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Search terms

The search generally follows PICO: However, the search focusses on outcome (Tuberculosis) and intervention (urine LAM tests)
without restrictions regarding participants or comparator to avoid missing relevant papers.

MEDLINE (Pubmed)

#1 Outcome "Tuberculosis"[MeSH Terms] OR "Mycobacterium
tuberculosis"[MeSH Terms] OR
"Tuberculosis"[Title/Abstract] OR "TB"[Title/Abstract]

#2 Intervention Biomarker ((lipoarabinomannan(Title/Abstract]) OR
(LAM[Title/Abstract]) OR
(lipoarabinomannan[Supplementary Concept]))

#3 Intervention Test ("Alere"[Title] OR "AlereLAM"[Title] OR "Fujifilm"[Title] OR
"FujiLAM"[Title] OR "test"[Title] OR "assay"[Title] OR "point
of care"[Title] OR "point-of-care"[Title] OR "lateral
flow"[Title] OR "LFA"[Title] OR "antigen"[Title] OR
"Ag"[Title] OR "diagnostic*"[Title] OR "Silvamp"[Title] OR
"determine"[Title]) OR (urin*[Title/Abstract])

#4 (#1) AND (#2) AND (#3)

Web of Science

#1 Outcome TS=(Tuberculosis OR TB OR Mycobacterium tuberculosis)
#2 Intervention Biomarker TS=(lipoarabinomannan OR LAM)
#3 Intervention Test TI=( Alere OR AlereLAM OR Fujifilm OR FujiLAM OR test OR

assay OR point of care OR point-of-care OR lateral flow OR
LFA OR antigen OR Ag OR diagnostic* OR Silvamp OR
determine) OR TS=(urin*)

#4 #1 AND #2 AND #3
EMBASE
#1 Outcome tuberculsis OR 'mycobacterium tuberculosis':ti,ab
#2 Intervention Biomarker lipoarabinomannan OR lam:ti,ab
#3 Intervention Test urin*:ti,ab
#4 #1 AND #2 AND #3

ClinicalTrial.gov
Condition or Disease: Tuberculosis
Other terms: Lipoarabinomannan OR LAM

African Journals Online
Search Term: “Lipoarabinomannan or LAM”



Study level variables

e  Study identification
o  First Author
Corresponding author and email
Journal
Title
DOI
o Publication year
e  Study details
o Population age group (children <10 years, adolescent 10 to 18 years, adults 218 years, children & adolescent,
adolescent & adults, children & adolescent & adults, other (specify))
Population details
CD4 range (<100, <200, irrespective of CD4, other (specify)
Study design (RCT, cross-sectional, cohort, other (specify))
NCT (national clinical trial number)
Country(ies)
Number of sites
Clinical study setting (outpatient, inpatient, both (specify), unclear)
Inclusion criteria
Clinical status (symptomatic TB, asymptomatic, irrespective of TB symptoms)
Participant selection (consecutive, random, convenience, other (specify), unknown)
Timing (prospective, retrospective, unknown)
Sample size
=  Enrolled
= For diagnostic accuracy
= For diagnostic yield
Sputum sample type
Proportion of patients with non-induced sputum >50% (yes, no)
Sputum tests (SmearFluor; SmearZn; SmearUnspecified; Xpert; XpertUltra; MGIT; LJ; TLA; Other)
Xpert Version (G4, Ultra)
Other micro TB tests (bCulture, uCulture, uXpert, etc.)
Microbio on non-sputum samples (yes, no)
Chest X-ray (yes, no)
Urine LAM tests (AlereLAM; FujiLAM)
AlereLAM reference card and cut-off used (4LG1, 5LG2, Other, Unclear)
Specimens used LAM (fresh, frozen, unclear)
Index tests (availability and descriptions of methods for sputum smear microscopy, sputum NAATSs, AlereLAM incl.
cut-off, and FujiLAM, and/or other LAM tests)
Target condition (PTB, ETB, PTB&ETB, other (specify))
Reference standard definition used in study
o Study results
= AlereLAM (#Positive, Sensitivity, Specificity, diagnostic yield)
=  FujiLAM (#Positive, Sensitivity, Specificity)
= Xpert (#Positive, Sensitivity, Specificity, diagnostic yield)
=  Qritinal study reference standard (#Positive, #Negative)
o Denominator for dx yield definition
e Answers to QUADAS-2 signalling questions for risk of bias assessment (see below) for the four domains
o Patient selection
o Index test
o Reference standard
o Flow and timing

O O O O O O O 0O o0 O o0 O O O O O

O O O 0O O O o0 0 o0 0 O

o O



Patient level variables

Key variables [Exemplary coding is provided in brackets]

Patient study ID
Sputum results (for every available sputum specimen in case multiple specimen were collected)
o Sputum specimen available [yes, no]
o Sputum specimen collected in the first 48 hours? [yes / no / unknown]
o Sputum induction [yes / no / unknown / no sample collected]
o Smear microscopy result(s) [positive / negative / Unknown:TestfailedOrindet / Unknown:NotDone / Unknown:
OtherReason]
NAAT result(s) [positive / negative / Unknown:TestfailedOrindet / Unknown:NotDone / Unknown:OtherReason]
o  Culture result(s) with confirmed Mtb [positive / negative / NTM / Unknown:Contaminated
Unknown:TestfailedOrindet / Unknown:NotDone / Unknown:OtherReason]
Urine LAM results (for every available urine specimen in case multiple specimen were collected)
o Urine specimen available [yes, no]
o Urine specimen collected in the first 48 hours? [yes / no /unknown]
o AlereLAM [positive / negative / Unknown:TestfailedOrindet / Unknown:NotDone / Unknown:OtherReason]
Important: Please mention the cut-off and AlereLAM reference card used in the codebook. AlereLAM resultsin this
column should either use a
= (a) grade 1 cut-off based on the 4-grade reference card (tests produced by Alere after January 2014) or
= (b) grade 2 cut-off based on the 5-grade reference card. (tests produced by Alere before January 2014)
= Please add grading in a separate, additional column if available
o FujiLAM [positive / negative / Unknown:TestfailedOrindet / Unknown:NotDone / Unknown:OtherReason]
o Other LAM tests [positive / negative / no result]
HIV status [positive/ negative / indeterminate / unknown]
Recruitment setting [inpatient /outpatient /unknown]
CD4 count [result in cells per ul / unknown]
Clinical status [asymptomatic / symptomatic / unknown] (based on WHO symptom screen (2 weeks of cough or haemoptysis,
weight loss, fever or night swats) or as per study definition. Please add the study definition to the codebook)
Age [in years / unknown / if years can’t be provided Age group in line with age groups from this study is acceptable, age
groups are: children below 10 years, adolescent 10 to 18 years, adults greater or equal to 18 years)]
Sex [female/ male/ unknown]
Reference standard group results of primary study: TB diagnosis used in your primary study [TB / Non-TB / Probably TB / or
as per study definition / unknown] (Please use the groups as they are described in the published paper or provide us with
definitions in the codebook)
Patient included in main analysis group?: We request data for the full cohort (including patients unable to provide sputum or
urine) for this diagnostic yield meta-analysis. Typically, the main analysis of your study was performed in an analysis
subgroup. Please indicate in this column those included in your main analysis subgroup (e.g. for diagnostic accuracy analysis).
This will allow us to perform data checks [yes/no]

