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Summary
Background Sputum is the most widely used sample to diagnose active tuberculosis, but many people living with HIV 
are unable to produce sputum. Urine, in contrast, is readily available. We hypothesised that sample availability 
influences the diagnostic yield of various tuberculosis tests.

Methods In this systematic review and meta-analysis of individual participant data, we compared the diagnostic yield 
of point-of-care urine-based lipoarabinomannan tests with that of sputum-based nucleic acid amplification tests 
(NAATs) and sputum smear microscopy (SSM). We used microbiologically confirmed tuberculosis based on positive 
culture or NAAT from any body site as the denominator and accounted for sample provision. We searched PubMed, 
Web of Science, Embase, African Journals Online, and clinicaltrials.gov from database inception to Feb 24, 2022 for 
randomised controlled trials, cross-sectional studies, and cohort studies that assessed urine lipoarabinomannan 
point-of-care tests and sputum NAATs for active tuberculosis detection in participants irrespective of tuberculosis 
symptoms, HIV status, CD4 cell count, or study setting. We excluded studies in which recruitment was not 
consecutive, systematic, or random; provision of sputum or urine was an inclusion criterion; less than 30 participants 
were diagnosed with tuberculosis; early research assays without clearly defined cutoffs were tested; and humans were 
not studied. We extracted study-level data, and authors of eligible studies were invited to contribute deidentified 
individual participant data. The main outcomes were the tuberculosis diagnostic yields of urine lipoarabinomannan 
tests, sputum NAATs, and SSM. Diagnostic yields were predicted using Bayesian random-effects and mixed-effects 
meta-analyses. This study is registered with PROSPERO, CRD42021230337.

Findings We identified 844 records, from which 20 datasets and 10 202 participants (4561 [45%] male participants and 
5641 [55%] female participants) were included in the meta-analysis. All studies assessed sputum Xpert (MTB/RIF or 
Ultra, Cepheid, Sunnyvale, CA, USA) and urine Alere Determine TB LAM (AlereLAM, Abbott, Chicago, IL, USA) in 
people living with HIV aged 15 years or older. Nearly all (9957 [98%] of 10 202) participants provided urine, and 
82% (8360 of 10 202) provided sputum within 2 days. In studies that enrolled unselected inpatients irrespective of 
tuberculosis symptoms, only 54% (1084 of 1993) of participants provided sputum, whereas 99% (1966 of 1993) 
provided urine. Diagnostic yield was 41% (95% credible interval [CrI] 15–66) for AlereLAM, 61% (95% Crl 25–88) for 
Xpert, and 32% (95% Crl 10–55) for SSM. Heterogeneity existed across studies in the diagnostic yield, influenced by 
CD4 cell count, tuberculosis symptoms, and clinical setting. In predefined subgroup analyses, all tests had higher 
yields in symptomatic participants, and AlereLAM yield was higher in those with low CD4 counts and inpatients. 
AlereLAM and Xpert yields were similar among inpatients in studies enrolling unselected participants who were not 
assessed for tuberculosis symptoms (51% vs 47%). AlereLAM and Xpert together had a yield of 71% in unselected 
inpatients, supporting the implementation of combined testing strategies.

Interpretation AlereLAM, with its rapid turnaround time and simplicity, should be prioritised to inform tuberculosis 
therapy among inpatients who are HIV-positive, regardless of symptoms or CD4 cell count. The yield of sputum-
based tuberculosis tests is undermined by people living with HIV who cannot produce sputum, whereas nearly all 
participants are able to provide urine. The strengths of this meta-analysis are its large size, the carefully harmonised 
denominator, and the use of Bayesian random-effects and mixed-effects models to predict yields; however, data were 
geographically restricted, clinically diagnosed tuberculosis was not considered in the denominator, and little 
information exists on strategies for obtaining sputum samples.
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Introduction
In 2021, it was estimated that 10·6 million people 
developed active tuberculosis, 1·6 million of whom died. 
Of these 10·6 million cases, only 6·4 million were 
reported, and inadequate tuberculosis diagnostics are still 
a major challenge in reducing disease burden.1,2 Sputum 
has been used to diagnose tuberculosis for more than a 
century and is the most used sample type. However, 
sputum can be difficult to obtain, particularly in people 
living with HIV, and it cannot be used to diagnose 
extrapulmonary tuberculosis. Furthermore, results for 
diagnostic tests that rely on sputum are usually not 
available during the same clinical encounter.3 To address 
these gaps, WHO developed a target product profile in 
2014 to encourage the development of non-sputum 
biomarker tests, with the ultimate aim of enabling 
appropriate tuberculosis treatment initiation during the 
same clinical encounter.4 Detection of lipoarabinomannan 
antigen in urine has the greatest potential to fill this 
diagnostic void.5,6 In 2019, WHO made a conditional 
recommendation to use the Alere Determine TB-LAM Ag 
(AlereLAM, Abbott, Chicago, IL, USA) lateral flow assay 
for assisting in the diagnosis of active tuberculosis in 

people living with HIV.7 Despite WHO’s recommendation 
and evidence that implementation of AlereLAM reduces 
tuberculosis-related mortality,8,9 adoption and uptake of 
the test have been slow.10,11

Previous meta-analyses of urine lipoarabinomannan 
tests, sputum nucleic acid amplification tests (NAATs; 
eg, Xpert MTB/RIF or Ultra, Cepheid, Sunnyvale, CA, 
USA), and sputum smear microscopy (SSM) have 
focused only on diagnostic sensitivity and specificity.12–16 
However, test accuracy does not account for ability to 
provide a sample. Modelling studies showed that a rapid 
test with moderate sensitivity on an easily obtainable 
non-sputum sample could be more useful than a 
sensitive test that is reliant on sputum, which can be 
difficult to obtain.17,18 Thus, diagnostic accuracy alone 
gives an incomplete picture of the usefulness of a test to 
diagnose tuberculosis in routine settings. By contrast, 
the diagnostic yield of a test considers both the patient’s 
ability to produce the sample necessary to conduct the 
test and the sensitivity of the test. Diagnostic yield 
measures the proportion of tuberculosis cases that are 
detected by a diagnostic test among all tuberculosis cases 
identified as positive (ie, the denominator).

