistant TB cases
identified using smear/culture and Xpert algorithms (7). The Xpert algorithm increased the number
of RR-TB cases diagnosed from 603 with smear/culture to 1178 with Xpert. The cost per RR-TB case
identifies increased from $1781 with smear/culture to $2063 with Xpert.
Pooran et al used data from the TB-NEAT trial to compare point of care (POC) SSM with POC Xpert
among patients with signs and symptoms of TB presenting to primary health care facilities across
four African countries (South Africa, Zambia, Zimbabwe and Tanzania) (13). As has been identified by
other groups assessing point of care or implementation at peripheral centres, Xpert costs were
sensitive to test volume, and cost for Xpert was greater at POC ($28.03) compared with centralized
lab/facility ($23). Compared with SSM, Xpert at POC cost an additional $1464 per treatment
initiation and an additional $1211 per completion. Probability of POC Xpert being cost-effective was
90% using a willingness to pay of $3820 per treatment completion. This study does account for
empirical treatment but not secondary transmission. TB NEAT trial did not use mortality or DALYs
averted as empirical treatment may result in less impact on mortality.
Shazzadur Rahman employed data from the PROVE-IT study in Brazil and a discrete event simulation
model to assess triage strategies and Xpert among persons with presumptive TB at primary health
clinics in Brazil (29). Cost per additional true TB patient diagnosed compared to microscopy for Xpert
with no triage was $4242, alternative algorithms looked at cough or clinical scores with Xpert but
provided no benefit, a neural network approach or improved hypothetical triage approach as triage
before Xpert did improve cost-effectiveness. Adding chest X-ray as a triage tool for HIV negative
cases could substantially save costs associated with Xpert without triage, and identify almost as
many cases.
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Lee et al used a modified CEPAC-I model (a microsimulation model) in an HIV negative population in
India with presumptive TB to compare cost-effectiveness of 4 strategies including sputum smear
microscopy (SSM), Xpert, Truenat and Truenat at point-of-care in primary healthcare facilities (24).
Using a willingness to pay threshold of $990/year of life saved, compared to SSM, Truenat POC was
cost-effective (ICER $210/YLS), as was centralized Truenat (ICER $240/YLS), Xpert was dominated by
POC Truenat. More details on this study from the Truenat test perspective are discussed below.
PICO 3 & 4: Among adults and children with signs and symptoms of extrapulmonary TB, seeking
care at health care facilities should Xpert MTB/RIF /Ultra used as an initial test for diagnosis of
extrapulmonary TB and Rif resistance?
Only one study by Wang et al assessed cost-effectiveness specifically among extrapulmonary
samples in evaluating the incremental cost-effectiveness of a second Xpert assay among
presumptive TB patients presenting to the national TB referral center in Beijing China and performed
stratified analyses on pulmonary and extrapulmonary samples (26). Average cost per TB case
diagnosed was $22.82 for the 1st Xpert and $43.51 for the second Xpert test in pulmonary TB
samples and $35.02 for the 1st Xpert and $62.54 for the second Xpert among extrapulmonary cases.
Compared to just one Xpert the incremental cost (per incremental case) of performing a second
Xpert was $467.72 for pulmonary TB and $291.87 for extrapulmonary TB. While the incremental cost
of a second Xpert was substantial, it was beneficial in detecting additional smear negative and RIFresistant cases. No information was provided regarding whether samples from children were
included in this analysis.

PICO 5: Among people with signs and symptoms of pulmonary TB, seeking care at health care
facilities does repeated Xpert tests on subsequent samples provide any additional value as an
initial test for diagnosis of pulmonary TB and Rif resistance?
Cost-effectiveness of repeated Xpert MTB/RIF Among People living with HIV
Two studies were identified among PLHIV evaluating the use of repeated Xpert tests, both
demonstrating additional value of the second Xpert, although Schnippel did demonstrate a slight
decrease in number of TB cases diagnosed compared with culture.
As discussed above in reference to PICO 1 & 2, Andrews et al assessed PLHIV initiating ART in South
Africa, and compared several diagnostic algorithms both in patients with signs and symptoms of TB
and among all patients regardless of symptoms (5). Employing 2 Xperts for all (regardless of
symptoms) was more effective with a lower ICER ($5100/YLS) and dominated the single Xpert
regardless of symptoms strategy. Authors concluded that performing two Xperts had additional
benefit compared with 1 Xpert, and was cost-effective. Costs of Xpert tests represented only 1.2% of
care costs in 1 year post TB diagnosis, while the majority of costs are driven by TB and HIV
treatment.
Schnippel et al 2013 assessed the addition of a second Xpert test to replace culture among PLHIV
with initial negative Xpert tests in South Africa (14). 2 Xperts would result in 2% fewer TB cases and
2% fewer MDR-TB cases being diagnosed due to decreased sensitivity of Xpert compared with
culture but these effects were mitigated by 1% more TB cases and 1% more MDR-TB cases initiating
treatment due to decreases in loss to follow-up. Furthermore, authors found a decreasing cost per
patient treated using 2 Xperts compared with Xpert followed by culture (%6076 v R6435) resulting in
an annual cost savings of 17.4 million USD or 115 of total diagnostic cost.
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Cost-effectiveness of repeated Xpert among hospitalized populations
Only one study assessing repeated Xpert was performed in hospitalized patients. As discussed above
Cowan et al assessed the use of Xpert amongst hospitalized patients suspected of pulmonary TB in
Seattle, USA (21). Both the 1 Xpert and 2 Xpert strategy dominated over 3 SSM, with cost-savings
generated from reduction of airborne infection isolation costs in hospital, but 2 the Xpert approach
resulted in a very high ICER of $2826682/accurate case diagnosed compared with 1 Xpert.
Cost-effectiveness of repeated Xpert among outpatients
As discussed above Wang et al assessed incremental cost-effectiveness of a second Xpert assay
among presumptive TB patients presenting to the national TB referral center in Beijing China (21).
Average cost per TB case diagnosed was $22.82 for the 1st Xpert and $43.51 for the second Xpert
test. Compared to just one Xpert the incremental cost (per incremental case) of performing a second
Xpert was $467.72 for pulmonary TB and $291.87 for extrapulmonary TB. While the incremental cost
of a second Xpert was substantial, it was beneficial in detecting additional smear negative and RIFresistant cases.
PICO 6: Among adults in a population-based TB disease prevalence survey with symptoms or chest
X-ray abnormalities suggestive of pulmonary TB, should Xpert MTB/RIF/Ultra alone, be used to
define the case of active TB disease?
No studies were identified that addressed cost-effectiveness of Xpert in population-based T disease
prevalence survey.
PICO 7: Among people being screened for pulmonary TB, should Xpert MTB/RIF/ Ultra be used
alone to define TB and Rif resistance?
Cost-effectiveness of Xpert MTB/RIF for screening among people living with HIV
Two studies were identified addressing screening among PLHIV, both found Xpert to be the most
cost-effective approach, although the Andrews analysis found 2 Xperts to be preferred over a single
Xpert approach.
Orlando et al assessed screening among ART naïve PLHIV in Mozambique comparing a standard 4
symptom screen followed by SSM with Xpert for all and a third strategy with Urine LF-LAM and Xpert
(12). Authors found the Xpert for all approach was most cost-effective with an ICER of $56.54/DALY
averted. It should be noted this analysis included cost savings gained through reduction of newly
transmitted infections due to delayed diagnosis.
As discussed above in reference to PICO 1, 2, 3 & 4, Andrews et al assessed routine TB screening
with Xpert among PLHIV initiating ART in South Africa, and compared several diagnostic algorithms
both in patients with signs and symptoms of TB and among all patients regardless of symptoms (5).
Employing 2 Xperts for all (regardless of symptoms) was more effective with a lower ICER
($5100/YLS) and dominated strategies including a symptom screen. Authors concluded strategies
with symptom screening were less efficient and less cost-effective.
Cost-effectiveness of Xpert for screening amongst high risk groups
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Two studies assessed cost-effectiveness of screening with Xpert among high risk groups: one in
prisons (30), and the other among elderly persons being admitted to residential care homes (27).
Winetsky et al evaluated cost-effectiveness of 8 different TB screening strategies among prisoners in
former Soviet Union countries (30). Using a single Xpert as an annual screening strategy among the
general inmate population was the most effective approach in reducing TB and MDR-TB prevalence
and resulted in an ICER $543/QALY gained compared to current approach of mass miniature
radiography (MMR). Symptom screen strategies alone were less effective and more expensive than
current standard of care (MMR). In sensitivity analyses, model results were robust across all
parameters evaluated and and Xpert remained cost-effective (using FSU countries average GDP:
$10,561 as WTP threshold).
Li et al assessed cost-effectiveness of screening with Xpert among elderly persons being admitted to
residential care homes in China (Hong Kong SAR)(27). Compared with passive screening, the Xpert
screening approach resulted in an ICER of $6094/QALY gained or $9076/life years saved. Authors
found LTBI screening was more cost-effective than TB screening with Xpert when the probability of
annual LTBI reactivation was greater than 0.155% and when screening acceptability was greater than
38%.

PICO 8: Among people with signs and symptoms of pulmonary TB, seeking care at health care
facilities what is the economic evidence and cost-effectiveness of Molbio TrueNat MTB / Rif to be
used as an initial test for diagnosis of pulmonary TB and RR?
Truenat (Molbio Diagnostics/Bigtec Labs, Goa/Bengaluru, India) is a novel molecular assay that
offers rapid detection of tuberculosis (TB) and rifampicin-resistance using a battery powered
platform which may be potentially useful in peripheral healthcare settings or for point-of-care
testing. Only one cost-effectiveness analysis is currently published. Lee et al used a microsimulation
model (modified CEPAC-I) to assess cost-effectiveness among an HIV negative population with
presumptive TB (cough> 2weeks) and compared 4 strategies including sputum smear microscopy
(SSM), Xpert, Truenat and Truenat at point-of-care in primary healthcare facilities (24). Sensitivity of
Truenat in the model was 86% slightly below that of Xpert (89%). Truenat unit costs were estimated
to be slightly higher than Xpert at $13.20 for Truenat and $12.63 for Xpert. Linkage to care was
assumed to be 84% at designated microscopy centers where the first three diagnostic algorithms
were modelled and 95% in the POC Truenat algorithm. Using a willingness to pay threshold of
$990/year of life saved (USD) representing 50% of the 2017 Indian GDP.
Compared to SSM, Truenat POC increased life-expectancy due to improved linkage to care and
treatment initiation and was also cost-effective at an ICER of $210/YLS. Compared to Xpert, Truenat
POC increased life-expectancy and was also cost-effective at an ICER of $120/YLS. Key variables
included Truenat sensitivity and linkage to care, Truenat’s specificity for RIF resistance was most
influential, a 10% reduction in Specificity resulted in an increased ICER of $350/YLS. Truenat
remained cost-effective even if test volumes decreased by 5 or 10 fold in peripheral clinics. As
Truenat’s sensitivity decreases the linkage to care necessary to ensure Truenat is cost-effective
increases, therefore even suboptimal test employed at peripheral centers may be cost-effective if
linkage to care is improved. Neither Xpert nor Truenat POC was cost-effective compared to SSM until
6 years after initial testing was implemented.
Lee et al also performed a budget impact analysis (24). Scaling up Xpert increased TB related
healthcare expenditures by $580 million (81% increase) over 2 years, mostly driven by increased
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MDR-TB treatment spending. Deploying Truenat POC increased expenditures by an additional $100
million over Xpert (7% increase) over 2 years.
Other economic studies assessing decentralized of testing have suggested decentralized testing
approaches (either with Xpert or novel diagnostics) may be cost-effective or even cost-savings but
depend largely on testing volume, specimen transport systems, TB prevalence and pre-treatment
loss to follow-up (31).

PRINCIPAL FINDINGS
•

Studies employed a variety of different modelling approaches, populations and settings.
Variations in costing, effectiveness and epidemiological parameters were present across
included studies making direct comparisons across studies challenging.

•

Studies used both short-term diagnostic outcomes (additional cases diagnosed, RR-TB cases
diagnosed) and long-term outcomes (years of life saved, DALYs averted etc.) There was
variation in costing elements included across different analyses, both in terms of what was
included in unit test costs (consumables and equipment only versus overhead, staffing,
training etc.), whether implementation costs were included for introducing novel diagnostic
testing, and whether downstream costs associated with TB treatment, MDR-TB treatment
and ART and HIV care were included.

•

While many studies demonstrated that Xpert may be cost-effective in diagnosing pulmonary
TB, key implementation conditions and settings could be largely influential on determining
cost-effectiveness and must be considered when implementing Xpert. Cost-effectiveness of
Xpert was shown to be improved among populations with higher TB prevalence, among
PLHIV populations and where rates of empirical treatment were low.

•

Cost-effectiveness of Xpert is highly dependant on a number of important factors including
placement of Xpert machines (centralized facilities versus decentralization) test volume,
underlying TB prevalence, level of empirical treatment and pre-treatment loss to follow-up.

•

No study directly assessing cost-effectiveness of Xpert Ultra were identified. Only one study
assessing cost-effectiveness of Molbio’s Truenat MTB/RIF was identified, while this study
suggests Truenat is likely cost-effective if implemented at the POC in India, it relies on
several important modelling assumptions including improved linkage to care and increased
treatment initiation.

DISCUSSION
Through a systematic review of the published literature we were able to identify 28 economic
studies evaluating Xpert and meeting our inclusion criteria, including one study that also evaluated
the cost-effectiveness of Molbio Truenat MTB/RIF in India. Studies were primarily assessing Xpert in
African outpatient settings, but also among outpatients in India and Brazil. Four included studies
were conducted among hospitalized patients in Germany, China (Hong Kong SAR) and the Unites
States of America, 2 screening studies focused on PLHIV in Mozambique and South Africa and one
among the elderly in China (Hong Kong SAR) and among prisoners in former Soviet Union countries.
One study specifically assessing extrapulmonary TB was conducted in Beijing, China, and repeated
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Xperts were evaluated among PLHIV in two studies from South Africa, one among hospitalized
patients from the US and one study among outpatients in China. No studies directly assessed the
cost-effectiveness of Xpert Ultra.
Included studies highlighted the importance of cost considerations, and how factors around testing
volume can have important impacts on cost-effectiveness. Xpert costing studies performed in
Uganda, and South Africa have demonstrated higher costs associated with implementing Xpert in
rural or peripheral settings due in part to decreased testing volume or increased infrastructure
needs in these settings (32,33). Further costing studies including one performed by Naidoo et al
using laboratory records and empirical costing in South Africa have demonstrated total TB
diagnostic costs increased by 43% from $440 967 during the smear/culture based approach (AprilJune 2011) to $632 262 using Xpert (April-June 2013) increasing cost per TB case diagnosed by 157%
(34). Authors concluded that Xpert resulted in substantial cost increases that were not matched by
expected increase in TB efficacy. Studies from Vassall et al using pragmatic trial data have reinforced
this notion that expected increases in diagnostic efficacy, case notifications and mortality have not
been borne out post- Xpert implementation, although Vassal et al also found implementation of
Xpert to be cost-neutral and less expensive compared to initial estimations (16). A study from
Pantoja et al also reported using Xpert to diagnose MDR-TB and TB in PLHIV would cost less than
conventional diagnostics globally and in all high burden countries, while testing everyone with signs
and symptoms with TB would costs much more than conventional diagnostic approaches (35).
While we did not identify any studies assessing cost-effectiveness of Xpert in a prevalence survey,
there is costing evidence from a prevalence survey conducted by Dorman et al in South Africa
indicating that in a testing scenario of 7000 specimens, total costs for Xpert were $165,690 and
$115,360 for microscopy plus culture approach (36). This prevalence study concluded the diagnostic
yield with Xpert was substantially higher compared with microscopy but lower than liquid culture in
the context of a prevalence survey design, therefore Xpert may be considered for prevalence surveys
in settings where liquid culture is not available.
CONCLUSION
While there is a substantial amount of economic evidence around implementation and scale-up of
Xpert in a variety of settings, most notably among outpatients presenting with signs and symptoms
of TB, and the majority of studies found Xpert could be likely cost-effective, not all were consistent
in this finding and studies highlighted differences in implementation approaches and settings could
have important impact on cost-effectiveness results. Cost-effectiveness of Xpert was shown to be
improved among populations with higher TB prevalence, among PLHIV and where rates of empirical
treatment were low, and linkage to care or pre-treatment loss to follow-up were poor. Studies
employed a wide variety of modelling and analysis approaches, assumptions, diagnostic algorithms,
and comparators, and assessed different study settings making comparisons across studies and
generalizations to other settings challenging.
Studies highlighted implementation factors and setting should be considered an important element
when generalizing cost-effectiveness results to different settings. Considerations regarding current
standard of care, level of empirical treatment, existing testing facilities, placement of Xpert
(peripheral or point of care settings versus centralized facilities) TB prevalence, patient volume, pretreatment loss to follow-up and existing linkage to care are all important factors in determining
whether Xpert may be cost-effective in any given setting. Studies also highlighted importance of cost
components including whether implementation costs associated with Xpert scale-up were
considered and whether downstream costs such as TB and MDR-TB treatment and ART and HIV care
costs were included.
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Economic evidence regarding the implementation and scale-up of Molbio’s Truenat MTB/RIF is very
limited with only one published study available, while this study suggests Truenat is likely costeffective if implemented at the POC in India, it relies on several important modelling assumptions
including improved linkage to care and increased treatment initiation which should be evaluated in
pragmatic trials as has been done for Xpert implementation in South Africa.
In conclusion, caution should be used when generalizing cost-effectiveness and economic
evaluations across settings. Local implementation conditions and settings should be considered and
local implementation studies may be helpful to assess likely impact on case-finding, long-term
outcomes and cost-effectiveness.

Table 1. Characteristics of included studies
Study
Characteristics
Country setting
Year of cost
valuation
Currency

Abimbola 2012,
JAIDS
Sub-Saharan Africa

Clinical setting
Study population

Adelman 2018, OFID

Andrews 2012, AIDS

Ethiopia

South Africa

2010

2014

2010

USD

USD

USD

Not Specified
Patients with advanced
HIV initiating ART
with signs and
symptoms of TB.

Outpatient HIV clinic

Outpatient

PLHIV presenting to
HIV clinic

HIV-infected
individuals initiating
ART
•
•

Xpert diagnostic
strategies

Reference
diagnostic
strategies
Analysis
perspective
Type of economic
evaluation

Single sputum
Xpert
Two concurrent
sputum samples
tested with
Xpert
(Looked at
testing among
symptomatic
persons versus
testing all)

Xpert MTB/RIF

WHO recommended
symptom screening
followed by Xpert in
positive symptom
screen

Sputum smear
microscopy (2 samples)
with smear negative
individuals undergoing
CXR.

WHO recommended
symptom screening
followed by 3 smears in
persons with symptoms

2 Cultures for all

Health system

Health system

Health systems

CEA

CUA

CEA

Empirical data
collection & published
literature
ICER: $/ DALYs
averted

Empirical data
collection & published
literature
ICER: $/ year of life
saved

Source of costing

Published literature

Primary outcome

ICER: $/ Deaths averted

92

Updated Report

Version 3.1

Monte Carlo
microsimulation model
(Modified CEPAC-I)
Sensitivity
Univariable and
Univariable and two
Univariable
analyses
probabilistic
way
Univariable: all
All model inputs and
Univariable: all model
Key
parameters;
costs: Xpert cartridge
input parameters; Twoscenarios/variables
Probabilistic: disease
cost, MDR treatment
way: sensitivities of
explored in
prevalence parameters,
cost, high TB
smear and Xpert,
sensitivity
mortality rates and cost prevalence, cost of SSM spectrum of decreasing
analyses
inputs
& Sensitivity of SSM
test costs over time
$5,678
$505 x3
$7,100 x3
WTP threshold
(per capita GDP of
(3x per capita GDP of
(3x per capita GDP of
South Africa)
Ethiopia)
South Africa)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; GDP, gross domestic product; GNI,
gross national income; IPT, Isoniazid preventive therapy; PLHIV, people living with HIV; TB,
tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life saved
Type of model

Decision analytic

Decision analytic
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USA

Diel 2016, Eur Respir
J
Germany

2015

2013

2013

USD

Euros (€)

USD

Inpatient

Inpatient

Admitted patients
evaluated for PTB

Untreated TB suspects

Outpatient
Presumptive TB cases
presenting to primary
health clinics

Cowan 2017, CID

Clinical setting
Study population

•

1 Xpert on an
unconcentrated
sputum sample;
1 Xpert on a
concentrated
sputum sample;
2 consecutive
Xperts on a
concentrated
sputum sample

Dunbar 2018, IJTLD
South Africa

Xpert MTB/RIF on a
single sputum sample,
followed by a culture
Note: Other Xpert addon strategies addressed,
but do not meet our
selection criteria

Xpert-based algorithm:
Xpert as first test
followed by
smear/culture/LPA as
needed for additional
drug sensitivity testng/
or according to HIV
status

Sputum smear and
culture

Smear-based algorithm:
smear as first test and
additional smear or
culture as needed or
according to HIV status

Hospital perspective

Hospital perspective

Health system

CEA

CBA

CEA

Source of costing

Empirically collected
and published literature

Published literature

Published literature

Primary outcome

ICER: $/accurately
diagnosed case

Mean incremental
cost/patient

Decision analytic

Decision analytic

Univariable, two-way,
and probabilistic

Univariable and
probabilistic

•
Xpert diagnostic
strategies
•

Reference
diagnostic
strategies
Analysis
perspective
Type of economic
evaluation

Type of model
Sensitivity
analyses

•
•

2 consecutive
smears
3 consecutive
smears

$/RR-TB case identified
$/additional RR-TB
case identified
Discrete event
simulation/operational
model
Univariable
•

Key
scenarios/variables
explored in
sensitivity
analyses

All variables

TB Prevalence & MDR
Prevalence, Costs of
hospitalization and
isolation

•

Varied levels of
adherence to
the Xpert
algorithm (at
increments of
10%, from 50%
to 100%)
Varied the
proportion of
presumptive TB
cases who knew
their HIV status
(at 60%, 80%
and 100%),
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$50,000

Not reported

Not reported

Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CBA, cost-benefit analysis; CEA,
cost-effectiveness analysis; CUA, cost-utility analysis; DALY, disability adjusted life year; GDP,
gross domestic product; GNI, gross national income; IPT, Isoniazid preventive therapy; PLHIV,
people living with HIV; TB, tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF;
YLS, years of life saved
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Dunbar 2017, IJTLD

Jha 2016, PloS One

South Africa

South Africa

Khaparde 2017, PloS
One
India

2013

2015

2013

USD

USD

USD

Outpatient

Outpatient

Study population

Presumptive TB cases

Adults with clinical
suspicion of TB

Xpert diagnostic
strategies

Xpert-based algorithm:
Xpert as first test
followed by
smear/culture/LPA as
needed for additional
drug sensitivity testng/
or according to HIV
status

Xpert MTB/RIF
performed on all
specimens

Reference
diagnostic
strategies

Smear-based algorithm:
smear as first test and
additional smear or
culture as needed or
according to HIV status

Sputum smear
microscopy alone

Outpatient
Adult patients with
signs and symptoms of
pulmonary TB
Upfront Xpert
MTB/RIF for all
presumptive TB
patients
Note. Other Xpert addon strategies addressed,
but do not meet our
selection criteria
• Sputum smear
microscopy for
all presumptive
TB patients;
• Xpert MTB/
RIF for
presumptive TB
cases with
previous TB
history, sputum
smear
microscopy for
new patients.

Health system

Health system

Health system

CEA

CEA

CEA

Previous costing
evaluation and
published literature

Published literature

Clinical setting

Analysis
perspective
Type of economic
evaluation
Source of costing

•
Primary outcome

Type of model
Sensitivity
analyses

$/RR-TB case
identified
• $/additional
RR-TB case
identified

ICER: $/ true-positive
diagnosis made

Observational microcosting study and
published literature
• $/presumptive
TB patient
tested
• $/true TB case
detected and
initiated on
treatments

Discrete event
simulation/Operational
model

Decision analytic model

Decision analytic model

Scenario analysis

Univariable &
probabilistic sensitivity
analysis

Deterministic sensitivity
analyses
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•

Key
scenarios/variables
explored in
sensitivity
analyses

•

Varied TB
prevalence
among
presumptive
cases being
tested
Cost per TB
case diagnosed
if the price per
Xpert cartridge
was reduced by
10%, 25% and
50%

•

•

One-way and
probabilistic: all
model
parameters
Scenarios: highand low-volume
setting and at
different
assumed levels
of MDR-TB
prevalence

Epidemiological and
cost parameters

$1927/incremental
Not reported
diagnosis made
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; GDP, gross domestic product; GNI,
gross national income; IPT, Isoniazid preventive therapy; PLHIV, people living with HIV; TB,
tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life saved

WTP threshold

Study
Characteristics
Country setting
Year of cost
valuation
Currency

Not reported

Langley 2014, Lancet

Lee 2019, PloS One

Li 2018, PloS One

Tanzania

India

China (Hong Kong SAR)

2012

2017

Not stated

USD

USD

USD

Outpatient

Outpatient
HIV-negative adults
with presumptive TB
(cough of at least 2
weeks duration)
• Xpert in
designated
microscopy
centers;
• Truenat in
designated
microscopy
centers;
• Truenat for
point-of-care
testing in
primary
healthcare
facilities
Sputum smear
microscopy in
designated microscopy
centers (centralized
facilities)

Outpatient
65-year-old elderly
population at admission
to residential care
homes for the elderly

Health system

Health system

Clinical setting
Study population

Patients with
presumptive TB

•

Xpert diagnostic
strategies

•
•

Xpert followed
by clinical
judgement
(including chest
x-ray) if smear
negative, for
For all
presumptive TB
cases, or
Known HIVpositive patients

Reference
diagnostic
strategies

Sputum smear
microscopy followed by
clinical judgement if
smear negative

Analysis
perspective

Health system

Xpert on patients with
symptoms of TB at
admission to residential
care homes

No screening

97

Updated Report

Version 3.1

Type of economic
evaluation

CUA

CEA

CUA

Source of costing

Published literature

Empirical data
collection & published
data

Published literature &
public data

Primary outcome

ICER: $/DALYs
averted

ICER: $/YLS

ICER: $/QALYs gained

Operational model

Microsimulation model

Decision analytic
Markov model

Uncertainty analysis
and univariable
sensitivity analysis

Univariable, two-way,
and scenario analyses

Type of model
Sensitivity
analyses

Univariable and
probabilistic

One-way: model
parameters in Table 1;
Two-way: Truenat's
Uncertainty:
sensitivity for TB and
Key
population-level effect
linkage-to-care at 5scenarios/variables
on incidence,
year horizon; Scenario
Key model input
explored in
prevalence, mortality,
analyses: effect of
parameters
sensitivity
and DALYs; One-way:
empirical treatment on
analyses
model input variables
cost-effectiveness,
differential loss-tofollow up, and per-test
cost of Truenat
$599
$990/YLS
WTP threshold
(per-capita GDP of
(50% of India's per$50,000
Tanzania in 2012)
capita GDP in 2017)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; GDP, gross domestic product; GNI,
gross national income; IPT, Isoniazid preventive therapy; PLHIV, people living with HIV; TB,
tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life saved

Study
Characteristics

Menzies 2012, PloS
Medicine
Botswana, Lesotho,
Namibia, South Africa,
and Swaziland

Meyer-Rath 2012,
PloS One

Millman 2013, PloS
One

South Africa

United States

2011

2011

2009

USD

USD

USD

Outpatient

Outpatient & inpatient

Study population

Patients with
presumptive TB

Adult patients with
suspected pulmonary
TB

Inpatient
Inpatients who
underwent
microbiologic testing
for TB while in
respiratory isolation

Xpert diagnostic
strategies

Xpert as an initial
diagnostic test for all
patients with suspected
TB

Country setting
Year of cost
valuation
Currency
Clinical setting

•

•

Xpert as initial
test, scaled up
by the end of
2012;
Xpert as initial
test, scaled up

Xpert testing of a single
sputum sample
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by the end of
2013. Xpert
followed by
smear, culture,
line-probe
assay, and drug
susceptibility
testing
depending on
HIV status in
all strategies

Reference
diagnostic
strategies

Analysis
perspective
Type of economic
evaluation

Sputum smear culture
with smear-positive
directed to treatment
and smear-negative
undergoing culture if
there is a history of TBtreatment or strong
suspicion of TB

Sputum smear
microscopy followed by
culture, line probe
assay, and drug
susceptibility testing
based on HIV status

Two concurrent SSM

Health system

Health system

Health system

CUA

CEA

CEA

Expert opinion, publicsector salary data &
published literature
• $/ case
diagnosed and
treated
• incremental
cost per case
Population-level
decision model

Empirical data
collection & published
literature

Source of costing

Published literature

Primary outcome

ICER: $/DALYs
averted

Type of model

Sensitivity
analyses

Key
scenarios/variables
explored in
sensitivity
analyses

Dynamic
compartmental model
Univariable,
probabilistic, Bayesian
uncertainty analysis,
additional sensitivity
analyses
One-way and Bayesian:
model input parameters;
Probabilistic: choice of
diagnostic strategy from
the joint effects of
uncertainty around all
input parameters;
Additional: varied
assumptions regarding
the diagnostic
algorithms, inpatient
care as part of MDR-TB
treatment, ART
coverage and drug
prices.

Univariable
•

•

Impact of full
Xpert
coverage on
smear
positivity and
culture
positivity rates
of suspects as
a result of a
reduction in
transmission;
Xpert
cartridges at
the volumediscounted
price;

Incremental net
monetary benefit of the
Xpert strategy relative
to the smear strategy
Decision analytic

Univariable, two-way,
and probabilistic

Epidemiological and
cost input parameter
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•

additional 4
months of
inpatient care
per patient for
MDR-TB

$982 to $7,000
Not stated
Not stated
(per-capita GDP in each
country)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; GDP, gross domestic product; GNI,
gross national income; IPT, Isoniazid preventive therapy; PLHIV, people living with HIV; TB,
tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life saved

WTP threshold
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Study
Characteristics

Orlando 2018, PloS
One

Country setting

Mozambique

Pooran 2019, Lancet
Glob Health
South Africa, Zambia,
Zimbabwe and Tanzania

Schnippel 2013,
SAMJ

2011

South Africa

Year of cost
valuation

2016

2014

Currency

USD

USD

Inpatients & outpatients

Initial Xpert followed
by a second Xpert if
the first is negative

Clinical setting

ZAR (South-African
Rand)
Outpatient
Individuals with
presumptive TB

Study population

PLHIV

Xpert diagnostic
strategies

Xpert MTB/RIF for all
patients

Reference
diagnostic
strategies

Four symptom screen
with smear for
participants with
positive screen results

Outpatient
Individuals with
presumptive TB
Same-day Xpert
MTB/RIF at clinic
(POC)
Note. An additional
Xpert was performed on
a stored sputum sample
at a centralised
laboratory (Lab Xpert)
by a qualified techniciannot evaluated in costeffectiveness.
Two sputum samples
tested with smear
microscopy followed by
liquid culture

Health system

Health system

Health system

CUA

CEA

CEA

DREAM program &
published literature

Empirically collected at
each individual trial site

Xpert implementation
studies and public
sector price and salary
data

Analysis
perspective
Type of economic
evaluation
Source of costing

•
Primary outcome

ICER: $/DALYs
averted

Type of model

Decision analytic

Sensitivity
analyses

Key
scenarios/variables
explored in
sensitivity
analyses

Univariable

Key model input
parameters

•

Incremental
cost/treatment
initiation
Incremental
cost/treatment
completion

Not a modelling study
Univariable &
probabilistic
Univariable: model input
parameters;
Probabilistic:
simultaneous varying of
cost and effectiveness
parameter inputs
Scenarios: incremental
cost per treatment
initiation and the
incremental cost per

Culture

ICER: ZAR/ case
diagnosed)

Population-level
decision model
Univariable
Systematically varied
eight central
parameters: Xpert
sensitivity for smearnegative TB, cost of
the Xpert, proportion
of patients with
possible TB who have
known HIV infection;
proportion of patients
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treatment completion
among culture positive
patients

lost at each visit,
proportion of TB
which is smear
positive, TB positivity
rate, access to LPA
testing, proportion
testing rifampicin
resistant

$1,146
Not stated
(per-capita GDP of
Not stated
Mozambique)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; GDP, gross domestic product; GNI,
gross national income; IPT, Isoniazid preventive therapy; PLHIV, people living with HIV; TB,
tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life saved

WTP threshold
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Study
Characteristics
Country setting
Year of cost
valuation
Currency

ShazzadurRahman
2019, BMC ID
Brazil

Clinical setting

Suen 2015, IJTLD

Tesfaye 2017, BMC ID

India

Ethiopia

Not stated

2013

2015

USD

USD

USD

Outpatient
Patients with symptoms
or signs suggestive of
TB

Outpatient

Outpatient

Individuals with
presumptive TB

Patients with
presumptive TB

Xpert diagnostic
strategies

(1) Xpert with no triage;
(2) Xpert with >1 week
of cough as triage; (3)
Xpert with >3 weeks of
cough as triage

Xpert for initial TB
diagnosis and DST
Note. Other Xpert addon strategies addressed,
but do not meet our
selection criteria

All patients with
presumptive TB tested
with Xpert
Note. Other Xpert addon strategies addressed,
but do not meet our
selection criteria

Reference
diagnostic
strategies

SSM based on two
samples collected on
different days followed
by a clinical assessment
for smear negative cases

SSM

3 concurrent SSM

Health system

Societal

Health system

CEA

CUA

CUA

Source of costing

Published literature

Published literature

Empirical data
collection

Primary outcome

$/ additional true TB
patient diagnosed and
treated

ICER: $/QALYs gained

ICER: $/DALYs
averted

Study population

Analysis
perspective
Type of economic
evaluation

Dynamic transmission
Operational/ discrete
microsimulation model
event simulation
Univariable,
Sensitivity
multivariable,
Univariable
Probabilistic
analyses
probabilistic, and
scenario analyses
Xpert and publicKey
Accuracy (sensitivity
private mix attributes &
scenarios/variables
and specificity) of the
simultaneous effect of
explored in
triage tool, lower
uncertainty on the
Model input parameters
sensitivity
prevalence of active
quality of life lost due
analyses
TB, cost of triage
to TB and the costs of
care
$1,450
$690
WTP threshold
Not stated
(per-capita GDP of
(per-capita GDP of
India)
Ethiopia)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; DST, drug sensitivity testing; GDP,
gross domestic product; GNI, gross national income; IPT, Isoniazid preventive therapy; PLHIV,
people living with HIV; TB, tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF;
YLS, years of life saved
Type of model

Operational model
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Study
Characteristics

Vassall 2017, Lancet
Glob Health

Vassall 2011, PLoS
medicine
India, Uganda, South
Africa

Wang 2018, J Thorac
Dis

Country setting

South Africa
2014

2010

Not stated

USD

USD

USD

Outpatient

Outpatient

People being assessed
for tuberculosis
attending primary
health-care clinics

Individuals with
presumptive TB

Not stated
Pulmonary TB suspects
and extrapulmonary TB
suspects who had two
Xpert tests sequentially
within one week

Sputum Xpert as an
initial test for TB

Single sputum specimen
tested by Xpert for all
individuals
Note. Other Xpert addon strategies addressed,
but do not meet our
selection criteria

SSM

Two SSM, followed by
CXR in smear negative

SSM

Societal

Health system

Health system

CUA

CUA

CEA

Source of costing

Empirical data
collection from XTEND
trial

Empirical data
collection

Empirical data
collection

Primary outcome

ICER: $/DALYs
averted

ICER: $/DALY averted

Not a modelling study
One-way sensitivity
analysis

Decision analytic model
One-way, two-way, and
probabilistic

Discount rates

Epidemiological and
cost input parameters

Year of cost
valuation
Currency
Clinical setting

Study population

Xpert diagnostic
strategies

Reference
diagnostic
strategies
Analysis
perspective
Type of economic
evaluation

Type of model
Sensitivity
analyses
Key
scenarios/variables
explored in
sensitivity
analyses

China

•
•

Single Xpert
Two
concurrent
Xperts

$/ case detected
Incremental $/
additional TB case
identified
Decision analytic
None

N/A

Per capita GDP by
country:
WTP threshold
$0-$10,000
India: $1,134
Not stated
Uganda: $490
South Africa: $5,786
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; DST, drug sensitivity testing; GDP,
gross domestic product; GNI, gross national income; IPT, Isoniazid preventive therapy; PLHIV,
people living with HIV; TB, tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF;
YLS, years of life saved
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Study
Characteristics
Country setting
Year of cost
valuation
Currency
Clinical setting

Version 3.1

Wikman-Jorgensen
2017, TROP MED
INT HEALTH
Mozambique

Winetsky 2012, PLoS
medicine

You 2015, J. Infect

Former Soviet Union

China (Hong Kong SAR)

2013

2009

2014

USD

USD
General Prison
Population

USD

Outpatient

Inpatient

Study population

Persons with
presumptive TB

Inmates in prisons of
the Former Soviet
Union

Adult patients
hospitalized for
suspected active
pulmonary TB

Xpert diagnostic
strategies

Xpert

Xpert

Xpert
•

Two sputum
microscopy
examinations,
with smearnegative
patients
receiving
clinical
diagnosis
Two sputum
microscopy
examinations,
with smearnegative
patients tested
by Xpert

Two SSM followed by
a chest X-ray or
antibiotic trial in smearnegative TB suspects

MMR screening with
sputum PCR
detection of MDR-TB

Health system

Health system

Health system

CUA

CUA

CUA

Source of costing

Empirical data
collection & published
literature

Empirical data
collection from
Tajikistan and
published literature

China (Hong Kong SAR)
Hospital Authority

Primary outcome

ICER: $/DALYs
averted

ICER: $/QALYs gained

ICER: $/ QALYs
gained

Reference
diagnostic
strategies

Analysis
perspective
Type of economic
evaluation

Type of model
Sensitivity
analyses
Key
scenarios/variables
explored in
sensitivity
analyses

Stochastic Markov
model
Univariable &
probabilistic

All model parameters

Deterministic,
population-based
compartmental model
Univariable, two-way,
& probabilistic
Model parameter
estimates

•

Decision analytic model
Univariable &
probabilistic

All model parameters
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$590
Per-capita GDP of the
(per-capita GNI of
$50,000
Former Soviet Union
Mozambique)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA, cost-effectiveness analysis;
CUA, cost-utility analysis; DALY, disability adjusted life year; DST, drug sensitivity testing; GDP,
gross domestic product; GNI, gross national income; IPT, Isoniazid preventive therapy; PLHIV,
people living with HIV; TB, tuberculosis; USD, United States dollars; Xpert, Xpert MTB/RIF;
YLS, years of life saved

WTP threshold

Study
Characteristics
Country setting
Year of cost
valuation
Currency
Clinical setting

Zwerling 2015, JAIDS
Malawi
2010
USD
Outpatient

Study population

People newly diagnosed with HIV

Xpert diagnostic
strategies
Reference
diagnostic
strategies
Analysis
perspective
Type of economic
evaluation
Source of costing

4 symptom screen followed by Xpert in those
with any symptom

Primary outcome

ICER: $/DALYs averted

Type of model
Sensitivity
analyses
Key
scenarios/variables
explored in
sensitivity
analyses

4 symptom screen followed by clinical
judgement of the treating physician
Health system
CUA
Empirical data collection
Decision analytic
Univariable, two-way, probabilistic, and scenario
analyses
cost-effectiveness under conditions of high,
medium, and low test volume, with and without
ART, and across varying levels of symptomdriven diagnosis of TB in the standard of care

$1417
(average per capita GDP of low-income
countries in Sub-Saharan Africa)
Abbreviations: ART, antiretroviral therapy; CXR, chest x-ray; CEA,
cost-effectiveness analysis; CUA, cost-utility analysis; DALY,
disability adjusted life year; DST, drug sensitivity testing; GDP, gross
domestic product; GNI, gross national income; IPT, Isoniazid
preventive therapy; PLHIV, people living with HIV; TB, tuberculosis;
USD, United States dollars; Xpert, Xpert MTB/RIF; YLS, years of life
saved

WTP threshold
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Table 2. Cost components for unit test cost estimation

Abimbola
2012,
JAIDS
Adelman
2018,
OFID
Andrews
2012,
AIDS
Cowan
2017, CID
Diel 2016,
Eur
Respir J
Dunbar
2018, INT
J
TUBERC
LUNG
DIS
Dunbar
2017, INT
J
TUBERC
LUNG
DIS
Jha 2016,
PloS One
Khaparde
2017,
PloS One
Langley
2014,
Lancet

SubSaharan
Africa

✓
✓

Ethiopia
South
Africa
✓

✓

Transport

✓

✓

✓

$21.60

$6.60$140.00

$116.00

$50.21/day

€110.75

€6.3/day
(€101.04/day
for MDRTB)

South
Africa

✓

✓

✓

✓

✓

$19.03

South
Africa

✓

✓

✓

✓

✓

$19.03

South
Africa

✓

✓

✓

✓

✓

$ 14.45 $16.64

✓

✓

India
✓

Tanzania

Lee 2019,
PloS One

India

Li 2018,
PloS One

China

✓

✓

✓

✓

✓

$13.17

✓

$506 ($3660
for MDRTB)
$28.13 $104.23
$3.00 $119.40 per
month

✓

✓

Cost of TB
treatment1

$33 ($4856
for MDRTB)

✓

Germany

Cost of
Xpert
test1

$31.65

✓

United
States

Treatment
costs

Disposal

Overhead

Consumable

Equipment

Training

Country

Staff

First
Author,
Year,
Journal

Lab space

Xpert costs

✓

$12.63
(Xpert)
$13.20
(TrueNat)
$128

$28.13 $104.23

$162.00 per
6 months
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Botswana,
Lesotho,
Menzies
Namibia,
$5.86 2012,
$20.00 South
$179.06 per
✓ ✓
✓ ✓ ✓
✓
PloS
$40.00
Africa,
month
Medicine
and
Swaziland
Abbreviations: ARV, antiretroviral; TB, tuberculosis; Xpert, Xpert MTB/RIF.
1
Costs in USD unless stated otherwise
‘✓’ indicate cost component was explicitly included in unit test cost calculation

Consumable

Overhead

Disposal

Transport

Equipment

✓

✓

✓

$32.00

Training

✓

Meyer-Rath
2012, PloS One

South
Africa

✓

✓

Millman 2013,
PloS One
Orlando 2018,
PloS One
Pooran 2019,
Lancet Glob
Health

United
States
Mozambiqu
e
South
Africa,
Zambia,
Zimbabwe,
Tanzania
South
Africa

✓

✓

✓

✓

✓

✓

✓

✓

✓

ShazzadurRahm
an 2019, BMC
Infect. Dis.
Suen 2015, INT J
TUBERC LUNG
DIS

Brazil

✓

Tesfaye 2017,
BMC Infect. Dis.

Ethiopia

Schnippel 2013,
SAMJ

Vassall 2017,
Lancet Glob
Health

Country

✓

✓

Treatment
costs
Cost of
Xpert
test1

Staff

First Author,
Year, Journal

Lab space

Xpert costs

✓

$218.0
0
$14.72
✓

✓

✓

✓

$24.74$35.70

R166.2
0

Cost of TB
treatment1

$429.00 $20,530.00
per course
$4.55 per
day
$9.84 per
patient
$2.05 $8.07
R2,768.00
R205,910.0
0

$17.80
$840

✓

$18.30

✓

✓

$9.98

✓

✓

$24.42

India

South
Africa

✓

✓

✓

✓

$840 per
TB case
($6313 per
MDR-TB
case)
$3 - $18.80
per month
($199.40
per month
for MDRTB)
$171.12 $252.95
($6,244.31
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for MDRTB)
Abbreviations: ARV, antiretroviral; TB, tuberculosis; Xpert, Xpert MTB/RIF.
1
Costs in USD unless stated otherwise
‘✓’ indicate cost component was explicitly included in unit test cost calculation

Equipment

Consumable

Overhead

✓

✓

✓

✓

✓

Wang
China
2018, J
Thorac
Dis
Wikman- Mozambique
Jorgensen
2017,
TROP
MED
INT
HEALTH
Winetsky
Former
2012,
Soviet
PLoS
Union (FSU)
medicine
You 2015, China (Hong
J. Infect
Kong SAR)

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Transport

Staff

India,
Uganda,
South Africa

Vassall
2011,
PLoS
medicine

Country

Training

Lab space

First
Author,
Year,
Journal

Treatment
costs

Disposal

Xpert costs

✓

✓

Cost of
Xpert
test1

Cost of
TB
treatment1

$22.63
(India),
$25.90
(South
Africa),
$27.55
(Uganda)
$13.20

$227
(India),
$454
(South
Africa)
$185
(Uganda)

$12.92
reagents
pr
patient
only

68.13 per
TB case
treated

$24.08

$364.45 $7961.02

$128

$27 per
month
($769 per
month for
secondline)
Zwerling
Malawi
$90.50
$185.00
✓ ✓ ✓ ✓ ✓ ✓
2015,
assuming ($1739.00
JAIDS
100
for secondtests/year line)
Abbreviations: ARV, antiretroviral; TB, tuberculosis; Xpert, Xpert MTB/RIF.
1
Costs in USD unless stated otherwise
‘✓’ indicate cost component was explicitly included in unit test cost calculation
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Web Annex 4.6. Report on user perspectives on Xpert testing: results
from qualitative research.
Authors: Nora Engel & Muthoni Mwaura
Department of Health, Ethics & Society; Care and Public Health Research Institute (CAPHRI),
Maastricht University, Maastricht, The Netherlands
n.engel@maastrichtuniversity.nl
Produced in preparation for the WHO guideline group meeting on “Molecular assays intended as
initial tests for the diagnosis of pulmonary and extrapulmonary TB in adults and children. Policy
Update”,
3-6 December 2019.
1. Introduction
In ensuring access to effective diagnostics for TB care, we not only need to assess that these
technologies are accurate but also that they are feasible, useable and acceptable. The users of
diagnostics include patients, clinic staff, laboratory managers, ministries of health, NGOs, regulators
and suppliers. If we do not take the perspective of all users into consideration, we risk that these
technologies do not fit their intended use setting, cannot be made to work and scaled up, are not
utilized or not accessible for those in need. User perspectives on new diagnostics, their preferences
and values, as well as their experiences with existing diagnostic systems, are important to take into
account during WHO decision-making on new diagnostics, including guideline development and
policymaking. Feedback from representatives of key stakeholders groups (including patients, health
professionals and programme managers) is important.
Studies generating this kind of data are often qualitative in nature (i.e. they focus on meanings that
people bring to a phenomena and how they act upon it). Qualitative studies use targeted sampling
methods to capture diagnostic experiences across a range of users, diseases, tests and diagnostic
settings (Engel et al., 2017; Engel et al., 2015; Engel et al., 2018; McDowell & Pai, 2016; McDowell et
al., 2018; Miller, Parkhurst, Peckham, & Singh, 2012; Squire et al., 2005; Yellappa et al., 2017). They
are an ideal method for making sense of user experiences with and perspectives on diagnostic tools
within “real-world” situations because they avoid placing assumptions about what these tools are
expected to accomplish at the outset (e.g., that a test is easy to use). By involving users (e.g., through
interviews, usability tests, ethnographies and user feedback), qualitative studies can support decisionmaking on diagnostics and offer concrete insights into users’ values and preferences, as well as
acceptability and feasibility of new diagnostics in intended use settings. Such data will also point out
important considerations for scale-up.
In December 2019, the World Health Organization will be updating the policy around molecular based
tests for diagnosing TB and resistance to rifampicin, particularly looking at Xpert MTB/RIF, Xpert Ultra
(both Cepheid) and preliminary data on TrueNat MTB/Rif (Molbio). To inform those discussions, the
WHO has commissioned a study into the perspectives, preferences, and experiences of users of Xpert
(including TB survivors, health professionals, and programme managers). To this end, we conducted a
qualitative study with participants in Ukraine, Uganda, Pakistan and South Africa. We interviewed
clinicians, laboratory staff, programme officers, TB survivors, and patient advocates with the aim to
understand their experiences of using Xpert and diagnosing TB using molecular diagnostics more
generally and to contextualize users’ preferences.
This study is exploratory in nature and part of an ongoing inquiry into user perspectives of new TB
diagnostics. More, in-depth ethnographic research on the ground is warranted to better understand
perspectives and practices of different users including TB survivors, patients and their caregivers.
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2. Methodology
In October and November 2019, NE and MW conducted semi-structured interviews with 23 Xpert
users (including clinicians, programme officers, laboratory manager and technicians, TB survivors and
patient advocates) in Ukraine, Uganda, Pakistan and South Africa. These countries were selected
based on the fact that they have ordered large quantities of Xpert Ultra cartridges and are located in
different geographical regions. Due to the short timeframe, participants were purposively sampled
and approached based on convenience through personal contacts and colleagues. All interviews were
conducted via the phone and in English. Four of the six interviews with participants in Ukraine were
conducted with the help of a translator. We asked for the testing and treatment experiences as well
as experiences on interaction between providers and patients to contextualize users’ preferences
about a new diagnostic. Topics discussed included: current approach to diagnosing TB using molecular
assays including specific challenges; experiences with using Xpert MTB/RIF and Xpert Ultra specifically,
including details on steps taken in the diagnostic process, determining eligibility, interpreting results
and treatment initiation as well as challenges and benefits; ways of interacting with patients about
Xpert; overall usefulness; the impact of Xpert including on access, equity and feasibility; and the
current policy context. Xpert MTB/RIF is most widely in use and challenges to implementation have
also been partially published (Albert et al., 2016; Clouse et al., 2012; Engel, et al., 2015; Hanrahan et
al., 2015). The conversations therefore mostly focused on the experiences of using Xpert MTB/RIF and
where in use also zoomed in on specific differences experienced with Xpert Ultra.
Interviews were audio-recorded, transcribed by MW, and coded by NE in NVivo qualitative data
analysis software. We each wrote memos on different topics, discussed these and collated them into
themes which we present below. Professional roles are used to mask study participants’ identity.
Because the interviews were conducted by the phone, it was not possible to triangulate interview data
with other evidence commonly collected through ethnographic approaches (such as multiple
interviews and informal conversations at the same facility, observations or site visits). This warrants
more in-depth and on the ground research with face to face interviews to understand all user
perspectives and practices of diagnosing TB in PLHIV.
Ethics
This study was approved by UMREC, the ethical review board of Maastricht University. Study
participants were emailed an information sheet explaining the objectives of the study and an informed
consent form which they signed prior to participation.
Table 1 Participants overview per country
Ukraine
Clinician
TB survivor/
advocate
Laboratory
manager/technician
Programme officer
Total
3. Results:

Uganda

Pakistan

South Africa

3
1

1

1
-

1
1

1

2

2

2

1
6

1
4

5
8

1
5

Below we discuss the results for current use of Xpert separately for the four countries and then
discuss overarching themes that emerged from the interviews across the different countries.
Current use of Xpert MTB/RIF and Xpert Ultra in Ukraine, Uganda, South Africa and Pakistan
Ukraine started using Xpert MTB/RIF in 2012. Presently, the machines are placed in the labs of some
primary and tertiary hospitals, as well as AIDS centers and penitentiaries. For facilities with access to
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the machine, it is the first line diagnostic test for people with presumptive TB, otherwise sputum
microscopy is still used. Sputum is the main specimen tested on Xpert MTB/RIF. While a clinician
noted that it is very difficult to convince laboratory staff to run extrapulmonary samples (ID14), it
seems that they are indeed being tested in higher levels of the system such as tertiary facilities and
BSL 3 labs (ID16 programme officer & ID19 laboratory manager). It was however specified that in
these laboratories extrapulmonary samples – namely urine, cerebrospinal fluid (CSF), pleural fluid,
lymph node aspirate, and feces -- are tested on Xpert Ultra exclusively (ID19 laboratory manager).
From our interviews, the introduction and scale-up of Xpert Ultra in Ukraine is otherwise unclear.
Like Ukraine, Uganda introduced Xpert MTB/RIF into the TB program in 2012. Where available, it is
currently being used as the first line test for people with presumptive TB, especially in facilities
located in districts with a high TB burden. Smear microscopy is used as a pre-screening tool for Xpert
MTB/RIF, or as the main diagnostic test if Xpert MTB/RIF is unavailable. The main specimen run on
the platform is sputum, but other extrapulmonary samples have been used occasionally and in
research settings. Xpert Ultra cartridges have been rolled out with plans to completely phase out
Xpert MTB/RIF (ID1 laboratory manager).
South Africa was an early adopter of Xpert MTB/RIF as a first line test for all people with
presumptive TB (WHO, 2010),. and by 2018, it was the only country using Xpert Ultra as an initial
diagnostic test. Presently, Xpert MTB/RIF cartridges have been completely replaced by Xpert Ultra
cartridges. Sputum for adults and gastric specimens from children are the main pulmonary
specimens used, while CSF and lymph node aspirate are the main extrapulmonary specimens. The
machines are located in labs operated by the National Health Laboratory Service across various
levels of the health system.
Of the countries represented in this study, Pakistan is the only one that does not currently offer
Xpert MTB/RIF as a first line test for all people with presumptive TB owing to resource limitations.
Instead, it is the initial test for presumed TB in children, drug resistant (DR)-TB, extrapulmonary TB
(EPTB), and immunocompromised individuals. For everyone else, it is used as a follow on to
abnormal chest x-rays and/or positive smear microscopy. According to programme officers, the
National TB Program (NTP) is set to change the guidelines to expand the eligibility criteria for Xpert
MTB/RIF in the near future (ID3, ID5, ID10). The machines are typically housed by district hospital
labs, with some in lower level health facilities in higher burdened districts. Like the countries above,
sputum is the main specimen used on Xpert MTB/RIF, with the occasional use of EPTB specimen
such as CSF, stool, and urine. According to an NTB laboratory advisor, there are no plans to
introduce Ultra in the near future due the cost and the shorter shelf life of the cartridges (ID3).
Where available, most of the providers among our study participants from these four countries used
LPA or culture-based drug susceptibility testing (DST) as a follow-on test when rifampicin resistance
was detected by Xpert. For those testing EPTB samples with Xpert, many understood the sensitivity
of the test to be suboptimal, but nonetheless appreciated the ability to identify a few more patients
than with conventional methods. In fact, if an EPTB sample tested positive on Xpert MTB/RIF or
Xpert Ultra, it was often perceived as a true positive and followed by treatment initiation. Negative
results however were not deemed as an indication of the absence of TB and were therefore
accompanied by further investigations.
Xpert has helped to improve the diagnosis of drug-resistant TB
The participants we spoke to assign the greatest value to the ability of diagnosing drug-resistant TB
with Xpert.
“Without Xpert it would not have been possible to put so many patients on second line
treatment. That is for sure.” (ID10 program officer, Pakistan)
According to a clinician in South Africa, molecular testing has revolutionized the TB program in South
Africa:
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“I can tell you this, today you can be a TB patient suspect, if your sputum is positive for TB, in
five days we can tell you with a 90% probability of accuracy, you have drug susceptible TB or
drug resistant TB. That never happened in the past.”(ID11).
According to clinicians and a laboratory manager in Ukraine, Xpert has increased case identification
of multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB in Ukraine and allowed faster
treatment initiation. Clinicians do not need to wait for culture results to initiate treatment, because
most of their RIF+ patients do have either MDR or XDR since there are only very few patients with
mono- or polyresistance (ID12 clinician, ID19 laboratory manager, ID20 clinician). Also, clinicians are
able to separate the patients physically into RIF+ and RIF- to prevent transmission (ID16 programme
officer). For Ukraine a programme officer at the Ministry of Health mentions that the number of TB
diagnoses has gone up too thanks to Xpert (ID16). A Ukrainian TB survivor highlights how the
increasing use of Xpert means patients are diagnosed before they are hospitalized (in case of MDRTB) instead of the other way around. This is crucial as hospitalization can cause much suffering
especially if hospitalization turns out not be justified (ID21). Even though the TB survivor was
diagnosed in a hospital with Xpert on site, the doctor at that time did not use the Xpert for her
diagnosis and therefore could not determine whether she had susceptible or drug-resistant TB. It is
unclear why the test was not used, one possible reason being stock outs. The hospitalization meant
the TB survivor was separated from her child who was hospitalized in another hospital for four
months from which both of them suffered psychologically (both needed long-term psychological
counseling afterwards). What is more, the survivor lost her job due to hospitalization. If she had
been diagnosed as susceptible at that time she would not have been hospitalized (ID21). This
example shows the powerful impact on patients if they cannot access testing for drug resistance
through Xpert.
In Uganda, according to a laboratory manager, Xpert increased the number of patients with DR TB
diagnosed, so now the problem has moved from being one of diagnosis to one of the logistics and
time of treatment initiation (ID1).
A clinician in South Africa reflects on the difference Xpert made for his ability to not only diagnose
MDR-TB but also to treat MDR-TB which was not possible without a test:
“..[many years ago], When I have to wait sometimes six months to have someone diagnosed with
drug resistant TB. When actually almost there were no policies about it; and when you
sometimes suspect it and you say but this patient may have this, and then you go to
pharmaceutical and say this patient have drug resistant TB, I need this and this, and then they
say ‘ok show me the test’. And you don’t have a test, so you cannot treat the patient.” (ID11)

Mixed experiences with establishing the impact on diagnosing EPTB, case notification, and loss to
follow up
The participants we talked to mentioned the ability of Xpert to diagnose different specimen types
positively. However, it is less clear from the data how often these options can be used and what
their impact is. A Ugandan activist mentions, in particular, the positive impact of Xpert on diagnosing
patients co-infected with HIV (ID15). The ability to use different sample types allows clinicians to try
out different samples and once in a while in Ugandan routine care this is how a patient with EPTB is
diagnosed (ID1 & 2 laboratory technicians). Specifically for Xpert Ultra, laboratory technicians in
Uganda mention that with Xpert Ultra, they get more positive results (ID1,2). A programme officer in
Pakistan observed an increased yield with CSF due to Xpert Ultra and more trace in processed,
concentrated specimens (ID10).
In Pakistan, programme officers involved in an active case finding programme where Xpert is
combined with upfront chest X-ray, mention that besides more and quicker detection of RIF
resistance, Xpert is able to detect more patients with low bacillary load (ID 5 and 6).
Programme officers of the NTP, however, point out that the notification rate for susceptible TB is
high and static and does not seem to increase with Xpert (ID3, 10), since so many patients are
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clinically diagnosed even though the rate of bacteriological confirmed TB increased a bit (ID10). The
notification rate for pediatric TB and EPTB are not affected by Xpert either, because the specimens
are difficult to get with current facilities and capacities (ID10). A pediatrician confirms that the
bacteriological confirmed percentage of patients has gone up with Xpert, but the majority of
children are still diagnosed clinically because they cannot produce sputum (ID18). For EPTB, very few
public sector facilities in Pakistan have laboratory services offering histopathology. These services
are common in the private sector while bacteriology is available in the public sector. This means that
clinicians in Pakistan need to make a choice for each specimen between histopathology and
bacteriology. If sent to histopathology in the private sector, the sample will not make it back onto an
Xpert machine in the public sector (ID10). The diagnostic test available in the public sector is unable
to bridge the disconnect in laboratory services.
Consequently, for a programme officer of the NTP, the value of rolling out Xpert lies mainly in
diagnosing RIF-resistant TB and MDR, but not necessarily in diagnosing susceptible TB. Given the
limited impact on case notification, the challenges with maintaining the machines and the high cost
of cartridges that prohibit simplified algorithms (for instance Xpert for all presumptive TB patients),
the programme officer is cautious to advocate for more widespread use of Xpert (ID10).
According to our participants, and somewhat unexpectedly, in Pakistan, South Africa and Uganda,
the introduction of Xpert also increased the turn-around time from the 24hrs for smear microscopy
mainly due to the challenges of utilization discussed below (ID1, ID9 laboratory managers, ID10
programme officer, ID13 clinician). This could potentially affect case notification as well, because an
increase in TAT of Xpert comes with higher risk of loss to follow-up. However, in Pakistan a
percentage of those lost to follow-ups might be intentional, because patients from the private sector
access free microscopy and Xpert testing in the public sector but are not necessarily notified to the
government (ID10).
Xpert’s convenience and automation has eased laboratory work
Compared to smear microscopy, users generally value the automation, convenience, higher
biosafety levels and lesser human involvement that Xpert offers (ID1, ID2, ID19, ID22, ID23
laboratory managers and technicians, ID16, ID17 programme officers, ID18, ID20 clinicians). The fact
that it is a closed system with walk away time during the incubation (15’) and machine run time (90’)
where laboratory technicians can do other testing in between was mentioned as well (ID1&2).
Specifically for Xpert Ultra, the fact that Xpert Ultra takes less time can be helpful in some situations
(for instance an active case finding setting with high throughput) (ID6 programme officer). As such,
Xpert eased the work for laboratory technicians, adding a level of relief from reading hundreds of
slides (ID9) as well as reducing the room for errors (ID22). This convenience can have undesired
consequences for sites where Xpert is not available: In Uganda, even though Xpert is not available at
every site, health workers are reluctant to use microscopy and so monitoring has gone down. A
laboratory manager speculates that health workers would prefer transferring responsibility of
testing to an Xpert site or might be too lazy to do the more cumbersome sputum microscopy testing
(ID1) or might struggle with stockout of supplies.
Clinicians’ confidence in Xpert results
Laboratory technicians in Uganda emphasize how Xpert impacted the clinicians’ confidence in its
results due to its increased sensitivity and
“since this is a fully automated system, the clinicians have that confidence that this is
actually,.. could be the true status of this patient in terms of TB” (ID1 & 2).
A programme officer in Pakistan mentions how a negative test is not a barrier to diagnose a patient
with TB (ID10). In other settings, physicians have become more hesitant to diagnose TB clinically.
Another programme officer from Pakistan observed that if it’s a negative result on Xpert the level of
suspicion among the clinicians for TB has gone down drastically; at times its good but they might
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miss patients then clinically (ID5). That is also the case when sputum microscopy is used
concurrently.
“Especially for follow-up of course, but even at baseline they [clinicians) continue to use it
[sputum microscopy] as an adjunct. But their decisions are I think primarily that wherever
there is Xpert, the Xpert results pretty much are their diagnoses.” (ID6)
This is also true for a pediatrician practicing in a hospital in Pakistan who immediately places children
and adults with positive Xpert results on treatment. She is confident in the true positive nature of
the test also because children who turn positive on Xpert are mainly those already admitted and
who are very sick and not those being sent from the outpatient department (ID18).

Trace: “it has not helped in decision making” – ID10 program laboratory advisor
Xpert MTB/RIF Ultra’s additional category of trace was often said to be accompanied by uncertainty.
However, a clinician noted that the trace category is a welcomed indication of a test that can detect
very low levels of TB (ID11). Although most professionals that were interviewed said the policy is to
follow the WHO guidelines of re-testing positive trace samples on fresh specimen of those who are
not PLHIV, children or suspected EPTB, actual laboratory and clinical management of trace results
was rarely as straightforward. For example, a program officer from Uganda noted the difficulty in
obtaining a fresh specimen to run a second test:
“[trace results] are causing quite a commotion for health workers. They are not following the
algorithm… [because] by the time most of these patients get back these results, they have
already left the health facility” (ID4).
Others reported similar challenges with getting a second result, due to loss-to-follow up (ID16,
laboratory technician; ID1, laboratory manager; ID6 program manager; ID8, clinician) or the patient’s
inability to produce sputum again if they have since been initiated on treatment (ID13, clinician).
If a second confirmatory test is actually done, professionals reported being confused by the results,
specifically if the second result is also a trace or negative (ID6, program manager; ID18, clinician). For
example, one clinician noted that if trace positives are deemed as true positives, a second negative
result may cause confusion on whether to start treatment (ID18, clinician). Furthermore, an
additional test raised questions for some laboratory professionals on which of the two results to
report to the clinician. For example, a program officer in Pakistan noted
“our experiences with the Xpert Ultra, sometimes because the guideline is that if we have a
trace result you repeat the result, and sometimes when we repeat the results we get MTB
not detected….what should we report because the repeat testing has actually not helped us”
(ID10).
This uncertainty may be why the number of reports a clinician receives varies. A clinician in Pakistan
reported only receiving the second report (ID18 clinician) whiles laboratory staff in Pakistan stated
that they provide both reports to clinicians (ID22 laboratory supervisor). And if the policy is to
perform culture as a confirmatory test for trace results, the long turnaround time may present
challenges for clinical decision making (ID2 laboratory manager, ID8 laboratory manager).
Additionally, discordant results between Ultra and phenotypic tests like culture were also reported
to raise questions on the validity of the trace result (ID2 laboratory manager; ID10 programme
officer; ID8 laboratory manager).
If at all the clinician receives one or both trace results, it was often reported that the result then
becomes a small piece of a big decision-making puzzle (ID1, ID16, ID8, ID23, ID19 laboratory
managers). As a clinician in South Africa notes,
“..actually when you have one of these results, that actually is not telling you that much.
What you need to do is go back to the drawing board and say ok, what is the probably that
this is really TB….what is the clinical condition of the patient…the TB history of the
patient….you need to put all this together and then make a decision…you have in front of you
a patient, not a laboratory result” (ID11).
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While some clinicians didn’t seem to have a problem with having to use a more intensive evaluation
process for trace patients (ID11; ID20), others cautioned that not everyone would have the expertise
to do such, especially frontline health workers working in peripheral facilities (ID6 program manager;
ID11 clinician; ID18 clinician). As a program manager notes:
“It’s the larger sort of doctors and things where I think for them interpreting these results,
and understanding what needs to be done, certainly requires a lot of capacity building and
training because to them this is still not very clear, on how these different results and the two
results need to be sort of tallied and what it entails and what protocol or process they need
to follow depending on the results. So, if the first one is trace and the second is trace, what
are the next steps, what are they looking at, what do they need to do if the second one is
negative then what do they need to do...” (ID6)
A pediatrician also cautioned about the specific challenges trace results might present for those
diagnosing TB in children. She notes that diagnosing TB in children is already difficult, and
apprehension of the validity of a trace result may only add to the confusion (ID18).
Lastly, it often came up that the absence of information on rifampicin resistance slowed down
clinical decision-making as confirmatory DST and LPAs needed to be done (ID 2 laboratory manager;
ID10 programme officer; ID11, ID13, ID18 clinicians; ID22 laboratory manager), presenting unique
challenges for high-burden DR, MDR and XDR TB settings.

Weighing the trade-off overtreatment vs missed diagnosis
When asked whether it is better to detect more TB, possibly at the risk of falsely doing so, than to
miss true cases, some respondents were in favor of the former (ID11 clinician, ID18 clinician). As
noted by a clinician from South Africa:
“A balance between potential harm and overtreating TB patients must be given… the
balance is more to the risk of trying to use molecular testing in order to diagnose more TB,
even when we know we may over diagnose too much, but the benefit from the individual
[patient] point of view of detecting tuberculosis early, and the benefit to cut off the
transmission early, probably outweigh the risk of this.” (ID11).
To some, managing the side-effects of anti-TB treatment is a better outcome than missing a true TB
case (ID11, ID18 clinicians). This was echoed in a study on user perceptions of Xpert Ultra during
decision-making workshops on the transition from use of Xpert MTB/RIF to diagnose TB to Xpert
Ultra in Swaziland and Kenya by the authors of this report (Mwaura et al., under review). The
participants of this particular study attending these stakeholder meetings, including clinicians,
laboratory technicians, TB program coordinators, patient advocates and NGO representatives felt
the harm to the individual and community of a missed diagnosis outweighed that caused by a false
TB positive.
Conversely, overtreatment was not perceived to be without faults. One clinician noted the damage
false positives would do to community confidence in the healthcare system (ID18), a sentiment also
brought up by health workers in Swaziland (Mwaura, et al., under review).
But ultimately, for most of the respondents, managing this tradeoff between overtreatment versus
missed diagnosis is really on a case-by-case basis that is up to the discretion and expertise of
clinicians (ID1 laboratory manager, ID10, ID6 program managers, ID11, ID12, ID20 clinicians).

Discordant results and tie breaker
When discussing challenges with using Xpert, participants of the study often noted the difficulties of
interpreting discordant results. Specifically, the RIF-resistant information from Xpert was observed
to be unreliable (when compared to LPA and culture) when MTB was detected at very low levels
(ID2, ID22 laboratory managers, ID10 programme officer). While clinicians acknowledged that Xpert
is only one piece in the diagnostic portfolio that informs clinical decisions (ID11, ID20), the caveat to
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this was that it takes training, experience and expertise to understand and contextualize conflicting
information regarding your patient’s status (ID6 program officer, ID11 clinician). This may be further
exacerbated by questions around which test is truly the gold standard, as culture may not always be
accurate due to usage of poor-quality specimen (ID1, ID8 laboratory managers). As such, a
laboratory manager hoped for the development of a reliable and valid rapid diagnostic test that
could serve as a tie breaker when the results of different tests or different results of the same test
were not consistent (ID2).

Xpert and previously-treated patients
Since Xpert relies on molecular detection of genetic information (MTB-complex DNA), there is no
clear indication of whether detected mycobacterium is alive or dead. This may present unique
challenges when testing individuals who have been previously treated for TB, especially when the
parameters for ‘previously treated’ are not clearly defined. For some, previously treated are those
who completed their treatment six months ago (ID11 clinician), while for others it was one year (ID2
laboratory technician) and two years (ID20 clinician). And if the parameters are defined, establishing
a thorough TB history was said to be uncommon, thus increasing the risk of wrongly initiating
treatment in an Xpert positive case (ID2 laboratory technician). But if a thorough TB history is
established and a clinician opts to not initiate treatment following a positive Xpert result, it was
noted that this may inaccurately lower national statistics of the percentage of bacteriologically
confirmed cases that are initiated on treatment (ID11 clinician). As such, there need to be clear
parameters of how to define this patient category, handle their Xpert results, and accurately capture
outcomes in national databases.

Counseling and interaction with patients needs more focus and care
Patients are usually not informed about the type of diagnostic test that will be run, and results are
usually communicated through nurses or clinicians. Counseling is not consistently available
according to our participants. A program officer in Uganda laments this lack of skilled counselors:
“We have nurses who worked as counsellors but they are not good at counselling. And even worse
most of the sites do not have any counsellors specified for TB.” (ID4) A TB survivor in Ukraine
highlights that patients are only informed about the waiting time for results with regard to
diagnostics:
“So when they provide counseling to the patients they usually say how long the patients
have to wait for the test results and in principle that's all. (…) But nobody explains to the
patients anything about the form of tests or molecular tests” (ID21).
A TB survivor in South Africa received no counseling alongside his first diagnosis of MDR-TB and
doubted the initial diagnosis (ID7). Considerable cost and time is needed for patients to come to the
clinic for medication, follow-up testing and check-up appointments with the doctors all at different
moments in time (ID7). The TB survivor explains how simply explaining to patients the current status
of diagnostic technology and that the providers would continue testing the sputum for resistance
since the current test is not conclusive would aid in justifying even more waiting time and
investment of cost and time and allowing the patient to understand what is happening.
..you wait for the certain period, the results come back as saying you have a TB. They not
sure which TB it is, and then for so long they will give you a normal TB treatment. After a
month, or weeks, or three weeks, they find out no, you are not normal TB, you are MDR TB,
you must change the treatment. So, we don’t know exactly where this come from. So, as a
patient you won’t understand. If at least in the first place they told you, we have a problem
with the diagnostic tool. So we are gonna test you as long as the results come back you are
having the TB but we are still going to continue with the test at the laboratory to check what
kind of TB do you have.” (ID7)
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The relationship with a nurse or DOT provider is focused around treatment and while South Africa
has introduced counselors for MDR and XDR-TB patients, the TB survivor laments that these
counselors have been trained on HIV and are not sufficiently specific about DR-TB:
“ those counsellors they are the people been trained to counsel people with HIV, they are not
specific about DR TB. They are just touching the baseline of XDR or MDR, they don’t have the
full information about it.”(ID7)
A laboratory manager and technician in Uganda found in their research studies that involving a social
worker at the clinic who does patient education, counseling, symptom screen, supports patients
with sample provision, bringing samples to the lab, knows when test results are available and has
repeated contact with patients in their own language throughout their diagnostic journeys has a big
impact on patient satisfaction. It has improved patient retention and provision of additional samples
if needed (ID1.ID2).

Feasibility and utilization
According to our participants, underutilization of Xpert machines still poses a problem for many sites
in Pakistan, Uganda and also Ukraine compounded by the challenges of delays due to sample
transport, module break down, stock out of cartridges or complicated diagnostic algorithms (ID1
laboratory manager, ID2 laboratory technician, ID4, ID10 programme officers, ID12 clinician, ID15
activist). Programme officers, laboratory technicians and activists in Uganda and Pakistan mentioned
how clinicians are reluctant to use Xpert as baseline, as a result of these challenges (ID1, 4, 22, 23,
15). Instead sticking with the, in their eyes, more cost-effective and easily available smear
microscopy (ID22, 23, 15).
What is more, programme officers in Pakistan and Ukraine voiced concerns about the cost and the
sustainability of donor dependency for Xpert testing in the longterm (ID3, ID5, ID6, ID16). Below, we
discuss the impact of sample integrity and transport, stock out, maintenance and repair and
simplicity of diagnostic algorithms on feasibility and utilization in more detail.
Sample integrity and transport
As the cost implications of having an Xpert machine in every TB testing site would be enormous, the
four countries each rely on inter-facility sample transportation. Participants from Ukraine, Pakistan,
and Uganda noted various challenges with their current transportation system. A laboratory
manager from Uganda was concerned that while theirs has improved access of patients to Xpert
testing, it is still not as efficient and can cause TATs of two days to two weeks (ID1). This may result
in health workers opting to use smear microscopy in their sites instead of risking delayed treatment
initiation (ID1 laboratory manager, ID4 programme officer). Similarly in Ukraine, a programme
manager highlighted specimen transportation as the major challenge (ID16). A clinician noted that
even though TAT is usually one day, their once-a-week sample transportation system still delayed
initiation of treatment (ID12). In Pakistan, a program officer observed that there is currently no
established system for the transportation of any clinical samples, and if the TB program managed to
develop one, it would actually be a pathfinder for the country (ID10). This results in limited access to
Xpert for patients visiting facilities without the machine.
If samples are to be transported, upholding their integrity before or during transportation was a
cause for concern for some (ID1 laboratory manager, ID4 program officer and ID18 clinician). For
example a program officer noted that despite triple packing the samples during transportation, “its
an issue…especially at the storage before they take that sample…because there are no good storage
facilities and most of these health centers where they don’t have a gene Xpert are very low health
centers, not like high volume health centers” (ID4). On the flip side, a South African clinician was of
the position that the quality of the sample is more important than its conservation, since Xpert relies
of the presence of mycobacteria DNA, whether alive or dead (ID11).
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Stock out of cartridges has enormous impact on utilization
The users in Ukraine and Uganda we spoke to mentioned supply and specifically stock-outs of
cartridges as a major challenge to utilizing Xpert (ID1 laboratory manager, ID2 laboratory technician,
ID4 program officer, ID12 clinician, ID15 activist, ID21 TB survivor). A clinician in Ukraine is asked
send more or less patients for testing to the laboratory depending on the supply (ID12). In Uganda,
according to a laboratory manager stock-out of cartridges happen twice a year (ID1). A program
officer confirms that because cartridges are very expensive the country has not been able to buy
them at expected levels and therefore supply can be less than what health facilities order (ID4). The
impact of stock-out and disruption of testing on laboratory work and clinical practice can be quite
large. If Xpert has replaced microscopy as the first-line test, the equipment necessary to run smear
microscopy might not be available anymore, as a laboratory manager from Uganda recounts, leading
to chaos, delays and unsatisfied patients, during a shortage of Xpert cartridges in Kampala:
“, .. probably even the slides may not be there, so in your order menu [for your laboratory]
you may not now include things for staining, I mean like you need so many slides, you
need…so when it [Xpert] breaks down and the process of acquiring all this [supply for smears]
takes a little bit of time, so you’ve got a gap, a huge gap. And patients keep pouring more
samples. Recently we had like a cartridge shortage around Kampala, all the fridges were full
with samples, and patients were not happy. You know, they were like ‘these guys are not
working enough!’ And it was a total kind of chaos. (…) there is actually a big impact because
Xpert has actually become like a point of care test. Microscopy is mostly done on follow-ups
in most health centers so there is a big impact when there is that shortage.” (ID1)
Stock-outs of cartridges in combination with power shortages deter clinicians from ordering Xpert
and instead relying on smear microscopy according to an advocate (ID15). A program officer explains
that due to the cartridge shortage, Uganda had to change their algorithm: instead of testing all
presumptive TB patients on Xpert (their current policy), the NTP had to limit direct Xpert testing to
highly suspected patients; for example contacts of MDR-TB patients, HIV positive patients, diabetic
patients, minors or those with risky occupation (ID4). This complication of the algorithm might
negatively affect utilization further.
Participants in both Uganda and Ukraine locate the issue with stock outs to government funding. A
TB survivor in Ukraine explains that stock outs happen due to insufficient allocation of funds by the
government:
“..even the largest hospitals and clinics that have GeneXpert which was bought for the donor
money… unfortunately the State Budget did not allocate funds to purchase these cartridges
and there is often a situation when they have the equipment but do not have cartridges.”
(ID21)
According to an activist, laboratory services in Uganda are up to 99% donor funded. When donors
procured Xpert with the understanding that the government would purchase cartridges and service
these machines, it did not happen because there is no specified budget line for laboratories.
According to this participant, the laboratory has been an afterthought, with insufficient funding and
attention to policy implementation or training, and therefore poor adherence to diagnostic
algorithms in general (ID15).

Bottleneck maintenance and repair: High workload and poor supervision in combination with
infrastructure and environmental conditions cause frequent module breakdown
The respondents we spoke to reported frequent module failures (ID1 laboratory manager, ID2
laboratory technician, ID5, ID6 program managers, ID8, ID9 laboratory managers, ID10 program
officer)). A laboratory manager of a sub-district level clinic in Uganda illustrates how module break
down prolongs turn-around time, causing backlogs, higher workload and contributes to
underutilization:
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“16 [samples per day] is usually on the ideal end, because there are cases whereby maybe (..)
run 4 samples and one [module] consistently, because there is an error, like you do not have
a valid result at the end of the day. So you have to redo it and the other ones have to keep
waiting until maybe you get a valid result.” (ID2)
A laboratory manager in Uganda explains that high workload in combination with infrastructure and
environmental conditions cause frequent module breakdown; if sites are busy and infrastructure is
poor depending on where exactly the platforms are placed, machines break down:
“we realized that if the laboratory techs consistently maintained the Xpert machines
according to the manufacturer recommendations, we would actually substantially reduce the
error rate. And so, yeah, those errors occur in places where workloads are high, people do
not have adequate time to do daily maintenance or regular maintenance. We have also
realized that the recommendations probably are not environment based. In areas where you
find there’s a lot of dust, which is of course common in our settings here, instead of doing
probably a weekly maintenance schedule, you might need to do it more frequently” (ID1)
The presence of local CEPHEID agents who do annual calibration and trouble shooting seems key to
maintenance In Ukraine and Pakistan (ID19 laboratory manager and ID20 clinician), but even then if
staff fails to do daily/weekly maintenance, modules still fail frequently. Laboratory managers in
South Africa emphasized that continuous training to do proper maintenance, especially in a context
of high staff turnover, and dusting of modules with a specific brush is required to keep error rates
low (ID8 and9). In Pakistan, programme officers found that maintenance by technical staff is often
poor despite training, due to insufficient supervision and follow-up (ID10, 6). According to one of the
programme officers, especially the monthly maintenance, which involves opening up the machines
and cleaning the filters, should be done by specific staff responsible for just maintenance tasks
across several sites. They experienced many errors when the local laboratory technicians did the
maintenance work, not putting things back into the right place or not working carefully enough (ID
6).
What is more, repair and replacement of modules takes too long according to programme officers
(ID3, 10, 5, 6). A programme officer in Uganda highlights the delay caused by the reliance on one
specific supplier and repair person:
“we have only one person who repairs those machines, and sometimes Cepheid delays to
come and repair the machines. So, the health workers sometimes they take some time as
they are waiting for Cepheid to come and repair the machines, and we are missing our
patients”(ID4)
A programme officer in Pakistan recounts how replacement of a module before they had a local
Cepheid representative would take 4-6 months. Trying to avoid these delays, the programme had
bought 100 modules extra as stock to fall back to. But in order to replace faulty modules in the
machines with their own stock they needed the accordance of Cepheid which generally took 1-2
weeks (ID10). As with cartridge stock-outs, the impact of module failure and slow repair on
laboratory and clinical work and ultimately utilization and access is enormous and long felt. A
programme officer in Pakistan illustrates this impact on work- and patient flow:
“It is difficult to maintain a workflow or a practice (..) if the services go out of order. (…)
because the physicians start referring patients for testing and then one odd day they would
learn that machine, all four modules, is out of order, and there is no services available, there
is disruption of services. And so the next time when you have your modules functioning, you
have to restart your training, and practices, telling people that ok now the machine is ok you
can refer patients back. So your flow of the patient is broken.”(ID10)

Simplicity of diagnostic algorithm is essential for feasibility and utilization, but crucially dependent
on cost and supplies
The challenges of cost and supplies related to Xpert can complicate diagnostic algorithms with
undesired consequences for utilization of Xpert: health workers then stick to a simpler algorithm
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involving the old diagnostic and avoid ordering Xpert. According to a program officer in Uganda,
Uganda’s simple algorithm enhances feasibility of Xpert:
“Feasibility is not a problem, as I am saying, our Xpert algorithm is quite simple, it says all
presumptive patients send them to Gene Xpert, (…) So, in terms of feasibility I think its ok, it
can be done very fast….it doesn’t have a lot of do this, do this, do this,..”(ID4)
The program officer stresses how this simplicity is complicated during cartridge stock-out, when
health workers need to decide which samples should make it onto an Xpert machine and which not
(ID4).
A program officer in Pakistan explains how Xpert in the government clinics is currently underutilized
partly because of the problem of module break-down but also because of the rather complicated
diagnostic algorithm (ID10). The original diagnostic algorithm in Pakistan suggested to use Xpert as
an upfront test for all patients with a history of previous treatment, context of MDR, pediatric
patients, extrapulmonary patients, and HIV positive patients and as a follow-on to microscopy for
the smear-positive patients. This changed when the country increased the number of Xpert
machines. Now all patients who already had an X-ray done and have abnormal X-ray can do upfront
Xpert testing. But the programme officer is unsure if these algorithms are followed. While the
testing for rifampicin has increased, it is hard to determine from the dashboard connected to Xpert
whether patients are directly tested with Xpert or first given a sputum microscopy. She suspects that
clinicians keep sending for smear microscopy first, knowing that if the smear is positive the patient
will anyway be sent for Xpert testing; also because Xrays need to be paid out of pocket:
“Because for some of the places it’s still MTB positive is very high, and it looks as if they are
still following the DR testing as follow on to microscopy” (ID10).
The program officer provides an example of a chest hospital that conducts chest X-rays routinely on
their patients but had not been utilizing their Xpert machine much. When that hospital switched to a
(for their particular situation) simpler algorithm (i.e. everybody with abnormal chest X-ray gets
Xpert) their use of the installed Xpert and their numbers of bacteriologically confirmed pulmonary
TB went up dramatically. But according to the program officer, the NTP in Pakistan is hesitant to
support utilization by promoting simpler algorithms for facilities that have access to sufficient
cartridges (test all presumptive TB patients for instance), because of strong advocacy voices within
the country that demand equal access to Xpert testing for everybody across health facilities.
However, testing all presumptive TB patients across the country is not possible because of lack of
resources and poor/lack of specimen transport across the country (ID10).
A diagnostic algorithm involving Xpert that is simple to follow for the particular facility with its own
resource situation seems essential for feasibility and access, but is crucially linked to cost and
supplies (f.i. chest X-ray and cartridges). It also shows how in many places, cost and supplies mean
that screening with Xpert is currently not a feasible option.
Transparency and accountability of the implementation process increase utilization and ultimately
access to Xpert
In Uganda, donor supported high burden sites have intensified TB efforts. In contrast to government
facilities, where according to an activist there is a lack of government employed and sufficiently
trained staff to operate Xpert machines, international donors are supporting laboratory technicians
on a project basis (ID15). What is more, while donor supported sites have cartridges available
according to their needs and performance, government facilities are rationed according to the
facility budget. According to an activist, the implications of the challenges with capacity, stock-outs,
maintenance and power shortages for utilization are quite strong with the result that many clinicians
are reluctant to use Xpert and most of the Xpert machines in government facilities are underutilized:
“In the government facilities where there are Gene Xpert machines, I think most of them are
down actually, like there is no cartridge, they are not serviced and in most of those places
where they are, like the regulation is not, the control is, like there is not so much control
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actually. To us, it’s like they just procured and dumped equipment in some of these facilities
without clear guidance and control over them.” (ID15).
A solution could be to increase transparency and accountability of the agreements between donors
and governments regarding introduction of new diagnostic technologies (ID15):
“I think it needs more civil society advocates involved in these processes, to ensure that we
have social contracts with our government and we are able to follow them.” (ID15).
The activist mentions an example of a clear and transparent memorandum of understanding on
certain HIV diagnostics between PEPFAR and the government where civil society participated in the
negotiations with the government. This enhances accountability and responsiveness from the
government (ID15). Limited transparency makes it hard for civil society originations to push for more
accountability. On a local facility level, each Ugandan health facilities in theory should have
community boards with representatives from the communities. If these boards function and they
understand the advantages these diagnostic platforms bring to communities, they can then demand
the services, own machines and push those responsible for action (ID15). A TB survivor in Ukraine
would similarly like to see improved social contracts between patients and TB programs to establish
standards of counseling and to involve community representatives in decision-making around
guidelines (ID21).
What users want for the future
Going forth, respondents are highly anticipating innovations that could improve the TB diagnostic
landscape even further. For example, some hoped for cartridges that could provide more drug
resistance information (ID11 clinician, ID12 clinician) or having LPA testing upfront available to
determine resistance to isoniazid (ID11). Similarly, a point of care test that can rapidly detect TB in
EPTB samples was suggested by a clinician:
“ as a clinician I would like to have a test which is point of care test basically, which is able to
detect TB from non-infectious samples like urine, like TB LAM or any other sample,
irrespective of the site of tuberculosis in the body. So I think Gene Xpert the sensitivity is good
for maybe sputum or maybe from the CSF but most extrapulmonary tuberculosis it is very
difficult to rely on Gene Xpert to rule out tuberculosis” (ID13 South Africa).
Another clinician stated that instead of tailoring the test to available specimen, we need to find ways
of obtaining better specimen on the different compartments in lung lesions (ID11).
Some participants imagined that a portable POC test would improve access to TB diagnostics by
overcoming challenges around TAT, interfacility specimen transport and unstable power supply (ID1
laboratory manager and ID5 program manager), ultimately bringing the TB testing even closer to the
community (ID15 activist). A TB survivor brings this to the point and compares it with shorter TATs
for HIV testing and treatment: “HIV you are tested today, you are diagnosed today, you get a
treatment today. Why they can’t do the same with the TB? Test me now, diagnose me now, I must
get a treatment now.” (ID7),
Nonetheless, if interfacility transportation is still to be relied upon, lower level facilities need
solutions to preserve specimen without cold chain as the infrastructural limitations that prevent
these facilities from housing a Xpert machine may be the same limitations that prevent them from
adequately preserving the specimen as it awaits transportation (ID1 laboratory manager).
4. Conclusion and recommendations user perspective Xpert testing
The results show that our participants assign great value to the ability of Xpert to improve the
diagnosis of drug-resistant TB and conversely the impact on patients if they cannot access testing for
drug resistance through Xpert. The impact on case notification and the value of Xpert for finding
more TB was less clear owing to widespread clinical treatment, prolonged TATs and the challenges
with feasibility and utilization of Xpert.
While access has improved, not everybody who needs it can access Xpert testing. Importantly,
simple to use in the laboratory does not automatically translate into feasibility. Rather, feasibility of
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Xpert testing depends on government commitment to ensure functioning infrastructure and power;
supply of cartridges and functioning laboratory services; investment in expertise to handle
(discordant) results; better repair services; staff with monitoring capacities; functioning sample
transport; sustainable funding models and transparent donor agreements; and simple diagnostic
algorithms. These aspects interact and reinforce each other determining utilization.
With regard to acceptability: while Xpert has eased laboratory work through convenience and
automation, this preference for Xpert in the laboratory can have undesired consequences for
monitoring through microscopy or for reverting back to microscopy when Xpert machines are down.
While clinicians’ confidence in Xpert results is rather high, the challenges with feasibility and
utilization mean clinicians are at times deterred from ordering Xpert.
Below we discuss some of the results in more detail:
1. Xpert is unable to bridge disconnects or lacking capacities in general laboratory
services. While participants valued the option to use other specimen than sputum, just having
Xpert machines available in the public sector does not mean facilities and capacities exist to
extract and make use of those specimen. For example, services for histopathology and
bacteriology in Pakistan are disconnected and sending specimen to histopathology in the
private sector, for instance, means the sample will not return to a public sector Xpert machine.
2. Trace complicates decision-making: laboratory and clinical management of trace results
was rarely as straightforward. Study participants reported challenges with obtaining a second
fresh sample when patients had left the facilities or had since been put on treatment and could
not produce sputum as easily. If repeat tests are conducted after trace, they cause confusion
when the second test is also trace or negative. Some laboratory managers are unsure which
result to report and clinicians need expertise and experience to conduct more extensive
evaluation for trace patients. This presents challenges for peripheral settings and where TATs
of confirmatory tests (DST, LPA) slow down clinical decision-making.
3. Discordant results of repeat tests and confirmatory tests can cause confusion around
what should be considered gold standard, particularly when specimen quality might be
poor. Understanding and contextualizing discordant results require continuous training,
experience and expertise.
4. Establishing a thorough TB history of patients is uncommon and ‘previously treated’
defined differently with implications for potential of false positives results through Xpert
testing. Clear guidance is needed of how to define previously treated patients, how to handle
their Xpert results, and accurately capture outcomes in national databases.
5. The lack of trained counselors and of information provided to patients on diagnostics
have negative implications for their willingness to accept a diagnosis and invest time and
money for clinic visits, follow up tests and treatment. Patients need better quality counseling
by health workers to make it through diagnostic journeys and treatment, including
information about diagnostic technology and considerations for follow-up testing.
6. Persistent underutilization of Xpert machines is compounded by the challenges of delays
due to sample transport, module break down, stock-out of cartridges or complicated
diagnostic algorithms. The presence of local CEPHEID agents is key for repair. But high
workload and staff turnover, in combination with infrastructure and environmental conditions
still cause frequent module breakdown and repair work can be slow or services deemed
insufficient. The challenges of cartridge stock-out cause important delays and disruption of
workflows leading to underutilization.
7. Diagnostic algorithms that are simple to follow in a specific facility (f.i. test all those with
presumptive TB) are more feasible and enhance utilization, but this simplicity is
crucially dependent on cost and supplies. Cartridge stock-outs or prohibitive costs can
complicate diagnostic algorithms making them less feasible to follow further compounding
underutilization. In Uganda Xpert testing eligibility criteria had to be temporarily restricted to
certain patient groups due to cartridge shortages complicating the algorithm.
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8. Current donor agreements with governments regarding introduction of new diagnostic
technologies are not transparent enough for civil society to be able to hold accountable and
follow up. Involving civil society in negotiating agreements and social contracts at national
level and local facility levels can enhance accountability and responsiveness of governments
leading to improved implementation processes and access to diagnostics.
Previous studies on Xpert have discussed the concerns around cost, slow policy uptake as well as
underutilization of Xpert (Albert, et al., 2016; England, Masini, & Fajardo, 2019; Gidado et al., 2018).
The current WHO recommendations, to run Xpert for all presumptive TB patients are not feasible
due to the high cost and volumes of tests needed and explain why countries have a tendency to
ration Xpert and limit access to high risk groups (England, et al., 2019; Pai & Furin, 2017). According
to our study participants, this rationing complicates diagnostic algorithms, further decreasing
feasibility and utilization of Xpert testing in already difficult circumstances.
Problems with maintenance, long repair and replacement times and insufficient service offered by
CEPHEID were also found in the survey by England and colleagues and undermine the confidence
programmes have in the affordability and sustainability of the technology (England, Masini, &
Fajardo, 2019). Sustainable funding for networks of Xpert, sufficient cartridge supply and
maintenance of machines is needed (England, et al., 2019), as well as investment in health system
strengthening (Albert, et al., 2016), training and refresher training and policy sensitization with
peripheral clinical providers regarding the rationale for prioritizing use of Xpert over smear
microscopy (England, et al., 2019).
Our study also highlights the need..:
• for more investment in continuous training, experience and expertise to interpret discordant
and trace results;
• to define previously treated patients, how to handle their Xpert results, and how to accurately
capture outcomes in national databases;
• to simplify diagnostic algorithms adapted to the local situation while improving transportation
systems to ensure access and utilization;
• to ensure trained counselors and comprehensive information on diagnostic technologies are
available to patients;
• and finally, the urgent need for more transparency and involvement of civil society
organizations and patient/community representatives to improve accountability mechanisms
and implementation processes for new TB diagnostic technologies. This could help to monitor
and address implementation challenges.
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EXECUTIVE SUMMARY
Background
Xpert® MTB/RIF (‘Xpert’) has revolutionized the diagnosis of both tuberculosis (TB) and resistance
to rifampicin (RIF) and the Xpert® MTB/RIF Ultra (‘Ultra’) was developed to achieve even higher
sensitivity. However, these tests are run on the GeneXpert instrument, which requires operation in a
temperature-controlled environment and is susceptible to dust (1). Given sustained, high rates of pretreatment loss to follow-up (LTFU) (2), bringing sensitive TB diagnosis closer to patients is a key
priority for global TB control (WHO High-priority TPPs (3)). This requires robust point-of-care
diagnostic tests that are easily implementable at lower levels of the health care system.
Molbio Diagnostics Pvt. Ltd. (Bangalore, India) developed two assays that utilize chip-based realtime micro PCR for detection of TB and one assay for the detection of RIF resistance: the Truenat™
MTB (including both the MTB (nrdZ target) and MTB plus (nrdZ and IS6110 targets)) assays for TB
detection and the MTB-RIF Dx reflex assay for detection of RIF resistance. All three assays are run
on DNA eluate, obtained from the automated Trueprep DNA extraction device that uses a universal
cartridge-based system to extract DNA from 0.5mL of sputum in under 20 minutes. The DNA eluate
is loaded onto the chip-based Truelab micro PCR device to detect the presence of Mycobacterium
tuberculosis (MTB) DNA in the participant specimen in approximately 40 minutes. If MTB is
detected, the Truenat MTB-RIF Dx reflex test can be run in the Truelab machine using the same DNA
eluate. Both the Trueprep and Truelab devices are portable, battery-operated and can function within a
wide range of environmental conditions.
Herein we report updated results of a multi-centre diagnostic accuracy study of the Truenat MTB,
Truenat MTB Plus and MTB-RIF Dx assays performed at the microscopy centre level, alongside
results from an assessment of the operational characteristics of the Truenat assays. While enrolment
has been completed, this report is based on data from all returned culture results; final results will
include 97 additional culture results from the 181 total participants enrolled at the site in Papua New
Guinea, which were not available at the time of this analysis.
The report contains four sections: SECTION 1 provides a background to the Truenat systems;
SECTION 2 reports on a multicentre prospective clinical evaluation; and SECTION 3 on operational
characteristics.
Methods
A multicentre prospective clinical evaluation study was conducted in 19 clinical sites (each with a
microscopy centres attached) and 7 reference laboratories in 4 countries to determine the diagnostic
accuracy of the Truenat assays when performed in the intended settings of use (i.e. microscopy
centres), relative to microbiological confirmation (culture) as the reference standard. The performance
of the Truenat assays was also compared head-to-head (on the same specimens) to Xpert or Ultra in
reference laboratories as part of this assessment. All sites performed Xpert, apart from sites in Peru,
which performed Ultra. The analysis, presented here, reports on the results for 1,654 eligible
participants with complete data (out of 1,925 participants who completed enrolment). Analysis of the
full dataset will be written and submitted in 2020.
This report also describes an assessment of the operational characteristics, ease of use associated with
the Truenat assays. For this assessment, data on the operational characteristics were provided by the
manufacturer as well as collected from operators at study sites through questionnaires.
Results
Participants enrolled in this study were adults presenting to clinics with symptoms suggestive of TB
disease, either without any prior treatment for TB in the last 60 days (Case Detection Group), or
having received but not responding to treatment (Drug-resistant Risk Group). At the time of this
analysis, enrolment had been completed and culture results were available for 1,654 participants,
which form the basis of all reported analyses on diagnostic accuracy. The proportion of participants
testing culture-positive across all sites was 24% (n=393), with 16% (n=62) of TB patients being RIFresistant.
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Overall, for sputum tested in microscopy centres, sensitivity of the Truenat MTB assay was 73%
(95%CI 68, 78) and sensitivity of Truenat MTB Plus assay was 80% (95%CI 75, 84); among smearnegative specimens, sensitivities were 37% (95%CI 27, 48) and 46% (95%CI 36, 57), respectively.
The specificities of Truenat MTB and MTB Plus was 98% (95%CI 97, 99), and 97% (95%CI 95, 97),
respectively. The Truenat MTB Plus assay showed higher sensitivity than the Truenat MTB
(sensitivity difference = +6.5 [95%CI +3.3, +10.7]), with somewhat lower specificity (specificity
difference = -1.4% [95%CI -2.6, -0.4]).
The total error rate for the Trueprep DNA extraction system was 2.4%; upon retesting 87.5% of nondeterminate results resolved. The proportion of non-determinate Truenat MTB and MTB Plus assay
results on the initial test was 6.2% and 9.2%, respectively; this resulted in 6.2% of participants having
no valid Truenat MTB results and 11.8% having no valid MTB Plus assay result on specimens tested
in the microscopy centre on initial test. When allowing for a single repeat-test in the microscopy
centre, 1.7% and 3.9% of participants remained with non-determinate results for Truenat MTB and
MTB Plus, respectively. The non-determinate rates for Xpert and Ultra on initial testing were 2.6%
and 0.0%, respectively.
In raw sputa tested in reference laboratories and split for comparative testing, the sensitivities of
Truenat MTB, Xpert, Truenat MTB Plus, and Ultra were 84%, 85%, 87% and 96%, respectively;
specificities were 97%, 97%, 95% and 97%, respectively.
The sensitivities of Truenat MTB-RIF Dx and Xpert assays for RIF-resistance detection were 82%
(95%CI 67, 91) and 84% (95%CI 67, 93), respectively; and specificity was 98% (95%CI 94, 99) for
both assays. In Peru (the only site where Ultra was used) sensitivity was 100% (95%CI 68,100) and
specificity 96% (95%CI 86, 99) for both Truenat MTB-RIF Dx and Ultra tests. The non-determinate
rate of Truenat MTB-RIF Dx varied greatly depending on whether reflex testing was done based on
positive results from the Truenat MTB assay (6.7% non-determinate) or the more sensitive MTB Plus
assay (15% non-determinate).
Specificity of both the Truenat and Xpert assays was reduced at comparable levels in individuals who
presented with a prior history of TB disease. As only 10 HIV-infected participants with active TB had
been enrolled for these analyses, the sample size was too small to evaluate the effects of HIV coinfection.
Extensive testing for quality control purposes was done. The overall proportion of positive test results
for daily negative controls and weekly swab tests was 0.85% (17 of 1,993 tests) and 1.43% (14 of 963
tests), respectively. All such positive results were resolved upon cleaning and retesting, and the timing
of positive swab and control results did not correspond with days where false-positive Truenat results
on clinical specimens occurred.
User feedback from the study of operational characteristics was positive, with most users reporting
appropriate setup and training, ease of use and ability to follow the manufacturers troubleshooting
instructions for the assays. Nevertheless, some concerns were raised regarding the required testing
time and effort, especially in high workload settings and when only a single-chip Truelab instrument
was used.
Conclusion
For MTB detection, this analysis of the prospective clinical and laboratory validation studies suggests
that the Truenat MTB and MTB Plus assays may have accuracy in a similar range to the Xpert and
Ultra and can be performed in microscopy centres. Non-determinate rates were higher than for Xpert
and Ultra, varying widely between sites. The results from the Truenat MTB-RIF Dx assay need to be
interpreted with caution as data were limited. The Molbio platforms and assays have the potential to
meet the minimal criteria set by the WHO TPP for a smear-replacement test.
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SECTION 1: Introduction
Background
Rapid diagnosis and initiation of appropriate treatment is necessary to curb the spread of the TB
epidemic. However, it is estimated that of the 10 million new TB cases in 2018, up to 3.0 million
cases went undiagnosed (4) and the emergence of multi- and extensively drug-resistant TB (M/XDRTB) has further complicated TB control efforts. Conventional culture and drug susceptibility testing
(DST) methods rely on the slow growth of Mycobacterium tuberculosis (MTB) in solid or liquid
media, which take weeks to months to yield results and can lead to prolonged periods of ineffective
therapy and ongoing disease transmission. Furthermore, many countries with high TB burdens lack
the resources to establish the stringent laboratory conditions needed for these growth-based methods
and must rely upon smear microscopy tests which, at best, detect only 45% of TB infections (5). In
2018, approximately 484,000 people were diagnosed with rifampicin-resistant TB worldwide, of
which 78% had MDR-TB (6). However, only 51% of all new TB cases diagnosed in 2018 were tested
for resistance to rifampicin (RIF), one of the most important first-line anti-TB drugs (6). In view of
the increasing incidence of M/XDR-TB, the development of rapid molecular diagnostic tests for the
identification of MTB and resistance to RIF at the microscopy centre level has become a development
and implementation priority (Figure 1).
Figure 1: Levels of the health care system and TB diagnostics typically available
Level 4: Reference laboratories

H
Level 2/3: Regional and district level

Level 1: Microscopy Centres

Molbio TB products

Level 0: Community level / health posts

Note: Images are for illustrative purposes only. The intended setting of use for Molbio Truenat is the Microscopy Centre.
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Description of index tests
This report focuses on the following Molbio devices and diagnostic tests (instructions for use
provided at http://www.molbiodiagnostics.com/products-listing.php):
•
•
•
•
•

Trueprep Auto DNA extraction system
Truelab DuoDx and Truelab QuattroDx micro-PCR machines
Truelab MTB chip
Truelab MTB Plus chip
Truelab MTB-RIF Dx chip

The Truenat MTB and MTB Plus assays and the RIF reflex assay (Truenat MTB-RIF Dx) (Molbio
Diagnostics, India), use real-time micro PCR for detection of MTB and selected RIF resistance in
DNA extracted from a patient’s sputum specimen (7) (Figure 2). The assays use automated, batteryoperated devices to extract, amplify, and confirm the presence of specific genomic DNA loci,
allowing for the rapid diagnosis of TB infections with minimal user input. These products are
intended to be operated in peripheral laboratories with minimal infrastructure and minimally trained
technicians can easily perform these tests routinely in their facilities and report PCR results in less
than an hour. Moreover, with these devices PCR testing can also be initiated in the field level, on site.
If the MTB assay result is positive, the user may then take another aliquot of extracted DNA and run
the RIF-Dx assay to detect the presence of selected RIF resistance-associated mutations. The
diagnostic performance of these assays has been previously evaluated in microscopy centres in India
(8,9), but a larger assessment of the operational characteristics and acceptability of the technology is
needed in intended settings of use (microscopy centre level) to confirm assay performance.