o

Additional variables based on availability [Exemplary coding is provided in brackets]

On ART [yes / no / unknown]
TB History [yes /no / unknown]
Date of admission or study recruitment date [dd.mm.yy / unknown]
Date of collection per sample [dd.mm.yy / not collected / unknown / missing sample]
Additional test results
o Ifavailable results from other reference standard definitions (microbiological reference standard (MRS), composite
reference standard (CRS), etc.) [positive / negative / unknown]
o If available other relevant results that were used for the definition of the TB diagnosis/denominator for diagnostic
yield calculation:
= Urine NAATSs (e.g. Xpert MTB/RIF and/or GeneXpert MTB/RIF Ultra result(s)) [positive / negative /
unknown]
=  Blood culture with confirmed Mtb [positive / negative / unknown / NTM / contaminated]
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Xpert or culture results from samples other than sputum [positive / negative / unknown]
Patient follow-up results [positive / negative / unknown]

Timepoint of follow-up visit

X-ray

TB treatment started [yes/no/unknown]

Mortality outcome

Timepoint of mortality outcome



Denominators

The meta-analysis denominator (MAD) is defined in the table below. LAM was not included in the denominator of the main analysis (MAD) but
a sensitivity analysis was conducted with LAM in the denominator (MAD+LAM).

Meta-analysis denominator (MAD) Meta-analysis denominator including Original non-harmonized study reference
(used for primary analysis) LAM (MAD+LAM) standard (OSR)
(used for sensitivity analysis) (used for descriptive overview only)

Microbiologically confirmed TB was used Same definition as MAD (on the left) but The main reference standard that was

as a denominator and defined as follows: in addition including participants with used in the original study and provided by
- Any culture (liquid or solid) LAM positive urine sample(s). the primary study authors. Typically
positive for Mtb from any primary studies used a culture-based
sample type or microbiological reference standard. Some
- Any Xpert positive for Mtb from studies included LAM in their reference
any sample type standard definition.

Samples include:

- Sputum

- Urine

- Blood

- Other extrapulmonary samples

o  Ascitic fluid

Bone marrow
Cerebrospinal fluid
Fine Needle aspirate
Lymph node aspirate
Gastric lavage
Bronchoalveolar
lavage
Pus
Pleural fluid
o Stool

O O O O O O

o O

Only microbiologically confirmed TB was
deemed TB positive. Possible TB or clinical
definitions of TB were deemed negative
because harmonisation across studies was
not feasible due to methodological
differences in the studies. For example
some studies included X-ray, others
follow-up data in the definition of clinical
TB.




Multivariable generalized linear mixed model (GLMM)

Let X;; a set of Bernoulli distributed random variables, whereby i =1,...n represents the individual in the population of
size nand tin {lama_48, sp_microl_48, lamaSSM, bf_lamfSSM, sp_xpertl_48, lamaSpxpert, lamfSpxpert, lamf_48}
the diagnostic test with success probability p;;.

For tin{lama_48, sp_microl_48, lamaSSM, bf _lamfSSM} we define the linear predictor

logit(py) = Bro + Braages + Brzlog (cd4)y + Brzinouty + Prasxy + Prsarty + Presexy + frynuspy +
rtagctryy;,

fortin {sp_xpertl 48, lamaSpxpert, lamfSpxpert}

logit(py) = PBro + Briager + Brxlog (cd4)y + Bezinouty + Brasxy + Brsarty + Presexy + Prynuspy +
Bi7xpvery; + r tagetryy; ,

and for t = lamf_48

logit(pei) = Bro + Briager + Bralog (cd4); + Prainouty; + Brasxy + Prsarty + Presexy; + Brynuspy;
with coefficients B;; and 1y, j=1,...7.

In the case of tin {sp1, ul} we further define

logit(pei) = Bro + Briager + Bralog (cd4); + Brainouty; + Prasxy + Prsarty + Presexy + 1 tagetryy;.
We imputed missing cd4 counts (denoted by cd4;;) via sampling from a normal distribution

cd4y; ~ N(Xg+o¢; arty; + <, sexy; + <3 inouty;, 1)

For all coefficients we chose standard Normal priors N(0,1).

Variable Description

age Age in years

art On ART

cd4 CD4 count

inout Recruitment Setting (inpatients, outpatients)

lama_48 Positive Alere LAM result for first urine available within 48 hours
lamf_48 Positive Fuji LAM result for first urine available within 48 hours
sex sex

sp_microl_48 Positive Smear microscopy for first sputum available within 48 hours

sp_xpertl_48  Positive Xpert result for first sputum available within 48 hours

spl First sputum available
SX TB symptoms
ul Urine sample available
xpver Was Xpert MTB/RIF or Xpert MTB/RIF Ultra used?
nusp Number of sputum Xpert and Cultures

Variable combining tag and country. Tag is the study and country the
Tagctry country
lamaSSM lama_48 positive or sp_microl_48 positive
lamfSSM lamf_48 positive or sp_microl_48 positive
lamaSpxpert lama_48 positive or sp_xpertl_48 positive
lamfSpxpert lamf_48 positive or sp_xpertl_48 positive