Research in context

Evidence before this study
Despite advances in tuberculosis diagnostics and their global 
roll-out, most methods still require sputum for testing; 
however, people living with HIV might have difficulty producing 
sputum samples. Furthermore, the diagnosis of tuberculosis in 
people living with HIV can be challenging, as they are more 
likely to produce paucibacillary sputum samples and to have 
extrapulmonary disease. We searched PubMed and the 
Cochrane Infectious Diseases Group Specialized Register for 
meta-analyses published from inception until Feb 24, 2022 
using search terms “tuberculosis”, “lipoarabinomannan”, 
“LAM”, “Xpert”, and terms related to these concepts without 
restrictions. We included only publications in English. The 
identified meta-analyses reported 42% sensitivity and 
91% specificity for urine lipoarabinomannan, 77% sensitivity 
and 98% specificity for sputum Xpert MTB/RIF, 88% sensitivity 
and 93% specificity for Xpert Ultra, and 53% sensitivity and 
96% specificity for sputum smear fluorescent microscopy in 
people living with HIV (appendix p 24). We found no meta-
analyses on diagnostic yield and sample provision but identified 
only meta-analyses reporting on diagnostic accuracy.

Added value of this study
To our knowledge, this is the first individual participant data 
meta-analysis assessing diagnostic yield of urine 
lipoarabinomannan, sputum nucleic acid amplification tests, 
and sputum smear microscopy. The diagnostic yield of a test 
better reflects its clinical usefulness as it examines the number 
of individuals testing positive among all individuals eligible for 
testing, irrespective of their ability to actually provide a sample. 

Nearly all people living with HIV were able to produce a urine 
sample for testing, but one in five participants was unable to 
produce sputum. Thus, the diagnostic yields of sputum Xpert 
and sputum smear microscopy were lower than their 
sensitivities. By contrast, the diagnostic yield of urine AlereLAM 
was unaffected by the ability to provide a sample, because urine 
samples were readily obtained from almost all people living 
with HIV. This study emphasises the challenges of diagnosing 
tuberculosis in people living with HIV using only sputum-based 
tests, especially in those requiring hospitalisation.

Implications of all the available evidence
Our study has policy implications for the diagnosis of 
tuberculosis in people living with HIV. Urine 
lipoarabinomannan testing in hospitalised people living with 
HIV should be prioritised in addition to sputum-based 
diagnostics to maximise yield. In outpatients, urine 
lipoarabinomannan testing should be used to aid in the 
diagnosis of tuberculosis in people living with HIV with 
tuberculosis symptoms. Participants unable to produce a 
diagnostic sample should not be excluded from future 
tuberculosis diagnostic studies. Both the number of 
participants unable to produce a sample and the diagnostic 
yield of tests should be reported alongside sensitivity and 
specificity. Reporting these values is of particular importance 
when considering novel tuberculosis diagnostics based on 
non-sputum samples (eg, urine, swab, breath, and blood-based 
assays), which might have lower sensitivity than existing 
sputum-based assays but similar diagnostic yields when the 
ability to collect a sample for testing is considered.
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We aimed to do an individual participant data (IPD) 
meta-analysis to determine the comparative tuberculosis 
diagnostic yield of urine lipoarabinomannan point-of-care 
tests on the first available urine sample, sputum NAATs 
on the first available sputum sample, and sputum smear 
microscopy on the first available sputum sample within 
2 days of enrolment against a harmonised denominator. 
The advantages of IPD meta-analysis over aggregate meta-
analysis are the ability to harmonise the variables and 
denominator across studies, inclusion of participants that 
were excluded from the primary studies, and the ability to 
assess interactions and perform subgroup analyses.

Methods
Search strategy and selection criteria
For this systematic review and IPD meta-analysis, we 
searched PubMed, Web of Science, Embase, and African 
Journals Online for papers published between database 
inception and Feb 24, 2022 without any language 
restrictions, using search terms that combined the 
outcome (“tuberculosis”) and the intervention (biomarker 
“lipoarabinomannan” or “LAM”) with the test name or 
principle (“AlereLAM”, “antigen”, “lateral flow”, “urine”, 
“FujiLAM”, etc). Search terms used for each database are 
shown in the appendix (p 3). We also searched the 
references of identified studies and review articles, 
contacted tuberculosis researchers, and searched 
clinicaltrials.gov to identify unpublished studies.