Figure 2: Truenat MTB assay steps
A mixture of raw sputum and liquefaction buffer is directly loaded onto the Trueprep Auto chip
interface, which extracts MTB DNA in 18 minutes. The extracted DNA is transferred to the Truenat
MTB (or Truenat MTB Plus) chip and then onto the Truelab Dx PCR machine, which detects the
presence of MTB DNA and provides an automated result of either MTB-detected, MTB-not detected
or non-determinate. For MTB positive results, another aliquot of the same DNA extraction is then
transferred (reflex) to the Truenat MTB-RIF Dx chip.
Purpose of this study
The purpose of this study is to generate prospective clinical evidence to inform a WHO expert review
on the diagnostic accuracy of the point-of-care Truenat MTB assays (MTB and MTB Plus) and the
RIF-resistance reflex assay (MTB-RIF Dx) for a microscopy level setting, using a culture reference
standard and comparator of Xpert and Ultra. The referenced study was a prospective, multicentre,
diagnostic accuracy study in which the performance of an investigational rapid molecular diagnostic
test (index test) on sputum specimens (Truenat MTB assays and RIF assay) was assessed in four
countries using solid and liquid culture as the reference standard for the diagnosis of TB, and MGIT
SIRE as the reference standard for the detection of RIF resistance.
With view to a meeting convened by WHO, the primary focus of this report was the provision of data
to address the following 7 PICO questions for the three Truenat assays:
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PICO questions for Truenat MTB assay
1. Should Truenat MTB be used to diagnose pulmonary tuberculosis in adults with signs and
symptoms of pulmonary TB, against a microbiological reference standard
2. Should Truenat MTB be used to diagnose pulmonary tuberculosis in smear-positive adults with
signs and symptoms of pulmonary TB, against a microbiological reference standard?
3. Should Truenat MTB be used to diagnose pulmonary tuberculosis in smear-negative culturepositive adults with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
PICO questions for Truenat MTB Plus assay
4. Should Truenat MTB Plus be used to diagnose pulmonary tuberculosis in adults with signs and
symptoms of pulmonary TB, against a microbiological reference standard?
5. Should Truenat MTB Plus be used to diagnose pulmonary tuberculosis in smear-positive adults
with signs and symptoms of pulmonary TB, against a microbiological reference standard?
6. Should Truenat MTB Plus be used to diagnose pulmonary tuberculosis in smear-negative, culturepositive adults with signs and symptoms of pulmonary TB, against a microbiological reference
standard?
PICO questions for Truenat MTB-RIF Dx assay
7. Should Truenat MTB-RIF Dx be used to diagnose rifampicin resistance in adults with signs and
symptoms of pulmonary TB?
Other analyses and results are provided for completeness and as supplementary information.
Description of comparator test: Xpert and Ultra
The Xpert® MTB/RIF assay on the GeneXpert (Cepheid, Sunnyvale, California, USA) platform is an
automated nucleic acid amplification test which rapidly detects TB and resistance to RIF in less than
two hours (10). Both detection of MTBC and resistance to RIF is done through targeting the rpoB
gene of MTB. For TB detection, Xpert has demonstrated to have a pooled sensitivity of 89% (98% in
smear-positive and 67% in smear-negative) and specificity of 99%, respectively (11). For the
detection of RIF resistance, Xpert has a pooled sensitivity of 95% and specificity of 98%, respectively
(11). In 2010, WHO endorsed Xpert and strongly recommended the assay be used as the initial
diagnostic test for individuals with suspected MDR-TB or HIV-associated TB (12). The
recommendations were expanded in 2014 for use in all patients, including extra-pulmonary TB and
paediatric TB, following new evidence supporting use in these subpopulations (13). Xpert can be
performed as a single use test by the GeneXpert IV or GeneXpert XVI systems or in a centralized
capacity by the GeneXpert Infinity systems (48 or 80 tests). Xpert was used as the comparator assay
in the analytical evaluation because (i) it is the TB assay with the most clinical performance data
available and (ii) because its clinical sensitivity has been judged to be sufficient for use in all patients
in whom TB is suspected (i.e. not restricted to smear-positive patients) and therefore was considered
the more suitable benchmark test (based on WHO Expert Group Meeting reports, 2014 and 2016).
The Ultra assay was used in Peru due to availability of the assay at the time of study initiation.
Initial analytical studies predicted the LoD of Xpert for MTB detection directly from sputum to be
131 colony forming units (CFU)/mL(14). More recently, the LoD for Xpert was shown to be 112.6
CFU/mL for TB detection and 200 CFU/mL for RIF resistance detection (15).
Despite the excellent ease of use and clinical performance of the assay, Xpert has a number of
limitations. Its sensitivity in HIV-positive patients is estimated to be approximately 10% lower than
for HIV-negative patients (i.e. 79%) (11), and assay sensitivity is also limited in those with
paucibacillary disease (including patients with extra-pulmonary disease, children and those with early
presentation) (16–18). In addition, limitations regarding the detection of RIF resistance have also been
observed, with decreased sensitivity observed in hetero-resistant specimens (19,20) as well as in falsepositive resistant calls seen for paucibacillary specimens (21). These limitations have mostly been
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addressed by Ultra (22), although both assays have limitations in settings with environmental
stressors, such as the need for a constant power supply and susceptibility to dust or high temperatures
(23).
SECTION 2: Multicentre, diagnostic test accuracy study

Methods
This was a prospective, multicentre, diagnostic accuracy study in which the performance of the
Truenat MTB assays and MTB-RIF Dx assay – was assessed in four countries using solid and liquid
culture as the reference standard for diagnosis of TB, and MGIT SIRE as the reference standard for
the detection of RIF resistance.
Study objectives
Primary objectives
Estimate diagnostic accuracy of the Truenat assays (MTB and MTB Plus) for MTB detection among
individuals undergoing evaluation for pulmonary TB, overall and per specimen, separately for smearpositive and smear-negative TB specimens, using a culture reference standard.
Estimate diagnostic accuracy of the Truenat MTB-RIF Dx assay for RIF resistance detection among
individuals undergoing evaluation for pulmonary TB and DR-TB, using phenotypic DST as the
reference standard.
Secondary objective
Compare the diagnostic accuracy of the Truenat assays (MTB and MTB Plus) and MTB-RIF Dx
assay to that of Xpert, using a reference standard of culture for TB diagnosis and phenotypic DST for
detection of RIF resistance.
Assess patient-important outcomes, including time to detection of TB and RIF resistance.
Study population and study sites
Study population: Men and women above 18 years of age presenting to clinics with symptoms
suggestive of TB disease.
Study/sample size: The estimated enrolment need for the multicentre study was calculated to be at
least 1,666 participants. The final enrolment target was of 1,882 participants.
Setting: This multicentre study was conducted in four countries and the enrolment planned was as
follows:
India: 1,110 participants
9 clinics (with attached microscopy centres) and 1 private laboratory across 4 districts
Peru: 185 participants –> expanded to 400 participants
1 Reference lab and 5 clinics (with attached microscopy centres)
Ethiopia: 186 participants
1 Reference lab and 3 clinics (with attached microscopy centres)
Papua New Guinea (PNG): 186 participants
1 public hospital with clinic (with attached microscopy centre) and lab
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Figure 3: Map of participating sites/countries

In India, a total of 9 clinics (with attached microscopy centres) were selected to represent the intended
settings of use including urban, peri-urban/hilly, tribal and rural sites with low and high throughput
laboratories. Given the important role of the private sector in India, 1 private laboratory (PD Hinduja
Hospital, which is an DR-TB reference hospital) was included in the study.
The other three sites in South America, Africa and East Asia were selected to achieve wider
geographic variation. These sites are outpatient TB clinics at district or regional health facilities
(Figure 3 and Table 1).
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Table 1: List of participating trial sites
India
India

India

India

Peru

Ethiopia

Papua New Guinea

Site 01
Site 02
Site 03
Site 04
Ref Lab
Site 05
Site 06
Site 07
Ref Lab
Site 08
Site 09
Site 10
Ref Lab
Site 11
Site 12
Site 13
Site 14
Site 19
Ref Lab
Site 15
Site 16
Site 17
Ref Lab
Site 18

Mumbai: Hinduja
Guwahati: Kamrup
Guwahati: Railway
Guwahati: Sonapur
Guwahati: Intermediate Reference Laboratory, Guwahati Medical College
Chennai: Ayanavaram
Chennai: Villiwakkam
Chennai: Thanthai Perivar
Chennai: National Institute of Research in Tuberculosis
Ahmedabad: Madhupura
Ahmedabad: CHC Chhala
Ahmedabad: PHC Kuha
Ahmedabad: Intermediate Reference Laboratory, State TB and Demonstration
Center, Civil Hospital Campus
Lima: CS Huascar II
Lima: CS Huascar XV
Lima: CS Jose Carlos Mariategui
Lima: CS Fraternidad
Lima: CS El Porvenir
Lima: Universidad Peruana Cayetano Heredia
Addis Ababa: Hiwot Amba
Addis Ababa: St. Gebrel
Addis Ababa: Woreda 01
Addis Ababa: Ethiopian Public Health Institute
Port Moresby: Central Public Health Laboratory, Port Moresby General Hospital

Participants were recruited sequentially at each clinic or through neighboring satellite clinic, and
enrolled once informed consent was obtained, into one of two groups, namely a “Case Detection
Group” and a “Drug-resistant TB Group”. Sputum specimens were collected at the clinics and either
sent to the centralized reference laboratory or processed and tested on site in the attached microscopy
centres.
Trial participants met all of the inclusion criteria and none of the exclusion criteria (see Table 2).
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Table 2: Inclusion and exclusion criteria
Case Detection Group
Drug-Resistant TB Group
Inclusion criteria
Age 18 years or above
Provision of informed consent
Willingness to provide 3 sputum specimens (>2mL) at enrolment
Willingness to have a study follow-up visit
Non-converting PTB cases (category I and category II
approximately 42 to 70 days after enrolment
failures)
Clinical suspicion of pulmonary TB (including
Retreatment cases* (those having failed a regimen,
cough ≥2 weeks and at least 1 other symptom
relapses or returned after loss to follow-up)
typical of TB)
Close contacts of DR-TB patients who have been
diagnosed with active TB*
Participants at high risk for MDR-TB as determined by
local program*
Exclusion criteria
Receipt of any dose of TB treatment within 60
Receipt of any MDR-TB treatment within 60 days prior
days prior to enrolment
to enrolment
Participants for whom, at the time of enrolment,
the follow-up visit was poorly feasible (e.g.
individuals planning to relocate)
* PTB cases on TB treatment are eligible if they are suspected to be treatment failures irrespective of how long TB treatment
has been on-going. All culture-negative study participants on TB treatment were excluded from the analysis, even if they
were smear-positive.

Additionally, participants who provided consent and who were enrolled, but did not provide a total of
3 sputum specimens (>2mL) were classified as early exclusions and withdrawn from the study.
Study procedures
For participants who were enrolled by the study team, the following information was recorded using
standardized case report forms:
Demographic information
Targeted medical history, plus review of medical record, including (if performed for routine clinical
care purposes) chest imaging results, CD4 T lymphocyte enumeration results, mycobacteriology
laboratory results
HIV test, unless any one or more of the following were available: written results of a positive HIV
antibody test, written results of a positive HIV viral load, documentation in the medical record of
positive HIV status by a treating clinician, immediate/verifiable documentation of HIV negativity
within the preceding one month. HIV testing was performed using any test method approved by local
health authorities following pre-test HIV counselling as per local guidelines
Participants were asked to provide four sputum specimens (S1, S2, S3, S4) over Days 1 and 2 (Figure
4). Each specimen had to be at least 2mL in volume. For the Case Detection Group, all specimens
needed to be collected before the subject was started on TB treatment.
Note: as the sites at Hinduja Hospital in Mumbai, India, and the Port Moresby General Hospital in
Papua New Guinea are centralized laboratory facilities, only 3 sputum specimens were collected as no
microscopy centre was available
Laboratory testing was performed by index and reference standard tests as per specimen flow (Figure
4). Quality assured smear microscopy, culture and DST was performed on-site. GeneXpert systems
for routine and study-specific Xpert testing was in place.
Figure 4: Specimen flow at enrolment
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Day 2 (morning & spot)

≥2 ml

≥2 ml

Sputum 1

Sputum 2

smear

Microscopy centre
(Clinic)

Microscopy centre
(Clinic)

Day 1 (spot & spot)

≥2 ml

≥2 ml

Sputum 3

Sputum 4*
Use 500µl
for Truenat

Truenat MTB
& MTB plus
If MTB-pos

Truenat RIF

smear

1.5ml

2ml
Store
remaining
sputum

1ml raw

Xpert

500µl

Truenat MTB
& MTB plus

NALC-NaOH
Decontamination
500µl

If MTB-pos

Truenat RIF

200µl

MGIT

LJ
If MTB-pos

MGIT DST (RIF)

500µl

Xpert

Resuspend pellet in
2ml PBS (final vol)
500µl

Truenat MTB
& MTB plus
If MTB-pos

Reference laboratory

Reference laboratory

POOL SPUTA AND HOMOGENIZE

Truenat RIF

NALC-NaOH
Decontamination
Resuspend pellet in
2 ml PBS (final vol)
500µl

MGIT

200µl

LJ
If MTB-pos

MGIT DST (RIF)

Store: leftover sputum, pellet, ELUTE ,
MTB+ and NTM+ culture isolates
Positive Truenat chips

Store: leftover sputum, pellet, ELUTE ,
MTB+ and NTM+ culture isolates
Positive Truenat chips

Testing of discrepant cases

Testing of discrepant cases

Report conventional results back to Clinic
* Sputum 4 not required in PNG or PD Hinduja Hospital

Participants were enrolled at clinics/microscopy centres. All smears were read at the reference laboratories. Truenat testing
occurred either in the reference laboratory (Day 1 sputa) or the microscopy centre (Day 2 sputa). Culture (liquid and solid)
and subsequent drug sensitivity testing (DST) for rifampicin (RIF) was performed at the reference laboratories. Sputum 4
was not collected at PD Hinduja Hospital or in Papua New Guinea (PNG). MGIT = Mycobacterial Growth Indicator Tube
for liquid culture; LJ = Löwenstein Jensen solid culture.

On Day 1, each participant was asked to submit two spot sputa (S1 and S2, approximately 30-60min
apart). Participants were given a labelled sputum pot and instructions for use, and asked to collect an
additional sputum specimen (S3) the next morning (Day 2) before going to the clinic. At the clinic,
participants were asked to provide a final spot sputum (S4). In the event that a participant failed to
return on Day 2, S3 and S4 were permitted to be collected a maximum of 7 days after enrolment,
provided that no TB treatment had been initiated (Case Detection Group).
Day 1: S1 and S2 – Two spot sputa were collected approximately 30-60min apart. A smear of each
sputum specimen was prepared [17]. Thereafter, sputa totalling 4mL or more were pooled and
homogenized by glass beads and vortexing in the reference labs. Homogenized sputa were further
split: 1.5mL was used for analysis on raw/direct sputa, and at least 2mL used for NALC-NaOH
decontamination.
Briefly, DNA was extracted independently from (i) raw sputum and (ii) decontaminated pellet by the
Trueprep Auto device and tested on both the Truenat MTB and the MTB Plus chips, both of which
were read by the Truelab real-time PCR 145nalyser. All DNA extracts testing positive by the MTB
assay were subsequently tested by the Truenat MTB-RIF Dx assay (reflex), which was also read by
Truelab 145nalyser.
Xpert assays were performed on the same raw and decontaminated specimens.
MGIT and LJ culture were performed only on the decontaminated specimen (Table 3).
Each positive culture was identified for MTB complex using MPT64 identification test and/or line
probe assay (LPA). MGIT SIRE was used to determine the phenotypic DST for RIF.
Day 2: S3 – Morning sputum was returned to the clinic in a labelled sputum pot. S3 was sent to the
reference laboratory and a second round of MGIT and LJ culture was performed on the
decontaminated sediment.
Day 2: S4 – At the time that S3 was returned to the clinic, the participant was asked to provide spot
sputum S4. The intended objective of this additional sputum specimen was to test the Truenat assay
in the setting of use (i.e. microscopy centre). In both PD Hinduja Hospital, Mumbai and Central
Public Health Laboratory (CPHL) Papua New Guinea, the microscopy centre and the reference lab are
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the same. Thus, at these sites the Truenat assays were only performed once alongside Xpert (on Day
1).
Spot sputum S4 was processed in the microscopy centre: The entire volume of sputum was liquefied
and lysed using Trueprep Auto kit reagents, and 500µL raw sputum was used for DNA extraction by
Trueprep Auto and MTB detection by the Truenat assays. Any MTB-positive specimens were
subsequently tested by the Truenat MTB-RIF Dx assay (reflex).
All positive Truenat chips were stored (refrigerated) at the FIND-coordinated sites to allow for
sequencing from DNA amplicons if required for discordance resolution, as pre-defined in the
protocol. Additionally, any leftover sputum, pellet, NTM+ or MTB+ culture isolates were stored
(frozen).
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Table 3: Reference standard test & index test procedures
Test
Smear
Xpert
Ultra
Liquid culture
Solid culture
MGIT DST
LPA
MTB identification

Notes*
Fluorescence microscopy (Auramine-O) or light microscopy (Ziehl Neelsen).
Testing and reporting as per WHO/IUATLD guidelines (24).
2:1 sample reagent added to raw sputum. In case of invalid, error or no result,
testing was repeated if enough specimen was available
2:1 sample reagent added to raw sputum and pellet (25). In case of invalid, error
or no result, testing was repeated if enough specimen was available.
Mycobacteria Growth Indicator Tube (MGIT) 960 culture; BD Microbiology
Systems
Löwenstein Jensen. Testing and reporting done as per GLI mycobacteriology
laboratory manual and local guidelines
BD MGIT AST SIRE Test kit
Genotype MTBDRplus, Hain Lifescience, as per standard of care
MPT-64, SD Bioline, BD, or Capilia TB-Neo, TAUNS

*Testing done as per manufacturer’s instructions unless otherwise specified

Follow-up & assessment of discordant cases
A follow-up visit at Day 56 (+/- 14 days) post-enrolment was conducted on a subset of participants in
order to collect additional information on their TB status.
Culture-negative, Truenat MTB (and/or MTB plus) and Xpert/Ultra discordant cases During the
prospective assessment, Truenat results were not provided to clinicians or participants or used for
decision-making. Thus, participants who were Xpert-negative but Truenat-positive at enrolment
(“discordant”) were not treated on the basis of Truenat results. All culture negative cases with
discrepant Truenat and Xpert/Ultra results underwent a follow-up visit performed at Day 56 (+/-14)
post-enrolment for the following:
Interval medication history, including TB treatment and clinical evolution
An additional spot sputum specimen was obtained for smear microscopy and culture (LJ and MGIT)
provided the participant had not been started on therapy and was able to provide a spontaneously
produced sputum specimen
The intention was to aid in the identification of patients who would be diagnosed (in the absence of
Truenat MTB assays being available for decision making) on clinical grounds.
Case Detection Group with negative results. The first 267 participants who were negative on all tests
(approximately 20%) were scheduled for follow-up at Day 56 (+/-14) post-enrolment to assess:
Interval medication history, including TB treatment and clinical evolution
An additional spot sputum was obtained for smear microscopy and culture (LJ and MGIT) provided
the pulmonary symptoms persist and the participant had not been started on therapy
The purpose of this follow-up visit was to identify the participants in this subset of those who were
diagnosed or initiated on treatment on clinical grounds and those who were missed completely. A
follow-up visit was not required for participants who were started on treatment (based on Xpert or
culture results).
At the time of the writing of this report, no follow-up data was taken into account for analysis.
Similarly, discordance analysis results are still pending further analysis using whole genome and
targeted sequencing of DNA eluate, sediments, remaining sputa and PCR amplicons.
Analysis plan and statistical methods
Analysis datasets
Intention-to-test (ITT): all participants successfully enrolled in the study
Modified-Intention-To-Test (MITT) all participants in ITT for whom at least one test result is
available
Per-Protocol (PP): all participants in ITT for whom results for all tests are available (complying with
the protocol)
MTB Population (MTB_POP): all participants with uncontaminated culture results and without nondeterminate test results, without any of the following:
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no valid Truenat result for Truenat MTB and no valid result for Truenat MTB Plus
no valid culture result
2 contaminated cultures (unless other criteria for culture-positivity/negativity are met),
smear-positive, culture negative,
single positive culture with ≤20 colonies (LJ) or >28 days’ time to positivity (MGIT)
culture-positive but no MTB complex identification available
specimens with growth of mycobacteria other than MTB complex only
RIF Population (RIF_POP): all participants with uncontaminated culture results and without nondeterminate test results, without all of the above criteria for MTB_POP, and with:
For RIF detection, a valid phenotypic DST result for RIF
Table 4: Test status definition
Test result
Smear-positive

Description
≥ 1 positive smear (inclusive of scanty positive smears) using WHO grading

Culture-positive
Culture-negative
Contaminated culture

Xpert RIF- indeterminate

≥ 1 LJ and/or MGIT culture growth confirmed MTB complex
At least 2 LJ or MGIT have no culture growth after >56 days and >42 days
LJ: Cultures completely overgrown by bacterial or fungal contaminations within 3 weeks
(discarded). In case of mixed cultures, isolated MTB colonies transferred to new LJ tube (repeat
culture)
MGIT: Instrument positivity without detection of AFB
MTB positive on Xpert® MTB/RIF
MTB negative on Xpert® MTB/RIF
Any test run that is invalid, error, or inability to produce a result from a single Xpert®
MTB/RIF run
MTB positive on Xpert® MTB/RIF with indeterminate for RIF-detection only

Xpert RIF-positive
Xpert RIF-negative
Ultra-positive

MTB RIF-resistant result on Xpert MTB/RIF or Ultra assay
MTB RIF-sensitive result on Xpert MTB/RIF or Ultra assay
MTB positive on Xpert® Ultra

Ultra-negative

MTB negative on Xpert® Ultra

Ultra-invalid

Any test run that is invalid, error, or inability to produce a result from a single Xpert® Ultra run

Ultra RIF-indeterminate

MTB positive on Xpert® Ultra with indeterminate for RIF-detection only

Truenat MTB-positive
Truenat MTB-negative

MTB positive on Truenat MTB chip
MTB negative on Truenat MTB chip

Truenat MTB-nondeterminate
Truenat MTB Pluspositive
Truenat MTB Plusnegative
Truenat MTB Plus-nondeterminate
Truenat MTB-RIF Dxpositive
Truenat MTB-RIF Dxnegative
Truenat MTB-RIF Dx
non-determinate

Any test run that is invalid, indeterminate, error, or inability to produce a result from a single
Truenat MTB chip
MTB positive on Truenat MTB Plus chip

Xpert-positive
Xpert-negative
Xpert-invalid

MTB negative on Truenat MTB Plus chip
Any test run that is invalid, indeterminate, error, or inability to produce a result from a single
Truenat MTB Plus chip
MTB RIF-resistant result on Truenat MTB-RIF Dx chip
MTB RIF-sensitive result on Truenat MTB-RIF Dx chip
Any test run that is invalid, indeterminate, error, or inability to produce a result from a single
Truenat MTB-RIF Dx chip

Exclusion criteria for MTB and RIF detection analyses
Participants data set with any of the following criteria were excluded from the primary analyses of
diagnostic test accuracy:
no valid Truenat assay result
no valid Xpert or Ultra result
no valid culture result
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no valid phenotypic DST result for RIF (for RIF analysis only)
2 contaminated cultures unless other criteria for culture-positivity/negativity are met
smear-positive, culture-negative
single positive culture with ≤20 colonies (LJ) or >28 days’ time to positivity (MGIT)
culture-positive but no MTB speciation available
specimens with growth of mycobacteria other than MTB complex only
Reference standards and case definitions (per-participant basis) for MTB and RIF
The reference standard for TB classification is based on TB culture and speciation results: a specimen
is defined as TB positive if at least one of the culture results is positive and speciation confirms
MTBC; a specimen is defined as negative if no culture is positive for MTBC and at least two culture
results are negative (i.e. a single negative culture result with all other cultures contaminated does not
suffice).
In addition, the following case definitions will be used for the final analyses of MTB and RIF
detection. For MTB detection, the main analyses will be based on the three defined TB categories
based on microbiological tests; case definitions using clinical information will be used in sensitivity
analyses. For RIF detection, the main analyses will be based on phenotypic test results; genotypic test
results will be used for sensitivity analyses.
The case definitions used for the analyses of MTB and RIF detection are shown in Table 5.
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Table 5: Case definitions
DIAGNOSIS

DESCRIPTION

Smear-positive, culturepositive pulmonary TB
Smear-negative, culturepositive pulmonary TB
Microbiologically non-TB
case
Non-TB case

Patient with ≥ 1 positive smear (inclusive of scanty positive smears)
and any positive culture result as per definitions of test results
Patient with all negative smears and any positive culture result as per
definitions of test results

Clinical TB case

NTM
Phenotypic RIF-resistant
Phenotypic RIF-sensitive

Smear- and culture-negative case as per definitions of test results
Smear-negative, Xpert-negative and culture-negative and not started on TB
treatment on the basis of clinical criteria.
For Truenat-positive/Culture-discordant cases, a follow-up with repeated
clinical and bacteriological work-up will be required to exclude TB with the
highest possible likelihood. Only if the bacteriological work-up remains
negative, the participant is called Non-TB.
Any participant who tests smear-negative, Xpert-negative, culture-negative
but is started on TB treatment on the basis of clinical criteria and possibly
other diagnostic tests such as chest-X-ray.
Culture-positive with NTM on rapid speciation test AND no other culture
positive for MTB
Culture-positive and growth for Rif in conventional DST testing.
Culture-positive and no growth for Rif in conventional DST testing

Metrics: sensitivity, specificity and predictive values
Point estimates and 95% confidence intervals (based on Wilson’s score method) for sensitivity and
specificity were derived based on the following definitions:

Case prediction

Table 6: Reference standard classification
Reference standard classification

a = True Positives,
b = False Positives
c = False Negatives
d = True Negatives

Positive

Negative

Total

Predicted positive

a

b

(a + b)

Predicted negative

c

d

(c + d)

Total

(a + c)

(b + d)

(a + b + c + d)

Sensitivity = a / (a + c)
Specificity = d / (b + d)

Analysis of the primary
outcome(s)
The primary objectives were analysed with the methodology described above to determine Truenat
diagnostic accuracy.
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Primary objectives
MTB diagnostic accuracy
Estimates of sensitivity and specificity of the Truenat MTB assays were calculated on the MTB_POP
population (both smear positive and smear negative), using as reference standard of ≥ 1 culture
positive specimen. The analysis was also stratified by smear-status (smear-positive culture-positive
pulmonary TB vs. smear-negative culture-positive pulmonary TB); by specimen (raw/direct sputum
vs. sediment from the reference lab on Day 1); and by setting (reference lab vs. microscopy centre,
comparing Day 1 reference lab sputum to Day 2 microscopy centre sputum).
RIF-resistance diagnostic accuracy
Estimates of sensitivity and specificity of the Truenat MTB-RIF Dx assay were calculated on the
RIF_POP population, using results of the MGIT DST as the reference standard.
Analysis of the secondary outcome(s)
Secondary objectives
Estimates of sensitivity and specificity of the Truenat MTB assays and MTB-RIF Dx assay were
calculated for the MTB_POP population (both smear positive and smear negative), based on the
methodology described above; the results were then compared with Xpert and Ultra, using culture as
the reference standard. Comparisons were determined based on identical specimen types, i.e.
comparing Truenat assays and Xpert on direct sputum from Day 1, and similarly comparing Truenat
assays and the Xpert assays on decontaminated sediment from Day 1, using culture from Day 1 or
Day 2 as the reference standard.
In order to evaluate the difference in performance between the two tests, the difference of the
proportions was also reported, together with a 95% confidence interval based on Tango’s score
method.
Outcome
We report on the number of TB (culture-positive) cases detected by the Truenat MTB assay, by smear
(any positive grade) and by Xpert. We also report on the difference in proportion of Truenat detection
vs. the other methods.
We report on the number of RIF-resistant cases detected using the Truenat RIF assay, together with
the number of RIF-resistant cases detected following the current standard of care. This allows for an
estimation of number of RIF-resistant cases that are missed by using smear and Xpert vs. the Truenat
test.
Sample size and enrolment targets
The sample size was set with the aim to achieve high confidence in the accuracy estimates for MTBdetection and RIF resistance detection for the overall multi-country study.
Based on an expected sensitivity of 67% with Truenat MTB Plus for detection of TB among smearnegative/culture-positive cases (based on preliminary data), 80 smear-negative/culture-positive cases
would be required to achieve a total width of the 95% confidence interval of 20% (95%CI: 57 to 77).
Assuming a TB prevalence of 20% and a 30% prevalence of smear-negative/culture-positive TB
cases, the total number of participants to be enrolled would be 1,333. To account for losses, this was
inflated by 20%, yielding a final sample size of 1,666 participants under investigation for TB overall.
Two thirds of the study participants were planned for recruitment in India, i.e. n = 1,110 thus 67
smear-negative/culture-positive cases and a 95% confidence interval of 21% could be achieved
(95%CI 55 to 79).The other one-third of enrolled participants (n = 556) were planned for recruitment
in three other countries in order to provide geographic variation.
A numerical simulation based on an expected sensitivity of Truenat MTB Plus and Xpert of
67% among smear-negative/culture-positive specimens, with a correlation of 0.5 between the two
tests, indicates that with the planned sample size, a 95% confidence interval of +/- 11% should
be expected on the estimate of the percentage difference in performance between the two tests.
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The sample size for the secondary objective of determining diagnostic accuracy of RIF resistance by
Truenat MTB was selected based upon an expected Truenat RIF sensitivity of 95% with a confidence
interval of 10% (90-100%), requiring at least n = 37 RIF-resistant participants detected. We assumed
a prevalence of 20% culture-positive TB cases detected across all presumed TB cases, 2.8% RIF
resistance amongst all culture-positive TB cases, and 12% prevalence of RIF resistance amongst TB
retreatment cases. We thus predicted that 1,542 re-treatment patients would need to be enrolled. While
the prevalence of culture-positive TB cases might have been higher if enrolment were to be conducted
at drug-resistance TB referral clinics, this would have compromised primary objectives for assessment
in the intended settings of use. As such, it was possible that the sufficient sample size to allow for the
analysis of secondary objectives in this study would not be reached. For this reason, detection of RIF
resistance was continually monitored throughout the study. The identified shortfall is currently being
supplemented with an analytical sub-study using confirmed genotypically and phenotypically wellcharacterised RIF-resistant strains from the FIND specimen bank. For the entire study there was an
enrolment cap of 200 participants in the Drug Resistance Group in order to avoid undermining the
primary objective of enrolling smear-negative culture positive TB cases.
Quality assurance
The open-nature of the Truenat assay system increases the potential for cross-contamination.
Therefore, to better monitor this risk, all sites performed daily negative control and weekly swab
testing of both the Truelab and Trueprep machines. These QC steps were run at the end of the day to
detect any potential contamination after a day’s work, opposed to any remaining contamination
following the morning cleaning procedures. If any negative control or swab was identified as positive,
a round of cleaning (with 0.5% sodium hypochlorite and removal with 70% ethanol) was conducted,
followed by repeat testing using individual swabs.
External controls testing
External negative controls were tested throughout the study to assess the impact of DNA amplicon
contamination on the performance of the Truenat system. One negative control was run for every day
of Truenat testing and for each Truelab machine tested. The negative control consisted of the
Trueprep lysis buffer reagent used without sputum, which was processed on the Trueprep DNA
extraction device. The eluate was subsequently run on each Truelab micro PCR machine on a Truenat
MTB Plus chip, alternating loading bays on the Truelab Duo-Dx or Quatro-Dx. Troubleshooting of
unexpected results included additional cleaning steps and subsequent swab testing, as below.
Swab testing
In addition to the testing of external controls, swabs were tested on Truelab machines on a weekly
basis and whenever external controls provided positive results, to identify potential DNA amplicon
contamination of the working areas. Briefly, separate sterile swabs dipped in sterile water were used
to specimen the Truelab processing area and system surfaces. The swabs were then “pooled” into a
single tube containing Trueprep lysis buffer, and processed through the Trueprep and Truelab
systems. As for the external controls testing procedures, troubleshooting of unexpected swab results
included additional cleaning steps and individual swab sampling and testing.
Non-determinant assay analysis
The proportion of non-determinate results for the Truenat assay system was assessed in both clinics
and reference laboratories. A non-determinate result was defined as any result that did not provide a
valid result on either the Trueprep or Truelab equipment. These non-determinate results included both
operator errors and equipment/software errors or failures, or invalid results or indeterminate results.
Under any of these circumstances, the participant would not receive a valid result to definitely classify
their sputum specimen as MTB detected or MTB not detected.
On the Trueprep DNA extraction device, a non-determinate result could include cartridge failure due
to:
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pressurization issues
valve failure
cartridge manufacturing fault
cartridge leakage
heating system failure
clogged cartridge due to sputum not being liquefied sufficiently
buffer loading shortage
A cartridge that was incorrectly loaded could be re-loaded and re-run, and thus would not constitute a
non-determinate result.
For the Truelab equipment, a non-determinate finding may include:
An indeterminate result (no MTB detection call)
An invalid result (no detection of the internal positive control)
An equipment or operator error, which could be further stratified by:
Error 1: Thermal cycling or probe check error
Error 2: Test stopped manually by operator
Error 3: Error with optical profile
Error 4: Runtime error
Error 5: Invalid due to insufficient PCR enzyme.
Any chip that was incorrectly loaded onto the Truelab machine was replaced and rerun. Any chip
where DNA was not loaded correctly onto the chip loading surface was discarded, replaced and
reloaded with DNA. The results presented below do not capture errors in DNA loading or chip
loading as site incident logs did not report high levels of such errors.

Discordant analysis
Given that the sensitivity and specificity of culture is not perfect, misclassification by the reference
standard in this study may introduce bias into the accuracy estimates for the Truenat assays.
Moreover, false-positive results for TB detection could result from cross-contamination, amplification
of a wrong gene target or detection of dead bacilli by molecular tests.
The discordant analysis work plan for the study will commence after return of final culture results.
Remaining DNA eluate, sputum, pellet and, where appropriate, amplicons from positive Truenat chips
arising from participants with discordant Truenat and culture results will be tested by targeted
sequencing. Targeted sequencing will be used to determine the true genotype of the specimen in
question.
Additional measures, including swab testing of lab surfaces and testing of known negative specimens,
will increase confidence in the validity of results obtained and to aid in the identification of potential
sources of cross-contamination. The same number of non-discordant cases will also be tested to avoid
reclassification bias.
Results based on initial testing only, as well as those obtained upon repeat testing, will be presented.
The full SOP for discordance analysis is provided in the Appendix.

Monitoring strategy
A combination of centralized, remote and on-site monitoring was conducted for this trial:
All sites had an initial on-site visit (site initiation visit), lasting at least 2 days and conducted by the
FIND Trial Manager
All sites had a first interim/on-site visit within 6 weeks after the start of enrolment
All sites will have a close-out visit, either on site or remotely depending on available resources
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Centralized monitoring is performed by FIND data management in Geneva
Data management
Data was captured through single data entry at the sites onto FIND’s online clinical studys platform
from paper-based case report forms (CRF). The system was password protected and data quality
checks were performed on a regular basis to identify data that appear inconsistent, incomplete, or
inaccurate. Quality control checks performed by Data Management included Edit and Range Checks
programmed into OpenClinica.
FIND was ultimately responsible for compiling data and conducting the analysis. Key sections of
statistical code were completely re-written and re-run by an independent statistician. Additionally, the
entire statistical code was checked, analyses rerun, and results confirmed.
The full study protocols can be shared upon request.
Changes to the initial study procedures and analysis
Enrolment targets: The protocol initially intended to enrol 1,666 participants across 4 sites.
However, due to slower than anticipated enrolment at some of the sites, and the lack of Truenat
testing in microscopy centres for participants enrolled at Hinduja Hospital in Mumbai and in Port
Moresby in Papua New Guinea, we chose to expand enrolment at two sites:
Lima, Peru = expanded from 185 to 400 participants
Chennai, India = overenrolled from 321 to 350 participants
The total revised target for enrolment is 1,882 participants will be terminated at all sites on 31 Dec
2019. As of 23 October 2019, 1,322 participants had been enrolled.
Secondary objectives: As a secondary objective, we had intended to report on patient-important
outcomes such as the time from sputum collection to detection of TB in the microscopy centres using
the Truenat MTB assays. However, in the context of this study where additional processing and
procedures were required beyond that of routine standard of care, we identified that this analysis was
unrealistic.
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Results
Study population
Between March 2019 and Feb 2020, 1,925 participants consented to participate in the study, and
1,916 participants met the eligibility criteria for enrolment across the 19 study sites. At the time of this
analysis, complete data (i.e. completed CRFs and sufficient sputa received for testing) was available
for 1,700 participants. The main reason for exclusion from analysis for this report were incomplete
CRFs, largely due to outstanding culture results or pending data entry. Forty-six participants were
excluded as they were missing either culture results or all Truenat results, or had a smear-positive
culture-negative result (possibly indicating over-decontamination of sediment); this was most relevant
at the site in Guwahati, India, where 10 participants out of 265 eligible for analysis (3.8%) had smearpositive culture-negative results. In total, data for 1,654 participants were included for this analysis.
Amongst these, 233 participants did not have a Day 2 sputum specimen collected for analysis of
Truenat performance in the microscopy centre as they were enrolled at a site that did not have access
to microscopy centres. In total, 246 participants were missing one or more valid Truenat test results
(Figure 5).

1,925 participants consented

9 not eligible (criteria may overlap)
5 – No symptoms of pulmonary TB
1 – No informed consent
1 – < 18 years of age
1 – Not willing to provide sputum
2 – Not willing to have follow up visit

1,916 participants eligible
924 excluded from analysis (exclusion criteria may overlap)
207 - Incomplete CRFs (pending CRF update)
9 - Sputum volume insufficient
1,700 participants eligible for
analysis

1,654 participants analysed:
1,553= Case Detection Group
101 = DR-TB risk Group

46 excluded from analysis (exclusion criteria may overlap)
1 - No valid Truenat result (due to
Indeterminate/Invalid/Error)
23 - Missing case definition (culture result)
22 - Smear-positive culture-negative

233 - Missing Day 2 Microscopy Centre sputum collection
246 - Missing any valid Truenat result

Figure 5: Participant exclusions flow chart
Note: Truenat non-determinate results are excluded from the accuracy analyses but are reported separately. Eligibility
criteria stratified participants for inclusion in the Case Detection Group or the Drug Resistant TB (DR-TB) Risk Group as
defined in the methods section.

Of the total 1,654 participants included in this analysis, 93%, (n=1,553) were enrolled into the Case
Detection Group for analysis of accuracy for MTB detection. These participants, as well as the
additional 101 participants enrolled into the DR-TB Risk Group (who were already on treatment
regimens at the time of enrolment), were also eligible for the assessment of Truenat MTB-RIF Dx
accuracy for RIF-resistance detection.
Demographic and clinical characteristics of the enrolled participant population are shown in Table 7
by site. The median age of participants was 40 years, with women making up 46% of the total
participant population.
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Table 7: Demographic and clinical characteristics of enrolled participant population
N

All
1654

HINDUJA
141

GUWAHATI CHENNAI
244
313

AHMEDABAD PERU
287
393

ETHIOPIA
194

PNG
82

Age Med [min - max]

42 [18 - 88] 38 [18 - 86] 43 [18 - 82] 48 [19 - 83] 47 [19 - 85]

38 [19 - 88] 37 [18 - 81] 36 [19 - 78]

Female sex (%)

43.35

49.65

35.25

42.81

35.54

49.62

51.03

37.8

HIV-infected (%)

2.54

0.71

0

0

0.35

1.78

14.43

6.1

DR-TB Risk Group (%)

6.11

67.38

0

0

1.05

0.76

0

0

CulturePositive (%)

23.76

70.21

23.36

12.78

18.47

24.17

12.37

30.49

Smear positive (%)

16.75

56.74

17.21

7.99

15.33

13.74

8.25

19.51

Smear-positive Culture-positive (%)

69.97

78.79

73.68

62.5

83.02

56.84

66.67

64

Smear-negative Culture-positive (%)

30.03

21.21

26.32

37.5

16.98

43.16

33.33

36

Xpert Positive (%)

23.58

70.92

24.18

12.14

17.07

25.45

9.79

30.49

Xpert RIF Positive (%)

3.26

20.57

2.46

0.32

1.74

2.8

0.52

1.22

DST RIF Resistant among culture
positive(%)

15.78

32.32

19.3

2.5

5.66

11.58

4.17

12

Note: Final culture results are yet to be returned from Papua New Guinea (PNG), as results were only available from 82
participants from 200 enrolled. TB positive is defined by either MGIT and/or LJ positivity with identification of MTBC.

HIV prevalence overall was 2.5%; in Ethiopia it was 14.4% and in PNG was 6.1%, although of those
enrolled only 10 participants had active TB. The HIV-infection status was unknown for many
participants but country-level reports of HIV co-infection prevalence among TB patients are 5% in
Ethiopia, 6% in Peru, 3% in India and 7% in Papua New Guinea (4). The TB prevalence (based on the
reference standard) was 24% overall, with 21% in the case detection group and 65% in the DR-TB
risk group. TB prevalence was highest in Hinduja Hospital in Mumbai (70%, n=99/141) as this site is
a TB referral centre and therefore also enrolled a larger percentage of participants into the DR-TB
Risk Group.
Among the 327 culture-positive participants in the Case Detection Group, 33% tested negative by
smear microscopy on both specimens tested.
The prevalence of RIF-resistance in culture-positive participants, based on phenotypic DST results,
was 15.8% in total (14% among new cases and 24% among participants in the DR-TB risk group); as
expected, there was large variation between sites, with highest rates of RIF-resistance (32%) noted in
PD Hinduja Hospital, which is a DR-referral clinic.
The primary analyses focused on the diagnostic performance of the Truenat assays using culture
results as the reference standard. MTB detection results were investigated for the Case Detection
Group. Results for RIF detection were evaluated for all participants. Sensitivity results were stratified
by smear status. Figure 6 graphically indicates the different cohorts, used for each analysis.
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1,916 participants enrolled
1,654 participants for analysis
Case
Detection
Group = 1,553

327

66

DR-TB
Group
= 101

Microscopy Centres
Reference Labs
(Culture, DST, Xpert/ultra)

n = 393 culture+ with MTBC

Analysis of TB Detection assays

In both settings, all patients
were tested with
• Truenat MTB &
• Truenat MTB Plus
If patients were positive
on either Truenat test,
they were reflexed to

Analysis of RIF resistance assays

• Truenat MTB-RIF Dx

Figure 6: Schematic of Truenat performance analysis strategy.
A subset of 1,654 of the total 1,916 enrolled participants was included for this analysis of diagnostic
accuracy of the Truenat assays. All enrolled participants provided sputum, which was tested by
Truenat MTB and MTB Plus assays in both the microscopy centres and the reference laboratories. If
either of these Truenat tests were positive, the specimen was reflexed to the Truenat MTB-RIF Dx
chip for detection of RIF-resistance. Data from participants in the Case Detection Group (no TB
treatment in the last 60 days) were used for analysis of the assays for TB detection (Truenat MTB and
Truenat MTB Plus). Data from participants in both the Case Detection Group and the DR-TB Risk
Group (having received first line TB treatment within 60 days of enrolment without improvement of
symptoms) were used for analysis of RIF-resistance with the Truenat MTB-RIF Dx assay. To evaluate
assay performance in the intended setting of use, the primary analyses focus on data from specimens
processed in the microscopy centre. To compare Truenat assay performance to that of Xpert or Ultra,
only specimens processed in the reference laboratories were used. Note: Truenat non-determinate
results are excluded from the accuracy analyses but are reported separately. For the analysis, only
participants with complete CRFs and culture results were included.

Diagnostic Accuracy of the Truenat MTB detection assays in the intended setting of use (results
for PICO questions)
Of the 1,916 enrolled participants with complete data for this analysis, 1,553 formed part of the Case
Detection Group (having not received any TB treatment in the 60 days preceding enrolment) and
1,336 of these participants had valid Truenat results for both the MTB and the MTB Plus assays
processed at the microscopy centre, and had valid culture results with identification of MTBC. This
group was used to assess sensitivity and specificity of the Truenat assays when used in the intended
setting of use (microscopy centre) for MTB detection. Of these participants, 258 were culture positive
with MTBC identification; 174 were smear-positive culture positive and 84 were smear-negative
culture positive. For detection of RIF-resistance at the microscopy centre, all participants enrolled in
both the Case Detection Group and the DR-TB Group (having received first-line TB treatment in the
60 days prior to enrolment, without symptom resolution) were included if they had valid Truenat and
culture results. Of the participants with a positive Truenat MTB and MTB Plus assay, 260 were
reflexed to Truenat MTB-RIF Dx test; 176 were smear-positive culture-positive and 84 were smearnegative culture-positive.
Sensitivity of microscopy centre sputum testing was 73.3% for Truenat MTB and at 79.8% for
Truenat MTB Plus (Table 8 and Table 9). Specificity was 97.9% and 96.5% for Truenat MTB and
MTB Plus, respectively. Sensitivity for smear-negative culture positive participant specimens was
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36.9% for Truenat MTB and 46.4% for Truenat MTB Plus (Table 8). Contingency tables comparing
Truenat MTB and MTB Plus are provided in the Appendix.
Table 8: Performance of Truenat assays for TB detection at the microscopy centre and for RIFresistance detection at the microscopy centre and the reference laboratory
All participants

N

TP

FP FN

Microscopy Centre sputum
Truenat MTB 1336 189 23
Truenat MTB Plus 1336 206 38
Truenat MTB Rif-Dx 186 16 8
Ref lab sputum
Truenat MTB Rif-Dx 309 43 7

TN

69 1055
52 1040
3 159
8

251

Sensitivity %
(95% CI)

Sensitivity % Smear Pos
(95% CI) - N

Sensitivity % Smear Neg
(95% CI) - N

Specificity %
(95% CI)

73.3 [67.5,78.3]
79.8 [74.5,84.3]
84.2 [62.4,94.5]

90.8 [85.6,94.3] - N:174
96 [91.9,98.0] - N:174
87.5 [64.0,96.5] - N:16

36.9 [27.4,47.6] - N:84
46.4 [36.1,57.0] - N:84
66.7 [20.8,93.8] - N:3

97.9 [96.8,98.6]
96.5 [95.2,97.4]
95.2 [90.8,97.5]

84.3 [72.0,91.8]

86.4 [73.3,93.6] - N:44

71.4 [35.9,91.8] - N:7

97.3 [94.5,98.7]

Note: Sensitivity/specificity for Truenat MTB and Truenat MTB Plus for TB detection (reference standard: MTB culture)
and sensitivity/specificity for Truenat MTB-RIF Dx for RIF-resistance detection (reference standard: culture DST); Only
participants in the Case Detection Group were included in the TB detection analyses for Truenat MTB and MTB Plus;
whereas for RIF-detection analyses participants in both the Case Detection Group and the DR-TB Risk Group were
included. Microscopy centre sputum was only available from participants enrolled at clinics with attached microscopy
centres (n=1,553); among the 1,553 participants, 84 were smear-negative, culture-positive and 174 were smear-positive,
culture-positive. Additional specimens were available for testing in the reference lab setting. Sensitivity of smear
microscopy (based on two smears) was 68% (95%CI 63, 73). Note: Analysis of Truenat MTB-RIF Dx is shown on
specimens collected at the microscopy centre and at the reference lab separately; most RIF-R participants were enrolled at
PD Hinduja hospital which lacks a microscopy centre.

Comparison of the diagnostic accuracy of Truenat MTB and MTB Plus assays on the same sputum
specimens in the microscopy centre showed higher sensitivity for Truenat MTB Plus assay than the
Truenat MTB (sensitivity difference = +6.5% [95%CI +3.3, +10.7]), with lower specificity
(specificity difference = -1.4 [95%CI -2.6, -0.4]) (Appendix).
Diagnostic Accuracy of the Truenat MTB rifampicin-resistance detection assay (results for PICO
questions)
In the microscopy centre, the Truenat MTB-RIF Dx assay had 84.2% sensitivity and 95.2% specificity
for RIF resistance detection (relative to RIF DST). However, these estimates are based on only three
false-negative and eight false-positive results overall and given the limited sample size in this
analysis, uncertainty around these estimates is high. Specimens collected at the DR-TB referral clinic
at Hinduja Hospital in Mumbai contributed the bulk of RIF-resistant specimens in the study, but these
did not contribute to the analysis above, which is focused on results from microscopy centres only.
The MTB-RIF Dx assay done on sputum in the reference laboratories (i.e. the analysis including
specimens from Hinduja Hospital) had a sensitivity of 84.3% (95%CI 72, 92) and specificity of 97.3%
(95%CI 95, 99). For full assessment of diagnostic performance of the Truenat assays in the reference
lab, please see the Appendix.
Additional analyses on performance of all Truenat assays at each site, for each specimen type, is
included in the Appendix and comparative performance of the Truenat assays when tested on
specimens directly or on NaOH decontaminated sediment are provided in the Appendix.
Diagnostic accuracy of Truenat assays compared to Xpert and Ultra
Next, we compared the performance of the Truenat assays to the Xpert and Ultra assays, using culture
as the reference standard. As part of this study, all reference laboratories used Xpert as the comparator
except the reference lab in Lima, Peru which used Ultra. Results show the performance of the Truenat
assays relative to Xpert (Table 9 and Figure 7) and Ultra (Table 10 and Figure 8).
Table 9: Performance of Truenat assays for TB and RIF-resistance detection compared to Xpert
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Case
Detection
and DR-Risk
Group

Case Detection Group
only

N

TP

FP FN TN

Sensitivity %
(95% CI)

Sensitivity % Smear Pos
(95% CI) - N

Sensitivity % Smear Neg Specificity %
(95% CI) - N
(95% CI)

Truenat MTB
Xpert
Truenat MTB
Difference (Truenat MTB- Xpert)
Truenat MTB Plus
Xpert
Truenat Plus MTB
Difference (Truenat Plus MTB - Xpert)
RIF detection
Xpert Rif
Truenat Rif
Difference (Truenat Rif - Xpert Rif)

1077 191 25 33 828
1077 187 22 37 831

85.3 [80.0,89.3]
83.5 [78.1,87.8]
-1.8 [-5.9,+2.1]

98.8 [95.7,99.7] - N:164
97.6 [93.9,99.1] - N:164
-1.2 [-4.7,+1.7]

48.3 [36.2,60.7] - N:60
45 [33.1,57.5] - N:60
-3.3 [-16.3,+9.5]

97.1 [95.7,98.0]
97.4 [96.1,98.3]
0.3 [-0.7,+1.4]

1077 191 25 33 828
1077 195 39 29 814

85.3 [80.0,89.3]
87.1 [82.0,90.8]
1.8 [-1.9,+5.7]

98.8 [95.7,99.7] - N:164
98.8 [95.7,99.7] - N:164
0 [-2.8,+2.8]

48.3 [36.2,60.7] - N:60
55 [42.5,66.9] - N:60
6.7 [-6.0,+19.6]

97.1 [95.7,98.0]
95.4 [93.8,96.6]
-1.7 [-3.1,-0.3]

218
218

84.2 [69.6,92.6]
81.6 [66.6,90.8]
-2.6 [-13.5,+6.8]

88.6 [74.1,95.5] - N:35
85.7 [70.6,93.7] - N:35
-2.9 [-14.5,+7.3]

33.3 [6.2,79.2] - N:3
33.3 [6.2,79.2] - N:3
0 [-56.1,+56.1]

97.8 [94.4,99.1]
97.8 [94.4,99.1]
0 [-2.1,+2.1]

32
31

4
4

6
7

176
176

Note: Sensitivity/specificity for Truenat MTB and Truenat MTB Plus for TB detection (reference standard: MTB culture)
and sensitivity/specificity for Truenat MTB-RIF Dx for RIF-resistance detection (reference standard: RIF DST). Only
participants from the Case Detection Group were included in the TB detection analyses for Truenat MTB and MTB Plus
(n=1,077,); whereas for the RIF resistance detection analyses participants in both the Case-detection Group and the DR-TB
Risk Group were included (n=218). Data are shown for the reference lab sputum specimens only where comparative testing
was done. Truenat performance comparisons were drawn against Xpert for participants from all sites except those enrolled in
Peru where Ultra testing was conducted; Among the 1,077 participants with TB included for MTB detection analysis, 60
were smear-negative and culture-positive and 164 were smear-positive culture-positive.

In the Case Detection Group, comparison of Xpert to Truenat MTB and Truenat MTB Plus was
available for 1,077 participant specimens, based on valid Truenat, Xpert and culture results.
Performance of Truenat MTB and Truenat MTB Plus was largely comparable to that of Xpert. The
Truenat MTB assay had marginally lower sensitivity for MTB detection than Xpert (difference = 1.8% [95%CI -5.9, +2.1]) but uncertainty around this estimate was relatively high. The Truenat MTB
Plus assay had somewhat higher sensitivity than Xpert (difference = +1.8% [95%CI -1.9, +5.7]) with
similarly high uncertainty (Table 9 and Figure 7). Specificity of Truenat MTB was similar to that of
Xpert, while Truenat MTB Plus specificity appeared marginally lower than that for Xpert (difference
= -1.7 [95%CI -3.1, -0.3]).
For the detection of RIF-resistance, DNA from 218 Truenat MTB- or MTB Plus-positive results from
the DR-TB Risk Group were reflexed to Truenat MTB-RIF Dx testing, 38 of which were RIFresistant as determined by DST. Truenat MTB-RIF Dx had somewhat lower sensitivity than Xpert
(difference = -2.6 [95%CI -13.5, +6.8]), again with high uncertainty around this estimate based on one
additional false-sensitive test result. As expected, differences in sensitivity were largely driven by
differences in sensitivity among the smear-negative culture-positive subgroup. There was no
difference in the point estimates for specificity between the two assays.

Figure 7: Performance of the Truenat assays and Xpert
Note: A) Diagnostic accuracy for TB detection, compared to Xpert. Only participants in the Case Detection Group are
included. B) Performance for RIF-resistance detection compared to Xpert. Participants in both the Case Detection and the
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DR-TB Risk Group were included. Analysis was done on all enrolled participants except those enrolled in Peru where Ultra
testing was conducted. Squares represent point estimates and bars represent 95% CI.

Table 10: Performance of Truenat assays for TB and RIF-resistance detection compared to Ultra

Case
Detection
and DR-Risk
Group

Case Detection Group
only

N

TP

FP FN TN

Sensitivity %
(95% CI)

Sensitivity % Smear Pos
(95% CI) - N

Sensitivity % Smear Neg Specificity %
(95% CI) - N
(95% CI)

Truenat MTB
Ultra
Truenat MTB
Difference (Truenat MTB - Ultra)
Truenat MTB Plus
Ultra
Truenat Plus MTB
Difference (Truenat MTB Plus - Ultra)
RIF detection
Ultra Rif
Truenat Rif
Difference (Truenat Rif - - Ultra Rif)

377
377

88
67

8
2

4 277
25 283

95.7 [89.3,98.3]
100 [93.0,100.0] - N:51 90.2 [77.5,96.1] - N:41
72.8 [63.0,80.9]
94.1 [84.1,98.0] - N:51
46.3 [32.1,61.3] - N:41
-22.9 [-32.4,-15.4] -5.9 [-15.9,+1.5]
-43.9 [-59.0,-29.9]

97.2 [94.6,98.6]
99.3 [97.5,99.8]
2.1 [+0.7,+4.5]

377
377

88
73

8
7

4 277
19 278

95.7 [89.3,98.3]
100 [93.0,100.0] - N:51 90.2 [77.5,96.1] - N:41
79.3 [70.0,86.4]
96.1 [86.8,98.9] - N:51
58.5 [43.4,72.2] - N:41
-16.4 [-25.2,-10.1] -3.9 [-13.2,+3.4]
-31.7 [-47.0,-19.6]

97.2 [94.6,98.6]
97.5 [95.0,98.8]
0.3 [-1.8,+2.6]

57
57

8
8

2
2

0
0

47
47

100 [67.6,100.0]
100 [67.6,100.0]
0 [-32.4,+32.4]

100 [61.0,100.0] - N:6
100 [61.0,100.0] - N:6
0 [-39.0,+39.0]

100 [34.2,100.0] - N:2
100 [34.2,100.0] - N:2
0 [-65.8,+65.8]

95.9 [86.3,98.9]
95.9 [86.3,98.9]
0 [-7.3,+7.3]

Note: Sensitivity/specificity for Truenat MTB and Truenat MTB Plus for TB detection (reference standard: MTB culture)
and sensitivity/specificity for Truenat MTB-RIF Dx for RIF-resistance detection (reference standard: RIF DST); Only
participants in the Case Detection Group were include in the TB detection analyses for Truenat MTB and MTB Plus
(n=377), whereas for RIF resistance detection analyses participants in both the Case Detection Group and the DR-TB Risk
Group were included (n=57). Data are shown for the reference lab sputum only. Truenat performance comparisons were
drawn against Ultra for participants from Peru only, the sole study site where Ultra testing was conducted; Among the 377
participants, 41 were smear-negative, culture-positive and 51 were smear-positive, culture-positive.

In Peru, where the reference laboratory used Ultra as the comparator, we observed lower sensitivity
for both Truenat MTB (difference = -22.9% [95%CI -32.4, -15.4]) and Truenat MTB Plus (difference
= -16.4% [95%CI -25.2, -10.1]) than for Ultra (Table 10 and Figure 8) and this difference was driven
by the smear-negative subgroup. Truenat MTB specificity was slightly higher than that of Ultra
(difference = +2.1% [95%CI +0.7, +4.5]), whereas the point estimate for Truenat MTB Plus
specificity was similar to that of Ultra (difference = +0.3% [95%CI -1.8, +2.6]).

Figure 8: Performance of Truenat assays and Ultra
Note: A) Diagnostic accuracy for TB detection, compared to Ultra. Only participants in the Case-Detection Group are
included. B) Diagnostic accuracy for RIF-resistance detection compared to Ultra. Participants in both the Case Detection
and the DR-TB Risk Group were included. Analysis was done exclusively on data from participants enrolled in Peru where
only Ultra testing was conducted. Squares represent point estimates and bars represent 95% CI.

Truenat MTB Plus performed with increased sensitivity over Truenat MTB. Specificity of Truenat
MTB Plus was lower than that of Truenat MTB.
Diagnostic accuracy of the Truenat assays among people living with HIV
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In total, only ten TB patients living with HIV were enrolled, therefore formal evaluation of Truenat
performance in this subgroup was not done for this analysis.
Effect of TB history on specificity for MTB detection
Varying specificity of molecular assays among people with vs. without a prior history of TB has
previously been observed. Table 11 and Table 12 show how the specificity of Truenat assays varies
between participants with and without a history of prior TB disease. Xpert is included for comparison
purposes in Table 11, and Ultra (participants in Peru only) is shown in Table 12. As seen for Xpert
and Ultra, specificity of all Truenat assays was lower in participants with a history of TB disease.
Table 11: Specificity of the Truenat assays compared to Xpert among participants with and without a
prior history of TB
All samples

Specificity % - TB
History (95% CI)

Specificity % - No TB
History (95% CI)

Case Detection Group
only

Truenat MTB
Xpert MTB/RIF
90.6 [81.0,95.6]
97.6 [96.2,98.5]
Truenat MTB
92.2 [83.0,96.6]
97.7 [96.4,98.6]
Difference (Truenat MTB - Xpert)
+1.6 [-5.6,+9.4]
+0.1 [-0.9,+1.2]
Truenat MTB Plus
Xpert MTB/RIF
90.2 [80.2,95.4]
97.5 [96.1,98.4]
Truenat Plus MTB
88.5 [78.2,94.3]
95.9 [94.2,97.2]
Difference (Truenat Plus MTB - Xpert)
-1.7 [-11.7,+8.2] -1.6 [-3.1,-0.2]
Note: Differences in sensitivity and specificity were calculated as performance of each Truenat assay minus Xpert for the
reference lab sputum relative to MTB culture (for TB detection). Only participants in the Case Detection Group were
included in the TB detection analyses for Truenat MTB and MTB Plus. Truenat performance comparisons were drawn
against Xpert for participants from all sites except those enrolled in Peru where Ultra testing was conducted.

Table 12: Specificity of the Truenat assays compared to Xpert Ultra among participants with and
without a prior history of TB
Specificity % - TB
History (95% CI)

Specificity % - No TB
History (95% CI)

Case Detection Group
only

All samples
Truenat MTB
Ultra
92.9 [85.4,96.7]
99 [96.5,99.7]
Truenat MTB
97.6 [91.8,99.4]
100 [98.2,100.0]
Difference (Truenat MTB - Ultra)
+4.7 [+0.2,+11.5] +1.0 [-0.9,+3.5]
Truenat MTB Plus
Ultra
92.9 [85.4,96.7]
99 [96.5,99.7]
Truenat Plus MTB
92.9 [85.4,96.7]
99.5 [97.2,99.9]
Difference (Truenat Plus MTB - Ultra)
0 [-6.2,+6.2]
+0.5 [-1.9,+3.1]
Note: Differences in sensitivity and specificity were calculated as performance of each Truenat assay minus Ultra for the
reference lab sputum relative to MTB culture (for TB detection). Only participants in the Case Detection Group were
included in the TB detection analyses for Truenat MTB and Truenat MTB Plus. Truenat performance comparisons were
drawn against Ultra for participants enrolled in Peru only.

Truenat performance in microscopy centres as compared to centralized reference laboratories
The placement of Truenat equipment in microscopy centres allowed us to evaluate the system in the
intended setting of use, whereas testing in reference laboratories allowed us to compare Truenat assay
performance directly to that of Xpert and Ultra. We also computed differences in performance for
Truenat testing in microscopy centres vs. reference laboratories when testing specimens from the
same participant (although not the same specimens were tested).
Table 13: Comparative performance of the Truenat assays performed in the clinics and the reference
laboratories
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Case
Detection
and DR-Risk
Group

Case Detection Group
only

N
Truenat MTB
Ref Lab sputum
Microscopy Centre sputum
Difference (Microscopy Centre - Ref lab)
Truenat MTB Plus
Ref Lab sputum
Microscopy Centre sputum
Difference (Microscopy Centre - Ref lab)
Truenat RIF
Ref Lab sputum
Microscopy Centre sputum
Difference (Microscopy Centre - Ref lab)

TP

Sensitivity %
(95% CI)

Sensitivity % Smear Pos
(95% CI) - N

Sensitivity % Smear Neg Specificity %
(95% CI) - N
(95% CI)

FP

FN

TN

1356 200
1356 186

23
22

54
68

1079
1080

78.7 [73.3,83.3]
73.2 [67.5,78.3]
-5.5 [-10.2,-1.2]

97.1 [93.4,98.8] - N:172
90.7 [85.4,94.2] - N:172
-6.4 [-11.5,-2.3]

40.2 [30.3,51.1] - N:82
36.6 [27.0,47.4] - N:82
-3.6 [-14.1,+6.6]

97.9 [96.9,98.6]
98 [97.0,98.7]
+0.1 [-0.9,+1.1]

1293 212
1293 204

40
37

42
50

999
1002

83.5 [78.4,87.5]
80.3 [75.0,84.7]
-3.2 [-7.5,+1.0]

98.3 [95.0,99.4] - N:173
96.5 [92.6,98.4] - N:173
-1.8 [-5.6,+1.6]

51.9 [41.1,62.4] - N:81
45.7 [35.3,56.5] - N:81
-6.2 [-17.7,+5.2]

96.2 [94.8,97.2]
96.4 [95.1,97.4]
+0.2 [-1.1,+1.7]

172
172

6
8

3
2

149
147

82.4 [59.0,93.8]
81.2 [57.0,93.4] - N:16
88.2 [65.7,96.7]
87.5 [64.0,96.5] - N:16
+5.8 [-13.6,+27.0] +6.3 [-14.3,+28.3]

100 [20.6,100.0] - N:1
100 [20.6,100.0] - N:1
0 [-79.3,+79.3]

96.1 [91.8,98.2]
94.8 [90.1,97.4]
-1.3 [-5.0,+1.8]

14
15

Note: Differences in sensitivity and specificity were calculated as performance of each Truenat assay conducted in the
microscopy centre (Day 2) minus that conducted in the reference lab (Day 1), relative to MTB culture (for TB detection) or
RIF DST (for RIF resistance detection); Only participants in the Case Detection Group were included in the TB detection
analyses for Truenat MTB and MTB Plus, whereas participants in both the Case Detection Group and the DR-TB Risk
Group were included for the analysis of RIF resistance detection. Comparison of Truenat performance in the microscopy
centre vs. the reference lab is not a direct head-to-head comparison as different sputa from the same participant were used
(Day 1 sputum in the reference lab and Day 2 sputum in the microscopy centre).

For MTB detection, we observed lower sensitivity in the microscopy centre than in the reference
laboratory for Truenat MTB (difference = -5.5 [95%CI -10.2, -1.2]), and for Truenat MTB Plus
(difference -3.2 [95%CI -7.5, +1.0]) (Table 13). However, these differences could be due to random
variability caused by to the known day-to-day fluctuation in bacillary load observed in sputum
specimens. There was no appreciable difference in Truenat specificity between sputa run in the
microscopy centres and the reference laboratories. Given that the Truenat assays have an open-system
format, with the requirement to transfer 6L of DNA eluate to a qPCR machine, these results are of
particular importance. We observed two additional false-resistant results and thus slightly lower
specificity for Truenat MTB-RIF Dx in the microscopy centre, although the sample size was limited
for RIF resistance in the microscopy centres and thus estimates of the difference uncertain.
In addition to the analyses above, we analysed performance of reference laboratory testing on raw
sputum versus on sediment, although testing sediment is not part of the intended use of the Truenat
assays. Sensitivity for MTB detection in sediment was lower than that seen for raw sputum for both
Truenat MTB (difference = -9.7% [95%CI -13.9, -6.0]), and Truenat MTB Plus (difference = -5.4%
[95%CI -9.2, -2.1]). Specificity of MTB detection in sediment was similar to that of sputum using
both Truenat MTB (difference = +0.6 [95%CI -0.1, +1.6]), and Truenat MTB Plus (difference = 0%
[95%CI -1.4, +1.4]) (Appendix).
Results from QC testing: Daily negative control testing and weekly swab testing
As part of study procedures, sites performed daily negative control and weekly swab testing of both
the Truelab and Trueprep machines, as described in the methods (Section 2.1). Overall, positive
results from testing swabs and negative controls were rare, indicating appropriate daily cleaning and
handling of materials (Table 14). Negative controls and swabs with positive results were less
commonly observed in microscopy centres than in reference laboratories. Additionally, all positive
results were resolved after cleaning, and did not persist or inhibit subsequent specimen testing. Most
importantly, days where swabs or negative controls tested positive never coincided with days where
participant specimens tested false-positive, suggesting that the risk of carry-over contamination was
low in the context of this study.
Table 14: Proportion of Truenat MTB Plus positive results for daily negative control and weekly swab
tests at each site operating the Truelab system.
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Negative controls
Swabs
testing positive
testing positive
(%)
n/N
(%)
n/N
2/171
1/34
Hinduja
Mumbai Ref Lab (01)
1.2%
2.9%
Guwahati Guwahati Ref Lab
0.0%
0/129
3.0%
4/131
0.0%
0/106
0.0%
0/18
DTC Kamrup (02)
0.0%
0/52
0.0%
0/13
Railway (03)
0/40
0/7
Sonapur (04)
0.0%
0.0%
1/120
0/50
Chennai
Chennai Ref Lab
0.8%
0.0%
0/63
0/12
Ayanavaram (05)
0.0%
0.0%
0/26
0/4
Villiwakkam (06)
0.0%
0.0%
Thanthai Perivar (07)
0.0%
0/88
0.0%
0/18
Ahmedabad Ahmedabad Ref Lab
1.3%
4/293
3.2%
5/151
0/117
0/24
Madhupura (08)
0.0%
0.0%
3/87
0/20
CHC Chhala (09)
3.3%
0.0%
2/104
1/24
PHC Kuha (10)
1.9%
4.0%
Peru
0.0%
0/100
0.0%
0/107
Lima - UPCH Ref Lab
0/35
0/35
CS Huascar II (11)
0.0%
0.0%
0/33
0/39
CS Huascar XV (12)
0.0%
0.0%
0/32
0/43
CS Jose Carlos Mariategui (13)
0.0%
0.0%
0/51
0/96
CS Fraternidad (14)
0.0%
0.0%
0/50
0/40
CS El Porvenir (19)
0.0%
0.0%
Ethiopia
1.8%
3/162
3.8%
2/50
Addis Ababa - EPHI Ref Lab
0/21
0/12
Hiwot Amba (15)
0.0%
0.0%
0/20
0/5
St. Gebrel (16)
0.0%
0.0%
0/34
0/10
Woreda 01 (17)
0.0%
0.0%
PNG
Port Moresby: CPHL (18)
3.3%
2/59
4.8%
1/20
Note: Truenat MTB Plus was used for all negative control and swab testing procedures. Negative controls were run daily at
each site, and swabs were tested weekly at each site. Data presented exclude all non-determinate results.

Non-determinate results on the Truenat system
Non-determinate results were excluded from analysis of sensitivity and specificity and are reported
separately in this section. Table 15 provides and overview of the proportion of non-determinate results
for the Trueprep extraction, the Truenat assays as well as Xpert and Ultra assays as comparators.
Table 15: Proportion of non-determinate results for Trueprep extraction, Truenat assays and Xpert and
Ultra assays

Total non-determinates

Initial Test
(%)
n/N

Repeat Test
(%)
n/N

Trueprep
2.4% 113/4732
11.7%
13/111
6.2% 293/4720
21.2%
62/293
Truenat MTB
9.2% 434/4720
36.8%
159/432
Truenat MTB Plus
22.5% 232/1042
72.7%
157/216
Truenat MTB RIF-Dx*
2.6%
65/2522
7.9%
5/63
Xpert MTB/RIF
Xpert Ultra
0.0%
0/786
Note: Non-determinate results represent a combination of operator and equipment errors or failures, invalid results and
indeterminate results, for all participant specimens tested as part of this study. The non-determinate results for the Truelab
micro PCR machine represent results for all different Truenat assay performed at each site. Not all specimens that failed on
the initial test were still available for repeat testing. The results presented here do not capture errors in DNA loading or chip
loading as site incident logs did not report high levels of such errors. The full table showing the proportion of individual
assay non-determinate test from each site is presented in the Appendix. The proportion of study participants affected by nondeterminate initial and repeat tests is shown in Figure 10 below. * Note that the Truenat MTB-RIF Dx was run on any
specimen that tested positive for MTB by either the Truenat MTB assay or the Truenat MTB Plus assay. See more detailed
results below in
Table 16.
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Trueprep non-determinate results
The proportion of initial Trueprep non-determinate results was 2.4% (Table 15). Repeat testing
resolved results for 88.3% specimens that failed on the initial test. The manufacturer has indicated that
sputum may be stored in lysis buffer for up to 48 hours with no degradation of DNA, allowing time
for repeat testing if enough specimen is available.
Two reference labs were disproportionately affected by a high rates of Trueprep failures: The
reference lab in Ethiopia had 5.4% non-determinate Trueprep results (21 of 387 tests), and the
reference lab in Guwahati, India had 6.4% non-determinate Trueprep results (31 of 487 test)
(Appendix). Repeat testing resolved 90% of participant samples in Ethiopia and 78% in Guwahati.
The root cause behind these Trueprep errors was related to operators not exchanging DNA extraction
kit buffers appropriately.
Non-determinate results for the Truenat MTB and Truenat MTB Plus assays
An analysis of initial and repeat Truenat invalid results is presented in Table 15 and Appendix. Initial
test non-determinate proportions for the Truenat MTB and MTB Plus chip were 6.2% and 9.2%,
respectively. Of the tests that failed, 21.2% and 36.8% remained non-determinate upon repeat testing.
Comparatively, the non-determinate rate of Xpert was 2.6%, with no failures observed for Ultra. A
detailed analysis of the frequency of different error types is provided in the Appendix.
Non-determinate results for the Truenat MTB-RIF Dx assay
In comparison, the non-determinate rate for the Truenat MTB-RIF Dx assay initial test was 22.5%, of
which 72.7% did not resolve upon repeat testing. The non-determinate rate varied strongly depending
on the bacterial load in the specimen: the proportion of non-determinate Truenat MTB-RIF Dx results
was 6.7% if reflexed from a Truenat MTB-positive result vs. 72.2% if reflexed from a Truenat MTBnegative / Truenat MTB Plus-positive specimen (
Table 16).
Table 16: The proportion of non-determinate Truenat MTB-RIF Dx results when reflexed from either
the Truenat MTB or MTB Plus TB detection result

Truenat RIF-Dx Nondeterminates
% (95% CI)

n/N

If reflexed from Truenat MTB-pos and MTB Plus-pos 3.9% (2.7, 5.4) 32/830
If reflexed from Truenat MTB-neg and MTB Plus-pos 67% (60, 74) 120/179
If reflexed from Truenat MTB-pos and MTB Plus-neg 72% (56, 84) 26/36
If reflexed only from Truenat MTB-pos 6.7% (5.2, 8.6) 58/866
If reflexed only from Truenat MTB-Plus-pos 15% (13, 17) 152/1009

Greater resolution of the specific types of errors seen on the Truelab and Trueprep devices is provided
in the Appendix.
Non-determinate results by site, specimen and assay type
We also evaluated the proportion of non-determinate Truenat results by specimen type, site and
location. Results for the Truenat MTB Plus are shown in Figure 9 (figures for other chips are included
in the Appendix). The non-determinate rates in Ethiopia were higher than the median across all sites
(dotted red line). A high number of indeterminates clustered over a 2-week period in July 2019, on
two Truelab machines in the reference lab. These machines were replaced with backup machines. The
proportion of non-determinates decreased in August and September 2019, suggesting the initial
occurrence may have been equipment-related or operator-related. A site technical visit conducted in
August failed to identify the root cause, and the equipment appeared functional. The most likely cause
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of these errors was determined to be wash buffer unavailability on the Trueprep machine (empty
bottle, tube blockage, incorrectly sealed bottle or failure to pressurize).

Figure 9: Proportion of Truenat MTB Plus chip indeterminate results at each site, for each specimen
type
Non-determinates results included invalid, indeterminate and error results on the Truelab PCR
machine. The dashed red line represents the median proportion of indeterminate results for all sites.
Sputum specimen types are presented as coloured bars, with dots representing point estimates and
bars representing 95% CI. Each site is indicated by grey shading. Figures for the Truenat MTB and
the Truenat MTB-RIF Dx chips can be found in the Appendix.
Resolution of non-determinate Truenat results upon repeat testing
Upon re-testing of specimens in the microscopy centre, more than two-thirds of all Truenat MTB or
MTB Plus non-determinate results resolved, leading to a non-determinate rates of 1.7% and 3.9% for
MTB and MTB Plus, respectively, when allowing for a single repeat test (Figure 10).
In contrast, only 28% of the RIF resistance detection chips that were non-determinate on initial testing
resolved. This was likely due to the lower sensitivity issues of Truenat MTB assay than Truenat MTB
Plus, as discussed above.
Comparatively, the rate of initial Xpert non-determinates was 2.6% (65/2522 tests) with no nondeterminate results for Ultra; 92% Xpert non-determinates resolved upon repeat testing.
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Figure 10: The proportion of participants with non-determinate Trueprep or Truenat assay results
upon initial and repeat tests:
The proportion of participants with non-determinate Trueprep or Truenat assay results upon initial and repeat tests: Nondeterminate results included invalid, indeterminate and error results on the Trueprep and Truelab PCR machine. Sputum
specimen types are presented as coloured bars. The centre dots or triangles represents the point estimate for initial and repeat
tests, and bars represent 95% CI. Each Truenat MTB assay type is indicated by grey shading. MC = Microscopy Centre.

Root cause analysis for non-determinate results
Root cause analysis revealed that the vast majority of Truenat assay invalid results can be traced back
to a Trueprep operational issue during the DNA extraction processing steps. Upon notification by sites
of a series of consecutive invalid Truenat results, root cause analysis and corrective and preventive
actions were implemented. We identified the most likely cause of Truelab non-determinates PCR
results was the unavailability of Trueprep buffers during the DNA extraction process, either due to
failure of the operator to replace Trueprep buffers, incorrect attachment of buffer bottles to
equipment, or tube blockage. Under regular operation, the Trueprep machine signals to the operator to
replace buffers after every set of 25 extractions. In some cases, the operator had disabled the warning
alarm and failed to replace buffer bottles for the Trueprep machine. In other circumstances, some
buffers may not have had sufficient volume to complete 25 runs or the bottle was not correctly loaded
after replacement, and therefore led to errors. As the DNA eluate buffer was provided in excess (per
test) to that of the wash buffers, in many such scenarios the DNA eluate was still available at the end
of the run but may have contained PCR inhibitors because of incomplete washing steps. This
subsequently led to consecutive Truenat PCR invalid results.
Discordance analysis
A list of all specimens with discordant results between Truenat assays and culture is provided in the
appendix.
MTB Detection Assays
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Overall there were 126 participants who had at least one false-positive result on at least one of the six
tests done per participant (each participant had 3 specimens tested with two assays). Similarly, 131
participants with at least one false-negative result by either Truenat MTB or MTB Plus assays were
identified.
Of the 126 participants with false-positive results, 40 were also false-positive by either Xpert or Ultra.
Of the remaining 86 false-positive results, 12 had a prior history of TB and for 11 their TB history
was unknown.
None of the false-positive results coincided with positive test results on negative controls or swabs.
Most false-positive results were observed from tests done in the reference laboratories. Specifically,
the proportion of participants with a false-positive Truenat result when tested in the microscopy centre
from either initial or repeat tests was 7.9% (9/114) for Truenat MTB and 17.5% (20/114) for Truenat
MTB Plus, the remainder arose from testing in the reference laboratory.
Of the 131 participants with a false-negative Truenat MTB or MTB Plus result on any specimen
tested, 55 participants were negative by Truenat MTB and 37 were negative by Truenat MTB Plus on
all sputum specimens tested with valid results; 34 were also missed by Xpert and/or Ultra on both
direct sputum and decontaminated sediment. 22 participants were missed by all 3 molecular assays,
for which one participant was smear-positive and three had a history of TB.
The remaining 93 were positive by at least one Truenat test on at least one sputum specimen.
93% (n = 122) of participants with any false-positive Truenat result were smear-negative or scanty. Of
the 39 participants with smear-positive or scanty results, 87% were detected by Truenat MTB, 95%
were detected by Truenat MTB Plus and 95% were detected Xpert or Ultra on at least one specimen.
RIF Resistance assay
There were 10 participants with RIF-resistant results based on Truenat MTB-RIF Dx that tested RIFsensitive on phenotypic DST. Of these, six participants also tested RIF-resistant on Xpert or Ultra.
Five of these six Truenat MTB-RIF Dx-resistant participants tested as RIF-resistant on both of the
specimens provided and tested on two separate days in two separate locations.
There were 10 participants with RIF-sensitive results based on Truenat MTB-RIF Dx that tested RIFresistant on phenotypic DST. Of these, six participants also tested RIF-sensitive on Xpert or Ultra.
Two of these six Truenat MTB-RIF Dx-sensitive participants tested as RIF-sensitive on both of the
specimens provided and tested on two separate days in two separate locations. The other participant
had only a single valid RIF result (sensitive).
Additional testing
Additional laboratory testing for cases with discordant results (and an equal number of non-discordant
cases) is currently underway, as described in methods section 2.1 and according to an SOP developed
prior to study start. In brief, we will use targeted sequencing to identify the presence of MTB and
NTMs in stored DNA eluate and in remaining sputum or sediment from participant specimens, where
available. Where appropriate, we will also identify off-target amplification in amplicons taken directly
from positive Truenat chips stored at each site.
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Discussion
We performed a multicentre diagnostic test accuracy study to evaluate the performance of the point of
care Truenat MTB Detection assays and RIF-resistance assay in the intended setting of use and in this
report provide analyses based on completed enrolment and all available culture results at the time of
writing. The final analysis will add culture results from 98 participants from PNG. Over-enrolment
from the trial in total has ensured that analyses presented here are adequately powered for the primary
objectives.
Overall, the findings suggest that the Truenat assays for MTB detection have good performance
characteristics and could be considered as initial test for the diagnosis of TB. The primary analyses
focused on performance in the microscopy centre setting and suggested good performance of the
assays. The sensitivity of Truenat MTB and MTB Plus in the microscopy centre was estimated to be
73% (95%CI 68, 78) and 80% (95%CI 75, 84), respectively. Specificity of the Truenat assays was
98% (95%CI 97, 99) and 97% (95%CI 95, 97). We observed that specificity of the assays in the
microscopy centre was equivalent to that seen in the reference lab, with only marginal difference in
sensitivity for each assay between tests done in the microscopy centres and the reference laboratories.
Comparative data (testing the same specimens side by side) on Truenat and Xpert assays was
available from testing in the reference lab and suggested overall similar performance. The sensitivity
of Xpert was higher than of Truenat MTB but lower than that of Truenat MTB Plus. Sensitivity of
Ultra was higher than that of both Truenat MTB and MTB Plus. The specificity of Truenat MTB was
similar to that of Xpert, and the specificity of Truenat MTB Plus was similar to that of Ultra.
The proportion of non-determinate Trueprep results on initial testing was 2.4% (113/4732 test), with
almost half of these arising from one operator on one machine at one reference laboratory. Upon
retesting 87.5% of non-determinate results resolved. The proportion of non-determinate Truenat MTB
and MTB Plus assay results on the initial test was 6.2% and 9.2%, respectively; this resulted in 6.2%
of participants not having a valid Truenat MTB results and and 11.8% no valid MTB Plus assay result
on specimens tested in the microscopy centre on initial test. When allowing for a single repeat-test in
the microscopy centre, only 1.7% and 3.9% of participants remained with non-determinate results for
Truenat MTB and MTB Plus, respectively. This is largely in line with that for Xpert non-determinate
results (2.6%) although unlike Xpert, the Molbio assays have been conducted in primary health care
facilities.
Additional analyses performed in subgroups and specimens tested outside the microscopy centre
setting support the overall good performance of the Truenat MTB and MTB Plus assays. Sensitivity
of the Truenat MTB and MTB Plus assays on smear-positive culture positive specimens at the
microscopy centre was 91% and 96%, and amongst smear-negative culture-positive participants
sensitivity was 37% and 46%, respectively. Specificity of the Truenat assays in the microscopy centre
setting and the reference laboratories was equivalent. As previously observed for other molecular
assays, Truenat assay specificity was reduced in individuals with a prior history of TB disease, and
this was more pronounced for the Truenat MTB Plus and Ultra assays than for Truenat MTB and
Xpert. These results are to be expected given the higher sensitivity of these assays compared to their
counterparts, as each assay may also detect minimal amounts of non-viable or non-culturable bacilli.
Sensitivity for MTB detection in sediment was lower than that seen for raw sputum for both Truenat
MTB and Truenat MTB Plus, while specificity was similar. However, as the assays are intended for
use on unprocessed sputum, not sediment (decontaminated sputum), this is not expected to be relevant
in practice and indeed the manufacturer does not list sediment as a specimen type in the instructions
for use.
Data available on the performance of the Truenat MTB-RIF Dx assay was limited. The Truenat MTBRIF Dx assay for detection of RIF resistance had a sensitivity of 84% (95%CI 62, 95) and specificity
of 95% (95%CI 91, 98) in the microscopy centre. However, most RIF-resistant participants were
enrolled at PD Hinduja Hospital in Mumbai, India, a DR-TB referral centre that does not have a
separate microscopy centre. Thus, these results have high uncertainty due to the small sample size
(only 19 RIF-resistant participants were enrolled and tested by Truenat MTB-RIF Dx in the
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microscopy centre setting). Evaluation of RIF-resistance detection on sputum tested in the reference
lab (where specimens from 51 RIF-resistant and 258 RIF-sensitive participants provided valid results)
showed sensitivity of 84% (95%CI 72, 92]) and specificity of 97% (95%CI 95, 99). Sensitivity and
specificity of both Xpert and Ultra for detection of RIF-resistance was similar to that of Truenat
MTB-RIF Dx when tested on the same specimens. To complement the clinical data that will become
available by completion of the study, FIND and NIRT have completed an analytical study testing a
strain panel containing 90% of all global RIF-resistance mutations. The Truenat MTB RIF-Dx assay
detects >90% of the global prevalence of RIF-R mutations.
The proportion of non-determinate results for the Truenat MTB-RIF Dx assay was high. Of 1,045
Truenat MTB RIF-Dx initial tests run, 20% of all initial tests run were non-determinate, and 73% of
these remained unresolved upon re-testing. We found that the Truenat MTB-RIF Dx assay nondeterminate rate varied heavily depending on the bacillary load in the specimen. Overall, the
proportion of non-determinate Truenat MTB-RIF Dx results was 6.7% if reflexed from a Truenat
MTB-positive result. In contrast, the non-determinate rate was 72% if reflexed from a specimen that
tested positive only on ‘Truenat MTB Plus-positive’ (i.e. was ‘Truenat MTB-negative’). This
indicates that the increased sensitivity of Truenat MTB Plus to detect MTB is likely higher than that
of the Truenat MTB-RIF Dx chip to detect RIF resistance, thereby producing a high number of
indeterminate RIF resistance results. This is similar to scenarios in which Ultra trace results do not
provide a corresponding RIF resistance result. Semi-quantitative results (e.g. a Ct value cut-off) for
Truenat MTB Plus assay could be considered when deciding whether performing a Truenat MTB-RIF
Dx reflex test would be worthwhile or likely to yield non-determinate results. Further root cause
analysis revealed some key underlying reasons for non-determinate results that may be prevented in
the future: errors made during use of the Trueprep DNA extraction led insufficient washing and
subsequently to increased error rates during PCR.
This study and report has some limitations. Firstly, some of our analyses were limited by two factors:
Ultra (but not Xpert) was performed in one country, whereas Xpert (but not Ultra) was performed at
all other countries and thus we are not able to provide data on direct head-to-head to these assays on
all specimens; two sites (PD Hinduja Hospital in Mumbai, India, and the Port Moresby General
Hospital in Papua New Guinea) were not able to do testing at the microscopy setting and thus the
numbers for analyses at microscopy centre setting were further reduced. Secondly, only ten people
living with HIV were included in the analysis to date. Thirdly, while we found specificity to be
adequate, stringent cleaning procedures (and daily negative control and weekly swab testing) were
implemented as part of the Truenat study described here, and it is possible that performance could
differ under more routine conditions if such procedures are not followed.
In conclusion, for MTB detection, the analysis of the prospective clinical study suggests that the
Truenat MTB and MTB Plus assays may have similar accuracy to that of Xpert and Ultra and can be
performed at microscopy centre level. Non-determinate rates were higher than for Xpert and Ultra.
The data for Truenat MTB-RIF Dx detection of RIF-resistance, especially that in the microscopy
centre, were limited. The Molbio platforms and assays have the potential to meet the minimal criteria
set by the WHO TPP for a smear-replacement test.
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SECTION 3: Assessment of operational characteristics
The aim of the study was to assess the operational characteristics and user appraisal of the MTB Plus
and MTB-RIF Dx assays for the detection of pulmonary TB and resistance to RIF under routine
conditions at the intended settings of use in India.
Study design
This was a multi-centre operational study carried out at nine microscopy centres and one private
laboratory in various geographic locations in India (see Table 17). Most of these laboratories were
also subsequently involved in the global evaluation trial (Section 2).
Table 17: List of participating sites
Site

Location

City

Madhupura Urban Health Centre

Urban

Ahmedabad

CHC Chhala

Rural

Ahmedabad

PHC Kuha

Rural

Ahmedabad

DTC Kamrup Metro

Hilly/peri-urban

Guwahati

Sonapur District Hospital

Tribal

Guwahati

Railway Hospital

Hilly/peri-urban

Guwahati

Ayanavaram UPHC

Peri-urban

Chennai

Villiwakkam UPHC

Urban

Chennai

Thanthai Periyar

Peri-urban

Chennai

Dr B Lal Clinical & Molecular Diagnostic Laboratory

Urban

Jaipur

Study training
On-site training was provided by Molbio over two days, in line with how training is provided to
customers routinely. Training included: devices setup, hands-on practice by two operators using
leftover specimens, Trueprep and Truelab analyzer operation and troubleshooting. Training aids and
posters were supplied. FIND provided training on data collection and testing of control swabs to
detect the potential for DNA/amplicon contamination within the work environment. Operators were
experienced TB laboratory technicians with no experience on molecular tests, except for those at the
private laboratory site.
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Figure 11: Specimen workflow
Note: No differentiation was done among leftover sputum specimens considered for testing by Truenat i.e. these included
either diagnostic or follow-up specimens submitted to the participating labs as per routine

Data collection
Data collection forms and questionnaires were prepared by FIND who trained all participating sites on
how to complete these (
Table 18). Data on operational characteristics and user appraisal of the Truenat MTB Plus and RIFDx assays, as well as the Trueprep and Truelab devices, was captured throughout the study, i.e. upon
setup, during study conduct and at study end.
Table 18: Description of questionnaires used to assess operational characteristics and user appraisal
Questionnaire

Time of completion

Topic(s)

Supervisor (Admin profile user)

End of Training Study end

Ease of use, training,
troubleshooting

User set 1 (lab technician)

During training

Setup, user-friendliness, training

User set 2 (lab technician)

Daily

Trueprep & Truelab features,
issues

User set 3 (lab technician)

Study end

Overall appraisal

At the end of the study, participating lab technicians were asked to appraise the training process, rate
the ease of use, indicate whether they were able to perform certain steps and finally provide an overall
appraisal after use over 1 month.
Testing results, including the results of external controls and swabs, were captured in a separate form.
Electronic data capture by double data entry was done at NIRT using a dedicated database
(OpenClinica).
Analysis
User demographics and user appraisal data was summarized using descriptive statistics. Test results
were analyzed both overall and by participating study site where applicable
Results

173

Updated Report

Version 3.1

On-site training took place between July and August 2017 at all sites. Laboratory technicians were
trained and processed overall >500 specimens within 4-5 weeks.
User appraisal
A total of 10 laboratory technicians (average 9 years of experience; range 1.5-24 years) participated in
the study (Appendix). Moreover, 10 laboratory supervisors (average 9 years of experience; range 2.520 years) also provided feedback after training and at study end.
Table 19: Lab technician’s appraisal immediately after training (Questionnaire: User set 1):
Aspect
Average setup time (time from when each
device was brought out of the case until
turned on, in minutes)*

Appraisal
Trueprep: 27 minutes (range 10-40 minutes)
Truelab: 26 minutes (range 10-40 minutes)

User friendliness

Trueprep and Truenat considered user friendly
10/10 considered the display to be clear and were able to: i)
navigate all screens within applications, ii) read all text and
understand terminology used, iii) understand intent of icons on
display for both devices

Average number of specimens run before
feeling comfortable

4 specimens (range 1-6 specimens)

Training

9/10 considered training to be sufficient, 1/10 considered
training to be insufficient
10/10 considered training material to be sufficient (suggestion
was made on training videos covering interpretation of results,
errors)

*Installation and setup was performed by Molbio as per their current plan for implementation, therefore selfinstallation/setup was not assessed

Using a daily appraisal questionnaire (Appendix Tables), lab technicians reported both Trueprep and
Truelab devices to be easy to start-up. Most sites charged the battery of both devices daily; if the
battery was running low, a warning message would appear either before or during a run. No reports
were received of any runs being interrupted due to power issues. In 10% (28/280) of cases, the lab
technicians reported that the Trueprep device was hot to the touch at a given point during the working
day – most of these cases (25/28) were reported in a single lab.
Other features, such as test progress for both devices and the manual steps being prompted on the
Trueprep, were generally visible/worked well. Lab technicians reported making one or more technical
and operational mistakes on a given day (such as chip loading and difficulty in data entry), 3.5%
(10/280) and 22.9% (64/280) when using Trueprep and Truelab, respectively.
Based on the study end appraisal questionnaire, all respondents (10/10) expressed that the devices
were user-friendly. Also, all considered that the instructions for cleaning were sufficient and the
procedure itself was easy for both Trueprep and Truelab.
Feedback about whether the devices were able to withstand everyday use/handling was overall
positive for both Trueprep and Truelab in terms of robustness, battery life, build quality, form factor,
size of the device and portability, stability and endurance to environmental conditions (see Appendix).
When asked about which method was considered the most practical or appropriate to transfer the
Truelab results to a laboratory information management system (e.g. Nikshay et al), 60% (6/10)
indicated that automatic transfer after each run was the preferred method, 30% (3/10) preferred
manual transfer once a day and 10% (1/10) preferred manual transfer after each run.
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Lab technicians were also asked to provide their overall appraisal at the end of the study. 70% (7/10)
of them recommended the use of Truenat. Those who did not recommend it gave the following
reasons: i) pipetting of 6 µL very hard and needs to be perfect, ii) additional staff would be required
in high workload labs, iii) too many invalid results. When asked about the main barriers for adoption
in routine settings (assuming the cost is affordable) lab technicians considered the following
characteristics too be important considerations: total duration of the assay run (9/14); manual
steps/complexity of the assay (3/14); precision pipetting step (1/14); and low throughput (single test at
a time) (1/14).
Input on the main benefits and disadvantages of the assay, as well as the areas where Truenat could be
improved, was also provided. The results, including statements (captured by free text), are shown
below.
Technical issues
Of a total of 23 devices installed by Molbio (Trueprep and Truelab), 3 (13%) Trueprep devices had to
be replaced due to technical issues observed upon installation. Molbio explained that this was likely
due to damage during transit. Of these, 2 occurred at the same site consecutively and the devices were
replaced over the course of 1 week (Site 1).
Other technical problems reported included: Trueprep cartridge holder failure 3.2% (9/280), Truelab
analyzer unable to read the chip’s memory 2.1% (6/280) and Truelab chip loading dock failure 7.5%
(21/280). In addition, lab technicians reported having consulted the troubleshooting steps and
contacted Tech Support for Trueprep in 14% (39/280) and 14.6% (41/280) of cases, respectively, and
for Truelab in 16.1% (45/280) and 18.2% (51/280) of cases, respectively.
Truenat testing
A total of 443 sputum specimens were processed by Truenat MTB Plus from 18 July to 11 September
2017. Of these, 384 had valid results for MTB. The overall MTB positivity was 28.1% (108/384).
Among 108 MTB positive specimens, 71 had valid results for RIF detection, of which 22.5% (16/71)
were RIF-resistant and 77.5% (55/71) were RIF-sensitive.

Figure 12: Truenat MTB Plus testing distribution by site
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Figure 13: Truenat MTB-RIF Dx testing (among Truenat MTB Plus positives) distribution by site
The overall invalid rates, including those for the DNA extraction procedure (Trueprep), are shown in
Table 18. The invalid rates for Truenat MTB Plus and MTB-RIF Dx were higher in the current study
compared to a prior study conducted by FIND on frozen specimens (13.3% vs. 2.5% for MTB Plus
and 36.6% vs. 33.9% for MTB-RIF Dx). Root-cause analysis identified several steps to improve the
assay, which were implemented before the clinical evaluation study (Section 2) was initiated. In brief
these include:
i) Removal of Mg2+ from eluate buffer and placing as a component of the microtube with lyophilized
primers, enzyme and dNTPs – this increased overall stability of the DNA, which was particularly
important for the RIF assay which is a reflex test
(ii) improved stability at of the assay components at higher ambiet and operational temperatures and
(iii) provision of a dedicated fixed-volume (6L)precision pipette, ensuring consistency in DNA
mixing and loading.”
Table 20: Invalid/Error rate among sputum specimens processed
Procedure/Assay

Frequency

Trueprep

19.8% (96/486) 1

Truenat MTB Plus

13.3% (59/443) 2

RIF-Dx

36.6% (41/112) 3

1

Invalid/Error (72/96), no DNA eluate (5/96), cartridge and/or valve error including leakage or clogging (19/96).
(59/59). 3Indeterminate/Error (41/41)

2Invalid/Error

Swab testing
In order to monitor potential DNA/amplicon contamination, all sites were instructed to perform swab
testing of working areas and of device surfaces at study start, and once a week thereafter. Swabs were
tested as follows:
Swab A: specimen preparation area
Swab B: area around the Trueprep device
Swab C: area around the Truelab device
Swab D: cartridge holder inside the Trueprep device
Swab E: chip tray inside the Truelab device
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A total of 231 swab tests were done, of which 23 (10%) were positive by Truenat MTB Plus. The
results per swab and site are shown in Table 21. Positive swabs were observed at all sites except for 2,
of which one was the only reference lab participating in the study.
Table 21: Swab testing results per site
Site
01
02
03
04
05
06
07
08
09
10
Total

Swab A
Pos
0
1
0
0
1
1
1
0
0
0
4

Neg
6
3
2
3
6
2
5
8
5
3
43

Swab B
Pos
1
0
1
0
0
0
0
2
0
0
4

Neg
4
5
4
3
7
3
4
4
5
3
42

Swab C
Pos
3
0
0
2
0
0
1
0
0
0
6

Neg
3
4
2
1
6
3
5
5
4
3
36

Swab D
Pos
1
0
0
1
1
0
0
0
0
0
3

Neg
5
4
4
2
5
3
4
6
6
3
42

Swab E
Pos
1
1
0
1
0
0
3
0
0
0
6

Neg
5
4
3
3
7
3
4
8
5
3
45

Testing of external controls
One positive (PC) and one negative (NC) external control provided by Molbio (Truenat Universal
Control Kit) were run at least twice upon setup and at study end. According to manufacturer
instructions, 6 µL from either control are transferred onto the Truenat chip and serves to validate the
performance of both the chip and the Truelab analyzer.
A total of 96 control runs (tests) were performed throughout the study with a 10.4% invalid rate
(10/96). Among the valid runs, the results of all PC were as expected, i.e. positive. However, at 2 sites
(site 03 and 08) 3 NC out of 96 were found to be positive by Truenat MTB Plus (2 positive-NC
corresponded to the same site, for both the first and repeat run). It was reported by the lab supervisors
that the issue occurred during preparation of the PC. As per package insert, the dried-down positive
control needs to be reconstituted by adding 50 µL of NC. The controls were repeated using a new kit
afterwards and the NC were negative.
Additionally, in order to process external controls, the operator has to select a specific profile from a
drop-down menu (under “Sample Type”, either “POS control” or “NEG control”). It was observed
during the study that operators would often select “Sputum” instead of “POS control” or “NEG
control”. Therefore, given the way external controls were analysed by the system software for the
intended use, i.e. to validate the amplification step, the system would interpret the controls as
“Sputum”, applying a different QC threshold for passing the assay, than would be applied for an
actual clinical specimen. This incorrect profile selection error by the operator therefore resulted in a
larger than anticipated proportion of “invalid” result for control testing.
Table 22: Lab technician’s appraisal at study end (Questionnaire: User set 3)
Aspect
Biggest benefits of the assay*

Biggest disadvantages*

Appraisal
“Early RIF results (and MDR)”*
“May replace smear microscopy”*
“Easy to detect TB patients much early”*
“Requires less time than smear microscopy”*
“High number of invalid results”*
“Only up to 8-10 tests per day (single test at a time)”*
“Requires dedicated (skilled) person… difficult with current lab
workload”
“Difficult to load samples in the chip (silly mistakes yield to invalid
result)”*
“Long test running time”*
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Aspect

Appraisal
“Issues with liquefaction (of viscous specimens) and cartridge getting
clogged”

How could Truenat be further
improved*

“It should be fully automated like CBNAAT (one-step method)”*
“It should be possible to run multiple specimens simultaneously (not
suitable for high workload labs)”*
“Invalid results take 30 minutes to be displayed… time wasted”
“Running time should be shorter”
“Specimen processing procedure should be improved (alternative
liquefaction buffer)”
“Overall good/easy”*
“Several chips of incorrect size, would not fit in the chip slot”

Additional comments*

*Indicates comments mentioned more than once by the users
The laboratory supervisors were also asked to complete a questionnaire at the end of training and the same questions were
also asked at study end. Overall, the impressions at the end of training were maintained and in general almost all considered
the i) setup and training, ii) ease of use of devices and accessories and iii) troubleshooting steps to be easy (Table A5).
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Conclusions and next steps
Overall, the feedback from laboratory technicians at the microscopy center level, who had no experience on
molecular testing, was positive. This was also true of laboratory supervisors involved in the study.
Nevertheless, some concerns were raised in terms of the total duration of the assay run, the complexity of the
assay (precision pipetting step) and low throughput. Therefore, considerations for easier transfer of DNA eluate
would be beneficial. Molbio is looking at providing a fixed-volume (6L) pipette in the future (similar to a
Pasteur transfer pipette) instead of a micropipette.
Further observations by the manufacturer have shown that reduced visibility due to lack of adequate lighting at
microscopy centres may contribute to the challenges during the precision pipetting step, thus is looking at
providing a USB light attached to the Truelab device.
As for the assay throughput, two new models of Truelab are available since February 2018: the Truelab Duo and
the Truelab Quattro with 2 and 4 chip slots, respectively. The invalid rates for Truenat MTB Plus and MTB-RIF
Dx were higher than those seen during a prior study on frozen specimens. The removal of Mg2+ from the eluate
buffer has subsequently improved DNA stability. Technical issues reported during our study included: Truelab
analyzers damaged during transit, Trueprep cartridge holder failure and issues with the chips (loading and
interpretation). Before the initiation of the clinical evaluation study, Molbio has provided improved packaging
for shipment of equipment and consumables, and improved packaging and marking of IP contents. A new single
sterile sleeve for each Truenat chip (containing the chip, the microtube and a sterile pipette tip) has been
included within the chip pouch itself, which also contains a desiccant.
Given the number of positive swabs observed during our study, there is a concern for possible DNA crosscontamination. Careful assessment of specificity during longer-term use in microscopy centers is critical. Errors
during testing of external controls indicate that careful instructions and training on how to run the external
controls correctly is key. Moreover, these controls only serve to validate the amplification step (not the DNA
extraction step) and cannot be blinded (and thus not be used for external quality assurance). Therefore, additional
controls that could be used for proficiency testing (including DNA extraction and amplification), as well as for
external quality assurance, will be required.
Key recommendations for future training and implementation of Truenat:
• Careful consideration of critical steps such as precision pipetting and training on how to run the external
controls;
• Close monitoring of invalid results which would have an impact on time, costs and reliability by the endusers;
• Regular testing of negative controls to detect any potential carry-over contamination in microscopy
centres where most lab technicians have no experience performing molecular tests;
• Other factors that require careful consideration during implementation include:
o Capacity of scale-up for setup and adequate training to be done directly by the manufacturer;
o Microscopy centres should have a sufficient supply of electricity per day or night in order to
recharge the equipment. Alternatively, Molbio may want to consider provision of an optional
device to allow solar charging;
o Microscopy centres with no capacity for extended storage of reagents in hot regions (stability is
assured for up to 2 years if stored below 30C, and for up to 6 months if stored below 40C).
o The assessment of connectivity features of the Truelab analyzer was not possible during our
study. Evaluation in the hands of lab technicians at the microscopy centre level will be required.
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EXECUTIVE SUMMARY

Background
The World Health Organization (WHO) estimates that in 2017, 10 million people became ill with TB
globally. Drug-resistant TB is an enormous threat. In 2017, an estimated 558,000 people were newly
diagnosed with rifampicin-resistant TB, 468,720 of whom had multidrug-resistant TB (MDR-TB).
MDR-TB is caused by infection with M. tuberculosis bacteria that are resistant to at least rifampicin and
isoniazid. The introduction and rollout of nucleic acid amplification tests (NAATs) has revolutionized
the area of TB diagnosis. WHO recommends Xpert, LPA, LAMP and Mol Bio TrueNaat assay as the
molecular tests to be used for diagnosis of TB and drug resistance. Other diagnostic companies have
recently entered the realm of molecular testing for TB and drug resistance detection. These are end-toend solutions which have been developed for various diseases such as TB, HIV, HPV etc. Some have the
capacity to provide results for more than 1000 specimens for TB detection and/or drug resistance in less
than 10 hours. Data for this review consists of evidence evaluating seven such molecular assays for TB
detection and drug resistance.

Methods
A comprehensive search of the following databases (PubMed, EMBASE, BIOSIS, Web of Science,
LILACS, Cochrane) for relevant citations was performed. The search was restricted to the time period
January 2009 to July 2020. Reference lists from included studies were also searched. No language
restriction was applied. As the number of studies for the index tests are few, we contacted the diagnostic
companies for reports of their internal validation data. Studies were also included from the WHO public
call to submit the data. The quality of studies was assessed using an adapted QUADAS-2 tool. A culturebased reference standard was used for the evaluation of Mtb detection. Resistance detection was
compared against a phenotypic reference standard, as well as a composite reference standard (constructed
by combining the results of phenotypic and genotypic DST results in studies where both had been
performed). Bivariate random-effects meta-analyses were performed using STATA to obtain pooled
sensitivity and specificity estimates with 95% confidence intervals (CI) for RIF resistance, INH
resistance and Mtb detection. Where only a limited number of studies were available, descriptive analyses
were conducted.

Results
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A total of 36 studies contributed to 39 unique datasets (four studies provided data for more than one
index test). All the studies were performed in central laboratories as the index tests require sophisticated
laboratory infrastructure. For most studies, samples were included in the study on arrival into the
laboratory, as a result there was limited data on the demographics of the included patient population,
such as age, HIV status, past TB history.

A total of 29 studies with 13852 specimens (4767 TB positive specimens) provided data for evaluating
TB detection from the five index tests. The pooled sensitivity (95% CI) was 93.0% (90.9 to 94.7) and the
pooled specificity was 97.7% (95.6 to 98.8). The pooled sensitivity in smear negative specimens was
86.1% (73.4 to 93.2). The sensitivity in smear-positive specimens was 98.8 % (93.7 to 99.7) .
For resistance detection, 18 studies, 2874 specimens (702 rifampicin resistant specimens; 854 isoniazid
resistant specimens) provided data for resistance testing of two first line drugs using these centralised
platforms.
For rifampicin, the pooled sensitivity (95% CI) was 96.7% (93.1 to 98.4) and the pooled specificity was
98.9% (97.5 to 99.5). For isoniazid, the pooled sensitivity (95% CI) was 86.4% (82.8 to 89.3) and the
pooled specificity was 99.2% (98.1 to 99.7). These estimates were with phenotypic DST as the reference
standard. With composite reference standard, the estimates were very similar.
Data was insufficient to do any analysis on other covariates like HIV status, percentage of children in the
study, and treatment status.

Conclusion
In patients with pulmonary TB, the centralized molecular assays demonstrate promising diagnostic
accuracy for TB detection, RIF resistance and INH resistance. The diagnostic accuracy estimates of this
class of technology appears in comparable range of diagnostic accuracy to the WHO recommended
molecular tests for pulmonary TB detection and resistance detection.
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Background
Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb) bacteria. TB causes tremendous
suffering worldwide and has surpassed HIV/AIDS as the world’s leading infectious cause of death. The
World Health Organization (WHO) estimates that in 2017, 10 million people became ill with TB
globally. Approximately, 1.3 million HIV-negative people and 300,000 HIV-positive people died from
TB (WHO 2018). Drug-resistant TB is an enormous threat. In 2017, an estimated 558,000 people were
newly diagnosed with rifampicin-resistant TB, 468,720 of whom had multidrug-resistant TB (MDR-TB).
MDR-TB is caused by infection with Mtb bacteria that are resistant to at least rifampicin (RIF) and
isoniazid (INH).

The introduction and rollout of nucleic acid amplification tests (NAATs) has revolutionized the area of
TB diagnosis by providing rapid and accurate diagnostics (WHO 2010). The principal behind these tests
is amplification of the targeted genomic region of the Mtb bacteria using polymerase chain reaction
(PCR). NAATs are used for both TB detection and analysis of anti-TB drug resistance, most commonly
RIF and INH (UNITAID 2017; Dicks 2019).