Detailed primary study characteristics and proportion of missing data

Study and Number Countries Design Study population & inclusion CD4 count ART T8 symptom TB reference standard Specimen available in the first 48 hours
acronym of IPD screen
Recruitment Median no On no Sympto- no . . Original study .
setting T8 symptom €D4 count (1aR) data ART data matic data MRS MRS including LAM reference standard Urine Sputum
positive unknown positive unknown positive unknown Urine all induced e):g:ec;a- dr:t’a
Broger et al
(2019)*; Lawn . . . .
etal (2015)% 218 South Africa  cohort inpatients ;'f' :5/’::;:2’;5 ;'f' ecsl;’fc""e ;ﬁ)(ss, 0% 0% 0% 90% 0% 33% 21% 2% 16% 33% 21% 98%  36% 1% 35% 64%
Lawn et al.
(2017)°
‘(::;'5‘;‘: °Xifgr' 252 ;ﬁ:g;s:’:a RCT outpatients i‘émpmma“c 4 Esé’:c“"e ﬁ;;gg' % a5% 0% 100% 0% 16% 0% 20% 0% 12% 2% 99%  100% 12% 88% 0%
(CZ';':Z"’:)‘Z' etal 589 Kenya cohort outpatients i‘;’“pwmat'c ;'f' ecsl;’fc""e 31;)(290' 64%  100% = 0% 100% 0% 5% 3% 15% 2% 15% 0% 100%  97% 0% 97% 3%
fz"o';';;;"gs etal 18 Uganda cohort inpatients jpmpromatic  IespRcNE NA(NANA) | 100% 4% 0% 100% 0% 14% 21% 38% 29% 38% 2% %% | 62% 0% 62% 38%
Floridia et al . cross- . irrespective irrespective 277 (142, o o o o o o, o o o 5 o
(20171, DREAM 997 Mozambique (2 outpatients et TR 305) 0% 0% 0% 35% 0% 9% 0% 10% 0% 10% 0% 95%  95% 0% 0% 100%
. inpatients N . .
gz;‘;f' al 295 Guatemala cohort and i‘;’“pwmat'c ;'f' ecsl;’fc""e ;38;48’ 1% 100% 0% 100% 0% 18% 20% 35% 1% 18% 20% 100%  79% 0% 0% 100%
outpatients
Gupta-Wright . . . . .
etal (2018)°, 1,093 Malawi; RCT inpatients irrespective irrespective 246 (83, 0% 85% 0% 90% 0% 9% 2% 16% 37% 16% 0% 99% 57% 0% 57% 3%
STAMP South Africa of symptoms of CD4 471)
inpatients N <
:'zl;j';g)fft al 278 Kenya cohort and ?émpmma“c ;ezl?f/w ;(1):)(48' 2% 9% 0% 100% 0% 25% 25% 47% 14% 29% 45% 100%  78% 4% 73% 23%
outpatients
- —
Huerga et al 279 Malawi; cohort outpatients  SYmptomatic <200 40 (16, 82) 0% 39% 0% 100% 0% 24% 16% 529% 10% 24% 16% 100%  79% 0% 79% 21%
(2019)"* Mozambique TB cells/ul
:'z‘;ezgff‘ al 481 Malawi cohort outpatients  SAMPromatic - especive gz;)(ls L 0% 89% 0% 100% 0% 9% 36% 21% 31% 9% 0% 100%  65% 0% 65% 35%
;‘;’fﬁf' al 2 Malawi cohort inpatients 4 iﬁ;:;";s 4 ecsé’:c"ve ;23)(49' % 8% | 0% 90% 0% 9% 38% 29% 28% 9% 38% 99% | 62% 0% 62% 38%
Kasaro etal 598 zambia cohort  outpatients  SymPtomatic irrespective 298 (134, 19%  40% 0%  100% 0% 14% 6% 16% % 12% 18% 86% | 87% 0% 87% 13%
(2020 ™ of CD4 453)
:‘::’1;;: al 600 South Africa  cohort outpatients gf' iiﬁ::;";s gf' ecsé’:cuve ;g;{gs, 1% 0% 0% 87% 0% 17% 10% 19% 9% 16% 0% 99%  85% 10% 75% 16%
Peteretal South Africa;
(2016), 1,257 ;'a':‘nfl:we RCT inpatients i‘émpmma“c gf'ecsl;’:a'"e 81 (26, 198) 8% 8% 0% 100% 0% 26% 7% 36% 5% 27% 7% 96% | 94% 3% 83% 14%
LAMRCT'® ’
Tanzania
Theron et al . . irrespective irrespective 291 (166,
(2021a, 740 South Africa  cohort outpatients 2% 0% 0% 62% 0% 14% 1% 16% 1% 11% 7% 99% 9% 11% 20% 69%
NCT03187964)7 of symptoms of CD4 478)
Theron et al . . irrespective irrespective 325 (200,
(2021b, 228 South Africa  cohort outpatients SRR ofood 249) 1% 0% 0% 31% 0% 17% 2% 18% 2% 15% 3% 100%  98% 0% 0% 100%
NCT03187964)"7
N inpatients . . . .
'(rzhl;;;;,?' 517 Myanmar cohort and ;rfr isFr’:C:;"r:S ;rfr ecsl;::cnve Zg)ﬂzs, 0% 70% 0% 53% 0% 8% 0% 1% 0% 10% 0% 100%  100% 0% 0% 100%
outpatients yme!
Zla(';;':g")'l';g et 417 South Africa zzifonal outpatients i‘émpmma“c l,r; ecsé’:c"ve 84 (29, 209) 2% 8% 0% 100% 0% 1% 2% 47% 1% 1% 2% 99%  65% 0% 0% 100%
~ inpatients . . <
Walke et al 181 South Africa <% and irrespective <100 35(13, 61) 0% 18% 0% 83% 0% 7% 4% 16% 2% 17% 0% 88%  46% 33% 12% 55%
(2022) sectional outpatients of symptoms cells/pl
Yoon et al . irrespective <350 149 (60, o o o o o, o o o " " "
(2019)7" 492 Uganda cohort outpatients of symptoms cells/jl 246) 0% 0% 0% 90% 0% 12% 0% 14% 0% 12% 21% 99% 100% 0% 100% 0%



Risk of bias assessment questionnaire based on QUADAS-2 and results
Domain | overar | Patientselection | ___indextest | Referencestandard | Flowandtimng |