We included randomised controlled trials, cross-
sectional studies, and cohort studies without any date 
restrictions that assessed both urine lipoarabinomannan 
point-of-care tests and sputum NAATs for active 
tuberculosis detection in participants irrespective of 
tuberculosis symptoms, HIV status, CD4 cell count, or 
study setting. There were no patient age restrictions; 
however, for this analysis, investigators decided to report 
on studies with adults and adolescents (ie, aged 
≥15 years) and to publish results for children separately 
due to the different tuberculosis case definitions used 
for children. There were no restrictions on the types of 
NAAT used. We excluded studies without consecutive, 
systematic, or random recruitment; studies where the 
ability to provide sputum or urine were an inclusion 
criterion; studies with less than 30 participants 
diagnosed with tuberculosis; studies evaluating early 
research assays without clearly defined cutoffs; and 
animal studies. After removing duplicates, two 
independent reviewers (TB and IDO) screened the titles 
and abstracts and subsequently the full texts to confirm 
eligibility, with any disagreements resolved by discussing 
with the primary authors of the study in question. 
Covidence and Excel were used to manage references 
and for the purpose of screening.

Data extraction, study quality, and processing
Study-level data were extracted independently by the two 
reviewers (TB and IDO), with disagreements resolved by 

consensus after discussing with the primary authors of 
the extracted studies. We extracted prespecified variables 
(appendix p 4). Risk of bias in primary studies was 
independently assessed by the two reviewers according 
to the Quality of Diagnostic Accuracy Studies-2 tool,19 
with disagreements resolved by consensus. We invited 
authors of eligible studies by email to contribute 
de-identified IPD (appendix pp 5–6). On receipt of IPD, 
we checked the number of participants, participants who 
were lipoarabinomannan-positive, and participants who 
were NAAT-positive against the original publication to 
confirm that we had received the full dataset and queried 
missing or inconsistent data. Duplicates were removed 
and data were cleaned, standardised, and pooled into one 
database using an R script. For AlereLAM, we used the 
manufacturer’s threshold for test positivity: either the 
updated reference card with four bands (grade 1 of 4) or 
the corresponding previous reference card with five 
bands (grade 2 of 5). Participants without data for age, 
tuberculosis symptoms, sex, HIV status, or antiretroviral 
therapy (ART) were excluded.

Denominator and diagnostic yield
The main study outcomes—tuberculosis diagnostic 
yields of urine lipoarabinomannan, NAAT, and SSM from 
the first baseline diagnostic sample—were compared 
independently against a meta-analysis denominator 
(MAD). Diagnostic yields were calculated using simple 
proportions and predicted using random-effects and 
mixed-effects meta-analyses. We defined diagnostic yield 
(DY) as the proportion of tuberculosis cases identified by 
a single diagnostic test on the first diagnostic sample 
collected within 2 days of enrolment (PT) among those 
with a positive MAD:

2 days was specifically chosen to allow for a second 
collection attempt the following day. Participants who 
were unable to provide samples for index tests (eg, urine 
or sputum) were still included in the analysis. The MAD 
was reconstructed and harmonised across all studies and 
included participants with microbiologically confirmed 
tuberculosis, defined as any culture (ie, liquid or solid) 
or any NAAT positive for Mycobacterium tuberculosis 
from any sample (eg, sputum, urine, blood, and other 
extrapulmonary samples). Culture and NAAT were 
included in the MAD due to their high specificity, and 
NAAT was included because culture was often not 
available in studies that assessed performance of tests 
in programmatic settings. In a secondary analysis, 
participants with a positive lipoarabinomannan test 
were added to the denominator (MAD–LAM). Clinically 
diagnosed tuberculosis was not considered in the 
denominator because harmonisation across studies was 
not feasible. More details on the denominators are shown 
in the appendix (p 7).

DY= × 100%.
PT

MAD
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Statistical analysis
The R package eulerr20 was used to generate area-
proportional Euler diagrams to show the number of 
positive test results by test type in MAD-positive 
participants. Furthermore, diagnostic yields were 
predicted using one-stage random-effects and mixed-
effects meta-analyses. We followed a Bayesian approach 
to obtain posterior distributions for the diagnostic yields 
per study with Markov Chain Monte Carlo methods 
using the brms R package for all models.21 We ensured 
model fit through residual analysis and posterior 
predictive checks. The overall diagnostic yield posterior 
distribution was summarised to compute the mean 
diagnostic yield and its 95% credible intervals (95% CrI). 

For the summary overall diagnostic yield prediction, we 
included one random effect to account solely for 
heterogeneity at the study level.

To predict diagnostic yield in subgroups and assess the 
sources of heterogeneity, we extended the model by 
adding fixed effects resulting in a multivariable 
generalised linear mixed model. The generalised linear 
mixed model included fixed effects that accounted for 
population effects (ie, age, sex, presence of tuberculosis 
symptoms [cough, fever, weight loss, or night sweats22], 
CD4 cell count, Xpert cartridge type [MTB/RIF or Ultra], 
recruitment setting [inpatients or outpatients], number 
of valid results from sputum Xpert or culture, 
antiretroviral therapy [ART] status, and random effects 
[study and country]; appendix p 8). For the generalised 
linear mixed model, missing CD4 cell counts were 
imputed per individual on the basis of sex, ART status, 
and setting through Monte Carlo sampling during the 
model inference. We inferred adjusted odds ratios (ORs) 
for all variables included in the models to explore the 
effects of the variable towards a positive test result. 
Next, we performed subgroup analyses for relevant 
variables through estimated marginal means, providing 
predicted weighted means of the diagnostic yield and 
95% prediction intervals (95% PrIs) after accounting for 
all covariates. Relevant variables included those with a 
significant effect based on ORs and variables that were 
predefined in the analysis plan (ie, CD4 stratum, 
recruitment setting, and tuberculosis symptoms). 
Prespecified secondary analyses assessed the tuberculosis 
diagnostic yield of combinations of tests (ie, urine 
lipoarabinomannan with sputum NAAT and urine 
lipoarabinomannan with SSM). Remaining heterogeneity 
between the different studies was assessed by considering 
statistical relevance of the posterior distributions of the 
random effect for each study. If the 95% CrI did not 
intersect with 0, then we considered this study to vary 
more than only through random sampling error.