Resistance to RIF is usually associated with mutations in the hot-spot region of the rpoB gene. Resistance
to INH is observed due to mutations in many genes. Mutations in katG and inhA genes are the most
frequently observed and have been the bases of many molecular diagnostic tests for detecting INH
resistance. However, there are other rarer mutations in other genes like ahpC, fabG1, kasA, and efpA
(Almedia 2011; Somoskovi 2001). Recently, WHO made evidence-based recommendations for INH
mono-resistant TB cases and suggested a non-standard treatment for these cases. Globally, INH
monoresistance is more prevalent than MDR-TB and these guidelines advocates for universal testing for
both RIF and INH resistance at the start of TB treatment (WHO 2018).

Thus far the molecular market has been dominated by Cepheid (US) with the GeneXpert, a near patient
platform that allowed for Mtb and RIF resistance detection. Bruker-Hain (Germany) has two line-probe
assays available for RIF/INH detection (GenoType MTBDRplus) and FQ/SLID detection (GenoType
MTBDRsl) for centralized settings. Recently, WHO also recommended LAMP and MolBio True NAAT
for TB and drug resistance detection (WHO, 2019)
184

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Recently, several companies have developed molecular tests for TB and RIF/INH resistance detection
on centralized platforms, many of which have been established as multi-disease platforms, primarily for
detection of Human immunodeficiency virus (HIV), Human Papillomavirus (HPV) and Hepatitis C
Virus. On these high-throughput platforms a large number of patient specimens can be tested in a shorter
amount of time. Some assays can generate around 1000 results in just 8 hours (Cobas 8800 platform).
This could help reduce the current problem of diagnostic delays and delay in treatment initiation for TB
patients (Subbaraman 2016), if transport logistics and communication of test results can be ensured.

This systematic review intends to evaluate the data available on the diagnostic test accuracy of these tests
for Mtb and RIF/INH resistance detection.
Index tests included in this systematic review
Abbott Molecular was the first company to develop two centralized NAATs, one for TB detection
(RealTime MTB assay) and one for RIF/INH (RealTime MTB RIF/INH). The Abbott RealTime MTB
RIF/INH resistance assay uses eight dye-labeled probes to detect the RIF resistance determining region
of rpoB gene and four probes for IHN, with two probes each for katG and inhA genes. The limit of
detection (LoD) has been reported as 17 cfu/mL for the RealTime MTB assay and as 60 cfu/mL for the
RealTime RIF/INH assay (UNITAID 2017; Abbott 2019a; Abbott 2019b). The assays operate on the
high throughput m2000 platform, m2000sp for fully automatic DNA extraction and m2000rt for
performing the real time PCR.
Bruker-Hain Diagnostics has expanded its portfolio from the line-probe assays to offer the FluoroType®
MTB to detect Mtb DNA and FluoroType® MTBDR, which can detect RIF and INH resistance in
addition. These are completely independent platforms and have no relation to the GenoType MTBDR
platforms. Both assays are CE- marked since 2014 and 2018, respectively. The assays utilize asymmetric
excess PCR and light on/off probes. The target genes that are detected in this assay are rpoB for RIF and
inhA promoter and katG gene for INH resistance. The LoD of FluoroType MTB assay has been reported
as 15 cfu/mL and as 20 cfu/mL for FluoroType MTBDR assay (UNITAID 2017; Bruker-Hain 2019a;
Bruker-Hain 2019b). For DNA extraction, there are manual (FluoroLyse) and automated (GenoXtract)
options available. The platform used for amplification and detection are FluoroCycler ® and
FluoroCycler® XT for MTB and MTBDR assays respectively. Both have high throughput.
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Becton Dickinson (BD) has developed a multiplexed real-time PCR (BD MAXTM MDR-TB, CE-marked
since 2018) assay for the detection of Mtb and resistance to both RIF and INH. The platform utilizes 5colour detection (UNITAID 2017). For Mtb detection, this assay detects multicopy genomic targets
IS6110 and IS1081 as well as a single copy genomic target. For resistance, the assay detects rpoB, inhA
promoter and katG genes. The LoD of BD Max MDR-TB assay has been reported as 0.5 cfu/ml for Mtb
detection and 6 cfu/ml for resistance detection. The assay uses a fully-integrated, automatic, highthroughput BD MaxTM platform.

Roche Diagnostics (Roche) has developed COBAS MTB and MDR-TB assay to detect TB and drug
resistance on their COBAS® 6800/8800 Systems, which are fully automated and very high throughput
(e.g. the 8800 system can process 960 tests in an 8-hour period) (UNITAID 2017). The assay detects
both 16S rRNA and esx genes as target genes for Mtb detection. The LoD for this assay ranged from 7.6
cfu/mL to 8.8 cfu/mL.

Further details on the tests and platforms is available in a separate analysis of operational aspects
conducted by FIND.

Methods
We followed standard guidelines and methods for systematic review and meta-analyses of diagnostic test
accuracy (Moher 2009; Cochrane 2008). We prepared a protocol for the literature search, article
selection, data extraction, assessment of methodological quality and synthesis of results.
Selection criteria
Types of studies (designs)
Cross-sectional, case-control, cohort studies or randomized controlled trials comparing any of the abovementioned molecular tests to a reference standard test (see section below on Reference Standard) were
included, if at least 25 specimens were tested. Given the limited number of studies evaluating the new
molecular diagnostic assays to date, case-control studies were included, as long as cases and controls
were sampled from the same patient population. We also included studies that were submitted though
the WHO public call on these platforms.
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Types of participants
Patients of all age groups presumed of having or confirmed with pulmonary TB or MDR-TB, in all
settings and all countries, were included. Specimen types were limited to pulmonary TB specimens (such
as sputum, bronchoalveolar lavage, tracheal aspirate etc.).

Index tests
1. Abbott RealTime MTB and Abbott RealTime MTB RIF/INH
2. Bruker-Hain FluoroType MTB and FluoroType MTBDR
3. BD Max MDR-TB assay
4. Roche Cobas MTB assay and Roche Cobas MTB RIF/INH assay

Target conditions
We considered the following three target conditions: resistance of Mtb to rifampicin; resistance of Mtb
to isoniazid; and disease caused by pulmonary Mtb.
Reference standard
The reference standard for the detection of Mtb was a positive culture for Mtb. The specific culture
method and number of cultures inoculated were recorded: Liquid (MGIT 960, BACTEC 360), Solid (LJ,
7H10, 7H11), Mixed (i.e. more than one culture method was used) or “Other”.

The reference standard for the detection of RIF and INH resistance detection was primarily culture-based,
i.e. drug susceptibility testing (DST) as the primary reference standard for resistance detection. In
addition, results from genetic sequencing were obtained (genotypic DST), where reported and a
composite reference standard was developed, which combined the results from genotypic and phenotypic
DST results.

For composite reference standard, if conventional DST showed sensitivity but sequencing identified
mutations recognized to be associated with resistance, the composite reference standard was considered
resistant if the mutations were associated with high or moderate confidence of being associated with
resistance as per Miotto et al. (Miotto 2017). If conventional DST showed resistance but sequencing did
not identify mutations to be associated with resistance, the composite reference standard was considered
resistant (as mutations will be assumed outside of the region sequenced or alternatively there may be
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low-level heteroresistance, below the limit of detection of the sequencing technologies used; e.g. Sanger).
The composite reference standard was constructed without knowledge of the index test results.
Outcome measures
For Mtb detection, sensitivity refers to the proportion of specimens or isolates with a culture positive
for Mtb that were detected as Mtb-positive by the index test.
For RIF- or INH-resistance detection, sensitivity refers to the proportion of specimens or isolates with
the phenotypic or composite reference standard separately, demonstrating RIF/INH-resistance that were
detected as RIF/INH-resistant by the index test.

For Mtb detection, specificity refers to the proportion of specimens or isolates with a culture negative
for Mtb that were detected as Mtb-negative by the index test.
For RIF- or INH-resistance detection, specificity refers to the proportion of specimens or isolates with
the phenotypic or composite reference standard separately, demonstrating RIF/INH-sensitivity that were
detected as RIF/INH-sensitive by the index test.
Search methods
A comprehensive search of the following databases (PubMed, EMBASE, BIOSIS, Web of Science,
LILACS, Cochrane) for relevant citations was performed (full search strategy reported in Appendix A).
The search was restricted to the time period January 2009 to July 2020. Reference lists from included
studies were also searched.

No language restriction was applied. As the number of studies for these index tests are less, we included
abstracts which were not published as a full research paper. Various diagnostic companies were also
contacted for their internal validation data and data submitted through the WHO public call was also
included.

Study selection methods
Two review authors (MK and EM) independently assessed titles and abstracts identified by electronic
literature searching to identify potentially eligible studies (Screen 1). Any citation identified by either
review author during screen 1 was selected for full-text review. The same two review authors (MK and
EM) independently assessed the full-text articles for inclusion using predefined inclusion and exclusion
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criteria (Screen 2). In Screen 2, any discrepancies were resolved by discussion between the review
authors, and for any study that were not resolved by the review authors, were then decided by a third
review author (SS). If a study contributed data to more than one analysis (e.g. two different index tests
in one study, on the same or different specimens), it was considered as two or more datasets.
Data extraction
We created a data extraction form, piloted it with a subset of eligible studies, and then finalized the form
(Appendix B). Two review authors (MK and EM) independently extracted data from the included studies
with the standardized form and crosschecked to ensure accuracy. Disagreement between review authors
on data extraction was resolved by discussion or by a third reviewer (SS). For studies without complete
extraction information available, authors were contacted to request further data. Studies without
extractable sensitivity and specificity data were excluded if no further information was acquired after
three attempts to contact the study authors.
Assessment of methodological quality
The QUADAS-2 instrument, a validated tool for diagnostic studies, was used to assess study quality
(Whiting 2011). The information needed to answer QUADAS-2 questions was incorporated in the data
extraction sheet. A description of the QUADAS-2 items and the interpretation in the study context can
be found in Appendices C.
Statistical analysis and data synthesis
Statistical analyses were performed using Stata (version 14; StataCorp. 2015. Stata Statistical Software:
Release 14. College Station, TX: StataCorp LP). The studies were grouped by type of index test and
reference standard used. QUADAS-2 analysis was performed using Excel (version 14.5.4; Microsoft,
Seattle, WA).
Approach to indeterminate index test results
Indeterminate test results were excluded from the analyses for determination of sensitivity and specificity
and were reported separately.
Assessment of publication bias
Formal assessment of publication bias (tests for funnel plot asymmetry) was not performed, as these
techniques are not recommended for diagnostic test accuracy studies (Cochrane 2008). Due to very little
data available on this topic, unpublished data were also included in this review.
Meta-analysis
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Meta-analysis was after pooling the dataset from all the index tests together. We also visually saw the
results from each index test by forest plots. Bivariate random effects meta-analyses were performed (Chu
2006; Reitsma 2005) using the metandi programme in Stata for index tests with enough studies that
included data to calculate sensitivity, specificity, and 95% confidence intervals for each of these.
Summary and individual estimates were also presented graphically with the 95% Confidence Interval
(CI) interval and prediction region.

Forest plots were visually assessed for heterogeneity among the studies within each index test and in the
summary plots we examined the variability in estimates and the width of the prediction region, with a
wider prediction region suggesting more heterogeneity.

There was a pooling criteria that was developed and consensus was reached to use that pooling criteria
by inputs from WHO and the GDG members. The pooling criteria to pool the data from different index
tests is given in the table below:

Parameters

Sensitivity

Specificity

n≥50 TB+
Pre-conditions

(number

resistant

for

resistance

detection)
Condition 1

Condition 2

n≥100 TB(number susceptible for resistance detection)

The pooled estimate of one assay lies within

The pooled estimate of one assay lies within +/-

+/-5% of the overall point estimate

2% of the overall point estimate

The pooled estimate for one assay lies

The pooled estimate for one assay lies

within 95%CI of the overall point estimate

within 95%CI of the overall point estimate

AND

AND

The pooled estimate for one assay lies within

The pooled estimate for one assay lies within +/-

+/-10% of the overall point estimate

5% of the overall pooled estimate

Assessment of the quality of evidence

We assessed the quality of evidence using the GRADE approach (Schünemann 2020; Schünemann
2020). We used the GRADEpro Guideline Development Tool software (GRADEpro 2015) to generate
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Summary of Findings tables. As recommended, we rated the quality of evidence as high (no points
subtracted), moderate (one point subtracted), low (two points subtracted), or very low greater than two
points subtracted) based on five factors: risk of bias, indirectness, inconsistency, imprecision, and other
considerations. We subtracted one point when there was a serious issue identified or two points when
there was a very serious issue identified in any of the factors used to judge the quality of evidence. Two
review authors (MK and EM) discussed and applied the GRADE criteria.
Results
Results of the search
From the literature search, 878 citations were identified, 133 full-text articles were reviewed: 36 studies
were included in this systematic review (see Figure 1). These 36 studies contributed 39 datasets (3
provided data for more than one index test). All studies were conducted in central level laboratories,
which was expected as these centralized assays require sophisticated laboratory infrastructure and skilled
laboratory workers. Thirteen studies (36%) utilized specimens from high-income countries or were
conducted in high-income countries; 14 studies (39%) utilized specimens from middle-income countries
or were conducted in middle-income countries; three studies (8%) evaluated specimens from middle and
high-income countries, one study (3%) combined specimens from low- and high-income countries and
five studies (14%) utilized specimens from low and middle-income countries (LMICs) or were conducted
in LMICs.

There were five assays which contributed data for TB detection. Abbott Realtime MTB, FluoroType
MTB, FluoroType MTBDR, BD Max MDR-TB and Cobas 6800/8800 MTB. Of these, all but Cobas
MTB assay (n = 2) had sufficient data to be meta-analysed.

The following sections provide the results of the systematic review and meta-analysis for all the index
tests. The methodological quality for all the included studies were assessed using QUADAS-2 tool
(Figures 2 and Figure 7).

TB Detection
1. PICO question: Among people with signs and symptoms of TB (adults, PLHIV and children) should
cNAT assays on sputum be used as an initial diagnostic test for PTB?
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A total of 29 studies with 13852 specimens provided data for evaluating TB detection from the five index
tests. There were 12 studies that were performed on the Abbott RealTime MTB assay, six on FluoroType
MTB, four on FluoroType MTBDR, five on BD Max and two on Cobas MTB assay. The reference
standard for each of these studies for TB detection was culture based detection.

Methodological Quality assessment

Figure 2: QUADAS-2 assessment for TB detection
Patient selection

Risk of bias

Of the total 29 studies, 16 (55%) had high or unclear risk of bias as they either did prior testing before
including specimens in the study or used convenience sampling or the method of participant selection
was not reported.

Applicability concern

Only 45% of the studies were conducted in high TB/MDR TB burden country.

Index test
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As all the index test assays were automated and thresholds were pre-defined, there is no scope of
subjective interpretation of results. We judged all of them at low concern for any risk of bias.

Reference Standard
Of the 29 studies, 9 (31%) had high or unclear risk of bias because either the results of the reference
standard were not blinded or it was not reported.
Pooled Analysis
The overall sensitivity in these 29 studies ranged from 79% to 100% and the specificity ranged from 60%
to 100%.
The pooled sensitivity (95% CI) was 93.0% (90.9 to 94.7) and the pooled specificity was 97.7% (95.6 to
98.8). Table 2a (Figure 3) provides the overall pooled estimates for all tests and also provides metaanalysed estimates of each index test separately.

Figure 3: Forest plot of included studies for TB detection
Subgroup analysis: Smear status
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There were 26 studies that provided information for TB detection stratified by smear status. A total of
2880 smear positive and 9447 smear negative specimens were evaluated.
The sensitivity for smear positive specimens ranged from 93% to 100%. The pooled sensitivity was
98.8% (93.7 to 99.7) (Table 2b) (Figure 4).

Figure 4: Forest plot of included studies for TB detection in smear positive specimens.
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For smear negative the sensitivity ranged from 22% to 100%, and specificity ranged from 68% to 100%.
Meta-analysis of the data provided a pooled sensitivity of 86.1% (73.4 to 93.2) and the pooled specificity
was 96.4% (93.6 to 98.0) (Table 2b) (Figure 5).

Figure 5: Forest plot of included studies for TB detection in smear negative specimens.

Sensitivity analysis: Manufacturer driven
There were four studies which were manufacturer driven in this dataset for TB detection. We excluded
these studies and performed a sensitivity analysis to evaluate the diagnostic accuracy of these class of
tests for TB detection. The definition of manufacturer driven was that we removed studies which were
provided by the manufacturers’ during the public call. Additionally, we reviewed the included published
studies and if the authors of any study were manufacturers’ and they were involved in the design, analysis
or running the study, we also excluded them from our sensitivity analysis.
A total of four studies (Cobas 2020, Hinic 2017, Paradis 2018, and Tang 2015) were excluded from the
meta-analysis.
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The pooled sensitivity for this analysis was 92.9% (90.4 to 94.8) and the pooled specificity was 98.1%
(95.8 to 99.2). Table 4 provides the estimates for sensitivity analyses.

Head-to head comparisons
Whenever the data was available, we did head-to head comparisons of the index test with the wellestablished and characterised test like Xpert MTB/RIF or Xpert Ultra.
These head-to-head comparisons provide a better understanding of the diagnostic accuracy of the index
test as the comparison to well established molecular tests enables a benchmarking in the respective
population. It helps understanding if the point estimate for diagnostic accuracy is driven by the test
characteristic or it could be attributed to the population characteristics.

We did not pool the estimates from head to head comparison, as visualizing them separately helps
understand whether the point estimates are driven by the test or the study characteristics. We provide
comparative forest plots for these comparisons, which help see the results of the index test and Xpert
on the same specimens.
Abbott RealTime MTB
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FluoroType MTB

BD Max

Xpert

Cobas MTB

Xpert

Figure 6: Head- to head comparisons of cNATs and Xpert for TB detection

In the study by Wang 2016, a lower specificity was observed for both Abbott RealTime MTB assay
(84%) and the Xpert assay (90%) for pulmonary TB specimens.
Obasanya 2017 used Xpert in the study for pulmonary specimens. The study reported lower sensitivity
of 79% for Xpert in comparison to the FluoroType (sensitivity of 89%), while the specificity of the Xpert
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was substantially improved (94% versus 60% for the FluoroType). Considering the possible reasons
mentioned about for the low specificity of the FluoroType, and from the head-to-head comparison results,
it is possible that the manual DNA extraction method used in this study for performing FluoroType MTB
assay could have led to substantially high cross-contamination than a fully automated Xpert assay.
For Paradis 2018, Xpert was also performed on the sputum specimens. It was observed that the specificity
was low (73%) with Xpert as well. This suggests that the reasons for the false positives of the index tests,
are not specific to the index test but more a problem related to the study.

Forest plot for each index test separately has been provided in Appendix C.

Resistance detection
2. PICO question: Among people with bacteriologically-confirmed PTB (adults, PLHIV, children)
should cNAT assays on sputum be used to detect rifampicin resistance using phenotypic DST as
reference standard ?

A total of 18 studies, 2874 specimens provided data for resistance testing of two first line drugs
(Rifampicin and Isoniazid) using these centralised platforms. There were nine studies that were
conducted on Abbott RealTime RIF/INH assay, three on FluoroType MTBDR, four on BD Max and two
on Cobas RIF/INH assay. The reference standard for each of these studies for resistance detection was
phenotypic DST and a composite reference standard with both phenotypic DST and sequencing results.

Methodological Quality assessment

Figure 7: QUADAS-2 assessment for resistance detection
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Pooled Analysis: Phenotypic DST
Rifampicin resistance
The overall sensitivity for rifampicin resistance in these 18 studies ranged from 88% to 100% and the
specificity ranged from 98% to 100%.
The pooled sensitivity (95% CI) was 96.7 (93.1 to 98.4) and the pooled specificity was 98.9 (97.5 to
99.5). Table 3a (Figure 8) provides the overall pooled estimates for all tests and also provides metaanalysed estimates of each index test separately.

Figure 8: Forest plot for rifampicin resistance detection with phenotypic DST as the reference standard
3. PICO question: Among people with bacteriologically-confirmed PTB (adults, PLHIV, children)
should cNAT assays on sputum be used to detect isoniazid resistance using phenotypic DST as
reference standard ?
Isoniazid resistance
The overall sensitivity for rifampicin resistance in these 18 studies ranged from 58% to 100% and the
specificity ranged from 94% to 100%.
The pooled sensitivity (95% CI) was 86.4 (82.8 to 89.3) and the pooled specificity was 99.2 (98.1 to
99.7). Table 3a (Figure 9) provides the overall pooled estimates for all tests and also provides metaanalysed estimates of each index test separately.
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Figure 9: Forest plot for isoniazid resistance detection with phenotypic DST as the reference standard

Pooled Analysis: Composite reference standard
4. PICO question: Among people with bacteriologically-confirmed PTB (adults, PLHIV, children)
should cNAT assays on sputum be used to detect rifampicin resistance using composite reference
standard ?
Rifampicin resistance
The overall sensitivity for rifampicin resistance in these 9 studies ranged from 92% to 100% and the
specificity ranged from 95% to 100%.
The pooled sensitivity (95% CI) was 96.7 (92.9 to 98.5) and the pooled specificity was 98.7 (97.1 to
99.4). Table 3b (Figure 10) provides the overall pooled estimates for all tests and also provides metaanalysed estimates of each index test separately. Details of the discrepant mutations is given in the
Appendix D.

Figure 10: Forest plot for rifampicin resistance detection with composite reference standard
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5. PICO question: Among people with bacteriologically-confirmed PTB (adults, PLHIV, children)
should cNAT assays on sputum be used to detect isoniazid resistance using composite reference
standard ?
Isoniazid resistance
The overall sensitivity for rifampicin resistance in these 8 studies ranged from 79% to 92% and the
specificity ranged from 99% to 100%.
The pooled sensitivity (95% CI) was 86.4 (82.1 to 89.8) and the pooled specificity was 99.8 (98.3 to
99.8). Table 3b (Figure 11) provides the overall pooled estimates for all tests and also provides metaanalysed estimates of each index test separately. Details of the discrepant mutations is given in the
Appendix C

Figure 11: Forest plot for isoniazid resistance detection with composite reference standard
Sensitivity analysis: Manufacturer driven
There were three studies which were manufacturer driven in this dataset for TB detection. We performed
a sensitivity analysis excluding these studies driven by manufacturers to assess whether this would affect
the results. We excluded Kostera 2016, Kostera 2018 and Paradis 2018.
The pooled estimate for this sensitivity analysis for rifampicin was sensitivity of 97.6% (93.3 to 99.2),
specificity of 98.6% (97.0 to 99.4). Similarly, for isoniazid the sensitivity and specificity was 85.7%
(81.3 to 89.2) and 99.4% (98.6 to 99.7) respectively. Table 4 gives the sensitivity analysis for resistance
detection.

Discussion
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This review summarizes the current literature on seven End-to-End solutions for both TB detection and
rifampicin and isoniazid resistance detection. Overall, the performance data on the reviewed assays
appear promising.
In patients being evaluated for pulmonary TB and resistance detection, these centralized molecular assays
demonstrate promising diagnostic accuracy for TB detection, RIF resistance and INH resistance. The
performance of these assays is likely similar to that of WHO recommended Xpert and LPA assays. The
assays might prove to have operational advantages in some settings due their large throughput.
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TABLES

Table 1: Number of included studies for each index test
INDEX TEST

PURPOSE

NUMBER OF STUDIES

ABBOTT REALTIME MTB

TB detection

12

ABBOTT REALTIME RIF/INH

Resistance detection

9

FLUOROTYPE MTB

TB detection

6

FLUROTYPE MTBDR

TB detection

4

FLUROTYPE MTBDR

Resistance detection

3

BD MAX MDR-TB

TB detection

5

BD MAX MDR-TB

Resistance detection

5

COBAS 6800/8800 MTB

TB detection

2

COBAS 6800/8800 MTB-DR

Resistance detection

2
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Table 2a: Diagnostic accuracy of each index test- TB detection
Parameter

Point estimate

CI

TB+

TB -

4767

9085

1274

4162

755

2502

976

677

1098

1207

664

537

Overall (N = 29)
Overall sens

93.0

Overall spec

97.7

Pooled sens
Pooled spec

96.1
97.6

Pooled sens
Pooled spec

91.3
98.4

Pooled sens
Pooled spec

91.7
99

Pooled sens
Pooled spec

93.0
95.1*

Sens
Spec

93.3
96.7

90.9 to 94.7
95.6 to 98.8
Abbott RealTime MTB (N= 12)
89.9 to 98.5
94.8 to 98.9
FluoroType MTB (N= 6)
89.0 to 93.0
91.9 to 99.7
FluoroType MTBDR (N= 4)
86.2 to 95.1
95.8 to 99.8
BD Max MTB (N= 5)
89.7 to 95.3
73.2 to 99.3
Roche Cobas MTB (N= 2)**
87.4 to 97.3
92.9 to 98.6

CI: Confidence interval; # = number of; sens: sensitivity; spec: specificity
*A study (Paradis 2019) reported low specificity of 87%, but that study also had low specificity in Xpert and on BD Max, when a head-to-head comparison
was done [72% (Bd Max) vs 73% (Xpert)]
** For Roche Cobas MTB assay, we present the results as median sensitivity and specificity. For individual studies, the sensitivity was 91.7% (92.0-97.3)
and 94.9% (87.4- 94.6). the specificty was 95.6% (92.9-98.6) and 97.9% (96.2-97.8).

Table 2b: Diagnostic accuracy for TB detection by smear status
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Parameter

Point estimate

CI

Point estimate

Smear positive (N = 26; 2880 specimens)
Overall sens

98.8%

Overall spec

-

Pooled sens
Pooled spec

99.7%
-

Pooled sens
Pooled spec

87.0%
-

Pooled sens
Pooled spec

97%
-

Pooled sens
Pooled spec

97%
-

Sens
Spec

99%
-

CI

Smear negative (N = 26; 9947 specimens)
93.7 to 99.7

86.1%

73.4 to 93.2

Abbott RealTime MTB(N= 11)
97.3 to 99.9
FluoroType MTB (N= 4)
83 to 91
FluoroType MTBDR (N= 4)

96.4%

93.6 to 98.0

85.7%
99.2%

65.5 to 95.0
96.4 to 99.1

84.0%
97.0%

80 to 89
96 to 98

95 to 99
BD Max MTB (N= 4)
93 to 99
Roche Cobas MTB (N= 2)*
97 to 100
-

79.1%
99.3%

62.9 to 89.4
96.2 to 99.8

79.6%
97.2%

68.7 to 87.4
76.6 to 99.7

80.0%
97.0%

61.2 to 92.4
96.2 to 98.6

CI: Confidence interval; # = number of; sens: sensitivity; spec: specificity

*For Roche Cobas MTB assay, data are presented as median sensitivity and specificity. For individual studies, the sensitivity in semar positive
was 99% (97-99) and 99% (97-100). For smear negative the sensitivity was 73% (61.2 to 82.3), 87% (80.1 to 92.4). The specificity was 96% (96.2
to 98.6) and 98% (92.0 to 98.1).
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Table 3a: Diagnostic accuracy of each index test - resistance detection with phenotypic DST as reference standard

Overall Pooled RIF (N = 18)

Overall Pooled INH (N = 18)

Pooled Sens

96.7 (93.1 to 98.4)

Pooled sens

86.4 (82.8 to 89.3)

Pooled Spec

98.9 (97.5 to 99.5)

Pooled spec

99.2 (98.1 to 99.7)

Abbott (RIF) N = 9

Abbott (INH) N = 9

Pooled sens

94% (91 to 96)

Pooled sens

89% (86 to 92)

Pooled spec

99% (99 to 100)

Pooled spec

98% (98 to 100)

FluoroType MTBDR (RIF) N= 3

FluroType MTBDR (INH) N= 3

97 (82 – 100); 99 (94 – 100) ; 100 (93100)
100 (85 – 100); 100 (96- 100) ; 95 (9098)
BD Max MDR-TB (RIF) N= 4

Sens
Spec

70 (46 – 88); 92 (84 – 97); 79 (6788)
100 (84 – 100); 100 (96-100); 99 (94100)
BD Max MDR-TB (INH) N= 4

Sens
Spec

Pooled Sens

99.1 (96.2-100)

Pooled Sens

90.0 (64.6 – 97.8)

Pooled Spec

98.2 (96.4 - 99.2)

Pooled Spec

99.8 (98.2 – 99.9)

Roche Cobas MTB RIF/INH (RIF) N= 2

Roche Cobas MTB RIF/INH (INH) N = 2

Sens

91 (85-96); 100 (54-100)

Sens

80 (28- 99); 97 (91- 100)

Spec

96 (94-98); 100 (95-100)

spec

98 (96-100); 97 (91- 100)

Data are presented as point estimate with 95% CI. Sens: sensitivity; spec: specificity

Table 3b : Diagnostic accuracy of each index test - resistance detection with composite reference standard
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Overall Pooled RIF (N = 9)

Overall Pooled INH (N = 8)

Pooled sens

96.7 (92.9 to 98.5)

Pooled sens

86.4 (82.1 to 89.8)

Pooled spec

98.7 (97.1 to 99.4)

Pooled spec

99.8 (98.3 to 99.8)

Data are presented as point estimate with 95% CI. Sens: sensitivity; spec: specificity

Table 4: Sensitivity analysis
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Parameter

Point estimate (95% CI)
TB detection (N = 25)

Overall sensitivity

92.9 (90.4 to 94.8)

Overall specificity

98.1 (95.8 to 99.2)
Rifampicin resistance (N = 15)

Overall sensitivity

97.6 (93.3 to 99.2)

Overall specificity

98.6 (97.0 to 99.4)
Isoniazid resistance (N = 15)

Overall sensitivity

85.7 (81.3 to 89.2)

Overall specificity

99.4 (98.6 to 99.7)

CI: Confidence interval
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Table 5: Summary of findings: TB detection
What is the diagnostic accuracy of cNATs for TB detection?
Patient or population: Participants with presumptive pulmonary TB
Setting: outpatient and inpatient
Reference standard: culture
Pooled sensitivity: 0.93 (95% CI: 0.91 to 0.95) Pooled specificity: 0.98 (95% CI: 0.96 to 0.99)
Number of results per 1,000 patients tested (95% CrI)
Test result

Prevalence 2.5%

Prevalence 10%

Prevalence 30%

True positives

23 (23 to 24)

93 (91 to 95)

279 (273 to 284)

False negatives

2 (1 to 2)

7 (5 to 9)

21 (16 to 27)

True negatives

953 (932 to 963)

879 (860 to 889)

684 (669 to 692)

False positives

22 (12 to 43)

21 (11 to 40)

16 (8 to 31)

Number of
participants
(studies)

Certainty of the
Evidence (GRADE)

4767
(29)

⨁⨁⨁◯
Moderate a, b

9085
(29)

⨁⨁⨁⨁
High

CrI: Credible interval
Explanations
a. Of the total 29 studies, 16 (55%) had high or unclear risk of bias as they either did prior testing before including specimens in the study or used convenience sampling or the method of participant selection was not reported. We downgraded one
level for risk of bias.
b. Median TB prevalence in these studies was 31% and the number of specimens for TB positive and TB negative are large, so we decided to not downgrade for indirectness.
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Table 6: Summary of findings: cNATs for rifampicin resistance
What is the diagnostic accuracy of cNATs for RIF resistance detection?
Patient or population: Participants with presumptive MDR-TB
Setting: outpatient and inpatient
Reference standard: culture
Pooled sensitivity: 0.97 (95% CI: 0.93 to 0.98) | Pooled specificity : 0.99 (95% CI: 0.97 to 0.99)

Number of results per 1,000 patients tested (95% CI)
Test result

Prevalence 2%
Typically seen in

Prevalence 10%
Typically seen in

Prevalence 15%
Typically seen in

19 (19 to 20)

97 (93 to 98)

145 (140 to 148)

False negatives

1 (0 to 1)

3 (2 to 7)

5 (2 to 10)

True negatives

969 (956 to 975)

890 (878 to 896)

841 (829 to 846)

False positives

11 (5 to 24)

10 (4 to 22)

9 (4 to 21)

True positives

Number of
participants
(studies)

Certainty of the
Evidence (GRADE)

702
(18)

⨁⨁⨁◯
Moderate a,b

2172
(18)

⨁⨁⨁⨁
High

CrI: Credible interval
a. There were 8 (44%) out of 18 studies that had high or unclear risk of bias as the participant selection was not reported or there was prior testing done for the specimens included in the study. We downgraded one level for risk of bias.
b. The median prevalence of rifampicin resistance in these studies was 15%, which is representative of drug resistance in most countries for pulmonary TB. We did not downgrade for indirectness
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Table 7: Summary of findings: cNATs assay for isoniazid resistance
What is the diagnostic accuracy of cNATs assay for INH resistance detection?
Patient or population: Participants with presumptive MDR-TB
Setting: outpatient and inpatient
Reference standard: culture
Pooled sensitivity: 0.86 (95% CI: 0.83 to 0.89) | Pooled specificity : 0.99 (95% CI: 0.98 to 1.00)

Number of results per 1,000 patients tested (95% CrI)
Test result

Prevalence 2%
Typically seen in

Prevalence 10%
Typically seen in

Prevalence 15%
Typically seen in

True positives

17 (17 to 18)

86 (83 to 89)

130 (124 to 134)

False negatives

3 (2 to 3)

14 (11 to 17)

20 (16 to 26)

True negatives

972 (961 to 977)

893 (883 to 897)

843 (834 to 847)

False positives

8 (3 to 19)

7 (3 to 17)

7 (3 to 16)

Number of
participants
(studies)

Certainty of the
Evidence (GRADE)

854
(18)

⨁⨁⨁◯
Moderate a,b,c

1904
(18)

⨁⨁⨁⨁

High c

CrI: Credible interval
a. There were 8 (44%) out of 18 studies that had high or unclear risk of bias as the participant selection was not reported or there was prior testing done for the specimens included in the study. We downgraded one level for risk of bias.
b. Sensitivity for INH resistance ranges from 58% to 100%. There was one study with low sensitivity, however, overlapping confidence intervals were seen. We did not downgrade for inconsistency.
c. The median prevalence in these studies was 19.7%. With high number of specimens being evaluated in these studies, we did not downgrade for indirectness.
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Table 8: Summary of findings table: cNATs for RIF resistance: CRS
What is the diagnostic accuracy of cNATs for RIF resistance detection?
Patient or population: Participants with presumptive pulmonary TB
Setting: outpatient and inpatient
Reference standard: CRS: phenotypic DST (solid or liquid) and gene sequencing, where at least one test is resistant
Pooled sensitivity : 0.97 (95% CI: 0.93 to 0.98) | Pooled specificity : 0.99 (95% CI: 0.97 to 0.99)

Number of results per 1,000 patients tested (95% CrI)
Test result

Prevalence 2%
Typically seen in

Prevalence 10%
Typically seen in

Prevalence 15%
Typically seen in

True positives

19 (19 to 20)

97 (93 to 99)

145 (139 to 148)

False negatives

1 (0 to 1)

3 (1 to 7)

5 (2 to 11)

True negatives

967 (952 to 974)

888 (874 to 895)

839 (825 to 845)

False positives

13 (6 to 28)

12 (5 to 26)

11 (5 to 25)

Number of
participants
(studies)

Certainty of the
Evidence (GRADE)

565
(9)

⨁⨁⨁◯
Moderate a,b

1120
(9)

⨁⨁⨁⨁
High

CrI: Credible interval
Explanations
a. There were 6 (66%) out of 9 studies that had high or unclear risk of bias as the participant selection was not reported or there was prior testing done for the specimens included in the study. We downgraded one level for risk of bias.
b. The median prevalence of rifampicin resistance in these studies was 36%. We did not downgrade for indirectness
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Table 9: Summary of findings table: cNATs for INH resistance: CRS
What is the diagnostic accuracy of cNATs for INH resistance detection?
Patient or population: Participants with presumptive pulmonary TB
Setting: outpatient and inpatient
Reference standard: CRS: phenotypic DST (solid or liquid) and gene sequencing, where at least one test is resistant
Pooled sensitivity : 0.86 (95% CI: 0.82 to 0.90) | Pooled specificity : 1.00 (95% CI: 0.98 to 1.00)

Number of results per 1,000 patients tested (95% CrI)
Test result

Prevalence 2%
Typically seen in

Prevalence 10%
Typically seen in

Prevalence 15%
Typically seen in

True positives

17 (16 to 18)

86 (82 to 90)

130 (123 to 135)

False negatives

3 (2 to 4)

14 (10 to 18)

20 (15 to 27)

True negatives

978 (963 to 978)

898 (885 to 898)

848 (836 to 848)

False positives

2 (2 to 17)

2 (2 to 15)

2 (2 to 14)

Number of
participants
(studies)

Certainty of the
Evidence (GRADE)

656
(9)

⨁⨁⨁◯
Moderate a,b

787
(9)

⨁⨁⨁⨁
High

CrI: Credible interval
Explanations
a. There were 6 (66%) out of 9 studies that had high or unclear risk of bias as the participant selection was not reported or there was prior testing done for the specimens included in the study. We downgraded one level for risk of bias.
b. The median prevalence of rifampicin resistance in these studies was 45%, which is representative of drug resistance in most countries for pulmonary TB. We did not downgrade for indirectness
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Figures
Potentially relevant
citations identified from
electronic databases:
878

Excluded Screen One: 638
Reason: Not relevant based
on assessment of title and
abstract

Full papers retrieved for
more detailed evaluation:
133

Excluded Screen Two: 57
Reasons:
Inappropriate index test: 48
Abstract: 4
Not pulmonary specimens: 2
Case report: 1
Case-control: 1
Not diagnostic accuracy study: 1

Excluded for non-extractable data with no response
from authors: 1

Papers included in the
systematic review:
36 studies (39 datasets)

Abbott RealTime MTB: 12
FluoroType MTB: 6
Abbott RealTime RIF/INH: 9
FluoroType MTBDR: 5
BX Max MDRTB: 5
Cobas 6800/8800: 2

Figure 1. PRISMA diagram of studies included in the review
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Appendix A: Quallity assessment

Figure A. Risk of Bias and Applicability Concerns summary for QUADAS-2 domains in each study
evaluating assays for TB detection
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Figure B: Risk of Bias and Applicability Concerns summary for QUADAS-2 domains in each study
evaluating assays for resistance detection
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Appendix B. QUADAS-2 Protocol
Domain 1 Patient Selection:
Risk of Bias: Could the selection of patients have introduced bias?
• Signaling question 1: Was a consecutive or random sample of patients or specimens enrolled?
o We scored ‘yes’ if the study enrolled a consecutive or random sample of eligible
patients; ‘no’ if the study selected patients by convenience, and ‘unclear’ if the study did
not report the manner of patient selection or this cannot be discerned.
•

•

Signaling question 2: Was a case-control design avoided?

o We scored ‘yes’ if the study enrolled only patients presumed of drug-resistant TB,
including patients with confirmed TB. We scored ‘no’ if the study enrolled patients for
whom resistance status was already known, and ‘unclear’ if the study did not report the
design or this cannot be discerned.
Signaling question 3: Did the study avoid inappropriate exclusions?
o We scored ‘yes’ if no inappropriate exclusions were noted. We scored ‘no’ if studies
note specific exclusions. Inappropriate exclusions could potentially occur if patients
were excluded based on prior knowledge or testing about them or if the technician does
not record performed test results but this was not anticipated for research studies in this
review.

Applicability: Are there concerns that the included patients and setting do not match the review
question?
We were interested in how the index tests (centralized molecular DST assays) performed in patients
presumed of having TB who are evaluated. We judged ‘low concern’ when the specimens included in
the study were from the patients with presumptive pulmonary TB and was conducted in high TB and/or
high MDR-TB burden country as per the WHO list. We judged ‘high concern’ if the specimens were
collected from patients in a low TB and/or MDR-TB burden country. We will judge ‘unclear concern’ if
the study included specimens from both high and low TB/MDR-TB burden settings or we could not tell.
Domain 2: Index Test
Risk of Bias: Could the conduct or interpretation of the index test have introduced bias?
• Signaling question 1: Were the index test results interpreted without knowledge of the results of
the reference standard?
o We scored ‘yes’ for all studies because all the centralized molecular DST assay results
are automatically generated and the user is provided with printable test results. Thus,
there was no room for subjective interpretation of test results.
•

Signaling question 2: If a threshold was used, was it prespecified?
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o As the threshold is prespecified in all centralized molecular DST assay in this review,
we answered this question "yes" for all studies.

Applicability: Are there concerns that the index test, its conduct, or its interpretation differ from the
review question? Variations in test technology, execution, or interpretation may affect estimates of the
diagnostic accuracy of a test.
We judged ‘low concern’ if the test was done as per recommendation of the manufacturer for PTB
specimens. We judged ‘high concern’ it was stated and/or if additional steps were used for sample
preparation and ‘unclear concern’ if we could not tell.

Domain 3: Reference Standard
Risk of Bias: Could the reference standard, its conduct, or its interpretation have introduced bias?
• Signaling question 1: Is the reference standard likely to correctly classify the target condition?
o For detection of TB, culture is generally considered the best reference standard. We
scored ‘yes’ if the studies used MGIT 960 as the reference standard (higher quality
reference standard). We scored ‘no’ if the studies used only solid media-based culture
(lower quality reference standard) as all these index tests are for centralized settings, we
expect the laboratory settings to have liquid culture for detecting TB. LJ culture has
lower diagnostic accuracy than liquid culture and would over or under-estimate the
diagnostic accuracy of the index test. We scored ‘unclear’ if we could not tell.
o For detection of rifampicin resistance, culture-based drug susceptibility testing (DST,
also called conventional phenotypic method) is considered to be the best reference
standard. As we extracted data for studies that used culture-based DST, we will score “
yes” for all studies.
•

Signaling question 2: Were the reference standard results interpreted without knowledge of the
results of the index test?
o We scored 'yes' if the reference test provided was culture e.g. MGIT 960 DST where an
automated result is generated (except for LJ with confirmation of MTB by a NAATbased test), if blinding was explicitly stated, or if it was clear that the reference standard
was performed at a separate laboratory and/or performed by different people. We will
score ‘no’ if the study stated that the reference standard was interpreted with knowledge
of the index test result. We scored 'unclear' if this was not stated or answered
inadequately.

•

Signaling question 3: (Rifampicin resistance) Were the reference standard results interpreted
without knowledge of the results of the index test?
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o We added a signaling question for rifampicin resistance detection. We scored "yes" if
the reference test provided an automated result (for example, MGIT 960), blinding was
explicitly stated, or it was clear that the reference standard was performed at a separate
laboratory or performed by different people, or both. We scored "no" if the study stated
that the reference standard result was interpreted with knowledge of the index test result.
We scored "unclear" if we could not tell.

Applicability: Are there concerns that the target condition as defined by the reference standard does not
match the question?
We judged applicability to be of ‘low concern’ for all studies.
Domain 4: Flow and Timing
Risk of Bias: Could the patient flow have introduced bias?
• Signaling question 1: Was there an appropriate interval between the index test and reference
standard?
- We scored ‘‘yes’ if the tests were paired or separated by less than 48 hours after
treatment initiation. We scored ‘no’ if the reference and index tests were not performed
on paired specimens or were separated by more than a week. We scored ‘unclear’ if this
was not stated in the paper or answered inadequately. In the majority of included
studies, we expected specimens for index tests and culture to be obtained at the same
time (i.e. to be performed on paired specimens for the majority of studies), when
patients are presumed of having TB or MDR-TB.
•

Signaling question 2: Did all patients receive the same reference standard?
- For the diagnosis of TB, we scored this question "yes" if all participants in the study or a
subset of participants in the study (for whom we will extract data) received the
acceptable reference standard (solid culture, liquid culture, or both), which we specified
as a criterion for inclusion in the review. However, we acknowledge that it is possible
that some specimens could undergo solid culture and others liquid culture as the
reference standard. This variation was recorded.
- For rifampicin resistance detection, we scored "yes" if all participants received the same
reference standard (either culture-based DST or MTBDRplus), "no" if not all
participants received the same reference standard, and "unclear" if we could not tell.

•
•

Signaling question 3: Were all patients included in the analysis?
The answer to this question was determined by comparing the number of patients enrolled with
the number of patients included in the two-by-two tables. We noted if authors record the
number of indeterminate results. We scored ‘yes’ if the number of participants enrolled was
clearly stated and corresponded to the number presented in the analysis or if exclusions were
adequately described. We scored 'no’ if there were participants missing or excluded from the
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analysis and there was no explanation given; and 'unclear ' if not enough information was given
to assess whether participants were excluded from the analysis
Appendix C: Data by different technologies
TB detection
1. Abbott RealTime MTB assay

Figure A: Forest plot of TB detection by Abbott RealTime MTB assay

2. FluoroType MTB assay

Figure B: Forest plot of TB detection by FluoroType MTB assay

3. FluoroType MTBDR assay

Figure C: Forest plot of TB detection by FluoroType MTBDR assay
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4. BD Max MDR-TB

Figure D: Forest plot of TB detection by BD Max MDR-TB assay

5. Cobas 6800/8800 MTB assay

Figure E: Forest plot of TB detection by Cobas MTB assay

Resistance detection
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Figure: RIF resistance detection by Abbott RealTIme RIF/INH resistance
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Figure: INH resistance detection by Abbott RealTIme RIF/INH resistance

Figure: RIF resistance detection by FluroType MTBDR resistance

Figure: INH resistance detection by FluroType MTBDR resistance

Figure: RIF and INH resistance detection by BD Max MDR-TB assay
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Figure: RIF and INH resistance detection by Cobas MTB-DR assay
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Appendix D
Composite reference standard
Three studies (Hofmann Thiel, 2018; Kostera 2016 and Tam 2017) evaluated sequencing and
provided information on the mutations to assess results using CRS for RIF resistance. In the study
by Hofmann Thiel 2018, three specimens which were susceptible by phenotypic DST but resistant
by Abbott, had a L511P mutation as confirmed by sequencing. As there is limited confidence that
this mutation is associated with resistance (Miotto 2017), we interpreted the composite reference
standard as sensitive and thus classified these results as false positive. Ten specimens which were
resistant by phenotypic DST but susceptible by index test were confirmed to be resistant by
sequencing as well. As we had high confidence that mutations in these 10 specimens (6 specimens
with H526R and 4 with L533P mutations) were associated with resistance, we classified them as
false-negative with CRS. Additionally, two specimens had a silent mutation K527K in the rpoB
gene, which were susceptible on culture media. Hence, the sensitivity for RIF resistance with CRS
was identical to phenotypic DST (92%) but decrease with sequencing to 90%. Similarly, for
specificity, with phenotypic and CRS as reference standard, it was identical (98%), but increased
with sequencing to 100%.
For Kostera 2016, of the five discordant specimens, which were resistant by the phenotypic DST
but susceptible by index test, four were confirmed to be wild type by sequencing. However, with
CRS, these four specimens were considered resistant, as the mutations might have been out of the
target region of Sanger sequencing. Hence, the sensitivity for RIF resistance with CRS was 95%,
identical to phenotypic DST but it increased to 99% with sequencing. Specificity was similar with
all three reference standard (100%).

In the Hillemann 2018 study, FluoroType MTBDR missed mutations in both katG and inhA
promoter region. The assay missed S315T1 mutation in katG gene, C-17T and T- 8A mutations in
the inhA promoter region.
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Nucleic acid amplification tests (NAATs) to detect TB and DR-TB in adults
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BACKGROUND
In preparation for the upcoming guideline development group meeting “Nucleic acid amplification tests
to detect TB and DR-TB” scheduled for 7-11 December, 2020, there is a need to summarize the current
economic evidence on the following three classes of NAATs:
1) Centralized assays that present end-to-end (E2E) solutions for detection of pulmonary TB
and resistance to rifampicin and isoniazid; including the following commercially available
platforms: Abbott RealTime MTB, Abbott RealTime RIF/INH, FluoroType MTB,
FluoroType MTDBR, BD Max MDR-TB assay, Roche Cobas MTB and MTB-RIF/INH,
and Bioneer AccuPower® TB & MDR Real-Time PCR Kit.
2) Cartridge-based nucleic acid amplification tests (CBNAT) for detection of isoniazid and
second-line drug resistance, XDR-TB; including Xpert MTB/XDR and MeltPro by Zeesan.
3) Hybridization-based technology for pyrazinamide resistance detection (PZA LPA):
Genoscholar PZA LPA, Nipro
OBJECTIVE
To perform a systematic review of the published literature on economic evaluations on the three abovementioned NAATs/classes of NAATs to detect TB and DR-TB. To summarize current economic evidence
and further understand the costs, cost-effectiveness of these NAATs for TB diagnosis.
For above-mentioned NAATs/classes of NAATs
1. How large are the resource requirements (costs)?
2. What is the certainty of the evidence of resource requirements (costs)?
3. Does the cost-effectiveness of the intervention favor the intervention or the comparison (Xpert
MTB/RIF/Culture/Sequencing) as applicable?
Secondary objective will be to describe important variability in costs and cost-effectiveness within each
class of technology.
METHODS
Search strategy & Data Sources
We performed a search of four online databases: EMBASE, Medline, Web of Science and Scopus for new
studies published from January 1, 2010 through September 17th, 2020. We reviewed citations of all
eligible articles, guidelines and reviews for additional studies. We also contacted experts and test
manufacturers to identify any additional unpublished studies.
The search strategy used was modified to meet the criteria of each database but generally included the
following terms and structure: specific search terms associated with diagnostic tests under investigation
AND (tuberculosis OR TB OR mycobacterium) AND ("cost-benefit*" OR cost* OR economic* OR "cost
effectiveness*" OR "cost-utility" OR "disability adjusted life year*" OR DALY OR "quality-adjusted life
year*" OR QALY OR "cost benefit analysis" OR "cost effectiveness analysis" OR "quality of life" OR
"utility").
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Due to limited direct evidence, several subsequent searches were performed in the same 4 databases as
of late November to identify indirect evidence using these platforms in non-TB disease areas. Search
strategies were run with the specific platform names but without the following search term for TB:
(tuberculosis OR TB OR mycobacterium). Additional searches were also run with additional search terms
for Genotype MTBDRsl and MTBDRplus to look for indirect evidence from line probe assays to inform
the evidence around PZA LPA.
Study selection & data extraction
Studies were included if they touched on any economic evidence directly related to test or test
implementation costs. Studies using both primary and secondary cost data sources were included and
studies from any patient population or country were considered.
The study selection followed PRISMA guidelines(Liberati et al., 2009; Moher et al., 2009). Potentially
relevant studies were identified through electronic searches of the online databases as described above,
and duplicates were removed. An initial abstract review of each study was completed independently by
two reviewers (SN & BE); articles were excluded if they did not evaluate one of our diagnostic tests, or if
they were reviews, letters or opinion pieces (i.e. no original data), conference abstracts were also
excluded. Full text review was then completed on remaining articles, and articles that met predetermined
inclusion criteria were retained for the review.
Full texts of included studies including published supplemental material, were independently reviewed by
two reviewers (SN, BE), with all disagreements resolved by discussion with a third reviewer (AZ).
The study design data elements extracted from each study included: the primary research question,
country and setting, year of study, patient population, clinical setting, diagnostic scenarios, comparison
diagnostic scenarios and reference scenarios, economic analysis perspective, analytic time horizon, type
of economic evaluation, source of costing, primary outcome measure, type of model, types of sensitivity
and uncertainty analyses performed and willingness-to-pay threshold.
Cost components and unit test costs were extracted, along with key costing input parameters. Costs are
presented in USD (United States Dollars) unless otherwise noted.

RESULTS
End-to-end solutions (E2E) for detection of pulmonary TB (TB), RIF and INH resistance – PICO 1
Several commercially available tests were included as eligible tests in the E2E category, however no
published studies were identified assessing the costs or cost-effectiveness of any E2E solutions. One
unpublished study from FIND looking at the BD MAX and Hain assays was identified and the data is
described below.
Unpublished data from FIND was provided through direct communication, this costing-only study used
time and motion studies combined with a bottom-up, ingredients-based approach to estimate the unit
test cost for the BD Max and Hain test respectively. Time and motion studies were conducted at a
reference level laboratory in South Africa. Time-and-Motion studies typically involve direct observation
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of staff conducting various activities to capture discrete time estimates that can be attributed to each
activity and used to construct personnel cost per activity. Those staff costs are then used in the bottomup ingredients approach where component costs (staff, consumables, equipment, etc.) are added up to
create a total unit cost. Several important simplifying assumptions were made that may limit
generalizability of results, including assuming 50% of lab operations were dedicated to TB, a minimum
daily throughput of 24 samples/day or the equivalent of one BD MAX run (24 test/run), equipment costs
were fixed at $100,000 for both machines and a 5% annual maintenance cost was assumed and the
standard 3% discount rate and 10 years expected useful life years. Key parameter values and low and
high values used to calculate overhead, building, staff unit test costs are included in table 1, all costs
from this analysis are presented in 2019 USD.
Table 1. Key parameter values and ranges for unit test cost calculations

Key parameters
PE
Low
High
Approximate Annual Operational days
250
300
200
Hours per operating day
8
10
6
Laboratory Technician Salary (Annual)
$5,000
$2,500
$7,500
Annaul building cost*
$2,265
$520
$6,955
Laboratory overhead (utility + asset + staff)** $65,500 $32,750 $98,250
Data courtesy of FIND/H Sohn, unpublished. PE: Primary estimate
Unit test costs were estimated at $18.52 per test (Range: $13.79-$40.70) for BD MAX and $15.37 per
test ($9.61- $37.40) for Hain. Hain is approximately $4 cheaper per test kit but with higher operational
costs. Differences across the two tests in unit test cost are driven primarily by staff costs which are
higher for Hain ($0.77 vs $1.66) and a higher test kit price for BD MAX ($13 vs $9). Unit test component
costs are provided in tables 2A & B.
Table 2A. Components of unit test cost for BD MAX from unpublished FIND data
Type of test:

BD

Resource Type
Overhead
Building
Staff
Equipment
Test Kits

PE

Total

Low

High

$1.46
$0.39
$0.77
$2.89
$13.00

$0.48
$0.06
$0.32
$1.93
$11.00

$3.71
$2.00
$1.45
$18.53
$15.00

$18.52

$13.79

$40.70

Data courtesy of FIND/H Sohn, unpublished. PE: Primary estimate

Table 2B. Components of unit test cost for Hain from unpublished FIND data
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Type of test:

Hain

Resource Type
Overhead
Building
Staff
Equipment
Test Kits

PE

Total

Low

High

$1.95
$0.33
$1.66
$2.43
$9.00

$0.64
$0.05
$0.69
$1.62
$6.60

$5.00
$1.69
$3.11
$15.60
$12.00

$15.37

$9.61

$37.40

Data courtesy of FIND/H Sohn, unpublished. PE: Primary estimate
The cost of the test kit was the largest single cost contributor across both tests (~$4 less for Hain kit)
however under conditions with higher annual overhead costs and fewer annual operational days and
operational hours/day (‘HIGH’er GDP scenario) equipment costs became the largest single cost
component under these conditions, as seen in Figures 2A & B. Equipment costs were fixed in this
analysis at $100,000 and was a strong driver of cost variation depending on utilization, which will vary
across different laboratory networks and operations.
Figure 2A. Per-test cost for BD MAX

Figure 2B. Per-test cost for Hain

While Hain can run up to 96 samples/run, both platforms were assumed to run only 24 tests/run,
equivalent to the capacity of BD MAX 24 samples/run. This resulted in unused capacity for Hain and a
likely increase of ~$2/test. Under conditions of full testing capacity for Hain the unit test cost for Hain
would be likely even less costly than BD Max.
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In one-way sensitivity analyses, annual testing volumes were varied from <5,000 to >25,000 tests/year
(Figure 3). Per-test cost was highly sensitive to testing volume when fewer than 5000 tests were
conducted per year, but unit test costs begin to stabilize between 5,000 and 10,000 tests /year, and
above 10,000 test per year, unit cost estimate was robust. When equipment can be multiplexed and
used at capacity, per test cost can be minimized.
Figure 3. One-way sensitivity analysis of per-test cost and annual testing volume.

Additional literature searches conducted to look for economic data using similar platforms from non-TB
disease areas identified 3 additional studies from HIV and HCV with very limited cost data, including one
study(Boyer et al., 2013) using Abbott RealTime HIV and two on HCV. Data were limited to unit test kit
cost and are not transferrable to test kit costs for tests being considered in this review.

How large are the resource requirements (costs)?
Unit test costs for BD MAX and Hain ranged from $18.52 ($13.79 - $40.70) and $15.37 ($9.61 – $37.40),
with cheaper per test kit costs reported for Hain and higher operational costs associated with lab
processing time. Equipment costs were strong drivers of cost variation and will vary across lab networks
and operations, if equipment can be optimally placed or multiplexed to ensure high testing volume, per
test cost can be minimized.
What is the certainty of the evidence of resource requirements (costs)?
Available per-test cost data while unpublished, did include overhead, equipment, building, staff and
consumable costs however complete quality assessment of the study was not possible. Test cost will
vary according to testing volume and laboratory operations. There is limited evidence to assess the
important variability across sites, countries and implementation approaches.
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
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No studies were identified that assessed cost-effectiveness analyses for any of the E2E solutions and
extrapolation was not appropriate given differences in standard of care, different care cascades and
associated costs, operational conditions, testing volume and diagnostic accuracy. Implementation
considerations such as test placement, lab network, and ability of program to initiate treatment quickly
will all likely impact unit test cost and cost-effectiveness. Economic modelling is needed across various
settings to understand the range cost-effectiveness profiles of E2E solutions and how they likely vary
under different operational criteria.

Cartridge-based nucleic acid amplification tests for detection of XDR-TB (CBNAT) – PICO 2
Two CBNAT tests were identified: the MeltPro MTB/RIF, Zeesan Biotech Co Ltd. China and the Gene
Xpert MTB/XDR Assay (Xpert XDR, Cepheid, Sunnyvale USA). Only data concerning Xpert MTB/XDR is
included in this review. As is the case with Xpert MTB/RIF, the novel XDR assay can be used to test either
unprocessed or concentrated sputum. No published studies providing direct evidence on the cost or
cost-effectiveness of CBNATs were identified.
Through direct communication from the Xpert XDR manufacturer, Cepheid, the high burden developing
country (HBDC) cost for the XDR cartridge is expected to be $19.80USD ex works. Shipping and customs
costs will be additional and be borne by the ordering nations or organizations as is the current case for
Xpert MTB RIF and Ultra cartridges.
As with Xpert MTB/RIF and Ultra the test cartridge costs represent just one component of the total unit
test costs that must be considered, equipment is another important consideration. The Xpert MTB/XDR
will not work on existing 6-colour modules and require upgrading to 10-colour GeneXpert modules.
Once approval and registration for these new modules is in place in a given country, Cepheid will start
only supplying the 10-colour modules. There will be different upgrade options to the 10-colour system
with different price points depending on needs and resources available. Upgrade options include 1) a
new 10 colour system (most costly option: $9,420 1 module-$72,350 16 modules) including the
GeneXpert platform, computer and scanner, 2) a new 10-colour satellite instrument with the GeneXpert
connected to an existing system ($6495 1 module-$69,525 for 16 modules) and 3) convert existing
GeneXpert system from 6-colour to 10-colour by replacing modules (10 colour module kit $3860).
Cepheid flyer on upgrading to the 10-colour modules and associated pricing are included in the
supplemental.
Additional cost considerations for Xpert MTB/XDR include additional testing or repeated testing in the
case of indeterminate or non-actionable results. The potential cost burden of this will likely vary
depending on the proportion of indeterminate test results across settings and the associated re-testing
protocols.
No studies assessed cost-effectiveness of the Xpert MTB/XDR cartridge. While extrapolation from other
platforms and testing approaches for costing may be appropriate, extrapolation of cost-effectiveness
data from Xpert MTB/RIF or other CBNATs is not advised due to differences in diagnostic accuracy, costs
associated with XDR treatment and the testing and treatment cascade of care.
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Several factors that are likely influential on cost-effectiveness of Xpert MTB/XDR include diagnostic
accuracy which may lead to more or fewer individuals being diagnosed compared with the standard of
care, and this will vary by region depending on what the standard of care is across different regions.
Along with diagnostic accuracy associated with the test itself, the diagnostic algorithm and placement of
the Xpert MTB/XDR test within that algorithm has important implications as well.
The novel Xpert MTB/XDR provides results in <90 minutes and therefore introduction of this test will
likely result in faster time to result for molecular DST and could impact CEA by improving numbers
initiating treatment, reducing loss to follow-up and improving survival rates. Costs associated with XDR
treatment are likely an important driver of cost and cost-effectiveness as previous work has shown
these costs are large compared to diagnostic and other treatment costs. As larger numbers of XDR
positive individuals requiring treatment are identified, total resources required to treat these individuals
will increase.
In the absence of transmission modelling studies, little can be said about the long-term population level
impact of introducing Xpert MTB/XDR, however the benefits of identifying more cases earlier could lead
to a reduction in ongoing transmission and potential cost-savings over longer time horizons. This would
need to be thoroughly investigated in a modelling approach that can account for ongoing transmission
in the population.
An additional source of indirect evidence given the lack of published studies was extrapolation from
costs associated with Xpert MTB/RIF. From an earlier systematic review completed by our group for a
December 2019 WHO GDG meeting on Molecular assays intended as initial tests for the diagnosis of
pulmonary and extrapulmonary TB in adults and children, we concluded that average unit test costs for
Xpert MTB/RIF was $34.27, ranging from $11.37 USD-$90.5USD, with higher Xpert unit test costs from
China, Germany and the USA. Compared with unit test costs for culture, Xpert MTB/RIF costs may
actually be cost-neutral or cost-savings depending on the setting. When considering downstream costs
associated with increased numbers of patients diagnosed with TB and MDR-TB through Xpert MTB/RIF,
TB treatment costs and ART costs and HIV care costs are expected to increase with increased sensitivity
of Xpert MTB/RIF(Abimbola et al., 2012; Adelman et al., 2018; Andrews et al., 2012; S. et al., 2018;
Zwerling et al., 2015).
Unit test costs associated with Xpert MTB/RIF varied across settings, and depended on implementation
conditions, location of test (centralized versus peripheral or POC settings, test volume and on what cost
elements were included in unit test cost estimates (ie. Staff, overhead, training, maintenance, sample
transport, etc.)
How large are the resource requirements (costs)?
No direct evidence from published studies regarding total resources required. Resource requirements
will include the purchase of cartridges ($19.80USD/cartridge), upgrading of existing platforms to 10colour modules (an upgrade that will be required eventually for all Xpert platforms: $3860 to >$72,350)
and operational and programmatic costs associated with implementing the novel diagnostic. Resource
requirements for XDR treatment (drugs, hospital capacity, staff, etc.) likely will also increase with
increasing numbers diagnosed. Total costs will vary depending on testing volume and prevalence of XDR
in the population. Budget impact will depend on current standard of care and associated resource use.
What is the certainty of the evidence of resource requirements (costs)?
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Direct costs related to cartridge and machinery are provided from the manufacturer while several
important items related to resource use including staff time, overhead and operational costs associated
with implementing Xpert MTB/XDR have not been investigated. Differences in resource use between
Xpert MTB/XDR and existing approaches will vary across settings using different phenotypic and
genotypic DST. Important variability exists in costs of staff time and operational costs, such as testing
volume across settings.

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
No cost-effectiveness studies were identified using XpertMTB/XDR. Extrapolation of cost-effectiveness
data from Xpert MTB/RIF or other CBNATs is not advised due to differences in diagnostic accuracy, costs
associated with XDR treatment and the testing and treatment cascade of care.

Pyrazinamide (PZA) line probe assays for detection of PZA resistance – PICO 3
No published studies were identified assessing costs or cost-effectiveness using the commercially
available PZA LPA test, Genoscholar PZA-TB II, Nipro Japan. The Genoscholar PZA LPA costs $16 USD/test
(test kit consumables cost only), with equipment costs for the Multiblot machine at $14,000USD. Nipro
has indicated their hopes that further reductions in test cost can be achieved upon global dissemination
of the Genoscholar PZA-TB product.
Indirect evidence was available from several sources. One identified study also provided limited costing
data on a non-commercial based in-house assay, reporting that costs of test consumables were less than
$0.50 excluding costs for DNA extraction and isolate culture(Whitfield et al., 2020). This cost however is
likely not comparable with commercially available platforms and test kits.
Four other studies examining other commercially available LPAs (Genotype MTBDRsl and MTBDRplus,
Hain Lifesciences) were identified.
In a detailed reference laboratory cost analysis from South Africa, Shah et al assessed laboratory costs
for conventional automated liquid culture-based methods, the Xpert MTB/RIF test and the Genotype
MTBDRplus line probe assay finding cost per test estimates of $16.88/sample, $14.93 and
$23.46/sample respectively in 2013(Shah et al., 2013). Among molecular testing, cost of consumables
including cartridge or test kit was by far the largest component cost.
Pooran et al conducted a cost analysis of diagnostic and treatment costs associated with drug resistant
TB in South Africa, however diagnostic cost estimates in this study were provided by the National Health
Laboratory Service in South Africa(Pooran et al., 2013). Unit test costs were in 2011 USD and ranged
from $21.39 for Xpert MTB/RIF to $26.74 for a 1st line DST line probe assay. Detailed costing was
performed for other components of diagnosis namely sample transport: $2.72 USD.
Groessl et al compared three rapid tests (MODS, LPA and PSQ) for the diagnosis of XDR-TB with MGIT
DST across three countries: Moldova, India, South Africa and found a mean cost/sample of $72.16USD
for LPA (MTBDRsl and MTBDRplus) compared with $34.39 for MODS, $50.32 for MGIT, and $59.40 for
PSQ(Groessl et al., 2018). Costs included consumables, staff time, equipment and overhead. Cost per
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sample for LPA ranged across countries from $33.73 in Moldova to $100.50 in South Africa. LPAs
became less expensive than PSQ if testing volume and batch size were maximized. Key drivers of cost
included test volume, batch size and staff wages, with South African sites driving higher average test
costs due to low volume and high staff wages.
Li et al described the performance and costs of the Genotype MTBDRplus line probe assay (LPA) among
inpatients in China, and found conventional DST cost $50.72 per sample, while the LPA unit test cost was
estimated to be $108.70(Li et al., 2019). Authors concluded that the total health care costs could be
decreased by 71% for smear-positive cases and 25.9% for smear-negative cases, due to shortened turnaround times for the LPA which reduced empirical treatment costs.
In an additional unpublished study from Brazil, de Almeida et al of the Federal University of Minas Gerais
& Federal University of Rio de Janeiro found average test cost for Xpert to be $15.60, Genotype
MTBDRplus was $76.30 and MGIT $215.75 in 2019USD. Authors concluded MTBDRplus was 4.9 times
more costly than Xpert MTB/RIF.
Of note, while the Genoscholar PZA LPA was developed for use with the Nipro automated MultiBlot, a
recent unpublished trial demonstrated the Twincubator by Hain could be used successfully, which could
improve multiplexing options in some settings.
How large are the resource requirements (costs)?
No direct evidence from published studies regarding total resources required. Resource requirements
will include the purchase of test kits (Genoscholar PZA: $16 USD/test kit consumables only), and the
equipment which is available for $14,000USD. Operational costs are frequently several fold greater than
test kit costs and are not accounted for, and will vary across settings. Unit test costs for Genotype
MTBDRsl and MTBDRplus ranged from $23.46 to $108.70, with higher unit test costs coming from
settings and countries such as South Africa and China and largely driven by higher staff wages and
operational costs. Extrapolations from unit test costs using different LPAs should be done with caution
and are not intended to be directly transferrable estimates. These indirect data do suggest that total
unit test cost of the Genoscholar PZA LPA is likely several fold higher than unit test kit consumable cost
of only $16USD.
Total costs will vary depending on testing volume, numbers eligible for testing and prevalence of PZA
resistance in the population. Budget impact will depend on current standard of care, diagnostic and care
pathways and associated resource use.
What is the certainty of the evidence of resource requirements (costs)?
Direct costs related to test kits and machinery are available while several important items related to
resource use including staff time, overhead and operational costs associated with implementing
Genoscholar PZA LPA have not been investigated. Differences in resource use between Genoscholar PZA
LPA and existing approaches will vary across settings using different phenotypic and genotypic DST.
Important variability exists in costs of staff time and operational costs, such as testing volume across
settings.
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
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No cost-effectiveness studies were identified using the Genoscholar PZA-TB II. Extrapolation of costeffectiveness data from other line probe assays is not advised due to differences in diagnostic accuracy,
resistance prevalence, and the testing and treatment cascade of care.

PRINCIPAL FINDINGS
•

Operational costs likely a large proportion of unit test costs and are largely unknown aside from
equipment. These costs are also not always included in unit test costs making comparisons across
estimates, methods and studies difficult.

•

Batch size and test volume are important drivers of unit test cost and cost-effectiveness.

•

Personnel costs vary across regions and are important drivers of cost variation

•

Implementation considerations (test placement, lab networks, sample transport costs, ability of
program to initiate treatment quickly, etc.) will impact unit test costs and/or cost-effectiveness
and limit extrapolation.

•

When equipment can be multiplexed and used at capacity, per test cost can be minimized and
cost-effectiveness may improve.

•

Should aim for standardization of costing approaches and methods to ensure comparability
between studies.

•

Cost-effectiveness data is needed across various settings and will vary widely with different
operational criteria.

DISCUSSION
This systematic review revealed no published literature providing direct evidence and only limited
evidence from unpublished sources or from indirect evidence using different diagnostic tests.
Test unit cost estimates are available for some test classes but due to a variety of methods and
approaches across studies different component costs are often included; as a result, unit test costs may
not be comparable or generalizable. For example, operational costs are often several fold higher than
test kit cost yet may not always be included in test unit costs. Staff costs are not always included and
can lead to large variations across sites due to differences in salary scales between settings.
Batch size and test volume were consistently important drivers of cost and cost-effectiveness, therefore
placement of the test within the laboratory network will be critical. Networks that can maximize testing
and multiplexing can reduce unit test costs and improve cost-effectiveness.
Understanding total resource requirements or total costs of a novel program depend on a number of
setting specific factors including the number of individuals who will be tested with the novel diagnostic,
prevalence of resistance in the tested population, and the current standard of care using phenotypic or
genotypic DST (for budget impact assessment). Important considerations for budget impact also include
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the additional cost of treating more MDR and XDR patients in scenarios where sensitivity is improved,
and more patients are initiating anti-TB treatment.
Cost-effectiveness studies providing direct evidence were not identified and extrapolation is not
advised. Cost-effectiveness may be impacted by changes in diagnostic accuracy, differences in standard
of care across sites, diagnostic algorithm, reductions in turn-around-time among others. Without proper
economic modelling, potential cost-effectiveness of various tests and testing approaches remains
unknown.
CONCLUSION
Very limited direct evidence was identified. Implementation considerations will vary widely across
settings and this variability will impact unit test costs and cost-effectiveness. Cost-effectiveness and
transmission modelling data is needed across a variety of scenarios and populations to understand the
population level impact and cost-effectiveness implications of introducing these novel diagnostics.
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SUPPLEMENT
Cepheid 10-Colour Multiplexing technology Upgrade Flyer with costs
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Background
Description of the topic
Tuberculosis (TB) causes 10 million cases and 1.5 million deaths annually and it is estimated that 3 million
cases go undiagnosed each year (World Health Organization, 2020a). Drug-resistant TB (DR-TB) is a major
threat to global TB control. Ending the global TB epidemic will be achievable over the next 20 years only
if there is intensive action by all countries which have endorsed the End TB Strategy and its ambitious
targets (World Health, 2015). Early diagnosis and prompt treatment of all persons of all ages with any form
of drug-susceptible or drug-resistant TB is fundamental. Until 2018, all multidrug-resistant (MDR)-TB
regimens employed at least five second-line drugs for a duration of up to 24 months. The arrival of novel
or repurposed drugs such as bedaquiline, clofazimine and linezolid, has revolutionized the efficacy of
longer regimens, dispensing with the need for injectable drugs and promising to deliver shorter all-oral
regimens (World Health Organization, 2020c). Recently, a six-month three drug regimen based on
bedaquiline, linezolid and the novel drug pretomanid achieved high rates of treatment success in an
observational cohort of XDR-TB patients (Conradie et al., 2020). Early recognition and characterization of
resistance is a prerequisite for effective delivery of these new treatment strategies for DR-TB as quickly as
possible to those who could benefit. This draws attention to the need for faster, cheaper and more easily
deployable technologies and testing programmes.
WHO-endorsed rapid TB diagnostics and drug susceptibility testing (DST) should be available to all
persons with signs and symptoms of TB to meet the targets of the End TB Strategy. Yet, TB diagnosis is a
crucial bottleneck in many countries. While the availability of drug susceptibility testing using culturebased and molecular methods is increasing, coverage and availability of these technologies varies widely.
For example, globally in 2019, only 59% of bacteriologically confirmed new tuberculosis cases were tested
for rifampicin resistance (World Health Organization, 2020a).
The diagnosis of tuberculosis and drug-resistant forms has seen important changes and innovations over
the last years. One of these has been the introduction of automated nucleic acid amplification tests (NAATs)
of low-complexity, designed to work outside well-equipped, often centralized, laboratories that are difficult
to access for most patients. NAATs are molecular systems that can detect small quantities of genetic
material (DNA or RNA) from microorganisms, such as Mycobacterium tuberculosis, by amplifying the
quantities to an amount large enough for studying in detail. A variety of molecular amplification methods
are available, of which polymerase chain reaction (PCR) is the most common. This review focuses on lowcomplexity NAATs. Low complexity refers to a situation where no special infrastructure is required and
basic laboratory skills are suitable to run the test. However, equipment may still be required. A presumed
key advantage of NAATs is that they are rapid diagnostic tests, potentially providing results in a few hours.
This is particularly promising for tuberculosis, where diagnostic and treatment delays are often substantial.
Diagnostic devices only have an impact if they are put to use in a correct and timely manner. In the case of
automated NAATs of low complexity for TB and drug-resistant forms of TB, this involves patients and
patient contacts who seek care, produce a sample and return for results; healthcare workers who order,
conduct the diagnostic and then act on the result; healthcare workers and technicians or suppliers who order
stock and maintain the machines, but also programme officers who deploy and monitor these devices. These
users matter in ensuring the functioning and utilization and therefore the impact the diagnostic can have. It
is essential to understand the perspectives and experiences of these users with automated NAATs of low
complexity to inform policy, funding, research and development.

How this review might inform or supplement what is already known in this area
Qualitative evidence on user perspectives has only recently been commissioned as stand-alone primary
studies for specific technologies (World Health Organization, 2020b) but has never been systematically
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reviewed for a group of technologies. Current WHO guidance on automated NAATs of low complexity for
TB diagnosis is based on systematic reviews of diagnostic accuracy and cost-effectiveness. Accuracy
studies do not reveal what users think of or experience with the diagnostic in question. Yet to understand
why diagnostics are utilized, how effective they are and their impact on health equity, it is essential to
answer questions around feasibility, added value and experiences which our review findings will provide.

How the intervention might work
The promise of automated NAATs of low complexity for tuberculosis and drug-resistant forms of
tuberculosis is that they can be done closer to where tuberculosis patients are, in more peripheral settings
of the community and thereby cut diagnostic delay, provide a more accurate diagnosis of tuberculosis and
a diagnosis of drug resistance and thereby have important implications for patient important outcomes
(Bainomugisa, Gilpin, Coulter, & Marais, 2020; Pooran et al., 2019). While there is no clear statistical
evidence of a significant effect of Xpert MTB/RIF on all-cause mortality (Di Tanna et al., 2019; Haraka &
al., 2019)., early detection of tuberculosis and rifampicin resistance may not lead to improved patient
outcomes if the test result is not linked to appropriate treatment and other healthcare services (Pai,
Schumacher, & Abimbola, 2018).
Our review will not consider the effectiveness of NAATs or their quantifiable impact on patient important
outcomes. Rather, we are concerned with the perspectives and experiences of various users in dealing with
these technologies in their work and routines.

Why is it important to do this review?
The users of diagnostics include patients and their contacts, clinic staff, laboratory managers, ministries of
health, and implementers. If we do not take the perspective of all users into consideration, we risk that these
technologies do not fit their intended setting of use, cannot be made to work and scaled up and are not
utilized or not accessible for those in need. User perspectives on new diagnostics, their preferences and
values, acceptability, and feasibility are important to take into account during WHO decision-making on
new diagnostics and guideline development.
Challenges with implementation and underutilization
The United Nations Sustainable Development Goals represent a collective plan to end poverty, decrease
inequality, and protect the planet from degradation by 2030 (United Nations Sustainable Development
Goals 2030). Ending the tuberculosis epidemic by 2030 is among the health-related targets described in
United Nations Sustainable Development Goal 3 (WHO End TB 2015). Automated NAATs of low
complexity for tuberculosis drug resistance have had an immense influence on tuberculosis policy and care
in high burden settings, but there are persistent concerns about underutilization. The proposed review will
contribute to reaching SDG3 by ensuring user perspectives including end-user preferences, values and
perspectives on feasibility of these diagnostics are being considered in a systematic way during the above
WHO decision-making meeting.
Alignment with WHO priorities
This qualitative review complements a Cochrane diagnostic test accuracy review in progress on ‘Xpert
MTB/XDR for detection of pulmonary tuberculosis and resistance to isoniazid, fluoroquinolones,
ethionamide, and amikacin’. These reviews informed the WHO Guideline Development Group Meeting,
“Nucleic acid amplification tests to detect tuberculosis and drug resistant tuberculosis” on 7-18 December,
2020.
The three classes of technologies that were evaluated include:
• Index test 1: Low-complexity automated NAATs for detection of resistance to isoniazid and
second-line anti-TB agents;
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•

Index test 2: Moderate-complexity automated NAATs for detection of TB and resistance to
rifampicin and isoniazid;
Index test 3: High-complexity hybridization-based NAATs for detection of resistance to
pyrazinamide.

A qualitative evidence synthesis can add value by providing decision makers with additional evidence to
improve understanding of intervention complexity, contextual variations, implementation, and stakeholder
preferences and experiences.

Objectives
To synthesize user perspectives and experiences with automated NAATs of low complexity for detection
of tuberculosis and tuberculosis drug resistance.

Review question
What are the perspectives and experiences of those using automated NAATs of low complexity to diagnose
tuberculosis and tuberculosis drug resistance?
Answering this question will allow us to identify the implications for effective implementation and health
equity.

Methods
Criteria for considering studies for this review
Types of studies
We included primary studies that use qualitative methodologies or study designs such as ethnography,
phenomenology, case studies, grounded theory studies and qualitative process evaluations. We included
studies that use both qualitative methods for data collection (e.g. focus group discussions, individual
interviews, observation, diaries, document analysis, open-ended survey questions) and qualitative methods
for data analysis (e.g. thematic analysis, framework analysis, grounded theory, narrative analysis). We
excluded studies that collect data using qualitative methods but do not analyse these data using qualitative
analysis methods (e.g. open-ended survey questions where the response data are analysed using descriptive
statistics only), because such studies rarely offer the conceptual or contextual detail for understanding the
complexities of interventions and their implementation, how these vary with context, or users’ perspectives
or experiences (Noyes et al., 2020).
We included mixed methods studies where it was possible to extract the data that were collected and
analysed using qualitative methods.
We included both published and unpublished studies and studies published in any language.
We included studies regardless of whether they were conducted alongside studies of the effectiveness of
automated NAATs of low complexity to tuberculosis and drug resistant forms of TB or independently.
We did not exclude studies based on our assessment of methodological limitations. We used this
information about methodological limitations to assess our confidence in the review findings.
Topic of interest
Any qualitative study related to the application of automated NAATs of low complexity for tuberculosis
and tuberculosis drug resistance, pathways from diagnosis to treatment including automated NAATs of low
complexity, intervention studies, operational research, feasibility and acceptability assessments.
Participants
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This review focuses on users and potential users of automated NAATs of low complexity. Users include
patients and their caregivers, laboratory technicians, healthcare providers, implementers and programme
officers who are involved in diagnosing and treating tuberculosis and drug resistant forms of TB as well as
ordering, operating, maintaining diagnostics and acting on diagnostic test results. Potential users include
users who do not (yet) utilize the diagnostic for instance because they are unable to access it or make it
work within their routines or setting.
Setting
We included studies on automated NAATs of low complexity located in any country, including low-,
middle- and high-income countries located in any setting, including centralized and more peripheral
locations in a health system and any type of health facility (hospital, peripheral laboratory, clinic,
community health centre or mobile testing van).
Health issues
Participants of qualitative studies may or may not have symptoms of any respiratory illness.
Intervention
Diagnostic testing that involves automated NAATs of low complexity for example, but not limited to, Xpert
MTB/RIF, Xpert MTB/XDR, and Truenat.

Search methods for identification of studies
We developed the search strategy in collaboration with the Information Specialist from the Cochrane
Infectious Diseases Group. We also consulted the EPOC Information Specialist before developing the
strategy. We attempted to identify all relevant studies regardless of language or publication status
(published, unpublished, in press, and in progress).
Electronic searches
We searched the following databases from 1 t January 2007 to 5th September 2020, using the search terms
and strategy described in Appendix 1:
• Medline (OVID);
• Embase (OVID);
• CINAHL (EBSCOHost; Cumulative Index to Nursing and Allied Health Literature);
• PsycInfo (EBSCOHost).
Searching other resources
We contacted researchers and experts in the field to identify any additional eligible studies. We also checked
the references of relevant reviews and studies to identify additional studies.
Grey literature
Due to time and resource constraints, we did not conduct an extensive grey literature search. We did ask
members of the GDG and within our personal networks for unpublished reports of implementing partners
and technical agencies.

Selection of studies
We used Covidence to manage the selection of studies (Covidence, 2017). Two review authors
independently scrutinized titles and abstracts identified from literature searching to identify potentially
eligible studies. We retrieved for full text review the article of any citation identified by one of the review
authors as potentially eligible. We then as a team rescreened the preliminary included studies and excluded
those that did not meet the full text screening conditions (e.g. conference abstracts or review article instead
of primary study). Then, two review authors independently assessed full-text articles for inclusion using
predefined inclusion and exclusion criteria. For both screening steps, we resolved disagreements by
discussion, if necessary, with a third review author. We recorded all studies excluded after full-text
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assessment and their reasons for exclusion in the Characteristics of excluded studies table (appendix 5). We
illustrated the study selection process in a PRISMA diagram (Moher, Liberati, Tetzlaff, & Altman, 2009).

Language translation
We searched for primary studies irrespective of their language of publication.

Sampling of studies
This qualitative evidence synthesis aims to describe the experiences of those using automated NAATs of
low complexity for diagnosis of tuberculosis and DR-TB in a coherent way. After we identified all studies
that were eligible for inclusion, we assessed the number of studies and the data richness or thickness
available for synthesis. Because we found a rather large number of studies that met our inclusion criteria
(27), purposefully selected a first sample of eligible studies with rich or thick data and a second sample of
other studies that addressed various users, uses of and experiences with the intervention not addressed by
the richer/ thicker studies. To do so we first categorized the eligible studies into rich or thick and poor or
thin studies depending on the depth of the analysis undertaken. A thick study is one in which the author 1)
analyzed their findings beyond a descriptive list of barriers/facilitators, 2) demonstrates insights into
participants perspectives and experiences, 3) portrays richness and complexity of the data (i.e. explains
variation and illustrates meanings, 4) develops or contributes to theory (this approach has been used in
(Eshun-Wilson, Rohwer, Hendricks, Oliver, & Garner, 2019)). This generated six studies with very rich or
thick data, and six studies with very poor or thin data. The remaining 15 studies had data of medium
richness/thickness. We decided to take forward for review the six very rich/thick studies and 15 medium
rich/thick studies as this final sample also covered variations in users (different healthcare providers,
patients, decision-makers), uses of (location of testing site, role in diagnostic algorithm) and experiences
with the intervention (positive, negative).

Data extraction
Five review authors (EO, NE, BS, PW, RJ) extracted the following data from eligible studies:
• Descriptive study-related information: Study author, year of publication, language, study location
(country, rural/urban, public/private, type of facilities), background prevalence of (MDR-)TB;
• Study objectives and rationale, method of data collection, method of data analysis, conceptual
framework if used, how the study was conceived (independence of those designing, implementing
or evaluating the intervention);
• Intervention-related information: the type of (potential) user involved (e.g. patients, clinicians,
nurses, laboratory staff, implementers), the diagnostic tools used, programmatic features of the
intervention (e.g. testing model/algorithm/program in which the diagnostic is used, including the
target population, setting and eligibility criteria, the envisioned role of the diagnostic (e.g.
replacement, add-on),sample transport and result communication);
• Key study findings were extracted in narrative form in MS Word (for instance, qualitative
themes/categories/findings/supporting quotations, and conclusions, the type and rate of use
emerging from the study findings (e.g. batching, number of tests run on average, underutilization).
Among the key findings we also extracted data (if available) on the following factors that, based
on our prior research experience, we expected to be important to user experiences: added value to
the particular user, workflow, resources involved in implementing it, confidence in test results,
implementation process, access/equity.
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Two review authors individually extracted data from the same study and resolved any conflicts in a
consensus meeting. Authors of primary studies did not extract data from their own study or studies. Instead,
another author extracted these data.

Assessing the methodological limitations of included studies
Two review authors [any pair from NE, BS, PW, EO] independently assessed methodological limitations
for each study using the EPPI-Centre tool (Rees, Caird, Dickson, Vigurs, & Thomas, 2014). We resolved
disagreements by discussion. Team members who are authors of included studies did not assess the
methodological limitations of their own studies. We assessed methodological limitations according to the
following domains:
• Rigor in sampling: -the sampling strategy was appropriate to the questions posed in the study (e.g.
was the strategy well-reasoned and justified?); -attempts were made to obtain a diverse sample of
the population in question (think about who might have been excluded; who may have had a
different perspective to offer); -characteristics of the sample critical to the understanding of the
study context and findings were presented (i.e. do we know who the participants were in terms of,
for example, basic socio-demographics, characteristics relevant to the context of the study, etc.).
• Rigor in data collection: -data collection tools were piloted; -data collection was comprehensive,
flexible and/or sensitive enough to provide a complete and/or vivid and rich description of people’s
perspectives and experiences (e.g. did the researchers spend sufficient time at the site/with
participants? Did they keep ‘following up’? Was more than one method of data collection used?);
- steps were taken to ensure that all participants were able and willing to contribute (e.g. processes
for consent, language barriers, power relations between adults and children/young people).
• Rigor in data analysis: -data analysis methods were systematic (e.g. was a method described/can a
method be discerned?); -diversity in perspective was explored; -(if qualitative) the analysis was
balanced in the extent to which it was guided by preconceptions or by the data); -the analysis sought
to rule out alternative explanations for findings (in qualitative research this could be done by, for
example, searching for negative cases/exceptions, feeding back preliminary results to participants,
asking a colleague to review the data, or reflexivity; in quantitative research this may be done by,
for example, significance testing).
• Extent to which findings are grounded in/supported by the data:-enough data are presented to show
how the authors arrived at their findings; -the data presented fit the interpretation/support claims
about patterns in data; -the data presented illuminate/illustrate the findings; -(for qualitative studies)
quotes are numbered or otherwise identified and the reader can see that they don’t just come from
one or two people
• Breadth and depth of findings: Consider whether: -a range of issues are covered; -the perspectives
of participants are fully explored in terms of breadth (contrast of two or more perspectives) and
depth (insight into a single perspective); -richness and complexity has been portrayed (e.g. variation
explained, meanings illuminated); -there has been theoretical/conceptual development.
We reported our assessments in a Methodological Limitations table (see Appendix 2).

Data management, analysis and synthesis
We used a thematic approach to guide data analysis. We synthesized qualitative research to better
understand views and experiences with the intervention in context of use. From this understanding we
deduced values, feasibility and acceptability considerations for low complexity automated NAATs for TB
and drug resistant TB.
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Based on the key findings extracted from the six rich studies, NE developed a coding scheme which was
discussed with the other review authors. Using the coding scheme, NE coded the key findings of the 6
studies with rich data using NVIVO (version 12) and wrote memos on selected themes. In a second round
of analysis, data from the 15 studies of medium richness was extracted by NE, EO, PW and BS; and NE
coded these summaries in the same way as the 6 rich studies. NE then added the emerging additional
insights and data to the existing memos. In a next step, NE generated review findings based on these memos,
which were revised and finalized after discussion with the other review authors. Finally, we developed a
figure to illustrate how our findings hang together (see Figure 2 below).

Assessing our confidence in the review findings
Two review authors [NE, EO in consultation with BS] used the GRADE-CERQual (Confidence in the
Evidence from Reviews of Qualitative research) approach to assess our confidence in each finding (Lewin
et al., 2015). CERQual assesses confidence in the evidence, based on the following four key components:
1. Methodological limitations of included studies: the extent to which there are concerns about the design
or conduct of the primary studies that contributed evidence to an individual review finding.
2. Coherence of the review finding: an assessment of how clear and cogent the fit is between the data from
the primary studies and a review finding that synthesizes those data. By cogent, we mean well supported or
compelling.
3. Adequacy of the data contributing to a review finding: an overall determination of the degree of richness
and quantity of data supporting a review finding.
4. Relevance of the included studies to the review question: the extent to which the body of evidence from
the primary studies supporting a review finding is applicable to the context (perspective or population,
phenomenon of interest, setting) specified in the review question.
After assessing each of the four components, we made a judgement about the overall confidence in the
evidence supporting the review finding. We judged confidence as high, moderate, low, or very low. The
final assessment is based on consensus among the review authors. All findings start as high confidence and
are then graded down if there are important concerns regarding any of the CERQual components.
Because the criteria ‘Breadth and depth of findings’ of the EPPI-Centre tool and the component ‘adequacy’
of CERQual overlap and to avoid double counting problems, we did not use the information on breadth and
depth of findings in our assessment of ‘methodological limitations’ but only for assessing ‘adequacy’.

Summary of Qualitative Findings table(s) and Evidence Profile(s)
The summary of qualitative findings table with detailed descriptions of our confidence assessment is
available in appendix 3.

Review author reflexivity
The author team represents a diversity in disciplinary backgrounds, research foci and experiences with both
qualitative and quantitative study designs for both, primary empirical research and evidence synthesis.
Together, they have experience with diverse fields of study (public health (RJ, SO, EO, KS, BS), Science
and Technology Studies (NE, RJ), medical sociology and anthropology (NE, BS, RJ), epidemiology (EO),
health systems (SO), qualitative synthesis methodology (SO), pharmacoepidemiology, pharmacovigilance
(PW)), experience with different geographical settings and experience with researching diagnostic
processes and technologies (ranging from technical accuracy studies to studies of healthcare seeking,
implementation challenges, point-of-care testing processes and evaluation of specific diagnostic devices).
Such a multidisciplinary team facilitates analysis and identification of multiple factors influencing user
perspectives and feasibility considerations. At the outset of the review, some of the authors would anticipate
that automated NAATs of low complexity have the potential to improve TB care, but that critical barriers
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exist to their implementation, while others might be more hesitant about the presumed automatic benefit of
introducing advanced technologies but then not investing in strengthening weak health systems, while again
some might wonder about the design process of automated NAATs of low complexity and to what extent
it took into account perspectives of various users. All would have been in contact with different types of
users throughout their research career. We minimized the risk that our perspectives as authors influence the
analysis and interpretation, by using refutational analysis techniques, such as taking seriously contradictory
findings between studies and further exploring and analysing them. We used the different perspectives
represented in the author team productively in regular meetings wherein we discussed emerging findings
and themes with the aim of identifying our underlying assumptions in the data synthesis, clarifying
procedures and documenting various challenges faced in the review process. This supported and enhanced
the reflexivity of the review team. We described these differences and issues contributing to the
interpretation of the review findings in the reflexivity section in the full manuscript.
NE has conducted a range of primary studies in India and South Africa's health system examining
challenges to diagnosing and diagnostic processes at point of care. She has also undertaken studies on the
attempts of innovating and implementing point-of-care diagnostics for TB and HIV, among them automated
NAATs of low complexity. She uses a constructivist viewpoint/epistemology that is sensitive to how
technology design and use mutually constitute each other, meaning that users are influenced by and also
shape technologies, not only once technologies are developed and in use, but also when assumptions about
users are inscribed into material characteristics of technologies such as automated NAATs of low
complexity. These prior experiences might make her particularly sensitive to challenges in implementation
and the perspectives of a wide variety of users.
EO is a public health physician and methodologist. She has 10 years experience in evidence synthesis
specializing in methodology, systematic reviews and meta-analysis of diagnostic tests. She has conducted
systematic reviews on TB tests, some of which have informed WHO guidelines on TB tests. Eleanor is also
an academic editor with Cochrane Infectious Disease Group.
PW has no prior experience with TB diagnostics research. Her views on TB diagnostics are primarily
influenced by being a health care worker involved in a multidisciplinary review of MDR TB patients
management.
BS is a public health researcher with experience in conducting qualitative and quantitative, Cochrane and
non-Cochrane systematic reviews. She has conducted some primary research on TB-related topics
previously. Her systematic review expertise were valuable in guiding the review team with specific
processes, specifically in terms of data extraction and analysis and assessing the confidence in review
findings.
RJ has minimal experience in the field of tuberculosis diagnostics. She has conducted qualitative research
regarding the implementation of digital strategies for HIV self-testing and HIV testing at point-of-care in
South Africa. She also has a background in biological sciences and some practical and theoretical
knowledge regarding basic laboratory methodology. These experiences make her sensitive to the
importance of valuing new diagnostics for their accuracy and reliability within the laboratory, but also the
necessity of implementing new diagnostics such that the information they provide can be applied in clinical
practice to enable good patient care.
KRS is a public health physician and methodologist. She has performed over 20 systematic reviews on TB
tests and contributed to several recent WHO policies on TB diagnostics. Karen is an Editor, with Cochrane
Infectious Disease Group and Cochrane Diagnostic Test Accuracy Editorial Team.
SO has no personal experience regarding TB diagnostics and began this work agnostic about automated
NAATs of low complexity. She views interventions primarily from the standpoint of patients, families and
the wider public. She has been systematically reviewing research about program effectiveness and
implementation, and experiences of the providers and potential recipients, for 25 years. She is an editor
with the Cochrane Consumers and Communication Review Group and the Cochrane Infectious Disease
Group.
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Results
Results of the search
We found 27 studies that met our inclusion criteria. We sampled 21 of these studies for inclusion in the
analysis (see Figure 1: Flow chart Appendix 4). All of the sampled studies were published between 2012
and 2020. Six studies remain to be reviewed which were not sampled as we assessed them as particularly
thin (see section sampling). They do not address participants not already addressed in the sampled studies.
For an overview of the studies that were not sampled and studies that were excluded, see Appendix 5.
Description of the studies
A summary of the core characteristics of studies included in this review is presented in a study
characteristics table in appendix 6. Of included studies, all were located located in high TB burden countries
with 4 in South Africa, 1 in Vietnam, 6 in India, 1 in Nepal, 2 in Uganda, 1 in Brazil, 2 in Kenya, 1 in
Eswatini, 1 in Myanmar, 1 in Mongolia and 1 in Cambodia. In addition, one study covered projects in nine
countries (Democratic Republic of Congo (DRC), Kenya, Pakistan, Bangladesh, Mozambique, Cambodia,
Malawi, Nepal, Moldova). Of included studies, 10 studies focused on urban areas alone, 6 studies were
located in both rural and urban areas (Cattamanchi et al., 2020; Engel et al., 2015; Joshi et al., 2018;
Nalugwa et al., 2020; Shewade et al., 2018), and 5 studies did not report on urban/rural settings (Hoang et
al., 2015; Mwaura et al., 2020; Newtonraj et al., 2019; Oliwa et al., 2020; Royce et al., 2014).
The included studies researched a variety of users including private and public doctors, pediatricians, nurses,
community health workers, (MDR-TB) patients, household contacts, laboratory technicians, policymakers,
and managers or implementers. While it is difficult to quantify the numbers of participants as not all studies
reported these in detail, for those that specified number of participants there were 813 participants in total
and for those that specified numbers of type of participants they involved in total 101 patients, 8 household
contacts of MDR patients, 609 health care workers and TB programme managers (of which 35+ lab
personnel) and 8 manufacturers.
All studies focused on Xpert/MTB RIF, except one which focused on Xpert Ultra (Mwaura, et al., 2020).
The studies did not all report in detail how the diagnostic was used. Among those studies which provided
details, a minority of studies reported low-complexity automated NAATs being used upfront for all
presumptive TB patients (Naidoo, Colvin). In most studies, low-complexity automated NAATs were used
upfront only for selected patient groups (McDowell et al., 2018; Nalugwa, et al., 2020; Newtonraj, et al.,
2019; Oliwa, et al., 2020; Rendell et al., 2017; Vijayageetha et al., 2019), household contacts of MDR-TB
patients (Phyo et al., 2019), for previously treated patients (McDowell & Pai, 2016; Royce, et al., 2014)
and/or as a follow-up for smear negatives (Cattamanchi, et al., 2020; Creswell et al., 2014; Newtonraj, et
al., 2019; Rendell, et al., 2017; Shewade, et al., 2018).
The included studies covered a range of facilities including clinics, (district) hospitals, microscopy centres,
NAAT testing sites, national reference laboratories and provincial laboratories and community outreach
settings. Some studies combined clinics, hospitals and NAAT testing facilities, others focused on one type
of facilities alone. The majority of studies reported results from public facilities (11), five studies reported
results from both public and private facilities (Creswell, et al., 2014; Engel, et al., 2015; Jaroslawski & Pai,
2012; McDowell, et al., 2018; Newtonraj, et al., 2019), one study reported results from a NGO-led project
(Phyo, et al., 2019) and one from just private facilities (McDowell & Pai, 2016). Finally, two studies did
not report public/private (Naidoo, van Niekerk, du Toit, Beyers, & Leon, 2015; Royce, et al., 2014).
Of included studies, seven used a mixed method design (Cattamanchi, et al., 2020; Joshi, et al., 2018;
Nalugwa, et al., 2020; Phyo, et al., 2019; Royce, et al., 2014; Stime et al., 2018; Vijayageetha, et al., 2019)
while the remaining 14 were purely qualitative in nature. The majority was descriptive in nature with only
6 studies explicating the use of a theoretical framework. The study objectives focused mainly on
understanding the perspectives of providers, managers or patients engaged in TB diagnosis or screening
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and low-complexity automated NAATs use and challenges to their implementation (Cattamanchi, et al.,
2020; Creswell, et al., 2014; Jaroslawski & Pai, 2012; Joshi, et al., 2018; McDowell, et al., 2018; Mwaura,
et al., 2020; Naidoo, et al., 2015; Newtonraj, et al., 2019; Phyo, et al., 2019; R. de Camargo, R. Guedes,
Caetano, Menezes, & Trajman, 2015; Rendell, et al., 2017; Royce, et al., 2014; Shewade, et al., 2018). A
second set of studies had a more procedural approach where understanding the process of using or
implementing diagnostics was the main aim which generated data on the perspectives as well as practices
of users (Colvin et al., 2015; Engel, et al., 2015; Hoang, et al., 2015; McDowell & Pai, 2016; Oliwa, et al.,
2020; Stime, et al., 2018).
Methodological limitations of the studies
The sampled studies were overall of good quality with about half of them having undertaking a thorough
attempt or several steps towards methodological quality across the assessed components and the other half
having mostly undertaken at least a few steps towards methodological quality. Details of the assessments
of methodological limitations for individual studies can be found in Appendix 2.
Confidence in the review findings
Out of 18 findings, we graded 14 as high confidence, 3 as moderate confidence and one as low confidence
using the CERQual approach. For summary and explanations of our CERQual assessment see Appendix 3,
CERQual Summary of Qualitative Findings table.
Review findings

From our synthesis, we developed 18 individual findings, which we organised into three overarching
categories related to 1) critical aspects users value, 2) challenges to realizing those values and 3)
concerns for access and equity. In the sections below we present each finding followed by the detailed
results. We developed a figure to illustrate how these findings interact (see conceptual model and
Figure 2).
Critical aspects users value
Summary of Qualitative Findings table: finding 1-6 (see appendix 3)
Finding 1: Patients in high TB burden countries value 1) getting an accurate diagnosis and reaching
diagnostic closure (finally knowing what is wrong with me), 2) avoiding diagnostic delays as they
exacerbate existing financial hardships and emotional and physical suffering and make patients feel
guilty for infecting others (especially children), 3) having accessible facilities and 4) reducing
diagnosis-associated costs (travel, missing work) as important outcomes of the diagnostic. (moderate
confidence (Joshi, et al., 2018; Naidoo, et al., 2015; Phyo, et al., 2019; R. de Camargo, et al., 2015; Royce,
et al., 2014; Vijayageetha, et al., 2019). Even though a MDR-TB diagnosis is devastating for patients,
patients value reaching diagnostic closure through an accurate diagnosis and finally knowing what is wrong
with them (Naidoo, et al., 2015). MDR-TB patients highlighted how diagnostic delays exacerbate existing
financial and other hardships or create new ones (avoidable delays that lead to emotional and physical
suffering and onwards transmission of MDR-TB to children). Diagnostic delays make patients feel guilty
of infecting others and they experience distress when on first line treatment that does not help (Naidoo, et
al., 2015).
An MDR-TB patient in South Africa highlights this: “ it hurts me a lot, I don’t even want to go
there, I am feeling very bad, very, very bad, because if this was detected earlier I was not going to
go through some difficulties that I went through. You know… when I think that I even infected my
child it makes me feel very bad. Because if this was detected early and [I was] started on the right
treatment, maybe some of the problems would have been eliminated” (LPA-3)(Naidoo, et al., 2015).
Reducing time to diagnosis and saving cost (including travel cost) is important for patients (Joshi, et al.,
2018; Phyo, et al., 2019; Royce, et al., 2014; Vijayageetha, et al., 2019). In South Africa, for instance,
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patients would recommend family and friends to avoid private sector services and instead immediately go
to the public primary care facilities despite perceptions of long waiting times, lack of privacy and poor staff
attitudes associated with public facilities (Naidoo 2015). In a study from Brazil, patients did not struggle
with delays or cost, because they either lived close by testing facilities and those who did have to take a
long bus trip were on medical leave (i.e. had time) and got the bus ticket subsidized (no extra cost) (R. de
Camargo, et al., 2015).
Finding 2: Compared to existing tests/sputum microscopy, healthcare professionals appreciate the
rapidity and accuracy of low-complexity automated NAAT results, the diversity of sample types,
ability to detect drug resistance, as well as the consequence of avoiding costlier investigations or
hospital stays when using low-complexity automated NAATs. (high confidence: (Joshi, et al., 2018;
McDowell, et al., 2018; Mwaura, et al., 2020; Naidoo, et al., 2015; Newtonraj, et al., 2019; R. de Camargo,
et al., 2015; Rendell, et al., 2017; Vijayageetha, et al., 2019). Several studies mentioned how healthcare
workers value the time saving potential of low-complexity automated NAATs when receiving results more
quickly (Joshi, et al., 2018; Mwaura, et al., 2020; Newtonraj, et al., 2019; Rendell, et al., 2017). Especially
if same-day results allow same day treatment initiation, this is considered a vast improvement (McDowell,
et al., 2018). What is more, healthcare professionals valued the ability for diagnosis in pauci-bacillary
samples (Joshi, et al., 2018; Newtonraj, et al., 2019) and in a diversity of sample types, especially important
for diagnosis of children (McDowell, et al., 2018). Also, the accuracy and reliability of results is considered
an important benefit (R. de Camargo, et al., 2015; Vijayageetha, et al., 2019), and, with it, particularly for
Xpert Ultra, the improved TB case detection among hard-to-diagnose patients (Mwaura, et al., 2020), less
ordering of other expensive investigations (CT scan, bronchoscopies) and avoidance of longer hospital stays
for children (McDowell, et al., 2018).
According to one study, it is the experience of using low-complexity automated NAAT and of its added
value (especially speed, affordability and generation of additional insights or increased confidence in
results) that drives behaviour change among clinicians, more than education and information about the
product(McDowell, et al., 2018).
Finding 3: Low-complexity automated NAAT allows healthcare workers to detect drug resistance
earlier and pediatricians in particular mentioned how it heightened their risk perception of drug
resistance in children; yet in a context with widespread severe forms of drug resistance and a habit
of treating empirically first, clinicians see the inability to detect resistance of some NAATs beyond
rifampicin as a hindrance. (high confidence (Joshi, et al., 2018; McDowell & Pai, 2016; McDowell, et
al., 2018; Naidoo, et al., 2015; R. de Camargo, et al., 2015). The ability to detect drug resistant TB early is
appreciated among healthcare workers (Joshi, et al., 2018; R. de Camargo, et al., 2015). Particularly in
children, where physicians do not typically expect drug resistance, low-complexity automated NAATs’ use
altered physicians’ risk perception of MDR-TB in children and reduced empirical treatment among children
(McDowell, et al., 2018). Yet, in a context of severe forms of drug-resistant TB and where treating
empirically is common, such as in the private sector in Mumbai, India, the added value of low-complexity
automated NAATs that only detect rifampicin resistance is questioned.
“An MBBS doctor in Mumbai commented: But why should I use Xpert? It only tells if the patient is
rifampicin susceptible or not, but it does not tell me anything else. It is better to give first-line drugs
and see if the patient responds. After some time we will know if the first-line drugs are working and
if they do not we know we need to move on. Xpert tells us about rifampicin quickly but what we
really need is a culture and that takes time. In Mumbai, Xpert is not enough to decide on a proper
second-line regimen.” (McDowell & Pai, 2016).
Finding 4: Clinicians value the confidence that low-complexity automated NAAT results generate, to
start treatment, to reassure and motivate patients and their caretakers, to justify actions towards
other doctors and to increase collaboration between private/public providers. (high confidence
(McDowell, et al., 2018; Oliwa, et al., 2020). Having confidence in diagnostic results is valued as important
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to start treatment, reassure and motivate family and patients (to begin and adhere to treatment) and justify
actions towards other doctors who do not question low-complexity automated NAAT result. Experience
with successful treatment following a positive NAAT result increases that confidence among clinicians and
pediatricians (McDowell, et al., 2018; Oliwa, et al., 2020). Availability of low-complexity automated
NAAT and fast turnaround times also increased confidence in overall quality of public sector laboratories
and willingness to collaborate and refer patients among private pediatricians in India (McDowell, et al.,
2018).
Finding 5: Laboratory technicians appreciate the improvement of overall laboratory work that lowcomplexity automated NAAT brings compared to sputum microscopy in terms of ease of use,
ergonomics, and biosafety. (high confidence:(Creswell, et al., 2014; Newtonraj, et al., 2019; R. de
Camargo, et al., 2015). The improved laboratory conditions work as an incentive for workers (Creswell, et
al., 2014; R. de Camargo, et al., 2015).
Finding 6: Laboratory managers appreciate that monitoring of laboratory work and training is
easier than with sputum microscopy and that low-complexity automated NAAT eases staff retention,
as it increases staff satisfaction and has a symbolic meaning of progress within the TB world. (low
confidence:(R. de Camargo, et al., 2015). According to laboratory managers in Brazil, low-complexity
automated NAAT has a symbolic meaning in the tuberculosis diagnostic field that has spent decades
without innovation: “The emotional and psychological factors of the workers who will be most pleased to
do its work, will get sick less often, take fewer licenses, will be less prone to giving up working in that area.
We saw a great satisfaction.” (Manager 1, Manaus) (R. de Camargo, et al., 2015).