Were
e Applicabil
test Applicabilit Were ity
P y the Summary concerns:
Summar Appiltlcabll EﬁﬁuAI:\j Summary concerns: de:fo(r:ﬁ-lat referenc Risk of Are there ST
y Risk of conczsrns and Risk of Are there or likely to e Bias: concerns Did all Did all Risk of
Was a Was a Did the Bias: Mottore sompaT | BiasCould  concerns % T standard ~ Couldthe thatthe tents | Patients  Were Y S
il @ consecuti case. study Could pheestbmi P ) the that the classif)y results reference target ?eceive receive all Coula
x ngcl e ve or control avoid the that the interoret conduct or index test, the target interpret standard, condition a the patients the
Signalling Question overall Risk random design inappropri selectio (e eg interpretati its conditign’7 ed its as referenc same include -
of Bias sample of avoige ate n of atients without on of the conduct, (Xpert : without conduct, defined o referenc din the pﬂow
patients s exclusions patients pdo - Kknowled index test or onl p=n0' knowled orits by the standar e analysi T
enrolled? : ? have T e of the have interpretati X yert +’ ge of the interpretati reference a7 standar s? T ElS
introduc | 9 introduced on differ P _ results on have standard ' d? X
A review results ; Culture= . ed bias?
ed bias? uestion? of the bias? from the es of the introduced does not
a : referenc review y index bias? match the
o question? test? review
standard question?
?
Broger et al (2019);
Lawn et al (2015) low yes yes yes low low yes low low yes yes low low yes no no low
Calligaro et al (2017) low yes yes yes low low yes low low yes yes low low yes yes yes low
Ciccacci et al (2021) high/unclear yes yes yes low low unclear unclear unclear no unclear unclear unclear yes yes yes low
Cummings et al (2019) high/unclear yes yes yes low low unclear unclear unclear no unclear unclear unclear unclear yes yes low
Floridia et al (2017) high/unclear yes yes yes low low unclear unclear low no unclear unclear unclear yes yes yes low
Gupta-Wright et al
(2018), STAMP low yes yes yes low low yes low low yes yes low low yes yes yes low
Huerga et al (2017) low yes yes yes low low yes low low yes unclear low low yes yes yes low
Huerga et al (2019) low yes yes yes low low yes low low yes yes low low yes no yes low
Huerga et al (2020) low yes yes yes low low yes low low no yes unclear low yes yes yes low
Huerga et al (2021) low yes yes yes low low yes low low no yes unclear low yes yes yes low
Kasaro et al (2020) high/unclear unclear yes yes unclear unclear unclear unclear low yes unclear unclear low yes yes no unclear
Lawn et al (2012) low yes yes yes low low unclear unclear low yes unclear low low yes yes yes low
Peter et al (2016) low yes yes unclear unclear unclear yes low low yes yes low low yes yes yes low
Theron et al (2021a,
NCT03187964) low unclear yes yes low low yes low low yes yes low low yes yes yes low
Theron et al (2021b,
NCTO03187964) low unclear yes yes low low yes low low yes yes low low yes yes yes low
Van Hoving et al (2019) low yes yes yes low low yes low low yes yes low low yes yes yes low
Yoon et al (2019) low yes yes yes low low yes low low yes yes low low yes yes unclear unclear
Thit et al (2017) low yes yes yes low low yes low low yes yes low low yes yes yes low
Garcia et al (2020) low yes yes yes low low yes low low yes yes low low yes yes yes low
Wake et al (2022) high/unclear Yes Yes Yes low low unclear high low yes unclear low low yes yes yes low

*High or unclear overall risk of bias was pre-defined using the following logic: 22 summary risk of bias (sRoB) questions answered as “high” OR 1 sRoB questions answered as “high” and 21 sRoB questions answered as “unclear” OR 22 sRoB questions answered as “unclear”
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Risk of bias assessment

Patient Selection

Index Test

Reference Standard

Flow and Timing

Overall

| | ! | I | | I |
T 1 1 1 r 1 1 1 1
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Risk of Bias Applicability Concerns

B High

|:| Unclear

. Low
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Two-day sputum and urine sample provision

Total Urine Sputum
TB Symptoms Setting CD4 . # . # % . # %
participants participants participants
any any 10202 9957 98% 8360 82%
Any inpatients any 3662 3585 98% 2531 69%
outpatients any 6540 6372 97% 5829 89%
any >200 4502 4393  98% 3744 83%
Any any 101-200 1797 1769 98% 1508 84%
any <=100 3138 3065 98% 2452  78%
any any 8525 8321 98% 6874 81%
TB symptoms inpatients any 3461 3388 98% 2457  71%
outpatients any 5064 4933  97% 4417 87%
No TB any any 1677 1636 98% 1486 89%
° inpatients  any 201 197 98% 74 37%
symptoms i
outpatients any 1476 1439 97% 1412 96%
any any 5638 5534 98% 4508 80%
| g inoatients any 1993 1966 99% 1084 54%
Unselected, P <200 1005 989  98% 545  54%
symptoms not
assessed
any 3645 3568 98% 3424 94%
outpatients  <=200 1613 1573  98% 1467 91%
<=100 864 832 96% 761 83%

Two-day sample provision per TB symptoms, setting and CD4 count groups. CD4 counts are in cells per pL.
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Analysis of variable effect — odds ratios

CD4 count
per 200 cells/uL decrease
TB symptom screen
symptomatic
asymptomatic
Setting
inpatient
outpatient
Age
per 10 years' increase
On ART
not on ART
on ART
Sex
female
male
Xpert cartridge
Xpert MTB/RIF

Xpert Ultra

Adjusted odds ratios demonstrating the effect of potential confounding variables on diagnostic yield for each
tuberculosis test among participants with tuberculosis based on the MAD. Odds ratios above one indicate higher
diagnostic yield and odds ratios below one lower diagnostic yield. Significant odds rations with credibility intervals not
including zero are highlighted with*. The effects of the key confounders are further analyzed in Figure 3 and Table 2 of
the main paper. Crl=credible interval. ART=HIV antiretroviral therapy. Xpert=Xpert MTB/RIF or Xpert Ultra assay.