We further determined the proportion of participants 
who were able to provide a baseline urine sample within 
2 days of enrolment and, separately, the proportion of 
participants who were able to provide a sputum sample 
within the same time period. Prespecified sensitivity 
analyses for the overall diagnostic yield were first 
performed using MAD–LAM, second using MAD and 
excluding studies that did not perform microbiological 
testing on samples other than sputum and urine, and 
third using MAD and excluding studies with a high or 
unclear overall risk of bias, by use of the generalised 
linear mixed model.

All analyses were done in R, version 4.0.4. The meta-
analysis protocol was registered with PROSPERO 
(CRD42021230337) and the prospectively defined statistical 
analysis plan is shown in the appendix (pp 31–38). Our 
findings are reported in accordance with PRISMA–
Individual Patient Data and PRISMA–Diagnostic Test 
Accuracy statements (appendix pp 27–30).23,24 The primary 

Figure 1: PRISMA diagram of studies included in this meta-analysis and 
reasons for exclusion
ART=antiretroviral therapy. IPD=individual participant data.

844 records identified
 841 records identified by electronic 

database search
 3 unpublished records identified in 

discussions with investigators

548 abstracts screened after removal of 
database duplicates

296 duplicates excluded

126 full texts reviewed

422 records removed on the basis of abstract 
and title

20 datasets with 10 741 participants

106 records excluded
 20 no nucleic acid amplification testing
 1 no point-of-care lipoarabinomannan 

testing
 37 reported on the same dataset
 12 required sputum or urine in inclusion 

criteria
 9 studies were still ongoing or investigators 

did not provide data
 12 studies did not have consecutive or 

random recruitment
 8 included less than 30 tuberculosis cases
 3 incomplete or insufficient data after 

check by data team
 4 paediatric cohorts

10 202 participants included in IPD 
meta-analysis

539 participants excluded due to incomplete data 
(ie, no IPD on age, tuberculosis symptoms, 
sex, HIV status, or ART status)
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studies all had ethics approval and this IPD meta-analysis 
was approved by the ethics committee of the Medical 
Faculty Heidelberg (S-260/2022).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Of the 844 records identified, 20 datasets of 10 741 people 
were eligible for inclusion (figure 1; appendix p 9; 
NCT03187964):8,9,25–42 14 cohort studies, three cross-
sectional studies, and three randomised controlled trials. 
All studies enrolled people living with HIV. 11 studies 
enrolled outpatients, five enrolled inpatients, and 
four enrolled both inpatients and outpatients. Ten 
studies enrolled participants with tuberculosis 
symptoms and the other ten enrolled unselected 
participants irrespective of tuberculosis symptoms. The 
risk of bias was generally low, with 15 of 20 studies 

having a low overall risk of bias (appendix pp 10–11). All 
studies used AlereLAM as the lipoarabinomannan test 
and sputum Xpert as the NAAT (17 Xpert MTB/RIF and 
3 Xpert Ultra; participants who were trace-positive in 
Xpert Ultra studies were classified as having 
tuberculosis). 16 studies also performed SSM and one 
study also performed Fujifilm Silvamp TB LAM 
(FujiLAM, Fujifilm, Odawara, Japan).

Records for 10 741 participants were obtained 
(accounting for all 20 eligible datasets) and 10 202 records 
(from 4561 [45%] male participants and 5641 [55%] female 
participants) were included in the analyses after IPD 
harmonisation (figure 1). The dataset contains IPD from 
three continents, but 9390 (92%) of 10 202 participants 
were from sub-Saharan Africa (table 1). CD4 cell count 
was available for 9437 (93%) participants. The mean 
number of valid sputum Xpert and sputum culture 
results per participant was 1·8 (SD 1·2). 50% (ten 
of 20) of studies performed Xpert or culture testing on 
non-sputum samples, and microbiological confirmation 
was exclusively based on non-sputum samples in 
124 (8%) of 1615 MAD-positive participants.

 All participants 
(n=10 202)

Country  

Guatemala 295 (3%)

Kenya 867 (8%)

Malawi 1406 (14%)

Mozambique 1276 (13%)

Myanmar 517 (5%)

South Africa 3472 (34%)

Tanzania 205 (2%)

Uganda 610 (6%)

Zambia 936 (9%)

Zimbabwe 618 (6%)

WHO region  

African region 9390 (92%)

Region of the Americas 295 (3%)

South-East Asia region 517 (5%)

Recruitment setting  

Inpatients 3662 (36%)

Outpatients 6540 (64%)

Age, years 36 (30–44)

Sex  

Male 4561 (45%)

Female 5641 (55%)

HIV-positive 10 202 (100%)

CD4 count, cells per µL 187 (66–365)

CD4 count group  

≤100 cells per µL 3138 (31%)

101–200 cells per µL 1797 (18%)

>200 cells per µL 4502 (44%)

Unknown 765 (7%)

(Table 1 continues in next column)

 All participants 
(n=10 202)

(Continued from previous column)

On antiretroviral therapy 4716 (46%)

Previous tuberculosis 1784 (17%)

Tuberculosis symptoms 8525 (84%)

Number of valid sputum Xpert and sputum culture results

0 1542 (15%)

