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ABSTRACT

Background: WHO recommends urine lateral-flow lipoarabinomannan (LF-LAM) testing with AlereLAM in HIV-
positive inpatients only if screening criteria are met. We assessed the performance of WHO screening criteria and
alternative screening tests/strategies to guide LF-LAM testing and compared diagnostic accuracy of the WHO
AlereLAM algorithm (WHO screening criteria — AlereLAM) with AlereLAM and FujiLAM (a novel LF-LAM
test).

Methods: We searched MEDLINE, Embase, and Cochrane Library from Jan 1, 2011 to March 1, 2020 for studies
among adult/adolescent HIV-positive inpatients regardless of tuberculosis signs and symptoms. The reference
standards were 1) AlereLAM or FujiLAM for screening tests/strategies and 2) culture or Xpert for
AlereLAM/FujiLAM. We determined proportion of inpatients eligible for AlereLAM using WHO screening criteria;
assessed accuracy of WHO criteria and alternative screening tests/strategies to guide LF-LAM testing; compared
accuracy of WHO AlereLAM algorithm with AlereLAM/FujiLAM in all; and determined diagnostic yield of
AlereLAM, FujiLAM, and Xpert MTB/RIF (Xpert). We estimated pooled proportions with a random-effects model,

assessed diagnostic accuracy using random-effects bivariate models, and assessed diagnostic yield descriptively.

Findings: We obtained data from all 5 identified studies (n=3,504). The pooled proportion of inpatients eligible for
AlereLAM using WHO criteria was 93% (95%CI 91, 95). Among screening tests/strategies to guide LF-LAM
testing, WHO criteria, C-reactive protein (>5 mg/L), and CD4 count (<200 cells/uL) had high sensitivities but low
specificities; cough (>2 weeks), haemoglobin (<8 g/dL), body mass index (<18.5 kg/m?), lymphadenopathy, and
WHO-defined danger signs had higher specificities but suboptimal sensitivities. AlereLAM in all had the same
sensitivity (62%) and specificity (88%) as WHO AlereLAM algorithm. Sensitivity of FujiLAM and AlereLAM was
69% and 48%, while specificity was 48% and 96%, respectively. Diagnostic yield of sputum Xpert was 29-41%,
AlereLAM was 39-76%, and urine Xpert was 35-62%. In one study, FujiLAM diagnosed 80% of tuberculosis cases
(vs 39% for AlereLAM), and sputum Xpert combined with AlereLAM, urine Xpert, or FujiLAM diagnosed 69%,
81%, and 92% of all cases, respectively.

Interpretation: WHO criteria and alternative screening tests/strategies have limited utility in guiding LF-LAM
testing, suggesting that AlereLAM testing in all HI\V-positive medical inpatients be implemented. Routine FujiLAM

may improve tuberculosis diagnosis.

Funding: None.

Panel: Research in context

Evidence before this study

WHO recommends that rapid molecular diagnostic testing (e.g. Xpert MTB/RIF [Xpert]) be done in all HIV-
positive inpatients irrespective of tuberculosis signs and symptoms. However, urine lateral-flow lipoarabinomannan
(LF-LAM) testing with AlereLAM is recommended only in those with a positive WHO four-symptom screen
(W4SS), CD4 count <200 cells/uL, WHO stage 3 or 4, or positive WHO-defined danger sign. The performance of



WHO screening criteria and alternative screening tests/strategies to guide LF-LAM testing in HIV-positive
inpatients is unknown. A comparison of the diagnostic accuracy of the WHO-recommended AlereLAM algorithm
(WHO screening criteria followed by AlereLAM) with AlereLAM (no initial screening criteria) or FujiLAM (a

novel LF-LAM test) for all HIV-positive inpatients has also not been conducted in this population.

We searched MEDLINE, Embase, and Cochrane Library from Jan 1, 2011 to March 1, 2020 with search terms
related to “human immunodeficiency virus”, “tuberculosis”, “screening”, “algorithm”, “sensitivity”, and
“specificity”. We performed a systematic review and individual participant data meta-analysis among HIV-positive
inpatients (irrespective of tuberculosis signs and symptoms) to assess the performance of WHO screening criteria
and alternative tuberculosis screening tests/strategies to guide LF-LAM testing; compare the performance of the
WHO AlereLAM algorithm with AlereLAM or FujiLAM testing in all HIVV-positive inpatients for diagnosis of

tuberculosis; and determine the diagnostic yield of sputum or urine Xpert, AlereLAM, and FujiLAM.

Added value of this study

We analysed data from 3,504 HIV-positive inpatients. We found that 93% of all inpatients were eligible for
AlereLAM using WHO screening criteria. The screening tests/strategies we explored to guide LF-LAM testing
performed poorly. WHO screening criteria, W4SS, CRP (>5mg/L), and CD4 count (<200 cells/uL) had high
sensitivities, but low specificities; cough (>2 weeks), haemoglobin (<8 g/dL), body mass index (<18.5 kg/m?),
lymphadenopathy, and WHO-defined danger signs had higher specificities but suboptimal sensitivities. AlereLAM
for all had the same sensitivity as the WHO AlereLAM algorithm (62%). The sensitivity of FujiLAM for all was 21
percentage points higher than AlereLAM for all but specificity was 8 percentage points lower, although data were
limited. AlereLAM had similar or higher diagnostic yield than sputum Xpert, likely because almost all inpatients
could produce a urine sample for AlereLAM testing but a high proportion were unable to produce sputum for Xpert
testing. In one study, FujiLAM diagnosed double the number of tuberculosis cases compared with AlereLAM.
Sputum Xpert combined with AlereLAM diagnosed only 69% of all cases but sputum Xpert combined with urine
Xpert or FujiLAM diagnosed 81% and 92% of all cases, respectively.

Implications of all the available evidence

Our study has policy implications for the diagnosis of tuberculosis in HIV-positive inpatients. Current WHO criteria
and alternative screening tests/strategies to guide LF-LAM testing have suboptimal accuracy and complicate the
tuberculosis diagnostic algorithm, potentially serving as a barrier to the widespread use of AlereLAM. Thus,
AlereLAM testing in all HIV-positive medical inpatients should be implemented alongside routine Xpert in settings
with high tuberculosis prevalence. Routine FujiLAM may substantially improve the rapid diagnosis of tuberculosis

in this population, if validation studies confirm our findings



INTRODUCTION

Tuberculosis is the leading cause of hospitalization among people living with HIV (PLHIV) and is responsible for
nearly 40% of in-hospital deaths.>? Almost 50% of tuberculosis is undiagnosed at autopsy in PLHIV.2 The diagnosis
of tuberculosis in HIV-positive inpatients is challenging: inpatients typically have advanced immunodeficiency with
disseminated or extrapulmonary disease, often produce paucibacillary specimens, and are frequently unable to

produce sputum specimens.®

Urine lateral-flow lipoarabinomannan (LF-LAM) tests may address some of these challenges. They are rapid,
inexpensive, non-sputum based, and available at point-of-care. Currently, the only LF-LAM test that WHO
recommends is the Alere Determine TB-LAM (AlereLAM).” Although AlereLAM has only moderate sensitivity,® it
reduced mortality in inpatients in randomized trials.*® The novel Fujifilm SILVAMP TB-LAM (FujiLAM) test is
more sensitive than AlereLAM in inpatients.’%! The 2021 WHO tuberculosis screening and diagnostic algorithm
among HIV-positive inpatients recommends rapid molecular diagnostic testing (e.g., Xpert MTB/RIF [Xpert]) in all
medical inpatients where tuberculosis prevalence is >10%.21® However, AlereLAM is only recommended in those
with a positive WHO four-symptom screen (W4SS), CD4 count <200 cells/uL, WHO stage 3 or 4, or positive
WHO-defined danger sign.%?

The WHO screening criteria to guide AlereLAM testing may be challenging to implement in busy inpatient
settings* and its diagnostic accuracy is unknown. The W4SS, which was developed among ambulatory PLHIV,
has low specificity for diagnosis of tuberculosis in inpatients.*® CD4 cell count may also have low specificity, since
inpatients typically have advanced immunodeficiency. It is also often not rapidly available. Furthermore, the
diagnostic accuracy of WHO-defined danger signs was not assessed in the review that led to the recommendation.*?
The diagnostic accuracy of alternative screening tests/strategies to guide LF-LAM testing is also unknown. LF-LAM

testing in all HIV-positive inpatients may be more appropriate than testing only if screening criteria are met.