Total n

1531

1538

77

685

930

1615

984

631

757

858

858

124

Urine AlereLAM
OR (95% Crl)

3.47 (2.77, 4.36)*

Reference condition

0.49 (0.21, 0.94) *

Reference condition

0.80 (0.49, 1.24)

0.93 (0.81, 1.06)

Reference condition

1.12 (0.84, 1.43)

Reference condition

0.77 (0.60, 0.98)*

Reference condition

1.00 (1.00, 1.00)

AlereLAM=Alere Determine TB LAM Ag assay.
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Sputum Xpert
OR (95% Crl)

1.04 (0.86, 1.25)

Reference condition

0.38 (0.21, 0.64) *

Reference condition

1.51(0.74, 2.61)

0.88 (0.77, 1.00)

Reference condition

1.21(0.89, 1.59)

Reference condition

1.01 (0.78, 1.29)

Reference condition

1.51(0.33, 4.41)

Sputum smear
microscopy
OR (95% Crl)

1.17 (0.97, 1.38)

Reference condition

0.40 (0.15, 0.87)*

Reference condition

0.77 (0.45, 1.26)

1.00 (0.86, 1.15)

Reference condition

0.89 (0.65, 1.16)

Reference condition

1.06 (0.79, 1.41)

Reference condition

1.00 (1.00, 1.00)



Tuberculosis diagnostic yield predictions as a function of CD4 count and setting

All participants Inpatients Outpatients

Urine AlereLAM
diagnostic yield in %
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Tuberculosis diagnostic yield predictions as a function of CD4 count and setting. The MAD based on microbiologically
confirmed tuberculosis was used as a denominator. Solid lines represent mean predictions, dashed lines 95% prediction
intervals, and dots the participant data. AlereLAM=Alere Determine TB LAM Ag assay. Xpert=Xpert MTB/RIF or Xpert
Ultra assay.
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FujiLAM Diagnostic yield prediction

Urine AlereLAM Sputum Xpert Sputum smear microscopy FujiLAM
Study PT/MAD Predicted diagnostic yield (95%Crl) PT/MAD Predicted diagnostic yield (95%Crl) PT/MAD Predicted diagnostic yield (95%Crl) PT/MAD Diagnostic yield (95%Crl)
Broger et al (2019) 61/140 43% (37, 50) ‘l— 37 /140 28% (22, 35) E = 271140 20% (15, 27) - 91/140  65% (57, 72) -
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Diagnostic yield in % Diagnostic yield in % Diagnostic yield in % Diagnostic yield in %

Diagnostic yields of urine AlereLAM, sputum Xpert, sputum smear microscopy, and FujiLAM for one study that allowed analysis of FujiLAM diagnostic yield.
Solid squares represent mean predicted diagnostic yields. Horizontal lines indicate 95% credible intervals. The vertical dashed green lines indicate the predicted
population mean (all datasets combined, see Figure 2A in the main paper). PT= number of positive tests from the first sample collected in the initial two days
after enrolment. MAD=number of positive patients as defined by the harmonized meta-analysis denominator based on microbiologically confirmed
tuberculosis. AlereLAM=Alere Determine TB LAM Ag assay. Xpert=Xpert MTB/RIF or Xpert Ultra assay. FujiLAM=Fuijifilm Silvamp TB LAM assay. Crl=credible
intervals
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FujiLAM Diagnostic yield prediction as a function of CD4 count and TB symptoms

All participants Participants without TB symptoms Participants with TB symptoms
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Diagnostic yield predictions as a function of CD4 count and TB symptoms. The MAD based on microbiologically
confirmed tuberculosis was used as a denominator. Solid lines represent predictions, dashed lines 95% prediction
intervals, and dots predictions for individual participants. AlereLAM=Alere Determine TB LAM Ag assay.
FujiLAM=Fuijifilm Silvamp TB LAM assay. Xpert=Xpert MTB/RIF or Xpert Ultra assay.
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GLMM model diagnostic yield predictions

Urine AlereLAM Sputum Xpert Sputum smear microscopy

Study PT/MAD Predicted diagnostic yield PT/MAD Predicted diagnostic yield PT/MAD Predicted diagnostic yield
Peter et al (2016) 147/326  46% x 135/326 42% x 140/326 42% x
Van Hoving et al (2019) 70/170 42% X 85/170  49% x 38/170  22% x
Broger et al (2019) 61/140 44% o 37/140  28% S 27/140  20% x
Theron et al (2021a) 16/107 17% L3 84/107  79% x 11/107 1% x
Lawn et al (2012) 25/100 24% x 53/100  53% x 19/100 20% x
Gupta-Wright et al (2018) 55/97 57% X 58/97 58% b
Floridia et al (2017) 26/90 29% X 72/90 80% x
Kasaro et al (2020) 16 /82 21% L 53/82 65% }l 16/82 20% x
Huerga et al (2017) 44 /69 61% > 50/69 73% x 37/69 54% X
Huerga et al (2019) 46 /67 65% » 54 /67 80% x 32/67 47% x
Yoon et al (2019) 12/61 21% X 44161 2% x
Garcia et al (2020) 32/53 55% o 43/53 81% x 19/53 36% x
Huerga et al (2020) 21/42 53% « 42142 99% X 36/42 84% x*
Thit et al (2017) 30/42 63% Xe 34/42 84% (3 13742 32% X
Calligaro et al (2017) 7140 20% & 36/40 89% * 5/40 15% x
Theron et al (2021b) 5/39 14% X 23/39 58% » 4/39 12% x
Huerga et al (2021) 19/33 60% « 33/33 99% * 26/33 76% »
Ciccacci et al (2021) 13/28 44% pe 28/28 99% ol
Cummings et al (2019) 1/17 62% » 17117 98% » 10/17 58% b
Wake et al (2022) 4/12 28% xe 1712 9% x 1/12 8% x
Overall summary measures 660/1615 41% 982/1615 61% 434/1339 33%

(')_2'(50 60 80 100 0 20 40 60_8((;‘00 (r)_2'0_40 60 80 100

Diagnostic yield in % Diagnostic yield in % Diagnostic yield in %

GLMM model diagnostic yield predictions for urine AlereLAM, sputum Xpert and sputum smear microscopy. Crosses
represent mean predicted diagnostic yields and purple dots diagnostic yields from proportions (PT/MAD). Grey violin
plots indicate the distribution of the data. Studies are sorted by size. PT= number of positive tests from the first sample
collected in the initial two days after enrolment. MAD=number of positive patients as defined by the harmonized meta-
analysis denominator based on microbiologically confirmed tuberculosis. AlereLAM=Alere Determine TB LAM Ag assay.
Xpert=Xpert MTB/RIF or Xpert Ultra assay.
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Quantification of random effect introduced by study (“heterogeneity”)