Challenges to realizing those values
Summary of Qualitative Findings table: finding 7-15 (see appendix 3)
Finding 7: Patients can be reluctant to test for TB/MDR-TB because of stigma related to MDR-TB
or related to having interrupted treatment in the past, because of fears of side effects, the failure to
recognize symptoms, the inability to produce sputum and the cost, distance and travel concerns
related to (repeat) clinic visits. (high confidence: (Naidoo, et al., 2015; Phyo, et al., 2019; Royce, et al.,
2014; Shewade, et al., 2018).
Associated stigma, discriminatory attitudes at clinics and fear prevent patients from returning for providing
second sputum for DST according to healthcare workers in India (Shewade, et al., 2018). The fear of
treatment associated side effects can prevent patients from testing (Phyo, et al., 2019)Stigma can lead to
misclassifications and delayed DST. In a study on healthcare workers perspectives on potential barriers to
the detection of MDR-TB in previously treated TB patients in Cambodia, healthcare workers mentioned
how patients are ashamed to reveal previous interrupted treatment to health workers leading to
misclassification (Royce, et al., 2014). Some participants noted that .. . many patients hide their previous
treatments . .. they are ashamed [of revealing that they interrupted treatment previously] ((Royce, et al.,
2014) p.1303). Healthcare workers also observed how patients are afraid to reveal a MDR-TB diagnosis to
others at home (Royce, et al., 2014).
Failure to recognize symptoms (not as TB related, or associating them with HIV instead) and denying or
minimizing symptoms can lead to delays and explain why many patients are very ill at first contact (Naidoo,
et al., 2015).
The inability to produce sputum and not having symptoms can prevent contacts from MDR-TB patients to
agree being tested (Phyo, et al., 2019). Inability to produce sputum after a certain period of TB treatment
could be a reason why patient did not return with two specimens for DST (esp because of the delays between
initial TB diagnosis and DST) (Shewade, et al., 2018).
Long distances, financial constraints and inconvenient clinic hours can prevent patients from testing (Phyo,
et al., 2019; Royce, et al., 2014).
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Finding 8: Health workers can be reluctant to test for TB or MDR-TB because of TB associated
stigma and consequences for their patients, fears of acquiring TB, fear from supervisors when
reclassifying patients already on TB treatment who turn out to be misclassified, fear of side effects of
drugs in children, and community awareness of disease manifestations in children. (high
confidence:(Oliwa, et al., 2020; Royce, et al., 2014).
In the context of pediatric TB in Kenya, health workers can be reluctant to test for TB because of the
association of TB with being HIV positive. This makes healthcare workers worry about the emotional
burden a diagnosis would inflict upon their patients, which the following quote of a pediatrician illustrates:
“ … And then there is that thing people thinking TB is equal to HIV, so when now someone has
been told that they have TB now everyone thinks that they are HIV positive, so there is that even
being shunned by the family. I have a mother right now who was actually chased away by her
extended family because of the TB diagnosis…” Paediatrician_SSI_03 ((Oliwa, et al., 2020), p8)
Additionally, the fear of acquiring TB as health worker, the fear of side effects of drugs in children, and the
belief that children do not get TB contribute to underutilization of TB diagnostics (Oliwa, et al., 2020). In
another study, health workers did not want to test for DST because it would mean to reclassify patients (if
it emerged that they had been previously treated) because of fear of what supervisor would think when
controlling the register and discovering a change. If previously treated patients are not registered
accordingly, it delays DST (Royce, et al., 2014).
Finding 9: Diagnostic delays are accumulated because of various health system factors (i.e. nonadherence to testing algorithms, testing for (MDR-)TB late in the process, empirical treatment, false
negatives due to technology failure, large sample volumes and staff shortages, poor/delayed sample
transport and result communication, delays in scheduling follow up visits and recalling patients,
inconsistent result recording) and to a lesser extent patient-related delays (i.e. missed follow-up
appointments, competing family demands and seeking traditional health-care). (high confidence:
(Cattamanchi, et al., 2020; Creswell, et al., 2014; Engel, et al., 2015; McDowell & Pai, 2016; Naidoo, et
al., 2015; Nalugwa, et al., 2020; Rendell, et al., 2017; Royce, et al., 2014; Stime, et al., 2018).
Rapid turn-around time is an important potential of diagnostic algorithms involving automated NAATs of
low complexity and an important outcome for health providers and patients for some providers determining
utilization of these diagnostics. Users value receiving results more quickly to speed up clinical work and to
free time in the laboratory while a cycle is running (R. de Camargo, et al., 2015). The potential of an
algorithm involving automated NAATs to reduce diagnostic delays is emphasized across studies (Naidoo,
et al., 2015; Newtonraj, et al., 2019; Rendell, et al., 2017) and illustrated with two examples in Naidoo 2015
where rapid initiation of MDR-TB treatment happened, within 6 and 8 days of the first health contact,
respectively. “Early access to treatment was enabled by the correct tests being requested which yielded a
positive result, results being available when patients returned and decentralised treatment being available.”
(Naidoo, et al., 2015)
But in many places the overall turn-around time of low-complexity automated NAATs is increased due to
accumulation of delays and how diagnostic and treatment algorithms are organized. Many authors
differentiate between health system factors and patient-related delays:
Health system factors include: failure to adhere to testing algorithms (providers not testing for TB or MDRTB at initial visits; correct tests not initially done (Naidoo, et al., 2015) or providers preferring empirical
treatment over testing (McDowell & Pai, 2016), failure in the testing technology [false negatives mostly],
problems with receiving the results, scheduling follow-up visits and recalling patients with positive results
(Cattamanchi, et al., 2020; Naidoo, et al., 2015; Nalugwa, et al., 2020); increased turn-around times due to
large number of samples being tested and machines not running over night (Engel, et al., 2015; Stime, et
al., 2018); staff shortages (Stime, et al., 2018), delays in transporting samples to NAAT testing sites and in
reporting/receiving results back (limited communication possibilities via phone, sms, overextended courier
system, or reliance on paper-based system), inconsistent recording of TB results at facilities (Creswell, et
al., 2014; Nalugwa, et al., 2020; Royce, et al., 2014); lack of follow-up system when patients are being
referred to testing sites (Engel, et al., 2015). In Moldova participants reported a delay (1-2 weeks) in
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initiating MDR-TB treatment because of the procedural requirement to determine the MDR-TB treatment
plan at a weekly consensus meeting (Rendell, et al., 2017).
In South Africa, “delays overall were longer for patients in whom initial tests were negative with 1st-line
TB treatment started on clinical or chest x-ray findings.”(p9) (Naidoo, et al., 2015). Strategies by providers
to deal with associated delays create new problems such as artificially prolonging turnaround times when
asking patients to come back later, anticipating delays (Engel, et al., 2015). Passage of time and multiple
failed empirical broad-spectrum antibiotic trials are necessary before private practitioners in India consider
TB, resulting in long delays in diagnosing TB (McDowell & Pai, 2016).
Patient-related delays contributed to a lesser extent, but can happen due to not recognizing symptoms,
missed follow-up appointments, competing family demands and seeking traditional health-care).” (Naidoo,
et al., 2015).
Finding 10: Poor sample quality, inconvenient sample collection facilities, non-functioning sample
transport mechanisms, and difficulty of obtaining pediatric samples can cause error results and
underutilization of low-complexity automated NAAT. (high confidence: (Cattamanchi, et al., 2020;
Creswell, et al., 2014; Hoang, et al., 2015; McDowell & Pai, 2016; McDowell, et al., 2018; Newtonraj, et
al., 2019; Oliwa, et al., 2020; Phyo, et al., 2019; Rendell, et al., 2017; Royce, et al., 2014; Shewade, et al.,
2018; Vijayageetha, et al., 2019).
Providers struggle with poor sample quality causing error results (Newtonraj, et al., 2019; Rendell, et al.,
2017; Royce, et al., 2014). Reasons can be delays and inadequate specimen transportation, insufficient
instructions for patients (Creswell, et al., 2014)and collecting sputum many days after retreatment initiation
(by which time the cough may be resolved and it is harder to provide a specimen (McDowell & Pai, 2016;
Royce, et al., 2014) and specimen have very low bacteria count (McDowell & Pai, 2016).
Convenient sample collection facilities and functioning sample transport are essential to ensure utilization
of Xpert and avoid delays (Cattamanchi, et al., 2020; Creswell, et al., 2014; Hoang, et al., 2015; Newtonraj,
et al., 2019; Phyo, et al., 2019; Shewade, et al., 2018; Vijayageetha, et al., 2019). Among the involved
studies, turn-around times of low-complexity automated NAATs range from same day to 1-2 weeks. In
India, healthcare workers reported difficulties in convincing patients to produce two sputum samples for
low-complexity automated NAAT if sputum was negative or they had to travel long distances to come for
xray and then might not be able to return again for second sample. Sample collection facilities would be
more convenient if patients could provide sputum specimens at the nearest primary healthcare clinic
(Newtonraj, et al., 2019). At a public MDR treatment programme in Vietnam the lack of a functioning
sputum transport system (no appropriate financial compensation mechanisms for consumable procurement
and transportation fees; no agreements with postal services, using health staff and public transport instead)
led to underutilization of NAAT machines (Hoang, et al., 2015). In India, the lack of an assured specimen
transport after patient identification required coordinating health worker (to transport sample) and returning
patients ( to provide samples) to be present on same day which was challenging (Shewade, et al., 2018).
Finding 11: The lack of sufficient resources and of ensuring maintenance (i.e. stock-outs; unreliable
logistics; lack of funding, electricity, space, air conditioners, and sputum containers; dusty
environment, and delayed or absent local repair option) leads to higher test failure rates and
underutilization and negatively influences uptake and impact of low-complexity automated NAAT.
(high confidence:(Creswell, et al., 2014; Hoang, et al., 2015; Joshi, et al., 2018; Mwaura, et al., 2020;
Nalugwa, et al., 2020; Oliwa, et al., 2020; R. de Camargo, et al., 2015; Rendell, et al., 2017; Shewade, et
al., 2018; Stime, et al., 2018)
For instance, several studies reported stock outs and unreliable logistics around cartridges among common
resource challenges at sites running Xpert (Hoang, et al., 2015; Joshi, et al., 2018; Mwaura, et al., 2020;
Nalugwa, et al., 2020; Oliwa, et al., 2020; Rendell, et al., 2017). “Stock-outs (..) led to delays in making a
diagnosis and reinforced a reluctance in ordering the tests in future. This shows how age-old system issues
like stock-outs potentially affect adoption of new diagnostics.” (Oliwa, et al., 2020).
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Poor laboratory infrastructure, including frequent power cuts, lack of air conditioners and/or dusty
environment and lack of adequate rooms or proper furniture, can challenge proper testing (Creswell, et al.,
2014; Joshi, et al., 2018; Nalugwa, et al., 2020) and explain high test failure rates and indeterminate results
(Joshi, et al., 2018). Yet, differences between types of failed tests are unclear and available data not always
used. ‘No result’ test results were often caused by a power failure (Creswell, et al., 2014).
There was need for more basic office equipment including functioning internet connections to cater for the
introduction of new equipment (R. de Camargo, et al., 2015; Rendell, et al., 2017; Shewade, et al., 2018).
Sputum collection facilities in a hub and spoke model struggled with lack of sputum transport containers
and lack of electricity to enable refrigeration. This meant patients needed to come back to provide a sputum
sample on transport day, which many patients would not do (Nalugwa, et al., 2020).
Delays in calibration and replacement of damaged modules (Creswell, et al., 2014; Joshi, et al., 2018) and
absence of local repair options challenge sustainability of low-complexity automated NAAT. A study from
Mongolia, for instance, reported difficulties for arranging repairs when required because of limited
availability of trained mechanics and how having internal capacity for repair helps to prevent interruption
of workflows (Rendell, et al., 2017).
Finding 12: Low-complexity automated NAAT seems to decrease workload by freeing up time for
laboratory staff, but in most settings staff may be hesitant to accept testing with low-complexity
automated NAAT because it increases workload if added onto existing laboratory work without
adjusting staffing arrangements, or if it does not replace existing diagnostic tests. (moderate
confidence: (Joshi, et al., 2018; Phyo, et al., 2019; R. de Camargo, et al., 2015; Rendell, et al., 2017;
Shewade, et al., 2018; Stime, et al., 2018; Vijayageetha, et al., 2019).
In settings where low-complexity automated NAAT is introduced without replacing existing diagnostics or
adequate staffing arrangements, it generates more work for laboratory technicians (Joshi, et al., 2018; R. de
Camargo, et al., 2015; Rendell, et al., 2017): “Because you’re working with two methods instead of one.”
(R. de Camargo, et al., 2015). This can then mean that contact investigations of MDR-TB patients are not
done (Phyo, et al., 2019), there is a lack of accountability in tracking of patients after identification and
referral (Shewade, et al., 2018) and that staff is hesitant to accept POC testing with Xpert (Stime, et al.,
2018). Lack of dedicated staff and high workload of existing staff is also hindering implementation of
screening for TB among pregnant women (Vijayageetha, et al., 2019).
Finding 13: Workflows, professional roles and patient flows matter for utilizing low-complexity
automated NAAT, for instance inefficient organizational processes, poor links between providers,
unclear follow up mechanisms or where patients need to go can delay diagnostic processes. (high
confidence: (Hoang, et al., 2015; Oliwa, et al., 2020; R. de Camargo, et al., 2015; Royce, et al., 2014; Stime,
et al., 2018)
The introduction of low-complexity automated NAATs often has implications for workflows and
professional roles. These matter for acceptance by the users. In Brazil, the introduction of low-complexity
automated NAAT brought a change in workflow where the lab technician, after examining the quality of
the sputum sample, decides if the sample can be tested on low-complexity automated NAAT or sputum
microscopy (samples with low volume and samples with food/blood residues cannot go on low-complexity
automated NAAT). This change in workflow did not translate into a change in professional roles, the lab
technician remained responsible for the entire process including authorizing the delivery of results. The
authors argued that this meant the lab technicians more easily accepted the technology (R. de Camargo, et
al., 2015). Existing inefficient workflows can also cause delay in making automated NAATs of low
complexity work, for instance when reporting results through paper-based (Rendell, et al., 2017; Royce, et
al., 2014), or non-standardized systems without clear guidance or accountability (Creswell, et al., 2014;
Shewade, et al., 2018), incorrect filing of patient documents (Stime, et al., 2018), unclear follow up
mechanisms (Oliwa, et al., 2020; Stime, et al., 2018), poor links between public and private providers
(Hoang, et al., 2015) or when laboratory technicians have limited hours available to work (Creswell, et al.,
2014).
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Low-complexity automated NAAT use also has implications for patient flows who only have to submit one
sputum sample (Phyo, et al., 2019) but might find it difficult to find their way through different sites and
departments (Stime, et al., 2018; Vijayageetha, et al., 2019) or where they need to (Oliwa, et al., 2020;
Stime, et al., 2018).
Finding 14: Too much confidence in low-complexity automated NAAT's accuracy can mean blindly
accepting results without using clinical impressions or for patients to trust low-complexity automated
NAAT because it is a computer-based result (moderate confidence: (Joshi, et al., 2018; Mwaura, et al.,
2020; Newtonraj, et al., 2019).
Owing to the confidence in low-complexity automated NAAT’s accuracy clinicians accept negative results
without using clinical impressions to question these and are missing patients (Mwaura, et al., 2020;
Newtonraj, et al., 2019). Xpert is taken as a gold standard and TB is ruled out, without being aware that
results may vary in extra-pulmonary TB or poor quality samples and that there might be false negatives
(Newtonraj, et al., 2019). Clinicians in Kenya and Eswatini anticipated that with Xpert MTB/RIF Ultra this
tendency would increase, empirical diagnosis would further decrease while the number of bacteriological
confirmed cases would increase among these hard-to-diagnose patient groups because of the trace calls
(Mwaura, et al., 2020). One study reported that a computer-based test generates confidence in patients:
”Patients also prefer Xpert test thinking it will give an accurate result because it is computer-based.
They will go for test (i.e. Gene X-pert). Patients demand to test by machine/ computer. They have
trust towards Gene X-pert. Even though we only test by X-pert if referred by physician.' (X-pert
staff) (Joshi, et al., 2018)
Finding 15: Implementation processes have been challenged by lack of data on pragmatic
effectiveness in operational conditions, lack of knowledge and awareness among providers beyond
lab personnel, lack of guidelines and standardized training modules and instructions and a lack of
national policy consensus and inclusive decision-making prior to roll out. (High confidence: (Colvin,
et al., 2015; Creswell, et al., 2014; Hoang, et al., 2015; Joshi, et al., 2018; Naidoo, et al., 2015; Newtonraj,
et al., 2019; R. de Camargo, et al., 2015; Rendell, et al., 2017; Shewade, et al., 2018).
Generating data on how new diagnostics should best and most effectively be integrated into local
operational context of use including practical feasibility planning is crucial prior to implementation as well
as during early implementation to inform roll out and impact on TB control (Colvin, et al., 2015; Joshi, et
al., 2018). The early Xpert MTB/RIF (and LPA) demonstration studies in South Africa were assessing
accuracy but not pragmatic effectiveness in operational conditions which is a missed opportunity (Colvin,
et al., 2015).
When introducing new diagnostics, several studies cited challenges with ensuring knowledge and
awareness about the diagnostic and guidelines (Colvin, et al., 2015; Joshi, et al., 2018; Newtonraj, et al.,
2019; Rendell, et al., 2017; Shewade, et al., 2018) not only among laboratory technicians or managers, but
also among the public, clinicians and health workers (Colvin, et al., 2015). Lack of clear and updated
guidelines and poor dissemination at lower levels and among private providers challenges implementation
(Creswell, et al., 2014; Hoang, et al., 2015; Newtonraj, et al., 2019; Rendell, et al., 2017). Clinicians should
be included in trainings (R. de Camargo, et al., 2015). If not done this led to poor referral to low-complexity
automated NAAT (Joshi, et al., 2018; Newtonraj, et al., 2019; Shewade, et al., 2018) or inconsistency in
what samples were used (Rendell, et al., 2017). In the TB REACH projects, for instance, staff rotation and
new practices around request forms, specimen transport and clinical decisions for rifampicin resistant
results posed crucial training challenges (Creswell, et al., 2014). In Vietnam, a lack of standardized training
modules and instructions led to failures in identifying presumptive patients, especially among risk groups.
Training and skill development was further challenges by high staff turnover or changes in staff
responsibilities (Hoang, et al., 2015). Insufficient attention to change management processes at facility level
can hamper impact of diagnostic (Colvin, et al., 2015; Naidoo, et al., 2015). In South Africa, changes to TB
testing algorithms, laboratory request forms, and national TB registers happened only later after
implementation (Colvin, et al., 2015).
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When introducing new diagnostics, it is also important to include relevant stakeholders in decision-making
processes and in planning regarding implementation and allow a national policy consensus process. This
could involve national and provincial programme managers and health officers, clinicians, and laboratory
staff. In South Africa, Xpert had high visibility but its introduction was not inclusive, focused around FIND,
WHO, NHLS, and the ministry of health, sidelining key national and provincial actors in the TB programme.
The lack of inclusion and communication was perpetuated by the fast pace of implementation and high
international pressure to act (rescue vs management). (Colvin, et al., 2015)
“TB managers and local health services staff alike experienced the decision making about and
implementation of Xpert as fast-paced, with little horizontal co-ordination or communication,
although Xpert involved more on-the-ground changes than LPA. (…) The rapid pace of
implementation meant there was little time to assess its operation and integration into local
contexts, and in the words of one manager, many staff felt that Xpert seemed to have just ‘fallen
out of the sky’ at a time when their focus was still on the completion of the LPA rollout.” ((Colvin,
et al., 2015) p.1333)

Concerns for access and equity
Summary of Qualitative Findings table: finding 16-18 (see appendix 3)
Finding 16: Staff and managers voiced concerns regarding sustainability of funding and maintenance,
complex conflicts of interest between donors and implementers and concerns related to the strategic
and equitable use of resources, which negatively affects creating equitable access to automated
NAATs of low complexity. (High confidence: (Colvin, et al., 2015; Creswell, et al., 2014; Jaroslawski &
Pai, 2012; R. de Camargo, et al., 2015).
Staff and managers expressed concerns about high cost and sustainability of low-complexity automated
NAATs (Colvin, et al., 2015; Creswell, et al., 2014; R. de Camargo, et al., 2015) and the challenges of
funding maintenance of the devices (R. de Camargo, et al., 2015). Donor funding might have led to
insufficient attention being paid to ongoing resource requirements (i.e. masking startup and recurrent cost,
appearing more feasible) (Colvin, et al., 2015). Affordability is crucial for utilization of diagnostics in the
private sector in India, where prices are often inflated, which meant that inadequate alternatives such as
serology were preferred by patients, laboratory technicians and clinicians over molecular tests (Jaroslawski
& Pai, 2012).
Participants in a study in South Africa voiced concerns about strategic and equitable use of resources,
because low-complexity automated NAAT was placed in hospitals (which already have LPA) and selected,
often well-functioning sub-districts and not in primary health clinics or areas with no access to improved
TB diagnostics. The decision of where to deploy automated NAATs of low complexity, was not made by
provincial and district managers (Colvin, et al., 2015). Complex conflict of interest created dependence on
a single provider for crucial health technologies. Colvin and colleagues recommend to carefully manage
these conflicts prior and during development and implementation of diagnostics:
“Among our recommendations is the need to identify and manage conflicts of interest that may
arise when innovative partnerships are established to address public health issues. We suggest that
the role of committed leadership in fast-tracking processes needs to be matched with a national
policy consensus process and careful, transparent planning.”((Colvin, et al., 2015)p.1337)
Finding 17: Lengthy diagnostic delays, underutilization of automated NAATs of low complexity, lack
of TB diagnostic facilities at lower levels and too many eligibility restrictions, hamper access to
prompt and accurate testing and treatment particularly for vulnerable groups. (High confidence:
(Engel, et al., 2015; Hoang, et al., 2015; Joshi, et al., 2018; McDowell & Pai, 2016; McDowell, et al., 2018;
Naidoo, et al., 2015; Nalugwa, et al., 2020; Newtonraj, et al., 2019; Oliwa, et al., 2020; Phyo, et al., 2019;
Royce, et al., 2014)
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Several studies showed how lengthy diagnostic delays, underutilization of low-complexity automated
NAAT and lack of TB diagnostic facilities at lower levels where many presumptive patients present,
hamper access to prompt and accurate treatment for those that are eligible for testing (Nalugwa, et al., 2020)
with vulnerable groups and patients with difficult disease patterns (including children (Joshi, et al., 2018;
McDowell, et al., 2018; Oliwa, et al., 2020), MDR-TB (Hoang, et al., 2015; Naidoo, et al., 2015)) or patients
with limited ability to pay (for fees or transport cost to overcome distance and produce second sample)
(Engel, et al., 2015; Joshi, et al., 2018; McDowell & Pai, 2016; Newtonraj, et al., 2019; Phyo, et al., 2019;
Royce, et al., 2014)) affected the worst. Limited ability to pay means private providers treat rather than
order tests (McDowell & Pai, 2016). Deployment and eligibility decisions and overcoming challenge to
diagnostic delay and underutilization are crucial in enabling access.
“Only when each pediatric presumptive TB patient is offered upfront Xpert testing a more
synchronized pediatric TB case management, same day TB diagnosis, and access to prompt and
accurate TB treatment can be guaranteed. Locating Xpert at the end in the diagnostic process or
placing too many restrictions on the criteria of patients who can access the test will limit its impact
significantly”. ((McDowell, et al., 2018), p13).
Finding 18: The identified challenges and accumulated delays risk undoing the added value as
identified by the users, ultimately leading to underutilization and important implications for access
and equity. (High confidence: review finding #1-15, (Engel, et al., 2015; McDowell, et al., 2018; Naidoo,
et al., 2015; Shewade, et al., 2018)
The challenges identified in findings 7-15 risk undoing the added value as identified by different users in
findings 1-6. For instance, diagnostic delays can further compound underutilization of low-complexity
automated NAAT and risk patient loss from diagnostic and treatment pathways. An overall turnaround time
within 24hrs (including transportation mechanisms and quick reporting of results electronically) was
essential for use of low-complexity automated NAAT among pediatricians. The impact of low-complexity
automated NAAT with longer TAT is less certain (McDowell, et al., 2018). The delays between initial TB
diagnosis and DST mean that some patients are unable to produce sputum after a certain period of first line
TB treatment and therefore will not return with the second specimen for DST (Shewade, et al., 2018).
Patient and health system delays interact. Professionals responding to anticipated health system delay,
create further delays to avoid additional patient delays and patients having to wait or return again later if
results are not yet available (Engel, et al., 2015).

Conceptual Model:
Based on these review findings, we have summarized how these findings interact in a conceptual model
illustrated in Figure 2. The upper half of the figure illustrates the critical aspects that patients, healthcare
workers, laboratory technicians and managers value (review findings 1-6). These aspects are mapped along
a simplified fictive process of using low-complexity automated NAAT, consisting of the following steps:
seek care, order test(s), product and transport sample, test runs, results reported and treatment initiated. The
length of the blue bars indicates at what step in the process these user values matter (it does not indicate a
weighted importance). The lower half of the figure illustrates the challenges to realizing those values that
we identified (review findings 7-15). These challenges are listed per step in the diagnostic process at which
they happen, meaning some review findings cover several steps (i.e. review finding 9 on diagnostic delays).
At every step, these challenges compound diagnostic delay and underutilization of low-complexity
automated NAAT with important implications for access and equity (review findings 17, 18). And at every
step, these challenges risk undoing the added values that users perceive low-complexity automated NAATs
offer (review finding 18). We can assume that if these values are not met users are less likely to find lowcomplexity automated NAATs acceptable.
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Figure 1
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Discussion and conclusion
This review synthesized qualitative research on user perspectives and experiences with automated NAATs
of low complexity for detection of tuberculosis and tuberculosis drug resistance. We organized the 18

individual review findings into the following three overarching categories:
1) critical aspects users value: Patients value reaching diagnostic closure with an accurate diagnosis,
avoiding delays, accessible facilities, keeping cost low. Healthcare professionals similarly value
aspects of accuracy the resulting confidence in TB-NAAT results, rapid turnaround times and keeping
cost low, as well as diversity of sample types and drug resistance information. Laboratory personnel
appreciated the improvement of laboratory work and increased staff satisfaction.
2) challenges to realizing those values included patients and healthcare workers being reluctant to test
for (MDR)TB due to fears, stigma, or cost concerns; accumulation of diagnostic delays at every step
due to mainly health system factors; poor sample quality/transport; lack of sufficient resources and
maintenance, increased workload, inefficient/unclear work- and patient flows, overreliance on lowcomplexity automated NAAT results at the expense of clinical acumen; and lack of data-driven and
inclusive implementation processes. These challenges lead to delays and/or underutilization.
3) Concerns for access and equity included concerns over sustainability of funding and maintenance
of low-complexity automated NAAT, conflicts of interest and equitable use of resources minimizing
access to low-complexity automated NAATs. Also lengthy diagnostic delays, underutilization of lowcomplexity automated NAAT, lack of TB diagnostic facilities at lower levels and too many eligibility
restrictions, hamper access to prompt and accurate testing and treatment particularly for vulnerable
groups. Overall, the identified challenges risk undoing the added values as identified by users and
compounding underutilization.
Furthermore, the review finds that use of low-complexity automated NAAT is diverse but rarely used
upfront for all presumptive TB patients. WHO’s policy of Xpert for all patients is insufficiently
implemented (England, Masini, & Fajardo, 2019).
All sampled studies included in this review were conducted in low- and middle-income countries but only
one study involved a country in Eastern Europe. More research from that region could have added additional
insights given the high burden of MDR-TB in the region.
The majority of the studies used interview or focus group methods while only three also used observations.
It may be useful to make more use of longer-term ethnographic methods, such as observations, to better
understand processes and practices of using low-complexity automated NAATs.
The multidisciplinary author team brought a substantive, contextual and methodological expertise to this
review. Our findings were strengthened by a detailed, rigorous and iterative process of data-extraction and
analysis involving the entire author team and a considerable body of evidence presented in this synthesis.
We included studies from across different high-burden TB countries and did not identify any major themes
that only occurred in one specific setting, making these findings generalizable to countries with high TB
burden and low-complexity automated NAAT testing. Because we sampled a subset of the richest studies,
the review remains incomplete.
Overall, the review results mean that the promise to overcome absent laboratory infrastructure and skilled
human resources with point-of-care diagnostics is misleading and in fact undermines the added value new
diagnostics of low complexity can bring for TB patients and healthcare professionals. Testing in more
peripheral settings still requires strong health systems, laboratory infrastructure and human resources, albeit
in slightly different forms (Beisel, Umlauf, Hutchinson, & Chandler, 2016; Engel et al., 2016). This means
infrastructure strengthening and innovation of affordable and available diagnostic technologies needs to
happen jointly (Kelly-Cirino et al., 2019).
This review also underlines earlier calls for the importance of improving implementation processes of new
diagnostics (Albert et al., 2016), including early and inclusive engagement of in-country stakeholders from
different levels, broader systems strengthening, improved data on ground level realities prior and during
implementation, as well as pro-active management of conflicts of interests in order to ensure equitable use
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of resources. Implementation processes that do not pay attention to these aspects can hamper feasibility, as
well as further uptake and impact of diagnostics.

Proposed evidence for ‘Evidence to Decision’ tables in GRADE
Patient values and preferences:
Patients in high-burden settings value reaching diagnostic closure (finally knowing what is wrong with
me) comprising of a diagnosis that is accurate, a diagnosis that is timely and is not delayed (as this
exacerbates existing financial hardships and emotional and physical suffering and make patients feel
guilty for infecting others (especially children)), that happens at facilities that are accessible and in the
process of which patients can keep diagnosis-associated costs (travel, missing work) low. (Moderate
confidence, applicable to index test 1,2, 3)

Equity:
Lengthy diagnostic delays, underutilization of diagnostics, lack of TB diagnostic facilities at lower levels
and too many eligibility restrictions, hamper access to prompt and accurate testing and treatment
particularly for vulnerable groups. (High confidence, applicable to index test 1,2, 3)
The identified challenges with low-complexity automated NAAT’s utilization and accumulated delays
risk undoing the added value as identified by the users, ultimately leading to underutilization and hamper
access to prompt and accurate testing and treatment particularly for vulnerable groups. (High confidence,
applicable to index test 1)
Staff and managers voiced concerns regarding sustainability of funding and maintenance, complex
conflicts of interest between donors and implementers and concerns related to the strategic and equitable
use of resources, which negatively affects creating equitable access to low-complexity automated
NAATs. (High confidence, applicable to index test 1,2, 3)

Acceptability:
Patients can be reluctant to test for TB/MDR-TB because of stigma related to MDR-TB or related to
having interrupted treatment in the past, because of fears of side effects, the failure to recognize
symptoms, the inability to produce sputum and the cost, distance and travel concerns related to (repeat)
clinic visits. (High confidence, applicable to index test 1,2, 3)
Health workers can be reluctant to test for TB or MDR-TB because of TB associated stigma and
consequences for their patients, fears of acquiring TB, fear from supervisors when reclassifying patients
already on TB treatment who turn out to be misclassified, fear of side effects of drugs in children, and
community awareness of disease manifestations in children. (High confidence, applicable to index test
1,2, 3)
Compared to existing tests/sputum microscopy, health workers appreciate the rapidity and accuracy of
low-complexity automated NAAT results, the confidence that this generates to start treating and motivate
patients, the diversity of sample types, the ability to detect drug resistance (earlier or at all, for as many
drugs as possible and altering clinician’s risk perception of drug resistance in children), as well as the
consequence of avoiding costlier investigations or hospital stays when using low-complexity automated
NAAT. (High confidence, applicable to index test 1)
Laboratory technicians appreciate the improvement of overall laboratory work that low-complexity
automated NAAT brings compared to sputum microscopy in terms of ease of use, ergonomics, and
biosafety. (High confidence, applicable to index test 1)
Laboratory managers appreciate that monitoring of laboratory work and training is easier than with
sputum microscopy and that low-complexity automated NAAT eases staff retention, as it increases staff
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satisfaction and has a symbolic meaning of progress within the TB world. (Low confidence, applicable to
index test 1)
The identified feasibility challenges with low-complexity automated NAAT utilization and accumulated
delays at every step risk undoing the added value/benefits as identified by the users (avoiding delays,
keeping cost lost, accurate results, drug resistant information, easing laboratory work), ultimately leading
to underutilization (High confidence, applicable to index test 1). We can assume that if these values are
not met users are less likely to find low-complexity automated NAATs acceptable.

Feasibility:
Feasibility is challenged by accumulation of diagnostic delays and/or underutilization at every step due to
mainly health system factors: non-adherence to testing algorithms, testing for (MDR)-TB late in the
process, empirical treatment, false negatives due to technology failure, large sample volumes and staff
shortages, poor/delayed sample transport and sample quality, and result communication, delays in
scheduling follow up visits and recalling patients, inconsistent result recording; lack of sufficient
resources and maintenance (i.e. stock-outs; unreliable logistics; lack of funding, electricity, space, air
conditioners, and sputum containers; dusty environment, and delayed or absent local repair option);
inefficient/unclear work- and patient flows (for instance inefficient organizational processes, poor links
between providers, unclear follow up mechanisms or where patients need to go); and lack of data-driven
and inclusive national implementation processes. These challenges lead to delays and/or underutilization.
(High confidence, applicable to index test 1,2,3)
Implementation of new diagnostics must be accompanied with training for clinicians, to help them
interpret results from new molecular tests and understand how this relates to treatment of a patient
(applicable to index test 1,2,3). In the past, with introduction of low-complexity automated NAAT this
has been a challenge leading to underutilization (High confidence) or overreliance on low-complexity
automated NAAT results at the expense of clinical acumen (Moderate confidence).
Poor sample quality, inconvenient sample collection facilities, non-functioning sample transport
mechanisms, and difficulty of obtaining pediatric samples can cause error results and underutilization of
low-complexity automated NAATs. (High confidence, applicable to index test 1)
Low-complexity automated NAAT seems to decrease workload in the laboratory in terms of freeing up
time for laboratory staff, but in most settings the introduction of low-complexity automated NAAT
increases workload of laboratory staff if added onto existing work without adjusting staffing
arrangements, or if it does not replace existing diagnostic tests with the result that staff may be hesitant to
accept testing with low-complexity automated NAAT. (Moderate confidence, applicable to index test 1)

Reflections during the GDG on qualitative evidence from the GDG members:
During the GDG an engaged discussion took place on the value of the qualitative evidence (qualitative
evidence synthesis and interview study presented). They key points were:
•

GDG panel members thought that evidence on the perspectives of communities, patients,
different cadres of healthcare workers (including nurses, community health workers for contract
tracing; laboratory staff and clinicians) is valuable and important input during a GDG.

•

They were interested to hear different perspectives on uncertainty regarding diagnostic results
which is often tricky to apply in clinical practice and on the work done by clinicians, laboratory
staff and patients to make sense of diagnostic results. They realized that improved training for
nurses and clinicians on diagnostics, including training visits in laboratories, will improve
decisions to order tests and also communication with patients.
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•

They suggested adding qualitative methods routinely and from the beginning to diagnostic
evaluation and clinical studies.

•

One member suggested exploring collaborations with costing studies.
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Appendices
Appendix 1: Search strategy
Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
Daily and Versions(R) <1946 to September 05, 2020>
Search Strategy:
-------------------------------------------------------------------------------1 Extensively Drug-Resistant Tuberculosis/ or Tuberculosis/ or tuberculosis.mp. or Tuberculosis,
Multidrug-Resistant/ or Tuberculosis, Pulmonary/ or Mycobacterium tuberculosis/
2 (Tuberculosis or MDR-TB or XDR-TB or tuberculous).ti. or (Tuberculosis or MDR-TB or XDR-TB
or tuberculous).ab.
3 1 or 2
4 (Truenat or Cepheid or Xpert*).mp.
5 Genexpert*.mp.
6 drug susceptibility test*.mp.
7 (cartridge adj3 test*).mp.
8 cartridge*.ab. or cartridge*.ti.
9 exp Point-of-Care Systems/
10 Reagent Kits, Diagnostic/
11 Max MDR-TB assay.mp.
12 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11
13 3 and 12
14 "Patient Acceptance of Health Care"/ or acceptability.mp.
15 Health Equity/ or equity.mp. or Health Services Accessibility/
16 Patient Preference/ or preferences.mp.
17 Patient Satisfaction/ or Attitude to Health/
18 barriers.mp.
19 challenges.mp.
20 patient experience*.mp.
21 "Attitude of Health Personnel"/ or providers experience*.mp.
22 Critical Pathways/
23 facilitator*.ab. or facilitator*.ti.
24 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
25 13 and 24
26 Interviews as Topic/ or interview*.mp. or Interview/
27 survey*.mp. or Health Surveys/ or Health Care Surveys/ or "Surveys and Questionnaires"/
28 Qualitative Research/
29 Focus group discussion*.mp. or Focus Groups/
30 "mixed methods".ti. or "mixed methods".ab. or "mixed-methods".ti. or "mixed-methods".ab.
31 26 or 27 or 28 or 29 or 30
32 13 and 31
33 25 or 32
34 limit 33 to yr="2007 -Current"
35 "systematic review"/
36 (metaanalysis or meta-analysis).mp.
37 35 or 36
38 13 and 37
39 limit 38 to yr="2007 -Current"
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Database: Embase <1996 to 2020 Week 36>
Search Strategy:
-------------------------------------------------------------------------------1 tuberculosis/ or tuberculosis.mp.
2 drug resistant tuberculosis.mp. or drug resistant tuberculosis/
3 multidrug resistant tuberculosis.mp. or multidrug resistant tuberculosis/
4 MDR-TB.mp.
5 XDR-TB.mp.
6 extensively drug resistant tuberculosis/
7 mycobacterium tuberculosis.mp. or Mycobacterium tuberculosis/
8 1 or 2 or 3 or 4 or 5 or 6 or 7
9 (Truenat or Cepheid or Xpert*).mp.
10 Genexpert*.mp.
11 drug susceptibility test*.mp.
12 (cartridge adj3 test*).mp.
13 cartridge*.ab. or cartridge*.ti.
14 "point of care testing"/
15 *diagnostic test/
16 diagnostic test accuracy study/
17 Max MDR-TB assay.mp.
18 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19 8 and 18
20 patient acceptance of care.mp. or patient attitude/
21 acceptability.mp.
22 patient preference/ or patient preference*.mp.
23 health equity.mp. or health equity/
24 Health Services Accessibility.mp. or health care access/
25 patient satisfaction.mp. or patient satisfaction/
26 barriers.mp.
27 challenges.mp.
28 patient experience*.mp.
29 Attitude of Health Personnel.mp. or health personnel attitude/
30 Critical Pathways.mp. or clinical pathway/
31 facilitator*.ab. or facilitator*.ti.
32 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31
33 19 and 32
34 Diagnostic Interview Schedule/ or exp interview/ or interview*.mp.
35 health care survey/ or survey*.mp. or health survey/
36 (Surveys and Questionnaires).mp.
37 qualitative research.mp. or qualitative research/
38 focus group.mp.
39 (mixed adj2 method*).mp.
40 34 or 35 or 36 or 37 or 38 or 39
41 19 and 40
42 33 or 41
43 limit 42 to yr="2007 -Current"
44 systematic review.mp. or "systematic review"/
45 meta analysis/
46 metaanalysis.mp.
47 44 or 45 or 46
48 19 and 47
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49

limit 48 to yr="2007 -Current"

Cinahl (EBSCOHost) Limiters - Published Date: 20070101-20201231
# Query
S22 S8 AND S20
S21 S8 AND S20
S20 TX systematic review or meta-analysis
S19 S14 OR S18
S18 S8 AND S17
S17 S15 OR S16
S16 TX focus group*
S15

TX interview* OR TX ( survey* or questionnaire* ) OR TX ( qualitative research or qualitative
study or qualitative methods or mixed methods )

S14 S8 AND S12
S13 S8 AND S12
S12 S9 OR S10 OR S11
S11 TX ( barriers or challenges ) OR TX critical pathway OR TX facilitator*
S10

TX patient preference* OR TX ( patient satisfaction or patients experiences or patients perceptions
or patients attitudes )

S9 TX acceptance of care OR TX health equity OR MW Health Services Accessibility
S8 S3 AND S7
S7 S4 OR S5 OR S6
S6 TX Max MDR-TB OR TI cartridge OR AB cartridge
S5 TX drug susceptibility test* OR TX cartridge N2 test* OR TX point of care testing
S4 TX Truenat or Cepheid or Xpert* or Genexpert*
S3 S1 OR S2
S2 TX extensively drug resistant tuberculosis OR MH tuberculosis, multidrug-resistant
S1

TX ( tuberculosis or TB or MDR-TB or XDR-TB ) OR MW mycobacterium tuberculosis OR MW
multidrug resistant tuberculosis

PsycInfo (EBSCOHost) Limiters - Published Date: 20070101-20201231
# Query
S22 S8 AND S20
S21 S8 AND S20
S20 TX systematic review or meta-analysis
S19 S14 OR S18
S18 S8 AND S17
S17 S15 OR S16
S16 TX focus group*
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S15

TX interview* OR TX ( survey* or questionnaire* ) OR TX ( qualitative research or qualitative
study or qualitative methods or mixed methods )

S14 S8 AND S12
S13 S8 AND S12
S12 S9 OR S10 OR S11
S11 TX ( barriers or challenges ) OR TX critical pathway OR TX facilitator*
S10

TX patient preference* OR TX ( patient satisfaction or patients experiences or patients perceptions
or patients attitudes )

S9 TX acceptance of care OR TX health equity OR Health Services Accessibility
S8 S3 AND S7
S7 S4 OR S5 OR S6
S6 TX Max MDR-TB OR TI cartridge OR AB cartridge
S5 TX drug susceptibility test* OR TX cartridge N2 test* OR TX point of care testing
S4 TX Truenat or Cepheid or Xpert* or Genexpert*
S3 S1 OR S2
S2 TX extensively drug resistant tuberculosis OR tuberculosis, multidrug-resistant
S1

TX ( tuberculosis or TB or MDR-TB or XDR-TB ) OR mycobacterium tuberculosis OR multidrug
resistant tuberculosis
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Appendix 2: Assessment of Methodological Limitations
Study ID

Were steps taken to increase
rigour in the sampling?

Were steps taken to increase
rigour in the data collected?

Were the findings of the study
grounded in/ supported by the
data?
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a few steps were taken

Please rate the findings of the
study in terms of their breadth
and depth.
Yes, several steps were taken

McDowell 2016

Yes, a fairly thorough attempt was
made
Yes, a few steps were taken

Oliwa 2020

Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, several steps were taken

deCamargo 2015

Yes, several steps were taken

Yes, several steps were taken

Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, several steps were taken

Colvin 2015

Yes, several steps were taken

Yes, several steps were taken

Yes, several steps were taken

Shewade 2018

Yes, several steps were taken

Yes, several steps were taken

Yes, several steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a fairly thorough attempt was
made
Yes, a few steps were taken

Mwaura 2020

Yes, several steps were taken

Yes, several steps were taken

Yes, several steps were taken

Rendell 2017

Yes, a few steps were taken

Yes, several steps were taken

Yes, several steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Royce 2014

Yes, several steps were taken

Yes, several steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Phyo 2019

Yes, a few steps were taken

Yes, a few steps were taken

Yes, several steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Joshi 2018

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Hoang 2015

Yes, a few steps were taken

Yes, several steps were taken

No, not at all/Not stated/ Can’t tell

Yes, a few steps were taken

Yes, a few steps were taken

Newtonraj 2019

Yes, a few steps were taken

Yes, a few steps were taken

Yes, several steps were taken

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

Vijayageetha 2019 Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

Creswell 2014

Yes, a few steps were taken

Yes, a few steps were taken

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

Yes, several steps were taken

Stime 2018

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

Yes, a few steps were taken

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

Jaroslawski 2012

Yes, several steps were taken

No, not at all/Not stated/ Can’t tell

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

Cattamanchi 2020

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

Nalugwa 2020

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

Yes, a few steps were taken

No, not at all/Not stated/ Can’t tell

No, not at all/Not stated/ Can’t tell

McDowell 2018
Naidoo 2015
Engel 2015

Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, several steps were taken

Were steps taken to increase
rigour in the analysis of the
data?
Yes, several steps were taken
Yes, a fairly thorough attempt was
made
Yes, several steps were taken

Yes, several steps were taken
Yes, several steps were taken
Yes, a fairly thorough attempt was
made
Yes, a fairly thorough attempt was
made
Yes, several steps were taken
Yes, several steps were taken
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Appendix 3: CERQual summary of findings
Finding #

Review finding

CERQual assessment of
confidence in the
evidence
Explanation of CERQual assessment

Studies contributing to
review finding

Methodological limitations

Coherence

Relevance

Adequacy

no concerns ‐ synthesis was
directly related to primary
studies, missing explanations
were explored and added to the
finding

minor concerns about study
locations: studies mostly located
in urban areas in high burden
settings, good variety of facility
types

minor concerns‐ two rich studies moderate confidence
included and the additional four
all have undertaken few steps
towards richness; the number of
participants included is adequate
for qualitative designs

we have minor concerns about
methodological quality and adequacy
and we have minor concerns about
relevance (because of its importance
to the finding)

Naidoo 2015, deCamargo
2015, Joshi 2018, Phyo 2020,
Royce 2014, Vijayageetha
2019

high confidence
minor ‐ three rich studies
included, only one thin study and
the rest have undertaken several
steps towards richness, number
of participants included is
adequate

mainly because we have no concerns
about coherence and relevance and
only minor concerns about
methodological quality and richness of
a few studies

Rendell 2017, Newtonraj
2020, Joshi 2018, Mwaura
2020, McDowell 2018,
deCamargo
2015,Vijayageetha 2019,
Naidoo 2015

Critical aspects users value
1

Patients in high‐TB burden countries value
1) getting an accurate diagnosis and
reaching diagnostic closure (finally knowing
what is wrong with me), 2) avoiding
diagnostic delays as they exacerbate
existing financial hardships and emotional
and physical suffering and make patients
feel guilty for infecting others (especially
children), 3) having accessible facilities and
4) reducing diagnosis‐associated costs
(travel, missing work) as important
outcomes of the diagnostic.

minor concerns ‐ across the four
components of the
methodological limitations tool,
three of the studies contributing
took a few steps to ensure
methodological quality and the
remaining three took several
steps to ensure methodological
quality

2

Compared to existing tests/sputum
microscopy, healthcare professionals
appreciate the rapidity and accuracy of
low-complexity automated NAAT results,
the diversity of sample types, ability to
detect drug resistance, as well as the
consequence of avoiding costlier
investigations or hospital stays when using
low-complexity automated NAATs..
Low-complexity automated NAAT allows
healthcare workers to detect drug
resistance earlier and pediatricians in
particular mentioned how it heightened
their risk perception of drug resistance in
children; yet in a context with widespread
severe forms of drug resistance and a habit
of treating empirically first, clinicians see the
inability to detect resistance of some NAATs
beyond rifampicin as a hindrance..
Clinicians value the confidence that lowcomplexity automated NAAT results
generate, to start treatment, to reassure and
motivate patients and their caretakers, to
justify actions towards other doctors and to
increase collaboration between
private/public providers.
Laboratory technicians appreciate the
improvement of overall laboratory work that
low-complexity automated NAAT brings
compared to sputum microscopy in terms of
ease of use, ergonomics, and biosafety

minor concerns ‐ across the four no concerns ‐ synthesis was
components the methodological directly related to primary
quality was fairly high for three studies
studies and the remaining
studies took mostly a few steps ti
increase quality

no concerns ‐good variety of
facilities, public/private and type
of healthcare workers, and fairly
diverse set of countries, studies
mostly located in urban areas in
high burden settings but we do
not think this would affect
relevance for this finding

no concerns ‐ the majority of the minor concerns ‐ good fit of
studies were of good quality
finding with primary studies, but
change in risk perception in need
for entire resistance profile
mentioned in only one study
each, but these were studies well
grounded in the data

no/very minor concerns,
no concerns ‐ three rich studies
countries with large DR burden of four, adequate numbers of
included, except examples from participants
Eastern Europe missing,
public/private, urban/rural, good
variety of primary care and CB‐
NAAT testing centre facilities

high confidence

mainly because quality of studies is
high and we only have a minor
concern about coherence due to
number of studies contributing to
each part of the finding

McDowell 2018, McDowell
2016, Naidoo 2015, Joshi
2018, deCamargo 2015

no concerns ‐ the studies were of no concerns ‐ good fit of finding
good quality
with primary studies, other
explanations of how confidence
matters are captured in finding
#13

minor concerns because it is
only two countries, but good
variety of participants, facilities
and public/private providers

confidence

we have no concerns or very minor
concerns across all components

McDowell 2018, Oliwa 2020

minor concerns ‐ one study of
good quality, the remaining two
took a few steps to ensure
methodological quality

no concerns ‐ variety of
minor concerns‐ two relatively
locations, countries, facilities and rich studies, the third one is not
users included
so rich, the number and type of
participants included is
adequate

high confidence

we have no concerns or very minor
concerns across all components

deCamargo 2015, Creswell,
2014, Newtonraj 2020

3

4

5

no concerns ‐ good fit of finding
with primary study

no/very minor concerns ‐ just
two but very rich studies with
adequate numbers of
participants
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6

no/very minor concerns
Laboratory managers appreciate that
monitoring of laboratory work and training
is easier than with sputum microscopy and
that low-complexity automated NAAT eases
staff retention, as it increases staff
satisfaction and has a symbolic meaning of
progress within the TB world..

no concerns ‐ good fit of finding
with primary study

serious concerns ‐ just one
setting (urban, public clinic),
study early in implementation of
CB‐NAAT

moderate concerns ‐ because it
is only one study, but it is rich,
with an adequate number of
participants but unclear how
many of these were managers

low confidence

we have serious or moderate concerns deCamargo 2015
about adequacy and relevance and no
concerns about methodological quality
and coherence
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Finding #

Review finding

Methodological limitations

Coherence

Relevance

Adequacy

CERQual assessment of
confidence in the
evidence
Explanation of CERQual assessment

Studies contributing to
review finding

Challenges to realizing these values
high confidence

7

Patients can be reluctant to test for
TB/MDR‐TB because of stigma related to
MDR‐TB or related to having interrupted
treatment in the past, because of fears of
side effects, the failure to recognize
symptoms, the inability to produce sputum
and the cost, distance and travel concerns
related to (repeat) clinic visits.

no/very minor concerns‐ three
no concerns ‐ good fit of finding
out of four included studies have with primary study
fairly good methodological
quality across all four
components

no/very minor concerns, varied
participants, facilities,
urban/rural, even though just
four countries but we do not
expect adding more countries
would have altered finding
substantially

minor concerns ‐ one rich study
and the remaining took a few
steps towards richness, the
number of participants is
adequate

we have no concerns or very minor
concerns across all components

Shewade 2018, Phyo 2019,
Royce 2014, Naidoo 2015

8

Health workers can be reluctant to test for
TB or MDR‐TB because of TB associated
stigma and consequences for their patients,
fears of acquiring TB, fear from supervisors
when reclassifying patients already on TB
treatment who turn out to be misclassified,
fear of side effects of drugs in children, and
community awareness of disease
manifestations in children.

no/very minor concerns ‐ one
no concerns ‐ good fit of finding
study of very high quality, the
with primary study
other took several steps towards
high quality

no concerns ‐ variety of facilities,
participants, not the usual
dominantly represented
countries and at two different
time points

no/very minor concerns, one rich high confidence
study and one study which
seemed rich but quotes were not
attributable, might have been
just a reporting issue; very
adequate numbers of
participants for both studies

we have no concerns across all
components

Oliwa 2020, Royce 2014

9

Diagnostic delays are accumulated because
of various health system factors (i.e. non‐
adherence to testing algorithms, testing for
(MDR‐)TB late in the process, empirical
treatment, false negatives due to technology
failure, large sample volumes and staff
shortages, poor/delayed sample transport
and result communication, delays in
scheduling follow up visits and recalling
patients, inconsistent result recording) and
to a lesser extent patient‐related delays (i.e.
missed follow‐up appointments, competing
family demands and seeking traditional
health‐care).

minor concerns ‐ varied
methodological quality of
included studies, three of high
quality, studies of lower quality
do not contribute new or
additional insights, rather
confirm other studies

no concerns ‐ descriptive and
specific statement based on the
data from primary study

no concerns ‐ good variety of
users, facilities, public/private,
urban/rural, time points and
countries

minor concerns, four relatively
rich studies, adequate numbers
of participants, well known
descriptive finding

high confidence

we have no or very minor concerns
across the components also because
diagnostic delay is well established
and half the studies are very rich
studies with a great relevance and
then weaker studies findings point
into the same direction

McDowell 2016,Naidoo
2015, Nalugwa 2020,
Cattamanchi 2020, Engel,
2015, Stime 2018, , Rendell
2017, Creswell 2014, Royce
2014

10

Poor sample quality, inconvenient sample
collection facilities, non-functioning sample
transport mechanisms, and difficulty of
obtaining pediatric samples can cause error
results and underutilization of lowcomplexity automated NAAT.

minor concerns ‐ of 12 studies
contributing to the finding,
about half were of good quality
while the other half took a few
steps towards methodological
quality

no concerns ‐ descriptive and
specific statement based on the
data from primary study

no concerns ‐ good variety of
users, facilities, public/private,
urban/rural settings, time points
and countries

high confidence
minor concerns, three rich
studies and the others took a
few steps towards richness,
adequate number of participants

mainly because we have no concerns
about coherence and relevance and
only minor concerns about the
methodological quality of half the
studies contributing and no concerns
about the quality and richness of the
remaining ones

Rendell 2017, Royce 2014,
Newtonraj 2019, Hoang,
2018, Vijayageetha 2019,
Shewade 2018, Phyo 2019,
Creswell 2014, Cattamanchi
2020, McDowell 2016,
McDowell 2018, Oliwa 2020

11

The lack of sufficient resources and of
ensuring maintenance (i.e. stock-outs;
unreliable logistics; lack of funding,
electricity, space, air conditioners, and
sputum containers; dusty environment, and
delayed or absent local repair option) leads
to higher test failure rates and
underutilization and negatively influences
uptake and impact of low-complexity
automated NAAT.

minor concerns ‐ of 10 studies
contributing to the finding,
about 5 were of fairly good or
very quality while the other half
took a few steps towards
methodological quality

no concerns ‐ captures the data
from primary studies

no/very minor concerns, good
variety of users, facilities,
countries, urban/rural, time
points, the majority of studies in
public sector settings

high confidence
minor concerns ‐ four rich
studies and the others took a
few steps towards richness while
for two studies it was not clearly
reported, adequate number of
participants

mainly because we have no concerns
about coherence and relevance and
only minor concerns about
methodological quality and richness of
about half the studies

Rendell 2017, Oliwa 2020,
Hoang 2015, Nalugwa 2020,
Joshi 2018, Mwaura 2020,
deCamargo 2015, Stime
2018, Creswell 2014,
Shewade 2018, Hoang 2015,
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Finding # Review finding
12
Low-complexity automated NAAT seems to
decrease workload by freeing up time for
laboratory staff, but in most settings staff
may be hesitant to accept testing with lowcomplexity automated NAAT because it
increases workload if added onto existing
laboratory work without adjusting staffing
arrangements, or if it does not replace
existing diagnostic tests.

Methodological limitations

Coherence

Relevance

Adequacy

minor concerns ‐ of the 7 studies
contributing, the majority of
studies took a few steps towards
methodological quality with 3
taking several steps

minor concerns ‐ finding
captures the primary studies
well, the only minor concern is
that the explicit mentioning of
not accepting CB‐NAAT because
of workload concerns was only
mentioned in one study

no/very minor concerns, good
variety of users, facilities, and
countries, though predominantly
urban and public facilities (but
that is expected for this finding
because of where CB‐NAAT is
mainly located)

minor concerns ‐ the studies
took a few steps towards
richness and had an adequate
number of participants

CERQual assessment of
confidence in the
Eplanation of CERQual assessment
evidence
moderate confidence
mainly because of the minor concern
with coherence where only one study
contributed to the point on
acceptance

high confidence

13

Workflows, professional roles and patient
flows matter for utilizing low-complexity
automated NAAT, for instance inefficient
organizational processes, poor links between
providers, unclear follow up mechanisms or
where patients need to go can delay
diagnostic processes..

no/very minor concerns ‐ mainly no concerns ‐ captures the data
because methodological
from primary studies
limitations were minor and
related to not being reported
and two studies were well done,
the other three took a few steps

no/very concerns ‐ good variety
of users, facilities, countries,
and time points, but all studies
located in public settings
however the coordination
between public/private sector is
covered in one study

minor concerns ‐ the studies
took a few steps, one did not
report on richness, two were
rich, adequate number of
participants

14

Too much confidence in low-complexity
automated NAAT's accuracy can mean
blindly accepting results without using
clinical impressions or for patients to trust
low-complexity automated NAAT because it
is a computer-based result.

moderate concerns ‐ no study of no concerns ‐ captures the data
very high quality, three studies
from primary studies
took a few steps towards
methodological quality

no concerns‐ good variety of
users, facilities, countries and
time points, public/private,
rural/urban

moderate confidence
moderate concerns ‐ because
there is only one study that took
several steps towards richness,
the two remaining are thin or
not reported, the number of
participants is adequate

15

Implementation processes have been
challenged by lack of data on pragmatic
effectiveness in operational conditions, lack
of knowledge and awareness among
providers beyond lab personnel, lack of
guidelines and standardized training
modules and instructions and a lack of
national policy consensus and inclusive
decision‐making prior to roll out.

minor concerns ‐ 4 of 9 studies
were of very good quality, the
remaining ones took few or
several steps towards increasing
quality

no concerns‐ good variety of
users, facilities, countries and
time points, public/private,
rural/urban

minor concerns ‐ adequate
number of participants, 4 of 9
studies took several steps
towards richness, the others a
few

no/very minor concerns ‐
captures data from primary
studies, the point on data and
inclusive decision‐ making only
made by Colvin but this is just a
minor concern as the study is
well grounded in data

high confidence

Studies contributing to
review finding
deCamargo 2015, Joshi 2018,
Rendell 2017, Phyo, 2019,
Shewade 2018, Stime 2018,
Vijayageetha 2019

no concerns about methodological
quality, coherence and relevance, we
only have minor concerns about the
degree of richness

Royce 2014, Oliwa 2020,
Stime 2018, Hoang 2015,
deCamargo 2015

mainly because of the moderate
concerns with methodological quality
and richness of data

Newtonraj 2019, Mwaura
2020, Joshi 2018

mainly because we have no concerns
about coherence and relevance and
only minor concerns about
methodological quality and richness of
about half the studies

Colvin 2015, Newtonraj
2019, Joshi, 2018, Rendell
2017, Shewade 2018,
deCamargo 2015,Creswell
2014, Hoang 2015, Naidoo
2015
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Finding # Review finding

Methodological limitations

CERQual assessment of
confidence in the
evidence
Explanation of CERQual assessment

Coherence

Relevance

Adequacy

no/very minor concerns ‐
captures data from primary
studies, the point on conflict of
interest and strategic use of
resources only made by Colvin
but this is just a minor concern
as the study is well grounded in
data

no/very minor concerns‐ good
variety of users, facilities,
countries, public/private,
rural/urban, only minor concern
is that the studies are all from an
early time point of Xpert
implementation

minor concerns ‐ they all are
fairly rich, the number of
implementer/manager
participants is for two studies
not clear, just three studies
overall

no concerns‐ good variety of
users, facilities, countries and
time points, public/private,
rural/urban

minor concerns ‐ 5 rich studies 4 high confidence
took a few steps towards
richness, , adequate numbers of
participants

no concerns because it relates to
summary finding #7‐15 which
have no/very minor concerns
about relevance, the four
directly contributing studies have
good variety of users, facilities,
urban/rural, public/private even
if only focused on two countries

no concerns ‐ rich studies and
the large number of statements
#7‐15 contributing to this
finding

Studies contributing to
review finding

Concerns for access/equity
16

Staff and managers voiced concerns
no concerns ‐ 2 out of 3 studies
regarding sustainability of funding and
of good quality
maintenance, complex conflicts of interest
between donors and implementers and
concerns related to the strategic and
equitable use of resources, which negatively
affects creating equitable access to
automated NAATs of low complexity.

17

Lengthy diagnostic delays, underutilization
of automated NAATs of low complexity, lack
of TB diagnostic facilities at lower levels and
too many eligibility restrictions, hamper
access to prompt and accurate testing and
treatment particularly for vulnerable groups.

18

The identified challenges and accumulated
no concerns ‐ high quality of
delays risk undoing the added value as
included studies
identified by the users, ultimately leading to
underutilization and important implications
for access and equity

minor concerns ‐ 5 out of 11
no concerns ‐ captures the data
studies are of very good
from primary studies and refers
methodological quality, the
to summary findings #7 and 9
remaining ones took a few steps
to increase quality across the
assessed domains
no concerns ‐ captures the data
from the four primary studies
and from the summary findings
#1‐15 which all were judged to
be coherent except with two
where we had minor concerns,

high confidence

high confidence

we have no concerns except minor
concerns because part of the finding
relies on only one study

Colvin 2015, deCamargo
2015, Cresswell 2014,
Jaroslawski 2015

we have only very minor concerns
about methodological quality and
richness of half the studies

Nalugwa 2020, McDowell
2018, Oliwa 2020, Joshi
2018, Naidoo 2015, Hoang
2015, McDowell 2016,
Newtonraj 2019, Phyo 2019,
Royce 2014, Engel 2015

no concerns

McDowell 2018, Shewade
2018, Engel 2015. Naidoo
2015 (see memo dealys) (and
this analysis)

283

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Appendix 4: Figure 1: PRISMA flow chart

Eligibility

Screening

Identification

Records identified through
database searching
(n = 1308 )

Additional records identified
through other sources
(n = 1 )

Records after duplicates removed
(n = 1308 )

Records screened
(n = 1308)

Full-text articles assessed
for eligibility
(n = 44 )

Included

Studies included in
qualitative synthesis
(n = 27 )

Records excluded
(n = 1263 )
Full-text articles excluded,
with reasons
(n = 17 )
6 Data not analyzed using
qualitative analysis
methods
6 Did not address
phenomenon of interest
4 Not a qualitative study
design
1 Review article

Studies sampled for data extraction/analysis
(n=21)
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Appendix 5: Study characteristics table
First author

Geographical
setting

Type of health facility

public/private

Background
prevalence

Diagnostic technology

Programmatic features of the
intervention (Where and how)

Target population

Mwaura

Year of
publication

2020 Kenya (lower
middle income)
and Eswatini
(lower middle
income)

Country (income
classification)

Unclear/not
reported

unclear/ unreported

unclear/not
reported

High burden

Xpert MTB/RIF Ultra

Unclear

presumptive TB
patients

Cattamanchi

2020 Uganda (low
income)

Both rural and
urban

Health centers

Public facility

High burden

Xpert MTB/RIF

Testing sites (i.e., hubs), present in most
presumptive TB
districts of the country, are linked with 3–5 patients
peripheral microscopy units (i.e., spokes)
where sputum samples are collected and
transported to the testing hubs. The
results are returned to the microscopy
centers.
Intervention: Daily sputum transport to
Xpert testing hubs was selected to facilitate
same-day (or next-day) Xpert testing for all
smear-negative patients.

Nalugwa

2020 Uganda (low
income)

Both rural and
urban

Community health
centres (clinics) and
Xpert testing sites

Public facility

High burden

Xpert MTB/RIF

Uganda adopted policy recommendations
in line with WHO guidelines; use of smear
microscopy and Xpert MTB/RIF at
participating health centers

Oliwa

2020 Kenya (lower
middle income)

Unclear/not
reported

County hospitals (Level 3)

Public facility

High burden

Xpert MTB/RIF assay

upfront Xpert for the diagnosis of pediatric Children
TB in Kenyan county referral hospitals

Vijayageetha

2019 India (lower
middle income)

Urban

Tertiary care hospital

Public facility

High burden

Xpert MTB/RIF

symptom screening and if positive then
sputum and culture and per discretion of
chest physician in case of high index of
suspicion also low-complexity automated
NAAT

Total number of
participants and types of
settings
47

Research questions/ objectives

not clear

To identify key reasons at multiple
levels for attrition along the TB
diagnostic evaluation cascade of care.
(within a larger mixed-method
implementation research)

consultation with
stakeholders and literature
review

mixed method, qualitative part: to assess
the process of specimen collection,
specimen transport, specimen testing,
result reporting and patient linkage to
treatment initiation if diagnosed with TB

Qualitative data was collected
from field notes taken by
study staff during site visits.
Staff recorded observations
about the TB diagnostic
evaluation process in
participating community
health centers during site
visits for trainings, surveys,
and data abstraction.

N=40 (29 interviews with front
line health workers and midlevel managers. 3 small group
discussions (N=6) and 5 key
informant interviews with
policy makers and senior health
service administrative staff
(medical officers; clinical
officers; nursing officers;
medical officer interns; clinical
officer interns; nursing officer
interns and laboratory
technologists.)

to understand how context
influences/shapes TB case detection and
use of TB diagnostic tests including
Xpert in children within hospitals

face-to-face semi-structured
and key informant interviews,
small group discussions, and
observations of child TB
trainings, sensitisation
meetings and policy meetings,
and hospital practices as well
as desk review of relevant
guidelines, job aides and policy
documents.

N=7 (administrator n=1,
obstetricians n=2 chest
physicians n=1, physician n=1,
nursing officers n=2)

mixed method study, to examine
implementation challenges of TB
screening among pregnant women
from the healthcare providers
perspective

interviews and observations

presumptive TB patients N=23 participating
presenting to community community health centres
health facilities linked
(clinic staff)
with TB diagnostic units
have access to rapid,
referral-based Xpert
testing. At the time of
this study, Uganda
national guidelines called
for Xpert testing in
persons living with HIV,
health care workers,
contacts of drugresistant (DR-TB)
patients, pregnant
women or breastfeeding mothers,
prisoners, patients from
refugee camps, and
diabetics.

pregnant women with
TB symptoms, Xpert is
mainly used for
diagnosis of paediatric
TB, HIV- associated TB,
extrapulmonary TB and
MDR-TB

Data collection methods

to examine the views and norms of
Focus group discussions
multiple TB stakeholders on the trade- off (FGDs)
between overtreatment versus under
diagnosis of TB, and to understand the
role qualitative research can play in
engaging in- country stakeholders during
the launch and roll-out of new TB
diagnostics
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First author
Phyo

Year of
Country (income
publication classification)
2019 Myanmar (lower
middle income)

Geographical
setting
Urban

Type of health facility

public/private

Community outreach in
townships

Other: NGO led

Background
prevalence
High burden

Diagnostic technology
Xpert MTB/RIF

Programmatic features of the
Target population
intervention (Where and how)
Household contacts of MDR-TB patients
household contacts of
with TB symptoms are investigated using MDR-TB patients
Xpert MTB/RIF; but policy is followed
poorly in NTP. Irrespective of symptoms
or chest radiography findings, people who
are able to produce a sputum specimen
are
investigated further using sputum
microscopy and Xpert MTB/RIF. Contacts
who are unable to produce sputum or
those with negative sputum results, but
shadows suggestive of TB on chest
radiography, are referred for further
clinical management. In some township
TB centres, Xpert MTB/RIF and chest
radiography are not available.

Total number of
participants and tpes of
N=21 household contacts of
MDR-TB patients n=8,
healthcare providers n=13
(community volunteers,
project nurses), project
supervisor

Research questions/ objectives

Data collection methods

mixed methods: To explore the barriers
in implementing contact investigation
from the perspective of household
contacts and health
care providers.

interviews

interviews

Newtonraj

2019 India (lower
middle icome)

Unclear/not
reported

Clinics, designated
microscopy centres and
hospitals

Both public and
private

High burden

Xpert MTB/RIF

Xpert MTB/RIF was located at the IRL
(intermediate reference laboratory), along
with culture and LPA; district microscopy
centres (mostly within district hospitals
and medical colleges) would send samples
of eligible patients

Xpert as the initial
diagnostic test for
HIV-associated TB,
EPTB, and pediatric TB
and as an add-on test
for sputum
microscopy–negative
patients if chest
radiography was
suggestive of TB.

N=10 (healthcare workers
involved in implementation;
medical officers/doctors n=5,
microbiologists n=3, lab techs
n=2)

to explore enablers and barriers in
using Xpert among the targeted
groups from the providers’
perspective

McDowell

2018 India (lower
middle icome)

Urban

Newly established high
throughput lowcomplexity automated
NAAT labs, one per city,
which linked to
public/private clinics and
hospitals

Both public and
private

High burden

Xpert MTB/RIF

study focuses on a project to improve the
implementation of upfront Xpert testing
for pediatrics by free testing with quick
turn-around times (within 24hrs) and
efforts in coordination with local
authorities to improve provider literacy
to diagnosing tb in kids

pediatric presumptive
TB patients with fever
more than 2 weeks,
unremitting cough for
more than 2 weeks,
and/or weight loss or
no weight gain in past 3
months

N=55 (physicians who had
referred samples for Xpert
testing (20 public, 22 private
physicians, 5 trust hospitals, 8
TB programme officers)

To better understand the perspective of semi structured interviews
providers engaged under the ongoing
project with respect to Xpert testing,
related national and global guidance for
the diagnosis of TB in children, and
various bottlenecks in its effective
implementation. i) how do pediatricians
use Xpert when accessible and free of
cost, ii) how do they prioritize and
evaluate Xpert in relation to other
diagnostic technologies, and iii) what are
the effects of Xpert on their clinical
practice

Shewade

2018 India (lower middle Both rural and
income)
urban

High burden

Joshi

2018 Nepal (lower
middle income)

Both rural and
urban

low-complexity automated In January-March 2014, if sample was
NAAT and LPA
smear positive, then LPA was used upfront.
Among smear negative samples, culture
was done followed by LPA. From April 2014
onwards, LPA was used for smear positive
and CBXpert MTB/RIF
not reported

Stime

2018 South Africa
(upper middle
income)

Urban

low-complexity automated Public facility
NAAT testing at tertiary
district level facility; sputum
smear at microscopy centre
where samples need to be
sent from
low-complexity automated Public facility
NAAT centres in district
hospitals, primary health
centres, district public
health office laboratory

Busy public clinic

Public facility

Unclear/not
reported

High burden

Xpert MTB/RIF (16module)

presumptive MDR-TB
patients/high risk
patients

N=23 (lab technicians n=6,
treatment
supporters/supervisors n=12,
microbiologist n=2, district TB
officer n=1, senor Tb lab
supervisor n=1, senior DR
children (<15 years);
unclear: 22 interviews
people living with HIV
(Presumptive TB patients), 4
(PLHIV); severe forms of Focused group discussions
TB; and presumptive
(district TB officer and/or lab
MDR TB patients
personnel in four centres) In
two centres, the FGDs were
replaced by IDIs due to small
numbers of participants.
National level-In depth
interviews n=4 (NTP focal
person for Xpert MTB/RIF,
monitoring and evaluation
section chief, WHO focal person
for NTC and TB coordinator for
International Organization of
Migration)

on site 16 module Xpert machine, batching Not reported
samples in 2-3 runs per day (approx 48
samples/day) and in parallel HIV rapid and
viral load testing (some STI testing
ongoing, chlamydia and gonorrhoeae with
Xpert as well)

N=20 (clinic staff: nurses n=6
physicians n=2, laboratory
technicians n=5 administrators
n=5, security guards n=2

To explore from the healthcare provider
perspective, the barriers and suggested
solutions for improving DST in
programmatic setting in Bhopal district,
India.

interviews (10), FGDs (2)
plus one FGD to discuss
solutions later

To explore the barriers to effective
implementation of the Xpert MTB/RIF
assay (mixed methods sequential
explanatory design
a qualitative evaluation)

FGDs, in-depth interviews,
semi structured
interviews(patients)

semi-structured interviews
to describe clinic flow with special
emphasis on the impact of POC testing at
a large urban public healthcare clinic in
Durban, South Africa. (mixed method,
time in motion study)
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First author

Geographical
setting

Type of health facility

Background
prevalence

Diagnostic technology

Programmatic features of the
intervention (Where and how)

Target population

Rendell

2017 Mongolia (lower
middle income)

Urban

National TB reference lab, Public facility
provincial TB clinics, district
TB clinics, hospital

High burden

Xpert MTB/RIF

unclear. only eligibility criteria are
reported and a weekly consensus
meeting for treatment initiation is
mentioned

All smear negative
pulmonary TB patients;
Patients with presumed
pulmonary TB
diagnosed with
HIV/AIDS; patients with
presumed MDR- TB or
XDR-TB; (All
smear positive new
patients aged 15-34
years old (this
guideline is yet to be
implemented))

McDowell

2016 India (lower
middle income)

Urban

Clinic

Private facility

High burden

Xpert MTB/RIF, sputum
smear, Xray

highly variable, mostly empirical
treatment first, then a range of tests,
always including Xray. If low-complexity
automated NAAT then late in the process

Patients with
presumed pulmonary
TB diagnosed with
HIV/AIDS

Engel

2015 South Africa
(upper middle
income)

Both rural and
urban

Clinics and hospitals

Both public and
private

High burden

Xpert MTB/RIF at POC in
district hospitals

Patients present at different levels of care Patients with
(in clinics, health posts, laboratories or
presumed TB
hospitals) with multiple or unspecific
symptoms (e.g. acute febrile illness) and
may need several diagnostic tests. Testing
mostly centralised but in some district
hospitals Xpert is available.

2015 Brazil (upper
middle income)

Urban

Clinic

Public facility

High burden

Xpert MTB/RIF

not reported

presumptive TB
patients

unclear; In Rio de Janeiro,
interviews with 11 patients
diagnosed with smears and 9
diagnosed with Xpert MTB/Rif.
In Manaus, 10 interviews with
patients diagnosed with Xpert.
In Rio de Janeiro, a physician, a
nurse, a laboratory technician
and an administrative staff
member were involved in the
preparation of the flowcharts. In
Manaus, the director of the
facility, one municipal health
official, a physician, two nurses,
a receptionist and a lab
technician participated. 3 field
researchers participated in all
group meetings to elaborate the
flowcharts.
They also interviewed key
informants at the research sites
and higher-ranking positions of
local health departments
(number not specified).

To qualitatively evaluate the
Interviews, group meets to
repercussions of the adoption of the
produce diagnostic
Xpert MTB/Rif in the Brazilian Health
flowcharts
System from the perspective of patients,
health professionals and managers,
considering aspects such as
understanding, perception and meaning

Naidoo

2015 South Africa
(upper middle
income)

Urban

Primary health-care
facilities, (central
laboratory)

Unclear/not
reported

High burden

Xpert MTB/RIF, LPA

the testing algorithm changed during the
study: In 2010, a smear, culture and LPAbased diagnostic algorithm was used
with LPA done on culture isolates or
clinical specimens of high MDR-TB-risk
presumptive cases (those with previous
TB, an MDR-TB contact or from a
congregate setting). From 2011–2013,
Xpert was phased in, replacing smear
microscopy for all presumptive TB cases

presumptive TB
patients

N=26 patients

Interviews
to explore and compare MDR-TB
patients’ experiences of their pathway to
diagnosis and treatment initiation in LPA
and Xpert-based diagnostic algorithms.

Hoang

2015 Vietnam (lower
middle income)

Unclear/not
reported

District health
centre/hospital

Public facility

High burden

Xpert MTB/RIF

unclear

Patients at high risk for
MDR-TB

N= 110 (TB provincial staff
To understand challenges of efficient
members n=30 health staff N=80 implementation of 5 steps from
[8 central, 56 provincial,16
diagnosis to MDR-TB treatment (mixed
district &
method study)
community level])

de Camargo Jr

Year of
publication

Country (income
classification)

public/private

Total number of
participants and types of
settings
N=24 (laboratory staff n= 8, TB
physicians n= 16)

Research questions/ objectives

Data collection methods

to identify and understand system and
context specific factors within
Mongolia's National Tuberculosis
Program (NTP) that are barriers or
enablers to implementing the Xpert
MTB/RIF test from the perspective of
NTP staff.

semi-structured interviews

N= 185 (private providersdifferent specialization n-110,
patients n=75)

To understand the factors contributing
to the variability in care and the
presence of practices diverging from
the standard of TB
care in India.
N= 141 participants ({interviews To examine POC testing across major
n=101 with doctors, nurses,
diseases in South Africa contributing to
community health workers,
burden of disease (mainly HIV, TB,
patients, laboratory
diabetes mellitus, diarrhoeal diseases
technicians, policymakers,
and hypertension). We assessed what
hospital managers and
tests are performed and how in
diagnostic manufacturers} and public/private, rural/urban hospitals
{focus groups n =40 with TB
and clinics and whether they can ensure
patients, nurses and
successful POC testing.
community health workers},
interviews not focused on TB
diagnostics exclusively

interviews, observations of
clinical practice and
Continuing Medical
Education events
Interviews (101), Focus
group discussions (40)

Focus group discussion,
interviews, document review
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First author

Geographical
setting

Type of health facility

public/private

Background
prevalence

Diagnostic technology

Programmatic features of the
intervention (Where and how)

Target population

Colvin

Year of
publication

2015 South Africa
(upper middle
income)

Country (income
classification)

Urban

Hospital and clinic

Public facility

High burden

Xpert MTB/RIF and
GenoType LPA (HAIN)

upfront TB testing with Xpert, but
ultimately located primarily in
laboratories and not primary care clinics

presumptive TB
patients

Royce

2014 Cambodia (lower
middle income)

Unclear/not
reported

Regional laboratories,
district and referral
hospital and health
centres

Unclear/not
reported

High burden

Xpert MTB/RIF

Cambodia’s guidelines recommend that
previously treated patients have sputum
specimens tested using Xpert MTB/RIF
(available in four provincial laboratories),
followed by culture and species
identification using liquid and solid media
(available in three regional laboratories)
and conventional DST at the national
reference laboratory.

Creswell

2014 Nine countries
Both rural and
(Democratic
urban
Republic of Congo
(DRC)-low income,
Kenya- Lower
middle income,
Pakistan- lower
middle income,
Bangladesh-lower
middle income),
Mozambique-low
income, Cambodialower middle
income, Malawi-low
income, Nepallower middle
income, Moldovalower middle
income)

District hospitals,
laboratories, AIDS
centres,

Both public and
private

High burden

Xpert MTB/RIF

Jaroslawski

2012 India (lower
middle icome)

Peripheral laboratory,
clinic

Both public and
private

High burden

Serology tests, molecular
tests such as Xpert
MTB/RIF

Urban

Total number of
participants and types of
settings
N=40 informants (Global
N=3{WHO N=1, FND N=1,
Cepheid N=1 }, National level
N=3, Provincial level N=2,
District N=16 {sub district
manager 3, TB programme
manager N=1, TB hospital
manager N=2, TB-HIV subdistrict coordinators N=4, DR TB
nurses N=3, National health
laboratory service N=2, MSF
N=1} Health
facilities N=16 { facility manager
=4, TB/DR TB doctors N=5,
Nurses N=3,TB clerks/assistants
N=4})

Research questions/ objectives

Data collection methods

To examine policy transfer for GenoType
LPA and Xpert to understand how these
promising new technologies were taken
up, adapted and delivered within local
health systems

longitudinal, qualitative
evaluation to track policy
transfer with the introduction
of Xpert and GenoType LPA in
South Africa. Two phases of key
informant interviews were
complemented with reviews of
quarterly reports from health
and laboratory services and
other relevant documents.

Previously treated TB
patients

Unclear; interviews N=26
(doctors or clinical officers n=9,
nurses n=8, laboratory staff
n=6, and TB officers n=3).
Focused group discussions (N=
unclear)

To quantify the gaps in the detection of FGDs and interviews
MDR-TB in previously treated TB
patients in Cambodia, and describe
health workers’ perspectives on barriers,
facilitators and potential interventions
sequential explanatory mixed-methods
design

different approaches per country (active,
passive, mixed, screening); Placements
included public and private hospitals and
lower primary care facilities, private
diagnostic laboratories, HIV centres,
prisons, reference laboratories and mobile
units. The projects were able to run the
machines at district hospitals and at lower
levels of care although in only a few
situations were peripheral microscopy
centres included, mostly because of
throughput concerns.

MTB/RIF testing on
patients with
suspected TB,
implementation
variable, mostly
sputum negative

unclear; project staff,
implementers, manufacturer

To present results from nine TB REACH
interventions, review the main challenges
experienced and formulate
recommendations for other early
implementers mixed methods,

Document review and semi
structured interviews with
staff from each project and
manufacturers.

unclear, private providers use serology,
Xpert is mentioned as one of the costly
alternatives

presumptive TB
patients approaching
private providers

N=41 (private doctors and
private hospital laboratory staff
(n= 11), private stand- alone
laboratories (n= 7), distributors
of diagnostic tests (n= 7),
manufacturers of diagnostic
tests (n= 7), government
hospital doc-tors (n= 4), and
NGOs working in
TB (n= 5)

To explore why serological tests are so
popular in the private sector and what
factors have paved the
way for their widespread use

interviews
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Introduction
A fundamental component of addressing the rising burden of drug-resistant tuberculosis (DR-TB) is expanding
the coverage of drug susceptibility testing (DST) to all persons with signs and symptoms of TB (WHO, 2020).
In doing so, it is not enough to only assess the accuracy of new diagnostic technologies but it is vital to consider
user perspectives on the value, feasibility, usability, and acceptability of these technologies. If the perspectives
of laboratory personnel, clinicians, patients, and TB programme personnel are not considered, these
technologies risk being inaccessible to and underutilized by those for whom they are intended.
Qualitative research provides a useful platform to explore the user perspectives of key TB diagnostic
stakeholders. Using targeted sampling, qualitative research is able to assess the diagnostic values and
experiences of various users in multiple settings. It is well understood that the value of new diagnostics is not
inherent within the technologies themselves, but rather through the alignment of technology with the specific
needs of users in particular settings. Qualitative methodology provides a window through which user
experiences can be captured, analyzed, and translated into workable data for policymakers to consider. By
engaging users through interviews, ethnographies, usability tests and other methodology, qualitative studies
can support decision-making on diagnostics and offer concrete insights into users’ values and preferences, as
well as acceptability and feasibility of new diagnostics in the intended use setting.
In December 2020, the World Health Organization assessed three classes of nucleic acid amplification
technologies to detect TB and DR-TB. To inform those discussions, the WHO commissioned a study into the
perspectives, preferences, and experiences of users of low-complexity automated nucleic acid amplification
tests (NAATs) for detection of resistance to isoniazid and second-line anti-TB agents, medium-complexity
automated NAATs for detection of TB and resistance to rifampicin and isoniazid, and high complexity
hybridization-based NAATs for detection of resistance to pyrazinamide (PZA LPA). To this end, we
conducted a small qualitative study with participants in India, Republic of Moldova, and South Africa. We
interviewed clinicians, laboratory staff, programme officers, and MDR/XDR TB survivors with the aim of
understanding their experiences of using these various technologies as well as their general TB diagnostic
experiences.

Methods
During October and November 2020, RJ and MW conducted 14 semi-structured interviews with clinicians,
programme officers, laboratory staff, and patient advocates in India, Moldova and South Africa. These
countries were selected based on the fact that they fall on WHO’s list of 30 high MDR-TB burden countries
(StopTB Partnership, 2020) and the index tests have been used to some extent in research contexts within these
three countries. Due to the short time-frame, participants were purposively sampled and approached based on
convenience through personal contacts and colleagues. For an overview of the participants, please see Table
1. Professional roles are used to mask study participants’ identity, coded by their country (Moldova (M), India
(I), or South Africa (S)), their profession (clinician or medical doctor (M), patient advocate/representative (R),
laboratory staff (L), or programme officers (P)), and a number.
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Interviews were conducted over Zoom, Skype and phone. Topics discussed included: 1. current approach to
diagnosing TB, MDR-TB, and XDR-TB including specific challenges; 2. experiences with using molecular
TB diagnostics and the index tests specifically, including details on steps taken in the diagnostic process; 3.
determining eligibility and treatment initiation as well as challenges and benefits of using the index tests; 4.
overall usefulness of the index tests; 5. the feasibility of implementing the index tests; 6. their potential impact
on health equity and; 7. how this relates to current policy context.
We note several important limitations of this approach. We were only able to interview a limited number of
participants per setting and country. Owing to the use of Zoom, Skype, or phone for interviews, we were not
able to triangulate interview data with other evidence commonly collected through ethnographic approaches
(such as multiple interviews and informal conversations at the same facility, observations or site visits). In
addition, not all participants had personal experience with one or all of the index tests, and those participants
who did have experience with the tests had used them in research settings and not for routine practice.
Interviews were audio-recorded, transcribed by MW, and coded by RJ in NVivo. The authors each wrote
memos on different topics, discussed these and collated them into themes, which we present in the results
section below.
Table 1: Participant Overview
Moldova (M)

India (I)

South Africa (S)

Clinicians (M)

1

1

1

TB survivor/Advocates (R)

1

1

1

Lab personnel (L)

2*

5*

2

Programme officer (P)

2*

2

1

* Were interviewed as a group
Ethics
This study was approved by FHML-REC, the ethical review board of the Faculty of Health, Medicine and Life
Sciences at Maastricht University (FHML-REC/2020/105). Study participants were emailed an information
sheet explaining the objectives of the study and an informed consent form which they were asked to sign and
return prior to participation.

Results
The results section reveals findings from our interviews with laboratory staff, clinicians, programme officers,
and patient representatives from India, South Africa and Moldova. The first three sections present results for
a given index test, where we elaborate on benefits and challenges of each test, as well as the feasibility and
acceptability of each technology. However, results regarding these index tests need to be considered in relation
to other parts of TB testing and care such as sample collection and transport, communication of diagnostic
results from the laboratory to clinicians, and the potential impact of these index tests on health equity.
Therefore, in section four, we consider results regarding sample collection, transport and quality. In section
five, we discuss how laboratory staff and clinicians make sense of diagnostic results, and finally, in section
six, we reflect on the overall impact of diagnostic changes for TB in relation to health equity and patient care.

Part 1: The Index Tests
Index Test 1: Low-complexity automated NAAT

290

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

The first class of technologies to be evaluated at the WHO 2020 guideline meeting are low-complexity
automated NAATs for the detection of resistance to isoniazid (INH) and second-line anti-TB medicines. One
such test that we investigated in this study is the Xpert MTB/XDR cartridge by Cepheid. This particular
cartridge detects mutations associated with resistance towards INH, fluoroquinolones (FLQ), second-line
injectable drug (SLID) (amikacin, kanamycin, capreomycin) and ethionamide (ETH) (Cepheid, 2020).
Benefits
Although only three participants in this study had used the cartridge in a research setting (ML-1, ML-2, SL-2),
almost all the participants highly anticipated its use for routine care. When asked what are some anticipated
benefits of the cartridge, the most frequent response was its faster turnaround time (TAT) for a drug
susceptibility test (DST) result when compared to existing molecular and phenotypic technologies (i.e. first
and second-line line probe assay [LPA], whole genome sequencing, solid culture, and liquid culture; IL-1, IL2, IR-1). Participants further linked this faster TAT to the possibility of initiating the appropriate treatment
for MDR and XDR patients sooner than has typically been the case (IL-4, IM-1, IP-1 IR-1, MP-2, MR-2, SM-1,
ML-1, SL-2), a value that was especially anticipated by the XDR TB survivors who participated in the study (IR1, MR-2).
“I think that it’s absolutely crucial to have the proper, a quick diagnosis, the results of a
diagnosis should be received as quick as possible as to inform a proper regimen…As a
patient I can’t, for example afford myself to take pills for three or four months just in vain
and being informed about the right type of resistance only in a couple of months because,
maybe generally it is not much time and for clinicians two or three months doesn’t make
a [difference], but for patients taking a handful of pills daily for two or three months just
in vain, that’s not fair to take, if they are not helping” (MR-2).
Laboratory personnel highly valued the minimal user steps, minimal technical training and expertise, and
minimal laboratory infrastructure that Xpert MTB/XDR needs in comparison to LPA (IL-2, ML-2, IL-4). The
Xpert MTB/XDR cartridge seemed familiar to them because of its similarities to the existing Xpert MTB/RIF
and/or Xpert MTB/RIF Ultra. This therefore meant that it would be easy to run and the results produced by
the platform would be straightforward to interpret (IL-2, ML-2). They anticipated that this would also allow
for the cartridge to be positioned lower in the laboratory network than culture and LPA, allowing for the
decentralization of drug resistance detection, treatment and monitoring (ML-1, IM-1,). Furthermore, a
laboratory technician said that the modular-based structure of the platform gives it the flexibility to be scaledup or down, depending on the needs of the TB programme and laboratory network (SL-2).
Both laboratory personnel and clinicians found the kind of information that the diagnostic provides to be
valuable, particularly the level of resistance to the anti-TB drugs (i.e. low resistance or high resistance; ML-2,
SL-2, and SM-1). The number of drugs that are tested on the machine and the types of mutations detected
were also important, particularly in regards to INH resistance. One laboratory scientist who had experience
with the Xpert MTB/XDR cartridge noted that it had an “edge over other molecular technologies” because it
assessed multiple genetic targets associated with INH resistance (SL-2), and a clinician in India with no
experience with the cartridge anticipated that it could help in the detection of INH monoresistance, which he
reported to be a burden in India (IM-2). Knowing the resistance of fluoroquinolones and ethionamide early
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was also important in giving clinicians necessary information to develop appropriate treatment regimens as
soon as possible (SM-1, IM-2). A laboratory scientist (SL-2) summarized the value of Xpert MTB/XDR as:
“you would get almost universal resistance prediction for a resistant patient, within 6
hours. Because you would have RIF, you would have INH, you would have
fluoroquinolones, you would have aminoglycosides, you would have partially predicted
ethionamide, clinicians have got a lot that they can work with, from a primary sample
from a patient”.
Challenges
When it came to experienced and/or anticipated challenges of the Xpert MTB/XDR, participants most often
reported the cost (IL-1, IP-2). Because Xpert MTB/XDR cartridge runs on the 10-colour module, programmes
would need to replace and/or compliment their existing GeneXpert platforms, a consideration that bears
significant financial implications (SL-2). Because of the cost that this would bring, as well as the relative lower
burden of MDR/XDR TB in comparison to MTB, most participants agreed that the Xpert MTB/XDR cartridge
would not be feasible if positioned as a baseline MTB test, but rather at the district level or intermediate
reference laboratory level where current DST takes place (IL-1, IP-1, IP-2, IM-1, MP-2). Therefore, despite the
cartridge’s easy user steps and few infrastructure requirements allowing for a decentralized positioning,
participants cautioned that if placed too low or peripheral in the network, the test risks being underutilized,
a finding similar to that echoed by quantitative and qualitative studies on the utilization of Xpert MTB/RIF
(Cazabon et al., 2018, Mwaura et al., 2020, Albert et al., 2016).
Instead, a programme officer in Moldova proposed an algorithm that positions the cartridge higher up in the
laboratory network where it can receive samples that test ‘MTB detected, RIF resistance’ on the Xpert
MTB/RIF machines located more peripherally (MP-2). Not only may this require the patient to provide an
additional sample, but it also would require an efficient sample transportation system, both of which are
challenges noted by participants in this study (IL-1, SM-1, SP-1, SL-1). This is reflected in Findings 9, 10, and
17 in the report by Engel et al. (2020), where they note that challenges related to obtaining a second sample
from a patient as well as poor/non-functioning sample transport mechanisms result in diagnostic delays and
underutilization of low-complexity automated NAATs. Additionally, placing the Xpert MTB/XDR cartridge at
a different location from the Xpert MTB/RIF cartridge does not allow the laboratory technician to reflex the
sample to the XDR cartridge. A laboratory participant mentioned reflexing the sample as a potential benefit,
if the system is set-up to report the result directly to the laboratory personnel (SL-2). Nonetheless,
participants of this study value the anticipated benefits of the Xpert MTB/XDR test as a molecular DST, and
eagerly await its introduction into routine diagnostic care.
Low-complexity automated NAAT Summary: Acceptability and Feasibility
The Xpert MTB/XDR cartridge addresses several preferences/values of laboratory staff and clinicians. It
requires minimal user steps and the GeneXpert platform is a familiar system which people feel comfortable
running and interpreting. The cartridge has a quicker turnaround time for first and second line drug
susceptibility testing, compared to other available diagnostic methods. People value faster TAT, the potential
ability to reflex samples from the Xpert MTB/RIF to the Xpert MTB/XDR cartridge, and receiving information
on multiple drugs as well as high or low level resistance simultaneously, as it could enable quicker diagnosis
and optimize treatment for patients. The Xpert MTB/XDR cartridge appears widely acceptable by laboratory
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staff and clinicians based on its simple user steps, and due to the amount of important information it provides.
The new cartridge requires less user training compared to other DST methods (such as LPA and culture),
making it more feasible to implement. However, the cost of the 10-colour system for this cartridge, and the
value of diagnosing MTB over DR TB at primary care, makes it less feasible as a baseline test, and therefore
may be more suitable if placed at a district or intermediate level lab.

Index Test 2: Medium-complexity automated NAATs
The second class of technologies to be evaluated at the WHO 2020 guideline meeting are medium-complexity
automated NAATs for the detection of TB, as well as resistance to rifampicin (RIF) and isoniazid (INH). These
platforms are characterized by automated DNA extraction, PCR preparation, and result interpretation, and can
run a minimum of 24 samples at a time. Examples of these platforms, which we discuss further below, include
BD MAX MDR-TB (BD), Cobas MTB-RIF/INH (Roche), and FluoroType MTBDR Version 2.0 (Hain).

Benefits
Only one laboratory technician in South Africa spoke directly about their experience using mediumcomplexity automated NAATs (SL-2), while two other participants commented on the potential impact of
specific medium-complexity automated NAATs (IP-2, SL-1). Laboratory staff valued medium-complexity
automated NAATs due to their automation. One participant illustrated this while talking about the FluoroType
platform. The closed-system platform would reduce “all this moving around” and therefore minimize labour
for laboratory staff, which would be a “great improvement over the current LPA” (SL-1). Another participant
described the FluoroType system saying;
“[…] There’s the preprocessing unit which takes care of DNA extraction as well as loading your plate. So
it adds the reagents for the PCR as well as the DNA. So it’s neat right, it’s basically a robot. So all you
need to do is load your sputum samples together with the buffer, and the rest, you close the instrument, and
the rest is taken care of.” (SL-2)
Platforms are valued for their simplicity and for their ability to fit into the laboratory setting. For example, a
participant described the BD MAX platform saying:
“so the BD MAX, nice sized platform. Sits well on the bench. Up to 24 isolates per run. What’s interesting
is the preprocessing is about 20 minutes longer than your Cepheid, similar type of methodology, so preprep is as good as Cepheid. Then loading the cartridge, relatively easy. Setting up the instrument, similar,
it’s quite intuitive, good interface, really user-friendly.” (SL-2)
The BD MAX also produces a report which, not only provides an indication of TB detection or drug
susceptibility, but also contains melt-curves, which can be used to predict resistance (SL-2). However, it is
questionable whether laboratory staff would generally have the expertise or time to read melt-curve reports,
and therefore the usability of this information in a routine laboratory setting is not clear. The report also
contains information that allows the laboratory technician to infer the level resistance (e.g. low or high level
resistance). The BD MAX design acknowledges the busy nature of laboratory work in two ways. First, its
automation frees up time by allowing staff to walk away and work on other things in the meantime (SL-2).
Secondly, the platform includes external lights (blue and red) which indicate to laboratory staff if everything
is okay (blue) or if something is wrong (red) (SL-2). Therefore, the platform uses lights to get the attention of
staff even if they are busy doing something else.
The flexibility of medium-complexity automated NAATs is a potential benefit. For example, one program
officer from India mentioned that the COBAS platform had already been used for COVID-19 testing. He
mentioned the possibility for different programmes to share the machine, but also share the responsibility of
cost. For example, the TB programme could be primarily responsible for “consumables” such as the buffers,
controls etc. related to TB testing (IP-2). In addition, he mentioned that medium-complexity automated
NAATs could free up low-complexity automated NAATs for areas where they are currently lacking and ensure
increased access to diagnostics.
Challenges
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Potential challenges around medium-complexity automated NAATs include the cost of acquiring the machines
and provision of good quality samples (ML-1, IL-1, IL-2). Furthermore, the chosen platform has to align with
the physical laboratory space. For example, although the Fluorotype platform was valued for its automation, a
participant mentioned concerns regarding the size of the platform.
“So you just can’t place it anywhere. You can’t just place it on any bench top. But fortunately I work
in a very nice laboratory, it was funded by USAID, PEPFAR, so I have got a world-class smart, you
know the doors are well designed to allow huge large instrument pieces into the facility, things like
that… I have double doors and things. In our routine environment, I don’t see it easy to install this
type of instrument, if the doors are standard frame. They’re massive.” (SL-2)
The platform was described as having a “massive foot print”. It was too large and heavy to sit on a standard
lab-bench or fit through a door frame. The thermocycler component of the system is very large. Part of the
reason this element ended up being so large is that it was designed to withstand high heat and dust.
“[…] so the idea was that it could run in any environment in any country, particularly a country with
harsh temperatures and dust and stuff like that. So it was a robust, like in the field type of use. Which
I don’t see people installing it under a tree in Africa, despite it being built for that type of purpose, but
yeah, I think labs generally across the world are not that bad where you actually need to take so much
care.” (SL-2)
This illustrates the tension in the design of the machine: for higher-level reference laboratories dust and heat
are not likely to be an issue. The size of the machine in this example outweighs the benefits of its more robust
environmental operating capacity, as this is not necessarily a concern for high-level laboratories with good
infrastructure.
Another consideration relates to where these medium-complexity automated NAATs should be placed within
the larger laboratory infrastructure. A system like the BD MAX for example is not modular, and once the run
has started one cannot add additional samples. When talking about the BD MAX system, one participant stated
that if you did not have a minimum of 12 samples to run, you would be wasting reagents. TB programmes
therefore need to consider placement of these medium-complexity automated NAATs in laboratories central
enough that they receive adequate sample numbers to make the machine worth running. Yet, this requires a
well-functioning sample transport system.
Medium-complexity automated NAATs Summary: Acceptability and Feasibility
Medium-complexity automated NAATs address several preferences/values of clinicians and laboratory staff;
it is faster than culture DST (like LPA or cartridge-based tests); has the advantage of being automated (unlike
LPA); and gives additional clinically-relevant DR information e.g. high vs. low resistance (unlike the current
GeneXpert MTB/RIF cartridge) (also see section V.). Automation, which reduces staff workload, the ability
to run multiple samples at once, and the detailed report information provided by medium-complexity
automated NAATs, contribute to the acceptability of these platforms within a high-level laboratory. For
programme managers/officers, one additional benefit of medium-complexity automated NAATs relates to
flexibility of use and potential use across multiple disease programmes. However, the physical size of the
platform and how it fits in the laboratory space affect this acceptability (smaller footprint is better), and can
affect the feasibility of fitting this kind of platform into a laboratory space. A functioning sample network also
challenges feasibility of implementing medium-complexity automated NAATs and laboratory technicians
voiced concerns over sample quality (please also see section VI. and findings 9 and 10 in the report by Engel
et al., 2020). Additional feasibility considerations for this method include clear communication of diagnostic
results for clinicians (also see section V.) and ensuring the laboratory where it is placed is central enough to
receive adequate numbers of samples to make the machine worth running.