We assessed the performance of WHO screening criteria and other screening tests/strategies to guide LF-LAM
testing among HIV-positive inpatients (irrespective of tuberculosis signs and symptoms) using an individual
participant data (IPD) meta-analysis. Our primary objectives were to 1) determine the proportion of inpatients
eligible for AlereLAM using the WHO AlereLAM algorithm (i.e., WHO screening criteria followed by AlereLAM)
and 2) assess the diagnostic accuracy of WHO screening criteria and alternative tuberculosis screening
tests/strategies to guide LF-LAM testing. Our secondary objectives were to 1) compare the diagnostic accuracy of
the WHO AlereLAM algorithm with AlereLAM or FujiLAM testing in all inpatients for tuberculosis; 2) determine
the diagnostic yield of rapid tuberculosis diagnostic testing (i.e., proportion of total tuberculosis cases with a positive
sputum or urine Xpert, AlereLAM, or FujiLAM); and 3) evaluate the diagnostic accuracy of the WHO-defined
danger signs for tuberculosis.

METHODS
Our findings are reported in accordance with PRISMA-IPD and PRISMA-DTA statements.'”'® Two authors (AD,

YH) independently participated in each step of the systematic review: study selection, data extraction, and study



quality assessment. Disagreements between authors were resolved by discussion. We used similar methods to our
recent systematic review that contributed to the 2021 WHO tuberculosis screening guidelines;*61° L F-L AM
analyses were not pre-specified in our protocol. Our initial systematic review was registered on PROSPERO
(CRD42020155895).

Literature Search

WHO conducted a systematic review of the accuracy of WA4SS for tuberculosis screening in PLHIV and searched
PubMed (MEDLINE), Embase, Cochrane Library, and conference abstracts from 1 January 2011 to 12 March 2018
(Table S1).2° The search was limited to studies conducted after 2011, since WHO only developed the W4SS in that
year. We retrieved all included studies from this systematic review and reassessed all full texts to identify any
further eligible studies. To perform an updated search, we applied the same search strategy from 12 March 2018 to 1
March 2020. Finally, we searched reference lists of related reviews and included articles and contacted experts to

inquire about any additional published or unpublished studies.

Study Selection

We reviewed titles and abstracts from the search and, if potentially eligible, full texts of articles. We included
primary datasets that 1) were observational studies (cross-sectional or cohort studies) or randomised trials; 2)
included adult or adolescent HIV-positive inpatients regardless of tuberculosis signs and symptoms; 3) collected
data on WA4SS alone (and in combination with CD4 count, WHO stage, or WHO-defined danger signs); and 4)
evaluated AlereLAM and/or FujiLAM. We excluded studies that were case-control as they are prone to bias,?* had
only symptomatic HIV-positive inpatients as an inclusion criterion, or enrolled inpatients who were on tuberculosis

treatment or were already diagnosed with active tuberculosis.

The target condition was active tuberculosis. To assess diagnostic accuracy of screening tests/strategies to guide LF-
LAM testing, the separate reference standards were AlereLAM and FujiLAM because these analyses only concerned
the assessment of screening tests in the context of LF-LAM positive tuberculosis (as opposed to any
microbiologically confirmed tuberculosis), as recommended by WHO.?? To compare diagnostic accuracy of the
WHO AlereLAM algorithm with AlereLAM or FujiLAM for all, the reference standard was culture or Xpert of

sputum and/or other specimens.

The tuberculosis screening tests/strategies we examined were the WA4SS; CD4 count <200 cells/uL; W4SS or CD4
count <200 cells/uL (either positive); WHO-defined danger signs; CRP; chest X-ray; haemoglobin; BMI;
lymphadenopathy; and cough >2 weeks. We primarily used W4SS or CD4 count < 200 cells/uL (either positive) as
WHO eligibility criteria for AlereLAM testing because few studies included WHO stage and WHO-defined danger
signs. Finally, the systematically performed tuberculosis LF-LAM diagnostic tests we examined were AlereLAM
and FujiLAM.

Data Extraction, Study Quality, and IPD Synthesis



Study-level variables extracted were first author, publication year, study period, country, setting, exclusion criteria,
study design, type of participants, and method of tuberculosis diagnosis. To assess study quality for proportion meta-
analyses, we modified a tool used in systematic reviews of prevalence.? To assess study quality for diagnostic test

accuracy, we used the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool.?*

We emailed authors of eligible datasets inviting them to contribute data. Table S2 shows the IPD collected. After
standardizing IPD, we synthesized a single dataset with individual participant and study-level data. Study
participants <10 years of age were excluded. Contaminated cultures were considered negative. We ensured IPD
integrity by comparing information against study publications and performing recommended checks.?%

Discrepancies were resolved by contacting the corresponding author.

Statistical Analyses

We analysed IPD using a two-stage approach. First, we analysed each study separately to obtain aggregate data. The
aggregate data for each study were tuberculosis prevalence, proportion of inpatients eligible for AlereLAM using
WHO criteria, and measures of diagnostic accuracy (i.e., sensitivity and specificity). For assessment of proportion of
inpatients eligible for AlereLAM, we evaluated the W4SS in combination with CD4 count, WHO stage, or WHO-
defined danger signs. Second, we combined aggregate data using an appropriate meta-analysis model. We used a
generalized linear mixed model with logit transformation to pool tuberculosis prevalence and proportion of
inpatients eligible for AlereLAM.?” We assessed heterogeneity with Cochran’s Q test and 12 statistic.?8 We used a
bivariate generalized linear mixed model to pool sensitivities and specificities.? If there were <4 studies or the
model did not converge, we used simpler models that assumed no correlation between measures of sensitivity and
specificity.®® We computed binomial 95% Cls by summing the numbers with disease (or no disease) across studies if
all studies had 100% sensitivity or specificity.3! We used summary receiver-operating characteristic curves to jointly
illustrate absolute pooled sensitivity and specificity.®? We compared the accuracy of 2 tests by using indirect
comparisons (which includes all studies that evaluated >1 of the relevant tests). We also performed direct
comparisons (which includes all studies that evaluated all relevant tests). For direct comparisons, we used a bivariate

meta-regression with test-type as a covariate.

We calculated diagnostic yield of sputum/urine Xpert, AlereLAM, or FujiLAM in studies that included participants
unable to produce sputum samples. We used culture, Xpert, or AlereLAM as the denominator, because a positive
result on either of these tests is considered sufficient evidence to treat tuberculosis. Finally, we performed mixed-
effect logistic regression analysis with random intercept by cohort to determine whether WHO-defined danger signs
(individually and combined) were associated with tuberculosis (defined as positive sputum Xpert or AlereLAM

because of limited culture data). We calculated both unadjusted and adjusted odds ratios (ORS).

Since analyses were based on few studies, we were unable to investigate heterogeneity with meta-regression or
assess for publication bias. We chose a p-value threshold of 0.05 to characterize statistically significant findings. All

meta-analyses were performed using Ime4, altmeta, meta, metafor and mada packages in R software version 3.6.1.



Role of the funding source

None.

RESULTS

Characteristics of primary datasets selected and prevalence of tuberculosis

We identified 5 eligible datasets (figure S1), and IPD was obtained for all 5 datasets (n=3,504).43%%" Table S3 shows
the characteristics of included studies. Four studies were conducted in sub-Saharan Africa. All studies included
inpatients admitted to medical wards (one was an infectious disease ward). Studies systematically collected sputum
for culture (n=3), sputum for Xpert (n=5), urine for Xpert (n=3), urine for AlereLAM (n=5), and urine for FujiLAM
(n=2). We judged risk of bias for 5 studies that contributed to the meta-analysis of proportion of inpatients eligible
for AlereLAM (Table S4). One study had inadequate response rate, while another study used an inappropriate
sample frame. We judged risk of bias for 5 studies that contributed to the diagnostic meta-analysis of LF-LAM and
screening tests/strategies (Table S5). For LF-LAM analyses, four studies did not collect extrapulmonary samples or
samples for culture and were judged to have high risk of bias for reference test domain. Table S6 shows missing data
by study. In 3 studies that included participants unable to produce sputum samples,**>% LF-LAM was missing for

<3% of inpatients, but sputum Xpert was missing for 35-54% of participants.

Table 1 and Table S7 shows participant characteristics overall and by study, respectively. Most (57%) participants
were women; 49% had a CD4 count < 200 cells/uL. The pooled tuberculosis prevalence (using culture or Xpert as a

reference standard) was 23% (95%CI 14, 35; n=543) among 3 studies that collected sputum for culture.

Proportion of inpatients eligible for AlereLAM testing according to WHO AlereLAM algorithm

The proportion with a positive W4SS or CD4 count <200 cells/uL was 93% (95%CI 91, 95; n=3,477) (Table 2 and
Figure S2). The pooled proportions of other screening combinations to determine eligibility for AlereLAM testing
ranged from 89% to 93%. The pooled proportion of inpatients with a WHO-defined danger sign was 26% (95%ClI
19, 35; n=2,961). The addition of any WHO-defined danger signs, WHO stage 3 or 4, and CD4 count <200 cells/uL
to WA4SS (i.e., either positive) increased eligibility for AlereLAM testing by only 1 (n=2,961), 4 (n=54), and 3
(n=3,477) percentage points, respectively (Table S8).