Study random effect

i

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Broger-19 Calligaro-17 Ciccacci-21Cummings-19* Floridia-17 Garcia-20 Gupta-W17 Huerga-17 Huerga-19 Huerga-20 Huerga-21* Kasaro-20 Lawn-12 Peter-16 TheronA-21 TheronB-21 Thit-17 VanHoving-19 Wake-22 Yoon-19

Study
Study random effect. Studies with a significant random effect are marked with *.
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Sensitivity analysis including LAM in the denominator (MAD-LAM)

Study

Urine AlereLAM

PT/MAD+LAM Predicted diagnostic yield

Sputum Xpert

PT/ MAD+LAM Predicted diagnostic yield

Sputum smear microscopy

PT/MAD+LAM Predicted diagnostic yield

Peter et al (2016)

Van Hoving et al (2019)
Broger et al (2019)
Theron et al (2021a)
Lawn et al (2012)
Gupta-Wright et al (2018)
Floridia et al (2017)
Kasaro et al (2020)
Huerga et al (2017)
Huerga et al (2019)
Yoon et al (2019)
Garcia et al (2020)
Huerga et al (2020)
Thit et al (2017)
Calligaro et al (2017)
Theron et al (2021b)
Huerga et al (2021)
Ciccacci et al (2021)
Cummings et al (2019)

Wake et al (2022)

264 /447

98/198

71171

26/ 117

37/112

130/172

36/100

27193

105/130

123 /144

20/69

81/102

79/100

201/213

17150

6/40

94 /108

76 /91

39/45

20/29

Overall summary measures 1550 / 2531

59%

50%

41%

24%

33%

75%

35%

29%

80%

84%

28%

77%

81%

93%

41%

18%

88%

82%

87%

69%

61%

| T, S, WL, T, .
0 20 40 60 80 100
Diagnostic yield in %

1357447

85/198

37/171

84 /117

53/112

58/172

72/100

53/93

50/130

54/ 144

44 /69

43/102

42/100

34/213

36/50

23/40

33/108

28/91

17145

1/29

982 /2531

30%

42%

23%

72%

47%

32%

70%

57%

38%

37%

64%

42%

42%

17%

72%

58%

30%

31%

37%

6%

39%

| O, S [, WO, .
0 20 40 60 80 100
Diagnostic yield in %

152 /447

38/198

27/171

117117

19/ 112

16/93

40/130

34/ 144

20/102

38/100

15/213

6/50

4/40

27/108

10/45

1/29

458 / 2099

33%

19%

16%

10%

18%

17%

31%

24%

19%

38%

8%

13%

1%

24%

21%

4%

22%

T 1T 1T 1T 1
0 20 40 60 80 100
Diagnostic yield in %

Diagnostic yields of urine AlereLAM, sputum Xpert and sputum smear microscopy using the meta-analysis denominator
including LAM (MAD-LAM). Crosses represent mean predicted diagnostic yields and red dots diagnostic yields from ratios. Grey

violin plots indicate the distribution of the data. Studies are sorted by size. PT= number of positive tests from the first sample
collected in the initial two days after enrolment. MAD-LAM=number of positive patients as defined by the harmonized meta-
analysis denominator based on microbiologically confirmed tuberculosis or a positive LAM test. AlereLAM=Alere Determine TB
LAM Ag assay. Xpert=Xpert MTB/RIF or Xpert Ultra assay.
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Sensitivity analysis including LAM in the denominator (MAD-LAM) with adjustment for test specificity

Imperfect test specificity leads to an overestimation of diagnostic yield. In this sensitivity analysis we adjusted the
diagnostic yield for test specificity by subtracting estimated number of false positives in the numerator and
denominator. This was done for all tests (AlereLAM; Xpert, and sputum smear microscopy). As an example we show
the approach for the AlereLAM adjusted yield:

PTLAM B FPLAM

DYaajustea,cam = m X 100%
Whereas:

FPray = PTpay x (1 — Specificitypam)

DYadjusted,Lam: AlereLAM diagnostic yield adjusted for test specificity

PTiam: Number of AlereLAM positive tests on the first sample collected in the initial 2 days after enrolment
FPLam: Number of expected false positive AlereLAM results

MAD: Number of reference-standard positive patients as defined by the harmonized meta-analysis denominator

Specificityiam: Specificity of AlereLAM based on published meta-analysis

N

Test : DY. ) Specificity  FP, Estin'fa.ted DY adjusted
Diagnosticyield ofthetest false positives

[ Urine AlereLAM 61.2% (1550/2531) 91% 140 59% (1411/2392)
1 Sputum Xpert 38.8% (982/2531) 98% 20 38.3% (962/2511)
[ Sputum smear microscopy (SSM) 21.8% (458/2099) 97% 14 21.3% (444/2085)
B3 Urine AlereLAM + sputum Xpert 83.1% (2104/2531) 89% 153 82% (1950/2378)
B Urine AlereLAM+SSM 82.1% (1724/2099) 88% 202 80.2% (1522/1897)
[] Tuberculosis cases missed 15.7% (398/2531)

Specificities are based on the estimates from meta-analyses by Bjerrum et al. 2019%2 for AlereLAM, WHQO’s consolidated
guidelines on tuberculosis for Xpert?3, and Steingart et al. 20062* for sputum smear microscopy.
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Sputum smear microscopy (SSM) diagnostic yield for different microscopy methods

Any SSM method Fluorescence SSM Ziehl-Neelsen SSM Unspecified method
Setting PT MAD DY PT MAD DY PT MAD DY PT MAD DY
Any 431 1283  34% 281 708 40% 13 109 12% 137 466 29%
Inpatients 236 581 40% 194 497 39% 0 0 NA 42 84 50%
Outpatients 195 702 28% 87 211 41% 13 109 12% 95 382 25%

Sputum smear microscopy (SSM) diagnostic yield in MAD positive participants with TB symptoms for different microscopy
methods and settings. PT=number of positive tests from the first sputum sample collected in the initial two days after enrolment.
MAD=number of positive participants as defined by the harmonized meta-analysis denominator based on microbiologically

confirmed tuberculosis. SSM=Sputum smear microscopy. Unspecified method=seven studies performed SSM but didn’t specify the
method used.