Index Test 3: High-complexity Hybridization-based NAAT (PZA LPA)
The third index test being evaluated at the WHO 2020 guideline meeting is high-complexity
hybridization-based NAATs for the detection of pyrazinamide resistance (PZA LPA). An example of
this test is the Genoscholar PZA-TB II assay (NIPRO).
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Benefits of PZA LPA
Only one participant (SL-2) had experience using the NIPRO test, and this was within a research context in
South Africa. However, laboratory participants did have experience doing line probe assays for first and second
line DST, and were therefore able to comment on potential benefits and challenges of PZA LPA. Potential
benefits of PZA LPA identified include lower cost compared to whole genome sequencing; easier
interpretation than whole genome sequencing; faster than culture DST; and the possibility of providing
information on PZA resistance at more than one concentration.
“[…] we do not have a currently reliable technology for PZA, and PZA being one of the important
drugs both in clinical first line treatment or second line treatment. I think it’s good to have something
which can give us fast results for PZA resistance. So that way LPA it can be advantageous provided
that we can develop an LPA technology that is fairly predicts the resistance.” (IL-2)
Aside from high-end sequencing, which is too costly for settings such as Moldova (ML-2), culture DST is
currently the only other method of determining PZA resistance, and this can take weeks. LPA methods only
take 1-3 days, depending on the laboratory. Therefore, an LPA would significantly cut down on turnaroundtime for PZA DST. In addition, current culture methods commonly being used for PZA resistance testing
include BACTEC MGIT. This only provides information regarding PZA resistance at one concentration level
(ML-1). One participant from a laboratory in Moldova also highlighted the benefit of having a quicker
resistance test for PZA even though it is not a new drug, as new TB drugs are “not developed everyday” (ML2).
Specifically in relation to the PZA LPA from NIPRO, one laboratory participant who used the system in a
research context in South Africa mentioned that they appreciated the small footprint of the design (SL-2).
“[…] the nice thing about the Japanese version of the line probe assay is that the footprint is much
smaller. […] the line probe assay on NIPRO, much tinier. Size of a microwave. Whereas the GT-Blot
is two microwaves, yeah about 40-liter microwaves, two of them. This is your NIPRO single, less
complicated-looking system, and works really well.” (SL-2)
Similar to the medium-complexity automated NAATs, having a platform size that fits well within available
laboratory space is important.
Challenges regarding LPA and how this relates to PZA LPA
Although LPA in general is a faster method for prediction of first and second line drug resistance than culture
DST (1-3 days vs. up to 6 weeks), participants raised several issues regarding this method. First, the LPA
method requires significant training and expertise from laboratory staff. It also requires significant laboratory
infrastructure including multiple rooms to reduce the risk of sample contamination, and requires good quality
samples. The ability of LPA to accurately detect drug resistance in smear-negative samples is questionable,
which has led to instances where LPA is only run on cultured samples, thus undermining the benefit of LPA’s
faster turnaround time. Finally, interpretation of LPA is complex, requires significant training, and can still
pose issues due to lack of confidence in results.
“I mean the line probe assay at its time was great. You know, it was better than anything available, or
there was nothing available at the time. But of course the newer technologies are definitely going to
replace it, most definitely.” (SL-2)
For LPA to be feasible, it requires good laboratory infrastructure, with separate spaces to mitigate the risk of
contamination, as well as highly trained laboratory personnel.
“But if you take LPA type of process, I think that has a little more higher technical skills, because like
[the assay? 42:38] isolation of DNA first and then you perform a PCR and then you do a hybridization
step, so there are three steps involved where things can you know, it requires safe hands you know,
experienced hands to do the assay. […] Because many times the patient samples have [inhibitors?
44:10], so if it is not handled well, that can give [very interesting? 44:15] inconclusive results and I
think I don’t know how common it is in LPA, but in our past experiences in LPA, we have seen a lot
of inconclusive results and we have to go back and re-start our experiment and repeat it. So it is very
critical if there is even dust from the environment which is coming. So you prefer slightly good working
conditions for that kind of an assay.” (IL-2)
Sample Quality
For an LPA to provide an accurate result, skilled technicians need to collect a good quality sample, transport
it in time and then handle the sample in a way that avoids contamination, which may lead to inconclusive
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results (IP-2, IL-2) (also see Finding 10 in report by Engel et al., 2020). Proper sample handling, as well as
proper temperature maintenance, and use of correct volumes of liquid are crucial in order to obtain accurate
results (IL-2). LPAs also require that part of the sample is dedicated to controls, and that there is sufficient
sample volume to make it worth running controls from a cost perspective (IL-1). The lower the sample load,
the more controls need to be run, resulting in a higher overall cost.
Furthermore, only samples with a high enough DNA load can be run using the LPA, further limiting its
application based on the sample quality, which means the LPA is only run on microscopy positive (one plus)
samples to ensure validity of the test (ML-2). Some smaller laboratories in South Africa only run LPAs on
cultured samples, due to the high number of false positives from direct testing (SL-1). One participant
suggested that this relates to sample contamination and their inability to get rid of the contaminants (SL-1). In
larger laboratories, the LPA is run directly on the sample depending on the microscopy and Xpert result. One
of the main considerations around whether a laboratory is able to do direct LPA on a sample relates to how
well the laboratory can mitigate contamination and concerns regarding the usability of LPA on smear-negative
samples (SL-1).
“yes, this is personal point of view, from experience as a lab, I am always nervous of direct LPA on
smear negatives. I hope they prove me wrong on the new technologies, even when we are doing it, I’m
always skeptical on smear negatives with my experience…” (SL-1)
Difficulties Interpreting Results
Furthermore, test interpretation of LPA is made more difficult due to the issue of interpreting resistance when
wild-type is not present, yet lack of mutations suggest drug susceptibility. This is made more complicated
when read in the context of a discordant Xpert and/or phenotypic result.
“[…] for example we have this case, if it’s for example at LPA wild-type three and four are missing,
and no mutation is present, usually according Hain its resistance, but to the GeneXpert sometimes
and also to the phenotypic, its sensitive. So we have like discrepancies between the testing.” (ML-2)
Dealing with these kinds of discrepancies takes work between the laboratory staff and clinician (also see
section V). This work includes monitoring patient progress on a certain drug regimen, taking additional
samples, and running new tests. A South African clinician illustrates this below saying;
“[…] so the first sample that was sent, there was a discrepancy between the LPA, it said that he was
resistant, and I think the liquid culture said that he was sensitive. So we weren’t sure which one to
believe. But the patient I think had been on treatment for maybe three months, and he was doing
clinically well, but because of that result, you know the clinician decided to change him to the longer
regimen, and then send off a second sample, and the second sample showed that both the LPA and the
culture were sensitive, and then the matter was discussed with the infectious disease specialist, the
microbiologist at the lab, to try and decide what was the way forward. And then the plan was that
there was contamination with the first sample.” (SM-1)
This example also illustrates how discordant results can lead to multiple treatment regimen changes, which
can be confusing for the patient. Laboratory staff have also experienced reliability issues with the results
provided by the HAIN LPA. For example, there were times when the report suggested drug susceptibility
through the production of a light band, where in reality they found that these light bands were indicating
rifampicin resistance (SL-2).
For one participant who had direct experience using the NIPRO PZA LPA, he mentioned concerns regarding
how to interpret the result of the test.
“the PZA for NIPRO, there was just too many bands it’s ridiculous. You know, because the pncA
mutation span across the entire gene land, there’s multiple mutations related, it’s like no hotspot. And
what happens is like actually interpreting those line probes strips is ridiculous. It’s too many probes
on one strip, compacted and for you to make proper, it would take me about 10 minutes or five minutes
because I am an expert to actually interpret the banding pattern on those strips. You know, too many
targets.” (SL-2)
The Hain LPA comes with an AutoReader that helps the user interpret the results of the LPA. The NIPRO
PZA LPA did not come with an AutoReader to predict resistance and susceptibility. NIPRO did develop a
mobile phone app to interpret the test, but the development and implementation status of the app is unclear
(SL-2). The participant added that an app for interpretation would fit well into a lab setting.
Testing for PZA Resistance: Clinical Relevance and Routine Use
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The relevance of PZA resistance testing in general seemed to vary between countries. In South Africa,
participants often mentioned that PZA resistance testing is only done for surveillance and research, but is not
routinely utilized for clinical settings (SL-2, SM-1, SP-1).
“nationally we do it as a reference lab for research projects particularly and also for surveillance
activities but generally in the routine diagnostic practice we do not test for pyrazinamide, because
irrespective of its resistance, it’s still used.” (SL-2)
A South African clinician said that she would need to specifically request PZA resistance testing and that it
was not routinely done, also due to cost (SM-1). Other reasons mentioned regarding lack of routine PZA DST
include lack of confidence in PZA DST results, and possibly the high load of testing currently going on in
laboratories (IP-1, MM-1). There were also questions regarding the justification for prioritizing PZA DST
given the use of other, newer TB drugs.
“And I think it makes sense to then find out for all these patients, who are resistant to like our core
drugs, like bedaquilline, linezolid, clofazimine…I would focus on those you know, than prioritize
pyrazinamide, you know. I mean there are other things, like for example people use cycloserine in
longer regimens, they use terizidone and nobody has ever tested these routinely. At this point in time
testing clofazimine is not done routinely. So we should focus on tests DST for clofazimine, cycloserine,
terizidone, you know, those drugs, bedaquilline, linezolid. I think we should focus on those rather than
PZA” (SP-1)
The participant mentioned that although we do not currently have a lot of information regarding the general
incidence of PZA resistance, PZA is also no longer considered a core drug for rifampicin-resistant TB (SP-1).
Meanwhile, a clinician/participant in India stated that in one study from 2015, up to 27% of sample isolates
were found to be PZA resistant. He considered PZA resistance to be a problem, suggested that there is currently
demand in the medical community for a molecular test on PZA, and mentioned that a faster PZA resistance
test would be helpful in designing an appropriate and effective treatment regimen for his patients.
“[…] we have been asking basically for as you know there are issues regarding molecular testing to
pyrazinamide as of now. We don’t have molecular testing to pyrazinamide available to us at all. And
only the culture DST is done. DST is done longer and even right now, in fact, the DST has been started
in every lab now, but whatever the results we are getting for DST is by culture. And obviously the issue
is they are after two months, two and a half months or three months you get the report that the patient,
pyrazinamide is resistant. […] So, yes the huge problem is the absence of molecular testing for
resistance to pyrazinamide.” (IM-1)
Implementing a new, faster test for PZA resistance requires that countries decide where this test will happen
in the testing algorithm. One participant stated that the PZA LPA should be conducted at the same time in the
testing algorithm as first-line LPA (IM-1). His reasoning for this was based on the fact that his treatment
decision in relation to other first line drugs would change if PZA resistance was indicated and he would extend
treatment to nine months (instead of six months), based on WHO guidelines. This comment therefore also
reveals how PZA resistance testing early on in care can help the clinician make important decisions regarding
how to develop an individualized treatment regimen.
Another participant mentioned that in India, LPA tests are not run at the district level, and that PZA LPA
would be run at intermediate references laboratories, like the other LPAs (IM-1), while another participant
said that there are 20 laboratories in India currently doing PZA DST where the PZA LPA could be implemented.
Overall, there seemed to be a wide variety of perspectives regarding PZA DST. However, these results do
suggest that if PZA LPA is implemented there needs to be clear communication regarding how it will fit into
the testing algorithm. This reflects Finding 16 in the report by Engel and colleagues (2020), where they
highlight the importance of inclusive and transparent decision-making processes to reach consensus on the
strategic and equitable implementation of new diagnostics.
High-complexity Hybridization-based NAATs (PZA LPA) Summary: Acceptability and Feasibility
The PZA LPA addresses some preferences/values of laboratory staff and clinicians. It provides quicker results
regarding PZA resistance, compared to other available methods (e.g. culture DST), it can provide information
on different concentration levels, and targets a drug that is widely used in first-line TB treatment. However,
clinicians, programme staff and laboratory staff raised several concerns regarding acceptability and feasibility
of this method and drug target. Acceptability of this method is dependent on; how well it performs on different
samples, as laboratory staff question how well LPA methods work on smear-negative samples; how well it
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actually detects mutations specific to PZA resistance; and clarification in some settings as to why this specific
DST drug test is being prioritized, as it is not currently part of routine DST. In regards to feasibility, participant
concerns centered around the significant training and laboratory infrastructure required to implement PZA
LPA, including proper sample handling (please also see section IV.). Feasibility for this test also hinges on the
availability of an automated interpretation system, as it is difficult to interpret.

Part 2: Findings applicable to all 3 index tests
Sample Collection, Quality and Transport in the Context of New NAATs
The type of sample used as well as its collection, transport, and handling were all found to shape how the
participants experienced TB diagnostics (please also see findings 9 and 10 in report by Engel et al., 2020).
Type: Extra-pulmonary samples are precious as the process of obtaining such samples is often not easy for the
patient nor the doctor, so once the sample is obtained, clinicians will opt for the test that will most likely yield
a result (i.e. phenotypic DST), as opposed to running it on a test that may come back inconclusive and require
a re-run (molecular DST):
“[…] in these cases the intent is to take out as much of sample as possible and put up in one go, you
see there the priority is not a molecular test. There the priority is to put up a culture. Suppose the
sample is less, you cannot take out more sample, you put up for culture. culture is considered relative
gold standard. Suppose I put up a molecular test and it doesn’t give me anything, my entire effort for
and investigation test has gone to waste. You can’t take that chance” (IM-1)
While the type of specimen guides which diagnostic a clinician will opt for (i.e. phenotypic DST for hard-toobtain specimen), sample type may also determine where in the healthcare network the patient will access the
diagnostic. For example, a clinician in South Africa discussed how local clinics are not used to or comfortable
with inducing sputum or performing gastric washings (due to infection control) and therefore the patient has
to be referred to a higher-level facility like a district hospital (SM-1). Similarly, a clinician in Moldova
discussed that peripheral facilities are often not equipped to perform certain procedures to obtain
extrapulmonary samples, such as a bronchoscopy (MM-1). As TB diagnostics become better able to detect TB
from non-sputum-based samples, consideration must be placed on where they are positioned in the lab network.
If they are placed too peripherally, they risk being underutilized at that level as certain specimens may only be
collected at more centralized facilities.
Collection: Multiple participants discussed sample collection in the context of the current global pandemic.
Due to the high priority health systems are placing on COVID-19 testing as well as heightened emphasis on
infection control, participants reported that sample collection for TB testing has drastically decreased (IR-1,
SM-1). Not only does this have important implications on TB case detection rates, it also has been found to
influence TB diagnostic turnaround time and TB treatment initiation. A clinician in South Africa (SM-1) gave
the example of individuals presenting to a clinic and through symptom screening, a decision is made to test
for both TB and COVID-19. However, if the policy is that the patient should isolate at home until the COVID19 results are ready, yet the patient tests positive MTB on GeneXpert within the average two-day TAT, TB
treatment initiation could be delayed as the patient continues to isolate. Similarly, a clinician in Moldova (MM1) discussed that as he waited for culture results, he would often perform bronchoscopies in order to obtain
better quality sample from the infected locale (based on X-ray) to run on Xpert if previous sputum sample
yielded negative results on microscopy and Xpert MTB/RIF. He noted that although this was an unpleasant
procedure for the patient, it often would give him a sample that would test better than induced sputum. Due to
COVID-19 and resulting infection control measures, he has not been able to perform bronchoscopies, and has
reverted to waiting for culture, causing delays in clinical management (MM-1).
Transport: If an algorithm requires multiple samples at different times, from different collection points, as is
the case when dealing with DR-TB, then an efficient sample transportation system is necessary. Many TB
diagnostic algorithms require at least two samples to be collected: the first for TB diagnosis and second for
DST. The relationship between number of samples needed, diagnostic TAT, and time to treatment initiation
must be considered, especially in settings where there is no established sample collection and/or transportation
mechanism (i.e. peripheral and rural settings; IP-2). Although Moldova is an example of a good sample
transport system (ML-1, ML-2, MP-2, MM-1), it should be noted that the country – like many others – relies
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on donor funding for various TB program activities, including sample transport. This raises concern about the
sustainability of TB program funding and resources, a finding echoed by other qualitative research (Colvin
2015, deCamargo 2015, Cresswell 2014). As more diagnostics are adopted by programmes, funding towards
systems that support these diagnostics (e.g. sample transportation) needs to be sustainable in order to get the
most out of them.
Handling: Sample handling plays an important role in the perceived reliability of LPAs and whole genome
sequencing (IL-1, IL-2, IL-4, ML-2). If mishandled during preparation, the sample risks being contaminated
and yielding inconclusive results on these molecular diagnostics. Here, participants cited good personnel skill,
standardized operating procedures, and significant lab infrastructure as essential in reducing sample
contamination in their laboratory (IL-2, IL-4).

New diagnostics increase complexity when making clinical sense of results
Laboratory staff often communicate diagnostic results to clinical staff in an automated manner via digital
systems (e.g. TrakCare in South Africa). In some instances, laboratory staff and clinicians need to engage in
further dialogue based on the results. For example, laboratory staff (or their pathologists) and clinicians may
discuss changes in a patient’s drug susceptibility, discordant results between diagnostic methods, or how to
interpret results in relation to what concentration of a drug should be prescribed (SL-1, ML-1, ML-2). It is
additional work for the clinician to constantly check the online system and see if culture results are available.
This is illustrated by a clinician in South Africa who said;
“And also to try and, so one is the turnaround time does take a lot, and then sometimes things are
messed, just because you know the clinics are really busy and if there is not a dedicated doctor to go
through all of the results, sometimes the results are only picked up a lot later, and that’s because you
have to keep track of the culture. You know you have to keep on checking the culture, you know, not
at four weeks it’s still not out, not at six weeks it’s still not out, eight weeks, then it’s out, you know,
and then it shows that there is a problem.” (SM-1)
Laboratory staff use information on which mutations confer high versus low-level drug resistance to discuss
with clinicians about which drugs should be used or when they should be excluded (ML-1). Together, the
clinician and laboratory staff may also talk about how certain doses have been working for the patient (ML2). These discussions serve as an opportunity to explain why a strain may be susceptible in one test but not
another or which drug the clinician should put confidence in based on the test results (MM-1).
New diagnostics will add to the complexity of discussing and interpreting results – work that relies on good
two-way communication and established relationships between laboratory staff and clinicians. For example,
new diagnostics could introduce additional complexity into discussions around drug concentration, dependent
on their ability to detect high or low-level concentration resistance compared to culture DST. Here, we list two
potential challenges in diagnostic communication, which need to be addressed while introducing new
diagnostic methods:
1) Discrepant results may come in at different times (e.g. liquid culture vs. solid culture) (MM-1).
Therefore, laboratory staff cannot indicate which result the clinician should go by, and in the case of
discrepant results, this requires further communication between the laboratory staff and clinician on
what diagnosis and treatment decisions should be made. This communication is sometimes delayed
due to high laboratory workload (SM-1).
2) In some cases, doctors may be hesitant to take decisions on initiation of treatment for DR TB patients.
For example, in Moldova, one participant stated that doctors at the district level are already hesitant
to make decisions or changes to patient treatment regimens (which could technically be made on their
own) without first consulting their national committee on DR TB patients (MM-1).
Therefore, implementation of new diagnostics must be accompanied with training for clinicians, to help them
interpret results from new molecular tests and understand how this relates to treatment of a patient (ML-1) (see
report Engel, finding 15). Furthermore, introduction of new diagnostics must be accompanied by guidelines
and algorithms, which support clinicians and laboratories in communicating with each other in a timely manner,
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such that they can discuss discordant results, and interpret laboratory results in the context of drug availability
and patient history. Clinicians and laboratory staff also use patient progress to contextualize diagnostic results
when there is uncertainty and use this to make treatment decisions (ML-2), but sometimes a patient is switched
to another regimen based on test results despite clinical progress (SM-1). We suggest that policy-makers
further incorporate clinical knowledge around patient progress to understand the reliability and clinical
relevance of results from new diagnostics in practice.

Diagnostics and Health Equity
Social context presents barriers
It is well known that the difficult social contexts that many TB patients come from present various barriers to
quick diagnosis and treatment initiation. It is therefore necessary to identify these barriers in order to promote
the equity of and access to TB diagnostics and treatment. WHO notes in the 2020 Global TB report, “TB is a
disease of poverty, and economic distress, vulnerability, marginalization, stigma and discrimination are often
faced by people affected by TB”. When discussing challenges in TB and MDR/XDR TB diagnosis, a research
officer from a lab in India (IL-2) noted that the cost of testing and travelling places a burden on patients,
especially if they are not being supported by the system. A programme officer from India (IP1) reiterated this,
adding that even if they are being supported by the system, the far distances to travel becomes a barrier to DR
TB treatment positioned at higher levels of the healthcare network. Similarly, an XDR TB survivor in India
(IR1) discussed how he had to take a loan to afford his XDR TB treatment, while an XDR TB survivor from
Moldova noted:
“The other challenges are connected to the economical material things, because you
are losing job, and you have no actual resources to live, and treatment in such situation
when you are not knowing, you have no stability for the next day, treatment goes
somewhere…it is not a priority for people, that’s true. Because when we are speaking
about TB treatment its already acknowledged that you are paying only to the medical
aspect…diagnosis and treatment is not enough for a successful treatment”
A clinician in South Africa further gave an example of how social issues can intersect with the long TAT of
TB diagnostics. Even though a particular test is considered a rapid diagnostic, such as Xpert MTB/RIF, the
two-day TAT means that a patient will go back into the community without a diagnosis, and perhaps because
of various social issues they face such as unemployment, substance abuse disorder, and food insecurity, the
system may not be able to trace them once their result is ready. Closing this gap between presenting to the
clinic and getting a diagnosis is a vital component of achieving the various global TB targets set in the SDGs,
the End TB Strategy and the political declaration of the UN high-level meeting on TB.
In addition to access to fast, universal DST diagnosis and effective MDR/XDR TB treatment, access to
information is a vital component of promoting equity in TB services. An XDR TB survivor (IR-1) noted that
perhaps the biggest barrier that patients face in the Indian healthcare system is access to clear, comprehensible,
and dependable information on what TB diagnostics are available to them and how to interpret results.
Need for a balance between diagnosis and treatment
There is reciprocal relationship between access to new diagnostics and access to new treatment. An XDR TB
survivor from Moldova (MR-1) discussed that “there should be always a balance between having good
diagnostic tools and in the same time having options of treatment of drugs available because there is no use
of a good diagnosis unless you have the necessary drugs to address the resistance” while a clinician from
India (IM-1) noted that “Let us talk about the molecular test for linezolid, let us talk about any molecular test
for bedaquilline and clofazimine. Think of it. These are newer drugs, they cannot be misused but obviously
they have a cross resistance”. For a patient, it may be of little value to be able to test for resistance to TB
medication, if that medication is not accessible to them, and for a clinician being able to prescribe a new TB
treatment is made more valuable when he is able to test for its susceptibility early. Therefore, though it is
important to improve access to treatment based on new diagnostics, it is equally important to improve access
to diagnostics based on new treatment.
WHO guidelines and the speed of adoption
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Finally, the speed at which WHO guidelines are changing does not match the speed at which many country
programmes are able to implement the guidelines. This translates into differential access to new TB diagnostics
and treatment at an inter-country level (i.e. between countries that can and cannot quickly keep up with the
rapidly changing TB diagnostic environment MR-1) as well at an intra-country level (i.e. between patients
who can and cannot afford the private health system that is better equipped to quickly adopt new diagnostics
and policies; IL-1, IR-1).

Conclusions
The potential of new molecular diagnostics, which can quickly provide DST for a wider range of first and
second line drugs, is immense. This could allow for quicker and more accurate treatment initiation. However,
diagnostics do not have inherent value – they are only as good as their fit within the system in which they are
working. Guidelines must take into consideration several challenges in order to support effective
implementation of each abovementioned index test. Below, we list the challenges for each index test, as well
as challenges related to samples, communicating diagnosis, and health equity.
1. Low-complexity automated NAATs (Xpert MTB/XDR Cartridge)
• Cost specifically related to replacing/adjusting existing GeneXpert network
• Deciding at what level of lab network it should be positioned
2. Medium-complexity automated NAATs
• High cost of acquiring the platforms
• Design of the system, some platforms might not physically fit in certain labs
• Cost-efficiency related to number of samples versus controls per each test run; making
sure the lab has enough samples to make each run cost-efficient
3. High-complexity hybridization-based NAATs (PZA LPA)
• PZA DST is not routinely used in clinical settings, lack of clarity on PZA clinical
relevance
• LPA requires technical expertise and good laboratory infrastructure to reduce the risk of
sample contamination
• There is hesitancy among lab personnel to run LPAs on smear negative samples
• Since PZA resistance is linked to multiple mutations, interpretation of PZA LPA bands is
complicated and requires expertise and time

4. Sample
• Potential lack of clinician confidence in using molecular diagnostics on hard-to-obtain
samples
• Collecting and transporting a good enough quality sample that can reliably run on a
molecular test
• Reliance on external or private funding for sample transport mechanisms and ensuring
consistency in frequency and quality of sample transport system
• Issues with sample contamination due to lack of technical skill and laboratory
infrastructure
5. Communication
• Clinicians facing difficulties getting a hold of laboratory personnel to discuss unclear
results
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•
•

Hesitancy of clinicians to make decisions on MDR and XDR TB on their own
Capacity of decentralized facilities to interpret and disseminate increased volumes of
complex information produced by the tests

6. Equity
• Barriers at program level: cost to acquire new expensive diagnostics as well as difficulties
keeping up with WHO guidelines and subsequent training for clinicians and laboratory
personnel
• Barriers at patient level: lack of access to information and lack of access to treatments for
which new diagnostics are testing
• Lack of diagnostics available for newer treatments
These findings should be contextualized with COVID-19 in mind, which includes a move towards online
training for clinicians, (lack of) access to testing and sample collection for patients, and increasing need for
robust, flexible diagnostic systems in the face of new health challenges such as COVID-19 or increasing antimicrobial resistance.

Recommendations
1. Low-complexity automated NAATs: Although the Xpert MTB/XDR modular system allows for
the decentralization of DST, placement of the XDR cartridge within healthcare/laboratory systems
must consider:
• The cost of 10-colour test
• Sample load and treatment availability at a particular level/laboratory
• Potential focus on MTB detection over DR TB detection at the primary care level
• Expertise required to interpret the test
2. Medium-complexity automated NAATs: Placement within laboratory network should consider:
• Minimal sample load to efficiently run tests
• Physical specifications of systems as they relate to space available in the laboratory
3. High-complexity hybridization-based NAATs (PZA LPA): Guidelines for PZA LPA need to
clearly address:
• The clinical relevance of PZA resistance testing
• When to order the PZA LPA in the testing algorithm
• How to interpret and apply the results in the context of treatment, especially regarding
which mutations confer or do not confer resistance (including continuing updates on
which mutations do and do not confer resistance, especially as more surveillance data
becomes available following implementation of the test)
• Whether it can be run on smear-negative sputum samples
• Provision of an auto-reader in order to reduce workload and address band-interpretation
challenges
It is possible that increased testing for PZA resistance will improve understanding regarding the
overall burden of PZA resistance. This could lead to a clearer justification as to why PZA DST is
important. Furthermore, if PZA susceptibility is used routinely in treatment regimen decisions,
this could translate into patient outcomes that either further justify (or challenge) the routine use of
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PZA LPA (and PZA DST in general). This information should be monitored and taken into
consideration for future guideline development.
All three index tests:
4. Sample:
• Algorithms may need to consider how many samples are required from the patient, where
they will be collected, and at which point in the patient journey the sample will be collected.
This process should be streamlined where possible. Not doing so, there is risk of losing
the patient before a diagnosis is made, or not being able to get additional samples from the
patient as their conditions improves.
• Guidelines should consider the volume of sample collected. For example if a patient tests
positive for MTB and RIF resistant and that sample needs to be reflexed to Xpert
MTB/XDR. Will the sample volume suffice to be run on Xpert MTB/XDR, LPA 1 st and
2nd line, and be put up for liquid and solid culture, or will another specimen need to be
collected?
• Additionally, in order to avoid potential diagnostic delays, mechanisms that support TB
diagnostics (i.e. sample transport and lab information systems) need to be well-funded and
efficiently linked throughout the diagnostic network
5. Communication:
• There should be guidance on how to develop algorithms which deal with discordant results
from multiple kinds of tests within a shorter time span, as well as guidance on how to
make clinical decisions regarding discordance (taking into consideration both laboratory
and clinical knowledge)
• Clear communication with clinicians on new diagnostic tests and training on how results
should be applied within a clinical context.
6. Equity: Transparent and inclusive decision-making processes which include a variety of TB
stakeholders in order to prioritize implementation of diagnostics tools that would be most useful in
practice (taking into consideration the availability of and access to certain anti-TB medications)
7. Future research:
- Future research could explore digital laboratory information systems, how results are reported, and
how this is affected by changing/increasing TB diagnostic information
- Future research should consider how diagnostic tests fit into existing decision-making structures,
how programmes decentralize decision-making processes for treatment, especially as it relates to
DR-TB, and whether peripheral healthcare providers are empowered to make treatment decisions
that are currently made centrally

Proposed evidence for ‘Evidence to Decision’ tables in GRADE
Equity:
For patients, access to clear, comprehensible, and dependable information on what TB diagnostics are available
to them and how to interpret results is a vital component to equity and represents an important barrier for
patients in accessing care.
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New treatment options need to be matched with new diagnostics: it is important to improve access to
treatment based on new diagnostics, it is equally important to improve access to diagnostics for new
treatment options.
The speed at which WHO guidelines are changing does not match the speed at which many country
programmes are able to implement the guidelines. This translates into differential access to new TB diagnostics
and treatment at an inter-country level (i.e. between countries that can and cannot quickly keep up with the
rapidly changing TB diagnostic environment) as well at an intra-country level (i.e. between patients who can
and cannot afford the private health system that is better equipped to quickly adopt new diagnostics and
policies).
Acceptability:
Specific (infrastructure requirements, sample quality and volumes, communication between laboratory and
clinicians) and general feasibility challenges (as identified in interview study and QES respectively), and
accumulated delays risk undoing the added value/benefits as identified by the users (avoiding delays, drug
resistant information). (combination QES Engel et al 2020 and interview study)
The Xpert MTB/XDR cartridge (Low-complexity automated NAAT) appears widely acceptable by
laboratory staff and clinicians based on its simple user steps, familiarity of the system, and due to the amount
of important information it provides. It addresses several preferences/values of laboratory staff and
clinicians. It requires minimal user steps and the GeneXpert platform is a familiar system. The cartridge has
a quicker turnaround time for first and second line drug susceptibility testing, compared to other available
diagnostic methods. Respondents value faster TAT, the potential ability to reflex samples from the Xpert
MTB/RIF to the Xpert MTB/XDR cartridge, and receiving information on multiple drugs as well as high or
low level resistance simultaneously, as it could enable quicker diagnosis and optimized treatment for
patients.
The automation of medium-complexity NAATs, which recognizes the high workload of laboratory staff,
lends to the acceptability of these technologies. The physical size of the platform and how it fits into the
laboratory space/workflow affect this acceptability (smaller footprint may be more acceptable). The number
of samples run on the system is acceptable, if the platform is placed within a laboratory that receives a
sufficient sample load to run the system. Medium-complexity automated NAATs address several
preferences/values of clinicians and laboratory staff; it is faster than culture DST (like LPA or cartridgebased tests); has the advantage of being automated (unlike LPA); and gives additional clinically-relevant DR
information e.g. high vs. low resistance (unlike the current GeneXpert MTB/RIF cartridge).
Hybridization-based Technology (PZA LPA): Acceptability of this method is dependent on how well it
performs on different samples, as laboratory staff question how well LPA methods work on smear-negative
samples. If samples first need to be cultured in order to run PZA LPA this may undermine the benefits of this
method’s quicker TAT compared to phenotypic DST for PZA. Acceptability also depends on how well it
actually detects mutations specific to PZA resistance and clinicians and laboratory staff may require further
clarification/justification in some settings as to why this specific DST drug test is being prioritized, as it is
not currently part of routine DST. The PZA LPA addresses some preferences/values of laboratory staff and
clinicians. It provides quicker results regarding PZA resistance, compared to other available methods (e.g.
culture DST), can provide information on different concentration levels, and targets a drug that is widely
used in first-line TB treatment.
Feasibility:
An efficient sample transportation system, with sustainable funding mechanisms is crucial for feasibility,
especially if an algorithm requires multiple samples at different times, from different collection points, as is
the case when dealing with DR-TB. If mishandled during preparation, the sample risks being contaminated
and yielding inconclusive results on molecular diagnostics. Here, participants cited good personnel skill,
standardized operating procedures, and significant laboratory infrastructure as essential in reducing sample
contamination in their laboratory.
Introduction of new diagnostics must be accompanied by guidelines and algorithms, which support
clinicians and laboratories in communicating with each other, such that they can discuss discordant results,
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and interpret laboratory results in the context of drug availability, patient history, and patient progress on a
current drug regimen.
Feasibility for the Xpert MTB/XDR Cartridge (Low-complexity automated NAAT) is challenged by
the cost of the 10-colour system for this cartridge, and the value of diagnosing MTB over DR TB at primary
care, makes it less feasible as a baseline test, though it would fit at a district or intermediate level laboratory.
The Xpert MTB/XDR Cartridge requires less user training compared to other DST methods (such as
LPA and culture), making it more feasible to implement compared to methods with more user steps and
those methods which require significant additional training.
The feasibility of medium-complexity automated NAATs is challenged by how/if the platform fits into the
physical space of the laboratory (considering bench size and weight of the platform). A poorly functioning
sample network challenges feasibility of implementing medium-complexity automated NAATs and
laboratory technicians voiced concerns over the quality of samples. Additional feasibility considerations for
this method include ensuring clinicians and laboratory staff have time to communicate effectively regarding
diagnostic results if the platform is centralized, while also ensuring the laboratory where it is placed is central
enough to receive adequate numbers of samples to make the machine worth running.
Feasibility of PZA LPA is challenged by the significant training and laboratory infrastructure required
to implement the test, including proper sample handling and quality sample. Feasibility for this test also
hinges on the availability of an automated interpretation system, as it is difficult to interpret.
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Executive summary
The lateral flow urine lipoarabinomannan assay Alere Determine ™ TB LAM Ag ‘AlereLAM’ is a
commercially available point-of-care test that detects lipoarabinomannan, a lipopolysaccharide present in
mycobacterial cell walls, in people with active tuberculosis (TB), including both pulmonary and
extrapulmonary forms of disease. This systematic review summarizes the current literature on the accuracy of
the AlereLAM for diagnosis of TB in people living with HIV as part of a World Health Organization process
to develop updated guidelines for use of AlereLAM. AlereLAM is being considered as a diagnostic test that
may be used in combination with existing tests for the diagnosis of HIV-associated TB. We report data on
children separately from adults.
We identified 15 unique published studies that assessed the accuracy of AlereLAM in adults and integrated
nine new studies identified since the original WHO and Cochrane reviews in 2015 and 2016. We classified
studies that evaluated AlereLAM in participants with signs and symptoms of TB as ‘studies with symptomatic
participants’ and studies that included both individuals with symptoms of TB and individuals without
symptoms of TB (i.e. enrolled irrespective of symptoms) as ‘studies with unselected participants’. All studies
were performed in TB/HIV high burden countries. For this review, we report positive AlereLAM results in
accordance with the manufacturer’s updated recommendations for test interpretation (graded 1 to 4 based on
band intensity). We estimated sensitivity and specificity at the grade 1 cut-off for positivity on the updated
reference scale card, corresponding to grade 2 on the prior reference scale card with band intensities graded
on a scale of 1 to 5. We performed all analyses with respect to a microbiological reference standard.
AlereLAM for TB diagnosis in HIV-positive adults with signs and symptoms of TB
Of the 15 included studies, eight studies reported accuracy data on AlereLAM for TB diagnosis among adults
that presented with signs and symptoms of TB. Six of the studies contributed data partially or exclusively for
inpatient settings. As assessed by QUADAS-2, six studies (75%) had high risk of bias in the patient selection
domain, and seven studies (88%) had high risk of bias in the reference standard domain. Regarding
applicability, we scored low concern for most studies in all domains. AlereLAM sensitivity and specificity
varied with setting and CD4 cell count.
For all settings, AlereLAM pooled sensitivity and specificity (95% credible interval (CrI)) were 42% (31% to
55%) and 91% (85% to 95%), respectively (eight studies, 3449 participants (37% with TB); moderate-certainty
evidence for sensitivity and low-certainty evidence for specificity).
Results of these studies indicate that in theory, for a population of 1000 people where 300 have
microbiologically-confirmed TB, 189 would be AlereLAM-positive: of these, 63 (33%) would not have TB
(false-positives); and 811 would be AlereLAM-negative: of these, 174 (21%) would have TB (false-negatives).
Stratified by setting, pooled sensitivity was 52% (40% to 64%) among inpatients versus 29% (17% to 47%)
among outpatients. Pooled specificity was lower among inpatients, 87% (78% to 93%), versus 96% (91% to
99%) among outpatients.
Stratified by CD4 cell count, pooled sensitivity increased and specificity decreased with lower CD4 cell count.
For all settings, in participants with CD4 ≤ 200 cells per µL pooled sensitivity was 45% (31% to 61%) versus
16% (8% to 31%) in participants with CD4 > 200 cells per µL. Pooled specificity was 89% (77% to 94%) for
participants with CD4 ≤ 200 cells per µL and 94% (81% to 97%) for those with CD4 > 200 cells per µL. In
participants with a CD4 ≤ 100 cells per µL pooled sensitivity was 54% (38% to 69%) versus 17% (10% to
27%) in participants with CD4 > 100 cells per µL. Pooled specificity was 88% (77% to 94%) in participants
with a CD4 ≤ 100 cells per µL and 95% (89% to 98%) in participants with CD4 > 100 cells per µL. Pooled
sensitivity in participants with CD4 between 101-199 cells per µL was 24% (14% to 38%).
AlereLAM for TB diagnosis in HIV-positive adults irrespective of signs and symptoms of TB
Of the 15 included studies, seven studies reported accuracy data on AlereLAM for TB diagnosis among
unselected adults who may or may not have presented with TB symptoms at enrolment (i.e. enrolled
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irrespective of signs and symptoms of TB). Studies were predominantly conducted in outpatient settings
among patients with higher CD4 cell counts and lower TB prevalence compared with studies evaluating the
test for TB diagnosis among exclusively symptomatic patients. Studies ranged from including 19% of
participants with symptoms to 91%. As assessed by QUADAS-2, four studies (57%) had high risk of bias in
the patient selection domain, and five studies (71%) in the reference standard domain. Regarding applicability,
we scored low concern for all studies in all domains.
For all settings, AlereLAM pooled sensitivity and specificity were 35% (22% to 50%) and 95% (89% to 96%),
respectively (seven studies, 3365 participants (13% with TB); moderate-certainty evidence for sensitivity and
low-certainty evidence for specificity).
Results of these studies indicate that in theory, for a population of 1000 people where 100 have
microbiologically-confirmed TB, 80 would be AlereLAM-positive: of these, 45 (56%) would not have TB
(false-positives); and 920 would be AlereLAM-negative: of these, 65 (7%) would have TB (false-negatives).
Stratified by setting, pooled sensitivity was 62% (41% to 83%) among inpatients versus 31% (18% to 47%)
among outpatients. Pooled specificity was lower among inpatients, 84% (48% to 96%) versus 95% (87% to
99%) for outpatients.
For all settings, stratified by CD4 cell count, in unselected participants with CD4 ≤ 200 cells per µL,
AlereLAM pooled sensitivity and specificity were 26% (9% to 56%) and 96% (87% to 98%) (two studies).
Pooled sensitivity in participants with a CD4 ≤ 100 cells per µL was 47% (30% to 64%) versus 20% (10% to
35%) in participants with CD4 > 100 cells per µL. Specificity was 90% (77% to 96%) in participants with a
CD4 ≤ 100 cells per µL and 98% (95% to 99%) in participants with CD4 > 100 cells per µL. For other CD4
strata we had limited data.
Impact of AlereLAM on mortality
We identified two multi-site randomized controlled trials that included data on the impact of AlereLAM on
mortality and other patient outcomes. Both trials were conducted in sub-Saharan Africa, with each including
a study site in South Africa. Both trials involved hospitalized, HIV-positive patients, used the results of
AlereLAM to guide therapy, and assessed all-cause mortality at eight weeks. We note that data stratified by
CD4 count were limited. In the meta-analysis, the pooled risk ratio for mortality was 0.85 (0.76 to 0.94), that
is, study participants undergoing AlereLAM testing had a 15% lower risk of mortality than participants
undergoing routine TB diagnostic testing without AlereLAM; the absolute effect was 35 fewer deaths per
1,000 (from 14 fewer to 55 fewer deaths) (high-certainty evidence).
Association of AlereLAM and mortality
We identified 12 studies that had data on the association between AlereLAM positivity and mortality as part
of post-hoc analyses within diagnostic accuracy studies (in which AlereLAM was not used for clinical decision
making). The timing of mortality analysis, setting, use of TB therapy, and outcome measures to compare
AlereLAM positive and AlereLAM negative patients differed across studies. In a descriptive analysis, 11 out
of 12 of these studies suggested that there was an association of AlereLAM test positivity and mortality. Of
importance, we note that these studies did not use results of AlereLAM to guide therapy.
AlereLAM studies in children
We identified three published studies of AlereLAM in children as the result of a broader search for studies in
adults and children using the same inclusion criteria. The three studies involved a total of 266 HIV-positive
children. One study enrolled children aged 14 years and less; one study enrolled children aged 12 years and
less; and one study enrolled children aged 15 years and less. For the three studies, median age ranged from 24
months to 6.8 years. Two studies included HIV-positive children presumed to have TB with symptoms and
one included HIV-positive children irrespective of TB signs and symptoms. One study was conducted in an
outpatient setting, one in an inpatient setting, and one in both an inpatient and an outpatient setting. All three
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studies took place in high TB/HIV burden countries in Africa. The prevalence of microbiologically-confirmed
TB ranged from 7% to 40% in the studies.
Given the differences in population and setting, we did not perform meta-analyses and provide sensitivity and
specificity estimates for individual studies. In all settings, including all children, sensitivity and specificity
(95% CI) were 42% (15% to 72%) and 94% (73% to 100%), (30 participants, outpatient); 56% (21% to 86%)
and 95% (90% to 98%), (130 participants, inpatient); and 43% (23% to 66%) and 80% (69% to 88%), (106
participants, both inpatient and outpatient).
Two studies provided data stratified by age group. In adolescents, AlereLAM sensitivities were 100% (3% to
100%) (four participants, inpatient) and 60% (15% to 95%) (nine participants, outpatient); in both studies,
specificity was 100%. In children ≤ 5 years, sensitivities were 50% (7% to 93%) (95 participants, inpatient),
and 25% (1% to 81%) (13 participants, outpatient); corresponding specificities were 93% (86% to 98%) and
89% (52% to 100%).
Authors' conclusions
We found that AlereLAM has lower sensitivity to detect TB in adults living with HIV than the internationally
suggested target of minimum 65% overall for non-sputum based TB tests (WHO TTP 2014). This finding was
consistent whether the test is used for diagnosis of TB among symptomatic participants (sensitivity of 42%)
or unselected participants (sensitivity of 35%). The estimated sensitivity suggests that if AlereLAM were to
be used alone, more than half of all TB cases would be missed. Although the estimated sensitivity is lower
than the WHO target for non-sputum based TB tests, two randomised controlled trials implementing
AlereLAM have demonstrated a mortality reduction and impact on other patient health outcomes when used
in hospitalized HIV-positive adults.
The proposed role for the AlereLAM test is to be used in combination with other existing TB tests to assist TB
diagnosis and possibly improve important outcomes among HIV-positive patients with advanced disease. The
test does not require sputum collection and is not site-specific. Other favorable test characteristics include lowcost, rapidity (less than one hour), ease of use (does not require extensive sample preparation), and the fact
that the test does not require electricity or special instruments and equipment (WHO TTP 2014).
Findings suggest that sensitivity increases with lower CD4 cell count and among inpatients regardless of the
approach to enrolment of study participants (symptomatic versus unselected), but with a decrease in specificity.
Overall estimates of specificity were approaching the internationally suggested target of 98% for non-sputumbased TB tests (WHO TTP 2014). Whether lower specificity among inpatients and individuals with lower CD4
can be attributed to misclassification of true positives as false positives due to an imperfect reference standard,
or is due to other biological or environmental factors is unclear.
An increased number of studies were included in this updated review compared to the original review on LAM
from 2015. However, we found considerable heterogeneity across studies and there were limited data for some
sub-group analyses with respect to setting and CD4 count. Most studies used a lower quality reference standard
where only sputum was microbiologically tested, and this may have led to misclassification of true-positive
results as false-positive results (i.e. reduced specificity estimates). Many studies excluded participants unable
to produce sputum, the target population expected to benefit the most from urine-based testing as they cannot
have other sputum-based diagnostic testing.
All studies except one were conducted in sub-Saharan Africa, and we wish to underscore a concern about the
applicability of the results on the whole outside of sub-Saharan Africa. We further consider the impact of
AlereLAM to be affected by a number of factors, including the health care infrastructure and access to other
diagnostic tests, prevalence of MDR-TB (which AlereLAM misses), and rates of empiric TB treatment. The
results should, therefore, be interpreted with caution.
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Concerning the accuracy of AlereLAM for TB in children living with HIV, there were too few studies and
participants to draw conclusions.
Background
Tuberculosis (TB) remains the leading cause of hospitalization and in-hospital deaths among people living
with HIV despite the increased access to antiretroviral treatment (ART) (Ford 2016). A systematic review of
the prevalence of TB identified at autopsy suggests that, in resource-limited settings, TB is responsible for
around 40% of all HIV-related deaths and that TB often was disseminated and undiagnosed at the time of death
(Gupta 2015). Globally in 2017, only 51% of the estimated 10.0 million TB cases were notified among people
living with HIV (WHO Global Report 2018). However, most death from TB is preventable if TB is detected
early and effectively treated.
To improve TB case detection, new diagnostic tools and strategies for systematic screening of people living
with HIV is a key component of the World Health Organization’s (WHO) “End TB strategy” (WHO End TB
2014). Non-sputum-based point-of-care TB diagnostic tests are highly desired to narrow the diagnostic gap
and ensure timely treatment (WHO TTP 2014). Desired characteristics of such a test would include minimal
or non-invasive sample collection, short time to result (under one hour), and ability to implement the test
without need for special instruments, electricity, or specimen preparation (WHO TTP 2014). Detection of
mycobacterial antigen in urine has attracted great attention over time. Urine-based antigen testing would allow
for a TB diagnosis that is non-site specific. Urine is further easy to collect and store, and lacks the infection
control risks associated with sputum collection. Multiple platforms have been developed to detect
lipoarabinomannan (LAM), initially as enzyme-linked immunosorbent (ELISA) assays that were evaluated in
several clinical settings (Minion 2011). Later, the lateral flow assay, Alere Determine™ TB LAM Ag assay
‘AlereLAM’, was developed as a simple point-of-care test for diagnosis of active TB in people living with
HIV. AlereLAM is commercially available, does not require access to special laboratory equipment, and
produces a result after 25 minutes (Alere 2017), meeting many of the desired target product profile
requirements (WHO TTP 2014).
The AlereLAM is recommended in the WHO Policy Guidance, "The use of lateral flow urine
lipoarabinomannan assay (LF-LAM) for the diagnosis and screening of active tuberculosis in people living
with HIV”, published in 2015 (WHO Lipoarabinomannan Policy Guidance 2015). The guidance was informed
by a review of evidence that was subsequently published in the original Cochrane Review of the AlereLAM
(Shah 2016). The guidelines recommend that AlereLAM “may be used to assist in the diagnosis of TB in HIVpositive adult inpatients with signs and symptoms of TB (pulmonary/and/or extrapulmonary) and a CD4 cell
count less than or equal to 100 cells per µL, or in people living with HIV who are ‘seriously ill' regardless of
CD4 count or if the CD4 count is unknown (WHO Lipoarabinomannan Policy Guidance 2015)”. The
recommendations also apply to HIV-positive outpatients and children with signs and symptoms of TB
(pulmonary and/or extrapulmonary) based on the generalization of data from adult inpatients while
acknowledging the limitation of available data (WHO Lipoarabinomannan Policy Guidance 2015). The WHO
recommends that AlereLAM should not be used for general TB screening “owing to suboptimal sensitivity”
(WHO Lipoarabinomannan Policy Guidance 2015). The guidelines further suggest that AlereLAM should be
used in combination with existing tests, and not as a replacement test (to existing tests).
Of note, in 2018, preliminary performance characteristics of a second commercially developed lateral flow
assay to detect LAM for the diagnosis of TB was announced based on data from frozen biobank specimens
(Fujifilm SILVAMP TB LAM, Japan; FujiLAM) (Broger 2018). The test is projected to become commercially
available in 2020.
The current systematic review includes published studies evaluating the commercially available AlereLAM
assay for diagnosis of active TB disease (pulmonary and extrapulmonary TB) in people living with HIV. Since
2015, additional evidence for the use of AlereLAM has emerged. This updated systematic review will inform
the WHO Guideline Development Group if there is evidence to update or modify recommendations on the use
of AlereLAM.
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Index test
The urine-based lateral flow lipoarabinomannan assay AlereLAM is a commercially available point-of-care
test for active TB (Alere Determine™ TB LAM Ag, Abbott, Palatine, IL, USA, previous Alere Inc., Waltham,
MA, USA). AlereLAM is an immunocapture assay that detects LAM antigen in urine. LAM is a
lipopolysaccharide present in mycobacterial cell walls (Brennan 2003), which is released from metabolically
active or degenerating bacterial cells during TB disease (Briken 2004). LAM is detectable in urine of people
with active TB disease and evaluated for both LAM ELISA and the lateral flow AlereLAM testing platforms
(Peter 2010; Lawn 2012; Minion 2011; Shah 2016). The original Cochrane Review of AlereLAM (Shah 2016)
and a meta-analysis of an earlier generation LAM ELISA test (Minion 2011) both demonstrated that the
accuracy of urinary LAM detection was improved among people living with HIV with advanced
immunosuppression. Several hypotheses may explain the higher sensitivity of urine LAM detection in people
living with HIV including higher bacillary burden and antigen load (Shah 2010), greater likelihood of
genitourinary tract TB involvement, and greater glomerular permeability to allow increased antigen levels in
urine (Minion 2011; Lawn 2016). Based on current WHO guidelines, the role of the test can be characterized
as a test to be used in combination with existing TB tests.
AlereLAM is performed manually by applying 60 µL of urine to the test strip and incubating at room
temperature for 25 minutes (Alere 2017). See Figure 14. The strip is then inspected by eye. The intensity of
any visible band on the test strip is graded by comparing it with the intensities of the bands on a manufacturersupplied reference scale card. Of note, the reference scale was revised in January 2014. Prior to January 2014,
the reference scale card included five bands (grade 1 representing a very low intensity band to grade 5
representing a high/dark intensity band). Some studies prior to January 2014 utilized grade 1 as the threshold
for test positivity, while other studies utilized grade 2 as the positivity threshold. After January 2014, the
manufacturer revised the reference scale card to have four reference bands, such that the band intensity for the
new grade 1 corresponded to the band intensity for the previous grade 2. Under the current manufacturer
recommendations (using the current 4 bands reference card), only bands that are grade 1 or higher are
considered positive (Alere 2017). See Appendix 1. Reference card grading of Alere Determine™ TB LAM.
Figure 14. Alere Determine ™ TB LAM Ag tests, ‘AlereLAM’

(A) Alere Determine™ TB LAM Ag tests. To the sample pad (white pad marked by the arrow symbols) 60 µL
of urine is applied and visualized bands are read 25 minutes later. (B) Reference card accompanying test strips
to 'grade' the test result and determine positivity.
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Footnote: The reference scale card was changed in 2014. See Appendix 1. Reference card grading of Alere
Determine™ TB LAM
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PICO questions
We addressed the following PICO questions also listed in Appendix 2. PICO questions.
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in all HIV-positive adults and children
with signs and symptoms of TB?
in inpatient settings (adults, adolescents and older children)
in outpatient settings (adults, adolescents and older children)
all settings (adults, adolescents and older children)
in inpatient settings (children ≤ 5 years)
in outpatient settings (children ≤ 5 years)
all settings (children ≤ 5 years)
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in all HIV-positive adults and children
irrespective of signs and symptoms of TB?
in inpatient settings (adults, adolescents and older children)
in outpatient settings (adults, adolescents and older children)
all settings (adults, adolescents and older children)
in inpatient settings (children ≤ 5 years)
in outpatient settings (children ≤ 5 years)
all settings (children ≤ 5 years)
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in adults with advanced HIV disease
irrespective of signs and symptoms of TB?
in inpatient setting CD4 ≤ 200
in outpatient setting CD4 ≤ 200
in all settings CD4 ≤ 200
in inpatient setting CD4 ≤ 100
in outpatient setting CD4 ≤ 100
in all settings CD4 ≤ 100
Can the use of LF-LAM in HIV-positive adults reduce mortality associated with advanced HIV disease?
in all settings
in inpatient settings
in outpatient settings
in individuals with CD4 ≤ 200
in inpatient setting CD4 ≤ 200
in outpatient setting CD4 ≤ 200
in individuals with CD4 ≤ 100
in inpatient setting CD4 ≤ 100
in outpatient setting CD4 ≤ 100
Other questions: What is the cost and cost-effectiveness of LF-LAM implementation for TB diagnosis, based
on review of the published literature?
People living with HIV are at increased risk of TB and may present with symptoms of TB but may also be
asymptomatic or have symptoms not routinely associated with TB disease. To estimate accuracy in HIVpositive individuals with signs and symptoms of TB (PICO 1), we combined studies in which presentation
with signs and symptoms suggestive of TB was an inclusion criterion and refer to these as ‘Studies with
symptomatic participants’.
To estimate accuracy in HIV-positive adults irrespective of signs and symptoms of TB (PICO 2 and PICO
3), we combined studies that considered all HIV-positive individuals eligible to participate, including both
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individuals with and individuals without symptoms of TB and refer to these as ‘Studies with unselected
participants’.
We reviewed data related to patient-important outcomes, in particular, the impact of AlereLAM
implementation on mortality (PICO 4).
A priori we wanted to investigate heterogeneity by clinical setting (inpatient versus outpatient) and by CD4
cell count (CD4 ≤ 200; CD4 ≤ 100) (PICO 1a-f; PICO 2a-f; PICO 3a-f; PICO 4a-i).
Throughout the report, we presented the diagnostic accuracy for AlereLAM in children and adolescents
separately from adults.
Economic evaluations of AlereLAM for TB are reported in another document.
Methods
Criteria for considering studies for this review
Types of studies
We included primary studies evaluating the diagnostic accuracy of urine AlereLAM assay for the detection
of active TB in people living with HIV and compared the index test results with a defined microbiological
reference standard. We included studies from which we could extract true positives (TP), false positives
(FP), true negatives (TN), and false negatives (FN) values.
Diagnostic studies for TB are largely cross-sectional in design but may include some clinical follow-up as
part of patient classification. We included randomized controlled studies, cross-sectional studies and
observational cohort studies and excluded case-control studies or other study designs. We excluded data
reported only in abstracts, reviews, commentaries and editorial notes. We did not include unpublished data.
Participants
We included participants who were adults (15 years and older is considered 'adult' for purpose of TB
surveillance) and HIV positive. We included studies in which there was a suspicion of TB among study
participants based on the presence of signs and symptoms compatible with TB (studies with symptomatic
participants), as well as studies that included participants who presented for medical care irrespective of
signs and symptoms of TB (studies with unselected participants). Signs and symptoms of TB include cough,
fever, weight loss, and night sweats. Participants who were known with active TB or taking anti-TB drug
were not included.
Index tests
We included studies that evaluated Alere Determine™ TB LAM Ag test (Abbott, Palatine, IL, USA, previous
Alere Inc., Waltham, MA, USA) ‘AlereLAM’ on urine samples. As of December 2018, AlereLAM was the
only commercial lateral flow urine LAM assay available that had been evaluated in published studies. We
included studies that evaluated the test at the manufacturer's recommended threshold for positivity i.e. grade
1 and above on the updated reference scale card with four band intensities graded on a scale of 1 to 4. For
studies that used the prior reference scale card with band intensities graded on a scale of 1 to 5, we included
those that evaluated the test at grade 2 and above corresponding to the current recommended positivity
threshold. We excluded studies that did not use a positivity threshold corresponding to the manufacturer's
recommendations. Results summarizing diagnostic accuracy at older thresholds (grade 1 on a scale of 1 to 5)
can be found in the original review (Shah 2016).
Target conditions
The target condition was active TB disease among people living with HIV, which includes pulmonary and
extrapulmonary TB.
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Reference standards
We required studies to diagnose TB using the following microbiological reference standard.
'TB' is defined as a positive M. tuberculosis culture or Nucleic Acid Amplification Test (NAAT).
'Not TB ' is defined as a negative M. tuberculosis culture and NAAT (if performed).
NAAT tests included: Enhanced Amplified Mycobacterium Tuberculosis Direct Test (E-MTD, Gen-Probe,
San Diego, USA); Amplicor Mycobacterium tuberculosis Test (Amplicor, Roche Diagnostics, Basel,
Switzerland); COBAS® TaqMan® MTB Test (Roche Diagnostics); GenoType MTBDRplus (HAIN
Lifesciences, Nehren, Germany); Xpert® MTB/RIF assay (Cepheid, Sunnyvale, USA); and Xpert®
MTB/RIF Ultra.
For a microbiological reference standard, we considered a higher quality reference standard to be one in
which two or more specimen types were evaluated for TB diagnosis in all participants as part of a
standardised study algorithm. We considered a lower quality reference standard to be one in which only one
specimen type was evaluated for TB diagnosis or if there was no algorithm defined to ensure a standardised
approach for specimen collection and testing.
A microbiological reference standard, primarily culture, is considered the best reference standard. We
expected all studies to obtain sputum specimens and some studies to obtain additional specimens for culture.
However, the primary concern with relying on sputum culture alone is that TB diagnosis may be missed for
the following reasons: people living with HIV may not be able to provide sputum specimens of sufficient
quality; sputum bacillary load is typically low in people living with HIV; and a substantial proportion of
people with HIV-associated TB cannot produce sputum at all (Lawn 2013a) or have extrapulmonary TB
without pulmonary TB. This means that index test TPs may be misclassified as FPs by sputum culture.
Therefore, when evaluating AlereLAM with respect to sputum culture, the number of FPs (classified as
positive by the index test and negative by the reference test) may be increased and AlereLAM specificity
may be underestimated (Lawn 2015). This misclassification may also lead to underestimation of sensitivity.
Increasing the sensitivity of the reference standard by evaluating multiple specimens, including evaluating
specimens from sites of disease for extrapulmonary TB, may reduce the number of cases of TB disease
incorrectly classified as 'not TB' by culture or NAAT if performed.
In the original Cochrane Review, we additionally considered a ‘composite microbiological and clinical
reference standard’ recognizing that microbiological reference standards alone may fail to detect TB in
patients with TB disease. However, our original review found relatively little data using a composite
reference standard; found heterogeneity in defining and applying composite reference standards; and found
relatively modest impact on pooled estimates of sensitivity and specificity comparing microbiological and
composite reference standards. Results assessing diagnostic accuracy against a composite reference standard
can be found in the original review (Shah 2016).
Search methods for identification of studies
We performed literature searches up to 11 May 2018 in the following databases using the search terms
reported in Appendix 3. Detailed search strategies: the Cochrane Infectious Diseases Group Specialized
Register; MEDLINE (PubMed, from 1966); EMBASE (OVID, from 1947); Science Citation Index
Expanded (SCI-EXPANDED, from 1900), Conference Proceedings Citation Index- Science (CPCI-S, from
1900), and BIOSIS Previews (from 1926), all three using the Web of Science platform; LILACS (BIREME,
from 1982); and SCOPUS (from 1995). We also searched Clinicaltrials.gov and the search portal of the
WHO International Clinical Trials Registry Platform (WHO ICTRP, www.who.int/trialsearch) to identify
ongoing trials, and ProQuest Dissertations & Theses A&l (from 1861) to identify relevant dissertations. We
included search results from the original review and re-evaluated previously included studies to determine if
the studies met the refined inclusion criteria. We further examined reference lists of relevant reviews and
studies and searched the WHO websites.
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Selection of studies
We used Covidence systematic review software to manage the selection of studies (Covidence 2017). Two
review authors (MS and SB) independently examined all titles and abstracts identified from the electronic
search to determine potentially eligible studies. We obtained the full-text articles of these potentially eligible
studies and the same two review authors independently assessed inclusion based on predefined inclusion and
exclusion criteria. We resolved disagreements through discussion and, if necessary, consulted a third review
author (KRS). We included studies from the original review if still eligible according to the predefined
eligibility criteria.
Data extraction and management
We developed a standardized data extraction form and piloted the form on two of the included studies. Based
on the pilot, we finalized the form. See Appendix 4. Data collection form. Then two review authors (MS and
SB) independently extracted data from each included study on the following characteristics.
Author, publication year, study design, country(ies), clinical setting (outpatient or inpatient).
Participants: age, gender, HIV-status, CD4 count, TB history, clinical status (asymptomatic, symptomatic).
Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) items.
Cut-off used for determining a positive index test result and the reference card used.
Samples collected (sputum and/or extrapulmonary samples).
Reference standard(s) and the number of TB cases in the study.
Number of true positive (TP), false negative (FN), false positive (FP), and true negative (TN) values for the
index test.
Missing or unavailable test results.
We assigned country income status (high income, upper- and lower middle income, and low income) as
classified by the World Bank (World Bank 2018/2019). In addition, we classified a country as being high
burden or not high burden for TB/HIV according to the post-2015 era classification by the WHO (WHO
Global Report 2018). We contacted study authors for clarifications on the AlereLAM positivity threshold
used if data were missing.
We used REDCap electronic data capture tools (Harris 2009) hosted at OPEN, Odense Patient data
Explorative Network, Odense University Hospital, Odense, Denmark (SDU Open) to collect and manage
study data.
Assessment of methodological quality
We used the QUADAS-2 tool tailored to this review to assess the quality of the included studies (Whiting
2011; Appendix 6. QUADAS-2). QUADAS-2 consists of four domains: patient selection, index test,
reference standard, and flow and timing (flow and timing domain includes differential verification of TB
status for study participants). We assessed all domains for risk of bias and the first three domains for
concerns regarding applicability. As recommended, we first developed the guidance on how to appraise the
questions in each domain. Then, one review author (SB) piloted the tool with two of the included studies and
finalized the QUADAS-2 tool. Two review authors (MS and SB) independently completed the QUADAS-2
judgements. We resolved disagreements through discussion or consulted a third review author (KRS).
Statistical analysis and data synthesis
We performed descriptive analyses of the characteristics of the included studies using Stata 15 (StataCorp
2017). We used the number of TPs, FPs, FNs, and TNs to calculate the individual study estimates of
sensitivity and specificity and their 95% confidence intervals (CI). We presented individual study results
graphically by plotting the estimates of sensitivity and specificity (and their 95% CIs) in forest plots using
Review Manager (RevMan) (Review Manager).
We presented results at the current manufacturer reference scale card for test interpretation, with band
intensities graded 1 to 4, and considered all test results at grade 1 and above as positive. The prior reference
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scale card with five band intensities was used in the original Cochrane Review with grade 2 considered as
positivity threshold that corresponds to the current grade 1 band intensity. See Appendix 1. Reference card
grading of Alere Determine™ TB LAM. To allow consistent comparisons, we converted results from older
studies that used the ‘grade 2’ threshold and treated these as ‘grade 1’ in the updated review. As such,
analyses labelled at ‘grade 2’ in the original Cochrane Review are in this review considered according to the
new manufacturer reference card as ‘grade 1’. Studies in the original review that used the ‘grade 1’ threshold
on the prior reference card were not included as this threshold is no longer recommended for determining
test positivity.
We grouped the studies evaluating AlereLAM for: (I) diagnosis of TB in HIV-positive people with signs and
symptoms of TB i.e. 'Studies with symptomatic participants' and (II) diagnosis of TB in HIV-positive people
irrespective of signs and symptoms of TB i.e. 'Studies with unselected participants'.
When data were sufficient, we carried out meta-analyses to estimate AlereLAM pooled sensitivity and
specificity with a bivariate random-effects model (Chu 2009; Reitsma 2005). This approach allowed us to
calculate pooled sensitivity and specificity while dealing with potential sources of variation caused by: (1)
imprecision of sensitivity and specificity estimates within individual studies; (2) correlation between
sensitivity and specificity across studies; and (3) variation in sensitivity and specificity between studies.
We estimated all models using a Bayesian approach implemented using OpenBUGS (Lunn 2009). Under the
Bayesian approach, all unknown parameters must be provided a prior distribution that defines the range of
possible values of the parameter and the weight of each of those values, based on information external to the
data. Because most meta-analyses involved few studies (eight or less), which could lead the model to be just
identified, we chose to use low-information prior distributions for most parameters and a more informative
prior on the between-study standard deviations which are particularly sensible in meta-analyses with few
studies (Spiegelhalter 2004).
We defined prior distributions on the log-odds scale over the pooled sensitivity and specificity parameters,
their corresponding between-study standard deviations (SDs) and the correlation between the sensitivities
and specificities across studies. For the pooled log odds of the sensitivity or log odds of the specificity, we
used a normal prior distribution with mean 0 and a variance of 4 (or a precision of 0.25). This corresponds to
a roughly uniform distribution over the pooled sensitivity and pooled specificity on the probability scale. For
the between-study precision we used a gamma distribution with a shape parameter of two and rate parameter
of 0.5. This corresponds to a 95% prior credible interval (CrI) for the between-study SD in the log odds of
sensitivity or log odds of specificity ranging from roughly 0.29 to 1.44, corresponding to moderate to high
values of between-study heterogeneity. Covariance terms followed a uniform prior distribution whose upper
and lower limits were determined by the sensitivity of the two tests. We have summarized the models we
used (including the prior distributions) and the OpenBUGS programs we used to estimate them in Appendix
7. Statistical approach.
To study the sensitivity of our results to the choice of prior distributions given above, we considered
alternative prior distributions that were less informative, which allowed a wider range of possible values. We
increased the variance of the normal distributions over the pooled log odds of the sensitivity or specificity to
100. We used a uniform prior distribution ranging from zero to three over the between-study SD on the log
odds scale. We found that the pooled estimates remained roughly the same with these alternative priors,
though the posterior CrIs were wider, as expected. We combined information from the prior distribution with
the likelihood of the observed data, in accordance with Bayes’ theorem in the OpenBUGS program, which
resulted in a sample from the posterior distribution of each unknown parameter. Using this sample, we
calculated various descriptive statistics of interest. We estimated the median pooled sensitivity and
specificity and their 95% CrI. The median or the 50% quantile is the value below which 50% of the posterior
sample lies. We reported the median because the posterior distributions of some parameters may be skewed,
and the median would be considered a better point estimate of the unknown parameter than the mean in such
cases. The 95% CrI is the Bayesian equivalent of the classical (frequentist) 95% CI (we indicated 95% CI for
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individual study estimates and 95% CrI for pooled study estimates as appropriate). The 95% CrI may be
interpreted as an interval that has a 95% probability of capturing the true value of the unknown parameter
given the observed data and the prior information.
In our original review we evaluated the incremental change in sensitivity and specificity when combining
AlereLAM with smear microscopy or Xpert MTB/RIF (Shah 2016). We did not undertake analysis of
incremental benefit in the current review as it was beyond the scope of this review, and data within published
manuscripts was limited.
Approach to uninterpretable AlereLAM results
We excluded uninterpretable test results from the analyses for determination of sensitivity and specificity,
but these were very few in numbers across studies.
Investigations of heterogeneity
Several PICO questions specifically sought to assess diagnostic accuracy among subgroups. A priori and
when data were sufficient, we performed subgroup analyses with the following categorical covariates:
clinical setting (inpatient versus outpatient) and CD4 count (CD4 ≤ 200, CD4 ≤ 100).
To further investigate heterogeneity, we performed additional subgroup analyses for CD4 strata CD4 101200; CD4 > 200 and; CD4 > 100 as well as by TB prevalence. We investigated heterogeneity for the group
of ‘studies with symptomatic participants’ separately from the group of ‘studies with unselected
participants’.
Sensitivity analyses
We performed sensitivity analyses by limiting inclusion in the meta-analysis to the following.
Studies that avoided inappropriate exclusions, for example, studies that included participants who could not
produce sputum. For this analysis we included studies that we scored as 'yes' for the QUADAS-2 question,
"Did the study avoid inappropriate exclusions?" (low risk of bias for participant selection).
Studies with a higher quality reference standard, for example studies that included two or more specimen
types. For this analysis, we included studies that we scored as ‘yes’ for the QUADAS-2 question, “Is the
reference standard likely to correctly classify the target condition?” (low risk of bias for the reference
standard).
Studies that used only fresh urine specimens for LAM testing
Studies initially categorized as ‘studies among unselected participants’ that included more than 80% of
symptomatic participants were re-categorized as 'studies with symptomatic participants’. We conducted this
analysis to explore the possibility that these studies represented a comparable population to the studies of
symptomatic participants even though participants were not explicitly enrolled in the study on the basis of
specific TB symptoms.
Additional analyses
Investigations of heterogeneity, all studies combined
We performed several additional post-hoc analyses to inform interpretation of findings. We assessed
performance for the two groups of studies combined i.e. studies with symptomatic participants combined
with studies with unselected participants. We did this analysis overall and stratified by inpatients,
outpatients, and CD4 strata (CD4 ≤ 200; CD4 ≤ 100; CD4 > 200 and; CD4 > 100 cells per µL.)
Impact on mortality and other patient-important outcomes
Data that directly address the impact of test implementation on patient-important outcomes, such as
mortality, are important for patients, decision makers, and the wider TB community. Our diagnostic test
accuracy systematic review was not designed to answer questions on the impact of the test on patient
outcomes, since a different methodology and separate search strategy would have been required.
Nonetheless, we carried out additional efforts as follows. The primary reviewer authors (MS and SB)
identified full text articles that included data on health impact. Another review author (RRN) examined all
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15 articles included in this updated review, in addition to the other articles excluded during full text
screening, and articles included in the original Cochrane Review (Shah 2016), to determine whether studies
reported data on impact. We also looked for information on the association of test positivity and patient
outcomes.
To evaluate impact data, we developed a standardized data extraction form and piloted this on two of the
included studies. Based on the pilot, we finalized the form. See Appendix 5. Data collection form, impact
data. Subsequently, one review author (RRN) extracted data from each included study on the following
characteristics using Excel to collect and manage study data.
Author, publication year, study design, country(ies), clinical setting (outpatient or inpatient), number
enrolled and analysed.
Participants: age, HIV-status, presence of symptoms (symptoms versus unselected).
Mode of mortality assessment, type of mortality (all-cause versus TB-related), timing of mortality
assessment.
AlereLAM grade and use of old versus new reference card, timing of AlereLAM.
Mortality analysis metrics used (absolute risk reduction (ARR), (adjusted) Hazard Ratio (HR) or Kaplan
Meier, (adjusted) odds ratio).
Comparator groups analysed.
Mortality in the intervention group, mortality in the control group (for randomized controlled trials).
Mortality in AlereLAM positive, mortality in AlereLAM negative.
Mortality in AlereLAM positive patients with confirmed TB, mortality in AlereLAM negative patients with
confirmed TB.
Mortality in AlereLAM positive patients with inconclusive or non-TB diagnosis, mortality in AlereLAM
negative patients with inconclusive or non-TB diagnosis.
Mortality data stratified by CD4 count.
Time to diagnosis, time to treatment.
Other outcomes assessed in the study.
For two randomized controlled trials, we assessed risk of bias using the Cochrane tool in RevMan (Review
Manager). Then we narratively described the effect of AlereLAM implementation (that is, AlereLAM used
versus AlereLAM not used to guide treatment) on patient-important outcomes including time to diagnosis
and treatment, disease severity, and mortality. For mortality as a critical outcome, we performed a fixedeffect meta-analysis, including data from the two randomized trials, to estimate the pooled risk ratio (95%
CI) for mortality. We thought it appropriate to use a fixed-effect approach because the estimates of the effect
of the intervention in the different studies appeared similar, the differences between them being small
enough to be explained by chance. However, a fixed-effect approach does not enable a measure of betweenstudy heterogeneity.
Association between AlereLAM test positivity with patient-important outcomes
For diagnostic accuracy studies identified as having data on patient-important outcomes, we recorded
whether there was an association between AlereLAM results and patient-important outcomes, including time
to diagnosis and treatment, disease severity, and mortality. Of note, these studies did not use AlereLAM to
guide treatment and are therefore not considered as impact studies.
Assessment of reporting bias
We did not carry out a formal assessment of publication bias using methods such as funnel plots or
regression tests because such techniques have not been helpful for diagnostic test accuracy studies
(Macaskill 2010).
Assessment of the certainty of the evidence
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We assessed the certainty of evidence for intervention studies as recommended using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach (Balshem 2011).
Although, the approach is similar for diagnostic studies, we describe it in detail here (Balshem 2011;
Schünemann 2008; Schünemann 2016). As recommended, we rated the certainty of evidence as either high
(not downgraded), moderate (downgraded by one level), low (downgraded by two levels), or very low
(downgraded by more than two levels) based on five domains: risk of bias, indirectness, inconsistency,
imprecision, and publication bias. For each outcome, the certainty of evidence started as high when there
were high quality observational studies (cross-sectional or cohort studies) that enrolled participants with
diagnostic uncertainty. If we found a reason for downgrading, we used our judgement to classify the reason
as either serious (downgraded by one level) or very serious (downgraded by two levels).
Four review authors (SB, MS, ND, and KRS) discussed judgments and applied GRADE in the following
way.
Risk of bias: we used QUADAS-2 to assess risk of bias.
Indirectness: We used QUADAS-2 for concerns of applicability and looked for important differences
between the populations studied (for example, in the spectrum of disease), the setting, index test, and
outcomes and asked are differences sufficient to lower certainty in results?
Inconsistency: GRADE recommends downgrading for unexplained inconsistency in sensitivity and
specificity estimates. We carried out pre-specified analyses to investigate potential sources of heterogeneity
and did not downgrade when we felt we could explain inconsistency in the accuracy estimates.
Imprecision: we considered a precise estimate to be one that would allow a clinically meaningful decision.
We considered the width of the CrI, and asked ourselves, “Would we make a different decision if the lower
or upper boundary of the CrI represented the truth?” In addition, we worked out projected ranges for TP, FN,
TN, and FP for a given prevalence of TB and made judgements on imprecision from these calculations. We
also considered whether the number of participants included in the analysis was less than the number
generated by a conventional sample size calculation for a single adequately powered study (optimal
information size).
Publication bias: we rated publication bias as undetected (not serious) for several reasons including the
comprehensiveness of the literature search and extensive outreach to TB researchers to identify studies.
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Results
Results of the search
We identified 15 unique studies that met the inclusion criteria of this review. We included data from six
published manuscripts from the original WHO and Cochrane Review (WHO Lipoarabinomannan Policy
Guidance 2015; Shah 2016) that met the refined inclusion criteria, and nine new studies identified in the
updated search. Of six previously included studies, three were excluded because they did not use the
currently recommended threshold for test positivity (Lawn 2012a; Balcha 2014; Drain 2014a); one abstract
was included as an updated published manuscript (Lawn 2014a), one abstract remained unpublished
(Andrews 2014), and one abstract was published but did not provide diagnostic accuracy data (Drain 2014c).
Eight studies evaluated the accuracy of AlereLAM for TB diagnosis in participants with signs and symptoms
suggestive of TB. Seven studies evaluated the accuracy of AlereLAM for diagnosis of unselected
participants that may or may not have had TB signs and symptoms at enrolment. See Figure 2.
Figure 15. Flow of studies in the review.

Methodological quality of included studies
Figure 3 and Figure 4 show the quality assessment of the 15 included studies.
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Studies with symptomatic participants
Eight studies were included that evaluated AlereLAM for TB diagnosis among symptomatic participants
suspected of TB. In the patient selection domain, we considered six studies (75%) to be at high risk of bias
because: (1) the study excluded all smear-positive participants (Drain 2016) (2) the studies excluded
participants who could not expectorate or produce sputum despite sputum induction (Drain 2016; Nakiyingi
2014; Peter 2015); (3) the study excluded participants if they did not have a full set of complement reference
standard results i.e. had any sample with a missing Xpert MTB/RIF result or a contaminated culture result in
the absence of a positive result (Huerga 2017); (4) the study only included patients suspected of
extrapulmonary TB and excluded patients suspected of pulmonary TB (Juma 2017); (5) the study only
included participants with pericardial effusion and suspected TB and excluded participants suspected of
other forms of TB (Pandie 2016). All studies were cross-sectional, cohort or randomized controlled studies.
Regarding applicability, seven studies (88%) had low concern in the patient selection domain because the
studies included the appropriate participants and settings. We judged one study (12%) to have high concern
for applicability as the study participants did not resemble people with presumed HIV/TB co-infection i.e.
participants were smear-negative HIV-positive and HIV-negative patients with a Karnofsky Performance
score < 50 (Drain 2016).
In the index test domain, we judged one study (12%) at high risk of bias with a high concern of applicability
as the study used grade 2 (on the current reference scale card) as the test positivity threshold, as opposed to
the current manufacturer recommendation to use grade 1 (on the updated reference card) to define test
positivity (Juma 2017). The remaining studies all used the recommended threshold for positivity and
interpreted the test without knowledge of the results of the reference standard, and we considered them to
have low concern for applicability.
In the reference standard domain, we considered seven studies (88%) to be at high risk of bias because: (1)
the studies did not include testing of any extrapulmonary specimens (Drain 2016, Peter 2015); (2) the study
did not include testing of any respiratory samples (Juma 2017); (3) the study only tested respiratory samples
for some of the participants (Pandie 2016); (4) the study only tested extrapulmonary specimens in addition to
respiratory samples for some of the participants (Huerga 2017); (5) health providers selected the sites for
testing based on their own clinical suspicion (Peter 2012; Peter 2016). We deemed three studies at high
concern for applicability as they lacked a study or protocol directed testing (Peter 2012; Peter 2016; Pandie
2016). In these studies, health providers selected the sites for testing based on their own clinical suspicion,
and it was unclear if their choice of reference standard would correctly classify TB.
In the flow and timing domain, we considered four studies (50%) to be at high risk of bias because not all
participants received the same reference standard (Huerga 2017; Peter 2012) or because not all participants
were included in the two-by-two tables (Pandie 2016; Huerga 2017). We judged the remaining studies to be
at low risk of bias because all participants received the index test and the same reference standard, and none
of the participants enrolled in the studies were excluded from analysis.
Studies with unselected participants
Seven studies contributed data for the purpose of evaluating AlereLAM for TB diagnosis among unselected
participants that may or may not have TB symptoms (Figure 4). In the patient selection domain, we
considered four studies (57%) to be at high risk of bias because these studies excluded participants who
could not expectorate or produce sputum samples (Bjerrum 2015; Floridia 2017 LaCourse 2016; Drain
2015). All studies were cross-sectional or cohort studies. Regarding applicability, we judged that all studies
(100%) included the appropriate participants and settings.
In the index test domain, we considered all studies at low risk of bias as all studies used AlereLAM, prespecified the grade used for positivity, and interpreted the test at the recommended positivity threshold
without knowledge of the results of the reference standard. We considered the test conduct and interpretation
in all studies to be applicable.
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In the reference standard domain, we considered five studies (71%) to be at high risk of bias because these
studies did not include microbiological testing on extrapulmonary specimens (Bjerrum 2015; Drain 2015;
Floridia 2017; LaCourse 2016;Thit 2017). We judged these studies to be of low concern in terms of
applicability. In one study it was unclear if the reference standard results was interpreted without knowledge
of the index test result and we judge an unclear concern of applicability.
In the flow and timing domain, we considered two studies (29%) to be at high risk of bias because the study
collected specimens for index and reference standard tests up to six months apart (Hanifa 2016; Thit 2017)
and Hanifa 2016 excluded clinical TB cases from analysis. We considered the remaining five studies (71%)
to be of low risk of bias because all participants received the index test and the same reference standard, and
no participants enrolled were excluded from the two-by-two table.

Figure 16. Risk of bias and applicability concerns graph.
Review authors' judgements about each domain presented as percentages across included studies.

Figure 17. Risk of bias and applicability concerns summary.
Review authors' judgements about each domain for each included study. (A) Studies with symptomatic
participants. (B) Studies with unselected participants.
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Findings
The 15 included studies involved 6814 participants, 1761 (26%) with TB. Eight of the studies evaluated the
accuracy of AlereLAM for TB diagnosis in participants with signs and symptoms suggestive of TB
involving 3449 participants, 1277 (37%) with TB. Seven studies evaluated the accuracy of AlereLAM for
diagnosis of unselected participants that may or may not have had TB signs and symptoms at enrolment
involving 3365 participants, 439 (13%) with TB.
All studies were performed in high TB/HIV burden countries and classified as low-income or middle-income
countries. We noted substantial differences in the studies for the following characteristics: type of study
('studies with symptomatic participants' and ‘studies with unselected participants'); setting (inpatients versus
outpatients); median CD4 cell count; TB prevalence; inclusion and exclusion of participants based on
whether or not they could produce sputa; and whether patients were evaluated for pulmonary TB,
extrapulmonary TB or both. The key study characteristics are summarised by study in Appendix 8:
Characteristics.
Most studies reported that a valid AlereLAM result was obtained on the first attempt for all tests. Few
uninterpretable test results (< 1%) were reported in three studies (Peter 2012; Peter 2015; Peter 2016).
Table 23 presents pooled sensitivity and specificity results for AlereLAM against a microbiological
reference standard grouped by the type of study 'TB diagnosis among symptomatic participants' and 'TB
diagnosis among unselected participants’.
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Table 23. AlereLAM pooled sensitivity and specificity for TB diagnosis, by study group
Type of
analysis

Symptomatic participants

Unselected participants

Overall
accuracy

8 studies
(3449)

1277
(37%)

42%
91%
7 studies
(31 to 55) (85 to 95) (3365)

432
(13%)

35%
95%
(22 to 50) (89 to 98)

Inpatient

6 studies
(2253)

868
(39%)

52%
87%
3 studies
(40 to 64) (78 to 93) (537)

159
(30%)

62%
84%
(41 to 83) (48 to 96)

Outpatient

4 studies
(1196)

409
(34%)

29%
96%
6 studies
(17 to 47) (91 to 99) (2828)

273
(10%)

31%
95%
(18 to 47) (87 to 99)

CD4 > 200

3 studies
(738)

163
(22%)

16%
(8 to 31)

11
(7%)

Not
Not
applicable applicable

CD4 ≤ 200

4 studies
(1825)

722
(40%)

45%
89%
2 studies
(31 to 61) (77 to 94) (706)

82
(12%)

26%
(9 to 56)

CD4 > 100

4 studies
(1519)

425
(28%)

17%
95%
4 studies
(10 to 27) (89 to 98) (952)

115
(12%)

20%
98%
(10 to 35) (95 to 99)

CD4 ≤ 100

4 studies
(1239)

512
(41%)

54%
88%
3 studies
(38 to 69) (77 to 94) (417)

130
(31%)

47%
90%
(40 to 64) (77 to 96)

CD4 101-200 4 studies
(586)

210
(36%)

24%
90%
1 studyb
(14 to 38) (77 to 96) (103)

13
(13%)

Not
Not
applicable applicable

Studies
Participants Pooled
Pooled
Studies (total Participants Pooled
Pooled
(total
with TB (%) sensitivity specificity participants) with TB (%) sensitivity specificity
participant
(95% CrI) (95% CrI)
(95% CrI) (95% CrI)
s)

By setting

By CD4 cell
94%
1 studya
(81 to 97) (156)

96%
(87 to 98)

By CD4 and setting
CD4 ≤ 200
inpatients

2 studies
(1009)

348
(34%)

54%
80%
1 studyc
(34 to 73) (58 to 91) (54)

14
(26%)

Not
Not
applicable applicable

CD4 ≤ 100
inpatients

2 studies
(734)

270
(37%)

61%
81%
2 studies
(40 to 78) (61 to 91) (200)

84
(42%)

57%
90%
(33 to 79) (69 to 97)

CD4 101-200 2 studies
inpatients
(275)

78
(28%)

32%
81%
1 studyd
(16 to 57) (55 to 92) (9)

4
(44%)

Not
Not
applicable applicable

CD4 ≤ 200
outpatients

1 studyf
(249)

97
(39%)

Not
Not
2 studies
applicable applicable (652)

68
(10%)

21%
(8 to 48)

CD4 ≤ 100
outpatients

1 studyg
(121)

48
(40%)

Not
Not
2 studies
applicable applicable (217)

46
(21%)

40%
87%
(20 to 64) (68 to 94)

CD4 101-200 1 studyh
outpatients
(128)

51
(40%)

Not
Not
1 studye
applicable applicable (94)

9
(10%)

Not
Not
applicable applicable

96%
(89 to 99)

Abbreviations: Crl: credible interval; AlereLAM: Alere Determine™ TB lipoarabinomannan assay; TB: tuberculosis.
a
Bjerrum 2015, Sensitivity 27% (6% to 61%); Specificity 99% (96% to 100%); b Bjerrum 2015, Sensitivity 38% (14%
to 68%); Specificity 99% (94% to 100%);c Bjerrum 2015, Sensitivity 64% (35% to 87%); Specificity 82% (67% to
93%); d Bjerrum 2015, Sensitivity 75% (19% to 99%); Specificity 100% (48% to 100%); e Bjerrum 2015, Sensitivity
22% (3% to 60%); Specificity 99% (94% to 100%); fPeter 2015, Sensitivity 24% (16% to 33%); Specificity 94% (89%
to 97%); gPeter 2015, Sensitivity 30% (18% to 46%); Specificity 93% (85% to 98%); hPeter 2015, Sensitivity 18% (8%
to 31%); Specificity 95% (87% to 99%).

PICO 1: What is the diagnostic accuracy of AlereLAM for TB diagnosis in HIV-positive adults with signs
and symptoms of TB?
Of the 15 included studies, eight evaluated the accuracy of AlereLAM for TB diagnosis in participants with
signs and symptoms suggestive of TB. The suggestive signs and symptoms of TB varied from study to study,
but were often based on any of cough, fever, weight loss, or night sweats. The TB prevalence ranged from
29% to 63%. Two studies were conducted exclusively among patients with presumed extrapulmonary TB:
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Juma 2017 and Pandie 2016. Four studies were conducted exclusively in an inpatient setting; two studies
exclusively in an outpatient setting, and two studies in both inpatient and outpatient settings. The median
CD4 cell count ranged from 81 to 210 cells per µL across the eight studies, lower in studies evaluating
inpatients (median CD4 between 81-139 cells per µL) compared to studies evaluating outpatients (median
CD4 was 168-210 cells per µL). See Appendix 8. Characteristics of Included Studies.
Results for children are presented in Appendix 9: Diagnostic accuracy of AlereLAM among HIV-positive
children, summary.
PICO 1a: Accuracy, in inpatient settings
Six studies were conducted among inpatients involving 2253 participants, 868 (39%) with TB (Huerga
2017;Juma 2017; Nakiyingi 2014; Pandie 2016; Peter 2012; Peter 2016). Sensitivity estimates ranged from
33% to 69% and specificity estimates ranged from 75% to 100%. The pooled sensitivity and specificity
(95% CrI) among inpatients were 52% (40% to 64%) and 87% (78% to 93%). See Figure 18. The highest
sensitivity (69%) was reported by Huerga 2017 with a relatively low specificity (78%). This study included
inpatients who were severely ill or with CD4 < 200 cell per L (median CD4 109) and low BMI. The study
did not include microbiological or histological evaluation of extrapulmonary specimens for TB in their
reference standard, which may have led to LAM-positive participants with extrapulmonary TB being
misclassified as ‘false-positive’ and lowered specificity. Pandie 2016 reported the lowest sensitivity (33%)
and a specificity of 100%. This study differed from others by evaluating accuracy only for pericardial TB.
The authors excluded a number of participants in the analysis for unknown reasons and reported TN as ‘2’
and FP as ‘0’ that may have inflated specificity. In the original review, the pooled sensitivity and specificity
among inpatients were 53% (38% to 70%) and 90 % (73% to 96%) (four studies, 1299 participants), (Shah
2016).
PICO 1b: Accuracy, in outpatient settings
Four studies were conducted among outpatients involving 1196 participants, 409 (34%) with TB (Drain
2016; Huerga 2017; Nakiyingi 2014; Peter 2015). Sensitivity estimates ranged from 18% to 58% and
specificity estimates ranged from 93% to 99%. The highest sensitivity (58%) was reported by Huerga 2017
where outpatients included were severely ill, or had a CD4 < 200 cell per L, or a low Body Mass Index
below 17Kg/m2. Pooled sensitivity and specificity were 29% (17% to 47%) and 96% (91% to 99%). See
Figure 18.
Pooled estimates were not previously calculated for outpatients due to lack of data in the original Cochrane
Review (Shah 2016).
Figure 18. Diagnostic accuracy in adults with signs and symptoms, by health care setting
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, by health care setting.
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Symptomatic participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

Inpatient

6 studies
(2253)

868
(39%)

52%
(40 to 64)

87%
(78 to 93)

Outpatient

4 studies
(1196)

409
(34%)

29%
(17 to 47)

96%
(91 to 99)

PICO 1c: Overall accuracy, all settings
For the analysis of the overall accuracy of AlereLAM in HIV-positive adults with signs and symptoms of
TB, eight studies provided data for 3449 participants, including 1277 (37%) TB patients, (Drain 2016;
Huerga 2017; Juma 2017; Pandie 2016; Peter 2016; Nakiyingi 2014; Peter 2012; Peter 2015). Sensitivity
estimates ranged from 23% to 68%, and specificity estimates from 75% to 100%. The pooled sensitivity and
specificity (95% CrI) were 42% (31% to 55%) and 91% (85% to 95%). See Figure 19. Juma 2017 evaluated
diagnostic accuracy for extrapulmonary TB (all forms) exclusively and had sensitivity of 68%. Pandie 2016
evaluated accuracy for pericardial TB and found sensitivity of 33%. Sensitivity was lowest in the studies by
Peter 2015 and Drain 2016. Differences between these studies and the other studies in this analysis were the
setting (outpatient only), focus on pulmonary TB (no extrapulmonary samples were taken), and exclusion of
participants unable to produce sputum. In particular, Drain 2016 included smear-negative participants with
presumed TB and a small number of HIV-negative participants. In addition, this study excluded participants
with a low Karnofsky score in order to target relatively well outpatients, where smear-negative TB disease is
often seen. Specificity was lowest for Peter 2012, a study that included only inpatients and differed from
other studies in that both sputum and non-sputum-based sampling was performed at the discretion of the
attending clinical team and not study directed. Pandie 2016 reported a specificity of 100%, but excluded
participants from specificity analysis as mentioned above. For comparison, the pooled sensitivity and
specificity in the original review were 45% (29% to 63%) and 92% (80% to 97%) based on five studies and
2313 participants (Shah 2016).
Figure 19. Diagnostic accuracy in adults with signs and symptoms, all settings
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, overall.

328

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Symptomatic participants
Type of analysis

Studies (total
participants)

Overall accuracy 8 studies
(3449)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

1277
(37%)

42%
(31 to 55)

91%
(85 to 95)

Additional investigations of heterogeneity
CD4 count
Accuracy stratified by CD4 > 200 cells per µL and ≤ 200 cells per µL
Three studies evaluated participants with CD4 > 200 cells per µL, (Nakiyingi 2014; Peter 2012; Peter 2016).
Sensitivity estimates ranged from 9% to 27% and specificity estimates ranged from 83% to 99%. In the four
studies that evaluated participants with CD4 ≤ 200 cells per µL, sensitivity estimates ranged from 24% to
58% and specificity estimates ranged from 72% to 95% (Nakiyingi 2014; Peter 2012; Peter 2015; Peter
2016). See Figure 20. The pooled sensitivity (95% CrI) was higher among participants with CD4 ≤ 200 cells
per µL at 45% (31% to 61%) (1825 participants; 40% with TB) versus 16% (8% to 31%) among those with
CD4 > 200 cells per µL (738 participants: 22% with TB). The pooled specificity was 89% (77% to 94%) for
participants with CD4 ≤ 200 cells per µL and 94% (81% to 97%) for those with CD4 > 200 cells per µL.
When we limited the analysis to studies involving inpatients with CD4 ≤ 200 cells per µL, the pooled
sensitivity and specificity were 54% (34% to 73%) and 80% (58% to 91%) (two studies, 1009 participants;
34% with TB (Peter 2012; Peter 2016). Only one study reported data for outpatients with CD4 ≤ 200 cells
per µL Peter 2015.
Figure 20. Diagnostic accuracy in adults with signs and symptoms, by CD4 count.
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, by CD4.
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Symptomatic participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

CD4 > 200

3 studies
(738)

163
(22%)

16%
(8 to 31)

94%
(81 to 97)

CD4 ≤ 200

4 studies
(1825)

722
(40%)

45%
(31 to 61)

89%
(77 to 94)

CD4 > 100

4 studies
(1519)

425
(28%)

17%
(10 to 27)

95%
(89 to 98)

CD4 ≤ 100

4 studies
(1239)

512
(41%)

54%
(38 to 69)

88%
(77 to 94)

Accuracy stratified by CD4 > 100 cells per µL and ≤ 100 cells per µL
Four studies evaluated participants with CD4 > 100 cells per µL, (Nakiyingi 2014; Pandie 2016; Peter 2015;
Peter 2016). Sensitivity estimates ranged from 12% to 19% and specificity estimates ranged from 92% to
100%. See Figure 20. In the five studies that evaluated participants with CD4 ≤ 100 cells per µL, sensitivity
estimates ranged from 30% to 65% and specificity estimates ranged from 75% to 94% (Nakiyingi 2014;
Pandie 2016; Peter 2012; Peter 2015; Peter 2016). One study (Pandie 2016) had no estimable specificity, as
they reported zero TN. The pooled sensitivity (95% CrI) was higher among participants with CD4 ≤ 100
cells per µL at 54% (38% to 69%) (1239 participants; 41% with TB) versus 17% (10% to 27%), (1519
participants; 28% with TB) among those with CD4 > 100 cells per µL. The pooled specificity was 88% (77%
to 94%) for participants with CD4 ≤ 100 cells per µL and 95% (89% to 98%) for those with CD4 > 100 cells
per µL. When we limited the analysis to studies involving inpatients with CD4 ≤ 100 cells per µL (Peter
2012; Peter 2016), the pooled sensitivity and specificity were 61% (40% to 78%) and 81% (61% to 91%).
Pandie 2016 reported a sensitivity of 50% (95%CI, 21% to 79%) among inpatients with CD4 ≤ 100 cells per
µL, but specificity was not estimable and therefore not included in the meta-analysis. Only one study
reported data for outpatients with CD4 ≤ 100 cells per µL Peter 2015.
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We observed that AlereLAM pooled sensitivity increased as the degree of immunodeficiency increased,
from 16% (8% to 31%) in patients with CD4 cell count >200 cells per μL to 24% (14% to 38%) in patients
with CD4 count between 101-199 to 54% (38% to 69%) in patients with CD4 ≤ 100. See Figure 21. Also, we
observed that a majority of participants contributing data for the CD4 ≤ 200 cells per µL stratum (1825
participants) were participants with CD4 ≤ 100 cells per µL (1239 participants). See Table 23.
TB prevalence
The median prevalence of TB in studies with symptomatic participants was 43% (IQR 32% to 60%). In
secondary analysis by TB prevalence, we found that pooled sensitivity and specificity for symptomatic
participants in settings with TB prevalence of greater than 43% were 44% (27% to 62%) and 86% (73% to
94%) and 39% (21% to 63%) and 95% (89% to 97%) in settings with a TB prevalence less than 43%. We
note that no studies had a TB prevalence of less than 29%.
Sensitivity analyses
When we included all studies with more than 80% symptomatic participants, two studies were re-assigned
from 'studies of unselected adults' to 'studies of symptomatic participants' Bjerrum 2015; Lawn 2017. In
comparison with estimates without re-classification, pooled sensitivity remained at 42% (33% to 52%) and
specificity changed to 93% (88% to 96%), (10 studies, 4331 participants). When we limited the studies to
those with low risk of bias for patient selection pooled sensitivity increased to 48% (29% to 67%) and
specificity dropped to 82% (61% to 92%), (Peter 2012; Peter 2016, 1413 participants). We did not have
enough studies to do sensitivity analysis including only studies with low risk of bias in the reference standard
domain. Limiting studies to those that used fresh urine samples (four studies) rather than stored urine sample
increased sensitivity to 52% (38% to 68%) with specificity remaining at 91%.
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Figure 21. Plot by CD4 of diagnostic accuracy in adults with signs and symptoms.
(A) Sensitivity by CD4 strata; (B) Specificity by CD4 strata. The circle represents the pooled estimates
(median), with bars representing 95% credible intervals.
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PICO 2: What is the diagnostic accuracy of AlereLAM for TB diagnosis in HIV-positive adults irrespective
of signs and symptoms for TB?
Of the 15 studies included, seven studies evaluated the accuracy of AlereLAM for diagnosis in participants
irrespective of sign and symptoms (‘unselected participants’). The TB prevalence varied from 1% to 33%.
Six of the studies reported the proportion of symptomatic participants that were included (e.g. having a
positive WHO symptoms screen) which varied from 19% (LaCourse 2016) to more than 90% of participants
in two studies (Bjerrum 2015; Lawn 2017). Four studies were carried out in an outpatient setting, one study
exclusively in an inpatient setting and two studies in both inpatient and outpatient settings. The median CD4
cell count across studies of unselected adults ranged from 111 to 437 cells per µL across studies. See
Appendix 8. Characteristics of Included Studies.

PICO 2a: Accuracy, in inpatient settings
We identified three studies that included inpatients involving 537 participants, 159 (30%) with TB (Bjerrum
2015; Lawn 2017; Thit 2017). Sensitivity estimates ranged from 39% to 88% and specificity estimates
ranged from 39% to 99%. The pooled sensitivity and specificity (95% CrI) among inpatients were 62% (41%
to 83%) and 84% (48% to 96%). See Figure 22. Thit 2017 reported a very low specificity (39%) and a high
sensitivity (88%), based on a relatively small sample size of 54 inpatients; eight (15%) with TB. They
reported that 41 of the inpatients (76%) were symptomatic at enrolment with a median CD4 of 96 (IQR 37277) cells per µL, which is comparable to evaluation of AlereLAM in a population with advanced HIV
disease. The study differed from other studies for reasons listed under PICO 2c.
Pooled estimates were not calculated in the original review (Shah 2016) for studies with unselected
inpatients due to lack of data.
PICO 2b: Accuracy, in outpatient settings
Outpatients
Six studies were conducted among outpatients, involving 2828 participants; 273 (10%) with TB (Bjerrum
2015; Drain 2015; Floridia 2017; Hanifa 2016; LaCourse 2016; Thit 2017). Sensitivity estimates ranged
from 0% to 63% and specificity estimates ranged from 67% to 99%. Pooled sensitivity and specificity (95%
CrI) were 31% (18% to 47%) and 95% (87% to 99%). See Figure 22
Pooled estimates were not calculated in the original review (Shah 2016) for outpatients due to lack of data.
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Figure 22. Diagnostic accuracy in adults irrespective of signs and symptoms, by setting
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, by clinical setting.

Unselected participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

Inpatient

3 studies
(537)

159
(30%)

62%
(41 to 83)

84%
(48 to 96)

Outpatient

6 studies
(2828)

273
(10%)

31%
(18 to 47)

95%
(87 to 99)

Footnote: The proportion of symptomatic participants included ranged from 19% in LaCourse 2016 to 91% in Bjerrum
2015 and in Lawn 2017. See Appendix 8. Characteristics of Included Studies.

PICO 2c: Overall accuracy, all settings
For the analysis of the overall accuracy of AlereLAM in HIV-positive adults irrespective of signs and
symptoms of TB seven studies provided data for 3365 participants; 439 (13%) with TB (Bjerrum 2015;
Drain 2015; Floridia 2017; Hanifa 2016; LaCourse 2016; Lawn 2017; Thit 2017). The pooled sensitivity and
specificity (95% CrI) were 35% (22% to 50%) and 95% (89% to 98%). Sensitivity estimates ranged from 0%
to 67%, and specificity estimates from 64% to 99%. See Figure 23. Sensitivity was lowest (0%) in LaCourse
2016, that differed from the other studies by including a) a population of exclusively pregnant women
attending an antenatal care setting, b) a low proportion of symptomatic participants (19%), c) a low TB
prevalence (1%), and d) a high median CD4 cell count (437 cells per µL). Specificity was lowest (64%) for
Thit 2017 that also reported the highest sensitivity (67%). This study used the new reference scale card with
4 bands and reported that more than 90% of the FP results were grade 1 positive results (classified as
positive according to current manufacturer recommendations). Participants included had a median CD4 at
270 cells per mm3 and 33% were symptomatic at enrolment. The study evaluated sputum samples only and
allowed a follow-up for 6 months from AlereLAM testing at enrolment to final classification of participants
as 'TB' or 'Not TB' cases. Thit 2017 differed from the other studies by being conducted in Myanmar, and is
the only study included in this review that evaluated AlereLAM in a setting outside sub-Saharan Africa.
The pooled sensitivity and specificity of the original review were 30% (20% to 43%) and 94% (86% to 97%)
based on three studies and 1055 participants (reported at grade 1 on the old reference scale card with five
bands) (Shah 2016).
Figure 23. Diagnostic accuracy in adults irrespective of signs and symptoms, all settings
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Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, overall.

Unselected participants
Type of analysis

Studies (total
participants)

Overall accuracy 7 studies
(3365)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

432
(13%)

35%
(22 to 50)

95%
(89 to 98)

Footnote: The proportion of symptomatic participants included ranged from 19% in LaCourse 2016 to 91% in
Bjerrum 2015 and in Lawn 2017. See Appendix 8. Characteristics of Included Studies.

PICO 3: What is the diagnostic accuracy of AlereLAM for diagnosis of TB in adults with advanced HIV
disease irrespective of signs and symptoms of TB?
There were limited data to evaluate AlereLAM by CD4 threshold for unselected participants irrespective of
signs and symptoms of TB.
PICO 3a: Accuracy, in inpatient setting and CD4 ≤ 200
For inpatients with CD4 ≤ 200 cells per µL, only one study contributed data and found a sensitivity (95% CI)
of 64% (35% to 87%) and specificity of 82% (67% to 93%) (54 participants; 26% with TB) (Bjerrum 2015).
See Figure 24.
PICO 3b: Accuracy, in outpatient settings and CD4 ≤ 200
For outpatients with a CD4≤ 200 cells per µL, two studies contributed data (652 participants; 10% with TB.
Sensitivity and specificity were 36% and 94% for Bjerrum 2015, and 7% and 99% for Hanifa 2016. Pooled
sensitivity and specificity were 21% (8% to 48%) and 96% (89% to 99%). See Figure 24.
PICO 3c: Accuracy, in all settings and CD4 ≤ 200
Two studies evaluated AlereLAM in unselected participants with CD4 ≤ 200 cells per µL all settings.
Sensitivity and specificity were 45% and 93% for Bjerrum 2015, and 7% and 99% for Hanifa 2016. Pooled
sensitivity and specificity were 26% (9% to 56%) and 96% (87% to 98%) (706 participants; 12% with TB).
See Figure 24.
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Figure 24. Diagnostic accuracy in adults irrespective of signs and symptoms, ≤ 200, by setting
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, CD4 ≤ 200, by setting.

Unselected participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

CD4 ≤ 200
All settings

2 studies
(706)

82
(12%)

26%
(9 to 56)

96%
(87 to 98)

CD4 ≤ 200
Inpatients

1 studyc
(54)

14
(26%)

Not applicable

Not applicable

CD4 ≤ 200
Outpatients

2 studies
(652)

68
(10%)

21%
(8 to 48)

96%
(89 to 99)

Footnote: The proportion of symptomatic participants included was 91% in Bjerrum 2015 and 53% in Hanifa 2016.
See Appendix 8. Characteristics of Included Studies.
c
Bjerrum 2015, Sensitivity 64% (35% to 87%); Specificity 82% (67% to 93%).

PICO 3d: Accuracy, in inpatient setting and CD4 ≤ 100
For inpatients with CD4 ≤ 100 cells per µL, two studies contributed data, (200 participants; 42% with TB)
(Bjerrum 2015; Lawn 2017). Sensitivity and specificity were 60% and 80% for Bjerrum 2015, and 55% and
98% for Lawn 2017. The pooled sensitivity and specificity were 57% (33% to 79%) and 90% (69% to 97%).
See Figure 25.
PICO 3e: Accuracy, in outpatient settings and CD4 ≤ 100
Two studies evaluated outpatients with CD4 ≤ 100 cells per µL, the pooled sensitivity and specificity were
40% (20% to 64%) and 87% (68% to 94%) (217 participants; 21% with TB) (Bjerrum 2015; Drain 2015).
See Figure 25.
PICO 3f: Accuracy, in all settings and CD4 ≤ 100
Three studies evaluated patients with CD4 ≤ 100 cells per µL, all settings and sensitivity estimates ranged
from 37% to 55% and specificity from 80% to 98%. See Figure 25. The pooled sensitivity and specificity
(95% CrI) among participants with CD4 ≤ 100 cells per µL were 47% (30% to 64%) and 90% (77% to 96%)
for participants with CD4 ≤ 100 cells per µL (417 participants; 31% with TB) (Bjerrum 2015; Drain 2015;
Lawn 2017).
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Figure 25. Diagnostic accuracy in adults irrespective of signs and symptoms, CD4 ≤ 100, by setting. Forest
plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological reference
standard, CD4 ≤ 100, by setting.

Unselected participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

CD4 ≤ 100
All settings

3 studies
(417)

130
(31%)

47%
(30 to 64)

90%
(77 to 96)

CD4 ≤ 100
Inpatients

2 studies
(200)

84
(42%)

57%
(33 to 79)

90%
(69 to 97)

CD4 ≤ 100
Outpatients

2 studies
(217)

46
(21%)

40%
(20 to 64)

87%
(68 to 94)

Footnote: The proportion of symptomatic participants included was not stated for Drain 2015 and was 91% in both
Bjerrum 2015 and Lawn 2017. See Appendix 8. Characteristics of Included Studies.

Additional investigations of heterogeneity
CD4 count
For comparison to studies evaluating diagnostic accuracy at lower CD4 counts, we assessed diagnostic
accuracy among participants with CD4 > 200 cells per µL and CD4 > 100 cells per µL. Only one study
reported data for participants with CD4 > 200 cells per µL and reported a sensitivity of 27% (95% CI 6% to
61%) and specificity of 99% (95% CI; 96% to 100%) (Bjerrum 2015). Four studies evaluated AlereLAM in
participants with CD4 > 100 cells per µL where sensitivity estimates ranged from 0% to 33% and specificity
estimates ranged from 95% to 99%. Pooled sensitivity and specificity (95% CrI) were 20% (10% to 35%)
and 98% (95% to 99%), (952 participants, 12% with TB). See Figure 26.
Figure 26. Diagnostic accuracy in adults irrespective of signs and symptoms, by CD4 count.
Forest plots and meta-analysis of AlereLAM sensitivity and specificity for TB against a microbiological
reference standard, by CD4.

337

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Unselected participants
Type of analysis

Studies (total
participants)

Participants with TB
(%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

CD4 > 200

1 studya
(156)

11
(7%)

Not applicable

Not applicable

CD4 ≤ 200

2 studies
(706)

82
(12%)

26%
(9 to 56)

96%
(87 to 98)

CD4 > 100

4 studies
(952)

115
(12%)

20%
(10 to 35)

98%
(95 to 99)

CD4 ≤ 100

3 studies
(417)

130
(31%)

47%
(40 to 64)

90%
(77 to 96)

Footnote: The proportion of symptomatic participants included ranged from 19% in LaCourse 2016 to 91% in both
Bjerrum 2015 and Lawn 2017. See Appendix 8. Characteristics of Included Studies.
a
Bjerrum 2015, Sensitivity 27% (6% to 61%); Specificity 99% (96% to 100%).