Diagnostic performance of tuberculosis screening tests/strategies

Figure 1 shows plots of sensitivity and specificity of each screening test/strategy for LF-LAM positive tuberculosis,
while table 3 shows indirect comparisons. W4SS alone (or combined with CD4 count <200 cells/uL) and CRP had
high sensitivities but low specificities. CD4 count <200 cells/uL had sensitivities between 89-90% and specificities
between 37-46%. Cough (>2 weeks), haemoglobin (<8g/dL), lymphadenopathy, and WHO-defined danger signs had
low sensitivities (14-58%) but high specificities (70-89%).

Figure S3 shows forest plots and Figure S4 shows summary receiver operating characteristics curves. The point

estimates for the specificities of WHO screening criteria were <3% in each individual study (Figure S3). Figure S5



shows the trade-off between AlereLAM positive tuberculosis cases missed and number of AlereLAM tests

performed for each individual screening test.

The sensitivity of the WHO AlereLAM algorithm (W4SS or CD4<200 cells/uL — AlereLAM) was 62% (95%Cl 47,
75) and specificity was 89% (95%CI 67, 97; n=2,036) (Table 4 and Figure 2); the sensitivity and specificity of
AlereLAM for all was similar. Two studies compared FujiLAM with AlereLAM. Sensitivity of FujiLAM and
AlereLAM was 69% (95%Cl 62, 76) and 48% (95%CI 29, 69), respectively; specificity of FujiLAM and AlereLAM
was 88% (95%CI 79, 93) and 96% (95%CI 82, 99), respectively.

Diagnostic yield of tuberculosis from different diagnostic tests and sample types

Table S9 shows diagnostic yield using culture, Xpert, or AlereLAM as the denominator among 3 studies that
included participants who were unable to produce sputum samples. Sputum Xpert diagnosed only 29-41% of all
tuberculosis cases, as 35-54% had missing sputum Xpert results. In all studies, AlereLAM had similar or higher
yield than sputum Xpert. In 2 studies that collected sputum and non-sputum samples for Xpert and/or culture,
AlereLAM and urine Xpert diagnosed 39-76% and 35-62% of all cases, respectively. In 1 study that collected
sputum and non-sputum samples for Xpert and culture and urine for AlereLAM,* FujiLAM diagnosed 80% of
cases, while urine Xpert and AlereLAM diagnosed 62% and 39% of cases, respectively. In the same study, sputum
Xpert combined with AlereLAM diagnosed only 69% of all cases, but sputum Xpert combined with urine Xpert or
FujiLAM diagnosed 81% and 92% of all cases, respectively. Across all studies, AlereLAM was positive in 5.1%
(8/158) of inpatients who did not meet WHO criteria for AlereLAM testing, and those with a positive AlereLAM
test had negative Xpert or culture results. AlereLAM and FujiLAM were positive in 8.5% (70/819) and 28%

(61/218) of inpatients with no available sputum Xpert result, respectively.

Association of WHO-defined danger signs with tuberculosis

In univariable mixed-effects logistic regression analysis, any WHO-defined danger sign was associated with
increased risk of tuberculosis (OR 2.62 95%CIl 2.01, 3.43) (Table S10). In univariable and multivariable mixed-
effects logistic regression, individual danger signs other than respiratory rate >30 breaths/min were associated with
tuberculosis. Multivariable adjusted odds ratios were smaller compared with univariable estimates, reflecting a

positive correlation between individual danger signs.

DISCUSSION

In this IPD meta-analysis, almost all HIV-positive inpatients were eligible for AlereLAM testing using WHO
screening criteria, which had very low specificity. We found that potential screening tests/strategies to guide
AlereLAM or FujiLAM testing had either suboptimal sensitivities or specificities. The WHO-recommended
AlereLAM inpatient algorithm had a sensitivity of 62%; AlereLAM in all inpatients had identical sensitivity. In 2
studies, sensitivity of FujiLAM was 21 percentage points higher than AlereLAM and specificity was 8 percentage
points lower, although confidence intervals overlapped. AlereLAM had similar or higher yield than sputum Xpert,

as urine samples were obtained from almost all inpatients, but many were unable to produce sputum. In 1 study,



FujiLAM diagnosed twice as many tuberculosis cases than AlereLAM. Sputum Xpert combined with FujiLAM
diagnosed 92% of cases versus 69% when combined with AlereLAM. Our findings suggest that implementation of
AlereLAM testing in all HIV-positive medical inpatients in high burden settings be considered alongside routine

Xpert testing. FujiLAM testing in all HIV-positive inpatients could substantially improve detection of tuberculosis.

We found that potential screening tests/strategies to guide LF-LAM testing had suboptimal sensitivity and/or
specificity. The W4SS and CRP had high sensitivities, but much lower specificities compared with outpatient
settings.*® Conversely, several other tests (e.g., WHO-defined danger signs and low haemoglobin) had moderate to
high specificities but low sensitivities. These tests might be a proxy for advanced immunodeficiency and a higher
bacillary burden. CD4 count appeared to provide the best trade-off between sensitivity and specificity. In 2019,
WHO updated its 2015 recommendations on AlereLAM testing, increasing the CD4 count threshold for testing
HIV-positive inpatients from <100 cells/pL to <200 cells/uL.33° However, if eligibility for AlereLAM testing is
based solely on the new cut-off, 10% of AlereLAM positive tuberculosis cases would be missed. CD4 count meets
WHO minimal sensitivity requirements for a screening/triage test (i.e., 90% sensitivity), but it does not meet WHO
optimal requirements (i.e., 95% sensitivity), which may be preferred in inpatient settings.?

Our diagnostic yield findings highlight the utility of urine-based tuberculosis diagnostics in HI\V-positive inpatients.
Urine Xpert or AlereLAM often had higher yield than sputum Xpert, as urine was readily available for testing.
However, based on limited data, it is unclear whether urine Xpert or AlereLAM provides higher yield; urine Xpert
had higher yield compared with AlereLAM in one included study,*® but the opposite was true in another included
study.* In a recent study, sensitivity of urine Xpert Ultra was double that of AlereLAM (33% vs 16%).*AlereLAM
is less costly than urine Xpert and provides a more rapid diagnosis, since an Xpert result may take several days in
the real world.** However, urine Xpert provides rifampicin susceptibility. There is a need for implementation

science and health economics research to make appropriate recommendations for different settings.

AlereLAM is a rapid, inexpensive point of care test, which would have a number of benefits if testing was
implemented in all HIVV-positive inpatients in real world settings. First, since most inpatients already meet WHO
criteria for testing, routine AlereLAM testing would reduce complexity and accelerate clinical decision making in
busy inpatient settings. For example, CD4 cell count is one of the WHO criteria for AlereLAM testing but may not
be immediately available to treating clinicians. Second, routine AlereLAM testing (in addition to routine sputum
Xpert) was cost-effective in the STAMP trial.*2 Third, AlereLAM was positive in 5% of HIV-positive inpatients
who did not meet WHO criteria for AlereLAM testing. Fourth, two randomised trials have demonstrated a reduction
in all-cause mortality among HIV-positive inpatients with the use of AlereLAM in addition to routine diagnostics.*°
One trial included HIV-positive inpatients irrespective of tuberculosis signs and symptoms,* while the other
included inpatients with a positive W4SS (which we found was present in >90% of HIV-positive inpatients).®
Despite these findings, a recent survey of 24 high tuberculosis/HIV burden countries revealed that only 4 (17%)
were using AlereLAM in all hospitals.** Combined use of sputum Xpert and AlereLAM has also been shown to

improve diagnostic yield over either test alone in tuberculosis blood stream infection, which predicts mortality. 44

10



AlereLAM and Xpert in all HIV-positive inpatients would increase diagnostic yield. But a negative result on both
tests does not rule out tuberculosis. FujiLAM may substantially bridge the diagnostic gap. We found that sputum
Xpert when combined with FujiLAM diagnosed 92% of tuberculosis cases versus 69% when combined with
AlereLAM. A strategy that incorporates FujiLAM takes advantage of FujiLAM’s higher sensitivity and the
immediate availability of urine. WHO-defined minimum thresholds for a rapid biomarker-based non-sputum-based
test are 65% sensitivity and 98% specificity.?? FujiLAM met the sensitivity threshold, but not the specificity
threshold. However, the reduced specificity could be a result of an imperfect microbiological reference standard,
since FujiLAM detects lower concentrations of LAM.**4® Nontuberculous mycobacteria could also reduce
specificity but were found in only 4% of participants with a false-positive FujiLAM test.1? Differences in FujiLAM
accuracy may also be because studies we included used biobanked samples for testing. However, biobanked samples

produce similar results to fresh samples.!