1 2868 (28%)

2 3431 (34%)

>2 2361 (23%)

Positive tuberculosis results  

MAD* 1615 (16%)

MAD–LAM† 2531 (25%)

Original study reference standard 1791 (18%)

Sample available in the first 2 days  

Urine 9957 (98%)

Sputum 8360 (82%)

Induced 277 (3%)

Spontaneously expectorated 5284 (63%)

Unknown 2799 (33%)

Positive test in the first 2 days

Urine AlereLAM 1550 (15%)

Sputum Xpert 982 (10%)

Sputum smear microscopy 490 (5%)

Data are n (%) or median (IQR). AlereLAM=Alere Determine TB LAM Ag assay. 
LAM=lipoarabinomannan. MAD=meta-analysis denominator. Xpert=Xpert MTB/
RIF or Xpert Ultra assay. *Number of positive participants as defined by the 
harmonised MAD based on microbiologically confirmed tuberculosis. †MAD–LAM 
is the number of positive participants as defined by the MAD based on 
microbiologically confirmed tuberculosis, including participants with a positive 
AlereLAM test in the denominator.

Table 1: Demographic and clinical characteristics of study participants
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Figure 2: Diagnostic yields of urine AlereLAM, sputum Xpert, and sputum smear microscopy
(A) Forest plots per study and test and overall prediction of diagnostic yield. Squares represent predicted diagnostic yields and whiskers represent 95% CrI. The size of the square is proportional to the 
number of participants with MAD-positive tuberculosis in each study, and studies are sorted by size. The vertical dashed lines indicate the overall predicted mean by the random effects model and the 
diamond represents the 95% CrI around that prediction. The PT/MAD represents the number of participants with a positive test from the first sample collected in the initial 2 days after enrolment 
divided by the number of positive participants as defined by the harmonised MAD based on microbiologically confirmed tuberculosis. Euler diagrams and proportion of positive urine AlereLAM and 
sputum Xpert test results and their overlap in all participants who were MAD-positive (B), inpatients who were MAD-positive (C), and outpatients who were MAD-positive (D). A Euler diagram for the 
subset of studies that performed all three tests, including sputum smear microscopy, is shown in the appendix (p 39). 95% CrI=95% credible interval. AlereLAM=Alere Determine TB LAM Ag assay. 
MAD=meta-analysis denominator. PT=positive tests. Xpert=Xpert MTB/RIF or Xpert Ultra assay. *Data are from the Kraaifontein Tuberculosis substudy. †Data are from the Antiretroviral Therapy 
Tuberculosis substudy.
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Within the first 2 days, nearly all participants provided a 
urine sample, with fewer participants providing a sputum 
sample (table 1). The ability to provide sputum differed by 
setting (5829 [89%] of 6540 outpatients vs 2531 [69%] of 
3662 inpatients), and 2452 (78%) of 3138 participants with 
a CD4 count of 100 cells per µL or less provided sputum 
samples. By contrast, the ability to provide urine exceeded 
96% in all subgroups (appendix p 12). In five studies 
enrolling inpatients irrespective of tuberculosis signs and 
symptoms, only 1084 (54%) of 1993 of people living with 
HIV were able to provide a sputum sample, whereas 
1966 (99%) provided a urine sample within the first 
2 days.

Pooled overall predicted diagnostic yield in people 
living with HIV was 41% (95% Crl 15–66) for urine 
AlereLAM, 61% (25–88) for sputum Xpert, and 
32% (10–55) for SSM (figure 2A). AlereLAM and Xpert, 
in combination, detected 75% (1214 of 1615) of all 
participants with tuberculosis in the first 2 days 
(figure 2B). In inpatients, the diagnostic yields were 
50% (342 of 685) for AlereLAM, 48% (330) for Xpert, 
and 72% (494) for AlereLAM plus Xpert (figure 2C). In 

outpatients, the diagnostic yields were 34% (318 of 930) 
for AlereLAM, 70% (652) for Xpert, and 77% (720) for 
AlereLAM plus Xpert (figure 2D).

For all tests, there was a large degree of uncertainty 
regarding their diagnostic yields across studies (figure 2A), 
suggesting substantial heterogeneity across studies with 
respect to relevant subgroups (eg, CD4 cell count, 
presence of symptoms, and severity of disease as inferred 
from inpatient or outpatient status). We examined the 
effect of these variables in subsequent analyses.

The analysis of variable effect on the diagnostic yield 
identified a significant effect of CD4 cell count and 
tuberculosis symptoms, causing multimodality in the 
posterior distribution of the modelled diagnostic yield 
and thus large 95% CrIs (appendix p 13). Figure 3 shows 
predicted diagnostic yields for AlereLAM, Xpert, and 
SSM as a function of CD4 cell count for participants 
with and without tuberculosis symptoms. For AlereLAM, 
diagnostic yield increased with lower CD4 cell count in 
people living with HIV (OR 3·47, 95% CrI 2·77–4·36, 
per 200 cells per µL CD4 count decrease; table 2; 
appendix p 14). The predicted diagnostic yield for 