TB prevalence
The median prevalence of TB in studies with unselected participants was 10% (IQR 9% to 17%). In a
secondary analysis by TB prevalence, we found that pooled sensitivity and specificity for unselected
participants in settings with TB prevalence of 10% or more were 45% (31% to 61%) and 92% (79% to 97%)
(4 studies) compared to 16% (5% to 36%) and 98% (94% to 99%) in settings with TB prevalence less than
10% (three studies). In general, TB prevalence increased in studies with a higher proportion of symptomatic
participants.
Sensitivity analyses
When we reclassified studies with more than 80% of participants being symptomatic at inclusion as 'studies
of symptomatic adults' (Bjerrum 2015; Lawn 2017) pooled sensitivity and specificity changed slightly to
31% (16% to 50%) and 95% (84% to 98%) (five studies, 2483 participants).
Limiting analysis to studies with low risk of bias for patient selection pooled sensitivity increased to 39%
(17% to 66%) and specificity dropped to 93% (61% to 92%) (three studies,1338 participants).
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Limiting analysis to studies with a low risk of bias in the reference standard domain (two studies), increased
pooled specificity to 99% (95% to 99%) while pooled sensitivity decreased to 24% (8% to 53%). As for
studies with symptomatic individuals, sensitivity increased in studies evaluating AlereLAM on fresh urine
rather than stored urine sample with sensitivity at 41% and specificity at 93% (five studies).
Additional analyses
Investigations of heterogeneity, all studies combined
As we found a similar pattern among studies with symptomatic and studies with unselected participants in
regard to performance when stratified by clinical setting and CD4, we investigated heterogeneity for these
variables across all 15 studies combined. We present pooled sensitivity and specificity of AlereLAM for all
studies combined stratified by setting and by CD4 cell count in
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Table 24.
Setting
We identified a total of nine studies evaluating AlereLAM among inpatients and 10 studies among
outpatients. The pooled sensitivity (95% CrI) among inpatients was 54% (44% to 67%) (2790 participants)
versus 30% (21% to 41%) (3772 participants) among outpatients. Pooled specificity among inpatients was
lower at 87% (75% to 94%) versus 95% (86% to 98%) among outpatients.
CD4 cell count
In the combined analysis of participants with CD4 ≤ 100 cells per µL, pooled sensitivity (95% CrI) was 52%
(41% to 63%) (7 studies, 1656 participants) versus 18% (12% to 25%) (eight studies, 2471 participants)
among those with CD4 > 100 cells per µL. The pooled specificity was 89% (82% to 94%) for participants
with CD4 ≤ 100 cells per µL and 97% (94% to 98%) for those with CD4 > 100 cells per µL.
In the combined analysis of participants with CD4 ≤ 200 cells per µL, pooled sensitivity (95% CrI) was 39%
(25% to 54%) (six studies, 2531 participants) versus 17% (9% to 30%) (four studies, 894 participants)
among those with CD4 > 200 cells per µL. The pooled specificity was 92% (85% to 96%) for participants
with CD4 ≤ 200 cells per µL and 96% (87% to 98%) for those with CD4 > 200 cells per µL. When stratified
by both setting and CD4 for all studies combined the sensitivity remained higher (and specificity lower
among inpatients compared to outpatient in all CD4 strata.
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Table 24. AlereLAM pooled sensitivity and specificity for TB diagnosis, combined analysis of studies
among symptomatic and unselected participants.
Type of analysis

Studies
Participants with TB
(total participants) (%)

Pooled sensitivity
(95% CrI)

Pooled specificity
(95% CrI)

Inpatient

9 studies
(2790)

1027
(37%)

54%
(44 to 67)

87%
(74 to 94)

Outpatient

10 studies
(4024)

682
(17%)

30%
(20 to 41)

96%
(92 to 98)

CD4 > 200

4 studies
(894)

174
(19%)

17%
(9 to 30)

96%
(87 to 98)

CD4 ≤ 200

6 studies
(2531)

804
(32%)

39%
(25 to 54)

92%
(85 to 96)

CD4 > 100

8 studies
(2471)

540
(22%)

18%
(12 to 25)

97%
(94 to 98)

CD4 ≤ 100

7 studies
(1656)

642
(39%)

52%
(41 to 63)

89%
(82 to 94)

CD4 ≤ 200
inpatients

3 studies
(1063)

362
(34%)

56%
(39 to 72)

81%
(66 to 90)

CD4 ≤ 100
inpatients

4 studies
(934)

354
(38%)

60%
(46 to 72)

86%
(72 to 93)

CD4 101-200
inpatients

3 studies
(284)

82
(29%)

37%
(20 to 62)

83%
(63 to 93)

CD4 > 200
inpatients

2 studies
(324)

75
(23%)

21%
(9 to 42)

89%
(72 to 96)

CD4 > 100
inpatients

4 studies
(789)

197
(25%)

23%
(4 to 789)

97%
(89 to 99)

CD4 ≤ 200
outpatients

3 studies
(901)

165
(18%)

22%
(11 to 40)

96%
(90 to 98)

CD4 ≤ 100
outpatients

3 studies
(338)

92
(27%)

36%
(21 to 55)

89%
(77 to 95)

CD4 101-200
Outpatients

2 studies
(222)

60
(27%)

20%
(8 to 43)

96%
(88 to 99)

CD4 > 200
outpatients

1 study
(147)

0
(0%)

Not applicable

Not applicable

CD4 > 100
patients

4 studies
(1120)

234
(21%)

19%
(11 to 31)

97%
(94 to 99)

By setting

By CD4 cell

By CD4 and setting

Abbreviations: Crl: credible interval; AlereLAM: Alere Determine™ TB lipoarabinomannan assay; TB: tuberculosis.

341

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

PICO 4: Can the use of AlereLAM in HIV-positive adults reduce mortality associated with advanced HIV
disease?
For PICO 4, data were available for the inpatient setting only. We therefore report results for PICO 4b)
Inpatient setting; PICO 4e) Inpatient setting with CD4 ≤ 200; and PICO 4h) Inpatient setting with CD4 ≤
100.
We identified two studies that assessed the impact of AlereLAM on mortality when the test was used for
clinical decision-making (Peter 2016; Gupta-Wright 2018a) Both studies were multi-site randomized
controlled trials that evaluated the impact of using AlereLAM as a TB diagnostic test to guide treatment
initiation in HIV-positive adult inpatients, comparing all-cause mortality at 56 days between the AlereLAM
intervention arm and standard-of-care control arm.

Figure 27 shows the risk of bias assessment for the two studies.
Figure 27. Risk of bias summary: review authors' judgements about each risk of bias item for each included
study.

PICO 4b: Impact of AlereLAM on mortality in inpatient settings
Both Peter 2016 and Gupta-Wright 2018a demonstrated that the use of AlereLAM was associated with
reduced eight-week mortality, although in Gupta-Wright 2018a, this was only demonstrated in three
subgroups (patients with presumed TB, patients with CD4 counts less than 100 cells per μL, and patients
with severe anaemia) rather than the overall trial cohort (Table 3 and Table 4).
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Peter 2016 found that, in randomly assigned HIV-positive inpatients, AlereLAM in combination with routine
diagnostic tests (smear microscopy, Xpert MTB/RIF, and culture) to guide the rapid initiation of TB
treatment in HIV-positive adults with at least one TB symptom and illness severity that warranted admission
to hospitals in South Africa, Tanzania, Zambia, and Zimbabwe, was associated with a relative risk reduction
of 17% (95% CI 4% to 28%) in eight-week mortality compared with routine diagnostic tests alone (no
AlereLAM) (Table 3 and Table 4).
Gupta-Wright 2018a randomly assigned HIV-positive inpatients from two hospitals in Malawi and South
Africa, to either the standard of care (sputum Xpert MTB/RIF, with the option of sending additional samples
for routine TB investigations such as smear microscopy or culture) or intervention (which included urine
testing for AlereLAM and Xpert MTB/RIF in addition to sputum Xpert MTB/RIF) irrespective of clinical
presentation or TB status. Mortality at 56 days was 21% in the standard-of-care group versus 18% in the
intervention group, [adjusted risk reduction (aRD) -2.8% (95% CI -5.8 to 0.3), P = 0.074]. However, in three
of the twelve prespecified, but underpowered, subgroups, mortality was lower in the intervention group than
in the standard-of-care group for CD4 counts less than 100 cells per μL [aRD -7.1% (95% CI -13.7 to -0.4),
P = 0.036]; severe anaemia [-9.0% (95% CI -16.6 to -1.3), P = 0.021]; and patients with clinically suspected
TB [aRD -5.7% (95% CI -10.9 to -0.5), P = 0.033] (Table 3 and Table 4).
In the meta-analysis involving both trials, the pooled risk ratio was 0.85 (95% CI 0.76 to 0.94) i.e. study
participants undergoing AlereLAM testing had 0.85 times the risk or 15% lower risk of mortality than
participants undergoing routine TB diagnostic testing without AlereLAM (Figure 15). The absolute effect
was 35 fewer deaths per 1,000 (from 14 fewer to 55 fewer) (high-certainty evidence).
Figure 28. Impact of AlereLAM on mortality in HIV-positive adult inpatients.
Forest plots and meta-analysis of the impact of AlereLAM on mortality, compared to the control study arms
that did not include AlereLAM testing.

PICO 4e: Impact of AlereLAM on mortality in inpatients with CD4 ≤ 200
Peter 2016, reported that in their trial of HIV-positive adult inpatients with at least one TB symptom with
CD4 count of ≤ 200 cells per µL (1725 patients), the use of AlereLAM testing (intervention) was associated
with a HR of 0.87 (0.72 to 1.04) for mortality (i.e. 13% reduction in mortality) compared to the study arm
without AlereLAM testing (Table 3 and Table 4). Gupta-Wright 2018a found that in their trial of unselected
HIV-positive adult inpatients, rapid urine-based screening (which included AlereLAM) was associated with
an adjusted risk difference of -0.1 (-3.3 to -3.1, P = 0.96) in patients with a CD4 count ≥ 100 cells per µL
(Table 3 and Table 4).
PICO 4h: Impact of AlereLAM on mortality in inpatients with CD4 ≤ 100
Peter 2016, reported that in their trial of HIV positive adult inpatients with at least one TB symptom with a
CD4 count ≤ 100 cells per µL (1272 patients), the use of AlereLAM testing (intervention) was associated
with a HR of 0.88 (0.72 to 1.08) for mortality (i.e. 12% reduction in mortality) compared to the study arm
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without AlereLAM testing (Tables 3 and 4). The greatest reduction in mortality (29%) occurred in the 867
patients with a CD4 count ≤ 50 cells per µL (HR 0.71, 0.56 to 0.90). Gupta-Wright 2018a found that in their
trial of unselected HIV-positive adult inpatients, rapid urine-based screening (which included AlereLAM)
was associated with an adjusted risk difference of -7.1 (-13.7 to -0.4; P = 0.036) in patients with a CD4 count
< 100 cells per µL [adjusted odds ratio of 0.72 (0.53 to 0.98)] (Table 3 and Table 4).
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Table 3. Comparison of mortality in randomized trials that evaluated a diagnostic or screening intervention using AlereLAM in HIV-positive
participants
Study

Population

Illness severity
metrics

Design

Time of
mortality
assessment

Mortality analysis Mortality in
intervention

Mortality
in control

Other outcomes
assessed

Gupta-Wright 2574 HIV2018a
positive adults,
inpatients
(unselected)

Median CD4 222 cells Randomized 56 days
controlled
per L,
trial
Karnofsky score 60,
BMI 21.7, median
haemoglobin 10.4 g/dL

aRD -2.8%, 95%
CI: 5.8 to 0.3; P =
0.074

18%
(235/1287)

21%
(272/1287)

Significant mortality
reduction in three
subgroups - severe
anaemia (aRD -9.0%,
95% CI -16.6 to -1.3;
P = 0.021); CD4 <
100 cells per L
(aRD -7.1%, 95% CI
-13.7 to -0.4; P =
0.036); clinically
suspected TB (-5.7%
95% CI -10.9 to -0.5;
P = 0.033). More
patients in LAM arm
were started on
treatment (aHR 1.56,
95% CI 1.29 to 1.88;
P < 0.0001).

Peter 2016

Median CD4 84 cells
per L,
Karnofsky score 50,
BMI 18.8, median
haemoglobin 9.2 g/dL

ARR 4% (1% to
7%)
aRR 0.83, 95% CI
0.73 to 0.96, P =
0.012

20.8%
(261/1257)

24.9%
(317/1271)

Greatest mortality
reduction in those
with CD4 < 50 cells
per L (HR 0.71,
0.56 to 0.90). More
patients in LAM arm
were started on
treatment (52%
versus 47%; P =
0.024)

2528 HIVpositive adults,
inpatients
(symptoms)

Randomized 8 weeks
controlled
trial

Abbreviations: aRD: adjusted risk difference; ARR: absolute risk reduction; aRR: adjusted risk ratio.
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Table 4. Effect of using AlereLAM on mortality, stratified by CD4 group
Study
CD4 group
Effect (95% CI)
Gupta-Wright 2018a
≥ 100
aOR 0.96 (0.74 to1.25)
Peter 2016
> 100
HR 0.71 (0.53 to 0.96)
Peter 2016
> 200
HR 0.65 (0.44 to 0.97)
aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio

CD4 group
< 100
≤ 100
≤ 200

Effect (95% CI)
aOR 0.72 (0.53 to 0.98)
HR 0.88 (0.72 to 1.08)
HR 0.87 (0.72 to 1.04)

Important differences between the trials evaluating the impact of AlereLAM on mortality
There were several differences between the two trials. The median CD4 count was lower in Peter 2016
compared to Gupta-Wright 2018a (84 cells per L versus 227 cells per L). This, in addition to a lower BMI
and Karnofsky score, suggests that the population evaluated in the Peter 2016 study may have been sicker.
Overall severity of illness was higher in Peter 2016 (mortality 21% in AlereLAM and in 25% in no
AlereLAM arms) compared to Gupta-Wright 2018a (mortality 18% in AlereLAM and 21% in no AlereLAM
arms). The percentage of patients on antiretroviral therapy was lower in Peter 2016 than in Gupta-Wright
2018a (48% versus 72%). A greater proportion of participants were started on TB treatment (52% versus
21% in Peter 2016 compared to Gupta-Wright 2018a, reflecting different exclusion criteria (clinical
suspicion of TB compared with an unselected population irrespective of symptoms).
Impact of AlereLAM on other patient-important outcomes
Although mortality was the primary patient-important outcome of interest for our data extraction, we also
recorded data on other patient-important outcomes. Peter 2016 found that the overall percentage of patients
started on TB treatment was higher in the intervention group that received AlereLAM (52% versus 47%; P =
0.024), including a higher proportion that was started on days 0-3 (79% versus 69%; P < 0.0001). GuptaWright 2018a found that time to diagnosis was marginally shorter in the AlereLAM intervention group
compared to the standard-of-care group [median 0 days (IQR 0 to 1) versus 1 day (0 to 6)]. They reported
that increases in TB diagnoses in the intervention group that received AlereLAM were not confined to highrisk subgroups, unlike mortality, with an adjusted absolute risk increase of 7.0% (95% CI 4.1 to 10.0) in TB
diagnoses in patients with CD4 counts of 100 cells per µL. Time from diagnosis to treatment was short
(median of 1 day, IQR 0 to 1) and did not differ between the group that received AlereLAM and the
standard-of-care. However, more patients were started on TB treatment during admission in the group that
received AlereLAM (268/1287) compared to the standard-of-care group (182/1287) (aHR 1.56, 95% CI 1.29
to 1.88; P < 0.0001).
Association between AlereLAM positivity with mortality
Association between AlereLAM test positivity with mortality in all settings
We additionally identified 12 studies that had data on the association between AlereLAM positivity and
mortality (Table 5) as part of diagnostic accuracy studies (in which AlereLAM was not used for clinical
decision making). Three studies evaluated the diagnostic accuracy of AlereLAM (without using results for
clinical decision making) in inpatients (LaCourse 2018a; Lawn 2017; Manabe 2014) and six studies
evaluated the diagnostic accuracy of AlereLAM (without using results for clinical decision making) in
outpatients (Balcha 2014; Drain 2015a; Drain 2017; Hanifa 2016; Lawn 2012b; Peter 2015) and three studies
evaluated its use in both inpatients and outpatients (Bjerrum 2015; Huerga 2017; Thit 2017). All studies
included only HIV-positive participants except one (Drain 2015a), in which the study population consisted
of adults with ≥ two TB symptoms for ≥ two weeks being initiated on TB therapy, of whom 93% were HIVpositive. All studies evaluated adults aside from one (LaCourse 2018a) that evaluated children. All were
prospective cohorts or nested prospective cohorts within trials or cross-sectional diagnostic accuracy studies
(Table 5). The timing of mortality assessment was highly variable and ranged from 56 days to 12 months.
The type of mortality analysis also varied although the majority of prospective cohort studies used hazard
ratios.
When considering the association of AlereLAM and mortality (not used for clinical decision making), all
prospective studies compared patients who had a positive AlereLAM test with those who had a negative
AlereLAM test, with some studies providing additional data on the AlereLAM test status stratified by those
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with a confirmed diagnosis of TB, those who did not have TB and those with an inconclusive evaluation for
TB. Data on patient outcomes were largely restricted to post-hoc analyses. However, all prospective cohort
studies aside from one (Thit 2017) demonstrated a significant association between AlereLAM test positivity
and mortality, despite considerable variability in the method of TB diagnosis, provision of treatment and
length of follow-up. We note that these investigators did not use the results of AlereLAM to guide treatment
initiation.
Association between AlereLAM test positivity with mortality in inpatient settings
LaCourse 2018a reported higher mortality at six months (134/100 person years versus 32/100 person years
[AHR 4.61 (95% CI 1.63 to 12.96), P = 0.004] in AlereLAM positive than AlereLAM negative hospitalized
HIV-positive children who were evaluated for TB irrespective of clinical suspicion. Lawn 2017 reported
higher mortality at 90 days [24.5% versus 7.2%, aOR 4.2 (95% CI 1.50 to 11.75)] in unselected HIVpositive adult inpatient. Of note, AlereLAM was performed on frozen urine specimens that were obtained at
the time of enrolment. Manabe 2014 reported higher mortality at six months (40% versus 28%, P = 0.016) in
AlereLAM positive than AlereLAM negative hospitalized HIV-positive adults with at least one TB symptom
(secondary analysis, Nakiyingi 2014). Manabe 2014 additionally reported higher mortality in AlereLAM
positive study participants with confirmed TB (39% versus 20%), those with possible TB (22% versus 17%)
and those without evidence of TB (49% versus 31%), compared to those in each of these groups respectively
that were AlereLAM negative. In contrast, Thit 2017, which was a hospital-based study in Myanmar with
inpatients and outpatients that represents the only study with impact data that was conducted outside Africa,
reported that AlereLAM had limited potential clinical utility in their cohort. Four out of the six inpatients
who died had a positive AlereLAM test but three received anti-TB therapy prior to death and the fourth had
cryptococcal meningitis. Bjerrum 2015 did not report mortality data for inpatients and outpatients separately
but found that AlereLAM positive participants had a significantly higher probability of death compared to
AlereLAM negative in the overall population (49% versus 14%, P < 0.001) and among those with confirmed
TB (54% versus 16%, P = 0.002). Bjerrum 2015 reported that among TB participants who received TB
treatment, 31% of those who were AlereLAM positive died compared to only 4% of those who were
AlereLAM negative. Among TB participants who did not receive treatment at the time of assessment in the
study, 100% of those who were AlereLAM positive died compared to 33% of those who were AlereLAM
negative. Huerga 2017 also did not report mortality data for inpatients and outpatients separately but found
that mortality was higher in AlereLAM positive compared to AlereLAM negative patients (22.8% versus
8.1%, P < 0.0001), although this difference was not statistically significant amongst confirmed TB patients
(confirmed TB patients: 22.8% vs 11.1%, P = 0.130). In a post-hoc analysis, Peter 2013 reported that among
inpatients, AlereLAM positive TB participants missed by empirical early treatment had lower CD4 counts
and higher median illness severity scores, compared to participants who received early treatment based on
clinical decision making.
Association between AlereLAM test positivity with mortality in outpatient settings
We identified six studies that presented results on the association of LAM positivity and mortality in the
outpatient setting. Balcha 2014 reported higher mortality (20.0% versus 2.7%, P < 0.001) in AlereLAM
positive than AlereLAM negative participants. Drain 2015a reported AlereLAM responses over time. They
reported that among participants receiving TB therapy, having a positive AlereLAM test at the two-month
visit was associated with an adjusted hazard ratio (HR) of 5.58 for mortality (median follow up time of 49
months) compared to participants with a negative AlereLAM test at the two-month visit. Participants with a
positive AlereLAM at six months had an adjusted HR of 42.1 for mortality during study follow-up. They
found no difference (adjusted HR 0.99, P = 0.99) in mortality comparing baseline AlereLAM results. Drain
2017 reported that HIV- positive ART-naïve adult outpatients with a positive AlereLAM test was associated
with an adjusted hazard ratio (HR) of 4.26 for mortality (follow up time of 12 months). Hanifa 2016 reported
a higher mortality [14% versus 5%, HR 3.6 (95% CI 1.2 to 10.5), P = 0.04] in AlereLAM positive compared
to AlereLAM negative (using grade 1 as the test positivity threshold) HIV-positive adults attending HIV
clinics (CD4 ≤ 200 cells per µL) irrespective of symptoms or presentation. Lawn 2012b found that among 23
TB participants who were AlereLAM positive, five people died (22%) compared to zero deaths (0/36)
among TB participants who were AlereLAM negative (secondary analysis, Lawn 2012a). Peter 2015
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reported mortality of 25% and 11% in AlereLAM positive and AlereLAM negative participants,
respectively. In another secondary analysis to Lawn 2012a, Lawn 2013 reported that AlereLAM sensitivity
was 100% among TB participants who died compared to 25% among TB participants who were alive at 90
days (P = 0.002).
General observations on AlereLAM positivity, mortality, and CD4 count
LaCourse 2018a and Drain 2015a adjusted their mortality analysis for baseline CD4 count or percentages but
did not report specific mortality data stratified by CD4 count. Lawn 2012a and Lawn 2017 found that those
testing AlereLAM positive had lower CD4 counts and a higher prevalence and severity of anaemia (P <
0.001) but mortality analyses evaluated AlereLAM positivity and CD4 count separately.
Association between AlereLAM test positivity with mortality in individuals with CD4 ≤ 200 cells per
µL
Drain 2017 reported that in HIV positive ART-naïve adult outpatients with CD4 count of < 200 cells per µL,
a positive AlereLAM test (grade 2 on the old reference scale card with five band intensities) was associated
with an adjusted hazard ratio (HR) of 2.71 (0.95 to 7.71, P = 0.06) for mortality compared to those who had
no evidence of TB and a negative AlereLAM result, which rose to 3.61 (1.69 to 7.71, P = 0.0009) when a
positive AlereLAM result of grade 3+ or above was analysed (old reference card).
Association between AlereLAM test positivity with mortality in individuals with CD4 ≤ 100 cells per
µL
Thit 2017 reported that of the five deaths among 21 inpatients with TB symptoms and a CD4 T-cell count <
100 cells per µL, three (60%) had a positive AlereLAM result but all of these were on TB treatment prior to
death. Balcha 2014 reported that among 21 outpatients with positive AlereLAM results who had not received
TB diagnosis (neither by bacteriological nor clinical criteria), five died within six months of inclusion. All
five whom had positive WHO symptom screens and had baseline CD4 counts < 100 cells per µL; three had
started ART within three months of inclusion but none had started TB treatment. Drain 2015a reported that
the overall mean urine AlereLAM test grade decreased from 0.7 (+/- 1.3) at baseline to 0.5 (+/- 1.3) at two
months to 0.2 (+/- 0.7) at the six months visit and that these results were similar when stratified by CD4
above/below 100 cells per µL. Drain 2017 reported that in HIV-positive ART-naïve adult outpatients with
CD4 count ≤ 100 cells per µL, a positive AlereLAM test (grade 2 on the old reference scale card with five
band intensities) was associated with an adjusted hazard ratio (HR) of 2.96 (1.01 to 8.70, P = 0.05) for
mortality compared to those who had no evidence of TB and a negative AlereLAM result, which rose to 3.04
(1.34 to 6.91, P = 0.008) when a positive AlereLAM result of ≥ 3+ was analysed.
Although these studies did not directly assess the impact of AlereLAM on patient-important outcomes, Lawn
2012b found that patients who had a positive AlereLAM result initiated treatment within eight days,
compared to 21 days for those with a negative test result. Peter 2015 demonstrated that LAM positivity was
associated with same day treatment initiation, compared to treatment initiation between day 2 to 56 for those
with a negative test result.
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Table 5. Comparison of mortality in AlereLAM positive and AlereLAM negative participants in diagnostic accuracy studies
Study

Population

Mortality in LAM positive

Mortality in LAM
negative

Other outcomes assessed

LaCourse
2018a

181 HIV-positive children, Nested prospective
inpatients (unselected)
cohort
6 months

137 HIV-positive
inpatient children with
valid LAM results

134/100 person years
aHR 4.61
95% CI: 1.63-12.96;
P = 0.004

32/100 person years

Hazard ratio adjusted for
CD4 %.

Lawn 2017

427 HIV-positive adults,
inpatients (unselected)

136 TB cases

24.5% (13/53)
aOR 4.2
95% CI: 1.50-11.75

7.2% (6/83)

LAM+ participants had a
lower CD4 count and more
severe anaemia (P < 0.001)

Manabe 2014

506 HIV-positive adults
Prospective cohort
with at least 1 TB symptom, 6 months
inpatients (symptomatic)

351 enrollees
145 TB cases
21 with possible TB
185 with no evidence of
TB

40% (54/134)
39% (35/90)
22% (2/9)
49% (17/35)
Unadjusted HR for LAM
positivity 1.67; P = 0.025

28% (60/217)
20% (11/55)
17% (2/12)
31% (47/150)

Thit 2017

517 HIV-positive adults,
inpatients (unselected)

Prospective cohort
6 months

54 TB cases

11.4% (4/35)

10.5% (2/19)

Balcha 2014*

757 HIV-positive adults
eligible for ART (CD4 <
350 or WHO stage 4),
outpatients (unselected)

Prospective cohort
6 months

148 TB cases

20% (7/35)

2.7% (3/113)

Prospective crosssectional
6 months

469 enrollees
55 TB cases
39 TB cases starting
treatment

49% 22/45
54% (13/24)
32% (5/16)
Kaplan-Meier log-rank test P
< 0.001

14% (59/424)
16% (5/31)
4% (1/23)

50% (4/8), AHR 5.58
95% CI: 1.24-25.2, P = 0.02
AHR 42.1
95% CI: 1.87-9.52, P = 0.02

18.5% (12/65)

Bjerrum 2015 469 HIV-positive adults
eligible for ART (WHO
stage 3/4, CD4 < 350)
(unselected)
Drain, 2015a

Design and timing for Population for
mortality analysis
mortality analysis

Prospective cohort
90 days

90 adults with ≥ 2 TB
Prospective cohort
90 outpatients
symptoms for ≥ 2 weeks
2 months and 6 months 2 months
being initiated on TB
therapy, no sputum or
smear negative, outpatients
6 months
(symptomatic)

Treatment monitoring:
the % of LAM+ participants
decreased from 32%
(baseline) to 16% (2
months). Hazard ratio
adjusted for baseline CD4
count.
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Drain 2017

796 HIV-positive adults,
ART-naïve, outpatients
(unselected)

Prospective cohort
12 months

Hanifa 2016*

586 HIV-positive adults
Nested within
(CD4 < 200) attending HIV prospective cohort
clinics, outpatients
6 months
(unselected)

726 HIV-positive ARTnaïve outpatients

31.2% (29/93)
MHR 4.26
95% CI: 2.65-6.84 (includes
LAM grade 1 positive result)

9.5% (60/633)
Mortality hazard ratios
8.3% (42/504) LAM stratified by CD4 levels
negative without
evidence of TB
14% (18/129). LAM
negative with
evidence of TB

426 enrollees with
evaluable data

14% (4/28)
HR 3.6
95% CI: 1.2-10.5
P = 0.04

5% (20/440)

468 enrollees with vital
status data
Confirmed TB patients
Non-TB patients
Patients with
inconclusive TB
classification

22.8%, aOR 2.7,
95% CI: 1.5-4.9, P = 0.001
22.8%
15.8%
28.1%

8.1%

Huerga 2017* 474 HIV-positive adults
with cough or cough plus
other TB symptom,
inpatients and outpatients
(symptomatic)

Prospective cohort
2 months

Lawn 2012b*

325 HIV-positive adults,
ART-naïve, outpatients
(unselected)

Prospective cohort
90 days

59 TB cases

21.7% (5/23) (same at 30
days)

0% (0/36) (same at
30 days)

Time to treatment 8 days
(LAM positive) versus 24
days (LAM negative)

Peter 2015

583 HIV-positive adults
with suspected TB
(symptomatic)

Cross-sectional
6 months

583 enrollees
123 TB cases

25% (9/32)
35% (6/17)
ARR 14%
P = 0.02

11% (40/361)
14% (15/106)

POC LAM (unclear grade)
would have increased same
day treatment initiation
from 24% (21/89) to 44%
(39/89), P = 0.004

11.1%
4.0%
9.9%

Abbreviations: AHR: adjusted hazard ratio; aOR: adjusted odds ratio; ARR: absolute risk reduction; ART: antiretroviral therapy; MHR: mortality hazard ratio; TB: tuberculosis.
*Denotes study in which grade 1 (using the old reference card with five band intensities) was used.
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Discussion
This updated systematic review summarizes the current literature and includes 15 unique studies on the
accuracy of the urine-based lateral flow lipoarabinomannan assay, Alere Determine™ TB LAM Ag,
'AlereLAM', for tuberculosis (TB) in adults with human immunodeficiency virus (HIV) and integrates nine
new studies identified since the original WHO and Cochrane Review (WHO Lipoarabinomannan Policy
Guidance 2015; Shah 2016). Eight studies used AlereLAM for TB diagnosis in symptomatic adult
participants with signs and symptoms suggestive of TB. These studies largely focused on inpatient settings
and had high TB prevalence. Seven studies used AlereLAM for diagnosing TB in unselected participants that
may or may not have had symptoms suggestive of TB when enrolled in the study. The studies with
unselected participant were conducted predominantly in outpatient settings and, compared to studies with
exclusively symptomatic participants, had lower TB prevalence and involved patients with higher CD4
counts; the proportion of symptomatic participants in these studies ranged from 19% to 90%. All studies
were conducted in low- and middle-income countries with a high TB/HIV burden, and only one study
outside sub-Saharan Africa. We identified two randomized controlled trials that evaluated the impact of
AlereLAM implementation among hospitalized patients on morality and other outcomes.
A summary of AlereLAM performance in children is reported separately in Appendix 9: Diagnostic accuracy
of AlereLAM among HIV-positive children, summary.
Summary of main results
For TB diagnosis in HIV-positive adults presenting with signs and symptoms of TB, the diagnostic accuracy
of AlereLAM is:
in inpatient settings, sensitivity 52% and specificity 87% (PICO1a)
in outpatient settings, sensitivity 29% and specificity 96% (PICO 1b)
in all settings, sensitivity 42% and specificity 91% (PICO1c)
For TB diagnosis in HIV-positive adults irrespective of signs and symptoms of TB, the diagnostic accuracy
of AlereLAM is:
in inpatient settings, sensitivity 62% and specificity 84% (PICO 2a)
in outpatient settings, sensitivity 31% and specificity 95% (PICO 2b)
in all settings, sensitivity 35% and specificity 95% (PICO 2c)
For diagnosis of TB in adults with advanced HIV disease irrespective of signs and symptoms of TB, the
diagnostic accuracy of AlereLAM is (limited data available):
in inpatient setting CD4 ≤ 200, sensitivity of 64% and specificity 82% (one study, PICO 3a)
in outpatient setting CD4 ≤ 200, sensitivity 21% and specificity 96% (PICO 3b)
in all settings CD4 ≤ 200, sensitivity 26% and specificity 96% (PICO 3c)
in inpatient setting CD4 ≤ 100, sensitivity 57% and specificity 90% (PICO 3d)
in outpatient setting CD4 ≤ 100, sensitivity 40% and specificity 87% (PICO 3e)
in all settings CD4 ≤ 100, sensitivity 47% and specificity 90% (PICO 3f)
For diagnosis of TB in HIV-positive children, the diagnostic accuracy of AlereLAM is (limited data
available)
in all settings, including all children, for individual studies, sensitivity and specificity were 42% and 94%
(outpatient setting); 56% and 95% (inpatient setting); and 43% and 80% (both inpatient and outpatient
settings)
For use of AlereLAM to reduce mortality associated with advanced HIV disease (two randomized trials)
the pooled risk ratio for mortality was 0.85 (0.76 to 0.94) and the absolute effect was 35 fewer deaths per
1,000 (from 14 fewer to 55 fewer) (PICO 4)
AlereLAM for TB diagnosis in symptomatic participants
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For TB diagnosis among symptomatic adults, the pooled sensitivity of AlereLAM was 42% and pooled
specificity was 91%. In planned investigations of heterogeneity, we found an inverse correlation between
AlereLAM sensitivity and CD4 count, with increasing sensitivity as patient CD4 count decreased (increased
from 16% in patients with CD4 cell count > 200 cells per µL to 24% in patients with CD4 cell count between
101-199 cells per µL, to 54% in patients with CD4 ≤ 100 cells per µL. Similarly, we a priori planned to
investigate and expected to find higher sensitivity in patients who were hospitalized (sensitivity increased
from 29% among outpatients to 52% among inpatients) while specificity decreased (from 96% among
outpatients to 87% among inpatients).
Results of these studies indicate that in theory, for a population of 1000 people where 300 have
microbiologically-confirmed TB, 189 would be AlereLAM-positive: of these, 63 (33%) would not have TB
(false-positives); and 811 would be AlereLAM-negative: of these, 174 (21%) would have TB (falsenegatives).
AlereLAM for TB diagnosis in unselected participants
For TB diagnosis among unselected HIV-positive adults (with or without signs or symptoms of TB), the
pooled sensitivity was low (35%), with a relatively high pooled specificity (95%). In the investigations of
heterogeneity, we expected and found a higher sensitivity in patients with low CD4 cell count and among
inpatients compared to patients with higher CD4 cell and outpatients respectively, though data to inform
subgroup analyses were limited. We noted that participants included in the studies with unselected
participants often presented with sign and symptoms suggestive of TB (a positive WHO TB screen), and in
the studies evaluating inpatients the majority of participants (> 80%) were in fact presenting with signs and
symptoms suggestive of TB. These studies may be considered more similar to studies with exclusively
symptomatic participants. In additional analysis of heterogeneity, we examined diagnostic accuracy based on
TB prevalence within the studied cohort, as an alternative surrogate to presence of symptoms or CD4 count
as an assessment of pre-test probability. We found that pooled sensitivity was 45% when TB prevalence
within the study population was ≥ 10%, compared to only 16% when TB prevalence in the study population
was < 10%.
Results of these studies indicate that in theory, for a population of 1000 people where 100 have
microbiologically-confirmed TB, 80 would be AlereLAM-positive: of these, 45 (56%) would not have TB
(false-positives); and 920 would be AlereLAM-negative: of these, 65 (7%) would have TB (false-negatives).
AlereLAM for TB diagnosis, overall
The findings of this updated review are consistent with those of the original review (WHO
Lipoarabinomannan Policy Guidance 2015; Shah 2016). Inclusion of additional studies in this updated
review provided the basis for a more precise estimate of the AlereLAM overall sensitivity and specificity. It
further allowed us to address key questions regarding test accuracy and sources of heterogeneity including
clinical setting and CD4 cell count in studies with symptomatic individuals and in studies with unselected
participants.
Overall, we found lower sensitivity for diagnosis of TB among people living with HIV than the
internationally suggested target of minimum 65% overall for rapid non-sputum TB tests (WHO TTP 2014).
We found that sensitivity increased when considering inpatients and individuals with lower CD4 counts,
whether considering studies with exclusively symptomatic participants or those with unselected participants.
When restricting analysis to studies that included participants unable to produce a sputum sample, the
estimates of sensitivity increased. Sputum-scarce patients may be the potential target population to benefit
the most from urine-based testing as they cannot have other sputum-based diagnostic testing and are likely to
have high yield of urine LAM test positivity (Sabur 2017). However, only a few studies included patients
who could not provide sputum samples for diagnostic testing. To the extent that inability to produce sputum
is correlated with severity of TB disease and/or LAM positivity, this approach to participant selection could
have lowered sensitivity estimates within these studies.

352

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Sensitivity analysis further revealed a higher sensitivity among studies evaluating AlereLAM on fresh nonstored urine samples without it affecting specificity. However, no study has made a direct comparison of
performance on fresh versus frozen/stored urine samples and the significance of this is unclear.
Overall, we found that the estimated specificities were approaching the recommended targets for non-sitespecific, non-sputum based test (WHO TTP 2014), although lower specificity was found among inpatients
and those with advanced immunosuppression compared to outpatients and those with higher CD4 counts.
We expected that, if restricting the analysis to studies using a higher quality reference standard (e.g.
inclusion of more than one specimen type), that estimates of specificity would increase, but had limited data
to conduct such a sensitivity analysis.
In a diagnostic test accuracy systematic review, the reference standard is the best available test to determine
the presence or absence of the target condition. We only included studies with a microbiological reference
standard, which is considered the best currently available reference standard for TB. We included studies
that evaluated AlereLAM for diagnosis of pulmonary TB, extrapulmonary TB, or both pulmonary and
extrapulmonary TB. However, we recognize that a substantial number of TB cases may not be verified by
microbiological testing if only sputum is tested and when patients with advanced HIV are assessed. We
acknowledge difficulties in diagnosing HIV-associated TB with extrapulmonary and disseminated forms of
disease and considered a standardized reference standard using two or more specimen types to be of higher
quality than a reference standard using one specimen type. The higher quality reference standard is better at
classifying which patients have and do not have TB. A lower quality reference standard may miss some TB
cases and classify some TB patients as not having TB. This may make a truly positive AlereLAM result
seem like an FP leading to an underestimation of specificity. In this review, we did not assess performance
against a composite reference standard that uses microbiological or clinical information to classify TB. This
was done in the original WHO and Cochrane Review (WHO Lipoarabinomannan Policy Guidance 2015;
Shah 2016), but found little impact on pooled estimates of sensitivity and specificity relative to performance
measured against a microbiological reference standard.
We could not determine whether heterogeneity in specificity estimates was fully attributable to
misclassification bias. Some studies (Qvist 2014 and Nel 2017) have postulated that infection with
(disseminated) non-tuberculous mycobacteria may also result in false-positive results, although this
hypothesis is still questioned (Gupta-Wright 2018). Only one study, Thit 2017, was conducted outside of
sub-Saharan Africa, and was noted to report the lowest specificity estimates of all included studies; reasons
for potential false-positive results remain unclear and it is unknown if differences in the epidemiology of
disseminated NTM and other opportunistic infections across settings could contribute to variation in
specificity.
We decided a priori to evaluate performance of AlereLAM in HIV-positive individuals with signs and
symptoms of TB (symptomatic) separately from HIV-positive individuals irrespective of signs and
symptoms of TB (unselected participants). We considered evaluating AlereLAM performance among
specifically asymptomatic (i.e. exclusively those without symptoms) participants to assess the role of
AlereLAM for TB screening, but such data were lacking among included studies. We did find that several
studies among unselected participants reported that a high proportion of study participants had signs and
symptoms of TB, suggesting relative similarities to studies that enrolled exclusively symptomatic
participants. Consequently, the overall performance of AlereLAM among asymptomatic patients remains
largely unknown.
The overall differences in pooled estimates of sensitivity and specificity between studies of symptomatic
versus unselected participants may have been attributable to differences in study setting and relative degree
of immunosuppression of included participants, rather than type of study (i.e. unselected versus symptomatic
participants). When examining inpatients, the pooled estimates for sensitivity were 52% (40% to 64%) and
62% (41% to 83%), when comparing studies of symptomatic participants and those including unselected
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participants. Among outpatients, the pooled sensitivity was 29% (17% to 47%) compared to 31% (18% to
47%) among studies of symptomatic participants and unselected participants, respectively. In a secondary
analysis combining studies among symptomatic participants and unselected participants, we found a pooled
sensitivity of 54% for inpatients compared to 30% among outpatients and a pooled sensitivity of 52% versus
18% among participants with CD4 ≤ 100 cells per µL and CD4 > 100 cells per µL, respectively. In the
analysis of all studies combined, the sensitivity remained higher for inpatients than for outpatients across all
CD4 strata. This indicate that other characteristics than lower CD4 may explain the higher sensitivity among
inpatients like higher TB prevalence, higher mycobacterial burden, renal or genitourinary tract TB with
LAM secretion in urine.
Overall, our findings suggest that the diagnostic accuracy of AlereLAM may vary by study setting, CD4
count, and TB prevalence among the target population. The authors hypothesize that these attributes
(inpatients, low CD4 counts, or high TB prevalence) may collectively be surrogate indicators of participants
with advanced TB disease or higher bacillary burden and LAM antigenuria in whom AlereLAM may aid in
the diagnosis of TB, including both pulmonary and extrapulmonary TB. Although subgroup comparisons in
diagnostic accuracy reviews are observational and suffer from the same limitations as all observational
findings (for example, confounding between characteristics), there is a scientific rationale for these finding in
that inpatients, those with low CD4, or cohorts with higher TB prevalence are likely to have higher disease
severity or higher bacillary burden. While the test does not identify all TB cases, our findings suggest that it
may be of particular value in diagnosing TB among patients with increased disease severity. Other factors
that may be considered in evaluating AlereLAM may include ability to perform the test on individuals
unable to produce sputum who cannot be diagnosed with other TB diagnostic tests, and ability to implement
the test at the point-of-care with non-invasive specimen collection (WHO TTP 2014).
Impact on mortality
We sought to systematically analyse data on patient-important outcomes. Since the publication of the
original Cochrane Review (Shah 2016), a second randomized trial that evaluated the impact of AlereLAM
implementation on mortality in unselected HIV-positive inpatients (i.e. as a screening test rather than
diagnostic test used in patients with TB symptoms) has been published (Gupta-Wright 2018).
Both trials demonstrated mortality reduction in patients with a CD4 count < 100 cells per µL. Both trials also
demonstrated an increase in the number of patients started on treatment. Importantly, Gupta-Wright 2018
demonstrated that only 57% of patients could produce sputum for Xpert MTB/RIF testing, in contrast to 99%
of patients who could produce urine for AlereLAM testing. Of note, in both trials, patients who could not
give informed consent were ineligible to participate. This accounted for 1074/9728 (12.3%) in Peter 2016
and 654/4788 (13.7%) in Gupta-Wright 2018. Since some of these patients could not consent due to the
severity of their illness, this may have biased the effect of the intervention towards the null. Since both trials
were conducted in sub-Saharan Africa, it is possible that this may limit applicability to other populations.
In additional analyses we demonstrated that within diagnostic accuracy studies that included follow-up for
clinical outcomes, without using AlereLAM results for clinical decision making, there appeared to be an
association between AlereLAM positivity among both participants with and without confirmed TB (by
microbiological and/or clinical study reference standards) and mortality. These data must be interpreted
cautiously as they represent secondary analyses within observational cohorts, are limited in size, and may not
control for important biases or other factors. It is likely that these findings may represent the effect of missed
diagnoses (that could be averted through earlier diagnosis using rapid AlereLAM testing) and/or that there is
a biological association between disease severity resulting in AlereLAM excretion in urine.

Differences from original Cochrane Review
In comparison to the original Cochrane Review (Shah 2016), this updated review includes 15 published
studies (eight among studies with symptomatic participants, seven among studies with unselected
participants). By contrast, the prior review included data from twelve studies, of which three used an older
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threshold for determining test positivity that is no longer recommended and three were abstracts of which
one was included in this review as an updated published manuscript (Lawn 2014a).
In the evaluation of diagnostic accuracy among symptomatic participants, the pooled estimates for sensitivity
(42% versus 45%) and specificity (91% versus 92%) remained similar, comparing the current review and
prior review, respectively. When stratified by setting, the pooled estimates among inpatients for sensitivity
(52% versus 53%) and specificity (87% versus 90%) did not change substantially when comparing the
current review and the prior review, respectively. Pooled estimates among outpatients at the current
manufacturer threshold for positivity were not previously available.
In the prior review (Shah 2016), some studies were classified as ‘TB screening’ if they included participants
irrespective of symptoms (i.e. with or without symptoms). Recognizing that these studies may have included
a large proportion of symptomatic participants, these studies have been more clearly labelled as studies
among ‘unselected participants’ in the current review. In the prior review, there was insufficient data to
perform meta-analysis among unselected participants at the currently recommended manufacturer threshold
for test positivity. There were previously insufficient data to investigate heterogeneity due to study setting or
CD4 count. In the current review, we report on diagnostic accuracy among inpatients and outpatients and by
CD4. In both the current and prior review, data to assess diagnostic accuracy among asymptomatic
participants (without signs or symptoms of TB) were unavailable.
This updated review did not assess diagnostic accuracy at an older threshold for determining test positivity
(grade 1 out of 5, on an older reference card); data on diagnostic accuracy for this threshold can be found in
the prior review (Shah 2016). Similarly, in this updated review we did not evaluate accuracy against a
composite reference standard, results of which were included in the prior review (Shah 2016). Finally, given
relative lack of data on evaluating the incremental yield of AlereLAM in combination with sputum smear
microscopy and Xpert MTB/RIF, we did not include these analyses in the updated review, but a summary of
available data is found in the prior review (Shah 2016).
We note that the band intensity of grade 1 in this review corresponds to the current manufacturer threshold
for positivity (equivalent to that of grade 2 on the old manufacturer reference card) and all results were
evaluated against a microbiological reference standard.
Strengths and weaknesses of the review
The findings in this review are based on comprehensive searching, strict inclusion criteria, and standardized
data extraction. The strength of our review is that it enabled an assessment of the accuracy of AlereLAM in
people living with HIV with signs and symptoms of TB and irrespective of signs and symptoms of TB. This
updated review included new studies published since the original review. However, we found considerable
heterogeneity across studies with respect to clinical setting, CD4 count and TB prevalence. For some
analyses and subgroup analyses, few studies and participants contributed data and results should, therefore,
be interpreted with caution.
The review was further limited by the number of studies that used a lower quality reference standard and the
high risk of selection bias in several studies due to exclusion of patients unable to produce sputum.
Moreover, only a single study was conducted outside sub-Saharan Africa.
We had overall low concern about the applicability of the included studies to our review question as assessed
by QUADAS-2. However, studies of HIV-positive adults irrespective of signs and symptoms had low
representation of asymptomatic individuals, as a majority of participants in fact presented with signs and
symptoms of TB. To date, no study evaluated AlereLAM in an asymptomatic population.
Using the GRADE approach, we judged the evidence for diagnostic accuracy of AlereLAM to be of low or
very low certainty. This means that our confidence in the effect estimate is limited and the true effect may be
substantially different from the estimate of the effect.
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Authors' conclusions
Implications for practice
For people living with HIV, this review found overall lower sensitivity of AlereLAM than the internationally
suggested target of minimum 65% overall for non-sputum based TB diagnostic tests (WHO TTP 2014). This
was consistent whether the test is used for diagnosis of TB among symptomatic (sensitivity of 42%) or
unselected participants (sensitivity of 35%). The estimated sensitivity suggests that if AlereLAM were to be
used alone, more than half of all TB cases would be missed.
Despite the estimated sensitivity, two randomized controlled trials implementing AlereLAM in high
prevalence settings in sub-Saharan Africa have demonstrated reduced mortality and impact on other clinical
outcomes when used to guide TB treatment in hospitalized HIV-positive adults.
The proposed role for the AlereLAM test is to be used in combination with existing TB tests to assist TB
diagnosis and possibly improve important outcomes among HIV-positive patients with advanced disease.
The test does not require sputum collection and is not site-specific. Other favorable
test characteristics include low-cost, rapidity (< one hour), ease of use (does not require extensive sample
preparation), and the fact that the test does not require electricity or special instruments and equipment
(WHO TTP 2014). As a simple point-of-care test that does not depend upon sputum evaluation, AlereLAM
testing may be the only possible way to confirm a diagnosis when a sputum sample cannot be produced.
Findings suggest that sensitivity increases with lower CD4 counts and in inpatient settings compared to
outpatient settings. We found differences in AlereLAM performance based on TB prevalence of the target
population (when stratified at greater or less than 10% among unselected participants irrespective of
symptoms), with higher diagnostic sensitivity when the study population had higher TB prevalence (≥ 10%).
The overall association of differing diagnostic accuracy of AlereLAM when examined by study setting and
degree of immunosuppression were consistent irrespective of approach to patient selection. However, we had
limited data and these findings should be interpreted with caution.
Clinicians must consider the need for additional testing when interpreting negative AlereLAM results. The
consequences of false-negative results are increased risk of morbidity and mortality, delayed treatment
initiation, and the continued risk of TB transmission. The consequences of false- positive results are delayed
alternative diagnosis, likelihood of anxiety and morbidity caused by additional testing, unnecessary
treatment, and possible adverse events; possible stigma associated with a diagnosis of TB. As AlereLAM
does not offer information about drug resistance, a culture- or molecular-based diagnosis should be
attempted to enable drug susceptibility testing to avoid that patients with unidentified drug-resistant TB may
be inappropriately treated with a regimen appropriate only for drug-sensitive disease.
Implications for research
Future studies that evaluate the diagnostic accuracy of non-sputum-based tests for TB, such as AlereLAM, in
people living with HIV should use a reference standard that includes at least two specimen types or
extrapulmonary specimens in addition to sputum. Moreover, future studies should include patients unable to
expectorate sputum in the analysis. While some studies enrolled unselected participants, our review suggests
that a large proportion were symptomatic, particularly in the inpatient setting. These features of study design
may decrease the risk of bias in the accuracy estimates. Performance of AlereLAM for TB detection among a
cohort of exclusively asymptomatic participants is largely unknown. The indication of increased sensitivity
with use of fresh urine needs further investigations, and studies in settings outside sub-Saharan Africa are
lacking. Further research on effective implementation of AlereLAM within routine clinical practice is needed
because the test can only influence clinical practice if the results are believed and acted upon.
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Appendices
Appendix 1. Reference card grading of Alere Determine™ TB LAM
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Appendix 2. PICO questions
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in all HIV-positive adults and
children with signs and symptoms of TB?
in inpatient settings (adults, adolescents and older children)
in outpatient settings (adults, adolescents and older children)
all settings (adults, adolescents and older children)
in inpatient settings (children ≤ 5 years)
in outpatient settings (children ≤ 5 years)
all settings (children ≤ 5 years)
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in all HIV-positive adults and
children irrespective of signs and symptoms of TB?
in inpatient settings (adults, adolescents and older children)
in outpatient settings (adults, adolescents and older children)
all settings (adults, adolescents and older children)
in inpatient settings (children ≤ 5 years)
in outpatient settings (children ≤ 5 years)
all settings (children ≤ 5 years)
What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in adults with advanced HIV
disease irrespective of signs and symptoms of TB?
in inpatient setting CD4 ≤ 200
in outpatient setting CD4 ≤ 200
in all settings CD4 ≤ 200
in inpatient setting CD4 ≤ 100
in outpatient setting CD4 ≤ 100
in all settings CD4 ≤ 100
Can the use of LF-LAM in HIV-positive adults reduce mortality associated with advanced HIV
disease?
in all settings
in inpatient settings
in outpatient settings
in individuals with CD4 ≤ 200
in inpatient setting CD4 ≤ 200
in outpatient setting CD4 ≤ 200
in individuals with CD4 ≤ 100
in inpatient setting CD4 ≤ 100
in outpatient setting CD4 ≤ 100
Other questions: What is the cost and cost-effectiveness of LF-LAM implementation for TB diagnosis,
based on review of the published literature?
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Appendix 3. Detailed search strategies
MEDLINE (Pubmed) search history
Search
#9

Search (#3) AND (#7) AND #8)

#8

Search test OR assay OR antigen OR Ag OR lateral flow assay*OR urine antigen OR point of care
Field: Title/Abstract

#7

Search (#4) OR #5) OR #6

#6

Search LAM; Field: Title/Abstract

#5

Search "lipoarabinomannan" [Supplementary Concept]

#4

Search lipoarabinomannan ; Field: Title/Abstract

#3

Search (#1) OR #2)

#2

Search tuberculosis Or TB Field: Title/Abstract

#1
Search ("Tuberculosis"[Mesh]) OR "Mycobacterium tuberculosis"[Mesh]
Database: EMBASE 1947-Present, updated daily
Search Strategy:
-------------------------------------------------------------------------------1 tuberculosis.mp. or tuberculosis/ or Mycobacterium tuberculosis/ (115438)
2 limit 1 to yr="2014 -Current" (8833)
3 lipoarabinomannan.mp. or lipoarabinomannan/ (775)
4 LAM.mp. (4928)
5 limit 4 to yr="2014 -Current" (500)
6 3 or 5 (1252)
7 2 and 6 (79)
8 (test or assay or antigen or Ag or lateral flow assay* or urine antigen or point of care).mp. [mp=title,
abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword] (2733052)
9 limit 8 to yr="2014 -Current" (223771)
10 7 and 9 (46)
Cochrane Central Register of Controlled Trials: Issue 4 of 12, April 2018
ID Search
#1 tuberculosis:ti,ab,kw (Word variations have been searched)
#2 TB:ti, ab, kw
#3 MeSH descriptor: [Mycobacterium tuberculosis] explode all trees
#4 MeSH descriptor: [Tuberculosis] explode all trees
#5 #1 or #2 or #3 or #4
#6 LAM:ti,ab,kw
#7 lipoarabinomannan:ti,ab,kw
#8 #6 or #7
#9 #5 and #8
Web of Science Core Collection - Indexes: SCI-EXPANDED, CPCI-S, Biosis previews
TOPIC: (tuberculosis OR TB OR mycobacterium) AND TOPIC: (lipoarabinomannan OR LAM) AND
TOPIC: (test OR assay OR antigen OR Ag OR lateral flow assay* OR urine antigen OR point of care)
SCOPUS
( TITLE-ABS-KEY ( tuberculosis OR TB) AND TITLE-ABS-KEY (lipoarabinomannan OR LAM) AND
( test OR diagnos* OR urine OR assay )
CIDG Specialized Register, LILACS, Proquest dissertations, Current Controlled trials, WHO trials
register:
Tuberculosis AND ( lipoarabinomannan OR LAM )
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Appendix 4. Data collection form, diagnostic accuracy
AlereLAM - Lateral flow urine lipoarabinomannan assay for diagnosing active tuberculosis in
people living with HIV
Data form
I. STUDY IDENTIFICATION
1

First author

2

Corresponding author and email

3

Title of study

4

Year of publication

5

Year of study start

6

Language if other than English
II. STUDY DETAILS

7

Population

1.Adults (15 years of age)
2.Children and adolescents
3.Both adults, children and adolescents
4.Other
If other, describe

8

In which country or countries was the
study conducted?

List all countries:

9

Country World Bank Classification
(income)

1.Low income
2.Lower-middle income
3.Upper-middle-income
4.High income
7.Other combination
9.Unknown/Not reported
If other, describe:

10 Country WHO classification for high TB 1.Yes, part of the High TB/HIV burden list
burden country (WHO 2015)
2.No, not part of the High TB/HIV burden list
11 Study design

1.Randomized controlled trial
2.Cross-sectional
3.Cohort
7.Other, specify
9.Could not tell
If other, describe:

12 Was a case-control design avoided?

1.Yes
2.No
9.Unclear

III. PATIENT SELECTION
13 What was the manner of participant
selection into the study?

1.Consecutive
2.Random
3.Convenience
7.Other, specify
9.Unknown/Not Reported/Unclear
If other, describe:
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14 Direction of study data collection

1.Prospective
2.Retrospective
9.Unknown/Not reported

15 Please select the statement that best
describes the selection of participants
into the study.

1.HIV-positive participants with signs or symptoms
suggestive of active TB were tested using AlereLAM.
Please provide study definition of ‘signs and symptoms’:
2.A predetermined target population of HIV-positive
individuals, irrespective of signs and symptoms of TB, were
tested using AlereLAM. Please specify target population:
3.Both 1 and 2
4.Neither 1 nor 2.
This is what was done:

16 Sample size

1._____
9.Unknown/Not reported

17

Did the study avoid inappropriate
exclusions?

17a Could the selection of patients have
introduced bias?

1.Yes
2.No
9.Unknown/Not reported/Unclear
1.High risk
2.Low risk
9.Unclear risk

18 NOTES ON PATIENT SELECTION
IV. PATIENT CHARACTERISTICS AND SETTING
19 Presenting signs and symptoms

List

20 Age (years)

__________
If age is reported in median indicate IQR
If age is reported in mean indicate SD

21 Age of all study participants, Range

Upper
Lower

22 HIV infection (%)
23 Participants included of female sex (%)
24 CD4

_________
If CD4 is reported in median indicate IQR
If CD4 is reported in mean indicate SD

25 Number (percent) of TB cases in the
study (%):
26 What was the target condition?

1.Pulmonary TB
2.Extra pulmonary TB
3.Mycobacteraemia
4.Both 1 and 2
5.Any of 1,2,3
7.Other, specify

27 Did the study include patients with prior 1.Yes
TB history?
2.No
9.Unknown/Not reported
If yes, what is the % _____
Specify the numerator/denominator _____/_____
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28 What was the clinical setting of the
study?

1.Outpatient
2.Inpatient
3.Both out-patient and in-patient
7.Other, describe:
9.Unknown/Not reported

29 How would you describe the health
facility where the study took place?

1.Primary care clinic, stand-alone
2.Primary care clinic, connected to a referral hospital
3.Referral hospital
7.Other, describe:
9.Unknown/Not reported

30 Are there concerns that the included
patients and setting do not match the
review question?

1.High concern
2.Low concern
9.Unclear concern

31 NOTES ON CHARACTERISTICS
V. INDEX TEST
Was a AlereLAM threshold used to
1.Yes, Grade 1/5
define positivity that was pre-specified in 2.Yes, Grade 2/5
the primary analysis?
3.Yes, Grade ¼
32
4.Yes, Grade 2/4
5.No
7.Other, specify:
What AlereLAM threshold was used to
33 define positivity for data extraction?

1.Grade 2/5
2.Grade 1/4
7. Other, specify

Are their concerns about index test
34 conduct or interpretation differing from
review question?

1.High concern
2.Low concern
9.Unclear concern

35

Was AlereLAM performed on fresh or
stored urine?

Was AlereLAM result interpreted
36 without knowledge of the result of the
reference standard result?

1.Fresh
2.Stored, specify type of storage (e.g. frozen)
3.Both fresh and stored
9.Unknown/Not reported
1.Yes
2.No
9.Unknown/Not reported/Unclear

Were there any AlereLAM results that
1.Yes
were invalid (no bar in control window)? a.Specify number of invalid tests: _____
37
b.Were invalid tests repeated (yes/no): _____
2.No
9. Unknown/Not reported
Could the conduct or interpretation of the 1.High risk
38 index test have introduced bias?
2.Low risk
9.Unclear risk
39 NOTES ON INDEX TEST
VI. REFERENCE STANDARD
For the diagnosis of pulmonary TB, what 1.Sputum: solid culture
40 reference standard was used to identify 2.Sputum: liquid culture
TB and not TB?
3.Sputum: both solid and liquid culture
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4.Nucleic acid amplification test, specify
5.Any of culture or nucleic amplification test, specify
7.Other, specify
Was sputum induction performed for
41 individuals unable to produce
expectorated sputum?

1.Yes
Specify N/% requiring sputum induction ____
2.No

Were patients without sputum specimens 1.Yes
(for example, no expectorated, no
Specify N/% included without sputum ____
42 induced sputum) included in this study? 2.No
Specify N/% excluded due to lack of sputum____
Were non-pulmonary specimens
evaluated to allow diagnosis of
extrapulmonary TB?
43

1.All participants received testing of non-pulmonary
specimens, please specify sites/fluids:
2.Some participants received testing of non-pulmonary
specimens, please specify which patients were tested, and
sites/fluids:
3.Extrapulmonary TB was not evaluated
7.Other, please specify:

For the diagnosis of extrapulmonary TB,
what tests were used to identify TB and 1.Solid culture
2.Liquid culture
not TB (circle all that apply)?
3.Both solid and liquid culture
4.Nucleic acid amplification test, specify
44
7.Other, specify: __________________________
8.Not applicable, extrapulmonary TB was not evaluated

Did the study speciate mycobacteria
45 isolated in culture?

1.Yes
2.No
9.Unknown/Not reported

Was the reference standard likely to
46 correctly classify the target condition

1.Yes
2.No
9. Unclear

Was the reference standard result
47 interpreted without knowledge of the
result of AlereLAM?

1.Yes
2.No
9.Unclear

How many sputum specimens were
48 obtained in order to detect pulmonary
TB?

1. Single
2. Multiple
8.Not applicable

How many specimens from fluid (sites)
49 other than sputum were obtained to
detect extrapulmonary TB?

1. Single
2. Multiple
8.Not applicable

Could the reference standard, its conduct, 1.High risk
50 or its interpretation have introduced bias? 2.Low risk
9.Unclear risk
Are there concerns that the target
51 condition as defined by the reference
standard does not match the question?

1.High concern
2.Low concern
9.Unclear concern
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52 NOTES ON REFERENCE STANDARD
VII. FLOW AND TIMING
53

Was there appropriate interval between
index test and reference standard

Did all patients receive a reference
54 standard?

55

Did all patients receive the same
reference standard?

1.Yes, specimens collected at the same time.
2.No, specimens collected greater than 7 days apart
9.Unclear
1.Yes
2.No
9.Unclear
1.Yes
2.No (answer no if clinicians chose sample types, or other
differences in reference standards between patients)
9.Unclear

Were all participants included in the
56 analysis?

1.Yes
2.No
9.Unclear

Could the patient flow have introduced
57 bias?

1.High risk
2.Low risk
9.Unclear risk

58 NOTES ON FLOW AND TIMING
Abbreviations: IQR, interquartile range; SD, standard deviation.
VIII. TABLES: TB detection against a microbiological reference standard
TB is defined as positive culture or NAAT from sputum or any other body fluid or site.
Not TB is defined as negative cultures or NAATs from sputum or any other body fluid or site.
(Table example to extract TP, FP, FN, TN values)
LAM result
TB
Not TB

Total

Positive
Negative
Total
Provide additional tables for each of the applicable PICO questions 1-4 (Appendix 2. PICO questions) and
the following additional questions:
5. What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in all HIV-positive adults with
advanced HIV disease and signs and symptoms of TB?
a. in inpatient setting CD4≤ 200
b. in outpatient setting CD4≤ 200
c. in all settings CD4≤ 200
d. in all settings CD4 > 200
e. in inpatient setting CD4≤ 100
f. in outpatient setting CD4≤ 100
g. in all settings CD4≤ 100
h. in all settings CD4 > 100
i. in inpatients settings CD4 101-200
j. in outpatient settings CD4 101-200
k. in all settings CD4 101-199
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6. What is the diagnostic accuracy of LF-LAM for the diagnosis of TB in adults with advanced HIV
disease irrespective of signs and symptoms of TB?
a. in all settings CD4 > 200
b. in all settings CD4 > 100
c. in inpatients settings CD4 101-200
d. in outpatient settings CD4 101-200
e. in all settings CD4 101-199

374

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Appendix 5. Data collection form, impact data
AlereLAM - Lateral flow urine lipoarabinomannan assay for diagnosing active tuberculosis in
people living with HIV
Data form for impact data extraction
I. STUDY IDENTIFICATION
1 First author
2 Journal
3 Year of publication
II. STUDY DETAILS
4 Population

Adults or children
HIV status
Other details re: study inclusion criteria

5 In which country or countries was
the study conducted?

List all countries:

6 Study design

Randomized controlled trial
Cohort
Cross-sectional
Other

III. PATIENT SELECTION
7 Direction of study data collection

Prospective
Retrospective
Unknown/Not reported

8 Please select the statement that best HIV-positive participants with signs or symptoms suggestive of
describes the selection of participants active TB were tested using AlereLAM. Please provide study
into the study.
definition of ‘signs and symptoms’:
A predetermined target population of HIV-positive individuals,
irrespective of signs and symptoms of TB, were tested using
AlereLAM. Please specify target population:
Both 1 and 2
Neither 1 nor 2.
This is what was done:
9 Number enrolled
10 Number in analysis
IV. PATIENT CHARACTERISTICS AND SETTING
11 Age (years)

__________
If age is reported in median indicate IQR
If age is reported in mean indicate SD

12 What was the clinical setting of the
study?

Outpatient
Inpatient
Both out-patient and in-patient
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Other, describe:
Unknown/Not reported
V. INDEX TEST (LAM)
What AlereLAM threshold was used Grade 2/5
13 to define positivity for data
Grade 1/4
extraction?
Other, specify
14

Was old or new AlereLAM card used Old (5 grades)
New (4 grades)
VI. MORTALITY ASSESSMENT

15 How was mortality assessed?
16

Type of mortality?

Describe
All-cause
TB-related

17 When was mortality assessed?
18 Mortality (ARR)
19

Mortality (HR, aHR, MHR, or
Kaplan Meier)

Describe results
Describe results

20 Mortality (OR or aOR)

Describe results

21 What was the comparator?

Describe

22 Mortality in intervention

Percentage and number

23 Mortality in control

Percentage and number

24 Mortality in LAM positive

Percentage and number

25 Mortality in LAM negative

Percentage and number

26

Mortality in LAM positive confirmed
Percentage and number
TB cases

27

Mortality in LAM negative
confirmed TB cases

Percentage and number

Mortality in LAM positive patients
28 with an inconclusive evaluation for
TB

Percentage and number

Mortality in LAM negative patients
29 with an inconclusive evaluation for
TB

Percentage and number

30

Mortality in LAM positive non-TB
cases

Percentage and number

31

Mortality in LAM negative non-TB
cases

Percentage and number

32

Was analysis stratified by CD4 count
Describe/list results if stratified by CD4 count or percentage
or percentage?

33 Time to diagnosis

Number of days

34 Time to treatment

Number of days

35 Other outcomes assessed in the study Describe
36 Comments

Describe
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Appendix 6. QUADAS-2

Domain 1: patient selection
Risk of bias: could the selection of patients have introduced bias?
Signalling question 1: Was a consecutive or random sample of patients enrolled?
We answered 'yes' if the study enrolled a consecutive or random sample of eligible participants; 'no' if the
study selected participants by convenience; and 'unclear' if the study did not report the manner of participant
selection or we could not tell.
Signalling question 2: Was a case-control design avoided?
We answered 'yes' to all included studies given that we are excluding case-control study designs.
Signalling question 3: Did the study avoid inappropriate exclusion?
We answered 'yes' to studies which included all HIV-positive participants and participants who were unable
to produce sputum (expectorated or induced). We answered 'no' if studies excluded participants who could
not produce sputum (i.e. there were no attempts at sputum induction or patients could not produce sputum
despite sputum induction and were excluded). We also answered 'no' if studies excluded patients presumed
to have extrapulmonary TB. We scored 'unclear' if we could not tell

Applicability: Are there concerns that the included patients and setting do not match
the review question?
We were interested in how AlereLAM performs in patients whose urine specimens were evaluated as they
would be in routine practice. We expected to judge ‘low concern’ for most studies since we planned to
determine test accuracy both for patients with signs and symptoms of TB and patients investigated for TB
irrespective of signs and symptoms for TB.
For AlereLAM used as a TB diagnostic test among patients with signs and symptoms of TB, we judged 'high
concern' if the study participants did not resemble people with presumed HIV/TB; 'low concern' if the study
population did resemble a population with presumed HIV/TB, and 'unclear concern', if we could not tell.
For AlereLAM used as a TB diagnostic test among patients that were investigated for TB irrespective of
signs and symptoms of TB, we judged 'low concern' for studies in which the AlereLAM was performed
uniformly within the predetermined study target populations of HIV-infected individuals, 'high concern' if
AlereLAM was not performed uniformly within the predetermined study target populations of HIV-infected
individuals, and 'unclear concern' if we could not tell. We judged 'high concern' if the study participants did
not resemble people with presumed HIV/TB coinfection.

Domain 2: index test
Risk of bias: could the conduct or interpretation of the index test have introduced
bias?
Signalling question 1: were the index test results interpreted without knowledge of the results of the
reference standard?
We answered 'yes' if the study interpreted the result of AlereLAM blinded to the result of the reference
standard; we answered 'no' if the study did not interpret the result of AlereLAM blinded to the result of the
reference standard. We answered 'yes' for studies in which AlereLAM was performed on fresh specimens,
since reference standard results would be unavailable at the time of test interpretation. We answered 'unclear'
if stored specimens were tested and we could not tell if the index test results were interpreted without
knowledge of the reference standard results.
Signalling question 2: if an AlereLAM threshold was used to define positivity, was it prespecified?
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We answered 'yes' if the threshold was prespecified in the study or by the authors, 'no' if the threshold was
not prespecified, and 'unclear' if we could not determine if the threshold was prespecified or not.

Applicability: are there concerns that the index test, its conduct, or its interpretation
differ from the review question?
If index test methods vary from those specified in the review question, concerns about applicability may
exist. We judged 'high concern' if the test procedure was inconsistent with the manufacturer
recommendations, 'low concern' if the test procedure was consistent with the manufacturer
recommendations, and 'unclear concern' if we could not tell. In cases where the primary study defined grade
1 of 5 as the positivity threshold, but where we were able to extract data at the manufacturer’s currently
recommended positivity threshold, we judged ‘low concern’ for applicability.

Domain 3: reference standard
Risk of bias: could the reference standard, its conduct, or its interpretation have
introduced bias?
Signalling question 1: is the reference standard likely to correctly classify the target condition?
HIV-infected TB patients may have pulmonary TB, extrapulmonary TB, or both pulmonary and
extrapulmonary TB. A microbiological reference standard, primarily culture, is considered the gold standard
for TB. Due to the difficulties in diagnosing HIV-associated TB, it is recommended that multiple cultures
from sputum and other specimens be evaluated.
We answered 'yes' when appropriate specimens were obtained for the diagnosis of HIV-associated TB. For
presumed pulmonary TB, sputum specimens should be obtained for culture, NAAT, or both culture and
NAAT. If the patient cannot produce sputum, induced sputum should be performed. For presumed
extrapulmonary TB, specimens should be consistent with Standard 4 of the International Standards for TB
Care which states: "For all patients, including children, suspected of having extrapulmonary tuberculosis,
appropriate specimens from the suspected sites of involvement should be obtained for microbiological and
histological examination" (TB CARE I 2014). We answered yes if multiple specimens were collected from
different sites for extrapulmonary TB. An Xpert® MTB/RIF test is recommended as the preferred initial
microbiological test for suspected TB meningitis because of the need for a rapid diagnosis". We also
answered 'yes' if studies followed a standardized approach of collecting appropriate specimens from
"suspected sites of involvement", for example, blood or lymph nodes on all patients.
We answered 'no' when the reference standard was restricted to sputum specimens or the reference standard
was restricted to extrapulmonary specimens (for example, urine, blood, etc.). We also answered 'no' if a
consistent approach was not followed for all patients (for example, some but not all patients with presumed
TB lymphadenitis receive lymph node tissue sampling). We answered 'unclear' if we could not tell.
Signalling question 2: were the reference standard results interpreted without knowledge of the results
of the index test?
We answered 'yes' if the study interpreted the result of the reference standard blinded to the result of
AlereLAM, or if the reference standard result was reported on an automated instrument; 'no' if the study did
not interpret the result of the reference standard blinded to the result of AlereLAM, and 'unclear' if we could
not tell.

Applicability: are there concerns that the target condition as defined by the reference
standard does not match the question?
In general, we thought there was low concern for almost included studies based on the current definitions of
the reference standard. We judged 'high concern' if included studies did not speciate mycobacteria isolated in
culture, 'low concern' if speciation was performed, and 'unclear' if we could not tell. We also judged high
concern if there was no protocol to ensure a minimum standard of testing with a reference standard.
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Domain 4: Flow and timing
Risk of bias: could the patient flow have introduced bias?
Signalling question 1: was there an appropriate interval between the index test and reference
standard?
We expected urine specimens for AlereLAM and the reference standards to be obtained at the same time and
answered 'yes' for all studies that meet this criterion, or if index and reference standard tests were performed
on specimens collected no greater than seven days apart. We chose seven days as a time period during which
either treatment of TB or natural progression of TB without treatment could impact test results. We answered
'no' if specimens were collected for index and reference standard tests greater than seven days apart, and
'unclear' if we could not tell.
Signalling question 2: did all patients receive the same reference standard?
We answered 'yes' if all participants in the study received the reference standard to confirm TB; 'no' if not all
patients received the reference standard to confirm TB, and 'unclear' if we could not tell.

Signalling question 3: were all patients included in the analysis?
We determined the answer to this question by comparing the number of participants enrolled in the study
with the number of participants included in the two-by-two tables. We answered 'yes' if all participants
enrolled in the study were tested with results presented and accounted for. We answered 'no' if participants
meeting enrolment criteria were not tested or results were not presented, and 'unclear' if we could not tell.
Judgements for ʽRisk of bias' assessments
If we answered all signalling questions for a domain "yes", then we judged risk of bias as "low".
If we answered all or most signalling questions for a domain "no", then we judged risk of bias as "high".
If we answered only one signalling question for a domain "no", we discussed further the "risk of bias"
judgement.
If we answered all or most signalling questions for a domain "unclear", then we judged risk of bias as
"unclear".
If we answered only one signalling question for a domain "unclear", we discussed further the "risk of bias"
judgement for the domain.

379

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Appendix 7. Statistical approach
We list here the OpenBUGS program used to fit the bivariate meta-analysis models for estimating the
accuracy of the index test. In the subsections below, we first describe the likelihood and prior distribution for
the model followed by the OpenBUGS program.
As is usual with Bayesian models, initial values must be provided for all unknown parameters. We selected
three independent sets of initial values for the parameters using the in-built ModelGenInits() function within
OpenBUGS. The Gelman-Rubin statistic within the OpenBUGS program was used to assess convergence.
We did not observe any convergence problems for the analyses presented. We treated the first 10,000
iterations as burn-in iterations and dropped them. We obtained summary statistics based on a total of 150,000
iterations resulting from the three separate chains.
A. Estimation of index test accuracy
Notation: in the i-th study the cells in the cross-tabulation between the index and reference tests are denoted
by TPi, FPi, TNi, FNi. The sensitivity in i-th study is denoted by sei and the specificity by spi.
We denote the Binomial probability distribution with sample size N and probability p as Binomial(p,N), the
Bivariate Normal probability distribution with mean vector µ and variance-covariance matrix TAU as
BVN(mu, TAU), the univariate Normal distribution with mean m and variance tau2 by N(m, tau2) and the
Uniform probability distribution between a and b by Uniform(a,b). Note that logit refers to log odds.
Likelihood:
Within studies:
TPi ~ Binomial(TPRi, TPi + FNi), and
FPi ~ Binomial(FPRi, TNi + FPi)
Between studies:
The bivariate vector (logit(TRPi), logit(FPRi)) ~ BVN(mu = (mu1, mu2), TAU) where
TAU is a 2 X 2 matrix with entries
TAU[1,1] = variance of logit(TPRi) = tau12,
TAU[2,2] = variance of logit(FPRi) = tau22 and
TAU[1,2] = TAU[2,1] = covariance between logit(TPRi) and logit(FPRi) = rho × tau1 × tau2
and rho is the correlation between logit(TPRi) and logit(FPRi) across studies.
The pooled sensitivity is given by 1/(1+exp(-mu1)), and the pooled specificity is given by 1/(1+exp(-mu2)).
Prior distributions:
mu1 and mu2 ~ N(m=0, tau2=4),
rho ~ Uniform(-1, 1)
(1/ tau12) and (1/ tau22) ~ Gamma(shape=2, rate=0.5)
A.1 OpenBUGS program for estimating a bivariate hierarchical meta-analysis model for sensitivity
and specificity of the index test.
Observed data must be provided for L (the number of studies), and TP, FN, FP and TN in each study.
------------------------------------------------------------------------------------------------------------------------
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model {
for(i in 1:L) { ## L is the number of studies in the Meta-analysis
# Likelihoood
pos[i]<-TP[i]+FN[i]
neg[i]<-TN[i]+FP[i]
TP[i] ~ dbin(TPR[i],pos[i])
FP[i] ~ dbin(FPR[i],neg[i])logit(TPR[i]) <- l[i,1]
logit(FPR[i]) <- -l[i,2]se[i] <- TPR[i]
sp[i] <- 1-FPR[i]
l[i,1:2] ~ dmnorm(mu[1:2], T[1:2, 1:2])
}
# Prior Distributions
mu[1] ~ dnorm(0,0.25)
mu[2] ~ dnorm(0,0.25)
T[1:2,1:2]<-inverse(TAU[1:2,1:2])
# Between-study variance-covariance matrix
TAU[1,1] <- tau[1]*tau[1]
TAU[2,2] <- tau[2]*tau[2]
TAU[1,2] <- rho*tau[1]*tau[2]
TAU[2,1] <- rho*tau[1]*tau[2]
# prec is the between-study precision in the logit(sensitivity) and logit(specificity)
# rho is the correlation between logit(sensitivity) and logit(specificity) across studies
prec[1] ~ dgamma(2,0.5)
prec[2] ~ dgamma(2,0.5)
rho ~ dunif(-1,1)
tau[1]<-pow(prec[1],-0.5)

381

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

tau[2]<-pow(prec[2],-0.5)
# Pooled sensitivity and specificity
Pooled_S<-1/(1+exp(-mu[1]))
Pooled_C<-1/(1+exp(-mu[2]))
}
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Appendix 8: Characteristics of Included Studies
Study

Participants (%
symptomatic)

Setting

Median TB
CD4 cell prevalence %
count
(n/N)
per µL
(IQR)

Did the study
avoid
inappropriate
exclusion

Specimens
collected

High
quality
reference
standard*

Unique Study
Characteristics

No

Pulmonary samples No

Adults (>18 years);
HIV positive
(93.2%); Targeting
a relatively well
outpatient
population;
Karnofsky
performance score
>50

No

Pulmonary
samples; Urine
Xpert only for
patients without
sputum available

No

Adults (>15 years);
LAM guided
treatment; Excluded
many participants
from analysis**

No

Extrapulmonary
samples only, no
sputum samples

No

Adults (>14 years),
HIV- positive
(68%); Excluded
patients with
concomitants active
pulmonary TB

Yes

Adults (>18 years);
multisite; large
sample size.

HIV positive adults with signs and symptoms of TB
Drain
2016

Symptomatic:
Two of four TB
related symptoms
(cough, fever
weight loss, night
sweat) for > 2
weeks; smear
microscopy
negative x 2

Outpatient

168
63%
(89-256) (57/90)

Huerga
2017

Symptomatic:
Cough > 2 weeks or
any cough and one
of weight loss, night
sweats or fever;
severely ill; CD4<
200 or BMI below
17

Outpatients 109
57%
(33%);
(43-214) (156/275)
Inpatients
(67%)

Juma
2017

Symptomatic:
Inpatients
Suggestive of
extrapulmonary TB,
not specified

not
stated

33%
(29/67)

Nakiyingi Symptomatic: Any
2014
of cough, fever
weight loss, night
sweat

Outpatients 152
37%
(45%);
(41-337) (367/997)
Inpatients
(55%)

No

Pulmonary
samples; Blood
culture for all

Pandie
2016

Symptomatic:
Presence of a
pericardial effusion
and suspected of
pericardial TB

Inpatients

139
95%
(81-249) (36/38)

No

Extrapulmonary
No
samples (pericardial
effusion);
pulmonary samples
for some

Adults (>18 years);
HIV-positive (74%);
Excluded
participants from
analysis affecting
specificity***.

Peter
2012

Symptomatic: Any Inpatients
of cough, fever
weight loss, night
sweat

90
48%
(47-197) (116/241)

Yes

Clinically relevant No
pulmonary samples;
clinically relevant
extrapulmonary
samples. No study
defined algorithm.

Adults (> 18 years).
Multisite; TB
diagnostic work-up
was not
standardised but up
to clinical
judgements

Peter
2015

Symptomatic: Any Outpatient
of cough, fever
weight loss, night
sweat

210
(103375)

No

Pulmonary samples No

Adults (> 18 years),
Multisite; nested
within a
randomised,
parallel-arm trial.

Peter
2016

Symptomatic: Any Inpatients
of cough, fever
weight loss, night
sweat

81
29%
(26-198) (342/1172)

Yes

Pulmonary
No
samples; Clinically
relevant
extrapulmonary
samples. No study
defined algorithm.

Adults (>18 years);
Multisite; LAM arm
of a randomised
controlled trial.

32%
(181/569)

HIV positive adults irrespective of signs and symptoms of TB
Bjerrum
2015

Unselected; 91%
symptomatic

Outpatients 127
12%
(85%);
(35-256) (55/469)
Inpatients
(15%)

No

Pulmonary samples No

Adults (>18 years);
Majority
symptomatic.

Drain
2015

Unselected;
proportion

Outpatient

No

Pulmonary samples No

Adults (>18 years)

248

17%
(54/320)
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Study

Participants (%
symptomatic)

Setting

symptomatic not
stated

Median TB
CD4 cell prevalence %
count
(n/N)
per µL
(IQR)

Did the study
avoid
inappropriate
exclusion

Specimens
collected

High
quality
reference
standard*

Unique Study
Characteristics

No

Pulmonary samples No

Adults (> 15 years).
LAM guided
treatment.
Adults (>18 years);
CD4 < 200;
Reference standard
included any sample
taken within six
months from
enrolment.

(107379)

Floridia
2017

Unselected; 34%
symptomatic

Outpatient

278
(142395)

Hanifa
2016

Unselected; 53%
symptomatic

Outpatient

111
9%
(56-161) (40/408)

Yes

Pulmonary
samples; Blood
culture for all

LaCourse Unselected; 19%
2016
symptomatic

Outpatient

437
(342565)

No

Pulmonary samples No

Pregnant women
(>16 years)
attending ANC;
Healthy population;
one person with
CD4< 400; Few TB
cases (n=3).

Lawn
2017

Inpatients

149
33%
(55-312) (139/413)

Yes

Pulmonary
samples; Blood
culture for all;
Clinically relevant
extrapulmonary
samples

Adults (>18 years).
Included many
samples from
different sites

Yes

Pulmonary samples No

Unselected; 91%
symptomatic

Thit 2017 Unselected; 33%
symptomatic

Outpatients 270
(90%);
(128Inpatients
443)
(10%)

9%
(90/972)

1%
(3/266)

10%
(54/517)

Yes

Yes

Adults (median age
34). Reference
standard included
samples taken
within six months
from enrolment.

Abbreviations: TB: tuberculosis; AlereLAM: AlereLAM: Alere Determine™ TB lipoarabinomannan assay; Xpert:
Xpert MTB/RIF
* For a microbiological reference standard, we considered a higher quality reference standard to be one in which two or
more specimen types were evaluated for TB diagnosis in all participants as part of a defined standardized study
algorithm.
**Huerga 2017 excluded participants from analysis if missing Xpert results or culture contaminated for any of the
samples in the absence of a positive result; overall samples size 474 (156 with TB); 275 included in analysis (156 with
TB).
*** Pandie 2016 excluded a large number of non-TB participants from analysis; Overall samples size 102 (36 with TB);
38 included for analysis (36 TB cases).
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Appendix 9: Diagnostic accuracy of AlereLAM among HIV-positive children,
summary
Background
Among children in 2014, there were an estimated one million incident TB cases and 140,000 deaths
attributable to TB. Approximately 40% of TB deaths were among those coinfected with TB and HIV
(Carlucci 2017).
Diagnosis of TB in children
Conventional diagnosis by culture or microscopy yields a positive result in less than 50% of children with
clinically diagnosed TB and HIV infection (Thomas 2016). Active TB, therefore, remains unrecognised in a
large number of children in high burden countries as evident from autopsy studies from five African
countries that identified TB in roughly 10% of 811 children (both HIV-positive and HIV-negative) who died
from presumed pneumonia (Bates 2013).
To obtain specimens for microscopy or culture, methods used in children include gastric lavage (GL), which
requires uncomfortable insertion of a nasogastric tube and induced sputum. Sputum induction requires
special facilities (negative pressure) for infection control and nebulization equipment driven by high flow air
or oxygen, not available in rural areas of low-income countries. Using sputum induction for children with
presumed pulmonary TB, a study conducted in South Africa reported microbiologic confirmation in 11% of
cases (Connell 2011). A lower yield (3.8% to 7%) has been reported for nasopharyngeal aspirate.
Bronchoalveolar lavage (BAL) is a resource-intensive and invasive procedure that has a lower yield for
culture, compared with GL; therefore, BAL is not indicated for microbiologic confirmation of TB in
children.
The WHO recommends the use of Xpert MTB/RIF (Xpert) as follows.
1) Xpert should be used rather than conventional microscopy and culture as the initial diagnostic test in
children suspected of having MDR-TB or HIV-associated TB (strong recommendation, very low-certainty
evidence)
2) Xpert may be used rather than conventional microscopy and culture as the initial test in all children
suspected of having TB (Conditional recommendation acknowledging resource implications, very lowcertainty evidence)
3) Xpert may be used as a replacement test for usual practice (including conventional microscopy, culture,
and/or histopathology) for testing of specific non-respiratory specimens (lymph nodes and other tissues)
from children suspected of having extrapulmonary TB (conditional recommendation, very low-certainty
evidence) and
4) Xpert should be used in preference to conventional microscopy and culture as the initial diagnostic test in
testing cerebrospinal fluid specimens from children suspected of having TB meningitis (strong
recommendation given the urgency of rapid diagnosis, very low-certainty evidence) (WHO 2014).
The next-generation assay, Xpert MTB/RIF Ultra (Ultra), has shown improved sensitivity for detection of
TB in HIV-positive people. The WHO now recommends Ultra as a replacement for the current Xpert
MTB/RIF cartridge (WHO Ultra 2017).
Methods
We performed literature searches up to 11 May 2018 as part of a larger search for studies in adults with the
same inclusion criteria except for age. We included studies that evaluated Alere Determine™ TB LAM Ag
test (AlereLAM) on urine specimens. The target condition was active TB disease, which includes pulmonary
and extrapulmonary TB. Age groups were defined as younger children ≤ 5 years; adolescents, 10 to 19
years; and older children, 6 to 19 years.
Two review authors independently extracted data on methodological quality and 2x2 values for AlereLAM
for TB against a microbiological reference standard. Given the differences in population and setting, we did
not perform meta-analyses and provide sensitivity and specificity estimates for individual studies.
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Results
We identified three published studies involving 266 HIV-positive children that evaluated the accuracy of
AlereLAM for TB as the result of a broader search for studies in adults and children using the same
inclusion criteria (Kroidl 2015; LaCourse 2018; Nicol 2014). All three studies took place in high TB/HIV
burden countries in Africa: Kroidl 2015 in Tanzania; LaCourse 2018 in Kenya; and Nicol 2014 in South
Africa.
Methodological quality of included studies
In the Patient Selection Domain, we considered two studies (67%) to have low risk of bias because the study
used consecutive or random enrolment of participants and avoided inappropriate exclusions (Kroidl 2015;
LaCourse 2018). We considered one study to have high risk of bias because children who could not produce
sputum despite sputum induction were excluded (Nicol 2014). In the Index Test we considered all three
studies to have low risk of bias. In the Reference Standard Domain, we considered two studies (67%) to have
low risk of bias and one study to have high risk of bias because we thought the reference standard used was
unlikely to correctly classify the target condition (Nicol 2014). In the Flow and Timing Domain we
considered one study to have high risk of bias because not all patients received the same reference standard
(Kroidl 2015). Applicability in all domains was of low concern in all three studies, (Figure A1 and Figure
A2).
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Figure A1. Risk of bias and applicability concerns graph.
Review authors’ judgements about each domain presented as percentages across included studies in children.

Figure A2. Risk of bias and applicability concerns summary.
Review authors’ judgements about each domain for each included study in children.

Findings
Kroidl 2015 enrolled children six weeks to 14 years, median age (interquartile range (IQR)) 6.8 years (3.9 to
9.5) for all participants, including HIV-positive and HIV-negative children. LaCourse 2018 enrolled children
aged 12 years or less, median age (IQR) 24 months (13 to 58). Nicol 2014 enrolled children aged 15 years or
less, median age (IQR) 42.5 months (19.1 to 66.3) for all participants, including HIV-positive and HIVnegative children.
Kroidl 2015 and Nicol 2014 involved HIV-positive children with TB symptoms. LaCourse 2018 involved
HIV-positive children hospitalized for acute illness irrespective of TB signs and symptoms. Kroidl 2015 was
conducted in an outpatient setting, LaCourse 2018 in an inpatient setting, and Nicol 2014 in both an inpatient
and an outpatient setting. The prevalence of microbiologically-confirmed TB in the studies was 40% in
Kroidl 2015, 7% in LaCourse 2018, and 22% in Nicol 2014. Regarding immunosuppression, in Kroidl 2015,
65% of children had advanced or severe immunosuppression; in LaCourse 2018, 70% of children had severe
immunosuppression; and in Nicol 2014, 53% of children had advanced or severe immunosuppression. See
Table.
Table. Characteristics of Included Studies, Children
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Study

Country

Age of
enrolment

Kroidl
2015

Tanzania

LaCourse
2018

Kenya

Nicol
2014

South
Africa

Six weeks
to 14
years,
median 8.8
years (IQR
3.9 to 9.5)*
≤ 12 years,
median 24
months
(IQR 13 to
58)
≤ 15 years,
median
42.5
months
(IQR 19.1
to 66.3)*

Presence of
TB
symptoms?
TB
symptoms

Setting

Outpatient

TB
prevalence %
(n/N)
40% (12/30)

Percent children with
advanced or severe
immunosuppression
65%

Irrespective
of TB
symptoms

Inpatient

7% (9/130)

70%

TB
symptoms

Inpatient
and
outpatient

22% (23/160)

53%

* For all participants, including HIV-positive and HIV-negative children.
IQR: Interquartile range
We first present a summary and then present findings for the specific PICO questions.
AlereLAM testing, studies in children with TB symptoms and irrespective of TB signs and symptoms
All settings
We identified three studies involving 266 children (Kroidl 2015; LaCourse 2018; Nicol 2014),
Figure A3. In all settings, including all children, sensitivity and specificity (95% CI) were 42% (15% to
72%) and 94% (73% to 100%), (30 participants, outpatient) Kroidl 2015; 56% (21% to 86%) and 95% (90%
to 98%), (130 participants, inpatient) LaCourse 2018; and 43% (23% to 66%) and 80% (69% to 88%), (106
participants, both inpatient and outpatient) Nicol 2014.
Figure A3. Forest plots of AlereLAM sensitivity and specificity for TB in HIV-positive children with TB
symptoms and irrespective of TB signs and symptoms, all settings.

By age group
Kroidl 2015 and LaCourse 2018 provided AlereLAM accuracy data by age group, Figure A4. Stratified by
age group, in adolescents, AlereLAM sensitivities were 100% (33% to 100%) (four participants, inpatient)
LaCourse 2018, and 60% (15% to 95%) (nine participants, outpatient) Kroidl 2015; in both studies,
specificity was 100%. In children ≤ 5 years, sensitivities were 50% (7% to 93%) (95 participants, inpatient)
LaCourse 2018, and 25% (1% to 81%) (13 participants, outpatient) Kroidl 2015; corresponding specificities
were 93% (86% to 98%) and 89% (52% to 100%).
Figure A4. Forest plots of AlereLAM sensitivity and specificity for TB in HIV-positive children with TB
symptoms and irrespective of TB symptoms, by age group.
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PICO 1. What is the diagnostic accuracy of AlereLAM for the diagnosis of TB in all HIV-positive
children with signs and symptoms of TB?
1.a.ii. Inpatient settings, adolescents
We did not identify any studies addressing this question.
1.a.iii. Inpatient settings, older children
We did not identify any studies addressing this question.
1.b.ii. Outpatient settings, adolescents
We identified one study involving nine HIV-positive children, five (56%) with TB, Kroidl 2015. Sensitivity
and specificity (95% CI) were 60% (15, 95) and 100% (40, 100).
1.b.iii. Outpatient settings, older children
We identified one study involving 17 HIV-positive children, eight (47%) with TB, Kroidl 2015. Sensitivity
and specificity (95% CI) were 50% (16, 84) and 100% (66, 100).
1.c.ii. All settings, adolescents
We identified one study involving nine HIV-positive children, five (56%) with TB, Kroidl 2015. The data
are from an outpatient setting. Sensitivity and specificity (95% CI) were 60% (15, 95) and 100% (40, 100).
1.c.iii. All settings, older children
We identified one study involving 17 HIV-positive children, eight (47%) with TB, Kroidl 2015. The data are
from an outpatient setting. Sensitivity and specificity (95% CI) were 50% (16, 84) and 100% (66, 100).
1.d. Inpatient settings, children ≤ 5 years
We did not identify any studies addressing this question.
1.e. Outpatient settings, children ≤ 5 years
We identified one study involving 13 HIV-positive children, four (31%) with TB, Kroidl 2015 Sensitivity
and specificity (95% CI) were 25% (1, 81) and 89% (52, 100).
1.f. All settings, children ≤ 5 years
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We identified one study involving 13 HIV-positive children, four (31%) with TB, Kroidl 2015. The data are
from an outpatient setting. Sensitivity and specificity (95% CI) were 25% (1, 81) and 89% (52, 100).
PICO 2. What is the diagnostic accuracy of AlereLAM for the diagnosis of TB in all HIV-positive
children irrespective of signs and symptoms of TB?
2.a.ii. Inpatient settings, adolescents
We identified one study involving four HIV-positive children, one (25%) with TB, LaCourse 2018.
Sensitivity and specificity (95% CI) were 100% (3, 100) and 100% (29, 100).
2.a.iii. Inpatient settings, older children
We identified one study involving 34 HIV-positive children, five (15%) with TB, LaCourse 2018.
Sensitivity and specificity (95% CI) were 60% (15, 95) and 100% (88, 100).
2.b.ii. Outpatient settings, adolescents
We did not identify any studies addressing this question.
2.b.iii. Outpatient settings, older children
We did not identify any studies addressing this question.
2.c.ii. All settings, adolescents
We identified one study involving four HIV-positive children, one (25%) with TB, LaCourse 2018. The data
are from an inpatient setting. Sensitivity and specificity (95% CI) were 100% (3, 100) and 100% (29, 100).
2.c.iii. All settings, older children
We identified one study involving 34 HIV-positive children, five (15%) with TB, LaCourse 2018. The data
are from an inpatient setting. Sensitivity and specificity (95% CI) were 60% (15, 95) and 100% (88, 100).
2.d. Inpatient settings, children ≤ 5 years
We identified one study involving 95 HIV-positive children, four (4%) with TB, LaCourse 2018. Sensitivity
and specificity (95% CI) were 50% (7, 93) and 93% (86, 98).
2.e. Outpatient settings, children ≤ 5 years
We did not identify any studies addressing this question.
2.f. All settings, children ≤ 5 years
We identified one study involving 95 HIV-positive children, four (4%) with TB, LaCourse 2018. The data
are from an inpatient setting. Sensitivity and specificity (95% CI) were 50% (7, 93) and 93% (86, 98).
Discussion
This systematic review on the urine lateral flow lipoarabinomannan assay, AlereLAM, for active TB in
children living with HIV summarizes the current literature and includes three studies. As the studies enrolled
children aged 15 years and less and younger children (median age, range 24 months to 6.8 years), the results
may not be applicable to older children. All studies took place in high TB/HIV burden countries in Africa.
We corresponded with two study authors (Kroidl and LaCourse) to ensure that we had accurate data for
AlereLAM applied using the current manufacturer's instructions. In individual studies, AlereLAM
sensitivities were 56%, 42%, and 43%; corresponding specificities were 94%, 95%, and 80%.
AlereLAM specificity was lower in children ≤ 5 years than in older children, based on limited data. Urine
collection was noted to be difficult in younger and sicker children. In addition, urine collection in children
may be affected by dehydration or other medical problems.
Authors' conclusions
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We found limited evidence on the accuracy of AlereLAM in children living with HIV. There
were too few studies and participants to draw conclusions.
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Executive Summary
We carried out a systematic review of economic evaluations on the urine-based lateral flow
lipoarabinomannan assay AlereLAM (Alere Determine ™ TB LAM Ag, Abbott, Palatine, IL, USA, previous
Alere Inc., Waltham, MA, USA) for the diagnosis of active TB in HIV-positive individuals. The objective of
this review was to summarize current evidence and understand the costs, cost-effectiveness and affordability
(in terms of budget impact) of AlereLAM implementation for diagnosis of tuberculosis (TB) among HIVpositive populations. We identified 6 studies all from settings in sub-Saharan Africa. Study methods and
populations were heterogeneous, assessing a range of diagnostic algorithms, and only 4 studies assessed
cost-effectiveness.
Economic evidence for the implementation and scale-up of AlereLAM is still limited. Existing studies show
a consistent trend, suggesting a high probability that AlereLAM could be cost-effective in a population of
African adults living with HIV (particularly amongst hospitalized patients). However, with only a few
studies and key differences in modeling approaches, assumptions, diagnostic algorithms assessed, analytical
techniques, and study settings, generalizability and more specifically applicability to other settings is limited.
Inclusion of costs associated with antiretroviral therapy and HIV care resulted in higher incremental costeffectiveness ratios as TB diagnostic costs represented just a small proportion of total increased costs when
HIV care is included. Models found cost-effectiveness of AlereLAM to be robust across a variety of
sensitivity analyses, variations in key parameters and across different country settings and scenarios. Key
parameters that are likely influential on cost-effectiveness include: TB prevalence, target population, and
AlereLAM specificity, cost of treating TB and HIV and life expectancy post TB survival, and time horizon.
However, one detailed micro-costing study published in 2018 estimates unit test costs for AlereLAM
implementation several fold higher ($23) than most current models ($2-4). Underestimation of AlereLAM
unit costs could result in overly optimistic cost-effectiveness profiles.
While current evidence is consistent in suggesting AlereLAM is likely cost-effective among HIV-positive
patients in sub-Saharan Africa, caution should be used when extrapolating from a small number of studies,
and additional evidence from a wider range of populations, settings and diagnostic approaches will be
necessary.
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Background
Mortality due to tuberculosis (TB) remains high among persons living with HIV, with TB accounting for
32% of AIDS related deaths in 2017 1. Diagnosis of tuberculosis (TB) among HIV-positive populations
remains a critical challenge in the fight against TB, conventional diagnostics are not as effective in this
population due to an inability to provide sputum required for most standard TB diagnostics 1. In 2015, the
WHO issued conditional recommendations endorsing a urine lipoarabinomannan (urine LAM) assay
(Determine TB-LAM; Alere, MA, USA) for use in adult inpatients with HIV and TB symptoms and who
have CD4 count <100 cells per μL or who are seriously ill2,3.
Lipoarabinomannan (LAM) is a glycolipid found in the outer cell wall of mycobacteria. During active TB
disease, LAM antigen is released from metabolically active or degrading bacterial cells and passes into the
urine. The first commercially available test for urine LAM used an enzyme linked immunosorbent assay
(ELISA) format (Clearview TB ELISA, Alere Inc, Waltham, MA, USA). Later developments resulted in a
lateral flow urine lipoarabinomannan (LF-LAM) assay, which is commercially available to detect active TB
(Alere DetermineTM TB LAM Ag, Alere Inc, Waltham, MA, USA). The test can be performed at the point
of care, and does not require technical expertise. A 60 μL sample of urine is applied to a nitrocellulose test
strip and incubated for 25 minutes. The result can then be easily read without additional equipment by
comparing band intensity with a manufacturer-supplied reference card, resulting in a positive/negative
interpretation. Its diagnostic sensitivity has been shown to be improved amongst HIV-positive patients with
lower CD4 counts. AlereLAM has many logistical advantages, including its ease of use, lack of requirements
for equipment and infrastructure, ability to be performed at the point of care, with results in less than a half
hour and low cost (initially marketed at $3.50USD per test).
AlereLAM has shown great potential for use in HIV-positive persons, but the economic evidence to date has
been limited. A 2015 systematic review tittled: “A Systematic Review of Economic Evaluations of the
Lateral Flow Urine Lipoarabinomannan Assay for Diagnosis of Active Tuberculosis in HIV-infected
Individuals” prepared by Hanrahan and Dowdy, identified only 2 eligible studies3. Understanding the costs,
cost-effectiveness and affordability of AlereLAM in HIV-positive individuals can provide important
evidence for policy makers needing to make decisions around scale-up of the test in TB and other
programmes that care for HIV-positive populations.

Objective
To perform an updated systematic review of the published literature on economic evaluations on the urine
based lateral flow lipoarabinomannan assay AlereLAM (Alere Determine ™ TB LAM Ag, Abbott, Palatine,
IL, USA, previous Alere Inc., Waltham, MA, USA) for the diagnosis of active TB in HIV-positive
individuals. To summarize current evidence and further understand the costs, cost-effectiveness and
affordability of AlereLAM implementation for TB diagnosis among HIV-positive populations. Affordability
was considered with respect to budget impact assessments performed in specific countries under given
scenarios/conditions.