21



Urine AlereLAM diagnostic yield in patients unable to provide sputum

Two day diagnostic yield of AlereLAM in patients
unable to produce sputum using the MAD+LAM
denominator (n=462)

[ 78% (359/462) urine AlereLAM positive
[ 22% (103/462) tuberculosis cases missed

Urine AlereLAM diagnostic yield in patients unable to provide sputum. Number of detected tuberculosis patients by AlereLAM
on the first urine specimen obtained within two days of enrolment in all patients using microbiologically confirmed tuberculosis as
the meta-analysis denominator including LAM (MAD-LAM). AlereLAM=Alere Determine TB LAM Ag assay. MAD=Meta-analysis

denominator. LAM=Lipoarabinomannan.
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Overview of sensitivity analyses

Analysis Urine AlereLAM Sputum Xpert Sputum smear microscopy
PT / Denominator Predicted diagnostic PT / Denominator Predicted diagnostic PT / Denominator Predicted diagnostic
yield yield yield

Main analysis using random
effects meta-analysis 660/1615
(see Figure 2)

a41% 61% 32%
(95%Crl 15-66) 982/1615 (95%Crl 25-88) 434/1339 (95%Crl 10-55)

GLMM (random and fixed

0, 0, 0,
effects) using MAD 660/1615 41% 982/1615 61% 434/1339 33%

GLMM after excluding studies

with high or unclear Risk of 590/1386 43% 811/1386 58% 407/1228 33%
Bias

GLMM after excluding studies

that did not perform

microbiological testing on 122/319 38% 163/319 51% 86/284 30%
samples other than sputum

and urine

GLMM including LAM in the

Denominator (MAD—LAM, 1550/2531 61% 982/2531 39% 458/2099 22%
see above)

Diagnostic yield including

LAM in the Denominator

(MAD—LAM) with adjustment

for test specificity

1411/2392 59% 962/2511 38% 444/2085 21%
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Comparison of diagnostic yield to calculated diagnostic yields based on previous meta-analyses

Urine AlereLAM

Sputum Xpert

Sputum smear microscopy

fgns% cl) Sp (95%Cl) Reference Sn (95%Cl) Sp (95%Cl) Comment Reference Sn (95%Cl) Sp (95%Cl) Reference
Performance in PLHIV 77% (71-82) 98% (98-99) Xpert MTB/RIF, result A Horne et al. 201925 Chang et al
. 4 : 0, | 0, . .
reported in other Bjerrum 81% (75-86) 98% (97-99) Xpert MTB/RIF, result B Horne et al. 2019% S (R e (M) b ([5-) 201628
meta-analyses 42% (31-55) 91% (85-95) etal. 75% (59-86) 100% (99-100) Xpert MTB/RIF Zifodya et al. 202126
20192 79% (70-86) 98% (96-99) Xpert MTB/RIF Steingart et al. 2014%’ ) 657 e B Steingart et al.
88% (75-904) 93% (82-97) Xpert Ultra Zifodya et al. 2021%¢ ? 20062
Sample provision
reported in this IPD- 98% 82% 82%

MA

Calculated diagnostic
yield based on previous
meta-analysis
sensitivity and sample
provision from this IPD-
MA

(Sensitivity x sample
provision)

41%

Difference 0%

Comparison of diagnostic yield to calculated diagnostic yields based on sensitivity data from previous meta-analyses. The green row summarizes performance data from
meta-analysis that informed WHO policy. The yellow row includes two-day sample provision percentages from this IPD-MA. The light blue row includes calculated diagnostic
yields based on the sensitivities from the green row and the sample provision from the yellow row to estimate expected diagnostic yields based on previously published
evidence. The dark blue row compares the diagnostic yields from this IPD-MA to the expected diagnostic yields based on previously published meta-analyses. For AlereLAM
the diagnostic yield from this meta-analysis equal, for sputum Xpert the yield from this IPD-MA is 1 to 5 % lower, and for ZN sputum smear microscopy the yield is 3 % lower
compared to what would be than what would be expected based on previous meta-analyses. FM=Fluorescence microscopy. ZN=Ziehl-Neelsen microscopy. MA=Meta-analysis.

Diagnostic yield
reported in this IPD- 41%
MA

62-66% Xpert MTB/RIF
72% Xpert Ultra

-1to -5 % Xpert MTB/RIF

IPD-MA=Individual participant data meta-analysis. Sn=Sensitivity. Sp=Specificity.

43% FM
35% ZN

-11% FM
-3%ZN
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PRISMA-IPD Checklist

PRISMA-IPD Iltem  Checklist item Reported
Section/topic No on page
Title
Title 1 Identify the report as a systematic review and meta-analysis of individual participant data. Done
Abstract
Structured 2 Provide a structured summary including as applicable: Done
summary - - —— — - — - -

Background: state research question and main objectives, with information on participants, interventions, comparators and

outcomes.

Methods: report eligibility criteria; data sources including dates of last bibliographic search or elicitation, noting that IPD were

sought; methods of assessing risk of bias.

Results: provide number and type of studies and participants identified and number (%) obtained; summary effect estimates for

main outcomes (benefits and harms) with confidence intervals and measures of statistical heterogeneity. Describe the direction

and size of summary effects in terms meaningful to those who would put findings into practice.

Discussion: state main strengths and limitations of the evidence, general interpretation of the results and any important

implications.