Figure 3: Diagnostic yield predictions as a function of CD4 cell count
Diagnostic yield predictions in participants with tuberculosis based on the MAD in all participants (A), participants without tuberculosis symptoms (B), and participants 
with tuberculosis symptoms (C). We used the number of positive participants as defined by the harmonised MAD based on microbiologically confirmed tuberculosis as 
the denominator for diagnostic yield. Solid lines represent mean predictions, dashed lines represent 95% prediction intervals, and dots represent the participant data. 
AlereLAM=Alere Determine TB LAM Ag assay. MAD=meta-analysis denominator.  Xpert=Xpert MTB/RIF or Xpert Ultra assay.
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AlereLAM was 34% among outpatients and 50% among 
inpatients (OR 0·80, 95% CrI 0·49–1·24). The predicted 
diagnostic yield for Xpert was 70% in the outpatient 
setting and 48% in the inpatient setting (OR 1·51, 
95% CrI 0·74–2·61). All three tests had lower predicted 
diagnostic yields in participants without tuberculosis 
symptoms than in participants with tuberculosis 
symptoms (figure 3; table 2), but tuberculosis was 
detected in only 77 participants who were asymptomatic. 
CD4 cell count, age, ART status, and the Xpert cartridge 
type (ie, Xpert MTB/RIF vs Xpert Ultra) had no 
significant effect on Xpert diagnostic yield (appendix 
p 13). Only 124 participants had tuberculosis detected by 
Xpert Ultra (76% yield) compared with 858 with Xpert 
MTB/RIF (59% yield), and the OR for yield in Xpert 
Ultra versus Xpert MTB/RIF was 1·51 (0·33–4·41).

Among inpatients, AlereLAM and Xpert had similar 
diagnostic yields (table 2). AlereLAM had higher 
diagnostic yield than Xpert at low CD4 counts (both ≤200 
and ≤100 cells per µL) in both symptomatic and 
unselected inpatients, whereas Xpert performed better in 
inpatients with CD4 counts above 200 cells per µL 
(table 2). When used in combination, Xpert and 
AlereLAM had higher diagnostic yields than did the 
individual tests alone.

In outpatients, the diagnostic yield of AlereLAM was 
low compared with Xpert in symptomatic and unselected 
participants. The combination of Xpert and AlereLAM 
diagnosed 78% of symptomatic outpatients, but the 
incremental increase in diagnostic yield when adding 
AlereLAM to Xpert was small—7% among people living 
with HIV who were symptomatic and 3% among 
unselected people living with HIV.

SSM diagnostic yield was below 42% in all scenarios, 
settings, and across CD4 strata. SSM diagnostic yield 
was influenced by test method: of the 16 studies that 
performed SSM, seven used fluorescence microscopy, 
two used conventional Ziehl-Neelsen microscopy, and 
seven did not specify. Fluorescence microscopy showed 
consistent diagnostic yields in the inpatient (39%) and 
the outpatient (41%) setting. Studies that used Ziehl-
Neelsen microscopy showed lower SSM diagnostic yield 
than did studies that used fluorescence microscopy 
(12% in the outpatient setting; appendix p 21).

Only one study26 evaluated for tuberculosis using urine 
FujiLAM. FujiLAM diagnostic yield was 65% (91 of 140, 
95% CrI 57–72), which was 24% higher than AlereLAM 
and 4% higher than Xpert overall estimates (appendix p 
15). FujiLAM yield increased in participants with 
tuberculosis symptoms and those with decreasing CD4 
cell counts, with approximately 20% higher yields than 
AlereLAM (appendix p 16).

Eight of 20 studies included AlereLAM in their primary 
study reference standard definition. In a prespecified 
sensitivity analysis across all 20 studies using the MAD–
LAM, the predicted 2-day diagnostic yield of AlereLAM 
was 61%, that of Xpert was 39%, and that of SSM 

was 22% (appendix p 19). An additional post-hoc analysis 
of diagnostic yield, using MAD–LAM as the denominator 
and adjusting yield for false positives, resulted in similar 
diagnostic yields of 59% for AlereLAM, 38% for Xpert, 
and 21% for SSM (appendix p 20). In the subgroup of 
participants who were unable to produce sputum in the 
first 2 days, AlereLAM detected 78% (359 of 462) of 
people with tuberculosis using MAD–LAM as the 
denominator. Overall, 28% (99 of 359) of those with an 
AlereLAM positive test were microbiologically confirmed 
with a positive Xpert or culture on at least one sample 
from any body site in the subsequent diagnostic workup, 
showing the challenges of confirming tuberculosis in 
people living with HIV who might struggle to provide a 
sputum sample (appendix p 22). Despite the incomplete 
tuberculosis microbiology due to the difficulties of 
getting samples, data from a subset of the studies 
show that antituberculosis therapy was initiated in 
74% (176 of 238) participants with a positive urine 
AlereLAM result who were unable to produce sputum in 
the first 2 days.

Two additional prespecified sensitivity analyses, after 
excluding studies that did not perform microbiological 
testing on samples other than sputum and urine and 
studies with high or unclear risk of bias, both showed 
similar overall diagnostic yields to the primary analysis 
using MAD (appendix p 23). A comparison of diagnostic 
yield to calculated diagnostic yields based on data from 
previous meta-analyses is shown in the appendix (p 24).

Discussion
This IPD meta-analysis in adolescents and adults (ie, 
aged ≥15 years) showed that urine was obtainable in 
nearly all people living with HIV, but that nearly a fifth of 
participants were unable to provide sputum within 2 days 
of enrolment. Thus, the diagnostic yields of sputum 
Xpert (61%) and SSM (32%) were lower than their 
sensitivities. By contrast, the diagnostic yield of urine 
AlereLAM (41%) was unaffected by sample provision as 
samples were readily obtained from almost all people 
living with HIV.