Methods
Types of studies considered
Studies were included if they evaluated the index test, AlereLAM, for the detection of active TB disease among
HIV-positive individuals, and included an economic evaluation in the analysis. Our search term outlined below,
were designed to broadly capture any economic evaluations or studies mentioning cost or disability-adjusted
life years (DALYs) or quality-adjusted life years (QALYs) and was not limited to cost-effectiveness analyses.
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Examples of eligible economic studies included cost-minimization analysis, cost-consequence analysis, costeffectiveness analysis, and cost-benefit analysis. We considered studies eligible that used either primary or
secondary data sources (i.e., published literature) for either economic or epidemiologic parameters. Studies
were excluded if they reported only the cost of the AlereLAM test without including health systems delivery
costs or if there was no link to health outcomes such as incremental yield, mortality, or DALYs/QALYs. Only
studies published in English were included.
Search strategy & Data Sources
Using the same search strategy as the 2015 report, we performed a search of three online databases: PubMed,
EMBASE and Web of Science for new studies published from January 1, 2010 through September 31, 2018.
We reviewed citations of all eligible articles, guidelines and reviews for additional studies.
The search strategy used was the following: (tuberculosis OR TB) AND (lipoarabinomannan OR LAM) AND
(test OR assay OR antigen OR Ag OR lateral flow assay OR urine antigen OR point of care) AND (((((costbenefit) OR (cost) OR (economic) OR (cost effectiveness) OR (cost-utility) OR (disability adjusted life year)
OR DALY OR (quality-adjusted life year) OR QALY OR (cost benefit analysis) OR (cost effectiveness
analysis))) OR ((quality of life) OR (utility))) AND (HIV OR Human Immunodeficiency Virus).
Search terms were adapted slightly for each database as required.
Study selection
The study selection followed PRISMA guidelines.4,5 Potentially relevant studies were identified through
electronic searches of the online databases as described above, and duplicates were removed. An initial abstract
review of each study was completed independently by two reviewers; articles were excluded if they did not
evaluate AlereLAM or if they were reviews, letters or opinion pieces (i.e. no original data). Full text review
was then completed on remaining articles, and articles that met predetermined inclusion criteria (evaluated
AlereLAM for active TB disease and included an economic evaluation, estimated costs beyond the price of
the assay and or linked those costs to health outcomes), were retained for the review. In an effort to include
and review all available economic data for AlereLAM, studies were not restricted to cost-effectiveness and
cost-utility analyses.
Data extraction
Full texts of included studies were independently reviewed by two reviewers, including published
supplemental material, with all disagreements resolved by consensus and discussions with a third reviewer.
Assessment of the quality of each economic evaluation was guided by the Consensus Health Economic Criteria
(CHEC) list.6,7
The study design data elements extracted from each study included: the primary research question, country
setting, year of study, patient population, clinical setting, AlereLAM diagnostic scenarios, comparison
diagnostic scenarios, analysis perspective, analytic time horizon, type of economic evaluation, source of
costing, primary outcome measure, secondary outcome measure, type of model, types of sensitivity and
uncertainty analyses performed and willingness-to-pay threshold.
Key model parameters were extracted and presented in tables, including epidemiologic, diagnostic testing and
treatment and outcome parameters. Key outcomes for each study were extracted including: cost per patient for
each diagnostic strategy, and incremental cost effectiveness ratio (ICER) per effectiveness or utility measure
(e.g. DALY averted). Costs were presented in USD (United States Dollars).
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Results
Study selection
A search of online databases as of September 31, 2018 returned a total of 130 articles; the search was
updated as of February 1, 2019 to include a recently published paper. Duplicates were excluded (n=33) for a
total of 98 articles that were screened and reviewed for study eligibility. Articles were excluded if they did
not include data on AlereLAM (n=27) and if they did not include original data or analysis, (i.e. review,
letters, opinion, n=20). A full text review was performed on the remaining 51 articles, and those that did not
include an economic evaluation were excluded (n=45), leaving 6 articles eligible for inclusion in our
review8-13.
Study characteristics
Characteristics of the 6 included studies are summarized in Table 1. All studies were based in settings in
sub-Saharan Africa, primarily South Africa along with Uganda, Mozambique and Malawi. It is worthwhile
noting that 4 of the 6 studies included were only recently published, in 2018 and 2019. Three studies focused
on hospitalized HIV-positive patients exclusively, two studies on outpatients living with HIV, and one study
examined both inpatient and outpatient settings. With the exception of the recent Reddy 2019 costeffectiveness analysis which assessed using AlereLAM testing protocols irrespective of CD4 cell count or
TB symptoms, studies assessed implementation of AlereLAM containing algorithms only in targeted
subgroups (CD4 cell count <100, <150 and <200 and/or among those with TB symptoms).
A variety of AlereLAM diagnostic strategies and reference strategies were compared. Sun 2013 compared
the addition of AlereLAM to a combination reference strategy: sputum smear microscopy (SSM) or Xpert
MTB/RIF (Xpert) along with clinical judgement. Sun 2013 also explored an alternative scenario where
Xpert replaced SSM in the combined reference strategy. Shah 2013 assessed the addition of AlereLAM to
two reference strategies: either SSM or Xpert alone. Boyles 2018 assessed several different testing
algorithms where subsequent tests were performed only in the case of a negative precedent test result.
Algorithms assessed included Xpert followed by culture, AlereLAM, followed by Xpert, AlereLAM
followed by Xpert then culture, AlereLAM followed by Xpert SI (Sputum induction), Xpert SI followed by
culture, AlereLAM followed by Xpert SI then culture. In the costing analysis Mukora 2018 assessed the
costs of AlereLAM and point of care haemoglobin testing in settings where same-day Xpert and smear
microscopy results are not available. Orlando 2018 used a reference strategy including a 4 symptom screen
for TB and then SSM for any with positive symptoms. This reference was compared with an Xpert for all
participants approach and an AlereLAM strategy where AlereLAM was performed in all patients with CD4
counts <200, and Xpert performed in patients with CD4 counts >200 and in those with negative AlereLAM.
Reddy 2019 used an Xpert for all reference strategy, comparing this with either Xpert + AlereLAM +urine
Xpert or Xpert and AlereLAM. Reddy 2019 also assessed the cost-effectiveness of these interventions
among a subgroup with CD4 cell count <100.
Three studies included cost-utility analyses and produced incremental cost-effectiveness ratios (ICER)
(cost/DALY averted) as their primary outcome. Reddy 2019 performed a cost-effectiveness analysis with
incremental cost per year of life saved as the primary outcome. Reddy 2019 was the first to include a budget
impact assessment along with the cost-effectiveness analysis. Boyles 2018 calculated incremental yield and
cost per patient associated with various diagnostic algorithms assessed, but did not further associate this with
incremental health benefit or DALY averted. Mukora 2018 performed a detailed cost estimation of
AlereLAM for use in South Africa, where the primary outcome was unit test cost with a focus on
understanding clinic level and above clinic level unit costs. All studies employed health system perspective
approaches. Sun 2013 explicitly limited their analysis to the TB program perspective and did not include
downstream costs associated with antiretroviral therapy (ART). Only Shah 2013 and Reddy 2019 included
costs associated with HIV care and ART.
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The majority (4/6) of studies employed empirical data collection for at least some of the costing sources,
while Sun 2013 and Boyles 2018 used exclusively published literature for costing sources. Shah 2013,
Mukora 2018, Orlando 2018 and Reddy 2019 all used a combination of direct observation, timesheets,
review of financial, study/program, laboratory and hospital records to build TB unit costs for their analysis.
Sun 2013, Shah 2013 and Orlando 2018 all employed a static decision analysis model, while Reddy 2019
employed a modified cost-effectiveness of preventing AIDS complications-International (CEPAC-I)
microsimulation model.
One-way sensitivity analyses were performed across all of the 4 cost-utility/cost-effectiveness studies. Sun
2013 and Shah 2013 also performed probabilistic sensitivity analyses while Reddy 2019 performed
multiway deterministic sensitivity analyses across key parameters and scenarios. Shah 2013 and Sun 2013
both employed national per capital GDP as the suggested willingness-to-pay (WTP) threshold, while
Orlando 2018 employed the three fold national GDP threshold often cited. Reddy 2019 took an alternative
approach, suggesting the ICER of second line ART as determined by the CEPAC-1 model for each country
under investigation. Input parameters for included studies are listed in Table 2.
The 6included studies were assessed using the quality of health economics studies instrument assessment
and the CHEERS checklist6. Results are summarized in Appendix Table 1. All 6 studies clearly described
key methods, objectives, and alternatives compared. Appropriate analyses were performed where indicated
in respective studies’ objectives and design. Two of the 6 articles did not discuss potential conflict of
interests, a further 2 studies did not discuss ethical and distributional issues.
Study findings
Impact of AlereLAM on TB case finding
Five included studies estimated impact of AlereLAM diagnostic strategies on TB case finding. Mukora 2018
performed a costing study only and did not report on potential impact of AlereLAM on TB case finding or
cost-effectiveness.
In a prospective cohort study of hospitalized HIV-positive patients with TB symptoms Boyles 2018 assessed
the incremental yield of various diagnostic algorithms containing AlereLAM. Yields ranged from 24.3% in
the Xpert/culture approach to 50.9% in the AlereLAM/Xpert approach, 52.1% in the
AlereLAM/Xpert/culture, 92.3% in the AlereLAM/Xpert SI, 95% in Xpert SI/culture, and 95.9% in
AlereLAM/Xpert SI/Culture approach. AlereLAM sensitivity in this cohort was 35.5%, significantly lower
than parameter values used in Sun 2013, 66% and Shah 2013, 49%. Incremental yield of AlereLAM
strategies was also much lower (1.2- 3.6%) compared with Sun 2013 and Shah 2013, due to the use of
culture as the comparison.
Orlando 2018 compared an Xpert for all approach and an AlereLAM/Xpert algorithm with the standard of
care (4 symptom screen and smear microscopy for those with symptoms) in a simulated cohort of 1000 HIVpositive outpatients initiating ART in Mozambique. An estimated 1281 and 1254 DALYs were saved using
the Xpert and AlereLAM/Xpert approach respectively, compared with standard of care which averted 1107
DALYs, representing approximately a 13% incremental yield in DALYs averted using AlereLAM/Xpert
compared with standard of care containing SSM, consistent with incremental yield employed by earlier
studies.
The most recently published study, Reddy 2019 used the CEPAC-I model to simulate STAMP trial results
and project long term outcomes14. Reddy 2019 adapted the CEPAC-I model, a validated microsimulation
model of HIV related disease and treatment, to incorporate TB natural history, diagnosis, and treatment. The
primary intervention assessed included sputum Xpert, AlereLAM and urine Xpert among unselected
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hospitalized patients with HIV. When the model was calibrated to STAMP trial outcomes, an estimated
absolute increase in diagnostic yield of 55% was seen in Malawi and 23% in South Africa using the
AlereLAM intervention compared with standard of care (Xpert), with an estimated increase in life
expectancy of 1.2 years in Malawi and 0.5 years in South Africa. Differences in yield between Malawi and
South Africa were driven by lower probability of obtaining a sputum sample in Malawi and higher rates of
empirical treatment in South Africa. It is worthwhile noting that the STAMP trial found only weak evidence
(p=0.07) of a 2.8% reduction in all-cause mortality at 2 months with the AlereLAM intervention compared
with standard of care. Were this mortality reduction not to hold true, estimates of impact and costeffectiveness would be impacted.
Employing hypothetical cohorts, Sun 2013 estimate AlereLAM + SSM + existing diagnostics detects 90% of
TB cases compared with 73% using the standard of care (SSM + existing diagnostics) when used in a
hospitalized population. Shah 2013 estimated AlereLAM + SSM could detect 81% (95%Uncertainty Range
(UR) 62-91%) of TB cases in a hypothetical Ugandan cohort (inpatients and outpatients) versus 66%
(95%UR 41-80) using SSM alone. While Sun 2013 had a higher yield using their standard of care approach
(as you might expect among a hospitalized population), both studies estimated a 15-17% incremental yield
with the addition of AlereLAM compared to standard of care without Xpert. Sun 2013 did find that the
addition of AlereLAM increased false positives by 19% resulting in increased unnecessary TB treatment.
Shah 2013 assessed the addition of AlereLAM to Xpert strategy, resulting in a case detection of 93%
(95%UR 81-96%) of TB cases, compared to 87% (95%UR 41-80%) with Xpert alone.
Costs of ALereLAM for TB detection & budget impact assessment
From the Mozambique setting, Orlando 2018 estimated total costs of three approaches. Orlando 2018
included cost of diagnostics, and treatment, but also cost of newly transmitted infections due to delayed
diagnosis and costs of additional transmitted infections due to health system delay. When considering only
diagnostic and treatment costs, standard of care (SOC) was much less expensive at total cost of $5,893
($5.89/person screened) compared with $15,731 ($15.73/person screened) with Xpert and $16,522 ($16.52/
per person screened) with Alere/Xpert interventions. However, when cost of additional infections due to
health system delay were considered, standard of care became several fold more costly ($87,519 & $147,226
SOC vs $18,168 & $92,263 Xpert vs $18,959 & $113,196 AlereLAM).
Reddy 2019 estimated discounted per person lifetime health-care costs, therefore including TB diagnostics
but also costs associated with TB treatment, ART and HIV care, resulting in higher costs per person
screened. Reddy 2019 found per person lifetime health-care costs of $3,450 using the standard of care
approach and $3,790 in the intervention approach for Malawi and $8,500 and $8,770 in South Africa.
Reddy 2019 also performed a budget impact assessment, providing some evidence on potential affordability
of these approaches within the local health expenditures budget. They estimated the increased cumulative
health-care expenditures among screened individuals due to diagnostic test costs alone (ALereLAM and
urine Xpert) to be $10 million (11.2%) over 2 years and $37 million over 5 years (10.8%) in Malawi and
$73 million (2.4%) over 2 years and $261 million (2.8%) over 5 years in South Africa. Reddy 2019
demonstrate TB diagnostics represent a small percentage of total health care expenditures, which are driven
largely by cost of ART and non-ART HIV care including hospitalizations.
While Mukora 2018 did not assess diagnostic yield of AlereLAM, they investigated the full economic costs
in a South African setting (from the health care system perspective) of introducing AlereLAM as an initial
TB test among HIV-positive outpatients with CD4 count <150 cell/μL. Mukora 2018 employed a detailed
micro-costing approach including costs from both the clinic level and above clinic level, across nongovernmental organizations (NGO) and department of health (DoH) implementers/clinics and included costs
from both start-up and implementation periods. Mukora 2018 estimated a total unit cost of AlereLAM
testing at $23.55 (NGO clinics) and $22.72 (department of health (DOH) operated clinics). Unit costs were
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higher than have been reported in other studies from South Africa largely driven by the inclusion of both
clinic level ($11.49 NGO & $10.85 DOH) and above clinic level costs ($12.06 NGO & $11.87 DOH).
Using published costing data for South Africa limited to unit test cost, Boyles 2018 calculated the cost per
patient for each algorithm. Cost per patient screened by each algorithm generally increased with increasing
diagnostic yield and ranged from $10.5 for Xpert/Culture and AlereLAM/Xpert, $12.5 for the
AlereLAM/Xpert/culture, $37.2 for the AlereLAM/Xpert SI, $49.6 for Xpert SI/culture, and $42 for
AlereLAM/Xpert SI/culture approach. Boyles 2018 did not perform a cost-effectiveness analysis or calculate
incremental cost-effectiveness ratios.
Using non-empirical costing sources, Sun 2013 estimated total cost (including diagnosis and treatment) per
patient evaluated for Uganda and South Africa. In South Africa, SSM plus existing diagnostics was
estimated to cost $243 /patient evaluated while the addition of AlereLAM resulted in a total cost of
$308/patient evaluated. In Uganda, standard of care cost $71 and $92 with the addition of AlereLAM.
Shah 2013 employed empirical costing for TB diagnostics in Uganda. For standard of care including SSM
total per-patient costs were estimated at $62 (95% UR $37-116) and $86 (95% UR $57-137) for Xpert alone
and $91 (95% UR $60-163) for Xpert plus LF-LAM, very similar to total costs estimated in Sun 2013.
Differences were largely driven by different AlereLAM specificity used across the studies (95% versus 97%),
resulting in higher treatment costs due to false-positive test results in Sun 2013. Shah 2013 were able to
examine test component costs, diagnostic test cost alone for SSM was estimated to be $15.16 per patient,
while SSM + AlereLAM cost $27.52, Xpert cost per test were estimated at $31.80 and Xpert + AlereLAM was
$36.55.
Shah 2013 demonstrated the major drivers of AlereLAM test costs are consumables (92%) with labor
accounting for just 8% and equipment and overheads less than 0.1%. For SSM, consumables made up 59%
of diagnostic costs, while equipment 20%, labor 16% and overhead 5%. For Xpert, consumables made up
70% of diagnostic costs, equipment 23%, labor 2% and overhead 5%.

Cost-effectiveness of TB diagnostic algorithms
Compared with the standard of care (smear microscopy for those positive on symptom screen), Orlando
2018 found the Xpert and Xpert/Alere approaches were highly cost-effective with ICERs of $56.54/DALY
averted for the Xpert approach and $72.34/DALY averted for AlereLAM/Xpert. The smaller ICERs
compared with earlier studies are driven partly by increased benefits associated with averted transmission
and new infections. When cost of newly transmitted infections was included, Xpert and AlereLAM + Xpert
approaches were cost-savings compared with the standard of care.
Using the modified CEPAC-I model calibrated to STAMP trial results, Reddy 2019 found Xpert +
AlereLAM + urine Xpert to be cost-effective among unselected hospitalized HIV patients with ICERs of
$450/YLS (Years of life saved, YLS) in Malawi and $840/YLS in South Africa compared with standard of
care (Xpert alone). The modified intervention of Xpert + AlereLAM was even more cost-effective with
ICERs of $420/YLS in Malawi and $810/YLS in South Africa compared with standard of care. Increased
ICERs are due to inclusion of downstream costs associated with lifelong ART and HIV care.
Among the two cost-effectiveness studies included in the previous systematic review in 2015: Sun 2013
found that SSM + existing diagnostics + AlereLAM was highly cost-effective in both South Africa (ICER
$247/DALY averted, 95% UR $135-815) and Uganda ($96 per DALY averted, 95% UR $54-265) compared
to the standard of care based on SSM + existing diagnostics.
Shah 2013 also found AlereLAM + smear was highly cost-effective compared to the standard of care (SSM
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alone), with an ICER of $29/DALY averted (95% UR $21-152). The more favorable ICER in the Shah 2013
analysis reflected both lower incremental costs for AlereLAM ($9 versus $21, largely reflecting assumptions
about ALereLAM specificity) and higher incremental effectiveness (largely due to differences in study
populations leading to different estimated life expectancy among HIV-positive TB survivors, 12.9 years
versus 5.0 years).
When considering Xpert-based algorithms, Sun 2013 found that addition of Xpert + AlereLAM was highly
cost-effective compared to Xpert + existing diagnostics, with an ICER in Uganda of $513/DALY averted
(95% UR $164-8,707). Shah 2013 also found AlereLAM + Xpert highly cost-effective compared to Xpert
alone, with an ICER of $45/DALY averted (95%UR $10-152). The reason for this more pronounced
difference in cost-effectiveness is less clear but may reflect higher assumed case-finding in Sun 2013
reference scenario (93% [presumed] versus 85%, as above), leaving fewer individuals to be incrementally
diagnosed by AlereLAM.

Sensitivity analyses
Four of the included studies presented sensitivity results. Across the four studies, models were robust to
one-way sensitivity analysis across key parameters and ICERs were consistently cost-effective across most
parameters investigated. Thus, the models generally agreed that influential parameters included: LF-LAM
specificity, TB prevalence, and life expectancy after TB cure.
Orlando 2018 performed one-way and multi-way sensitivity analyses for the Xpert approach compared with
the standard or care (SSM on symptom positives) and found prevalence of TB and cost of Xpert to be the
most influential parameters, while ICERs remained consistently cost-effective across all parameters
investigated. Sensitivity analysis for Xpert/AlereLAM approach was not reported.
Reddy 2019 performed one-way and multi-way deterministic sensitivity analyses, and found the intervention
to be cost-effective (with less than 10% change in ICER) across nearly all parameters ranges explored in
both countries; the one exception being the intervention diagnostic yield. Reddy 2019 found the intervention
grew more cost-effective over time, and in sensitivity analysis cost-effectiveness at 2 years was not
consistently below WTP thresholds. Interventions were cost-effective across nearly all values of empirical
treatment probability and TB prevalence at 5 years, and when lifetime horizon was employed. In scenario
analyses Reddy 2019 assess cost-effectiveness among patients with CD4 cell counts less than 100 cells/μL,
while ICERs were higher across this group ($490 vs. $450 Malawi & $1,000 vs. $840 South Africa), the
intervention remained cost-effective.
Sun 2013 found the parameters with greatest influence on the AlereLAM ICERs (in both South Africa and
Uganda) were life expectancy after TB cure, the cost of TB treatment, LF-LAM specificity, and TB
prevalence. One-way sensitivity analyses for Xpert-based scenarios were not presented in this study. Shah
2013 found the most influential parameters on AlereLAM ICERs relative to SSM were life expectancy after
TB cure, sensitivity of clinical diagnosis, and TB prevalence. For AlereLAM relative to Xpert alone, the most
influential parameters were the percentage of patients with low CD4 (<100), TB prevalence, and AlereLAM
specificity. Sun 2013 performed three-way sensitivity analyses around these three parameters, finding that
in both South Africa and Uganda, addition of AlereLAM to smear remained cost-effective when TB
prevalence was as low as 5% assuming a life expectancy from 1.5 to 10 years and a specificity of 95% for
AlereLAM.
In scenario analysis, Shah 2013 assessed the impact of inclusion of HIV/ART costs and effects. The ICER was
higher (i.e., less favorable to AlereLAM) in all scenarios, but remained cost-effective $422 (95% UR $200752) for AlereLAM + SSM compared to SSM alone, and $367 (95% UR $163-646) for Xpert plus AlereLAM
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compared to Xpert alone. Ultimately, the cost-effectiveness in this scenario converged to the costeffectiveness of HIV care and ART. In the second scenario analysis Shah 2013 restricted the patient
population to those with CD4<100 cells/μL. The ICER was even more cost-effective in this population due
to low yield of SSM. For AlereLAM + SSM compared to SSM alone, the ICER was $25/ DALY averted, while
the ICER comparing Xpert plus AlereLAM to Xpert alone fell to $35 /DALY averted.
Sun 2013 and Shah 2013 were the only two studies to perform probabilistic sensitivity analysis. Sun 2013
estimated that AlereLAM + smear + existing diagnostics would be cost-effective in >99.8% of simulations,
at the WTP threshold of GDP per capita in both Uganda and South Africa. For AlereLAM + Xpert + existing
diagnostics, Sun 2013 estimated 90% of simulations found AlereLAM to be cost-effective in South Africa at
the GDP per capita WTP threshold, while an estimated 85% found AlereLAM to be cost-effective in
Uganda. Shah 2013 presented cost-effectiveness acceptability estimates only for the scenarios with costs of
HIV care and ART included. In these scenarios, Shah 2013 estimated AlereLAM + SSM, would be costeffective in 72% of simulations, and AlereLAM+ Xpert, would be cost-effective in 77% of simulations. The
lower probability of cost-effectiveness reflects the addition of costs for HIV care (including ART) that were
not included by Sun 2013, who took a TB program perspective.
Principal Findings
•

6 eligible studies were identified all from sub-Saharan African settings with high TB/HIV burden.

•

Models consistently demonstrated AlereLAM containing approaches could be costeffective among African HIV positive adults across a range of settings and
parameters evaluated despite heterogeneous diagnostic approaches evaluated.

•

Mukora 2018 performed a detailed micro-costing of AlereLAM as part of point of care
implementation and start-up in South African outpatient clinics, reporting unit test cost of $23.55 for
AlereLAM several fold higher than previous estimates ranging from $3 to $3.99. The higher
estimates are largely driven by the inclusion of above-clinic-level costs. If cost-effectiveness models
are underestimating true costs of implementing AlereLAM, ICERs may be less favourable and
programs more costly.

•

Most models suggest cost-effectiveness may be improved among those with lower
CD4 cells, Reddy 2019 found AlereLAM approach was actually less cost-effective
among unselected hospitalized patients with lower CD4 cells counts, due to
greater increased costs compared to all patients (costs associated with nontuberculosis opportunistic diseases and concomitant increases in ART costs).

•

With only a few studies and key differences in modeling approaches, assumptions, diagnostic
algorithms assessed, analytical techniques, and study settings, applicability to other settings is
limited.

Discussion
After performing a thorough review of the published and unpublished literature and broadening our inclusion
criteria, we were able to identify only 6 eligible studies, all from sub-Saharan African countries with high
TB/HIV burden. Studies were heterogenous in the range of diagnostic algorithms assessed and baseline
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comparisons used, however models consistently demonstrated AlereLAM containing approaches were costeffective across a range of settings and parameters evaluated.
Four studies calculated incremental cost-effectiveness ratios evaluating AlereLAM strategies. Two earlier
studies were produced by the same research group using similar modelling approaches and assumptions and
included in the previous systematic review by Hanrahan 20153. Sun 2013 estimated ICERs of $247/DALY
averted in South Africa and $96/DALY averted in Uganda using AlereLAM + SSM compared with SSM
alone and $513 in South Africa and $231 in Uganda using AlereLAM + Xpert compared with Xpert alone.
Sun 2013 targeted hospitalized patients with CD4 counts <100 cells/μL while Shah 2013 took a broader
approach, testing inpatients and outpatients with presumptive TB irrespective of CD4 cell count. Shah 2013
estimated ICERs of $29/DALY averted in Uganda using AlereLAM + SSM compared with smear and
$45/DALY averted using AlereLAM + Xpert compared with Xpert alone. Both studies performed scenario
analyses to show that excluding costs of subsequent ART and HIV care showed AlereLAM approaches to be
even more highly cost-effective. Both models identified AlereLAM specificity, life expectancy after TB
cure and TB prevalence to be key influential variables on model results.
Two additional studies estimated ICERs and are included in this updated review. Orlando 2018 modelled
cost-effectiveness among outpatients initiating ART in Mozambique, estimating an ICER of $72.31/DALY
averted using an AlereLAM + Xpert diagnostic strategy stratified by CD4 cell count compared with SSM
alone. While this algorithm is not directly comparable with previous approaches it does demonstrate that the
addition of AlereLAM to diagnostic algorithms may be cost-effective across a variety of algorithms and
implementation approaches, and was the first published study on AlereLAM cost-effectiveness from
Mozambique. Orlando 2018 was also the first to account for additional costs of newly/additional transmitted
infections due to delayed diagnosis and health system delay, although costs associated with HIV follow-up
and care were not included. Inclusion of these costs resulted in higher total direct and indirect costs for
standard of care approach compared with Xpert or AlereLAM + Xpert approaches investigated, therefore
standard of care was dominated by intervention strategies (Xpert alone, then AlereLAM +Xpert). In this
analysis Orlando 2018 found that the use of AlereLAM in their algorithm reduces the number of tests
required only for those who are positive, therefore increasing the total number of tests required as
AlereLAM negatives went on to subsequent Xpert testing.
Using data from the recently published STAMP trial14 Reddy 2019 estimated among unselected hospitalized
patients an ICER of $450/YLS in Malawi and $840/YLS in South Africa using Xpert + AlereLAM + urine
Xpert compared with Xpert as the standard of care. Unlike previous models which generally used a SSM
standard of care, Reddy 2019 compared AlereLAM interventions against a standard of care containing
Xpert, therefore ICERs would be expected to be higher than when comparing against standard of care with
lower diagnostic yield. In modified interventions of AlereLAM + Xpert, ICERs were at least as costeffective and often improved. Reddy 2019 were able to calibrate models to STAMP trial data across the two
countries to project impact on mortality and included two countries with vastly different economies and
health system structures; low rates of sputum provision in Malawi coupled with high rates of empirical
treatment in South Africa, meant the impact on diagnostic yield of AlereLAM was much greater in Malawi
compared with South Africa. While previous work suggested cost-effectiveness may be improved among
those with lower CD4 cells, Reddy 2019 found among hospitalized HIV patients, the AlereLAM approach
was actually less cost-effective among those with lower CD4 cells counts, due to greater increased costs in
this group compared to all patients (costs associated with non-tuberculosis opportunistic diseases and
concomitant increases in ART costs).
Two additional studies performed costing analyses. Boyles 2018 used published unit test costs and the
proportion of patients who would need each test using a given algorithm to calculate cost of investigation per
patient screened. Costs ranged from $10.5 per patient with Xpert and culture algorithms to $42 per patient
with AlereLAM/Xpert with sputum induction/culture approach. Boyles’ 2018 population was restricted to
hospitalized patients with cough and patients unable to produce sputum after induction were excluded,
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possibly reflecting a sicker population that may have benefited from AlereLAM. Results may not be
applicable to settings where sputum induction and culture are not available. Mukora 2018 performed a
detailed micro-costing of AlereLAM as part of point of care implementation and start-up in South African
outpatient clinics, reporting unit test cost of $23.55 for AlereLAM several fold higher than previous
estimates ranging from $3 to $3.99. The higher estimates are largely driven by the inclusion of above-cliniclevel costs required to support point of care implementation for AlereLAM, and staff costs were the primary
driver of costs at both clinic and above clinic level. If cost-effectiveness models are underestimating true
costs of implementing AlereLAM, ICERs may be less favourable and programs more costly. However,
Mukora 2018 point out that as scale-up continues, economies of scale and other efficiencies may be gained.
Conclusions
Economic evidence for the implementation and scale-up of AlereLAM is still limited. Existing studies show
a consistent trend, suggesting a high probability that AlereLAM could be cost-effective in a population of
African adults living with HIV (particularly amongst hospitalized patients) but with only a few studies and
key differences in modeling approaches, assumptions, diagnostic algorithms assessed, analytical techniques,
and study settings, generalizability and more specifically, applicability to other settings is limited.
Inclusion of costs associated with ART and HIV care resulted in higher ICERs as TB diagnostic costs
represented just a small proportion of total increased costs when HIV care is included. Models found costeffectiveness of AlereLAM to be robust across a variety of sensitivity analyses, variations in key parameters
and across different country settings and scenarios. Key parameters that are likely influential on costeffectiveness include: TB prevalence, target population, and AlereLAM specificity, cost of treating TB and
HIV and life expectancy post TB survival, and time horizon.
While current evidence is consistent in suggesting AlereLAM is likely cost-effective among HIV-positive
patients in sub-Saharan Africa, caution should be used when extrapolating from a small number of studies,
and additional evidence from a wider range of populations, settings and diagnostic approaches will be
necessary.
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Table 1: Characteristics of included studies
Study
Sun 2013
Shah 2013
Characteristic
s
Country
South Africa
Uganda
setting
& Uganda
Year of cost
2010
2013
valuation
Currency
USD
USD
Clinical setting
Inpatient
Inpatient &
Outpatient
Study
Hospitalized
HIV-positive
population
HIV-positive
adults with
adults with
presumptive TB
presumptive
TB and CD4
count<100
cells/μL

AlereLAM
diagnostic
strategies

Reference
diagnostic
strategies

Analysis
perspective

AlereLAM
in addition to
reference
strategy

SSM or
Xpert with
clinical
judgement
and array of
existing
diagnostics
Public sector
TB program

Boyles 2018

Mukora 2018

Orlando
2018

Reddy 2019

South Africa

South Africa

Mozambique

Not Reported

2014

2016

Malawi &
South Africa
2017

USD
Inpatient

USD
Outpatient

USD
Outpatient

USD
Inpatient

Hospitalized
HIVpositive,
adults with
presumptive
TB

HIV-positive
adults with
CD4 ⩽150
cells/μL and
who had not
received ART
or TB
treatment in
the preceding
6 or 3 months
AlereLAM &
Haemoglobin
(Hb) test

HIV-positive
adults
initiating
ART

Hospitalized
HIV-positive
adults
irrespective
of TB
symptoms

AlereLAM
in all patients
with CD4
cell count
<200 &
Xpert in all
patients with
CD4 cells
count >200
and in those
with CD4
cells count
<200/ mm3
and negative
AlereLAM
results.

1) Xpert,
AlereLAM
and urine
Xpert;

1) SSM for
those
positive on 4
symptom
screen

Xpert

1) AlereLAM
plus smear
microscopy

1)
AlereLAM
plus Xpert

2) AlereLAM
plus Xpert

2)
AlereLAM
plus Xpert
and Culture

1)SSM

3)
AlereLAM
plus Xpert
(induced
sputum -SI)
4)
AlereLAM
plus Xpert SI
and culture
1) Xpert and
culture

N/A

2)Xpert
2) Xpert SI
and culture

Health system

Health
system

Health system

2) Xpert for
all
Health
system

2) Xpert and
AlereLAM

Health
system
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Type of
economic
evaluation

Source of
costing

Primary
economic
outcome

Cost-utility

Nonempirical
(utilizing
existing
costing
sources)

Cost-utility

Empirical (TB
diagnostics),
non-empirical
(TB treatment)

Costing
study

Nonempirical
(utilizing
existing
costing
sources)

Costing study

Cost-utility

Empirical
(Including
clinic financial
records, direct
observation &
completed
timesheets)

Empirical
costs (human
resources
associated
with test
delivery
from
program
records) &
Nonempirical
(diagnostics
costs from
existing
costing
sources)

Incremental
cost/DALY
averted

Incremental
cost/DALY
averted

Cost/patient

Unit test cost

Incremental
cost/DALY
averted

Decision
analysis

Decision
analysis

N/A

N/A

Decision
analysis

Sensitivity
analyses

One-way,
multi-way
and
probabilistic

One-way and
probabilistic

N/A

N/A

One-way
sensitivity
analysis

Key
scenarios/varia
bles explored
in sensitivity
analyses

-AlereLAM
specificity
-TB
prevalence
-Life
expectancy
after TB cure

-Inclusion of
HIV-associated
costs and effects
-Restriction to
CD4<100

N/A

N/A

- TB
prevalence
- Cost of
Xpert test
- Mortality
among false
negatives
- Cost of
symptom
screen

Type of model

Scenarios:
-Xpert
(instead of
SSM)

Cost
effectiveness
& Budget
Impact
Assessment
Mix of
empirical
and nonempirical
(obtained
data from
STAMP
trialcountryspecific
costing
studies and
national
laboratory
listings,
diagnostics
costs from
existing
costing
sources))
Incremental
cost/YLS
Modified
CEPAC - I
(microsimula
tion model)
One-way and
multi-way
deterministic
sensitivity
analysis
- TB
prevalence
-% able to
provide
sputum
-empiric
treatment
-diagnostic
yield
-cost of TB
tests.
Scenarios:
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- time
horizons
- alternative
target
populations
(subgroup
with CD4
cell count
<100
WTP threshold

Per-capita
South
African 2012
GDP
($7275); Percapita
Ugandan
2012 GDP
($509)

Per-capita
Ugandan 2013
GDP ($487)

N/A

N/A

Three times
the per capita
GDP
Mozambique
2017 ($1,146
USD)

ICER of
second line
ART as
determined
using the
CEPAC - I
model: $750
USD /YLS in
Malawi and
$940 USD
/YLS in
South Africa
Abbreviations: USD, United States dollars; TB, tuberculosis; AlereLAM, lateral flow urine lipoarabinomannan test;
Xpert, Xpert MTB/RIF; SOC: Standard of Care; DALY, disability adjusted life year; GDP, gross domestic product;
WTP: Willing to pay; CEPAC-I;Cost-Effectiveness of Preventing AIDS Complications-International model; SSM,
sputum smear microscopy; YLS, years of life saved
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Table 2:
Model
from included
studies

Sun 2013
Epidemiologic
Parameters
TB prevalence
among symptomatic
HIV patients
(CD4<100 cells/μL)
TB prevalence
among symptomatic
HIV patients
(CD4≥100 cells/μL)
Prevalence of
MDR-TB among
new TB cases
Prevalence of
MDR-TB among
previously treated
TB cases
HIV patients with
CD4< 200 cells/μL)

0.38 (0.120.5)

0.3 (0.30.5)

0.51

0.101

Reddy 2019

0.235 Malawi
0.285 South
Africa
(0.10-.50)

0.1 (0.030.3)

0.014
(0.0050.1)
0.12
(0.030.19)

Diagnostic Testing Parameters
AlereLAM
0.66 (0.3-1)
sensitivity

AlereLAM
specificity

Value (sensitivity/uncertainty range)
Shah 2013 Boyles
Mukora
Orlando
2018
2018
2018

0.95 (0.7-1)

0.01 Malawi
0.03 South
Africa

0.362

median CD4
count: 219
cell/ μL

0.53 CD4
<100
0.42 CD4
≥100
0.96 CD4
<100
0.98 CD4
≥100

0.49
(0.390.59)

.355 (.28
- .43)

0.49

0.97 (0.91)

.933 (.88
- .96)

0.90

Smear microscopy
sensitivity

.32 (0.30.51)

0.43

Smear microscopy
specificity

.99 (0.9-1)

1

Sensitivity of
clinical diagnosis

.3 (0-0.75)

Specificity of
clinical diagnosis

.89 (0.5-1)
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Xpert sensitivity

0.85

0.76
(0.41-1)

0.929
(Xpert
Spot);
0.905
(Xpert
SI)

0.976
(.93-.9976)

0.40 CD4
<100
0.43 CD4
≥100

Xpert specificity

0.998 (0.8481)

0.98
(0.93-1)

0.978
(Xpert
Spot);
0.945
(Xpert
SI)

0.992 (.984
- .9969)

0.99

Urine Xpert
sensitivity

0.31 CD4
<100
0.13 CD4
≥100
0.99

Urine Xpert
specificity
Sensitivity of 4
symptom screen

0.775

Specificity of 4
symptom screen

0.704

Standard algorithm
sensitivity

0.345 (0.20.5)

Standard algorithm
specificity

0.998 (0.8481)

AlereLAM cost

Standard algorithm
cost
Smear cost

$3.78 ($132)

$3.64 ($210)

$1.58 ($2-4)

$3.50

$3.99
($1.99 to
$5.98)

$3 ($2-8)

$4.00 ($2 $ 6)
$0.87 ($1$3)

$3.13
($1.56$4.69)
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$26 – Malawi
($6-36);
$15 - South
Africa
($5-35)

Urine Xpert,
concentrated cost

Xpert MTB/RIF
cost

Treatment and
Outcome
Parameters
Mortality of
untreated smear
positive TB

Mortality of
untreated smear
negative TB

$15.16
($10-35)

1

1 (0.75-1)

1

1 (0.5-1)

Mortality among
false negatives
(delayed diagnosis
and treatment), %
Mortality in those
with TB treatment
given (In care)
TB treatment
success rate (DSTB)

$32

$14.72
($7.36 $22.08)

$25-Malawi;
$15-South
Africa ($535)

0.086
(monthly)

0.2
(.10-.30)

0.2 (0.1-0.3)

0.105
(0.04-0.3)
0.77
(0.620.95)

0.05 (0.025
– 0.075)
0.95

TB treatment
success rate (MDRTB)

0.78

TB relapse
(monthly range,
based on time from
treatment
completion)
Treatment default
(monthly, based on
LTFU probabilities)

.00009-.0033

0.03-0.06
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Life expectancy
after TB recovery
(years)

5 (1.5-10
yrs)

Life expectancy
with untreated TB
with HIV (years)

0.0833
(0.0710.25yrs)

DS-TB treatment
cost

$178
(Uganda)
$850 South
Africa
($500-2000)

12.9 (1.533.5 yrs)

12.9 (6.450
- 19.350
yrs)

0.665
(0.500 2.00)
$197
($100500)

$9.84

MDR-TB treatment
cost, monthly (24month
duration)

$42 (6 month
regimen)

$5544 (24
month
regimen)

Cost of first-line
ART (monthly,
USD)

$11

Economic burden of
a new TB case due
delayed diagnosis
and treatment
Disability weight,
HIV on ART

$847.00

0.167 (0.1420.192)

Disability weight,
HIV not on ART

0.505 (0.0850.115)

0.053

Disability weight,
TB with HIV
infection
Disability weight
TB treatment

0.399
0.399
(0.2670.547)
0.1 (0.0850.1
0.399
0.115)
(0.0280.115)
Costs in USD: Mukora: 2014; Boyles: 2011 to 2013; Orlando: 2016; Reddy: 2017
Abbreviations: TB, tuberculosis; MDR-TB, multidrug resistant tuberculosis; DS-TB: Drug sensitive
Tb AlereLAM, lateral flow lipoarabinomannan test; ART, antiretroviral treatment; HIV, HIV, human
immunodeficiency virus; USD, United States Dollars. LTFU: Lost to follow up
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Table 3. Cost and cost-effectiveness results (USD*)
Sun 2013
Measure
Cost per patient (95% UR)

Shah 2013

Smear

$62 ($37116)

Smear + AlereLAM

Xpert
Xpert
->Culture
AlereLAM+Xpert

$243 (South
Africa)
$71
(Uganda)
$308 (South
Africa)
$92
(Uganda)

Boyles 2018

Mukora
2018

Orlando
2018

Reddy 2019

$71 ($45157)

$86 ($57137)
$10.5
$91 ($60163)

AlereLAM
->Xpert
AlereLAM
->Xpert
->Culture
AlereLAM
->Xpert (SI)
Xpert (SI)
-> Culture
ALereLAM
->Xpert SI
->Culture
AlereLAM + POC
Hb
ALereLAM

ICER (Cost per DALY averted, 95%UR)
REF
REF
SSM
SSM + AlereLAM
$247 ($135$29 ($21815) South
152)
Africa
$96 ($54265)
Uganda

$10.5
$12.5

$37.20
$49.6
$42

$24.93
$23.55
(US$11.49
clinic-level
and
US$12.06
above-cliniclevel)
(Cost/YLS)
REF

411

This report has been prepared for the WHO Global TB Programme. Do not distribute further.

Xpert
Xpert + AlereLAM

REF
$513 ($1648707) South
Africa
$231 ($1253162)
Uganda

REF
$45 ($10152)

$56.54
$72.31

REF

Xpert + AlereLAM
+ Urire Xpert: all
patients

$450:
Malawi;
$840: South
Africa
Xpert + AlereLAM
$490:
+ Urire Xpert
Malawi;
(patients with
$1,000:
CD4<100/μL)
South
Africa
Sputum Xpert +
$420:
Urine AlereLAM
Malawi;
(all patients)
$810: South
Africa
Abbreviations: UR, uncertainty range; AlereLAM, lateral flow urine lipoarabinomannan test; Xpert, Xpert
MTB/RIF, DALY, disability adjusted life year; ICER, incremental cost-effectiveness ratio; YLS, year of life saved;
ND, no data presented. NGO ¼ non-governmental organisation, NDoH ¼ National Department of Health
*Costs are reported in USD, year as per presented in analysis
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Appendix Table 1: Quality of Health Economic Studies Instrument Assessment
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Item
Is the study
population clearly
described?
Are competing
alternatives clearly
described?
Is a well-defined
research question
posed in answerable
form?
Is the economic study
design appropriate to
the stated objective?
Is the chosen time
horizon appropriate in
order to include
relevant costs and
consequences?
Is the actual
perspective chosen
appropriate?
Are all important and
relevant costs for each
alternative identified?
Are all costs
measured
appropriately in
physical units?
Are costs valued
appropriately?
Are all important and
relevant outcomes for
each alternative
identified?
Are all outcomes
measured
appropriately?
Are outcomes valued
appropriately?
Is an incremental
analysis of costs and
outcomes of
alternatives
performed?
Are all future costs
and outcomes
discounted
appropriately?

Sun
2013
Yes

Shah
2013
Yes

Boyles
2018
Yes

Mukora
2018
Yes

Orlando
2018
Yes

Reddy
2018
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

N/A

N/A

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

N/A

N/A

Yes

Yes
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Are all important
variables, whose
values are uncertain,
appropriately
subjected to
sensitivity analysis?
Do the conclusions
follow from the data
reported?
Does the study
discuss the
generalizability of the
results to other
settings and
patient/client groups?
Does the article
indicate that there is
no potential conflict
of interest of study
researcher(s) and
funder(s)?
Are ethical and
distributional issues
discussed
appropriately?

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Not
mentioned

Not
mentioned

Yes

Yes

Yes

Yes

Yes

Not
mentioned

Not
mentioned
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Web Annex 4.14. User perspectives on LF-LAM for the diagnosis of active
tuberculosis: results from qualitative research
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1. Introduction
In ensuring access to effective diagnostics for TB care, we not only need to assess that these
technologies are accurate but also that they are feasible, useable and acceptable. The users of
diagnostics include patients, clinic staff, lab managers, ministries of health, NGOs, regulators and suppliers.
If we do not take the perspective of all users into consideration, we risk that these technologies do not
fit their intended use setting, cannot be made to work and scaled up, are not utilized or not accessible
for those in need. User perspectives on new diagnostics, their preferences and values as well as their
experiences with existing diagnostic systems, are important to take into account during WHO decisionmaking on new diagnostics, including guideline development and policymaking. Feedback from
representatives of key stakeholders groups (including patients, health professionals and programme
managers) is important.
Studies generating this kind of data are often qualitative in nature (i.e. they focus on meanings that
people bring to a phenomena and how they act upon it). Qualitative studies use targeted sampling
methods to capture diagnostic experiences across a range of users, diseases, tests and diagnostic settings
(Davids et al., 2015; Engel et al., 2017; Engel et al., 2015; Engel et al., 2018; A. McDowell & Pai, 2016;
Andrew McDowell et al., 2018; Miller, Parkhurst, Peckham, & Singh, 2012; Squire et al., 2005; Yellappa
et al., 2017). They are an ideal method for making sense of user experiences with and perspectives on
diagnostic tools within “real-world” situations because they avoid placing assumptions about what these
tools are expected to accomplish at the outset (e.g., that a test is easy to use). By involving users (e.g.,
through interviews, usability tests, ethnographies and user feedback), qualitative studies can support
decision-making on diagnostics and offer concrete insights into users’ values and preferences, as well
as acceptability and feasibility of new diagnostics in intended use setting. Such data will also point out
important considerations for scale-up.
In May 2019, the World Health Organization will be evaluating two point-of-care tests for diagnosing TB in
people with HIV (Abbott (formerly Alere)’s Determine TB LAM test and FujiLAM). To inform those
discussions, the WHO has commissioned a study into the perspectives, preferences, and experiences of
users of diagnostics (including people living with HIV and people affected by TB, health professionals,
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and programme managers). To this end, we conducted a small qualitative study with participants in
Kenya, Uganda, and South Africa. We interviewed clinicians, nurses, programme officers, laboratory
staff, and patient advocates with the aim to understand their experiences of using TB LAM and diagnosing
TB among people living with HIV (PLHIV) more generally and to contextualize users’ preferences about
a new diagnostic.
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This study is exploratory in nature and part of an ongoing inquiry into user perspectives of
new TB diagnostics. More, in-depth ethnographic research on the ground is warranted to better
understand perspectives and practices of different users including PLHIV and their caregivers.

2. Methodology
In February and March 2019, NE and MW conducted 15 semi-structured interviews with
clinicians, nurses, programme officers, laboratory staff, and patient advocates in Uganda, Kenya
and South Africa. These countries were selected based on the fact they have policies in place
regarding TB LAM. Due to the short timeframe participants were purposively sampled and
approached based on convenience through personal contacts and colleagues. The majority of
participants were from Uganda where TB LAM is already available in routine use (see table 1). It
was not possible to speak directly to patients via the phone as most are seriously ill and even
patient advocates did not know anybody who had tested with TB LAM. The advocates highlighted
that the voice of seriously ill PLHIV are not well represented within the overall HIV advocacy.
This warrants more in-depth and on the ground research with face to face interviews to understand
all user perspectives and practices of diagnosing TB in PLHIV.
All but one of the interviews (which was done in person) were conducted via the phone. We asked
for the testing and treatment experiences as well as experiences on interaction between
providers and patients to contextualize users’ preferences about a new diagnostic. Topics
discussed included: current approach to diagnosing TB in PLHIV including specific challenges;
experiences with using TB LAM, including details on steps taken in the diagnostic process,
determining eligibility and treatment initiation as well as challenges and benefits; ways of interacting
with patients about TB LAM; overall usefulness; the impact of TB LAM on equity and feasibility;
and current policy context. We also tried to understand how a more complex test with longer turnaround time (TAT) (FujiLAM) would be perceived.
Interviews were audio-recorded, transcribed by MW, and coded by NE in NVivo. We each wrote
memos on different topics, discussed these and collated them into themes which we present
below. Professional roles are used to mask study participants’ identity.

2. Ethics
This study was approved by UMREC, the ethical review board of Maastricht University.
Study
participants were emailed an information sheet explaining the objectives of the study and an
informed consent form which they signed prior to participation.
Table 1 Participants overview per
country

Uganda
Clinician
Nurse
Laboratory manager
Programme officer
Advocate

Kenya
4
1
1
1
1

South Africa
2
1
1
1

1
1

3. Results:
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Below we discuss the results for current use of TB LAM separately for the three countries and
then discuss overarching themes that emerged from the interviews across the different countries.

4. Current use of TB LAM in Uganda, Kenya and South Africa
Although TB LAM has been on the market since 2013, its adoption within national health systems of
high TB/HIV burden countries has been very recent, if at all. As of 2018, South Africa, Kenya, and
Uganda had each developed or began developing national guidelines for the test. South Africa’s
guidelines state that it should be used for all PLHIV in hospital settings and among those with CD4
counts less than 100/mm3 in primary care settings (TBCAB, 2018). Kenya’s HIV programme
recommends TB LAM be used as an adjunct rapid point-of-care diagnostic test for presumed TB
among all PLHIV: (1) with advanced HIV disease (WHO stage 3 or 4 or CD4 count ≤ 200 cells/mm3
(or CD4% ≤ 25% for children ≤ 5 years)); or (2) any danger signs of severe illness; or (3) currently
admitted to hospital (National AIDS and STI Control Programme, 2018). Uganda’s TB guidelines
recommend the use of TB LAM in HIV positive adults in whom TB has not been picked by
microscopy or Xpert MTB/RIF and who are very ill, with a CD4 count of less than 100/mm3 (Uganda
National Tuberculosis and Leprosy Control Program, 2017).
National roll-out of TB LAM varies between the three countries. Uganda is the only one thus far to
have rolled out the test to national and regional-level referral hospitals, but according to participants
of the study, not all districts have received the test, and stock-outs in those that have it have been
experienced. Actual in-country usage also seems to vary. According to a lab manager at a
teaching hospital, TB LAM is being used for both HIV and non-HIV immunosuppressed patients who
are suspected of having TB and are not able to expectorate sputum while a clinician working at
a national referral hospital only uses TB LAM when other tests are not able to detect but the clinical
suspicion is still high. Where the test is conducted also varies as some settings prefer the test
be done in the lab due to frequent change-overs of ward staff, while others prefer to do it by the
bedside. Although the Ugandan guidelines recommend a CD4 cut-off of 100/mm3, some hospitals
appear to be using a cut-off of 200/mm3 (ID6, nurse 1) or conducting the test irrespective of CD4
counts (ID8, clinician 4). This may reflect the leeway the TB programme seems to have given local
settings to run the system in the way that suits the context best (ID1, programme officer 1).
The Kenya TB programme will begin to roll out the test to county-level referral hospitals as a
pilot project in 12 high-burden TB/HIV counties. The algorithm will recommend the test be used
in conjunction with Xpert among PLHIV in hospital settings, with CD4 counts of less than 200/mm3.
This criterion was extended from WHO’s cut-off of 100/mm3 on the rationale that expanding it will
capture more patients and that in Kenya there is generally a good rate of adherence to ARV medicine,
so limiting CD4s to WHO’s recommendation will only capture a handful of patients (ID15,
programme officer 2). According to a TB programme manager, TB LAM will be conducted in the
lab to enable uniformity in result interpretation, be close to GeneXpert machines, and streamline
recording and surveillance practices.
According to a presentation given by Dr. Lindiwe Mvusi from the Ministry of Health during the TB
2018 pre-conference held on Sunday 22 July 2018 (Mvusi, 2018), South Africa has developed an
algorithm for TB LAM and has rolled out the test as a pilot project in five hospitals to be used
concurrently with Xpert MTB/RIF. According to an advocate of the present study, data from the pilot
project are still in review.

5. TB LAM makes a difference in a hard to diagnose patient group
Participants discussed the difficulties in diagnosing TB in PLHIV in their settings, which is often
extra- pulmonary TB, and how the introduction of TB LAM has improved on this. An advocate working
in a high burden TB/HIV district in Uganda, for instance, states the critical difference the test makes
in a hard to diagnose patient group with high numbers:
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“it’s still an important test because we see like for the HIV in Uganda, we have about
89% of people on treatment but still we see like 10% of those having advanced HIV. And
it is still the leading cause of mortality and morbidity among PLHIV, so definitely we still
need it because with the previous technologies we had we are not diagnosing enough, we
still have capacity issues, and I feel we need it, though it has to be used in combination
with other technologies, and it can’t be used in other populations but these populations
are critical, and the numbers are high” (ID13, advocate 3).
Although TB case-finding among this population may have improved, follow-up testing is still difficult
and clinical observation is particularly challenging as this population is vulnerable to co-morbidities
and drug interactions (ID8 clinician 4). Furthermore, the characteristics of this patient group, namely
being very ill, means that typically the TB LAM test is not explained and consent not taken. Only if
the result is found positive a clinician might then say we tested (without going into details of the test)
and are pretty sure you have TB. If the results are negative, clinicians would not mention it (ID2
clinician 1, ID8 clinician 4). Since patients are very ill and admitted in the hospital, clinicians work
with implied consent and there is time to discuss some of the common patients concerns about
their diagnosis and what the implications are for treatment, side effect, pill burden and transmission
to others (ID10, clinician 5). In a regional referral hospital in Uganda, these concerns are then
discussed with the nurses during counseling for TB treatment (ID6 nurse 1).

6. Characteristics of the test
S
a
m
p
l
e
Diagnosing TB in PLHIV is challenging as obtaining a viable sputum sample is often difficult because
the patient is too ill to cough, or the disease is disseminated and the sputum sample may test negative.
For these reasons, most of our study participants acknowledged the benefits of using urine to test
for TB, citing it as a safe, pain-free, and non-invasive method for testing for TB that is easier to
obtain than sputum. A nurse from Uganda illustrates these advantages on mortality (ID6, nurse 1):

“the challenges were, of course we were missing many cases, mostly these people who have
HIV, they come in in their 3rd/4th stage, they cannot cough, they are not able to do the
chest X‐ray, they don’t have strength to stand to take them for the chest X‐ray, and you
just treat blindly. Most of the people died because, we didn’t know the diagnosis…
because you can’t give HIV cases, who are really sick, bed‐ridden, and the cough is mild,
it is not strong for you to conclude that this patient has TB. [But] the LAM has impacted
that such that these bed‐ridden ones, we are having early diagnosis, and early treatment,
with less mortality now in HIV/TB” (ID6, nurse 1)
A lab manager notes that obtaining urine instead of sputum from very ill patients does increase
patient participation, as most are able to produce the latter over the former (ID9, lab manager 1).
Additionally, a clinician emphasizes that when compared to sputum, urine presents less of an
occupational health hazard to health workers and is less stigmatizing for patients (ID2, clinician 1).
That being said, obtaining urine was not always easy. A clinician and a nurse noted that, at times,
obtaining urine is a challenge when the patient is too ill or septic to produce it, when he/she has to
be catheterized because collecting urine from diapers is impossible (ID7, clinician 3; ID12, nurse 2),
or if the patient is in a hospital where there is no private and clean space to produce urine which is
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common in rural hospitals in Uganda (ID7, clinician 3). A lab manager highlights how he is not always
sure how old the sample is and whether what he receives in the lab is a fresh urine sample (ID14,
lab manager 2). The non-invasive nature of the sample also allows testing without explicit consent
from the patient (see above).

Turn‐
around
time
The fast turnaround time (TAT) of TB LAM was often cited by participants to have a notable
impact within their settings. With a running time of 25 minutes, it was frequently discussed how
treatment can be initiated sooner than if a test was run using existing technologies (ID1; ID12; ID13;
ID14; ID6; ID7; ID9; ID4). This in turn was linked to reduced loss to follow-up as patients do not
have to wait extended periods of time for a diagnosis and treatment initiation. As a programme officer
illustrates,

“If I am very ill, if my clinician can get a result in around 30 minutes, it basically makes the
whole difference…I am in the ward very sick, I need to know [my] condition and then start
treatment” (ID1, programme officer 1).
A lab manager also notes that due to the workload within the labs, clinicians in his setting prefer
to request for TB LAM over smear microscopy (ID14, lab manager 2).
However, while the running time of TB LAM is standard, the time it takes between collecting the
urine sample for testing and initiating treatment varies based on the reporting system, availability of
anti-TB drugs in the pharmacy, and the time of day the test is requested and conducted. Once the
decision is made to initiate treatment, it can be commenced within a few hours if the drugs are
available at the pharmacy (ID12, nurse 2; ID1, programme officer 1). Yet, in several hospitals it seems
to be the next day if clinicians have already finished their ward rounds for the day. So even if the
LAM test is done near bedside, treatment might take another day to be initiated. It was also mentioned
that if the test is done in the lab, the TAT would be faster if someone follows-up directly with the lab
versus if they wait for normal reporting processes (ID10, clinician 5). A lab manager in Uganda noted
that if the report is ready after the clinician has completed ward rounds -which in this particular
hospital end at 1 or 2pm-, diagnosis and treatment initiation can only begin the next day (ID14, lab
manager 2).

User‐
friendline
ss
TB LAM was frequently referenced as straightforward and easy-to-use, often likened to using a
pregnancy dipstick test (ID2, clinician 1; ID7, clinician 3; ID11, clinician 6). The lack of technical
expertise required to run the test was said to allow for task sharing especially in settings where the
workload of the laboratory technicians is very high (ID1, programme officer 1; ID5, advocate 2; ID9,
lab manager 1). Some found interpreting results to be straightforward, and appreciated the graded
scorecard that accompanied the test kit (ID14, lab manager 2).
However, each of these benefits was not without challenges. For example, while the test is not
technical, a lab manager mentioned that its timing is vital and that going beyond the recommended
time could affect the results (ID14, lab manager 2). TAT was also said to influence the number of
tests that could be run concurrently (ID12, nurse 2) and having a timer on while running the test
was important (ID5 advocate 2; ID12, nurse 2; ID7, clinician 3). Additionally, the simplicity and specific
timing of the test was mentioned to influence who could run the test, as those with a lot to do in their
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daily routine -such as clinicians- may forget they have began running a test and leave it to run longer
than recommended (ID12, nurse 2).
Not everybody thought that interpretation of results which depends on visibility of the graded bands
was easy. Several mentioned challenges with reading faint results, especially grade 1 and deciding
on the result (ID2, clinician 1; ID8, clinician 4; ID9, lab manager 1; ID14, lab manager 2). In some
settings this influenced whether the test was to be conducted in the laboratory or at the bedside, as
the former was deemed a better environment for maintaining uniformity in result interpretation (ID2,
clinician 1; ID15, programme officer 2), potentially affecting the future point-of-care status of the test.
Similarly, while the simplicity of TB LAM may enable non-laboratory staff to conduct the test,
task sharing may not be feasible in settings where frontline staff conducting the test are frequently
rotated through the system (e.g. nurses, students, clinical officers) (ID6, nurse 1). This could affect
who in the end is able to conduct the test and how close to the bedside/patient it will be.
Lastly, although volume control for the test was perceived by some to be straightforward (ID14,
lab
manager 2), the fact that the kit does not come with a micropipette presents a challenge for others
(ID8, clinician 4). It was therefore suggested that the manufacturer could provide detailed instructions
of how to measure urine if a micropipette is unavailable (e.g. number of drops).Cost and maintenance
When it comes to the logistics surrounding TB LAM, it was perceived by most participants to be
better suited for their settings than existing technologies. For example, unlike Xpert MTB/RIF, TB
LAM: (1) is cheap to buy and maintain (ID3); (2) does not require other reagents (ID13); (3) does not
require much lab space (ID11); (4) does not require cold chain (ID14), and (5) does not require
electricity to run (ID5). For these reasons, many understood the test to address infrastructural and
logistical issues that currently prevent other technologies from being used at optimal capacity (ID7, 13,
14).
That being said, the shelf-life of the test was perceived to be relatively short by some (ID1, 11),
with a nurse recounting a recent instance when an expired test was used and the result was
negative but a Xpert MTB/RIF result was positive (ID6, nurse 1). Additionally, accessories for
running the test that do not come with the kit such as urine containers and micropipettes, presented
challenges when not locally available (ID14, lab manager 2) and may lead to improvisation that could
impact the reliability of results. Lastly, though TB LAM was largely perceived as inexpensive to
procure, various settings in Uganda have experience stock-outs (ID6, nurse 1; ID14, lab manager
2), while private practitioners using the test in Kenya believe the test to still be too expensive for
their patients (ID4, clinician 2; ID11, clinician 6).

7. Constructing confidence in diagnosing TB in PLHIV
Limited confidence due to sensitivity, cross reactions and faint
results
The sensitivity of TB LAM limits the confidence in its results (ID3; ID5; ID11; ID13; ID2; ID4).
According to a programme officer in Uganda, the confidence of clinicians in TB LAM is rather
low given its low sensitivity that only improves with low CD4 count. This confidence decreases
further because TB LAM can also give positive results due to cross-contamination in patients
with candidiasis or with nontuberculous mycobacteria (ID1 programme officer 1). Furthermore, if
somebody is weakly positive on TB LAM, when do you establish somebody as positive? Having the
confidence that a grade 1 result is indeed a positive result is not given and according to a Ugandan
programme officer some people argue that grade 1 should not be treated as a positive result (ID1,
programme officer 1). While some mentioned they did not have any doubts in reading the results
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(ID12, nurse 2), others ensure coherence and consistency in reading results and interpretation of
grade 1 by conducting the LAM in the laboratory by lab technicians who have established a routine
as opposed to rotating clinicians (ID2, clinician 1). Yet, there is no additional microbiological
confirmation of the TB diagnosis, only in a few cases can Xpert Ultra be done (i.e. patients are
able to produce a sputum) (ID2, clinician 1).

Test is not made to stand
alone
In communication about TB LAM with her patients, a nurse in South Africa explains how she is
managing expectations of results among patients. She always establishes first whether a person
had TB before or has been tested and then explains that her test only uses urine. Patients generally
want to know what is going on with them and view TB LAM as one more step towards finding out
and getting better. Upon receiving a positive TB diagnosis (on top of being HIV positive), some are
disappointed and sad about the double diagnosis (which is particularly tricky in settings with double
stigma of HIV/TB (Daftary, 2012)), others are accepting knowing they are very ill and these things
are possible (ID12, nurse 2). According to an advocate, patients have the tendency to believe test
results over those from clinical diagnosis (ID13, advocate 3). The nurse in a South African hospital
explains the uncertainty of the LAM results and refers to the doctor who will come later on during the
day and make a decision, or order further tests. In doing so, the test is not made to stand by itself but
embedded in a battery of tests and considerations that the doctor makes, and not the nurse who is
conducting the test (ID12, nurse 2).

“I do explain to the patient that even if my test is negative, the doctors will wait for the
other tests that they have done because my test doesn’t mean that there isn’t TB in the
body, it just means that the test that I am doing cannot pick it up. Not to say that they
do have TB but the possibility still does exist because I need to make ease as well that I
am not coming there and saying they do have TB. The possibility is there and that is why
they want to test them.” (ID12, nurse 2)
Interpreting the result with confidence: clinical suspicion is
trump
Most clinicians we talked to seem to only act on a positive TB LAM result if they already suspect TB
due to clinical presentation or symptom screen.

“if I am struggling to confirm a diagnosis of TB, and the LAM comes back positive and my
clinical history fits, that may mean the life or death of that patient. Because that would
mean I start my treatment sooner rather than later.” (ID4, clinician 2)
In Uganda, the TB programme directs clinicians that just having a low CD4 count is not enough for
acting on a positive LAM result, they also need to have done the symptom screen and need to be
suspecting TB so that they interpret a positive TB LAM result with confidence (ID1, programme officer
1). Backing up a positive LAM result with other follow up tests is hardly ever done, especially because
the patients were not able to provide that sample (and that might have been the reason for doing LAM
in the first place).

“Usually what happens is that these clinicians are telling us that by the time they are asking
for a lab, they have already presumed TB. So even in the even in the event of cross
contaminations, they are ready to believe that this is TB because the person is already
presenting with the TB symptoms. That is why we are telling our clinicians that a low CD4
or me being very ill is not the air ticket to a TB LAM, no, I should be a presumptive TB case.
I might have a very low CD4 but you need to screen me for TB, and if I have the signs and
symptoms, then you go ahead and do the LAM.” (ID1, programme officer 1)
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A clinician in a Kenyan private hospital would still try to confirm a positive TB lam result with other
ways of looking for TB

“You know TB is just so difficult to diagnose, it [TB LAM] is an additional tool to our
honorarium of TB diagnostics. Right, so it’s just that. And it’s actually a really good
one because if it’s negative, then it’s less likely to be TB and that really helps I think” (ID11,
clinician 6).
A nurse in research study in South Africa and a clinician involved in a study in a district hospital
Uganda echoed that sentiment; both observed that doctors would not start everybody on
treatment with a positive TB LAM result, but wait for other evidence (a sputum sample, a culture
result) if the patient is asymptomatic (ID12, nurse 2, ID2, clinician 1). A clinician argues that empirical
suspicion will trump also a negative TB LAM result (ID2, clinician 1).

Treating severely ill patients with improved level of
confidence
TB LAM results are particularly reassuring (to be sure it is indeed TB) in patients that are already very
ill, have several co-morbidities and are therefore also much more susceptible to side effects and
severe complications during TB treatment (ID2, clinician 1, ID8, clinician 4). That particular usefulness
of TB LAM over empirical treatment might change if TB LAM would be made available for patients that
are not so ill or do not have as many co-morbidities. In those patients, a clinician suspects that one
would feel more comfortable to treat empirically and monitor whether indeed the patient improves (ID2,
clinician 1).

“.., around the world lots of patients are treated empirically for TB and it’s kind of like, you
are not very sick but you know to be honest 6 months of these drugs are well‐tolerated,
here you go, and we will see, you are going to go through 6 months of treatment and
that’s ok. That happens even in NYC, where you know, we are 70% sure you have TB but
not 100% sure, and you know what its ok. I mean you will take these drugs for 6 months,
and we will check your liver function a couple times and you will call us if you have any
symptoms but you will be ok. And that’s just not the case when someone is sort of like
super sick. That’s exactly who get all the side effects of the drug and will have a good
chance like you say, multiple comorbidities going on, even if they truly do have TB they
may very well have something else as well.” (ID2, clinician 1)
Global guideline makers’ implicit confidence influences national and local level confidence in diagnostic
According to an advocate, the language around innovations such as new diagnostics and drugs used
in guidelines and communication from the WHO heavily influences country uptake, particularly
in countries without progressive HIV or TB programme managers. A wait and see attitude is then
taking place. The advocate particularly laments the fact that operational research on TB LAM and
its effects, which could have changed that attitude, was ignored for several years (ID5 advocate 2).

“the people of WHO, their attitude towards TB LAM Alere, was not very positive, (..) and
they partly contributed to low up take of the LAM, because they overemphasized talking
about the lack of performance, and didn’t refer to the mortality benefit that we saw from
especially the South African data. (…) if you as someone in the WHO has developed these
guidelines, but you are not very convinced about the test… See now they are very excited
about FujiLAM but when it was TB LAM they were like, “hmmm”. It trickles on to the
countries, it really does.” (…) “I don’t necessarily think it is bad that they applied the caution
that they applied, but it was very wrong of them to ignore operational research for, how
many years, 4 years, waiting for FujiLAM. This is nonsense. If operational research is out
there, it is showing that there is a mortality benefit, it is showing you that there is use of
the test for those with CD4 counts of less than 200 especially, including in ambulatory
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settings, its showing you that there is task sharing that can be done, that is on WHO’s
head…it was wrong of them to do that. Actually, ethically, it was very wrong, you see.
That also slowed down the uptake of TB LAM Alere. Why should people die because
people are waiting for a more specific and sensitive test?” (ID5 advocate 2)
8. Eligibility criteria and CD4
A clinician and researcher of LAM argues that everyone with HIV in hospital settings should get a
TB LAM, whereas the usefulness for outpatient settings is not clear yet. She guesses that everybody
who looks sick in outpatient should get a LAM as well.

“..TB is often missed particularly in inpatient settings. So, I think inpatients settings, anyone
who is HIV positive probably deserves a LAM test to make sure they don’t have
disseminated disease that could be better diagnosed with LAM. In outpatient settings, how
you use LAM I think isn’t well understood.” (…) “I think that if you have someone presenting
to clinics who are HIV positive, who look sick, you should certainly do a LAM test, if you
are considering hospitalizing them. So, the people who look relatively well who are positive,
you can do some kind of a test to understand what their baseline CD4 is” (ID7, clinician 3).
It would need more in-depth research on the ground to understand how different healthcare
providers decide when somebody is serious ill.

CD4 counts are not routinely
available
According to a clinician in Uganda, LAM has been made conditional on another test that is not routinely
available (ID7, clinician 3). CD4 counts are not routinely done in Uganda (ID1, programme officer 1)
and it is very rare a clinician would base their LAM request on a CD4 count (ID1, programme officer
1; ID14, lab manager 2), even if available in a hospital laboratory, in order to avoid delays of a couple
days and because patients generally look sick (ID14, lab manager 2). In a district hospital
everybody who is admitted and HIV positive is tested on LAM irrespective of CD4 count (ID8,
clinician 4). In a private hospital in Kenya where CD4 counting is easily available, the clinician would
order the CD4 count and TB LAM concurrently but based on clinical suspicion. This is done to
avoid delays when ordering a CD4 count which takes 1 or 2 days. Also, being a TB endemic country,
the clinician has seen TB with all sorts of CD4 counts (ID11, clinician 6).

Unintended effects of CD4 below 100
cut‐off
According to an advocate, the restrictive use of CD4 count below 100 had the undesired effect
that countries would not like to admit that they have many patients that are that ill, because it reveals
poor HIV programme performance (ID5, advocate 2):

“..about 30% of PLHIV in high HIV endemic countries, about 30% will have advanced HIV, in
a lot of these low‐ and middle‐income countries. So, they don’t want to roll out a test that
will show the enormity of the problem, ..(ID5, advocate 2).
It also gave the national programme officers the opportunity to argue that these are very few people
and therefore downplay the priority of the test which is why, according to an advocate, it is important
to follow operational research results and widen eligibility criteria to above CD4 count of 200 (ID5,
advocate 2). Given the restrictive eligibility and niche applicability of the test, it might be further
downgraded in programming and budgeting for it (ID3, advocate 1) and not be made as accessible
as it should be, according to an advocate in Uganda only 25% of those eligible receive a TB Lam,
and this might have to do with the niche and strict eligibility criteria. It also lowered confidence among
clinicians who initially are unsure about who the test is for and what results mean (ID14, lab
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manager 2). An advocate would like to see LAM used in smaller city-level hospitals as well, not
just the big hospitals (ID3, advocate 1). But seriously ill PLHIV that are mostly affected by LAM are
not the ones that usually are represented well by advocacy of PLHIV:

“..and unfortunately, with LAM it is not one of those that can you get patients groups to
shout
too much about, because what do you say. Like we’ve said yes, we want LAM now blah blah,
but PLHIV, those people who know what they want because they know that the treatment
works, in those groups, they don’t always deal with the advanced cases. “ (ID3, advocate 1)
9. Fuji LAM
Weighing TAT, complexity and
sensitivity
A Kenyan programme officer argues that finding a right balance between the existing and future TB
LAM test involves finding a balance between the applicability of the test in terms of TAT and
accuracy (like between Xpert MTB/Rif and Ultra) and also depending on where a country is in its
decision-making with adopting TB LAM. A less sensitive test may still be useful if it is operational
within the country. “Sensitivity depends on what a country wants” is how he put it (ID15, programme
officer 2).
Clinicians and lab managers seem to value higher sensitivity, especially in settings where the
Alere/Abott TB LAM is presently conducted in the laboratory and not at the bedside (ID11,
clinician 6; ID14 lab manager 2)). A Ugandan programme officer argues that additional user steps
(which he envisions to be still easier than doing a microscopy) are a small price to pay for a higher
sensitivity, even if this means it defeats the purpose of POC and needs to be moved back to the
lab (ID1, programme officer 1). Others specify and argue a longer waiting time up to 2 hours would
be acceptable but many more complex user steps (including for instance amplification) and moving it
to a central lab would mean the strength of the test would be lost (ID2, clinician 1). A clinician argues
she is more interested in a sensitive test if patients are in a hospital setting with a very short TAT to
initiate treatment with the patient still in front of you (ID10; clinician 5). Additional complexity might
also make the test not feasible for small labs attached to wards in terms of the required equipment,
quality controls, staff capacity, sample preparation steps and overall cost (ID4, clinician 2).
An advocate argues that a better performing test will generally be picked up quicker by policymakers
(ID5, advocate 2). Another advocate cautions that a more complex and longer TAT would mean
programmatic drawbacks, as these aspects have been essential advantages of the ALere/Abott TB
LAM (ID13, advocate 3). If the test should be rolled out in primary care settings a higher complexity
is not warranted (ID 5, advocate 2).
TAT is also linked to how many tests a healthcare provider can run simultaneously and when they
are run during a working day. A nurse in South Africa explains that if TAT would increase to an
hour she would be able to run more than two tests simultaneously (currently she conducts maximum
two at the same time). Yet, additional user steps might eat into that time again. (ID12, nurse 2). A
clinician refers to the difference between ZN and LED microscopy where the additional handling and
user steps mean the testing is often done in batches at the end of the working day to run them
simultaneously, increasing overall TAT to a day (ID7, clinician 3).

10. Possible reasons for slow policy implementation and how to overcome it
Although TB LAM has been on the market for about six years, the uptake of the test within
national, high-burdened health systems has been remarkably slow. When asked why they think this
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has been the case, many participants cited the perceived low performance of the test by clinicians
and policymakers (ID4, clinician2; ID5, advocate 2), largely shaped by the initial communication
about the test published by WHO and related agencies (ID5 advocate 2). Even once guidelines
for TB LAM were published, prioritizing the operationalization of those guidelines did not happen,
unless there was high-level advocacy taking place as well (ID3 advocate 1, 5 advocate 2, 13
advocate 3). In many settings, this type of advocacy seems to be missing due to the absence of
strong advocacy voices for this particular patient group (TB among advanced HIV individuals; ID5
advocate 2) or the lack of awareness among frontline healthcare workers that such a test even
exists (ID4 clinician 2, 13 advocate 3). Additionally, the cumbersome process of operationalizing
global guidelines and developing context-specific algorithms may discourage many resource-tight
TB/HIV programs (ID7 clinician 3, ID15 programme officer 2). For this reason, countries may be
awaiting operational research from those settings that are currently implementing it before
adopting it within their own systems (ID3 advocate 1, 9 lab manager 1). It was also speculated that
perhaps national programs have not prioritized TB case-finding among severely ill PLHIV. As a
programme officer put it:

“if you really think that this [TB] is really a disease of serious public health importance
amongst
the PLHIVs, you would use all necessary tests to make sure that you identify this in this
group” (ID1 programme officer 1).
To overcome the relatively slow uptake of life-saving technologies, they must first be prioritized
by policy-makers and the language within the policy should be carefully constructed so as to not
unduly or unintentionally discourage uptake. At a global level, there should be greater integration
between relevant programs surrounding the communication of such a test. For example, although
TB LAM benefits both TB and HIV populations, if only the global TB or the global HIV programme
provides communication regarding the test, the other programme at the national level will assume
that it is not its responsibility. Both global HIV and TB programmes should communicate jointly and
in a coordinated fashion as to clearly indicate responsibilities. Lastly, implementing partners could
also partner with national TB/HIV programs to sponsor the operationalization of international
guidelines and the development of accompanying reporting and surveillance tools.

11. Conclusion and recommendations user perspective TB LAM
The results show that TB LAM clearly addresses a need and makes a difference in a population in
which TB is very hard to diagnose. The characteristics of the test, the sample, TAT, ease of use,
cost and infrastructure/maintenance requirements are differently discussed among the participants.
While global health actors including the participants of this study generally herald TB LAM as an
easy to use, low maintenance/equipment requiring, quick test that crucially does not rely on sputum
but a much more easily available and safer sample (urine), those very same characteristics can
also pose their specific challenges as experiences of those using the test show. The sample, for
instance, is safe, more easily available, and less stigmatized than sputum, but not everybody can
collect it (in bedridden patients catheters are required); produce it (dehydrated patients with
sepsis cannot urinate); adequately measure it (in some instances the dropper provided in the test
kit was not accurate enough and a micro- pipette was required) or has a private and clean space to
provide it (rural hospitals do not necessarily have toilets or running water available to patients).
Similarly, the infrastructure requirements are minimal but stock outs, lack of urine containers and
shelf live still pose challenges. While the TAT is supposed to be just 25 minutes, treatment initiation
in many settings only happens the next day. Another important challenge that users struggle with is
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the low sensitivity of the test, cross-reactions and the difficulty of reading faint results (grade 1).
We show how clinicians and nurses construct confidence in the results by 1) ensuring that the
test is not made to stand by itself but embedded in a battery of tests and considerations that the
doctor makes, and not the nurse who is conducting the test; and 2) using test results in combination
with clinical suspicion of TB or other evidence in case of asymptomatic patients. Could the
implications of these practices mean that patients are still being missed?
And yet, in severely ill patients where pill burden, side effects and severe complications during
treatment are a real challenge, TB LAM provides some much-needed confidence beyond clinical
suspicion. Would this need for increased level of confidence change if the test would be made
available to less ill patients in outpatient settings? Answering these questions would require more
in-depth and on the ground research.
In the way confidence in the test is perceived, the global guideline making by WHO and the
language that is used has very important consequences that trickle down to country and user
levels. Several participants blame the negative language for the slow uptake of TB LAM and
general hesitation by countries to implement. In the future, it should be carefully considered how
guidelines around a new test are being communicated and drawbacks and benefits weighed against
each other and presented. Both global HIV and TB programmes should communicate jointly and
clearly indicate responsibilities. Prior consultations with users and policymakers could aide that
process.
Our results also reveal that the restrictive eligibility criteria of the WHO guidelines mean the test
is perceived as so niche and at the same time carries the implicit risk of revealing poor performance
of HIV programs that it is not made accessible to the extent it should be. What is more, CD4
counting is not widely used to determine eligibility for LAM testing. Currently symptom screen,
hospitalization and assessing whether a patient looks ill are used to decide whether a patient is
eligible for TB LAM testing rather than CD4 count which in many places is not routinely available or
if available not ordered to avoid time delays.
While our participants would value improved sensitivity in a new test such as Fuji LAM, they also
caution against increasing complexity and TAT if the test should be made to work in primary care
settings.

12. Recommendations to include qualitative research into guideline making on diagnostics
The GRADE-CERQual approach provides guidance for assessing synthesized qualitative evidence.
The WHO has formally commissioned and included qualitative evidence into the Optimize
guidelines on healthworkers role for maternal and newborn health, including thematic analysis of an
email discussion list, in-depth case studies of country programs and four systematic reviews of
qualitative evidence (Colvin, 2014; World Health Oganization, 2012). Since then, similar qualitative
evidence has been used for several other guidelines by WHO (f.i. on healthworkers role in providing
safe abortions; use of ARVs for treating and preventing HIV infection; antenatal care guidelines;
health promotion interventions for maternal and newborn health, etc.). Note, that at times the
qualitative evidence synthesized is from similar interventions rather than the exact same
intervention (f.i. experiences with task shifting or adherence to treatment in related fields). This is
useful to keep in mind for decision-making on new diagnostics, where qualitative studies on the
utilization of the specific diagnostic in question are scarce and thus insufficient qualitative evidence is
available to synthesize.
To overcome these limitations and to generate evidence on end-user and professional user
experiences, preferences and values, three measures are proposed:
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1. Identify and acknowledge all cadres of users: Focus on user perspectives and
experiences that include end-users (such as patients), but also professional users such as
laboratory technicians, clinicians, nurses, local suppliers and decision-makers (Shah,
Robinson, & AlShawi, 2009).

2. Engage users in decision-making about diagnostics: Commission qualitative studies that
draw
on their perspectives and experiences to support WHO decision-making process around
new diagnostic guidelines: assign a technical team to prepare a file on user experience,
values and preferences using: qualitative evidence synthesis (where evidence is
available); interviews/FGDs/ethnographies with user groups; in-depth case studies of country
programmes, trials, or demonstration studies; moderate and conduct thematic analysis of
online discussions forums;

3. Mandate qualitative evaluations for diagnostic regulatory approval: Mandate
qualitative evidence as a routine part of studies evaluating diagnostics for WHO regulatory
approval. Adding a survey at the end of an RCT or another quantitative study is not sufficient.
Instead, the qualitative part could be embedded in a mixed method design or be a standalone study.
The general aim of these qualitative studies should be to
examine:

- The experiences and challenges with diagnostic testing for TB (and HIV or other comorbidities)
- Feasibility and acceptability of the new diagnostic in question or a similar diagnostic
- Values and preferences with regard to diagnosing TB and how new diagnostics change
these Such qualitative data will produce a whole range of potential issues the various users will
have with a diagnostic technology and will point to possible uptake scenarios, potential pitfalls
and barriers to utilization and access. These measures would create opportunities for meaningful
engagement of users in WHO guideline development meetings, beyond the presence of one
patient representative. It would allow gathering more diverse user perspectives and it could
support defining additional PICO questions, for instance on operational dilemmas or ethical
challenges for scale up.
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EXECUTIVE SUMMARY
Xpert® MTB/XDR Assay (Xpert MTB/XDR, Cepheid, Sunnyvale, USA) detects MTBC
(Mycobacterium tuberculosis complex) DNA and genomic mutations associated with resistance to
isoniazid, fluoroquinolones, ethionamide, and second-line injectable drugs (amikacin, kanamycin,
capreomycin) in a single cartridge. Xpert MTB/XDR is intended for use as a reflex test in clinical
specimens (unprocessed sputum or concentrated sputum sediments) already determined to be MTBCpositive. The test is included in a class of diagnostic technologies that are cartridge-based and of low
complexity.
The proposed role for the test is to be used as an initial test for resistance to isoniazid and second-line
drugs (replacement for line probe assays and pDST as initial tests). Favorable characteristics of Xpert
MTB/XDR include rapidity (less than 90 minutes for a result), ease-of-use (same familiar process as
Xpert MTB/RIF and Xpert Ultra), and detection of resistance directly in clinical specimens.
This systematic review summarizes the current literature on the accuracy of Xpert MTB/XDR for
detection of resistance to isoniazid, fluoroquinolones, ethionamide, and amikacin as part of a World
Health Organization process to develop guidelines for use of the test. This review does not include
molecular drug susceptibility testing (DST) for kanamycin and capreomycin because, with the
adoption of the new treatment regimens using all-oral medicines, the second-line injectable drugs are
less relevant. We include molecular DST for amikacin because, of the second-line injectable drugs,
amikacin is preferentially included on longer regimens when susceptibility has been demonstrated and
adequate measures to monitor for adverse reactions can be ensured.
To identify studies, we searched multiple databases up to 6 September 2020 without language
restriction. Two review authors independently assessed studies for eligibility. Two review authors
independently extracted data from the included studies.
We stratified analyses by population, irrespective of rifampicin resistance and with detected
rifampicin resistance, and target condition. We combined data using meta-analysis by fitting the
bivariate random effects model. We performed all analyses stratified by type of reference standard,
phenotypic DST (pDST), genotypic DST (gDST), and composite reference standard. For multicentre
studies, we performed meta-analyses at the centre level (i.e. treating each centre as a separate study).
We excluded MTBC-negative, MTBC-non-determinate, and inconclusive drug resistant results from
analyses of diagnostic test accuracy. We performed sensitivity analyses by repeating the metaanalyses and excluding data from the manufacturer.
We identified three unpublished studies: Cepheid 2020, DIAMA 2020, and FIND 2020. All studies
involved adults. One study evaluated archived frozen specimens and two studies evaluated sputum
using a cross-sectional, prospective study design. The studies were in Benin, Cameroon, China, New
Delhi, Moldova, Mumbai, and South Africa.
We did not identify any studies that assessed the accuracy of Xpert MTB/XDR for drug resistance in
children.
As assessed by QUADAS-2, in the patient selection domain two studies were at low risk of bias and
one study at unclear risk of bias because the manner of participant selection was not reported. In the
reference standard domain, studies had low risk of bias for resistance to isoniazid, fluoroquinolones,
and amikacin, and high risk of bias for resistance to ethionamide (for both pDST and gDST).
Xpert MTB/XDR for isoniazid resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity (95% confidence interval) were 94.2% (89.3 to
97.0) and 98.0% (95.2 to 99.2) (3 studies, 1605 participants, 61.9% with isoniazid resistance; highcertainty evidence for sensitivity and specificity).
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Results of these studies indicate that in theory, of 1000 people where 50 have isoniazid resistance, 66
would be Xpert MTB/XDR-positive: of these, 19 (29%) would not have isoniazid resistance (falsepositives) and 934 would be Xpert MTB/XDR-negative: of these, 3 (0%) would have isoniazid
resistance (false-negatives).
Xpert MTB/XDR for fluoroquinolone resistance in people with microbiologically confirmed
pulmonary tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity were 93.1% (88.0 to 96.1) and 98.3% (94.5 to
99.5.) (3 studies, 1337 participants, 28.7.% with fluoroquinolone resistance; high-certainty evidence
for sensitivity and moderate-certainty evidence for specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have fluoroquinolone
resistance, 63 would be Xpert MTB/XDR-positive: of these, 16 (25%) would not have
fluoroquinolone resistance (false-positives) and 937 would be Xpert MTB/XDR-negative: of these, 3
(0%) would have fluoroquinolone resistance (false-negatives).
Xpert MTB/XDR for ethionamide resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity were 56.6% (41.8 to 70.3) and 97.1% (91.9. to
99.0) (2 studies, 838 participants, 52.5% with ethionamide resistance; low-certainty evidence for
sensitivity and moderate-certainty evidence for specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have ethionamide resistance,
56 would be Xpert MTB/XDR-positive: of these, 28 (50%) would not have ethionamide resistance
(false-positives) and 944 would be Xpert MTB/XDR-negative: of these, 22 (2%) would have
ethionamide resistance (false-negatives).
Xpert MTB/XDR for ethionamide resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, gDST
Xpert MTB/XDR pooled sensitivity and specificity were 96.4% (92.2 to 98.3) and 100.0% (82.5. to
100.0) (2 studies, 1001 participants, 28.0% with ethionamide resistance; moderate-certainty evidence
for sensitivity and very low-certainty evidence for specificity).
Xpert MTB/XDR for amikacin resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity were 89.1% (80.9. to 94.1) and 99.5% (96.9 to
99.9) (2 studies, 1008 participants, 15.0% with amikacin resistance; high-certainty evidence for
sensitivity and specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have amikacin resistance, 50
would be Xpert MTB/XDR-positive: of these, 5 (10%) would not have amikacin resistance (falsepositives) and 950 would be Xpert MTB/XDR-negative: of these, 5 (1%) would have amikacin
resistance (false-negatives).
For each drug, Xpert MTB/XDR pooled sensitivity and specificity estimates were similar in people
irrespective of rifampicin resistance and people with detected rifampicin resistance. However, owing
to enrolment criteria in the studies, we note that most participants were rifampicin resistant in all
analyses.
The sensitivity analyses made little difference to any of the findings.
Authors' conclusions
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For resistance to isoniazid, in people irrespective of rifampicin resistance, Xpert MTB/XDR
sensitivity was 94.2% against a reference standard of pDST.
For resistance to fluoroquinolones, in people irrespective of rifampicin resistance, Xpert
MTB/XDR sensitivity was 93.1% against a reference standard of pDST.
For resistance to ethionamide, in people irrespective of rifampicin resistance, Xpert
MTB/XDR sensitivity was 56.6% against a reference standard of pDST.
For resistance to amikacin, in people irrespective of rifampicin resistance, Xpert MTB/XDR
sensitivity was 89.1% against a reference standard of pDST.
MTB/XDR specificity was > 97.0% in nearly all analyses.

The impact of Xpert MTB/XDR is expected to be affected by several factors, including the health care
infrastructure, access to other diagnostic tests, the ability of the index test to detect tuberculosis
(which is required for DST), and the prevalence of resistance to a given drug. Given that the test
targets a limited number of resistance variants in specific genes, the test may perform differently in
different settings. These results should, therefore, be interpreted with caution.
Future studies should assess the accuracy of Xpert MTB/XDR in different population groups,
including children and people living with HIV. In addition, studies should assess the accuracy of
Xpert MTB/XDR in different geological settings, in smear-negative specimens, and with different
types of clinical specimens.
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BACKGROUND
Early recognition and improved characterisation of tuberculosis drug resistance is a prerequisite for
the rapid delivery of novel regimens to those who could benefit from them. For MDR/rifampicinresistant-tuberculosis, the arrival of novel or repurposed drugs such as bedaquiline, clofazimine, and
linezolid has revolutionized the efficacy of longer regimens, dispensing with the need for injectable
drugs, and promising to deliver shorter all-oral regimens. Fluoroquinolones have an essential role and
are also important for protecting second-line drugs like bedaquiline (WHO Consolidated Guidelines
(Module 4) 2020).
While the availability of drug susceptibility testing using culture-based and molecular methods is
increasing, coverage and availability of these technologies varies widely. For example, globally in
2019, only 59% of bacteriologically confirmed new tuberculosis cases were tested for rifampicin
resistance. Among patients with rifampicin resistance, 71% were tested for resistance to
fluoroquinolones, though coverage varied from around 35% in the Western Pacific to nearly 90% in
Europe (WHO Global tuberculosis report 2020).
The development and scale-up of Xpert MTB/RIF was a major step toward improving tuberculosis
and rifampicin resistance detection globally. The assay simultaneously tests for both conditions and
offers a mostly automated hands-off solution deployable in many high tuberculosis burden settings.
Xpert MTB/RIF has, however, been met with limitations. Of 48 high-burden countries,5 only 18
countries (38%) reported that a WHO-recommended rapid diagnostic (which includes Xpert
MTB/RIF) had been used as the initial test for more than half of their patients with tuberculosis
(WHO Global tuberculosis report 2020).
The status quo for isoniazid susceptibility testing is worse. Although in high MDR-TB settings, the
presence of rifampicin resistance alone has served as a proxy for MDR-TB and the basis for treatment
decisions, emerging data suggest that, in some settings, rifampicin resistance testing has suboptimal
specificity for MDR-TB (WHO Global tuberculosis report 2020). This means that testing for
resistance to isoniazid (a critical first-line drug) is increasingly important. For instance, a study in the
eastern Democratic Republic of the Congo found one in five rifampicin-resistant patients to be
isoniazid susceptible when tested using the MTBDRplus line probe assay (Bismwa 2020), and the
most recent South African National Survey of Drug Resistance found hotspots of rifampicin monoresistance, where the prevalence ratio of such cases exceeded that of MDR-TB by as much as 30%
(NICD 2016). Conversely, isoniazid resistance in the presence of rifampicin susceptibility (isoniazid
mono-resistance) is also increasingly recognised as another emerging challenge in managing
tuberculosis as it is an important enabler of MDR-TB (Sulis 2020).
Globally in 2019, 13% of new tuberculosis cases and 17% of previously treated tuberculosis cases
had isoniazid resistance (WHO Global tuberculosis report 2020), yet isoniazid susceptibility testing is
only generally done in patients who are rifampicin resistant. One reason for this is that genetic testing
for isoniazid resistance is more complicated than testing for rifampicin resistance owing to a greater
variety of resistance-associated variants (including large deletions) across several genes (including
loci in katG, inhA, and ahpC). Information on these mutations may not be routinely available in lower
resource settings despite evidence showing that isoniazid resistance is associated with a three-fold
increased risk of poor treatment outcomes (Espinal 2000) and hence should be treated with an
intensified regimen including a fluoroquinolone (WHO Consolidated Guidelines (Module 4) 2020).
Wider implementation of this modified regimen may reduce the risk of treatment failure and
emergence of MDR-TB.
Though individualisation of MDR-TB treatment regimens according to susceptibility testing is
promoted by guidance, gaps in infrastructure and personnel to support culture-based approaches may
in part explain why, of an estimated 465,000 new cases of MDR/rifampicin-resistant-tuberculosis
5

Forty-eight countries are in one or more of the three lists of high TB, TB/HIV and MDR-TB burden countries.
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annually, only 44% were detected and notified (WHO Global tuberculosis report 2020). The WHO
recommends that rapid techniques be used as the initial diagnostic tests to detect tuberculosis and
rifampicin resistance in order to minimize delays in starting appropriate treatment (WHO
Consolidated Guidelines (Module 3) 2020). The multiplexed nature of these new technologies
theoretically permits susceptibility to be detected accurately and comprehensively for a single drug
(where variants in multiple genes may cause resistance) and to several different drugs, each with their
own sets of distinct resistance determinants. The flexibility of this technology offers the possibility of
simultaneous detection of high confidence resistance causing mutations important for multiple drugs
other than rifampicin.
This systematic review evaluated newly-developed rapid technologies that detect resistance to
isoniazid, fluoroquinolones, ethionamide, and amikacin.
A glossary of terms is provided in Appendix 1.

Index test(s)
The index tests are rapid, cartridge-based nucleic acid amplification tests, of low complexity, for
detection of resistance to isoniazid and second-line anti-tuberculosis drugs.
We define a cartridge-based test as one that may use single or multiple specimens and most reagents
are enclosed in a disposable sealed container to which a clinical specimen is added. Almost all
processes (such as DNA extraction and/or polymerase chain reaction (PCR) procedures) are
performed within the container linked to the diagnostic platform. Cartridge-based tests may require an
initial manual specimen treatment step prior to transfer of the material requiring testing into the
cartridge.
Low complexity refers to a situation where no special infrastructure is required and basic laboratory
skills are suitable to run the test, however, equipment may still be required.
Xpert® MTB/XDR Assay (Xpert MTB/XDR, Cepheid, Sunnyvale, USA) is the main index test in
this review. Evidence on MeltPro® XDR-TB (MeltPro, Xiamen Zeesan Biotech Co., Ltd., China)
provided by the manufacturer is summarized separately in Supplement A. No independent evaluations
of MeltPro were identified.
Xpert MTB/XDR detects MTBC (Mycobacterium tuberculosis complex) DNA and genomic
mutations associated with resistance to isoniazid, fluoroquinolones, ethionamide , and second-line
injectable drugs (amikacin, kanamycin, capreomycin) in a single cartridge. This review does not
include molecular drug susceptibility testing (DST) for kanamycin and capreomycin because, with the
adoption of the new treatment regimens using all-oral medicines, the second-line injectable drugs are
less relevant. We include molecular DST for amikacin because, of the second-line injectable drugs,
amikacin is preferentially included in longer regimens when susceptibility has been demonstrated and
adequate measures to monitor for adverse reactions can be ensured (Bainomugisa 2020; WHO
Consolidated Guidelines (Module 4) 2020).
Xpert MTB/XDR is intended for use as a reflex test in specimens (unprocessed sputum or
concentrated sputum sediments) determined to be MTBC-positive (Cepheid package insert 2020). The
test could also be done on cultured isolates; however, this is not stated by the manufacturer as an
intended use case. Several advantages of the assay are proposed.
•
•
•
•

Faster time to result for molecular DST.
Results in < 90 minutes.
Same easy-to-use process as Xpert MTB/RIF Ultra.
Run on existing GeneXpert® platforms equipped with 10-colour modules.
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The limit of detection for Mycobacterium tuberculosis by Xpert MTB/XDR (136 CFU/mL in
unprocessed sputum) (Cepheid package insert 2020) is similar to that of Xpert MTB/RIF (112.6
CFU/mL), but higher than that of Xpert Ultra (15.6 CFU/mL) (Chakravorty 2017). The manufacturer
states that “Specimens with “MTB Trace DETECTED” results when tested with the Xpert MTB/RIF
Ultra Assay are expected to be below the limit of detection of the MTB/XDR Assay and are not
recommended for testing with the Xpert MTB/XDR Assay,” (Cepheid package insert 2020). As with
Xpert MTB/RIF and Xpert Ultra, Xpert MTB/XDR detects both live and dead bacteria (Cepheid
report 2020).
The following information is from the Cepheid package insert (Cepheid package insert 2020).
- Regarding isoniazid, Xpert MTB/XDR bases detection of resistance on mutations in defined regions
of the katG and fabG1 genes, oxyR-ahpC intergenic region and inhA promoter region of the MTB
genome.
- Regarding fluoroquinolones, Xpert MTB/XDR bases detection of resistance on mutations in the
gyrA and gyrB quinolone resistance determining regions of the MTB genome.
- Regarding ethionamide, Xpert MTB/XDR bases detection of resistance on mutations in the inhA
promoter region of the MTB genome. In addition, it is noted that "mutations conferring ethionamide
resistance are reported to be present in genomic regions not targeted by the Xpert MTB/XDR assay".
Of interest, Brossier and colleagues found that 22/47 (47%) of ethionamide-resistant clinical isolates
had mutations in ethA. Hence, the absence of mutations in the inhA promoter region does not preclude
ethionamide resistance (Brossier 2011). Cepheid acknowledges that reporting ethionamide resistance
based only on the detection of the inhA promoter mutations is a known limitation that may limit
sensitivity though specificity may be unaffected.
- Regarding amikacin, Xpert MTB/XDR bases detection of resistance on mutations in a defined
region of rrs of the MTB genome.
Table 1. Drug related gene targets, codon regions, and nucleotide sequences that determine presence
of variants associated with drug resistance in the Xpert MTB/XDR assay
Drug
Isoniazid

Ethionamide
Fluoroquinolones

Gene target
inhA promoter (also used
for tuberculosis detection)
katG
fabG1
oxyR-ahpC intergenic
region
inhA promoter
gyrA
gyrB
rrs
eis promoter

Codon regions
not applicable

Nucleotide
-1 to -32 intergenic region

311-319
199-210
not applicable

939-957
597-630
-5 to -50 intergenic region (or
-47 to -92) *
-1 to -32 intergenic region
261-285
1596-1632
1396-1417
-6 to -42 intergenic region

not applicable
87-95
531-544 (or 493-505) *

Amikacin,
Kanamycin,
not applicable
Capreomycin
*
Codon numbering system according to Camus JC, Pryor MJ, Médigue C, Cole ST. Re-annotation of the
genome sequence of Mycobacterium tuberculosis H37Rv. Microbiology (Reading). 2002;148(Pt 10):2967-2973,
as reported in Cepheid, Clinical evaluation of the Xpert® MTBXDR assay, Report R244C2 Xpert MTB/XDR
Rev 1.0.

Xpert MTB/XDR can report results as MTB NOT DETECTED or MTB DETECTED. If results are
reported as MTB DETECTED, each drug is reported as resistance DETECTED or NOT DETECTED.
If results are reported as MTB NOT DETECTED, INVALID, ERROR, or NO RESULT, then no DST
results are reported, Appendix 2.

Clinical pathway
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A clinical pathway presents a framework for developing recommendations about the use of a test and
may assist in assessing the effect of a new test on management decisions and patient-important
outcomes (Gopalakrishna 2016). We considered several clinical scenarios in Appendix 3,

In this systematic review, the intended use of Xpert MTB/XDR is for diagnosis of drug resistance.
The role of the test would be a replacement test for culture-based phenotypic DST in people
diagnosed with tuberculosis irrespective of rifampicin resistance or with detected rifampicin
resistance.
The downstream consequences of testing include the following:
True-positive: people would benefit from rapid diagnosis and early initiation of appropriate
tuberculosis treatment.
True-negative: people would be spared unnecessary treatment and would benefit from reassurance
and pursuit of an alternative diagnosis.
False-positive: people would likely experience anxiety, morbidity from additional testing, possible
delays in further diagnostic evaluation, and prolonged and unnecessary treatment with drugs that may
have lower bactericidal activity than second-line regimens and often have serious adverse effects.
False-negatives: are at an increased risk of patient morbidity and mortality, and continued risk of
community transmission of drug-resistant tuberculosis.

Review objective
To estimate the diagnostic accuracy of Xpert MTB/XDR on sputum for the diagnosis of the following
conditions in people with microbiologically confirmed pulmonary tuberculosis.6

•
•
•
•

Isoniazid resistance.
Fluoroquinolone resistance.
Ethionamide resistance.
Amikacin resistance.

We initially included an objective “to estimate the diagnostic accuracy of cartridge-based assays to diagnose
pulmonary tuberculosis in people with signs and symptoms of pulmonary tuberculosis”. However, we did not
identify any studies that directly addressed this question. Therefore, this objective and the corresponding PICO
questions were removed (Guideline Development Group Meeting, 1 November 2020), see Supplement B. The
studies included in this review were designed to evaluate the manufacturer’s intended use of Xpert MTB/XDR
as a reflex test for a specimen (unprocessed sputum or concentrated sputum sediments) that is determined to be
MTB positive (Cepheid package insert 2020).
6
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METHODS
Types of studies
We included cross-sectional studies and cohort studies that assessed the diagnostic accuracy of the
index test. We included diagnostic accuracy studies in which cases and controls were sampled from a
single source population (referred to as a single gate design). We excluded case-control studies where
cases and controls were sampled from different populations (referred to as a two-gate design). The
latter type of study is prone to bias, particularly when a study enrols participants with severe disease
and healthy participants without disease (Rutjes 2005). We included studies where the reference
standard was performed after the index test and those where the reference standard was performed
before the index test. We only included studies that reported data comparing the index test to an
acceptable reference standard (defined below) from which we could extract true positive (TP), true
negative (TN), false positive (FP), and false negative (FN) values.

Participants
We included people of any age, HIV positive or negative, with microbiologically confirmed
pulmonary tuberculosis. Participants with tuberculosis were included irrespective of rifampicin
resistance (with or without rifampicin resistance, or rifampicin resistance unknown) or with detected
rifampicin resistance. We included studies that assessed the diagnostic accuracy of the index test
using sputum, consistent with the intended use of the manufacturer, and studies from all types of
health facilities and all laboratory levels (peripheral, intermediate, and central) from all countries.

Index test
Xpert MTB/XDR is the main index test in this review. Evidence on MeltPro® XDR-TB (MeltPro,
Xiamen Zeesan Biotech Co., Ltd., China) provided by the manufacturer is summarized separately in
Supplement A.

Target conditions
We included four target conditions:
1. Isoniazid resistance.
2. Fluoroquinolone resistance.
3. Ethionamide resistance.
4. Amikacin resistance.

Reference standards
We included a microbiological reference standard (MRS) and a composite reference
standard (CRS).
The microbiological reference standards were phenotypic DST (pDST) alone and genotypic
DST (gDST) alone.
The composite reference standard was pDST and gDST, where at least one component test
is positive.
In the methodological assessment using QUADAS-2, we took into account the reliability of
these different reference standards for individual drugs (Heyckendorf 2017; WHO Critical
concentrations 2018).
Outcomes
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Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
Cure - we did not identify any studies that reported data for this outcome.
Mortality - we did not identify any studies that reported data for this outcome.
Time to diagnosis - we did not identify any studies that reported data for this outcome.
Time to start treatment - we did not identify any studies that reported data for this outcome.

Search methods
We searched the following databases: Ovid MEDLINE (OVID, 1946-present) and Embase (OVID,
1947-present), for studies evaluating cartridge-based tests using tuberculosis, pulmonary AND Xpert,
GeneXpert, Truenat, Cartridge, Point-of-Care Systems, Drug Susceptibility Test, isoniazid resistance,
fluoroquinolone resistance, and second-line injectable drug resistance as search terms. We also
searched Clinicaltrials.gov and the WHO ICTRP for trials in progress. Searches were run up to
6 September 2020 without language restriction, Appendix 4. On 4 November 2020, we ran an
additional search using the search terms Zeesan and MeltPro.
We contacted researchers at FIND, the WHO Global Tuberculosis Programme, the manufacturer, and
other experts in the field of tuberculosis diagnostics for information on ongoing and unpublished
studies. We reviewed data submitted via the WHO public call.

Data collection and analysis
Selection of studies
We used Covidence to manage the selection of studies (Covidence 2017). Two review authors
independently assessed studies for eligibility. We resolved disagreements by discussion with a third
review author. We illustrated the study selection process in a PRISMA diagram (Moher 2009).

Data extraction
Two review authors independently extracted data from the reports, including: author, publication year,
study design, country(ies)/sites where study was located, clinical setting, population characteristics,
the number of TP, FP, FN, and TN values with respect to the reference standard, and inconclusive test
results. We resolved disagreements by discussion with a third review author.

Assessment of methodological quality
Two review authors working independently assessed methodological quality using QUADAS-2
tailored to this review, Appendix 5. We resolved disagreements by discussion with a third review
author.

Statistical analysis and data synthesis
We stratified analyses by population and target condition. Within each stratum, for example, detection
of isoniazid resistance, we plotted estimates of the studies’ observed sensitivities and specificities in
forest plots with 95% confidence intervals (CIs) and in receiver operating characteristic (ROC) space
using Review Manager (RevMan). Where adequate data were available, we combined data using
meta-analysis by fitting the bivariate random effects model (Macaskill 2010; Reitsma 2005), using
Stata with the metandi and xtmelogit commands (Stata 2019). When a bivariate random effects model
could not be fit owing to few studies or sparse data, we instead specified two univariate random
effects models (Takwoingi 2015). In situations where all studies in a meta-analysis reported a
sensitivity of 100% or specificity of 100%, we used simple pooling by summing up the numbers of
true positives and total resistant cases to calculate sensitivity or the numbers of true negatives and
total susceptible cases to calculate specificity, as required. We performed all analyses stratified by
type of reference standard.
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For multicentre studies, we anticipated that there would be variability in terms of how laboratory
practices were carried out between different centres. For this reason, when data were available, we
performed meta-analyses at the centre level (i.e. treating each centre as a separate study).
We excluded MTBC-negative and inconclusive test results from analyses of diagnostic test accuracy.

Inconclusive index test results
The manufacturer defines two types of inconclusive results, non-determinate and indeterminate.
Invalid
inconclusive index
test results
TB detection

Drug susceptibility testing
(result only reported if
index test detects TB)

Non-determinate

Error

“No
result”

Invalid

Indeterminate (for a
specific drug; a cartridge
may give an
indeterminate result for
certain drug(s), and
successfully report
susceptibilities to other
drugs)

Figure. 1. Overview of different types of inconclusive results for Xpert MTB/XDR.

A non-determinate Xpert MTB/XDR test result is one that results in an INVALID, ERROR, or NO
RESULT and can be due to an operator error, instrument, or cartridge issue (Cepheid package insert
2020). These three options are automatically generated, including the one called NO RESULT. The
underlying reason for a non-determinate result is often not specified. The non-determinate Xpert
MTB/XDR test results pertain only to the detection of MTBC, not to the detection of drug resistance.
A non-determinate result is distinct from MTB NOT DETECTED as shown below in Figure 2.

Figure 2. Interpretation of non-determinate results and their relation to MTB DETECTED and MTB NOT
Detected

An indeterminate Xpert MTB/XDR test result is one that indicates that resistance to a given drug
could not definitively be detected based on the test’s algorithm (Cepheid package insert 2020). This
means that, based on quality control criteria, the test was not able to confidently report this particular
result and the software suppressed the reporting of this. Indeterminate Xpert MTB/XDR test results
pertain only to the detection of resistance to anti-tuberculosis drugs.
In addition, when data were available, we reported when the index test did not detect tuberculosis to
begin with (missed cases).
We used the following approach to describe the different types of results.
Xpert MTB/XDR MTB NOT DETECTED
Among specimens with pDST results available, we determined the percentage that were Xpert
MTB/XDR MTB NOT DETECTED. Among specimens with results reported as Xpert MTB/XDR
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MTB NOT DETECTED, we further determined the percentage that were resistant or susceptible
according to pDST.
Xpert MTB/XDR NON-DETERMINATE
Among the specimens initially tested, we determined the percentage of Xpert MTB/XDR NONDETERMINATE results and, of these, the number of ERROR, INVALID, and NO RESULT results.
We also determined the percentage of non-determinate results remaining following retesting.
Xpert MTB/XDR INDETERMINATE
Among specimens reporting Xpert MTB/XDR MTB DETECTED, we determined the percentage that
were Xpert MTB/XDR INDETERMINATE (as drug resistance is only evaluated when MTB is
detected). Among specimens with results reported as Xpert MTB/XDR INDETERMINATE, we
further determined the percentage that were resistant or susceptible, according to pDST.

Investigations of heterogeneity
For each target condition, we investigated heterogeneity through visual examination of forest plots of
sensitivity and specificity.

Sensitivity analyses
We performed sensitivity analyses by limiting inclusion in the meta-analysis to studies that were not
designed or conducted by the manufacturer, therefore, we excluded Cepheid 2020.

Summary of findings and assessment of the certainty of the evidence (GRADE)
We assessed the certainty of evidence using the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach for diagnostic studies (Schünemann 2008; Schünemann
2016). As recommended, we rated the certainty of evidence as either high (not downgraded),
moderate (downgraded by one level), low (downgraded by two levels), or very low (downgraded by
more than two levels) based on five domains: risk of bias, indirectness, inconsistency, imprecision,
and publication bias. For each outcome, the certainty of evidence started as high for cross-sectional or
cohort studies that enrolled participants with diagnostic uncertainty. When we found a reason for
downgrading, we used our judgement to classify the reason as either serious (downgraded by one
level) or very serious (downgraded by two levels). At least two review authors discussed judgments
and applied GRADE in the following way (GRADEpro GDT 2015; Schünemann 2020a; Schünemann
2020b).

•
•

•
•

•

Risk of bias: we used QUADAS-2 to assess risk of bias.
Indirectness: we assessed indirectness in relation to the population (including disease
spectrum), setting, interventions, and outcomes (accuracy measures). We used the
prevalence of the condition as a guide to whether there was indirectness in the
population.
Inconsistency: GRADE recommends downgrading for unexplained inconsistency in
sensitivity and specificity estimates.
Imprecision: we considered a precise estimate to be one that would allow a clinically
meaningful decision. We considered the width of the 95% CI and asked ourselves,
‘Would we make a different decision if the lower or upper boundary of the CI
represented the truth?' In addition, we worked out projected ranges for TP, FN, TN,
and FP for the prevalence of resistance to a given drug and made judgements on
imprecision from these calculations.
Publication bias: we considered the comprehensiveness of the literature search,
outreach to researchers in tuberculosis, evidence identified from the WHO public call,
and assistance from the WHO in identifying studies. Through these sources, we
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identified several unpublished studies, but no publications. We graded publication
bias as undetected.

RESULTS
Results of the search
We identified and screened a total of 1,649 records. Of these, we excluded 1620 for relevance to the
topic. We retrieved 29 full text articles, including unpublished reports, and excluded 26 mainly
because they were not rapid, low-complexity cartridge-based tests. We identified three unpublished
studies for inclusion in the review, Cepheid 2020, DIAMA 2020, and FIND 2020. Appendix 6 shows
the flow of studies in the review. A list of included and excluded studies is provided in Appendix 7.

Methodological quality of included studies
In the patient selection domain, we considered two studies (67%) to have low risk of bias and one
study to have unclear risk of bias because we were unsure about the manner of participant selection
(Cepheid 2020). Regarding applicability for patient selection, we considered all studies to have low
concern.
In the index test domain, we considered all studies to have low risk of bias and low concern about
applicability.
In the reference standard domain, we considered risk of bias separately for each drug and each
reference standard. For resistance to isoniazid, fluoroquinolones, and amikacin, for pDST and gDST,
we considered all studies have low risk of bias. For resistance to ethionamide, we considered all
studies to have high risk of bias. For pDST, this was owing to considerable overlap in the minimum
inhibitory concentration (MIC)s of M tuberculosis isolates with and without resistance-causing
variants. For gDST, this was because no study included all loci required, ethA, ethR, and inhA
promoter. Regarding applicability, for the reference standard domain, we considered all studies to
have low concern.
In the flow and timing domain, we considered two studies to have low risk of bias and one study to
have high risk of bias because not all participants were included in the analysis (DIAMA 2020). A
summary table showing risk of bias and applicability concerns is included with each PICO question.

Findings
Study characteristics
The studies were in Benin, Cameroon, China, New Delhi, Moldova, Mumbai, Rwanda, and South
Africa. We present key characteristics of the included studies in the Characteristics of included studies
table, Appendix 8.
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PICO questions

Should MTB/XDR assay on sputum be used to diagnose isoniazid resistance in patients with
microbiologically confirmed pulmonary TB?