We found that any WHO-defined danger sign was associated with increased risk of tuberculosis. Our finding that all
danger signs other than respiratory rate were associated with tuberculosis risk is consistent with that of a study that
enrolled HIV-positive inpatients with >1 WHO-defined danger sign.*” WHO-defined danger signs likely have

limited utility in determining hospital admission, as we found that 74% of inpatients had no danger signs.

Our study has limitations. First, studies had high tuberculosis prevalence and only one study was conducted outside
sub-Saharan Africa, limiting generalizability. Hoverer, sub-Saharan Africa has a disproportionate burden of HIV-
associated tuberculosis. Second, some tests had wide 95% confidence intervals because of heterogenous or limited
data. Third, only 2 studies evaluated FujiLAM and no study evaluated Xpert Ultra. Fourth, some studies excluded
participants unable to produce sputum and/or did not collect extrapulmonary samples for microbiological testing.
Thus, the reference standard in these studies may be biased because inpatients often produce paucibacillary sputum
samples or present with extrapulmonary/disseminated tuberculosis. However, for screening tests, we used a
reference standard of LF-LAM, which correctly classifies LF-LAM positive tuberculosis. WHO recommends that
screening/triage tests be assessed against confirmatory tests that follow.? Furthermore, diagnostic yield analyses and
estimates of proportion of inpatients eligible for AlereLAM did not require a reference standard. Therefore, it is
unlikely that this limitation would alter our conclusions. Fifth, the small number of included studies precluded
exploration of heterogeneity. Finally, we used W4SS or CD4 count <200 cells/uL as WHO eligibility criteria for
AlereLAM given limited data on WHO-defined danger signs and WHO stage.

In conclusion, our findings suggest that AlereLAM testing in all HI\VV-positive medical inpatients in high burden
settings be implemented alongside routine molecular diagnostic testing (e.g., Xpert). WHO criteria and other
potential screening tests/strategies to guide AlereLAM testing have suboptimal diagnostic accuracy and complicate
the tuberculosis diagnostic algorithm, potentially serving as a barrier to LF-LAM’s widespread use. Xpert and
AlereLAM testing in all HIV-positive inpatients would improve diagnostic yield, although a negative result on both
tests does not rule out tuberculosis. Routine FujiLAM may substantially improve the rapid diagnosis of tuberculosis

in this population if validation studies confirm our findings.
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Table 1 - Summary of main characteristics for participants

Variable Overallt Ni
Participants 3504 (100)
Demographics
Age (years) 38 (31-46) 3504
Female 1992 (57) 3504
HIV history
On ART 2363 (68) 3489
CD4 count (cells/pL) 205 (66-408) 3479
CD4 <=100 cells/pL 1118 (32) 3479
CD4 101 to 200 cells/uL 591 (17) 3479
CD4 >200 cells/pL 1770 (51) 3479
Clinical characteristics
History of tuberculosis 856 (27) 3115
Positive W4SS* 3162 (90) 3502
Cough 1834 (52) 3500
Fever 1871 (54) 3496
Weight loss 2521 (72) 3495
Night sweats 1414 (40) 3499
Cough >= 2 weeks 731 (24) 3025
Lymphadenopathy 58 (11) 508
WHO-defined danger sign** 678 (23) 2961
WHO stage 3 or 4 96 (80) 120
Tuberculosis diagnostic tests
AlereLAM positive 368 (17) 2191
FujiLAM positive 141 (30) 477
Total Xpert positive*** 369 (13) 2827
Sputum Xpert + 270 (13) 2145
Non-sputum Xpert + 168 (10) 1736
Total culture positive*** 126 (23) 543
Sputum culture + 75 (23) 332
Non-sputum culture + 70 17) 420
Imaging and laboratory tests
CXR (any abnormality)T 130 (59) 220
BMI (kg/m2) 20 (18-24) 2966
CRP (mg/L) 75 (18-157) 400
CRP (>=10 mg/L) 334 (84) 400
Hb, Median (g/dL) 10 (8-12) 3481
Hb (<10 g/dL) 1574 (45) 3481

tData are count (%) or median (25th-75th percentiles)
tParticipants with data available for variable
*W4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss

*WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body
temperature >39°C, heart rate >120 beats/min, or unable to walk unaided

18




Variable

Overallt

Ni

***Sputum and/or non-sputum result

1A positive chest x-ray was defined by the authors of the included studies

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR
= chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen

Table 2 - Random-effects meta-analysis of proportion of inpatients eligible for AlereLAM testing according to WHO AlereLAM algorithm*

Heterogeneity

Screening combination81 stL’:l((j)ies N N[?oss(i:tl}?/in Pr(%[;.)/:tg;l-r% (95(; c P-value
Positive W4SS or CD4 <=200 cells/pL 5 3,477 3,225 93 (91-95) 0 (0-71) 0.59
Positive WASS or WHO-defined danger sign 2 2,961 2,691 91 (90-92) a7 (-) 0.17
Positive W4SS or WHO stage 3 or 4** 1 54 48 89 (77-95) - -
Positive WASS or CD4 <=200 cells/uL or WHO-defined danger sign 2 2,945 2,735 93 (92-94) 66 (0-92) 0.09
Positive WASS or CD4 <=200 cells/uL or WHO stage 3 or 4** 1 54 50 93 (82-97) - -

*According to WHO screening & diagnostic algorithm, AlereLAM testing for tuberculosis is advised if an inpatient has a positive W4SS (defined as one or more of the
following: current cough, fever, night sweats, or weight loss), a CD4 count <= 200 cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or

more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided)

§Combinations dependent on available variables. Proportion of inpatients with a positive W4SS was 90 (89-91) (5 studies;3502 participants), a CD4 count <= 200
cells/uL was 62 (49-74) (5 studies; 3479 participants), a WHO-defined danger sign was 26 (19-35) (2 studies; 2961 participants), and WHO stage 3 or 4** was 57 (44-70)

(1 study; 54 participants).
fScreening combination is either variable positive
tCalculated using meta-analysis of proportions

**One study by Bjerrum et al (2015) excluded from analysis as WHO stage 3 or 4 was part of inclusion criteria

Definition of abbreviations: WASS = WHO four-symptom screen
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reference standards of AlereLAM or FujiLAM

Table 3 - Pooled sensitivity and specificity along with 95% Cls for each screening test/strategy for the detection of LF-LAM positive tuberculosis using

AlereLAMt FujiLAM
No _of N Sensitivity | Specificity | No _of N Sensitivity | Specificity

studies (95% ClI) (95% ClI) |studies (95% ClI) (95% ClI)
W4SS 5 2,189 | 94 (88-97) 10 (8-13) 2 475 | 99 (95-100) 3 (0-51)
CRP (>=10 mg/L) 1 392 | 99 (87-100) | 19 (15-24) 1 3901 94 (88-97) 21 (17-26)
CRP (>=8 mg/L) 1 392 | 99 (87-100) | 17 (13-21) 1 3901 95 (89-98) 18 (14-23)
CRP (>=5 mg/L) 1 392 | 99 (87-100) 11 (8-15) 1 3901 97 (92-99) 12 (9-17)
CXR (abnormal) 2 220 60 (49-70) | 41 (34-50) - - - -
Cough (any) 5 2,187 | 62 (57-67) | 48 (42-54) 2 473 74 (48-90) 56 (50-61)
Cough (>=2 weeks) 3 1,736 | 36 (15-65) 79 (55-92) 2 472 33 (10-68) 84 (43-97)
Hb (<10 g/dL) 5 2,170 | 76 (66-84) | 48 (38-59) 2 467 83 (75-88) 47 (30-63)
Hb (<8 g/dL) 5 2,170 | 48 (35-60) 71 (60-80) 2 467 58 (50-66) 70 (48-86)
BMI (<18.5 kg/m2) 4 1,664 | 54 (48-60) | 62 (52-72) 1 58 55 (34-74) | 61 (45-75)
Lymphadenopathy 3 503 14 (9-20) 89 (86-92) 1 67 8 (2-26) 85 (71-93)
WHO-defined danger sign* 2 1,657 | 44 (38-50) 77 (68-84) - - - -
CD4 count <=200 cells/uL 5 2,174 | 90 (55-99) | 46 (34-58) 2 468 89 (83-93) 37 (19-59)
W4SS or CD4 count <=200 cells/uL18§ 5 1,990 | 100 (99-100) 0 (0-4) 2 464 | 100 (97-100) 1(0-2)
W4SS or CRP (>=10 mg/L)T 1 391 | 99 (87-100) 4(2-7) 1 390 100 (93-100) 5(3-8)
WA4SS or CXR (abnormal){ 2 220 93 (85-97) 3(1-8) - - - -
W4SS then CRP (>=5 mg/L)Y 1 391 | 98(88-100) | 19 (15-23) 1 390 96 (91-99) 22 (17-27)

TIn one study by Gupta-Wright (2018), only the intervention arm was included since AlereLAM was unavailable for the standard of

care arm.

*WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart
rate >120 beats/min, or unable to walk unaided

For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered

only if the first screening test is positive

§Bivariate models did not converge; sensitivity estimates computed with binomial 95% ClIs and specificity estimates from a univariate

random-effects model

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO

four-symptom screen
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Table 4 - Pooled sensitivity and specificity along with 95% Cls of WHO AlereLAM algorithm, AlereLAM, and FujiLAM for the detection of
tuberculosis§

aomes| M| Semvey | Sherey
Indirect comparisonst
WHO AlereLAM algorithm 5 2,036 62 (47-75) 89 (67-97)
AlereLAM alone 5 2,038 62 (47-75) 88 (64-97)
FujiLAM alone 2 477 73 (43-91) 88 (79-93)
Direct comparisonst
WHO AlereLAM algorithm 2 475 48 (29-68) 96 (82-99)
AlereLAM alone 2 475 48 (29-68) 96 (82-99)
FujiLAM alone 2 475 69 (62-76) 88 (79-93)

8According to WHO screening & diagnostic algorithm, AlereLAM testing is advised if an
inpatient has a positive WHO four-symptom screen (defined as one or more of the
following: current cough, fever, night sweats, or weight loss), a CD4 count <= 200
cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or
more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart
rate >120 beats/min, or unable to walk unaided)

tIndirect comparisons include all studies that evaluated at least one of the relevant tests.
Direct comparisons include all studies that evaluated all relevant tests
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Figure 1 - Pooled sensitivity and specificity along with 95% Cls for each screening test/strategy for the detection of LF-LAM positive tuberculosis using
reference standards of AlereLAM or FujiLAM+*

AlereLAM AlereLAM FujiLAM FujiLAM
sensitivity specificity sensitivity specificity
W4SS 1 -:-. ® , , | &V— .
CRP (>=10 mg/L)- -E—. s 2 : -:". L 2 :
CRP (>=8 mg/L) -5—. L 2 : ‘:-0 L & :
CRP (>=5 mg/L) 1 -:uo o : E'. L & :
CXR (abnormal)- —— E —— E E E
Cough (any)1 = 2 E - E _.—E & E
Cough (>=2 weeks)] ~ ———@— ! —— ——— ! —— o |individual
Hb (<10 g/dL) —— ' —— ' —.-' — '
Hb (<8 g/dL)+ —— : —I.— - : +
BMI (<18.5 kg/m?) 1 - : —0—:- —_— : —.—;-
Lymphadenopathy - - E E ® -— E E—.—
CD4 count <=200 cells/pL 1 —'.— —— I —QI —— :
WHO-defined danger sign 1 - i i—.— i i
W4SS or CD4 count <=200 cells/pL : L 2 2 ' : o0 :
WA4SS or CRP (>=10 mg/L)1 -:‘—. o E E 9| © E parallel
W4SS or CXR (abnormal) - —i.- i i i
W4SS then CRP (>=5 mg/L) -.‘—. H s 2 . ‘ ‘ :-. ‘ ‘ 2 & . |sequential|

b 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 EO 90 100 D 10 20 30 40 50 60 TO 80 90 100 0 '10 '20 ‘30 40 50 GO 70 80 90 '100

1Dashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)

*For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test
is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Figure 2 - Pooled sensitivity and specificity along with 95% Cls for each LF-LAM strategy for the detection of tuberculosis

Indirect comparisons Indirect comparisons
sensitivity specificity
WHO AlereLAM algorithm§ 1 —_— _—
AlereLAM alone- —_—,:— 0
FujiLAM alone - & —e—
Direct comparisons Direct comparisons
sensitivity specificity
WHO AlereLAM algorithm§ - @ —
AlereLAM alone - @ —_—
FujiLAM alone —— ——
0 25 50 75 oo o 25 50 75 00

8AlereLAM testing is done if an inpatient has a positive WHO four-symptom screen (defined as one or more of the following: current cough, fever, night sweats, or
weight loss) or a CD4 count <= 200 cells/pL
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Table S1 - Search terms

Database Search terms

Pubmed
“HIV Infections” [MeSH] OR “HIV’[MeSH] OR “hiv’[tw] OR hiv infect*[tw] OR “human immunodeficiency virus”[tw] OR “human
immunedeficiency virus”[tw] OR “human immuno-deficiency virus’[tw] OR “human immune-deficiency virus”[tw] OR ((human

#1. immun*) AND (“deficiency virus”[tw])) OR “acquired immunodeficiency syndrome”[tw] OR “acquired immunedeficiency
syndrome”[tw] OR “acquired immuno-deficiency syndrome”[tw] OR “acquired immune-deficiency syndrome”[tw] OR ((acquired
immun*) AND (“deficiency syndrome”[tw]))

#2. "Tuberculosis"[Mesh] OR tuberculosis [TW] OR "Mycobacterium tuberculosis"[Mesh] OR TB [Ti]

#3 Screening* OR algorithm* OR “case finding” [TIAB] OR *“case findings” [TIAB] OR sensitivit* OR specificit* OR predictor* OR
"Sensitivity and Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis“[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4. ("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Publication Type]

#5 #1 AND #2 AND #3 NOT #4
Limit: publication date from 2011/01/01

Embase
‘human immunodeficiency virus infection/exp OR 'human immunodeficiency virus'/exp OR ‘hiv'ti,ab OR 'human immunodeficiency

#1 virus':ti,ab OR 'human immuno-deficiency virus'ti,ab OR 'human immunedeficiency virus'ti,ab OR 'human immune-deficiency
virus':ti,ab OR 'acquired immune-deficiency syndrome':ti,ab OR 'acquired immunedeficiency syndrome':ti,ab OR 'acquired
immunodeficiency syndrome':ti,ab OR 'acquired immuno-deficiency syndrome':ti,ab

#2 ‘tuberculosis'/exp OR 'tuberculosis":ab,ti OR 'TB":ti OR 'Mycobacterium tuberculosis'/exp
‘Screen’:ti,ab OR ‘Screening’ti,ab OR ‘algorithm’:ti,ab OR ‘case finding’:ti,ab OR ‘case findings’:ti,ab OR sensitivit*:ti,ab OR

#3 specificit*:ti,ab OR predictor*:ti,ab OR ‘sensitivity and specificity’/exp OR ‘case finding’/exp OR ‘Mass Screening’/exp OR
‘screening’/exp

#4 ([animals)/lim NOT [humans]/lim)

#5 #1 AND #2 AND #3 NOT #4 AND [2011-])/py

Cochrane
“HIV Infections” [MeSH] OR “HIV’[MeSH] OR hiv OR hiv infect* OR “human immunodeficiency virus” OR “human

#1 immunedeficiency virus”’OR “human immuno-deficiency virus” OR “human immune-deficiency virus” OR ((human immun*) AND

’ (“deficiency virus”)) OR “acquired immunodeficiency syndrome” OR “acquired immunedeficiency syndrome” OR “acquired

immuno-deficiency syndrome” OR “acquired immune-deficiency syndrome” OR ((acquired immun*) AND (“deficiency syndrome”))

#2. "Tuberculosis"[Mesh] OR tuberculosis OR "Mycobacterium tuberculosis"[Mesh]

43 Screening* OR algorithm* OR “case finding” OR “case findings” OR sensitivit* OR specificit* OR predictor* OR "Sensitivity and
Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4. ("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Mesh]

#5 #1 AND #2 AND #3 NOT #4

Limit: publication year from 2011-
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Table S2 - Variables sought