The considerable heterogeneity in diagnostic yield 
observed within and across studies with respect to CD4 
cell count, presence of tuberculosis symptoms, and 
clinical setting is unsurprising given the known 
heterogeneity in sensitivity estimates as reported in 
previous meta-analyses. However, combining our findings 
on sample provision with sensitivity estimates from 
previous meta-analyses12–16,43 would result in diagnostic 
yields of 62–66% for Xpert, 35–43% for SSM, and 42% for 
AlereLAM, which are all similar to our reported results.

AlereLAM diagnostic yield was highest in participants 
with a CD4 count below 100 cells per µL and in inpatients. 
Our finding of increased diagnostic yield at low CD4 
cell count is in line with earlier studies,12,44 showing 
that lipoarabinomannan positivity is associated with 
total body mycobacterial load45–47 and disseminated 
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tuberculosis, which are more likely in immunocom-
promised people living with HIV compared with 
immunocompetent people without HIV.48 As previously 
reported by Dhana and colleagues,49 we observed that 
AlereLAM 2-day diagnostic yield was similar to that 
of sputum Xpert among unselected inpatients. Lipo-
arabinomannan testing should therefore be considered a 
priority in the inpatient setting, as disseminated 
tuberculosis is common48,50,51 and people who test positive 
for urine lipoarabinomannan have a higher mortality 
risk compared with people who test negative.52–54 The 
results also support follow-up Xpert testing when 
AlereLAM results are negative, as this combination 
increased the 2-day diagnostic yield from 51% to 71%.

In the outpatient setting, Xpert clearly outperformed 
AlereLAM. However, AlereLAM still had an incremental 
yield in participants with tuberculosis symptoms, 
detecting 78% of tuberculosis cases when combined with 
Xpert testing in outpatients. Rapid point-of-care Xpert 
testing is often not available, and Xpert results take 
several days to come back to care providers. Therefore, 
AlereLAM should still be considered as a urine-based 
point-of-care diagnostic option to inform rapid treatment 
until Xpert results are available and in settings with no 
access to Xpert. SSM is still widely used for tuberculosis 
diagnosis in outpatients55 and relevant as a comparator in 
WHO’s prequalification of tuberculosis tests.56 SSM had 
an overall diagnostic yield of only 34% in people with 
tuberculosis symptoms and performed poorly in all 
subgroups and clinical settings, never exceeding 42%. As 
a result, and in line with the WHO recommendation,57 
NAATs and urine lipo arabinomannan should be used 
instead of SSM for tuberculosis diagnosis in people 
living with HIV.

Taken together, our results suggest that the current WHO 
lipoarabinomannan guidelines57 could be simplified and 
extended to prioritise lipoarabinomannan testing to 
diagnose tuberculosis in all inpatients who are HIV-
positive and to aid in tuberculosis diagnosis in outpatients 
who are HIV-positive with tuberculosis symptoms (panel). 
A multicountry survey assessed the reasons for low uptake 
of urine lipoarabinomannan testing, and a prominent 
reason was that the test is only for a small perceived 
population, and thus is not considered a priority to 
implement.10 Therefore, a simpler and broader recom-
mendation could result in increased adoption. The same 
survey also identified that budget limitations; scarcity of 
country-specific data; administrative hurdles, such as 
regulatory agency approval; and insufficient coordination 
between national tuberculosis and HIV programmes 
are important implementation barriers. Our results 
make a compelling argument for broad use of urine 
lipoarabinomannan testing in people living with HIV, and 
we urge donors, ministries of health, and implementors 
to address these hurdles.

False positives could result in an overestimation 
of diagnostic yield, but the specificity of Xpert is 

higher than 97%, which is sufficiently high to avoid 
overestimation.57 Pooled specificities of AlereLAM were 
reported to be 91% in people living with HIV with 
tuberculosis symptoms and 95% in unselected people 
living with HIV who were not assessed for tuberculosis 
symptoms.12 If 9% of AlereLAM positive results were 
false positives, then diagnostic yield would reduce 
from 41% to 37% in this study. However, AlereLAM 
specificities might be underestimated due to under-
diagnosis by imperfect reference standards, particularly 
as many studies used sputum-based tests but not 
non-sputum-based tests to establish the reference 
standard.58,59 The MAD based on microbiological 
confirmation of tuberculosis might have missed 
participants with tuberculosis, as the number and type 
of tests performed differed between studies, with half 
of the studies performing only Xpert and culture on 
sputum samples. This focus on sputum-based 
reference standard testing could have led to a greater 
underestimation of AlereLAM yield than Xpert yield, 
particularly in participants who were unable to produce 
sputum. By including AlereLAM in the denominator 
(MAD–LAM), we showed that AlereLAM yield increased 
to 61% and Xpert yield dropped to 39%. Yield for 
AlereLAM was high (59%) even after adjusting for false 
positives. AlereLAM was positive in 78% of participants 
who were unable to produce sputum in the first 2 days, 
28% of whom had subsequent tuberculosis confirmation 

Panel: Proposal for a simplified urine lipoarabinomannan 
guideline for tuberculosis testing in people living with HIV

In inpatient settings
Use urine lipoarabinomannan testing for all people who are 
HIV-positive (regardless of tuberculosis symptoms and CD4 
cell count).

In outpatient settings
Use urine lipoarabinomannan testing for all people who are 
HIV-positive with tuberculosis symptoms* (regardless of CD4 
cell count) and people who are HIV-positive, irrespective of 
tuberculosis symptoms with a CD4 count of less than 100 
cells per µL or who are seriously ill.†

In all settings
All people who are HIV-positive with a positive urine 
lipoarabinomannan result should start tuberculosis therapy. 
Along with urine lipoarabinomannan testing, additional 
tuberculosis and, as necessary, drug-resistance testing‡ 
should be conducted. A negative urine lipoarabinomannan 
test does not rule out tuberculosis.