Figure 3. Forest plots of Xpert MTB/XDR sensitivity and specificity for detection of isoniazid resistance, by
population and reference standard. Direct refers to testing directly on sputum.

Figure 4. Xpert MTB/XDR, isoniazid resistance, risk of bias and applicability concerns.

Should MTB/XDR assay on sputum be used to diagnose fluoroquinolone resistance in patients with
microbiologically confirmed pulmonary TB?
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Figure 5. Forest plots of MTB/XDR sensitivity and specificity for detection of resistance to fluoroquinolones by
population and reference standard. Direct refers to testing directly on sputum.

Figure 6. Xpert MTB/XDR, fluoroquinolone resistance, risk of bias and applicability concerns.

Should MTB/XDR assay on sputum be used to diagnose ethionamide resistance in patients
with microbiologically confirmed pulmonary TB?
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Figure 7. Forest plots of MTB/XDR sensitivity and specificity for detection of resistance to ethionamide by
population and reference standard. Direct refers to testing directly on sputum.

Figure 8. Xpert MTB/XDR, ethionamide resistance, risk of bias and applicability concerns.

Should MTB/XDR assay on sputum be used to diagnose amikacin resistance in patients with
microbiologically confirmed pulmonary TB?
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Figure 9. Forest plots of MTB/XDR sensitivity and specificity for detection of resistance to amikacin by population
and reference standard. Direct refers to testing directly on sputum.

Figure 10. Xpert MTB/XDR, amikacin resistance, risk of bias and applicability concerns.

Table 2. Performance of Xpert MTB/XDR for resistance to isoniazid, fluoroquinolones,
ethionamide, and amikacin
Drug

Reference No. studies No. (%) with Pooled
standard
(participants) drug
sensitivity %
resistance
(95% CI)

Pooled
specificity %
(95% CI)

Positive
predictive
value % (95%
CI) 1

Negative
predictive
value % (95%
CI) 1
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Irrespective of rifampicin resistance
INH
pDST
3 (1605)
994 (61.9)
INH

gDST

2 (999)

INH

Composite 2 (1055)

682 (68.3)
768 (72.8)

With detected rifampicin resistance
INH
pDST
2 (744)

684 (91.9)

INH

gDST

1 (434)

416 (95.9)

INH

Composite 1 (476)

465 (97.7)

Irrespective of rifampicin resistance
FQ
pDST
3 (1337)
384 (28.7)
FQ

gDST

2 (997)

FQ

Composite 2 (1021)

375 (37.6)
407 (39.9)

With detected rifampicin resistance
FQ
pDST
2 (666)
216 (32.4)
FQ

gDST

1 (434)

205 (47.2)

FQ

Composite 1 (452)

230 (50.9)

Irrespective of rifampicin resistance
ETO
pDST
2 (838)
440 (52.5)
ETO

gDST

2 (1001)

ETO

Composite 2 (843)

280 (28.0)
457 (54.2)

With detected rifampicin resistance
ETO
pDST
1 (492)
313 (63.6)
ETO

gDST

1 (434)

167 (38.5)

ETO

Composite 1 (457)

323 (70.7)

Irrespective of rifampicin resistance
AMK
pDST
2 (1008)
151 (15.0)
AMK

gDST

2 (990)

AMK

Composite 2 (1005)

156 (15.8)
175 (17.4)

94.2
(89.3 to 97.0)
97.3
(92.8 to 99.0)
93.6
(86.5 to 97.1)

98.0
(95.2 to 99.2)
98.4
(95.9 to 99.3)
99.7
(96.6 to 100.0)

71.3
(50.1 to 86.0)
75.6
(55.4 to 88.6)
94.2
(58.6 to 99.5)

99.7
(99.4 to 99.8)
99.9
(99.6 to 100.0)
99.7
(99.3 to 99.8)

97.2
(89.7 to 99.3)
98.4
(88.9 to 99.8)
97.6
(84.7 to 99.7)

91.5
(68.5 to 98.1)
97.5
(27.1 to 100.0)
100.0
(74.1 to 100.0)

83.0
(51.2 to 95.8)
94.5
(15.4 to 99.9)
100.0
(58.0 to 100.0)

99.1
(96.6 to 99.8)
99.5
(96.6 to 99.9)
99.3
(95.2 to 99.9)

93.1
(88.0 to 96.1)
95.7
(91.8 to 97.7)
92.8
(88.1 to 95.8)

98.3
(94.5 to 99.5)
99.9
(92.0 to 100.0)
99.8
(96.0 to 100.0)

74.6
(46.8 to 90.7)
97.5 (36.9 to
100.0)
95.5 (54.4 to
99.7)

99.7
(99.4 to 99.8)
99.8 (99.6 to
99.9)
99.6 (99.4 to
99.8)

95.2
(89.1 to 98.0)
98.6
(94.3 to 99.7)
96.0
(90.6 to 98.4)

96.6
(87.2 to 99.2)
98.8
(94.7 to 99.7)
99.1
(96.2 to 99.8)

92.4
(75.4 to 97.9)
97.2
(88.6 to 99.4)
97.9
(91.3 to 99.5)

98.5
(96.7 to 99.4)
99.6
(98.2 to 99.9)
98.8
(97.2 to 99.5)

56.6
(41.8 to 70.3)
96.4 (92.2 to
98.3)
57.1
(42.8 to 70.2)

97.1
(91.9 to 99.0)
100.0
(82.5 to 100.0)
99.8
(95.3 to 100.0)

50.9
(28.6 to 72.8)
99.6
(19.5 to 100)
94.7 (39.9 to
99.8)

97.8
(97.0 to 98.4)
96.5
(92.7 to 98.4)
97.9 (97.1 to
98.5)

51.7
(33.1 to 69.8)
98.0
(74.2 to 99.9)
53.1
(34.7 to 70.7)

94.8
(84.8 to 98.3)
99.7
(83.5 to 100.0)
99.5
(87.0 to 100.0)

81.0
(62.2 to 91.7)
99.3
(68.6 to 100.0)
98.0
(63.9 to 99.9)

86.7
(81.9 to 90.4)
99.4
(91.2 to 100.0)
87.6
(82.6 to 91.3)

89.1
(80.9 to 94.1)
89.5
(64.5 to 97.6)
84.1
(63.0 to 94.3)

99.5
(96.9 to 99.9)
99.7
(98.4 to 99.9)
99.8
(99.0 to 99.9)

90.1
(59.0 to 98.3)
93.3
(73.9 to 98.6)
94.9
(81.1 to 98.8)

99.5
(99 to 99.7)
99.5
(97.9 to 99.9)
99.2
(98 to 99.7)

With detected rifampicin resistance
AMK
pDST
1 (490)
65 (13.3)

86.1
98.9
97.2
95.9
(75.0 to 92.7)
(93.0 to 99.8)
(83.4 to 99.6)
(92.7 to 97.8)
AMK
gDST
1 (433)
66 (15.2)
81.1
99.2 (
97.8
94.6
(56.0 to 93.6)
96.9 to 99.8)
(92.4 to 99.4)
(86.8 to 97.9)
AMK
Composite 1 (443)
81 (18.3)
79.0
99.5
98.4
94.0
(55.4 to 91.9)
(97.6 to 99.9)
(93.7 to 99.6)
(86.8 to 97.4)
Abbreviations: AMK: amikacin; CI: Confidence interval; standard; DST: drug susceptibility testing; ETO: ethionamide; FQ:
fluoroquinolone; INH: isoniazid; pDST phenotypic DST; gDST: genotypic DST.
Notes: Within each multicentre study, when data were available, we performed meta-analyses at the centre level (i.e.
treating each centre separately).
1. Prevalence for calculating predictive values: 5% in people irrespective of rifampicin resistance and 30% in people with
detected rifampicin resistance.
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As seen in Table 2, for each drug, Xpert MTB/XDR pooled sensitivity and specificity estimates were
similar in people irrespective of rifampicin resistance and people with detected rifampicin resistance.
However, owing to enrolment criteria in the studies, we note that most participants were rifampicin
resistant in all analyses.

PICO questions
1.
Should MTB/XDR assay on sputum be used to diagnose INH resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, MRS?
2.
Should MTB/XDR assay on sputum be used to diagnose INH resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, CRS?
3.
Should MTB/XDR assay on sputum be used to diagnose INH resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, MRS?
4.
Should MTB/XDR assay on sputum be used to diagnose INH resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, CRS?
5.
Should MTB/XDR assay on sputum be used to diagnose FQ resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, MRS?
6.
Should MTB/XDR assay on sputum be used to diagnose FQ resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, CRS?
7.
Should MTB/XDR assay on sputum be used to diagnose FQ resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, MRS?
8.
Should MTB/XDR assay on sputum be used to diagnose FQ resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, CRS?
9.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, pDST?
10.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, gDST?
11.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, CRS?
12.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, pDST?
13.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, gDST?
14.
Should MTB/XDR assay on sputum be used to diagnose ETO resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, CRS?
15.
Should MTB/XDR assay on sputum be used to diagnose AMK resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, MRS?
16.
Should MTB/XDR assay on sputum be used to diagnose AMK resistance in patients with
microbiologically confirmed pulmonary TB, irrespective of resistance to RIF, CRS?
17.
Should MTB/XDR assay on sputum be used to diagnose AMK resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, MRS?
18.
Should MTB/XDR assay on sputum be used to diagnose AMK resistance in patients with
microbiologically confirmed pulmonary TB, with detected resistance to RIF, CRS?
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Table 3. GRADE Certainty of Evidence
See Supplement C. GRADE evidence profiles.
PICO

Drug

Population

Reference No. studies Pooled
standard
(participants) sensitivity
% (95% CI)
pDST
3 (1605)
94.2
(89.3, 97.0)

1

INH

Irrespective
rifampicin
resistance

2

INH

Irrespective
rifampicin
resistance

CRS

3

INH

With
detected
rifampicin
resistance

4

INH

5

Pooled
specificity %
(95% CI)
98.0
(95.2, 99.2)

Certainty
Evidence
Sens
Moderate

Certainty
Evidence
Spec
Moderate

2 (1055)

93.6
99.7
Moderate
(86.5, 97.1) (96.6, 100.0)

Moderate

pDST

2 (744)

97.2
91.5
(89.7, 99.3) (68.5, 98.1)

High

Low

With
detected
rifampicin
resistance

CRS

1 (476)

97.6
100.0
(84.7, 99.7) (74.1 100.0)

High

Low

Downgraded two
levels for
imprecision
(specificity)

FQ

Irrespective
rifampicin
resistance

pDST

3 (1337)

93.1
98.3
(88.0, 96.1) (94.5, 99.5)

High

Moderate

Downgraded one
level for
inconsistency
(specificity)

6

FQ

CRS

2 (1021)

96.0
99.1
(90.6, 98.4) (96.2, 99.8)

High

High

7

FQ

pDST

2 (666)

95.2
96.6
(89.1, 98.0) (87.2, 99.2)

High

Moderate

8

FQ

CRS

1 (452)

96.0
(90.6 to
98.4)

High

High

9

ETO

Irrespective
rifampicin
resistance
With
detected
rifampicin
resistance
With
detected
rifampicin
resistance
Irrespective
rifampicin
resistance

pDST

2 (838)

56.6
97.1
(41.8, 70.3) (91.9, 99.0)

Low

Moderate

10

ETO

Irrespective
rifampicin
resistance

gDST

2 (1001)

96.4
100.0
Low
(92.2, 98.3) (82.5, 100.0)

11

ETO

Irrespective
rifampicin
resistance

CRS

2 (843)

57.1
99.8
Low
(42.8, 70.2) (95.3, 100.0)

99.1
(96.2 to
99.8)

Explanations

Downgraded one
level for
indirectness for
sensitivity and
specificity
Downgraded one
level for
indirectness for
sensitivity and
specificity
Downgraded one
level for
inconsistency,
and one level
imprecision
(specificity)

Downgraded one
level for
inconsistency
(specificity)

Downgraded one
level for risk of
bias, one level for
inconsistency
(sensitivity);
downgraded one
level for risk of
bias (specificity)
Very Low Downgraded two
levels for risk of
bias (sensitivity);
downgraded two
levels for risk of
bias, one level for
imprecision
(specificity)
Moderate Downgraded one
level for risk of
bias one level for
inconsistency
(sensitivity);
downgraded one
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level for risk of
bias (specificity)
12
ETO
With
pDST
1 (492)
51.7
94.8
Very Low Moderate Downgraded one
detected
(33.1, 69.8) (84.8, 98.3)
level for risk of
rifampicin
bias, one level for
resistance
inconsistency,
one level for
imprecision
(sensitivity);
downgraded one
level for risk of
bias (specificity)
13
ETO
With
gDST
1 (434)
98.0
99.7
Very Low Very Low Downgraded two
detected
(74.2, 99.9) (83.5, 100.0)
levels for risk of
rifampicin
bias, one level for
resistance
imprecision
(sensitivity and
(specificity)
14
ETO
With
CRS
1 (457)
53.1
99.5
Very Low Moderate Downgraded one
detected
(34.7, 70.7) (87.0, 100.0)
level for risk of
rifampicin
bias, one level for
resistance
inconsistency,
one level for
imprecision
(sensitivity);
downgraded one
level for risk of
bias (specificity)
15
AMK Irrespective pDST
2 (1008)
89.1
99.5
Moderate High
Downgraded one
rifampicin
(80.9, 94.1) (96.9, 99.9)
level for risk of
resistance
bias (sensitivity)
16
AMK Irrespective CRS
2 (1005)
84.1
99.8
Low
High
Downgraded one
rifampicin
(63.0, 94.3) (99.0, t99.9)
level for risk of
resistance
bias, one level for
inconsistency
(sensitivity)
17
AMK With
pDST
1 (490)
86.1
98.9
Low
High
Downgraded two
detected
(75.0, 92.7) (93.0, 99.8)
levels for
rifampicin
imprecision
resistance
(sensitivity)
18
AMK With
CRS
1 (443)
79.0
99.5
Low
High
Downgraded two
detected
(55.4, 91.9) (97.6, 99.9)
levels for
rifampicin
imprecision
resistance
(sensitivity)
Abbreviations: AMK: amikacin; CI: Confidence interval; standard; DST: drug susceptibility testing; ETO: ethionamide; FQ:
fluoroquinolone; INH: isoniazid; pDST phenotypic DST; gDST: genotypic DST
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Xpert MTB/XDR MTB NOT DETECTED and inconclusive test results
Xpert MTB/XDR MTB NOT DETECTED
Here we summarize results for Xpert MTB/XDR MTB NOT DETECTED and resistant cases
therefore missed. Cepheid 2020 was the only study that reported this information.
Isoniazid
Of 530 specimens tested, 512 had pDST results available. Of these 512 specimens with pDST results
available, 32 (6.3%) were Xpert MTB/XDR MTB NOT DETECTED.
By the pDST reference standard, of these 32 specimens, two (6.3%) were resistant and 30 (93.8%)
were susceptible.
Fluoroquinolones
Of 530 specimens tested, 453 had pDST results available. Of these 453 specimens with pDST results
available, 32 (7.1%), were Xpert MTB/XDR MTB NOT DETECTED.
By the pDST reference standard, of these 32 specimens, one (3.1%) was resistant and 31 (96.9%)
were susceptible.
Ethionamide
Of 530 specimens tested, 260 had pDST results available. Of these 260 specimens with pDST results
available, 30 (11.5%) were Xpert MTB/XDR MTB NOT DETECTED.
By the pDST reference standard, of these 30 specimens, two (6.7%) were resistant and 28 (93.3%)
were susceptible.
Amikacin
Of 530 specimens tested, 445 had pDST results available. Of these 445 specimens, 32 (7.2%) were
Xpert MTB/XDR MTB NOT DETECTED.
By the pDST reference standard, of these 32 specimens, 32 (100.0%) were susceptible.
Non-determinate test results
Here we provide a summary of non-determinate results and their pDST status.
Cepheid 2020
- Initial testing
Of 531 specimens tested, 15 resulted in non-determinate results after their Xpert testing. There were
10 “Error” results, one "Invalid” result, and four “No Result” results. Therefore, the non-determinate
rate upon initial testing was 2.8%.
- Retesting
These 15 specimens were retested and 14 of the 15 gave valid results upon retest. One of the 15
retested specimens resulted in an “Error” following its repeat test. Therefore, the non-determinate rate
following retesting was 0.2% (1/531).
FIND 2020
- Initial testing
Of 709 specimens tested, 21 resulted in non-determinate results after their initial Xpert tests.
Therefore, the non-determinate rate upon initial testing rate was 3.0% (21/709).
- Retesting
Of these 21 specimens, 19 gave valid results upon retesting. Therefore, the non-determinate rate
following retesting was 0.3% (2/709).
The phenotypic status of non-determinate results was not discernable for either study.
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Indeterminate test results
Here we provide a summary of indeterminate results and their pDST status.
Isoniazid
Cepheid 2020
Of 530 specimens tested, 498 specimens had an Xpert MTB/XDR MTB DETECTED result. Of these
498 specimens, two (0.4%) had indeterminate results for detection of resistance.
By the pDST reference standard, of these two specimens, two (100%) were resistant and zero (0%)
were susceptible.
FIND 2020
Of 709 specimens tested, 657 had an Xpert MTB/XDR MTB DETECTED result. Of these 657
specimens, two (0.3%) had indeterminate results for detection of resistance. None were indeterminate
upon retesting.
Fluoroquinolones
Cepheid 2020
Of 530 specimens tested, 498 specimens had an Xpert MTB/XDR MTB DETECTED result. Of these
498 specimens, four (0.8%) had indeterminate results for detection of resistance.
By the pDST reference standard, of these four specimens, zero (0%) were resistant and four (100%)
were susceptible.
FIND 2020
Of 709 specimens tested, 657 had an Xpert MTB/XDR MTB DETECTED result. Of these 657
specimens, nine (1.4%) had indeterminate results for detection of resistance. None were indeterminate
upon retesting.
Ethionamide
Cepheid 2020
Of 530 specimens tested, 498 specimens had an Xpert MTB/XDR MTB DETECTED result. Of these
498 specimens, none (0%) had an indeterminate result for detection of resistance.
FIND 2020
Of 709 specimens tested, 657 had an Xpert MTB/XDR MTB Detected result. Of these 657 specimens,
one (0.2%) had an indeterminate result for detection of resistance. This specimen was no longer
indeterminate upon retesting.
Amikacin
Cepheid 2020
Of 530 specimens tested, 498 specimens had an Xpert MTB/XDR MTB DETECTED result. Of these
498 specimens, eight (1.6%) had indeterminate results for detection of resistance. By the pDST
reference standard, of these eight specimens, zero (0%) were resistant and eight (100%) were
susceptible.
FIND 2020
Of 709 specimens tested, 657 had an Xpert MTB/XDR MTB DETECTED result. Of these 657
specimens, 23 (3.5%) had indeterminate results for detection of resistance. One was indeterminate
upon retesting.
pDST results could not be discerned for FIND 2020 indeterminates.
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Sensitivity analyses
Table 4 presents the findings from sensitivity analyses that excluded data from the manufacturer.
There are two rows of results presented for each drug. The first row presents the results of the metaanalysis including Cepheid 2020, and the subsequent row, the results of the sensitivity analysis
excluding Cepheid 2020 (in bold).
These sensitivity analyses made little difference to any of the findings.

Table 4. Xpert MTB/XDR accuracy for drug resistance in people irrespective of rifampicin
resistance, sensitivity analyses
Drug

Reference
standard

No. studies
(participants)

Isoniazid

pDST

3 (1605)

No. (%) with
resistance to
drug
994 (61.9)

Isoniazid, without
Cepheid
Fluoroquinolones

pDST

2 (1005)

685 (68.2)

pDST

3 (1337)

384 (28.7)

Fluoroquinolones,
without Cepheid
Ethionamide

pDST

2 (1112)

225 (20.1)

pDST

2 (838)

440 (52.5)

Ethionamide,
without Cepheid
Amikacin

pDST

1 (756)

324 (42.9)

pDST

2 (1008)

151 (15.0)

Amikacin,
without Cepheid

pDST

1 (612)

65 (10.6)

Pooled
sensitivity % (95%
CI)
94.2
(89.3 to 97.0)
96.0
(89.4 to 98.6)
93.1
(88.0 to 96.1)
93.5
(83.4 to 97.6)
56.6
(41.8 to 70.3)
53.1
(35.7 to 69.7)
89.1
(80.9 to 94.1)
86.1
(74.9 to 92.8)

Pooled
specificity % (95%
CI)
98.0
(95.2 to 99.2)
97.1
(91.9 to 99.0)
98.3
(94.5 to 99.5)
98.4
(94.3 to 99.5)
97.1
(91.9 to 99.0)
96.5
(89.1 to 98.9)
99.5
(96.9 to 99.9)
99.3
(94.4 to 99.9)
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DISCUSSION
Summary of main results
This systematic review summarizes the current literature and included three unpublished studies on
the accuracy of Xpert MTB/XDR for detection of resistance to isoniazid, fluoroquinolones,
ethionamide, and amikacin.
Xpert MTB/XDR for isoniazid resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity (95% confidence interval) were 94.2% (89.3 to
97.0) and 98.0% (95.2 to 99.2) (3 studies, 1605 participants, 61.9% with isoniazid resistance; highcertainty evidence for sensitivity and specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have isoniazid resistance, 66
would be Xpert MTB/XDR-positive: of these, 19 (29%) would not have isoniazid resistance (falsepositives) and 934 would be Xpert MTB/XDR-negative: of these, 3 (0%) would have isoniazid
resistance (false-negatives).
Xpert MTB/XDR for fluoroquinolone resistance in people with microbiologically confirmed
pulmonary tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity were 93.1% (88.0 to 96.1) and 98.3% (94.5 to
99.5.) (3 studies, 1337 participants, 28.7.% with fluoroquinolone resistance; high-certainty evidence
for sensitivity and moderate-certainty evidence for specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have fluoroquinolone
resistance, 63 would be Xpert MTB/XDR-positive: of these, 16 (25%) would not have
fluoroquinolone resistance (false-positives) and 937 would be Xpert MTB/XDR-negative: of these, 3
(0%) would have fluoroquinolone resistance (false-negatives).
Xpert MTB/XDR for ethionamide resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
Xpert MTB/XDR pooled sensitivity and specificity were 56.6% (41.8 to 70.3) and 97.1% (91.9. to
99.0) (2 studies, 838 participants, 52.5% with ethionamide resistance; low-certainty evidence for
sensitivity and moderate-certainty evidence for specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have ethionamide resistance,
56 would be Xpert MTB/XDR-positive: of these, 28 (50%) would not have ethionamide resistance
(false-positives) and 944 would be Xpert MTB/XDR-negative: of these, 22 (2%) would have
ethionamide resistance (false-negatives).
Xpert MTB/XDR for ethionamide resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, gDST
Xpert MTB/XDR pooled sensitivity and specificity were 96.4% (92.2 to 98.3) and 100.0% (82.5. to
100.0) (2 studies, 1001 participants, 28.0% with ethionamide resistance; moderate-certainty evidence
for sensitivity and very low-certainty evidence for specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have ethionamide resistance,
48 would be Xpert MTB/XDR-positive: of these, 0 (0%) would not have ethionamide resistance
(false-positives) and 952 would be Xpert MTB/XDR-negative: of these, 2 (0%) would have
ethionamide resistance (false-negatives).
Xpert MTB/XDR for amikacin resistance in people with microbiologically confirmed pulmonary
tuberculosis irrespective of rifampicin resistance, pDST
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Xpert MTB/XDR pooled sensitivity and specificity were 89.1% (80.9. to 94.1) and 99.5% (96.9 to
99.9) (2 studies, 1008 participants, 15.0% with amikacin resistance; high-certainty evidence for
sensitivity and specificity).
Results of these studies indicate that in theory, of 1000 people where 50 have amikacin resistance, 50
would be Xpert MTB/XDR-positive: of these, 5 (10%) would not have amikacin resistance (falsepositives) and 950 would be Xpert MTB/XDR-negative: of these, 5 (1%) would have amikacin
resistance (false-negatives).

AUTHORS' CONCLUSIONS
•
•
•

•
•
•
•
•

For resistance to isoniazid, in people irrespective of rifampicin resistance, Xpert
MTB/XDR sensitivity was 94.2% against a reference standard of pDST.
For resistance to fluoroquinolones, in people irrespective of rifampicin resistance,
Xpert MTB/XDR sensitivity was 93.1% against a reference standard of pDST.
For resistance to ethionamide, in people irrespective of rifampicin resistance, Xpert
MTB/XDR sensitivity was 56.6% against a reference standard of pDST and 96.4%
against a reference standard of gDST. However, the gDST reference standard only
included the inhA promoter.
For resistance to amikacin, in people irrespective of rifampicin resistance, Xpert
MTB/XDR sensitivity was 89.1% against a reference standard of pDST.
Xpert MTB/XDR specificity was > 97.0% in nearly all analyses.
Overall, for resistance to isoniazid and fluoroquinoles, Xpert MTB/XDR sensitivity
estimates for individual studies were consistent against the different reference
standards.
Overall, for resistance to a given drug, indeterminate results were infrequent and
mostly resolved with retesting.
We were not always able to link the analyses to a specific clinical pathway scenario,
especially for Scenario A (patients evaluated for tuberculosis) and Scenario D
(patients on treatment).

The impact of Xpert MTB/XDR is expected to be affected by several factors, including the health care
infrastructure, access to other diagnostic tests, the ability of the index test to detect tuberculosis
(which is required for DST), and the prevalence of resistance to a given drug. Given that the test
targets a limited number of resistance variants in specific genes, the test may perform differently in
different settings. These results should, therefore, be interpreted with caution.
The 2020 World Health Organization consolidated guidelines on drug resistant tuberculosis treatment
recognize the importance of later generation fluoroquinolones in all-oral regimens of shorter duration
(WHO Consolidated Guidelines (Module 4) 2020). The review findings suggest that Xpert
MTB/XDR provides accurate results for detection of fluoroquinolone resistance and can assist with
rapid initiation of an optimized treatment regimen.
Future studies should assess the accuracy of Xpert MTB/XDR for drug resistance in different
population groups, including children and people living with HIV. In addition, studies should assess
the accuracy of Xpert MTB/XDR in different geological settings, in smear-negative specimens, and
with different types of clinical specimens. Guidance is needed for specimens that test “MTB Trace
DETECTED” with the Xpert MTB/RIF Ultra Assay.
Studies should utilize a comprehensive composite reference standard for gDST using all known
resistance-associated loci, not just those analyzed by the index test. Studies should include patients
from different points on the clinical pathway. In addition, we suggest quantifying the impact of nonactionable results, especially in smear-negative specimens. Future studies should also assess the
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diagnostic accuracy of Xpert MTB/XDR for pulmonary tuberculosis in adults, children, and people
living with HIV and in people who are smear negative.
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APPENDICES
Appendix 1. Glossary of terms

Amplification
Amplification is replication of a DNA fragment to generate copies. Both the original and the
newly synthesized copies can be described as the amplicons.
Codon
A codon is a sequence of three DNA or RNA bases that corresponds to a specific amino acid
or a signal to start or stop transcription or translation. The DNA in coding regions of the
genome is read in groups of three bases (A, G, C, T).
Critical concentration
The critical concentration of an anti-tuberculous agent has been adopted and modified from
international convention. The critical concentration is defined as the lowest concentration
of an anti-tuberculosis agent in vitro that will inhibit the growth of 99% of phenotypically
wild type strains of M tuberculosis complex.
Culture isolate
Culture isolate refers to M tuberculosis cells from a clinical specimen that have been grown.
For tuberculosis diagnosis, a volume of the clinical specimen is processed and incubated
under conditions that promote M tuberculosis growth. The cells that are grown are referred
to a culture isolate.
DNA sequencing
DNA sequencing is a process to determine the nucleotide (A, G, C, T) sequence of fragments
of DNA. By comparison of DNA sequences from distinct tuberculosis isolates, variations
known as mutations can be identified. Some mutations in M tuberculosis are known to be
associated with drug resistance.
Drug susceptibility testing
Drug susceptibility tests determine whether M tuberculosis cells are sensitive or resistant to
antibiotics. Testing may be undertaken using phenotypic or genotypic analyses.
eis promoter
Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to second line injectable drugs, amikacin and kanamycin.
fabG1
Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to isoniazid.
Genotypic drug susceptibility testing (gDST)
Genotypic testing involves detecting predetermined mutations in DNA that are known to
make the organism resistant to a drug. When mutations causing drug resistance are not
known, genotypic DST is not useful.
gyrA
Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to fluoroquinolones.
gyrB
Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to fluoroquinolones.
Heteroresistance

462

This report has been prepared for the WHO Global TB Programme. Please do not distribute further.

Heteroresistance is defined as resistance to certain antibiotics in a subset of a larger
microbial population that is generally considered to be susceptible to these antibiotics
according to traditional phenotypic drug susceptibility testing.
Indeterminate test result
An indeterminate Xpert MTB/XDR test result is one that indicates that resistance to a given
drug could not definitively be detected based on the test’s algorithm.
inhA promoter
Gene target included in the Xpert MTB/XDR test to detect MTB and resistance to isoniazid
and ethionamide. Mutations in the inhA promoter region of TB are known to confer low
level resistance to isoniazid and high-level cross resistance to ethionamide.
Intergenic region
Is a region of DNA sequence located between genes and a subset of noncoding DNA. Some
intergenic regions act to control coding regions (genes) nearby.
katG
Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to isoniazid.
Locus
A locus is the position of a genetic feature in the DNA sequence, like a genetic street
address. Loci are standardized between genomes by reference to a common reference
genome, such as H37Rv for M tuberculosis.
Microbiologically confirmed
Refers to a biological specimen that is positive by culture or a WHO-recommended rapid
molecular test, such as Xpert MTB/RIF, Xpert Ultra, or Truenat MTB.
Mutation
A mutation is a change in a DNA sequence. Mutations can result from DNA copying mistakes
made during cell division, exposure to ionizing radiation, exposure to chemicals called
mutagens, or infection by viruses.
Non-determinate test result
A non-determinate Xpert MTB/XDR test result is one that results in an Error, Invalid, or No
Result and can be due to an operator error, instrument, or cartridge issue.
oxyR-ahpC intergenic region
Gene targets included in the Xpert MTB/XDR test to detect mutations that confer resistance
to isoniazid.
Phenotypic drug susceptibility testing (pDST)
Phenotypic testing requires growth of M tuberculosis in the presence of antibiotics at a
specific concentration that will inhibit the growth of a sensitive organism or have no impact
on growth of a resistant organism.
Presumptive tuberculosis
Refers to a patient who presents with symptoms or signs suggestive of or compatible with
tuberculosis.
Promoter region
A promoter region is a sequence of DNA where the transcriptional machinery binds before
transcribing the DNA into RNA that may then be translated into an amino acid sequence.
Resistance-determining region
A region of the M tuberculosis genome where mutations commonly cause resistance to a
specific drug.
rrs
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Gene target included in the Xpert MTB/XDR test to detect mutations that confer resistance
to second line injectable drugs, amikacin, kanamycin, and capreomycin.
Sanger sequencing
Technique for DNA sequencing based upon the selective incorporation of chain-terminating
dideoxynucleotides by DNA polymerase during in vitro DNA replication, also known as ‘the
chain termination method’.
Targeted gene sequencing
The process for detecting predetermined mutations in DNA or genomic regions.
Whole genome sequencing (WGS)
The process of determining the complete genome sequence for a given organism at one
time through next generation sequencing methods. This method can determine the order of
all nucleotides in a given genome and detect any variations relative to a reference genome
using bioinformatics analyses.
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Appendix 2. Possible test results for each target in the Xpert MTB/XDR assay

Positive results for the Xpert MTB/XDR assay can be MTB DETECTED and all resistance targets are NOT
DETECTED, or MTB DETECTED and one or more of the resistance targets is DETECTED, or MTB
DETECTED and/or one or more of the following resistance targets is INDETERMINATE. Copyright © [2020]
[Cepheid Inc]: reproduced with permission.
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Appendix 3. Figure. Clinical pathway

The index test may be used in the following scenarios.
A. Index test used to diagnose tuberculosis and detect drug resistance.
B. Index test used to detect drug resistance in patients newly diagnosed with tuberculosis by another test where
rifampicin susceptibility is unknown. Proposed role of Xpert MTB/XDR would be an initial test for resistance to
isoniazid and second-line drugs (replacement for LPAs and culture-based DST as initial tests).
C. Index test used to detect drug resistance in patients newly diagnosed with tuberculosis and rifampicin
resistance by other tests (although less likely, it is possible that the index test may still be done when
documented rifampin susceptibility by other tests exists). Proposed role of Xpert MTB/XDR would be an initial
test for resistance to isoniazid and second-line drugs (replacement for LPAs and culture-based DST as initial
tests).
D. Index test used to detect drug resistance in patients on treatment. Proposed role of Xpert MTB/XDR would
be a test used in combination with other tests for treatment monitoring (parallel testing).
Abbreviations: DST: drug susceptibility testing; RIF: rifampicin; TB: tuberculosis; WRD: WHO-recommended
rapid diagnostic.
*Although direct testing is preferred for rapidity (which can be done on a raw specimen or a specimen remnant
after some form of processing such as N-acetyl-L-cysteine (NALC)-NaOH decontamination), indirect testing
using a cultured isolate could also be done (if, for example, a MTBC-positive reflex result is unavailable or
culture has already been done due to diagnose tuberculosis).
**Xpert MTB/XDR may be considered in patients who were Xpert MTB/Ultra rifampicin susceptible prior to
treatment and transitioned to Xpert MTB/Ultra rifampicin resistant while on treatment.
***Although index test use may be prioritised when risks of isoniazid- and/or second-line-resistance are
elevated (in Scenario C if rifampicin resistance is first detected), it may also be applied irrespective of what the
rifampicin susceptibility is, although we expect this to be less frequent.
Notes: 1) for all regimens, final composition will depend on other factors, including rifampicin susceptibility
determined by an alternative test; 2) the timing of rifampicin DST can be before, in parallel, or after the index
test is applied; and 3) for ease of presentation, tuberculosis and MTBC are treated equivalently.

Appendix 4. Search strategy
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Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
Daily and Versions(R) <1946 to present>
-------------------------------------------------------------------------------1 Extensively Drug-Resistant Tuberculosis/ or Tuberculosis, Multidrug-Resistant/ or Tuberculosis,
Pulmonary/
2 (tuberculosis adj3 (lung or pulmonary)).mp.
3 (tuberculosis adj3 respiratory).mp.
4 (isoniazid resistance or isoniazid resistant).mp.
5 ((Fluoroquinolone adj3 resistance) or (Fluoroquinolone adj3 resistant)).mp.
6 (Second-line injectable drug adj3 resistance).mp.
7 (Second-line injectable drug adj 3 resistant).mp.
8 ((SLID adj3 resistance) or (SLID adj3 resistant)).mp.
9 (MDR-TB or XDR-TB).mp.
10 ((isoniazid or fluoroquinolone or "second-line injectable drug" or SLID) adj3 monoresist*).mp.
11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12 (cartridge adj3 test*).mp.
13 cartridge*.ab. or cartridge*.ti.
14 (Molbio or Truenat or Cepheid or Xpert* or Bioneer or Hain).mp.
15 Genexpert*.mp.
16 exp Point-of-Care Systems/
17 drug susceptibility test*.mp.
18 12 or 13 or 14 or 15 or 16 or 17
19 11 and 18
20 limit 19 to yr="2015 -Current"
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Appendix 5. QUADAS-2
Domain 1: Patient selection
Detection of tuberculosis
Risk of bias: Could the selection of patients have introduced bias?
Signalling question 1: Was a consecutive or random sample of patients enrolled?
We answered yes if the study enrolled a consecutive or random sample of eligible patients; no if the study
selected patients by convenience; and unclear if the study did not report the manner of patient selection or was
not clearly reported.
Signalling question 2: Was a case-control design avoided?
We answered yes if the study enrolled patients with presumptive tuberculosis; no if the study enrolled cases with
confirmed tuberculosis and controls from a healthy population; and unclear if we cannot tell. We consider that
accuracy studies may have a cross-sectional design even when the reference standard is performed before the
index test if both cases and controls are sampled from a single source population.
Signalling question 3: Did the study avoid inappropriate exclusions?
We answered yes if the study included both smear-positive and smear-negative individuals; no if the study
included primarily or exclusively smear-positive or smear-negative patients; and unclear if we cannot tell. If at
the time of specimen collection, the patient was on any form of tuberculosis treatment and if culture reference
standard was used, we answered no because the bactericidal action of antibiotics can cause negative culture and
positive PCR results.
Applicability: Are there concerns that the included patients and setting do not match the review question?
We answered low concern if patients were evaluated as outpatients (with either expectorated or induced sputum)
in local hospitals or primary care centres. We answered high concern if patients were evaluated exclusively as
inpatients in tertiary care centres. We answered unclear concern if the clinical setting was not reported or there
was insufficient information to make a decision. We also answered unclear concern if testing was done at a
central-level laboratory and the clinical setting was not reported if, for example, it was difficult to tell whether
the laboratory provided services mainly to very sick patients or patients with a broader clinical spectrum of
illness.
Detection of drug resistance
Risk of bias: could the selection of patients have introduced bias?
Signalling question 1: Was a consecutive or random sample of patients enrolled?
We answered the same as for detection of tuberculosis.
Signalling question 2: Was a case-control design avoided?
We answered yes if the study enrolled tuberculosis patients with suspected or sufficiently high pre-test
probability (per WHO guidelines) for resistance to isoniazid, second-line drugs, or both isoniazid and secondline drugs; no if the study enrolled tuberculosis patients with confirmed pre-known resistance to the drug in
question; and unclear for all other scenarios or if it was not clearly reported. We consider that accuracy studies
may have a cross-sectional design even when the reference standard is performed before the index test if both
cases and controls are sampled from a single source population.
Signalling question 3: did the study avoid inappropriate exclusions?
We answered yes for people who were previously treated for tuberculosis. we answered no if people who were
previously treated were excluded. Patients previously tested for tuberculosis have a higher risk of having drug
resistance and are likely to be the target population for initial use of the index tests. In people with samples
known to be heteroresistant (a mix of susceptible and resistant tuberculosis strains in the specimen) were
excluded, which is particularly relevant for fluoroquinolones, we answered no. We answered unclear if we
cannot tell.
Applicability: Are there concerns that the included patients and setting do not match the review question?
We judged low concern if the selected clinical specimens or isolates match the review question, which reflects
the way the test will be used in practice.
We judged high concern if the selected specimens or isolates did not represent those for whom the test will be
used in practice, such as in individuals who do not require investigation for resistance to the drugs in question.
We will judge unclear concern if we cannot not tell.
Domain 2: Index test
Detection of tuberculosis
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Risk of bias: could the conduct or interpretation of the index test have introduced bias?
Signalling question 1: were the index test results interpreted without knowledge of the results of the reference
standard?
We answered this question yes for all studies where results are automatically generated and the user is provided
with printable test results. Thus, there is no room for subjective interpretation of test results. For those assays,
which require user interpretation, we answered yes if the reader of the assay was blinded to results of reference
tests. We answered no if the reader of the assay was not blinded to the results of reference tests. If the specimens
were from a biobank (repository that stores biological specimens) comprised of specimens with known secondline drug resistance and the identity of these specimens was known to the assay reader, we will also answer no
unless the assay automatically generates results. We answered unclear if it was not stated in the paper or if the
study authors failed to answer this question.
Signalling question 2: if a threshold was used, was it prespecified?
We answered yes for all studies.
Applicability: are there concerns that the index test, its conduct, or its interpretation differ from the review
question?
Variations in test technology, execution, or interpretation may affect estimates of the diagnostic accuracy of a
test. We will judge the study to be of low concern for applicability if the test was performed as recommended by
the manufacturer. We judged the study to be of high concern if the test was applied differently than
recommended by the manufacturer, for example if the test was applied to pooled sputa. We judged the study to
be of unclear concern if we cannot tell.
Detection of drug resistance
Risk of bias: could the conduct or interpretation of the index test have introduced bias?
Signalling question 1. were the index test results interpreted without knowledge of the results of the reference
standard?
We answered this question yes for all studies where results are automatically generated and the user is provided
with printable test results, such as drug susceptibility testing run by MGIT 960 SIRE. For those assays which
require user interpretation, such as Löwenstein–Jensen (LJ) drug susceptibility testing, we answered yes if the
reader of the assay was blinded to results of reference tests. We answered no if the reader of the assay was not
blinded to the results of reference tests. We answered unclear if it was not stated in the paper or if the study
authors failed to answer this question.
Signalling question 2: if a threshold was used, was it prespecified?
We answered yes for all studies.
Applicability: are there concerns that the index test, its conduct, or its interpretation differ from the review
question?
Same judgements as for detection of tuberculosis.
Domain 3: Reference standard
Detection of tuberculosis
Risk of bias: Could the reference standard, its conduct, or its interpretation have introduced bias?
Signalling question 1: Is the reference standard likely to correctly classify the target condition?
We answered yes for all studies, since a microbiological reference standard for M tuberculosis identification
was a criterion for inclusion in the review.
Signalling question 2: Were the reference standard results interpreted without knowledge of the results of the
index test?
We answered yes if the reference test provided an automated result (for example, MGIT 960), blinding was
explicitly stated, or it was clear that the reference standard was performed at a separate laboratory and/or
performed by different people. We answered no if the study stated that the reference standard result was
interpreted with knowledge of the index test result. We answered unclear if we could not tell.
Applicability: Are there concerns that the target condition as defined by the reference standard does not match
the question? We answered high concern if a type of culture was not done as part of the reference standard,
because studies that include only DNA-based tests do not directly measure live M tuberculosis. We answered
low concern if culture was performed. We answered unclear concern if we cannot tell.
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Detection of drug resistance
Risk of bias: could the reference standard, its conduct or its interpretation have introduced bias?
Signalling question 1: is the reference standard likely to correctly classify the target condition?
We answered these questions for each target condition separately by reference standard as follows.
Drug

pDST

gDST, targeted
sequencing

Composite (pDST gDST, whole
and gDST, targeted genome
sequencing)
sequencing)

Isoniazid

Yes

Unclear if few loci Yes
are investigated,
and yes, if all
relevant loci are
analysed.

Unclear if few loci Yes
are investigated,
and yes, if all
relevant loci are
analysed.

Loci required for
yes: katG, inhA
promoter, oxyRahpC intergenic
region, and fabG1

Loci required for
yes: katG, inhA
promoter, oxyRahpC intergenic
region, and fabG1

Fluoroquinolone Yes, will depend
Yes
Yes
on critical
concentration used Loci required for
for moxifloxacin* yes: gyrA and gyrB

Yes

Ethionamide

Amikacin

Composite (pDST
and gDST, whole
genome sequencing)

Yes

Loci required for
yes: gyrA and gyrB

No, there is
considerable
overlap in the
MICs of M
tuberculosis
isolates with and
without resistancecausing variants.

Unclear if few loci Unclear
are investigated,
and yes, if all
relevant loci are
analysed

Unclear if few loci Unclear
are investigated,
and yes, if all
relevant loci are
analysed.

Loci required for
yes: ethA, ethR, and
inhA promoter
No if only the inhA
promoter was
analysed

Loci required for
yes: ethA, ethR, and
inhA promoter
No if only the inhA
promoter was
analysed

Yes

Yes, if all relevant
loci are analysed
Loci required for
yes: rrs and eis
promoter

Yes

Yes, if all relevant
loci are analysed

Yes

Loci required for
yes: rrs and eis
promoter

Abbreviations: gDST: genotypic drug susceptibility testing; pDST: phenotypic drug susceptibility testing.
*We used the currently-recommended WHO critical concentrations as a benchmark for judging risk of bias. For
M tuberculosis, the antimicrobial susceptibility testing critical concentration is defined as the lowest
concentration of an anti-tuberculosis agent in vitro that will inhibit the growth of 99% of phenotypically wild
type strains of M tuberculosis complex”, (WHO Critical concentrations 2018).
Signalling question 2: were the reference standard results interpreted without knowledge of the results of index
test.
For pDST, we answered yes if the reference test provided an automated result (for example, if liquid culture is
used as in MGIT 960 DST), blinding was explicitly stated, or it was clear that the reference test was performed
at a separate laboratory, or performed by different people, or both. Of note, pDST on solid media is not
automated. We answered no if the study stated that the reference standard result was interpreted with knowledge
of the index test result. We answered unclear if we cannot tell. For gDST, we answered yes for all studies since
the results for the reference standard are automated.
We added the following signalling question.
Signalling question 3: Were the index test and reference standard both done on material of the same type
(clinical specimen or sediment, or isolate)?
Phenotypic DST (pDST) and genotypic DST (gDST) for reference standard testing can be done on an isolate
that has undergone (potentially multiple rounds) of culture in drug-free media. This may lead to the depletion of
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resistant strains present in the original specimen (which would have been used for the index test if direct testing
was done) and cause discrepant results. We think this is an important question as it addresses heteroresistance,
which often explains discordance between genotypic and phenotypic results.
For direct testing of a clinical specimen by the index test: we answered yes if the reference test was done
directly on the same clinical specimen; no if the reference standard was done on a culture isolate; and unclear if
we could not tell. For indirect testing of a culture isolate by the index test: we answered yes if the reference test
was done on the same culture isolate (e.g. indirect sequencing); no if the reference standard was done on a
different culture isolate, or specimen; and unclear if we could not tell.
Applicability: are there concerns that the target condition as defined by the reference standard does not match
the question?
We judged applicability to be of low concern for all studies because specimens to be subsequently tested for
drug resistance will have already been identified as M tuberculosis complex positive.
Domain 4: Flow and timing
Detection of tuberculosis
Risk of bias: could the patient flow have introduced bias?
Signalling question 1: was there an appropriate interval between the index test and reference standard?
We expect the reference standard test to be undertaken at the same time as the index test (i.e. each performed on
a paired sample for most studies). However, we expected some studies to include specimens from patients who
had received a reference test on an earlier sample. The sample applies to some culture isolates, whose drug
susceptibility profile might have been confirmed prior to the index test being available. We answered yes if the
tests were paired or were separated by a few days. We answered no if reference and index tests were not done
on paired samples and were separated by several months. As patients suspected of second-line drug resistance
are often on some form of anti-tuberculosis therapy, it is possible that variation in the microbial population of
specimens collected at different time points may occur. We answered unclear if it was not stated in the paper or
if the authors failed to answer this question.
Signalling question 2: did all patients receive the same reference standard?
We answered yes if the reference standard was applied to all patients or a random sample of patients, no if the
reference standard was only applied to a selective group of patients, and unclear if it was not stated in the paper
or if the authors failed to answer this question.
Signalling question 3: were all patients included in the analysis?
We determined the answer to this question by comparing the number of participants enrolled with the number of
patients included in the 2 x 2 tables. We will note if the study authors reported the number of indeterminate
assay results. We answered yes if the number of participants enrolled was clearly stated and corresponded to the
number presented in the analysis or if exclusions were adequately described. We answered no if there were
participants missing or excluded from the analysis and there was no explanation given. We answered unclear if
not enough information was given to assess whether participants were excluded from the analysis.
Detection of drug resistance
We answered the same as for detection of tuberculosis.
Judgements for risk of bias assessments for a given domain
If we answered all signalling questions for a domain yes, then we judged risk of bias as low.
If we answered all or most signalling questions for a domain no, then we judged risk of bias as high.
If we answered only one signalling question for a domain no, we discussed further the risk of bias judgement.
If we answered all or most signalling questions for a domain unclear, then we judged risk of bias as unclear.
If we answered only one signalling question for a domain unclear, we discussed further the risk of bias
judgement for the domain.
For reference standard domain, if either any of the reference standard had signalling no, we judged risk of bias
as high.
Critical concentrations and clinical breakpoints for medicines recommended for the treatment of rifampicinresistant and multidrug-resistant tuberculosis
Drug groups
Drug
LJ
7H10
7H11 MGIT
First-line
Isoniazid
0.2
0.2
0.2
0.1
Fluroquinolones
Levofloxacin
2.0
1.0
1.0
Moxifloxacin (CC) 1.0
0.5
0.5
0.25
Moxifloxacin (CB) –
2.0
1.0
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Gatifloxacin
0.5
Second-line
Amikacin
30.0
2.0
Other
Ethionamide
40.0
5.0
Abbreviations: CB: critical breakpoint; CC: critical concentration

10.0

0.25
1.0
5.0
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Appendix 6. Flow of studies in the review
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Appendix 7. List of studies
Included studies
Cepheid 2020
Clinical evaluation of the Xpert® MTBXDR assay
Report R244C2 Xpert MTB/XDR Rev 1.0
Sponsor: Cepheid, Sunnyvale, USA
DIAMA 2020
DIAgnostics for Multidrug Resistant Tuberculosis in Africa
ClinicalTrials.gov Identifier: NCT03303963
Sponsor: Dissou Affolabi, Kigali, Rwanda
FIND 2020
Analytical Performance and Clinical Diagnostic Accuracy of the Xpert MTB/XDR Assay for TB and Expanded
Resistance Detection, September 2020
ClinicalTrials.gov Identifier: NCT03728725
Sponsor: Foundation for Innovative New Diagnostics, Geneva, Switzerland

Excluded studies
1.
Andreevskaya SN, Smirnova TG, Larionova EE, Andrievskaya IY, Chernousova LN, Ergeshov A. Isoniazidresistant Mycobacterium tuberculosis: prevalence, resistance spectrum and genetic determinants of resistance. Bulletin of
Russian State Medical University. 2020 (1):21-6. (Not a cartridge-based test for isoniazid or second-line drug resistance)
2.
Beutler M, Plesnik S, Mihalic M, Olbrich L, Heinrich N, Schumacher S, et al. A pre-clinical validation plan to
evaluate analytical sensitivities of molecular diagnostics such as BD MAX MDR-TB, Xpert MTB/Rif Ultra and FluoroType
MTB. PLOS One. 2020;15(1):e0227215. (Not a diagnostic accuracy study)
3.
Bisognin F, Lombardi G, Finelli C, Re MC, Dal Monte P. Simultaneous detection of Mycobacterium tuberculosis
complex and resistance to rifampicin and isoniazid by MDR/MTB ELITe MGB R kit for the diagnosis of tuberculosis.
PLOS One. 2020;15(5):e0232632. (Not a cartridge-based test for isoniazid or second-line drug resistance)
4.
Broda A, Nikolayevskyy V, Casali N, Khan H, Bowker R, Blackwell G, et al. Experimental platform utilising
melting curve technology for detection of mutations in Mycobacterium tuberculosis isolates. European Journal of Clinical
Microbiology & Infectious Diseases. 2018;37(7):1273-9. (Not a cartridge-based test for isoniazid or second-line drug
resistance)
5.
Chakravorty S, Roh SS, Glass J, Smith LE, Simmons AM, Lund K, et al. Detection of isoniazid-,
fluoroquinolone-, amikacin-, and kanamycin-resistant tuberculosis in an automated, multiplexed 10-Color assay suitable for
point-of-care use. Journal of Clinical Microbiology. 2017;55(1):183-98. (Prototype test)
6.
Chang Y, Kim S, Kim Y, Ei PW, Hwang D, Lee J, et al. Evaluation of the QuantaMatrix multiplexed assay
platform for molecular diagnosis of multidrug- and extensively drug-resistant tuberculosis using clinical strains isolated in
Myanmar. Annals of Laboratory Medicine. 2020;40(2):142-7. (Not a cartridge-based test for isoniazid or second-line drug
resistance)
7.
Chumpa N, Kawkitinarong K, Rotcheewaphan S, Sawatpanich A, Petsong S, Tumwasorn S, et al. Evaluation of
Anyplex TM II MTB/MDR kit's performance to rapidly detect isoniazid and rifampicin resistant Mycobacterium
tuberculosis from various clinical specimens. Molecular Biology Reports. 2020;47(4):2501-8. (Not a cartridge-based test for
isoniazid or second-line drug resistance)
8.
Ciesielczuk H, Kouvas N, North N, Buchanan R, Tiberi S. Evaluation of the BD MAX TM MDR-TB assay in a
real-world setting for the diagnosis of pulmonary and extra-pulmonary TB. European Journal of Clinical Microbiology &
Infectious Diseases.2020;39(7):1321-7. (Index test is BD MAX)
9.
Foongladda S, Banu S, Pholwat S, Gratz J, O-Thong S, Nakkerd N, et al. Comparison of TaqMan( R) Array Card
and MYCOTB(TM) with conventional phenotypic susceptibility testing in MDR-TB. International Journal of Tuberculosis
and Lung Disease. 2016;20(8):1105-12. (Not a cartridge-based test for isoniazid or second-line drug resistance)
10.
Galarza M, Fasabi M, Levano KS, Castillo E, Barreda N, Rodriguez M, et al. High-resolution melting analysis for
molecular detection of multidrug resistance tuberculosis in Peruvian isolates. BMC Infectious Diseases. 2016;16:260. (Not a
cartridge-based test for isoniazid or second-line drug resistance)
11.
Han Y, Xiao N, Huang S, Qin M, Che N, Liu Z. The Application of Xpert Mycobacterium tuberculosis/rifampicin,
quantitative polymerase chain reaction and high resolution melting curve in the diagnosis of superficial lymph node TB.
Current Pharmaceutical Biotechnology. 2019;20(12):1044-54. (Extrapulmonary specimens)
12.
Havlicek J, Dachsel B, Slickers P, Andres S, Beckert P, Feuerriegel S, et al. Rapid microarray-based detection of
rifampin, isoniazid, and fluoroquinolone resistance in Mycobacterium tuberculosis by use of a single cartridge. Journal of
Clinical Microbiology. 2018;56(2). (Not a cartridge-based test for isoniazid or second-line drug resistance)
13.
Huang F, Dang L, Sun H, Yang H, Wu X. [A study of the value of three molecular diagnostic techniques in the
diagnosis of tuberculosis]. Zhonghua jie he he hu xi za zhi = Zhonghua jiehe he huxi zazhi = Chinese Journal of
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Tuberculosis and Respiratory Diseases. 2015;38(9):680-5. (Not a cartridge-based test for isoniazid or second-line drug
resistance)
14.
Kim S, Kim Y, Chang Y, Hirgo WK, Chang CL, Shim T-S, et al. Comparison of Quantamatrix multiplexed assay
platform and GenoType MTBDR assay using smear-positive sputum specimens from patients with multidrugresistant/extensively drug-resistant tuberculosis in South Korea. Frontiers in Microbiology. 2019;10:1075. (Not a cartridgebased test for ISONIAZID or second-line drug resistance)
15.
Klotoe BJ, Molina-Moya B, Gomes HM, Gomgnimbou MK, Oliveira Suzarte L, Feres Saad MH, et al. TB-EFI, a
novel 18-Plex microbead-based method for prediction of second-line drugs and ethambutol resistance in Mycobacterium
tuberculosis complex. Journal of Microbiological Methods. 2018;152:10-7. (Not a cartridge-based test for isoniazid or
second-line drug resistance)
16.
Law ILG, Loo JFC, Kwok HC, Yeung HY, Leung CCH, Hui M, et al. Automated real-time detection of drugresistant Mycobacterium tuberculosis on a lab-on-a-disc by recombinase polymerase amplification. Analytical Biochemistry.
2018;544:98-107. (Not a cartridge-based test for isoniazid or second-line drug resistance)
17.
Lee YS, Kang MR, Jung H, Choi SB, Jo K-W, Shim TS. Performance of REBA MTB-XDR to detect extensively
drug-resistant tuberculosis in an intermediate-burden country. Journal of Infection and Chemotherapy. 2015;21(5):346-51.
(Not a cartridge-based test for isoniazid or second-line drug resistance)
18.
Li Q, Ou XC, Pang Y, Xia H, Huang HR, Zhao B, et al. A novel automatic molecular test for detection of
multidrug resistance tuberculosis in sputum specimen: A case control study. Tuberculosis (Edinburgh, Scotland).
2017;105:9-12. (Not commercially available)
19.
Mokaddas EM, Ahmad S, Eldeen HS. GeneXpert MTB/RIF is superior to BBD Max MDR-TB for diagnosis of
tuberculosis (TB) in a country with low incidence of multidrug-resistant TB (MDR-TB). Journal of Clinical Microbiology.
2019;57(6). (Index test is BD MAX)
20.
Murray P, Cooper C, Maus C. Comparative Performance of BD MAX MDR-TB and Cepheid Xpert MTB/RIF
Assays. Journal of Clinical Microbiology. 2019;57(9). (Not a diagnostic accuracy study)
21.
Pang Y, Dong H, Tan Y, Deng Y, Cai X, Jing H, et al. Rapid diagnosis of MDR and XDR tuberculosis with the
MeltPro TB assay in China. Scientific Reports. 2016;6:25330. (Not a cartridge-based test for isoniazid or second-line drug
resistance)
22.
Santos PFGD, Costa ERD, Ramalho DM, Rossetti ML, Barcellos RB, Nunes LdS, et al. Detection of tuberculosis
drug resistance: a comparison by Mycobacterium tuberculosis MLPA assay versus Genotype RMTBDRplus. Memorias do
Instituto Oswaldo Cruz. 2017;112(6):396-403. (Not a cartridge-based test for isoniazid or second-line drug resistance)
23.
Shah M, Paradis S, Betz J, Beylis N, Bharadwaj R, Caceres T, et al. Multicenter study of the accuracy of the BD
MAX TM MDR-TB assay for detection of Mycobacterium tuberculosis complex and mutations associated with resistance to
rifampin and isoniazid. Clinical Infectious Diseases. 2019. (Index test is BD MAX)
24.
Strydom K, Ismail F, Matabane MMZ, Onwuegbuna O, Omar SV, Ismail N. Comparison of three commercial
molecular assays for detection of rifampin and isoniazid resistance among Mycobacterium tuberculosis isolates in a HighHIV-prevalence setting. Journal of Clinical Microbiology. 2015;53(9):3032-4. (Not a cartridge-based test for isoniazid or
second-line drug resistance)
25.
Wang HY, Uh Y, Kim S, Cho E, Lee JS, Lee H. Detection of rifampicin- and isoniazid-resistant Mycobacterium
tuberculosis using the Quantamatrix multiplexed assay platform system. Annals of Laboratory Medicine. 2018;38(6):569-77.
(Not a cartridge-based test for ISONIAZID or second-line drug resistance)
26.
Xie YL, Chakravorty S, Armstrong DT, Hall SL, Via LE, Song T, et al. Evaluation of a Rapid Molecular DrugSusceptibility Test for Tuberculosis. The New England journal of medicine. 2017;377(11):1043-54. (Prototype test)
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Appendix 8. Table. Characteristics of included studies
Study year

Countries/centres
(High MDR
Burden)

Study
design

Number of
patients (%
detected RR)

Age of
enrolment

PLHIV

Reference
standard
for drug
resistance
pDST
gDST
composite

Cepheid
2020

China (yes)
South Africa
(yes)

crosssectional,
retrospective1

530 (47.9%)

≥ 15
years2

NR

DIAMA
2020

Benin (no)
Cameroon (no)
Rwanda (no)

crosssectional,
prospective

621 (48.3%)

≥ 15 years

13.3%
Benin;
37.2%
Rwanda

pDST

FIND 2020

New Delhi (yes)
Moldova (yes)
Mumbai (yes)
South Africa
(yes)

crosssectional,
prospective

611 (80.9%)

≥ 18 years

17.5%
overall,
87.1%
South
Africa

pDST
gDST
composite

Loci included in
gDST reference
standard
katG, inhA
promoter, oxyRahpC intergenic
region, fabG1,
gyrA, gyrB, rrs, eis
promoter
NA

katG, inhA
promoter, oxyRahpC intergenic
region, fabG1,
gyrA, gyrB, rrs, eis
promoter

Abbreviations: NA: not applicable; NR: not reported; RR: rifampicin resistance
Footnotes
1
. In some cases, the reference standard was performed before and in other cases after the index test.
2
. One participant was 13 years old.
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SUPPLEMENTARY INFORMATION
Supplement A. MeltPro® XDR-TB
Background
On 30 October 2020, we were notified by the WHO Global Tuberculosis Programme about a clinical
study conducted in China evaluating MeltPro® XDR-TB (Xiamen Zeesan Biotech Co., Ltd., China),
a low complexity test for resistance to anti-tuberculosis drugs. The WHO provided us with a report
summarizing the clinical study. We corresponded with study authors for additional information and
clarifications.
MeltPro XDR-TB is a commercially available, low complexity test for detection of mutations
associated with resistance to rifampicin, isoniazid, fluoroquinolones, and injectable second-line drugs.
MeltPro XDR-TB is designed to detect drug resistance on specimens determined to be TB positive.
MeltPro XDR-TB testing is performed using an all-in-one machine, Sanity 2.0, Figure 1. Manual
pipetting is required in the preliminary sample preparation stage, and subsequent processes - nucleic
acid extraction, sample loading, detection (i.e. real-time PCR), and interpretation of results - are all
fully automatic. The detection of drug resistance is based on multi-color melting curve analysis.

Figure S1. Sanity 2.0

Regarding rifampicin, MeltPro XDR-TB bases detection of resistance on mutations in the rpoB gene.
Regarding isoniazid, MeltPro XDR-TB bases detection of resistance on mutations in the ahpC
promoter region, inhA promoter region, and katG gene.
Regarding fluoroquinolones, MeltPro XDR-TB bases detection of resistance on mutations in the gyrA
quinolone resistance determining region.
Regarding second-line injectable drugs, MeltPro XDR-TB bases detection of resistance on mutations
in rrs gene and eis promoter region.
Search methods for identification of studies
On 4 November 2020, we ran an additional electronic search using the terms Zeesan and MeltPro. We
did not identify any publications. In correspondence, the authors wrote, “We have not published
relevant research reports yet. We expect to entrust the hospital with further clinical verification in the
near future, and then publish relevant articles, “(personal communication, Lili Zheng, Xiamen Zeesan
Biotech Co., Ltd, llzheng@zsandx.com, 10 November 2020).
Summary of the clinical study
This was a cross-sectional, prospective study in which participants were selected by convenience. The
study aim was to evaluate and validate the performance of the MeltPro® XDR-TB test kit. The study
authors did not collect information on participant characteristics, such as age, HIV status, and
tuberculosis treatment history. Participants came from both outpatient and inpatient settings. The
study was conducted in China, a high TB burden, high TB/HIV burden country, and high MDR-TB
burden country.
Participants
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Sputum samples were selected from patients who had submitted specimens for culture and subsequent
drug-susceptibility testing during the routine work of the clinical laboratory of the hospital. All
selected samples were first tested by the MeltPro®MTB Test Kit (Xiamen Zeesan Biotech Co., Ltd.)
and if found to be TB positive, the sample was eligible for inclusion. The authors stated, “In other
words, samples selected for enrolment were by convenience.” Samples were included if they were
tuberculosis positive, had DST results, and at least 2 mL were available after the laboratory had
completed other tests.
Sample size = 715
- patients with presumptive tuberculosis, n = 592, outpatient setting
- patients suspected of having XDR-TB or pre-XDR-TB, n = 123, drug-resistant ward, inpatient
setting
Index test was MeltPro XDR-TB
Reference standard was MGIT DST
Outcomes were sensitivity and specificity
Indeterminate results were not included in the determination of sensitivity and specificity.
Sequencing was performed to resolve discordant index test and culture-based DST results.
Results
Methodological quality assessment
In the patient selection domain, we judged this study to be of high risk of bias because participants
were selected by convenience. Regarding applicability, we rated this as unclear because demographic
information was not reported. For the other QUADAS-2 domains, index test, reference standard, and
flow and timing, we judged low risk of bias. Regarding applicability, we considered the index test and
reference standard domains to be of low concern.
Findings
See Figure S2.
•
•
•
•
•

MeltPro sensitivity was 85% for resistance to isoniazid in people with rifampicin
susceptibility and 88% in people with rifampicin resistance.
MeltPro sensitivity was 90% for resistance to fluoroquinolones in people with rifampicin
susceptibility and 91% in people with rifampicin resistance.
MeltPro sensitivity was 88% for resistance to fluoroquinolones in people with rifampicin
susceptibility and 79% in people with rifampicin resistance.
MeltPro specificity was ≥ 97% for all drugs in people with rifampicin susceptibility, but
lower (86% to 90%) in people with rifampicin resistance.
Inconclusive results: there were 27/715 (3.8%), 27/715 (3.8%) and 19/715 (3.4%) clinical
sputum specimens without valid signals for isoniazid, fluoroquinolones, and amikacin,
respectively, which the authors thought could be caused by low concentrations of tuberculosis
bacteria.

Sequencing to resolve discordant results
Isoniazid: There were 18 samples whose DST was isoniazid sensitive but detected as isoniazid
resistant by MeltPro XDR-TB. Sequencing results showed that all of them had mutations in the
detection region of probes. There were 22 samples whose DST was isoniazid resistant but detected as
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isoniazid sensitive by MeltPro XDR-TB. Sequencing results showed that none of them showed any
mutation in the coverage area of the probes.
Fluoroquinolones: There were 20 samples whose DST was fluoroquinolone sensitive but detected as
fluoroquinolone resistant by MeltPro XDR-TB. Sequencing results showed that all of them had
mutations in gyrA. There were 10 samples whose DST was fluoroquinolone resistant but detected as
fluoroquinolone sensitive by MeltPro XDR-TB. Sequencing results showed that two samples had
D94G heterogenic mutation, while the remaining eight samples showed no mutation in the coverage
area of the probe.
Amikacin: There were 20 samples whose DST was amikacin sensitive but detected as amikacin
resistant by MeltPro XDR-TB. Sequencing results showed that all of them had mutations in rrs gene.
There were 10 samples whose DST was amikacin resistant but detected as amikacin sensitive by
MeltPro XDR-TB. Sequencing results showed that none of them showed any mutation in the coverage
area of the probes.

Figure S2. Forest plots of MeltPro XDR-TB sensitivity and specificity for detection of resistance to isoniazid,
fluoroquinolones (levofloxacin), and amikacin by rifampicin resistance status.
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Supplement B. Should Xpert MTB/XDR assay on sputum be used to diagnose PTB in people
with signs and symptoms of TB?

Figure. Forest plots of Xpert MTB/XDR sensitivity and specificity for the diagnosis of pulmonary tuberculosis
by population, culture reference standard. Direct refers to testing directly on sputum
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Supplement C. GRADE evidence profiles
1. Question: Should MTB/XDR assay on sputum be used to diagnose INH resistance in patients with microbiologically confirmed pulmonary TB,
irrespective of resistance to RIF, pDST?
Sensitivity

0.94 (95% CI: 0.89 to 0.97)

Specificity

0.98 (95% CI: 0.95 to 0.99)

Prevalences 2% 10% 15%

Outcom
e

True
positive
s
(patients
with INH
resistan
ce)

№ of
studie
s (№
of
patient
s)
3
studie
s
994
patient
s

Factors that may decrease certainty of evidence
Study
design

Risk
of
bias

cross- not
section serio
al
us
(cohort
type
accura
cy
study)

Indirectn
ess

Inconsiste
ncy

Imprecisi
on

Publicati
on bias

serious a

not
serious b

not
serious

none

3
studie
s
611
patient
s

False
positive
s
(patients
incorrect
ly
classifie
d as
having
INH
resistan
ce)

cross- not
section serio
al
us
(cohort
type
accura
cy
study)

pre-test
probabil
ity of
2%

pre-test
probabil
ity of
10%

pre-test
probabil
ity of
15%

19 (18
to 19)

94 (89
to 97)

141
(134 to
146)

Test
accuracy
CoE

⨁⨁⨁
◯
MODERA
TE

False
negativ
es
(patients
incorrect
ly
classifie
d as not
having
INH
resistan
ce)
True
negativ
es
(patients
without
INH
resistan
ce)

Effect per 1,000 patients
tested

serious a

not
serious

not
serious

none

1 (1 to
2)

6 (3 to
11)

9 (4 to
16)

960
(933 to
972)

882
(857 to
893)

833
(809 to
843)

⨁⨁⨁
◯
MODERA
TE

20 (8 to
47)

18 (7 to
43)

17 (7 to
41)

Explanations
a. We had several concerns about whether there is indirectness in the populations studied. First, the median prevalence of isoniazid resistance in the
included studies was 67.2% (range, 26.8% (DIAMA, Benin) to 93.9% (FIND, Moldova), higher than the three prevalences in the GRADE table. Applicability
to settings with a lower prevalence of isoniazid resistance comes with some uncertainty. Second, there are potential differences in the mutations present in
isoniazid mono-resistant strains and MDR strains. That is, there are studies that suggest that a more diverse set of mutations can be found in monoresistant strains that MDR strains. Third, although the population for this PICO question is 'irrespective of rifampicin resistance,' owing to enrollment criteria
in the studies, we note that most participants were rifampicin resistant. We downgraded one level for indirectness.
b. Sensitivity estimates ranged from 81% (FIND, New Delhi) to 100% (DIAMA, Rwanda). Regarding the low sensitivity estimate in New Delhi, the study
authors reported that sequencing did not show the presence of variants typically associated with resistance in many phenotypically isoniazid-resistant
samples suggesting that variants not analyzed by Xpert MTB/XDR might play a role. We did not downgrade for inconsistency. This was a judgement.
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Web Annex 4.16. Drug concentrations used in culture-based drug susceptibility testing for included studies
on second-line line probe assays diagnostic accuracy7
Table 1. Ofloxacin, levofloxacin, and moxifloxacin, drug concentrations used in culture-based drug susceptibility testing in relation to the WHOrecommended critical concentrations
Study
Reference standard
Concentration used
Met WHO-recommended
Comments
(ug/ml)
critical concentration
Ajbani 2012
MGIT 960
Ofloxacin: 2.0
Yes
Moxifloxacin: 0.25
No
Barnard 2012
Middlebrook 7H11 (agar
Ofloxacin: 2.0
Yes
proportion)
Brossier 2010
LJ (agar proportion)
Ofloxacin: 2.0
No
Catanzaro 2015

MGIT 960

Chikamatsu 2012

Ogawa

Fan 2011

MGIT 960

Ferro 2013

Middlebrook 7H10 (agar
proportion)
MGIT 960

FIND 2016

7

Ofloxacin: 2.0
Moxifloxacin: 0.25
Levofloxacin: 1.0

Yes
No
Not applicable

Ofloxacin: 2.0
Moxifloxacin: 0.25
Moxifloxacin: 2.0

Yes
No
Yes

Ofloxacin: 2.0
Levofloxacin: 1.5
Moxifloxacin: 0.5

Yes
Yes
No

No WHO- recommended concentration
specified for Ogawa media

The WHO- recommended low level
concentration was used

Prepared by Christopher Gilpin and Alexei Korobitsyn (Both WHO)
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Hillemann 2009

MGIT 960 and LJ

Yes for MGIT; no for LJ

BACTEC 460TB

Ofloxacin: 2.0 for both
media
Ofloxacin: 2.0
Ofloxacin: 2.0
Ofloxacin: 5.0 (LJ); 50
(BacT/ALERT 3D)
Ofloxacin: 2.0
Moxifloxacin: 0.25
Levofloxacin: 1.5
Ofloxacin: 2.0
Ofloxacin: 2.0
Moxifloxacin: 0.25
Ofloxacin: 2.0
Moxifloxacin: 0.25
Moxifloxacin: 0.5

Huang 2011
Ignatyeva 2012
Jin 2013

MGIT 960 and Middlebrook 7H11
MGIT 960
LJ and BacT/ALERT 3D

Kambli 2015a

MGIT 960

Kambli 2015b
Kiet 2010
Kontsevaya 2011

MGIT 960
LJ
MGIT 960

Kontsevaya 2013

MGIT 960

Lacoma 2012
Lopez-Roa 2012
Miotto 2012
NICD 2015
Said 2012
Simons 2015

MGIT 960 and Middlebrook 7H11
MGIT 960
MGIT 960
Middlebrook 7H11
MGIT 960 and Middlebrook 7H10
(agar dilution)

Ofloxacin: 2.0
Ofloxacin: 2.0
Ofloxacin: 2.0
Ofloxacin: 2.0
Moxifloxacin: 0.5 for
MGIT and 1.0 for 7H10

Yes
Yes
Yes
Yes
No

Tagliani 2015

MGIT 960 and LJ (agar proportion)

Yes

MGIT 960

Ofloxacin: 2.0 for MGIT
and 4.0 for LJ
Moxifloxacin: 0.5

MGIT 960

Levofloxacin: 1.5

Yes

Yes for both media
Yes
No for LJ; Not applicable
BacT/ALERT 3D
Yes
No
Yes
No
Yes
No
Yes
No
Not applicable

No

No WHO- recommended concentration
specified for BacT/ALERT 3D media

No WHO- recommended concentration
specified for BACTEC 460 media

For moxifloxacin using MGIT, the WHOrecommended low level concentration was
used

The WHO- recommended low level
concentration was used
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Tomasicchio
2016
Tukvadze 2014
van Ingen 2010
Zivanovic 2012

MGIT 960

Ofloxacin: 2.0

Yes

LJ (proportion method)
Middlebrook 7H10 (agar
proportion)
MGIT 960 and LJ agar proportion

Ofloxacin: 2.0
Moxifloxacin: 1.0

No
No

Ofloxacin: 2.0 for both
media

Yes for MGIT; no for LJ

LJ-Löwenstein-Jensen; MGIT –Mycobacterial growth indicator tube
Reference: WHO, Updated interim critical concentrations for first-line and second-line DST (as of May 2012)
http://www.stoptb.org/wg/gli/assets/documents/Updated%20critical%20concentration%20table_1st%20and%202nd%20line%20drugs.pdf

Table 2. Amikacin, kanamycin, and capreomycin, drug concentrations used in culture-based drug susceptibility testing in relation to the WHOrecommended critical concentrations
Study
Reference standard
Concentration used
Met WHO-recommended
Comments
(ug/ml)
critical concentration
Ajbani 2012
MGIT 960
Amikacin: 1.0
Yes
Kanamycin: 2.5
Yes
Capreomycin: 2.5
Yes
Barnard 2012
Middlebrook 7H11 (agar
Amikacin: 4.0
Not applicable
No WHO- recommended concentration
proportion)
specified for amikacin using 7H11
Brossier 2010
LJ (agar proportion)
Amikacin: 20.0
No
Kanamycin: 20.0
No
Capreomycin: 20.0
No
Catanzaro 2015
MGIT 960
Amikacin: 1.0
Yes
Kanamycin: 2.5
Yes
Capreomycin: 2.5
Yes
Chikamatsu 2012 Ogawa
Amikacin: unknown
Not applicable
No WHO- recommended concentration
specified for Ogawa media
Kanamycin: unknown
Not applicable
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Fan 2011
Ferro 2013
FIND 2016

Hillemann 2009

Huang 2011

MGIT 960
Middlebrook 7H10 (agar
proportion)
MGIT 960

MGIT 960 and LJ (agar
proportion)

Middlebrook 7H11 and MGIT 960

Ignatyeva 2012

MGIT 960

Jin 2013

LJ and BacT/ALERT 3D

Kiet
Kontsevaya 2013

LJ
MGIT 960

Lacoma 2012

BACTEC 460TB

Lopez-Roa 2012

Middlebrook 7H11 and MGIT 960

Capreomycin: unknown
Amikacin: 1.0
Amikacin: 5.0
Kanamycin: 5.0
Amikacin: 1.0
Kanamycin: 2.5
Capreomycin: 2.5
Amikacin: 1.0 for MGIT
and 40.0 for LJ
Capreomycin: 2.5 for
MGIT and 40.0 for LJ
Amikacin: 1.0
Kanamycin: 6.0
Capreomycin: 10.0
Amikacin: 1.0
Kanamycin: 5.0
Capreomycin: 2.5
Kanamycin: 10.0
Capreomycin: unknown
Kanamycin: 20.0
Amikacin: 1.0
Kanamycin: 5.0
Capreomycin: 2.5
Kanamycin: 5.0
Capreomycin: 1.25
Amikacin: 4.0

Not applicable
Yes
No
Yes
Yes
Yes
Yes
Yes for MGIT; no for LJ
Yes

Yes for both types of media

Yes for MGIT; not applicable
for 7H11
Yes
Not applicable
Yes
No
Yes
Not applicable
Unknown
No
Yes
No
Yes
Not applicable
Not applicable
No

No WHO- recommended concentration
specified for amikacin using 7H11

No WHO- recommended concentrations
specified for BacT/ALERT 3D media

No WHO- recommended concentrations
specified for BACTEC 460 media
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Miotto 2012

MGIT 960

NICD 2015

MGIT 960

Said 2012

Middlebrook 7H11

Simons 2015

MGIT 960 and Middlebrook 7H10
(agar dilution)

Tagliani 2015

MGIT 960 and LJ (agar
proportion)

Tomasicchio
2016
Tukvadze 2014

MGIT 960

van Ingen 2010

Middlebrook 7H10 (agar
proportion)
MGIT 960 and LJ agar proportion

Zivanovic 2012

LJ

Amikacin: 1.0
Kanamycin: 5.0
Capreomycin: 2.5
Amikacin: 1.0
Kanamycin: 2.5
Capreomycin: 2.5
Kanamycin: 5.0
Capreomycin: 10.0
Amikacin: 1.0 for MGIT
and 5.0 for Middlebrook
7H10
Capreomycin: 2.5 for
MGIT and 10.0 for
Middlebrook 7H10
Amikacin: 1.0 for MGIT
and 30.0 for LJ
Kanamycin: 2.5 for
MGIT and 30.0 for LJ
Capreomycin: 2.5 for
MGIT and 40.0 for LJ
Amikacin: 1.0

Yes
No
Yes
Yes
Yes
Yes
No
No
Yes for MGIT; no for 7H10

Kanamycin: 30.0
Capreomycin: 40.0
Amikacin: 5.0
Capreomycin: 10.0
Amikacin: 1.0 for MGIT
and 40.0 for LJ

Yes
Yes
No
No
Yes for MGIT; no for LJ

Yes for MGIT; no for 7H10

Yes for both types of media
Yes for both types of media
Yes for both types of media
Yes
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Capreomycin: 2.5 for
MGIT and 40.0 for LJ

Yes for both types of media

LJ-Löwenstein-Jensen; MGIT –Mycobacterial growth indicator tube
Reference: WHO, Updated interim critical concentrations for first-line and second-line DST (as of May 2012)
http://www.stoptb.org/wg/gli/assets/documents/Updated%20critical%20concentration%20table_1st%20and%202nd%20line%20drugs.pdf
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BACKGROUND
Mycobacterium tuberculosis (MTB) remains in the top 10 of causes for death globally, with an
estimated 10 million cases and 1.2 million deaths globally in 2019.1 Of the 10 million cases, an
estimated 465,000 were incident cases of multidrug resistant (MDR)/ rifampicin resistant (RR)
tuberculosis, a marker for MDR-tuberculosis (TB).1
There have been great improvements in the detection of MTB and resistance to rifampicin (RIF) since
the recommendation by WHO of the Xpert MTB/RIF and Xpert ULTRA MTB/RIF assays (Cepheid,
Sunnyvale, USA) for routine diagnosis of MTB.1-5 The other diagnostics recommended for routine use
are the Hain GenoType MTBDRplus and GenoType MTBDRsl assays (Hain LifeScience, Nehren,
Germany), which assist in the diagnosis of resistance to RIF and isoniazid or resistance to injectable
drugs and fluoroquinolones, respectively.1,

6

These two assays are based on hybridization-based

technology, whereby a targeted gene (known to be associated with resistance to a specific antibiotic) is
amplified, and probe technology is used to detect the presence of mutations which are known to be
associated with resistance.7
Pyrazinamide (PZA) remains an important antibiotic for the treatment of both drug susceptible and drug
resistant TB due to its unique ability to eradicate persister bacilli and its synergistic properties with
other antibiotics.8, 9 While mono-resistance to PZA is rare, PZA resistance is strongly associated with
MDR/RR-TB, with an estimated 30-60% of MDR/RR-TB also resistant to PZA.8-10 For people
diagnosed with RR-TB, it is thus important to detect the presence of PZA resistance so that clinicians
can make an informed decision on whether to include or exclude PZA in the treatment regimen.
Culture-based phenotypic drug susceptibility testing on the BACTED MGIT 960 system (Becton
Dickinson Diagnostic Systems) is the current reference standard method to detect PZA resistance, but
this method suffers from important technical challenges such as the needed for a specific pH level
required and innolucum size.11, 12 Consequently, PZA resistance is currently not assessed in routine
practice. Genomic assays for determining of PZA requires assessment of the pncA gene (561bp), which
is known to confer resistance to PZA.13, 14 Currently, targeted or whole genome sequencing is used in
research settings to identify mutations in the pncA gene. While there is a good association between
genotype and phenotype results for PZA resistance (85-99% agreement), neither test is easily
implemented into a routine setting.8, 9, 15
In 2007, Nipro (Osaka, Japan) developed GenoScholar PZA-TB, a line probe assay (LPA) with
hybridization-based technology for detection of PZA resistance. 16 This assay is the first commercially
available rapid molecular test for detection of PZA resistance. Compared to MTBDRplus and
MTBDRsl LPA, the GenoScholar PZA-TB LPA does not include specific mutant probes, as resistance
mutations are widespread across the entire pncA gene with no predominant mutations. Instead, the
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GenoScholar PZA-TB assay targets a 700bp fragment that covers the entire pncA gene and promoter
region up to nucleotide -18 of the wild type H37Rv reference strain.
DNA extracted from clinical specimens or cultures is amplified with primers by the polymerase chain
reaction (PCR). Amplified DNA than hybridize to complementary oligonucleotides probes that are
bound on a membrane-based strip. After allowing for hybridization of complimentary amplicons,
alkaline phosphatase-labelled streptavidin is added to bind to any hybrids formed in the previous step.
The enzymatic reaction with the substrate results in purple bands which are visually interpreted. The
absence of wild type probe binding indicates the presence of a mutation. The first version of the assay
contained 47 probes which cover the pncA promoter and open reading frame. The second version
consisted of 48 probes. Three of the 48 probes (pncA 16, 17 and 35) in the second version represent
silent mutations known to be a phylogenetic markers not associated with PZA resistance: Gly60Gly
(probe 16), Ser65Ser (probe 17), and Thr142Thr (probe 35).
The molecular GenoScholar PZA-TB LPA assay, which is already commercially available, presents a
method which could potentially be implemented for diagnosis of PZA resistance in routine care.
However, limited data has been published on the diagnostic accuracy of the assay. This systematic
review with meta-analysis aims to assist to collate all the available data to understand the diagnostic
accuracy of the PZA LPA assay for detection of PZA resistance in TB patients in order to guide policy
makers and clinicians.

Review objectives
The goal of the systematic literature review and meta-analysis is to estimate the diagnostic accuracy of
the PZA LPA assay for detection of PZA resistance in cultured MTB isolates and sputum samples from
patients diagnosed with pulmonary TB with or without rifampicin resistance using three different
reference standards: phenotypic DST (pDST), genotypic DST (gDST) and a composite reference
standard (CRS). The goal is to, if the data allows, to estimate the diagnostic accuracy of the PZA LPA
overall and stratified by sputum smear microscopy status, rifampicin resistance status and treatment
outcome.

METHODS
Eligibility criteria
Cross-sectional studies and cohort studies that assessed the diagnostic accuracy of the index test
(GenoScholar PZA-TB LPA version 1 or 2) were eligible for inclusion. Both studies where the reference
standard was performed after the index test and those where the reference standard was performed
before the index test were eligible for inclusion. To be eligible for inclusion in the analysis, articles had
to present data on PZA resistance detected by both the hybridization-based technology (PZA LPA) and
by phenotypic culture-based DST and/or genotypic sequencing of the pncA gene. Studies were eligible
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for inclusion is they reported data comparing the index test to an acceptable reference standard (defined
below) from which we could extract true positive (TP), true negative (TN), false negative (FN) and
false positive (FP) values.
We only included data on Mycobacterium tuberculosis and excluded any data on nontuberculous
mycobacteria. We included results obtained from sputum samples or MTB cultures retrieved from
people diagnosed pulmonary tuberculosis, independent of age, and HIV status. Samples were included
irrespective of knowledge of rifampicin resistance (rifampicin resistance, present, absent or unknown).
Studies performed at any types of health facilities and any level of laboratory levels from any country
were eligible for inclusion.

Index test
Nipro GenoScholar PZA-TB LPA is the main index test in this review.

Target conditions
Tuberculosis

Reference standards
The microbiological reference standard is pDST performed using BD MGIT 960 PZA liquid assay, or
another acceptable phenotypic based assay.
The microbiological reference standard is gDST performed using either targeted sequencing of the pncA
gene or whole genome sequencing. We defined all samples with a pncA wild type to be susceptible,
while any variant in pncA was considered resistant.
We defined the composite reference standard by classifying all samples with pncA wild type, pncA
silent mutations and neutral mutations (Koser et al) to be susceptible, while any other variant in pncA
was considered resistant.17

Outcomes
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV).

Search methods
We searched the following databases: PubMed; Web of Science and EMBASE without language or
date restrictions. We used the following search query: (PZA OR pyrazinamide OR pncA) AND
(tuberculosis) AND ("line-probe assay" OR LPA OR "hybridization-based technology"). In addition,
we approached Nipro (Osaka, Japan) to identify non-published data.

Data collection and analysis
Selection of studies
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Two review authors independently assessed studies for eligibility. We resolved disagreements by
discussion between the two reviewer authors. We illustrate the study selection process in a PRISMA
diagram.

Data extraction
Two review authors independently extracted data from the included studies using a standardized form.
Data was extracted using a standardized form and included first author name; publication year,
publication title, PZA LPA result, phenotypic PZA DST result, genotypic pncA result, smear status,
resistance profile, treatment information and any estimates of accuracy (sensitivity, specificity, positive
and negative predictive value). We resolved disagreements by discussion with the two reviewer authors.

Assessment of methodological quality
Two review authors working independently assessed methodological quality using QUADAS-2 tailored
to this review. We resolved disagreements by discussion between the two review authors.

Statistical analysis and data synthesis
We plotted estimates of the studies observed sensitivities and specificities in forest plots with 95%
confidence intervals (CIs) using Review Manager (RevMan). Where adequate data were available (4 or
more studies), we used pooling by summing up the numbers of TP, FP, TN and FN to calculate a pooled
estimate of sensitivity and specificity. Where inadequate data (less than 4 studies) was available we
simply show the sensitivity and specificity of available data, no pooling was conducted.

Assessment of certainty of the evidence (GRADE)
We assessed the certainty of the evidence using the GRADE approach, and the GRADEpro Guideline
Development Tool (GDT) software (GRADEpro GDT 2015).18, 19 For each outcome, we considered the
certainty of the evidence as high when high-quality observational studies (cross-sectional or cohort
studies) enrolled participants with diagnostic uncertainty. We used our judgment to downgrade the
quality by one level if the reason was serious and two levels if the reason was very serious. 20, 21
To apply GRADE, we used QUADAS-2 tool to assess risk of bias and applicability and made
judgements with regarding to indirectness, inconsistency and impression.
Indirectness: we used QUADAS-2 tool for concerns of applicability and looked for important
differences between the populations studied, the setting, index test, and the outcomes, and asked
whether differences were sufficient to lower certainty in the results.
Inconsistency: we downgraded for unexplained inconsistency in sensitivity and specificity estimates.
Imprecision: we considered a precise estimate to be one that would allow a clinically meaningful
decision. In addition, we calculated projected ranged for true positives (TP), false negatives (FN), true
negatives (TN) and false positives (FP) for a given prevalence of pyrazinamide resistance and made
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judgements on imprecision from these calculations. Prevalence’s were selected based on published
prevalence’s of PZA resistance, which are mainly determined by the MTB drug resistance profile: 8%
prevalence PZA-R for any person with TB; 50% for MDR/RR-TB and 90% for extensively drug
resistant (XDR)-TB.8-10, 22-24
Publication bias: we rated publication bias as undetected (not serious) because of the
comprehensiveness of the literature search and following extensive outreach to tuberculosis researchers
to identify studies.

RESULTS
Identification of eligible studies
The initial search resulted in 96 unique records, from which 89 were not eligible and excluded from
further analysis. After full-text review, the remaining 7 studies were retained for inclusion in the
quantitative meta-analysis.16, 25-30 In addition, we approached the principal investigator of 2 on-going
trials evaluating the diagnostic accuracy of the Nipro PZA LPA assay: one at the Institute of Tropical
Medicine in Belgium and the Persahabatan Hospital in Indonesia. The PRISMA diagram and reasons
for exclusion are included below.31

Figure 1: PRISMA flow diagram and reasons for exclusion.

Exclusion reasons
No PZA LPA data

Number of studies
54
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Review article
General article about TB (DR-TB)
Article studying NTMs
Commentary or editorials

20
9
3
3
89

Total
Quality assessment of studies

The results of the assessment of methodical quality using the QUADAS-2 tool is shown in Table 1 and
Figure 2. For the patient selection domain, we judge 44% of studies to have high risk of bias because
they selected specific isolates based on PZA resistance instead of a sample representative for the target
population. For the index domain, we judged 44% studies to have a high risk of bias as they conducted
the index test in an unblinded manner which increases the risk of bias when interpreting the index test
results. For the reference standard domain, we judged most studies (89%) to have a low risk of bias as
all studies except one used the standard reference methods (MGIT) to detect phenotypic PZA resistance.
For the flow and timing domain, we judged that most (78%) studies were at low risk of bias as they
conducted all tests on the same sample using the same reference standard and no patients/isolates were
excluded.
Regarding applicability, in the patient selection domain, we judged 56% of studies to be of high concern
due to patient selection not matching the review question. Instead, many studies aimed to test a large
number of different pncA variants to the assay, thus not using a representative sample population. With
respect to applicability of the index test, we judged all studies to be low concern based on the fact that
we are interested in a one type of assay produced by one company. Finally, regarding the applicability
of the reference standard, we consider most studies (89%) to be of low concern given the correct use of
the standard reference methods used.

Table 1: Tabular presentation for QUADAS-2 results.
RISK OF BIAS
Study

APPLICABILITY
CONCERNS
Flow and Patient
Index Reference
Timing
Selection
Test
Standard
+
+
+

Patient
Selection
-

Index
Test
-

Reference
Standard
+

Sekiguchi

?

-

+

+

?

+

+

Mitarai

+

+

-

?

?

+

-

Rienthong

?

-

+

-

-

+

+

Driesen

-

+

+

+

-

+

+

Willby

-

+

+

+

-

+

+

Matsumoto

+

-

+

+

+

+

+

ITM trial

-

+

+

+

-

+

+

+

+

+

+

+

+

+

Ando

Burhan trial
Risk/concern:
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+ Low

- High

? Unclear

Figure 2: Overview of QUADAS-2 assessment results.
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Index Test

Low
High
Unclear

Reference Standard

0%
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40%

60%

80%
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Proportion of studies with high, low or unclear
CONCERNS regarding APPLICABILITY

PICO questions
PICO 1: What is the overall diagnostic accuracy of PZA LPA assay for detection of PZA resistance in
sputum from PTM patients with and without RR-TB. Note: if sufficient data available: perform
stratified analysis by DR or DS and by smear positive or smear negative.
PICO 2: What is the overall diagnostic accuracy of PZA LPA assay for detection of PZA resistance in
isolates from PTM patients with and without RR-TB. Note: if sufficient data available: perform
stratified analysis by DR or DS and by smear positive or smear negative.

GRADE questions
42) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, pDST?
No pooled estimates – too few studies to inform on certainty.
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Figure 3: Forest plots of Nipro PZA LPA sensitivity and specificity for detection of PZA resistance
against a reference standard of phenotypic drug susceptibility PZA assay (microbiological reference
standard). The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

43) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, gDST?
No studies available to inform on decision.

44) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, CRS?
No studies available to inform on decision.

45) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, pDST?
No studies available to inform on decision.

46) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, gDST?
Only 1 study conducted where resistance profile of isolates is available – not enough evidence to make
decision.

Figure 4: Forest plots of Nipro PZA LPA sensitivity and specificity for detection of PZA resistance
against a reference standard of genomic drug susceptibility PZA assay (microbiological reference
standard). The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

47) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, CRS?
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No studies available to inform on decision.
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Table 2: PICO 1 summary: diagnostic accuracy of PZA LPA for detection of PZA resistance in sputum
from pulmonary TB patients with and without RR-TB.
PICO
Reference Studies
Pooled
sub
Standard (participants) Sensitivity
question
(95% CI)
Irrespective of rifampicin resistance
42
pDST
2 (101)
43
gDST
0 (0)
44
CRS
0 (0)
With detected rifampicin resistance
45
pDST
0 (0)
46
gDST
1 (21)

Not
estimable
NA
NA

Pooled
Specificity
(95% CI)

Positive
Predictive
Value %
(95% CI)

Negative
Predictive
Value %
(95% CI)

Not
estimable
NA
NA

Not
estimable
NA
NA

Not
estimable
NA
NA

NA
NA
NA
NA
Not
Not
Not
Not
estimable
estimable
estimable
estimable
47
CRS
0 (0)
NA
NA
NA
NA
Abbreviations: CI: confidence interval; pDST: phenotypic drug susceptibility test; gDST: genomic drug
susceptibility test; CRS: composite reference standard; NA: not applicable.

Table 3: GRADE certainty of evidence for sub PICO questions.
PICO
sub
questio
n
42

43

44

45

46

47

Populatio
n

Irrespecti
ve of
rifampicin
resistance
Irrespecti
ve of
rifampicin
resistance
Irrespecti
ve of
rifampicin
resistance
With
detected
rifampicin
resistance
With
detected
rifampicin
resistance
With
detected
rifampicin
resistance

Referen
ce
Standar
d
pDST

Studies
(participant
s)

Pooled
Sensitivit
y (95%
CI)
Not
estimable

Pooled
Specificit
y (95%
CI)
Not
estimable

Certaint
y of
Evidenc
e
NA

Explanatio
ns

gDST

0 (0)

NA

NA

NA

NA

CRS

0 (0)

NA

NA

NA

NA

pDST

0 (0)

NA

NA

NA

NA

gDST

1 (21)

Not
estimable

Not
estimable

NA

NA

CRS

0 (0)

NA

NA

NA

NA

2 (101)

NA
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Abbreviations: CI: confidence interval; pDST: phenotypic drug susceptibility test; gDST: genomic drug
susceptibility test; CRS: composite reference standard; NA: not applicable.
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48) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, pDST?
PZA LPA pooled sensitivity (95% CI) was 81.2% (75.4 to 85.8) and specificity (95% CI) was 97.8%
(96.5 to 98.6), (7 studies, 964 participants; very low certainty evidence for sensitivity and low certainty
evidence for specificity).

Figure 5: Forest plots of Nipro PZA LPA sensitivity and specificity for detection of PZA resistance
against a reference standard of phenotypic drug susceptibility PZA assay (microbiological reference
standard). The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 6. Risk of bias and applicability concerns for pDST as reference standard.

49) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, gDST?
PZA LPA pooled sensitivity (95% CI) and specificity (95% CI) were 96.4% (93.3 to 98.4) and 100%
(99.4 to 100.0), (6 studies, 858 participants; low certainty evidence for sensitivity and low certainty
evidence for specificity).
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Figure 7: Forest plots of Nipro PZA LPA sensitivity and specificity for detection of PZA resistance
against a reference standard of genomic drug susceptibility PZA assay (microbiological reference
standard). The squares represent the sensitivity and specificity of one study, the black line its confidence
interval. TP: true-positive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 8. Risk of bias and applicability concerns for gDST as reference standard.

50) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, CRS?
PZA LPA pooled sensitivity (95% CI) and specificity (95% CI) were 95.7% (93.5 to 97.2) and 98.6%
(97.4 to 99.2), (7 studies, 1140 participants; low certainty evidence for sensitivity and low certainty
evidence for specificity).

Figure 9: Forest plots of Nipro PZA LPA sensitivity and specificity for detection of PZA resistance
against a composite reference standard of PZA resistance (composite reference standard). The squares
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represent the sensitivity and specificity of one study, the black line its confidence interval. TP: truepositive; FP: false-positive; FN: false-negative; TN: true-negative.

Figure 10. Risk of bias and applicability concerns for CRS as reference standard.

51) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, pDST?
No studies available to inform on decision.

52) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, gDST?
No studies available to inform on decision.

53) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, CRS?
No studies available to inform on decision.
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Table 4: PICO 2 summary: diagnostic accuracy of PZA LPA for detection of PZA resistance in isolates
from pulmonary TB patients with and without RIF resistant TB.
PICO sub question Reference
Studies
Sensitivity (95% CI)
Standard
(participants)

Specificity (95% CI)

Irrespective of rifampicin resistance
48
pDST
7 (964)
81.2 (75.4 to 85.8)
97.8 (96.5 to 98.6)
49
gDST
6 (858)
96.4 (93.3 to 98.4)
100 (99.4 to 100.0)
50
CRS
7 (1140)
95.7 (93.5 to 97.2)
98.6 (97.4 to 99.2)
With detected rifampicin resistance
51
pDST
0 (0)
NA
NA
52
gDST
0 (0)
NA
NA
53
CRS
0 (0)
NA
NA
Abbreviations: CI: confidence interval; pDST: phenotypic drug susceptibility test; gDST: genomic drug
susceptibility test; CRS: composite reference standard; NA: not applicable.

Table 5: GRADE certainty of evidence for sub PICO questions.
PICO
sub
questi
on

Populati
on

Refere
nce
Standa
rd

Studies
(participa
nts)

Pooled
Sensitiv
ity
(95%
CI)
81.2
(75.4 to
85.8)

Pooled
Specific
ity
(95%
CI)
97.8
(96.5 to
98.6)

Certaint
y of
Evidenc
e

Explanations

42

Irrespect pDST
ive of
rifampici
n
resistanc
e

7 (964)

Very low
(sensitivi
ty)
Low
(specifici
ty)

6 (858)

96.4
(93.3 to
98.4)

100
(99.4 to
100.0)

Low
(sensitivi
ty)
Low
(specifici
ty)

7 (1140)

95.7
(93.5 to
97.2)

98.6
(97.4 to
99.2)

Low
(sensitivi
ty)
Low
(specifici
ty)

Downgraded one
level for risk of
bias; one level for
inconsistency and
one level for
imprecision
(sensitivity)
Downgraded one
level for risk of
bias and one level
for inconsistency
(specificity)
Downgraded one
level for risk of
bias and one level
for inconsistency
(sensitivity)
Downgraded one
level for risk of
bias and one level
for
inconsistency(speci
ficity)
Downgraded one
level for risk of
bias and one level
for inconsistency
(sensitivity)
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Irrespect gDST
ive of
rifampici
n
resistanc
e

44

Irrespect CRS
ive of
rifampici
n
resistanc
e

504

Posit
Value
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91.6 (
100 (
98.1 (
NA
NA
NA
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45

Downgraded one
level for risk of
bias and one level
for
inconsistency(speci
ficity)
NA

With
pDST
0 (0)
NA
NA
NA
detected
rifampici
n
resistanc
e
46
With
gDST
0 (0)
NA
NA
NA
NA
detected
rifampici
n
resistanc
e
47
With
CRS
0 (0)
NA
NA
NA
NA
detected
rifampici
n
resistanc
e
Abbreviations: CI: confidence interval; pDST: phenotypic drug susceptibility test; gDST: genomic drug
susceptibility test; CRS: composite reference standard; NA: not applicable.
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SUMMARY OF MAIN RESULTS
1) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, pDST?
Too few studies to address this question.

2) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, gDST?
Too few studies to address this question.

3) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, CRS?
Too few studies to address this question.

4) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, pDST?
Too few studies to address this question.

5) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, gDST?
Too few studies to address this question.

6) Should PZA LPA assay on sputum be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, CRS?
Too few studies to address this question.

7) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, pDST?
Pooled sensitivity was 81.2% (75.4 to 85.8) and specificity was 97.8% (96.5 to 98.6)
Certainty of evidence was very low for sensitivity and low specificity.

8) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, gDST?
Pooled sensitivity was 96.4% (93.3 to 98.4) and specificity was 100% (99.4 to 100)
Certainty of evidence was low for both sensitivity and specificity.

9) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, irrespective of resistance to RIF, CRS?
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Pooled sensitivity was 95.7% (93.5 to 987.2) and specificity was 98.6% (97.4 to 99.2)
Certainty of evidence was low for both sensitivity and specificity.

10) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, pDST?
Too few studies to address this question.

11) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, gDST?
Too few studies to address this question.

12) Should PZA LPA assay on isolates be used to diagnose PZA resistance in patients with
microbiologically confirmed PTB, with detected resistance to RIF, CRS?
Too few studies to address this question.

AUTHORS CONCLUSIONS
The Nipro Genoscholar PZA TB assay appears to perform accurately to detect the presence of a wide
range of different pncA variants. Majority of the studies conducted the assay using stored culture
isolates; thus, we are unable to reach any conclusions regarding the use of the assay in clinical
specimens. None of the studies stratified the results by resistance status, smear status or treatment
outcome and so we are unable to reach any conclusions in this regard.

IMPLICATIONS FOR RESEARCH
This review suggests that the Nipro Genoscholar PZA TB assay is accurate with the detection of variants
in the pncA gene. Due to the large number of variants identified and subsequently be showed to be
associated with phenotypic PZA resistance, major of studies selected a wide range of different pncA
variants to run on the assay. Thus, it appears that the assay is a good diagnostic which could potentially
be implemented in routine care/laboratory settings. We would also recommend studies investigate the
performance of the assay in clinical specimens (sputum) and not from stored culture isolates to truly
determine the clinical usefulness from routine settings.
However, we would recommend that there are cross-sectional and/or cohort studies conducted which
investigates the true diagnostic accuracy of the assay in routine care. These studies would provide strong
quality of evidence which could be used to better improve on the use of the assay in routine settings.
Given the use of PZA in DR treatment regimens, we would suggest that the PZA LPA be conducted as
a reflex diagnostic upon the detection of rifampicin resistance from a routine initial diagnostic such as
Xpert MTB/RIF or Ultra MTB/RIF.
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APPENDICES
Appendix 1. QUADAS-2 tool
Domain 1: Patient Selection
Risk of Bias: Could the selection of patients/specimens have introduced bias?
Signalling question 1: Was a consecutive or random sample of patients or specimens enrolled?
‘yes’ when the study enrolled a consecutive or random sample;
‘no’ for all other studies;
‘unclear’ when the study did not report on patient selection.
Signalling question 2: Was a case-control design avoided?
‘yes’ when a prospective or cross-sectional design was used;
‘no’ when a case-control design was used;
‘unclear’ for all other study designs.
Signalling question 3: Did the study avoid inappropriate exclusions?
‘yes’ when no indications of inappropriate exclusions were noted;
‘no’ if the study excluded samples based on characteristics such as a prior testing;
‘unclear’ not applicable.

Applicability: Are there concerns that the included patients and setting do not match the review
question?
We were interested in compiling all available information on the diagnostic accuracy for hybridizationbased technology which is commercially available for detection of pyrazinamide resistance. Since our
goal was to compile as much data as possible, we do not expect any concerns of applicability concerning
patient selection. Therefore, we judged applicability to be ‘unclear’ if no information on sampling was
reported and judged applicability to be ‘low concern’ for all studies which reported on their sampling
method.

Domain 2: Index Test
Risk of Bias: Could the conduct or interpretation of the index test have introduced bias?
Signalling question 1: Were the index test results interpreted with knowledge of the results of the
reference standard?
‘yes’ when PZA LPA were done in a blinded manner;
‘no’ when PZA LPA were not done in a blinded manner;
‘unclear’ if not reported.
Signalling question 2: If a threshold was used, was it prespecified?
There is no threshold for the PZA LPA assay, the result is binary: visible band or not. We answered
‘yes’ for all studies.
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Applicability: Are there concerns that the index test, its conduct, or its interpretation differ from the
review question?
There are a limited number of articles available for this review question, and the index test comes from
a single manufacturer. If the study used multiple or blinded readers for the interpretation of the PZA
LPA we deemed the applicability as ‘low concern’. Where a study used a single, unblinded reader for
the interpretation of the PZA LPA we deemed the applicability as ‘high concern’ and for all other studies
we deemed applicability as ‘unclear’.

Domain 3: Reference Standard
Risk of Bias: Could the reference standard, its conduct, or its interpretation have introduced bias?
Signalling question 1: Is the reference standard likely to correctly classify the target condition?
‘yes’ when the study used an WHO-recommended or internationally recognized methods;
‘no’ for none standard methods;
‘unclear’ when not enough information was provided regarding the methods.
Signalling question 2: Were the reference standard results interpreted without knowledge of the results
of the index test?
Limited room for interpretation on these assays – “yes” for all in this instance
‘yes’ when the index test was performed after the reference standard;
‘no’ when the index test was performed before the reference standard;
‘unclear’ when not reported.

Applicability: Are there concerns that the target condition as defined by the reference standard does not
match the question?
There are several methods available for genotyping a clinical Mycobacterium tuberculosis isolate, such
as whole genome sequencing, targeted (Sanger) sequencing and next generation sequencing. There are
also several protocols and software packages which are available for the interpretation of genotypic
data. In terms of phenotypic methods, most studies used the accepted/recognized standard method
(MGIT 960) however, there is concerns regarding the reliability of this accepted standard as well due
to the technical challenges. When this was not reported, we answered ‘unclear’; when non-standard
methods were used, we answered “high concern’ and finally for all other studies, we answered ‘low
concern’.

Domain 4: Flow and Timing
Risk of Bias: Could the patient flow have introduced bias?
Signalling question 1: Was there an appropriate interval between the index test and reference standard?
This is not relevant for review question; ‘yes’ for all studies.
Signalling question 2: Did all patients receive the same reference standard?
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‘yes’ when the same reference standard was used;
‘no’ when the samples were processed in different laboratories;
‘unclear’ not applicable.
Signaling question 3: Were all patients included in the analysis?
‘yes’ when all patients/isolates were included in the analysis;
‘no’ when not all patients/isolates were included in the analysis;
‘unclear’ not applicable.
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