Variable Description

country country where the study took place, or if multisite, country individual patient was recruited from
clinical setting from {inpatient, outpatient, other, NA}

age patient’s age in years

sex patient’s sex {female, male, NA}

hiv status from {positive, negative, NA}

art status from {on art, not on art, NA}

history of tuberculosis

from {history of tuberculosis, no history of tuberculosis, NA}

current smoking status

from {currently smoking, not currently smoking, NA}

pregnancy status

from {pregnant, not pregnant, NA}

tuberculosis treatment status

from {currently on tuberculosis treatment, not currently on tuberculosis treatment, NA}

current ipt status

from {yes, no, NA}

current cough

from {yes, no, NA}

cough (more than 2 weeks)

from {yes, no, NA}

fever

from {yes, no, NA}

weight loss from {yes, no, NA}
night sweats from {yes, no, NA}
w4ss number of w4ss symptoms {0, 1, 2, 3, 4, NA}

respiratory rate >30 bpm

from {yes, no, NA}

body temperature >39°C

from {yes, no, NA}

heart rate >120 bpm

from {yes, no, NA}

unable to walk unaided

from {yes, no, NA}

who danger signs

number of who danger signs {0, 1, 2, 3, 4, NA}

who stage 3 or 4

from {yes, no, NA}

body mass index

numerical value (weight/height"2)

lymphadenopathy

from {yes, no, NA}

cd4 count

numerical value (in cells/uL)

c-reactive protein level

numerical value (in mg/L)

haemoglobin

numerical value (in g/dl)

chest x-ray suggestive of
tuberculosis

from {yes, no, NA}

chest x-ray abnormal

from {yes, no, NA}

urine AlereLAM result

{positive, negative, NA}

urine FujiLAM result

{positive, negative, NA}

sputum xpert result

{positive, negative, NA}, indeterminate = negative

sputum culture result

{positive, negative, NA}, contaminated culture = negative
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Variable Description

non-sputum xpert result {positive, negative, NA}, indeterminate = negative

non-sputum culture result {positive, negative, NA}, contaminated culture = negative

Definition of abbreviations: ART = antiretroviral therapy, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Table S3 - Study-level characteristics

Liquid or AlereLAM
Author, Country Stu_dy Study population Study setting |Exclusion criteria Sputum culture Sputum Xpert solid Non-sputum _|reference FujiLAM
year period culture/Xpert |card
culture
(threshold)
Bjerrum, |Ghana 2013- ART-naive inpatient PLHIV 1 hospital On ATT for >2 days in |1 spotand 1 early |1 or 2 samples Both Urine Xpert old (2) Yes
2015 2014 aged =18 years with WHO 3 months before morning samples (biobanked) (biobanked)*
stage 3/4 or CD4 cell count admission or unable to
<350 per pL or pregnant produce sputum or
admitted to the Fevers Unit urine samples
(infectious diseases ward)
Gupta- |South 2015- Inpatient PLHIV admitted to 2 hospitals On ATT, treated for TB |- 1 spot sample, - Urine Xpertin |New (1) -
Wright, |Africaand |2017 medical wards in previous 12 months, induced if physician intervention
20182 Malawi IPT in previous 6 requested at 1 site group
months, admitted to
hospital for >48 hours
at time of screening
Huerga, |Malawi 2015- Inpatient PLHIV aged 215 1 hospital On ATT - 1 spot sample - - New (1) -
20213 2017 years admitted to medical
wards
Lawn, South 2012- Inpatient PLHIV aged =18 1 district Current TB diagnosis |1 spot and 1 1 spotand 1 Liquid Blood culture, |Old (2) Yes
2015* Africa 2013 years admitted to medical hospital and/or were receiving |induced samples, 2 |induced sample, 2 urine Xpert (biobanked)T
wards ATT at the time of induced if induced if (fresh and
admission necessary, if too necessary, if too frozen), other
unwell for induction [unwell for induction samples if
then 2 spot then 2 spot clinically
samples, additional |samples, additional indicated
samples according |samples according
to medical team to medical team
Thit, Myanmar |2015- Inpatient PLHIV admitted to 1 tertiary - 1 spot sample, 1 spot sample, Solid No New (1) -
2017° 2015 medical wards hospital induced if unable to |induced if unable to

expectorate

expectorate

*Follow up study by Bjerrum et al (2020)
fiFollow up study by Broger et al (2019)
Definition of abbreviations: ART = antiretroviral therapy, ATT = anti-tuberculosis treatment, PLHIV = people living with HIV, TB = tuberculosis
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Table S4 - Risk of bias results of studies that assessed proportion of HIV-positive inpatients eligible for AlereLAM testing

Domain

Gupta-Wright,

Huerga, 2021

Lawn, 2015

Bjerrum, 2015

Thit, 2017

2018

1. Was the sample frame appropriate to address the Yes Yes Yes NoOTY Yes
target population?q
2. Were _study participants recruited in an Yes Yes Yes Yes Yes
appropriate way?8§
3. W_ere the study subjects and setting described in Yes Yes Yes Yes Yes
detail ?*
4. Were valid methods used for the identification of

I oo Yes Yes Yes Yes Yes
eligibility criteria?#
5. Was the response rate adequate (>80%)? Not Yes Yes Yes Yes

1The sample frame was considered inappropriate if a certain group was used and the results were then inferred to the target population?
T9For Bjerrum et al (2015), study inclusion criteria were ART naive and WHO stage 3/4, CD4 count <=350 per L, or pregnant
8Was recruitment conducted using a consecutive or random sample?

*Was the study sample described in sufficient detail so that other researchers can determine if it is comparable to the population of interest to them?
For example, did the study report age, gender, ART status, and CD4 count?

#Were eligibility items (e.g WHO four-symptom screen and CD4 count) assessed based on existing definitions or diagnostic criteria?

Definition of abbreviations: ART = antiretroviral therapy

30




Table S5 - Risk of bias and applicability results on the QUADAS-2 criteria tool*

LF-LAM analyses

Screening test analyses#

Bjerrum, 2015 G“ptza(')\i\g'ght' Huerga, 2021 | Lawn, 2015 | Thit, 2017 | Bjerrum, 2015 G“ptg(')\i‘g'ght' Huerga, 2021 | Lawn, 2015 | Thit, 2017
Patient selection . . . .
(Risk of Bias)T High High Low Low Low High High Low Low Low
Inde_x test (Risk Low Low Low Low Low Low Low Low Low Low
of Bias){1
Reference test . . . .
(Risk of Bias)s High High High Low High Low Low Low Low Low
Flow and timing . .
(Risk of Bias)§§ Low High High Low Low Low Low Low Low Low
Patient selection . .
(Applicability)t High Low Low Low Low High Low Low Low Low
Index_test_ . Low Low Low Low Low Low Low Low Low Low
(Applicability)t
Reference test
(Applicability)t Low Low Low Low Low Low Low Low Low Low

*Assessment done for all index tests.

#For the domain index test (risk of bias), the risk of bias was judged high for BMI as the index test (>20% missing data).

fWas a consecutive or random sample of patients enrolled? Did the study avoid inappropriate exclusions?

TWere the index test results interpreted without knowledge of the results of the reference standard?

8ls the reference standard likely to correctly classify the target condition? For example, were both pulmonary and extrapulmonary samples obtained for LF-LAM analyses? Were the reference
standard results interpreted without knowledge of the results of the index test?

8§8Was there an appropriate interval between index test(s) and reference standard? Did all patients receive a reference standard? Did all patients receive the same reference standard? Were
all patients included in the analysis?

TAre there concerns that the included patients (patient selection), index test, or target condition (reference standard) do not match the review question?
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Table S6 - Percentage of missing data for each variable by studyt§

Gupta-Wright

Gupta-Wright

Variablet Bjerrum Interventiontt Controltt Huerga Lawn Thit
Clinical setting 0 0 0 0 0 0
Age 0 0 0 0 0 0
Sex 0 0 0 0 0 0
ART status 0 0 0 4 0 0
History of tuberculosis 0 0 0 100 0 0
WHO symptoms* 0 0 0 0 0 0
Cough 1 0 0 0 1 0
Fever 4 0 0 1 1 0
Weight loss 1 0 0 1 0 0
Night sweats 0 0 0 0 1 0
Cough >=2 weeks 1 1 1 100 1 100
BMI 14 0 0 28 100 2
Lymphadenopathy 0 100 100 1 100 0
WHO-defined danger sign** 100 0 0 0 100 100
WHO stage 4 100 100 100 100 0
CD4 count 10 0 1 2 0
CRP 100 100 100 100 5) 100
Haemoglobin 6 0 0 1 11
CXR (any abnormality)# 100 100 100 57 100 4
CXR (suggests tuberculosis) 100 100 100 100 100 100
AlereLAM 0 1 100 1 2 0
FujiLAM 3 100 100 100 2 100
Sputum Xpert## 28 35 39 39 54 0
Non-sputum Xpert 20 1 100 100 2 100
Total Xpert## 4 1 39 39 1 0
Sputum culture 0 100 100 100 50 0
Non-sputum culture 100 100 100 100 0 100
Total culture 0 100 100 100 0 0
Total (culture or Xpert) 0 1 39 39 0 0

1<5% missing (green), 5-95% missing (yellow), and >95% missing (red)

8Some datasets received in which some participants with missing data were already excluded
t1Study by Gupta-Wright involved an intervention arm (systematically performed AlereLAM, urine Xpert and sputum Xpert) and control arm