*Pulmonary or extrapulmonary symptoms of tuberculosis. †Seriously ill is defined on 
the basis of four danger signs: respiratory rate of more than 30 breaths per min, 
temperature of more than 39°C, heart rate of more than 120 beats per min, and unable 
to walk unaided. ‡The need for drug-resistance testing depends on prevalence of 
drug-resistant tuberculosis.



Articles

e914 www.thelancet.com/lancetgh   Vol 11   June 2023

and 74% initiated tuberculosis treatment, suggesting 
that many people with positive AlereLAM results who 
were unable to produce sputum did indeed have 
tuberculosis. Therefore, AlereLAM-based treatment 
initiation should be a priority, particularly in inpatients 
who are HIV-positive, as the reliance on a combination 
of sputum-based diagnosis and clinically guided 
empirical treatment leaves people at an unacceptably 
high risk of death from undiagnosed tuberculosis.8

AlereLAM does not meet the requirements of a broadly 
applicable non-sputum-based diagnostic test,4 but this 
important diagnostic void could be filled by next-
generation lipoarabinomannan tests. We identified only 
one cohort study26,27 of the next-generation FujiLAM assay 
that satisfied inclusion criteria, and the manufacturer 
reported product modifications, suggesting that 
previously evaluated assays might vary from the final 
commercial product.60 Nevertheless, the results showed 
the potential of a next-generation lipoarabinomannan 
test, with FujiLAM reaching 65% overall diagnostic yield 
in more than 400 people living with HIV who were 
admitted to hospital, regardless of CD4 cell count 
and tuberculosis symptoms—the highest of all tests, 
including sputum Xpert.58,61 These results are similar 
to those from a large prospective study reporting 
60% diagnostic yield for FujiLAM among ambulatory 
outpatients in four African countries.62 Next-generation 
lipoarabinomannan tests thus have great potential to 
avert tuberculosis deaths and incident tuberculosis 
cases,17 and their development should be prioritised.6,63 
However, despite their potential for rapid point-of-care 
diagnosis, lipoarabinomannan-based tuberculosis tests 
will still need to be done in conjunction with NAATs 
for drug-resistance testing. Improved tests on easily 
obtainable samples are needed, and detection of 
mycobacterial DNA in oral swabs,64 exhaled breath 
aerosols,65,66 blood,67 and urine68,69 could potentially be used 
for investigation of drug resistance.

This study highlights important aspects that should 
be considered in future evaluations of tuberculosis 
tests. Many primary studies had to be excluded as 
they selectively enrolled only participants able to 
produce sputum. Thus, the findings and conclusions of 
these studies are restricted to people who can produce 
sputum, potentially biasing accuracy results in favour of 
sputum-based tests and making assessment of the 
diagnostic yield impossible. We propose that future 
tuberculosis diagnostic studies, particularly those 
evaluating non-sputum-based diagnostic tests, include 
participants regardless of ability to produce sputum and 
that they report on sample provision, diagnostic yield, and 
the composite yield of test algorithms.70 We did not include 
children, but we will report on them in a separate analysis.

The strengths of this meta-analysis are its large size, with 
individual participant data from more than 10 000 people 
from three continents, including data from three 
randomised controlled trials. Furthermore, we carefully 

harmonised the denominator across 20 studies and 
used Bayesian random-effects and mixed-effects models 
to predict diagnostic yields in clinical scenarios and 
subgroups after accounting for potentially important 
confounders. Two denominators, one based on a widely 
accepted microbiological reference standard (MAD) and 
one combining MAD and lipoarabinomannan (MAD–
LAM) were compared, and the influence of test specificity 
was evaluated in detail. However, our study has important 
limitations. Clinically diagnosed tuberculosis was not 
considered in the denominator. Most IPD were from 
Africa, with only one study from Asia and one from Central 
America. Little information was provided on the strategies 
and efforts used for obtaining sputum samples in the 
different studies, which might have influenced the 
availability of samples for testing. Information on sputum 
induction was missing for a third of participants, which 
might have biased the diagnostic yield assessment of the 
sputum-based tests and introduced heterogeneity. It is 
unclear whether AlereLAM yield is different if service-level 
staff perform the test, who might have little experience of 
the challenges of interpreting the results on the basis of 
the reference scale card and have a high workload.

The diagnostic yield of sputum-based tuberculosis 
tests is limited by people who cannot produce sputum, 
hampering diagnostic evaluation, whereas nearly all 
adults can provide urine. Urine AlereLAM had a 
similar diagnostic yield to sputum Xpert in 
inpatients who were HIV-positive. Furthermore, among 
outpatients, combined Xpert and AlereLAM testing can 
diagnose tuberculosis in more than three quarters of 
people living with HIV with tuberculosis symptoms. 
Therefore, guidelines should recommend prioritising 
lipo arabinomannan testing for tuberculosis diagnosis in 
all inpatients who are HIV-positive (irrespective of 
tuberculosis symptoms and regardless of CD4 cell 
count) and to aid in tuberculosis diagnosis in outpatients 
who are HIV-positive with tuberculosis symptoms. Next-
generation lipo arabinomannan tests and other non-
sputum-based assays could have broad usefulness in the 
fight against tuberculosis, and their development should 
be prioritised.
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