(systematically performed sputum Xpert only)
*Regarded as missing only if a subject had all four symptoms missing

**Regarded as missing only if a subject had all four WHO-defined danger signs missing. WHO-defined danger sign defined as one or more of the
following: respiratory rate >30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided

#Study by Huerga et al has a high missing value for CXR (abnormal) because the study site at times had a lack of water and technicians to perform

chest x-ray

##Study by Bjerrum et al has a high missing value for Xpert because Xpert only became available after study enrollment began
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Gupta-Wright Gupta-Wright

Variablet Bjerrum Interventiontt Controltt

Huerga Lawn Thit

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin,
W4SS = WHO four-symptom screen
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Table S7 - Summary of main characteristics for participants overall and by each study

Variablet All Bjerrum IS&%:YY;%% GL&‘:::{:’Z{ITQTM Huerga Lawn Thit
Frequency 3504 (100) 69 (2) 1287 (37) 1287 (37) 387 (11) 420 (12) 54 (2)
Age (years) 38 (31-46) 37 (32-43) 38 (31-46) 38 (31-46) 38 (32-45) 36 (29-42) 33 (30-44)
N 3504 69 1287 1287 387 420 54
CD4 count (cells/uL) 205 (66-408) 41 (12-115) 231 (78-438) 222 (80-436) 173 (51-370) 150 (56-312) 97 (42-264)
N 3479 62 1286 1279 380 418 54
CD4 <=200 cells/uL 1709 (49) 53 (85) 572 (44) 592 (46) 205 (54) 252 (60) 35 (65)
N 3479 62 1286 1279 380 418 54
Female 1992 (57) 33 (48) 727 (56) 734 (57) 216 (56) 255 (61) 27 (50)
N 3504 69 1287 1287 387 420 54
On ART 2363 (68) 0 (0) 926 (72) 935 (73) 305 (82) 175 (42) 22 (41)
N 3489 69 1287 1287 372 420 54
History of TB 856 (27) 5(7) 335 (26) 309 (24) - 190 (45) 17 (31)
N 3115 69 1287 1287 - 418 54
Current Smoker 203 (11) 1(2) 151 (12) 128 (10) S S 13 (24)
N 2693 65 1287 1287 = = 54
Positive W4SS* 3162 (90) 69 (100) 1152 (90) 1164 (90) 349 (90) 382 (91) 46 (85)
N 3502 69 1287 1287 387 418 54
Cough 1834 (52) 48 (71) 651 (51) 681 (53) 230 (59) 199 (48) 25 (46)
N 3500 68 1287 1287 387 417 54
Fever 1871 (54) 46 (70) 753 (59) 747 (58) 228 (59) 62 (15) 35 (65)
N 3496 66 1287 1287 385 417 54
Weight loss 2521 (72) 65 (96) 906 (70) 875 (68) 277 (73) 356 (85) 42 (78)
N 3495 68 1287 1286 382 418 54
Night sweats 1414 (40) 29 (42) 497 (39) 540 (42) 154 (40) 171 (41) 23 (43)
N 3499 69 1287 1286 386 417 54
Cough >= 2 weeks 731 (24) 35 (51) 342 (27) 321 (25) - 33(8) -

N 3025 68 1271 1270 - 416 -
Lymphadenopathy 58 (11) 8(12) - - 42 (11) - 8 (15)
N 508 69 - - 385 - 54
WHO-defined danger sign** 678 (23) - 277 (22) 275 (21) 126 (33) - -

N 2961 = 1287 1287 387 = =
WHO stage 3 or 4 96 (80) 65 (98) - - - - 31 (57)
N 120 66 - - - - 54
CXR (any abnormality) 130 (59) - - - 100 (60) - 30 (58)
N 220 - - - 168 - 52
AlereLAM + 368 (17) 18 (26) 158 (12) - 101 (26) 56 (14) 35 (65)
N 2191 69 1275 - 382 411 54
FujiLAM + 141 (30) 26 (39) - - - 115 (28) -

N 477 67 - - - 410 -
Sputum Xpert + 270 (13) 9 (18) 85 (10) 82 (11) 33 (14) 57 (29) 4(7)
N 2145 50 832 779 235 195 54
Non-sputum Xpert + 168 (10) 5(9) 74 (6) - - 89 (22) -
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Variablet All Bjerrum IS&%:YY;%% GL&‘:::{:’Z{ITQTM Huerga Lawn Thit
N 1736 55 1270 - - 411 -
Total Xpert +§ 369 (13) 12 (18) 122 (10) 82 (11) 33 (14) 116 (28) 4(7)
N 2827 66 1279 779 235 414 54
Sputum culture + 75 (23) 13 (19) - - - 58 (28) 4(7)
N 332 69 . 5 5 209 54
Non-sputum culture + 70 (17) - - - - 70 (17) -

N 420 - - - - 420 -
Total culture + 126 (23) 13 (19) - - - 109 (26) 4(7)
N 543 69 - - - 420 54
Total Xpert & culture + 401 (14) 18 (26) 122 (10) 82 (11) 33 (14) 139 (33) 7(13)
N 2836 69 1279 779 235 420 54
BMI (kg/m2) 20 (18-24) 19 (17-21) 21 (18-24) 21 (18-24) 18 (17-21) 5 20 (17-21)
N 2966 59 1287 1287 280 - 53
CRP (mg/L) 75 (18-157) - - - - 75 (18-157) -

N 400 - - - - 400 -
CRP (>=10 mg/L) 334 (84) = = 2 2 334 (84) 2

N 400 - - - - 400 -
Hb, Median (g/dL) 10 (8-12) 7 (5-10) 11 (8-13) 11 (8-13) 9 (7-11) 10 (8-12) 9 (7-11)
N 3481 65 1284 1285 385 414 48
Hb (<10 g/dL) 1574 (45) 50 (77) 544 (42) 505 (39) 219 (57) 227 (55) 29 (60)
N 3481 65 1284 1285 385 414 48

tData are count (%) or median (25th-75th percentiles)

t1Study by Gupta-Wright involved an intervention arm (systematically collected AlereLAM, urine Xpert and sputum Xpert) and control arm (systematically collected sputum Xpert only)
*WA4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss

*WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided
§Sputum and/or non-sputum Xpert result

Sputum and/or non-sputum culture result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table S8 - Direct comparisons of proportion of W4SS alone with proportion of W4SS in combination with different components of the WHO
AlereLAM inpatient algorithm to determine eligibility AlereLAM testing*

Combination8f Positive WASS f?égeilflzg?s
No_ N No screen Prevalence % No_ N No screen Prevalence % | Difference
studies positive (95% CI)t studies positive (95% CI)t (95% CI)t
Positive W4SS 5 3,502 3,162 90 (89-91)
Positive W4SS or CD4 <=200 cells/uL 5 3,477 3,225 93 (91-95) 5 3,477 3,137 90 (89-91) 3(2-4)
Positive W4SS or WHO-defined danger sign 2 2,961 2,691 91 (90-92) 2 2,961 2,665 90 (89-91) 1(0-3)
Positive WASS or WHO stage 3 or 4** 1 54 48 89 (77-95) 1 54 46 85 (73-92) 4 (1-14)
Positive W4SS or CD4 <=200 cells/uL or WHO-defined danger sign 2 2,945 2,735 93 (92-94) 2 2,945 2,649 90 (89-91) 3(2-5)
Positive W4SS or CD4 <=200 cells/uL or WHO stage 3 or 4** 1 54 50 93 (82-97) 1 54 46 85 (73-92) 7 (3-18)

*According to WHO screening & diagnostic algorithm, AlereLAM testing for tuberculosis is advised if an inpatient has a positive W4SS (defined as one or more of the following: current cough,
fever, night sweats, or weight loss), a CD4 count <= 200 cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or more of the following: respiratory rate >30
breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided)

§Combinations are dependent on available variables

fScreening combination is either variable positive

tCalculated using meta-analysis of proportions

**One study by Bjerrum et al (2015) excluded from analysis as WHO stage 3 or 4 was part of inclusion criteria
Definition of abbreviations: W4SS = WHO four-symptom screen

36



Table S9 - Diagnostic yield of different diagnostic tests and sample types as a proportion of total microbiologically confirmed tuberculosis casest

Study nibrvention” _ omrals __Huerga Lawn™
Total sample size 1287 1287 387 420
Microbiological sample available 1282 779 385 420
Microbiologically confirmed tuberculosis| 209 82 115 143
Sputum culture + (%) - - - 58 (41%)
N - - - 209
Non-sputum culture + (%) - - - 70 (49%)
N - - - 420
Total culture + (%) - - - 109 (76%)
N - - - 420
Sputum Xpert + (%) 85 (41%) 82 (100%) 33 (29%) 57 (40%)
N 832 779 235 195
Urine Xpert + (%) 74 (35%) - - 89 (62%)
N 1270 - - 411
Total Xpert + (%)§ 122 (58%) - - 116 (81%)
N 1279 - - 414
Culture or Xpert + (%) 122 (58%) 82 (100%) 33 (29%) 139 (97%)
N 1279 779 235 420
Urine AlereLAM + (%) 158 (76%) - 101 (88%) 56 (39%)
N 1275 - 382 411
Urine FujiLAM + (%) - - - 115 (80%)
N - - - 410
Urine AlereLAM or urine Xpert + (%)8 179 (86%) - - 99 (69%)
N 1275 - - 411
Urine AlereLAM or sputum Xpert + (%)8 196 (94%) - 115 (100%) 87 (61%)
N 1282 - 385 414
Urine FujiLAM or sputum Xpert + (%)8 - - - 131 (92%)
N . . . 413

tDenominator for % is microbiologically confirmed

*Study by Gupta-Wright et al (2018) involved an intervention arm (systematically collected AlereLAM, urine Xpert, and
sputum Xpert) and control arm (systematically collected sputum Xpert only)

**The number (%) of all microbiologically cases diagnosed with concentrated urine Xpert was 82 (57%; 402 participants)
and with unconcentrated urine Xpert was 59 (41%; 405 participants).

fiDefined as any AlereLAM, Xpert, or culture positive.
8Yield calculated only if study collected all combination tests of interest
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Table S10 - The association between WHO-defined danger si

ons and tuberculosis{*

Variable** N Un a(nglz/sotg(Ij) OR N Ad(jéj 530;52 I?R
Any WHO-defined danger sign 1667 2.62 (2.01-3.43)
Individual WHO-defined danger signs
Inability to walk unaided 1282 3.33 (2.25-4.92) 1277 3.15 (2.1-4.72)
Respiratory rate >30 breaths/min 1279 1.86 (1-3.47) 1277 0.93 (0.44-1.96)
Heart rate >120 beats/min 1280 4.04 (2.68-6.09) 1277 3.31(2.13-5.13)
Body temperature >39°C 1282 [19.41(5.29-71.18) | 1277 |10.49 (2.61-42.14)

TDefinition of tuberculosis is a positive AlereLAM or sputum Xpert
*In the trial by Gupta-Wright et al (2018), we only included the intervention arm, which collected sputum
and urine for Xpert and urine for AlereLAM, and the 2 study sites were considered as separate cohorts
**For the analysis of any WHO-defined danger sign, both studies by Gupta-Wright et al (2018) and Huerga
et al (2021) contributed to the analysis. For each individual danger sign, only the study by Gupta-Wright et
al contributed to the analysis because it was the only study with available data on each individual danger

sign

Definition of abbreviations: OR = Odds ratio
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6162 studies screened against
title and abstract

Figure S1 - Study flow diagram

l

244 studies assessed for full-text
eligibility

A 4

5918 studies excluded

v

5 studies for which data were
sought

!

5 studies included in meta-
analysis
n=3,504

239 full-text articles excluded
90 specimens obtained only from participants
with symptoms
35 no data on WHO four-symptom screen
28 duplicated data
25 ineligible reference standard
23 outpatient population
10 retrospective study
9 review articles or editorials
7 community study
9 insufficient or irrelevant data
2 only participants with tuberculosis
1 case-control study
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Figure S2 - Forest plots of studies reporting proportion of inpatients eligible for AlereLAM testing according to WHO AlereLAM inpatient algorithm
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or CD4 <=200 cells/pL in HIV-infected inpatients

Proportion eligible

Study Events Total for AlereLAM testing 95% Cl
Bjerrum 62 62 R 1.00 [0.94:1.00]
Gupta-Wright 2365 2565 - 0.82 [0.91;0.93]
Huerga 358 380 — . 0.894 [0.91; 0.96]
Lawn 380 416 —mm 0.94 [0.91; 0.96]
Thit 0 hR4 0.93 [0.82; 098]
Pooled proportion 7T -==Z:::= 0.93 [0.91;0.95]
Heterogeneity: I° = 0%, T = 0.0116, p = 0.59 ! ! ! !

genety ? 0.85 0.9 0.95 1

Proportion
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or WHO-defined danger signs in HIV-infected inpatients

Proportion eligible
for AlereLAM testing 95% CI

0.91 [0.89;0.92]

0.92 [0.90;0.95]

0.91 [0.90;0.92]

Study Events Total
Gupta-Wright 2332 2574 —'——
Huerga 350 387 :
Pooled proportion 2961 ~$—
Heterogeneity: ¥ = 47%, T = 0, p=017 ! ! ! ! ! !
08 091 082 083 084 085
Proportion
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or WHO stage 3 or 4 in HW-infected inpatients

Proportion eligible
Study Events Total for AlereLAM testing a5% CI

Thit 43 54 : 0.89 [0.77; 0.96]
[ I I 1

0.8 0.85 0.9 0.95
Proportion
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or CD4 <=200 cells/puL or WHO-defined danger signs in HIV-infected inpatients

Proportion eligible
for AlereLAM testing 95% CI

0.92 [0.91; 0.94]

0.95 [0.92;0.97]

0.93 [0.92;0.94]

Study Events Total
Gupta-Wright 2374 2565 —'——
Huerga 361 380 :
Pooled proportion 2945 ~$—
Heterogeneity: ¥ = 66%, T = 0, p=009 ! ! ! ! !
g2 083 094 095 096
Proportion
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 + CDd4 <=200 cells/pL + WHO stage 3 or 4 in HIV-infected inpatients

Proportion eligible
Study Events Total for AlereLAM testing a5% CI

Thit 50 54 : 0.93 [0.82; 0.98]
[ I 1

0.85 0.9 0.95
Proportion
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Figure S3 - Forest plots of sensitivity and specificity estimates
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Figure S3A - Forest plots of sensitivity and specificity estimates for each screening test/strategy using AlereLAM as a reference standard
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Forest plot for
Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Sensitivity Specificity

Lawn |—-| 0.99 [0.92, 1.00] Lawn |—-—| 0.19[0.15, 0.24]
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Sensitivity Specificity
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Forest plot for
CXR (abnormal)
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Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)

Sensitivity

Bjerrum |—-—| 0.82[0.61, 0.94]
Gupta-Wright |--| 0.62 [0.56, 0.70]
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Forest plot for
Lymphadenopathy
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Forest plot for
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Forest plot for

Top: CD4 count <=200 cells/pL and Bottom: W4SS or CD4 count <=200 cells/uL
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Forest plot for
WA4SS or CXR (abnormal)
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Figure S3B - Forest plots of sensitivity and specificity estimates for each screening test/strategy using FujiLAM as a reference standard

Forest plot for
W4SS

Sensitivity

Specificity

Bjerrum ———={ o.98[0.84 1.00] Bjerrum

Lawn F—=| o.9910.95, 1.00] Lawn

084 092 1.00

58

I-l—| 0.01[0.00, 0.10]

F—=— o0.1210.09, 0.16]

0.00 0.08 0.16



Forest plot for

Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)
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Forest plot for
Top: Cough (any) and Bottom: Cough (>=2 weeks)
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Forest plot for

Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)
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Forest plot for
BMI (<18.5 kg/m?)
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Forest plot for
Lymphadenopathy
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Forest plot for

Top: CD4 count <=200 cells/pL and Bottom: W4SS or CD4 count <=200 cells/uL
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Forest plot for

Top: WHO AlereLAM algorithm and Bottom: AlereLAM alone
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Figure S3C - Forest plots of sensitivity and specificity estimates for each for each LF-LAM strategy using culture or Xpert as a reference standard
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Forest plot for
FujiLAM alone
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Figure S4 - Summary receiver operating characteristics curves (for tests/strategies with >=4 studies available)
Figure S4A - Summary receiver operating characteristics curves for each screening test/strategy using AlereLAM as a reference standard
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Figure S4B - Summary receiver operating characteristics curves for each LF-LAM strategy using culture or Xpert as a reference standard
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Figure S5 - Plot comparing number of AlereLAM positive tuberculosis cases missed with number of AlereLAM tests required for different tuberculosis
screening tests when screening a population of 1000 persons¥
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TUsing a reference standard of AlereLAM. The dashed line represents the number of AlereLAM positive tuberculosis cases diagnosed when applying x AlereLAM

tests at random among 1000 PLHIV. Tests closer to the bottom left corner would offer a better trade-off between tuberculosis cases missed and AlereLAM tests
required

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, Hb = haemoglobin, PLHIV = people living with HIV, W4SS = WHO four-symptom
screen
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