Other: report primary funding source, registration number and registry name for the systematic review and IPD meta-analysis.
Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known. Done
Objectives 4 Provide an explicit statement of the questions being addressed with reference, as applicable, to participants, interventions, Not done

comparisons, outcomes and study design (PICOS). Include any hypotheses that relate to particular types of participant-level

subgroups.
Methods
Protocol and 5 Indicate if a protocol exists and where it can be accessed. If available, provide registration information including registration Done
registration number and registry name. Provide publication details, if applicable.
Eligibility criteria 6 Specify inclusion and exclusion criteria including those relating to participants, interventions, comparisons, outcomes, study Done

design and characteristics (e.g. years when conducted, required minimum follow-up). Note whether these were applied at the

study or individual level i.e. whether eligible participants were included (and ineligible participants excluded) from a study that

included a wider population than specified by the review inclusion criteria. The rationale for criteria should be stated.
Identifying 7 Describe all methods of identifying published and unpublished studies including, as applicable: which bibliographic databases Done
studies - were searched with dates of coverage; details of any hand searching including of conference proceedings; use of study registers
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information and agency or company databases; contact with the original research team and experts in the field; open adverts and surveys.
sources Give the date of last search or elicitation.
Identifying 8 Present the full electronic search strategy for at least one database, including any limits used, such that it could be repeated. Done
studies - search
Study selection 9 State the process for determining which studies were eligible for inclusion. Done
processes
Data collection 10 Describe how IPD were requested, collected and managed, including any processes for querying and confirming data with Done
processes investigators. If IPD were not sought from any eligible study, the reason for this should be stated (for each such study).
If applicable, describe how any studies for which IPD were not available were dealt with. This should include whether, how and
what aggregate data were sought or extracted from study reports and publications (such as extracting data independently in
duplicate) and any processes for obtaining and confirming these data with investigators.
Data items 11 Describe how the information and variables to be collected were chosen. List and define all study level and participant level data Done
that were sought, including baseline and follow-up information. If applicable, describe methods of standardising or translating
variables within the IPD datasets to ensure common scales or measurements across studies.
IPD integrity Al Describe what aspects of IPD were subject to data checking (such as sequence generation, data consistency and completeness, Done
baseline imbalance) and how this was done.
Risk of bias 12 Describe methods used to assess risk of bias in the individual studies and whether this was applied separately for each outcome. Done
assessmentin If applicable, describe how findings of IPD checking were used to inform the assessment. Report if and how risk of bias
individual assessment was used in any data synthesis.
studies.
Specification of 13 State all treatment comparisons of interests. State all outcomes addressed and define them in detail. State whether they were Done
outcomes and pre-specified for the review and, if applicable, whether they were primary/main or secondary/additional outcomes. Give the
effect measures principal measures of effect (such as risk ratio, hazard ratio, difference in means) used for each outcome.
Synthesis 14 Describe the meta-analysis methods used to synthesise IPD. Specify any statistical methods and models used. Issues should
methods include (but are not restricted to):
Done

e Use of a one-stage or two-stage approach.

e How effect estimates were generated separately within each study and combined across studies (where applicable).

e Specification of one-stage models (where applicable) including how clustering of patients within studies was accounted for.
e Use of fixed or random effects models and any other model assumptions, such as proportional hazards.

e How (summary) survival curves were generated (where applicable).

e  Methods for quantifying statistical heterogeneity (such as 12 and 12).

e How studies providing IPD and not providing IPD were analysed together (where applicable).

e How missing data within the IPD were dealt with (where applicable).
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Exploration of A2 If applicable, describe any methods used to explore variation in effects by study or participant level characteristics (such as Done
variation in estimation of interactions between effect and covariates). State all participant-level characteristics that were analysed as
effects potential effect modifiers, and whether these were pre-specified.
Risk of bias 15 Specify any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to not obtaining IPD | Done
across studies for particular studies, outcomes or other variables.
Additional 16 Describe methods of any additional analyses, including sensitivity analyses. State which of these were pre-specified. Done
analyses
Results
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the systematic review with reasons for exclusions at Done
and IPD each stage. Indicate the number of studies and participants for which IPD were sought and for which IPD were obtained. For
obtained those studies where IPD were not available, give the numbers of studies and participants for which aggregate data were
available. Report reasons for non-availability of IPD. Include a flow diagram.
Study 18 For each study, present information on key study and participant characteristics (such as description of interventions, numbers of | Done
characteristics participants, demographic data, unavailability of outcomes, funding source, and if applicable duration of follow-up). Provide
(main) citations for each study. Where applicable, also report similar study characteristics for any studies not providing IPD.
IPD integrity A3 Report any important issues identified in checking IPD or state that there were none. Not done
Risk of bias 19 Present data on risk of bias assessments. If applicable, describe whether data checking led to the up-weighting or down- Done
within studies weighting of these assessments. Consider how any potential bias impacts on the robustness of meta-analysis conclusions.
Results of 20 For each comparison and for each main outcome (benefit or harm), for each individual study report the number of eligible Done
individual participants for which data were obtained and show simple summary data for each intervention group (including, where
studies applicable, the number of events), effect estimates and confidence intervals. These may be tabulated or included on a forest plot.
Results of 21 Present summary effects for each meta-analysis undertaken, including confidence intervals and measures of statistical Done
syntheses heterogeneity. State whether the analysis was pre-specified, and report the numbers of studies and participants and, where
applicable, the number of events on which it is based.
When exploring variation in effects due to patient or study characteristics, present summary interaction estimates for each
characteristic examined, including confidence intervals and measures of statistical heterogeneity. State whether the analysis was
pre-specified. State whether any interaction is consistent across trials.
Provide a description of the direction and size of effect in terms meaningful to those who would put findings into practice.
Risk of bias 22 Present results of any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to the Done

across studies

availability and representativeness of available studies, outcomes or other variables.
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Additional 23 Give results of any additional analyses (e.g. sensitivity analyses). If applicable, this should also include any analyses that Done

analyses incorporate aggregate data for studies that do not have IPD. If applicable, summarise the main meta-analysis results following the
inclusion or exclusion of studies for which IPD were not available.

Discussion

Summary of 24 Summarise the main findings, including the strength of evidence for each main outcome. Done

evidence

Strengths and 25 Discuss any important strengths and limitations of the evidence including the benefits of access to IPD and any limitations arising | Done

limitations from IPD that were not available.

Conclusions 26 Provide a general interpretation of the findings in the context of other evidence. Done

Implications A4 Consider relevance to key groups (such as policy makers, service providers and service users). Consider implications for future Done
research.

Funding

Funding 27 Describe sources of funding and other support (such as supply of IPD), and the role in the systematic review of those providing Done

such support.
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1. Acronyms

Alere Determine TB LAM Ag test AlereLAM
Fujifilm SILVAMP TB LAM FujiLAM
Generalized linear mixed model GLMM
GeneXpert MTB/RIF or GeneXpert MTB/RIF Ultra Xpert
Individual patient data meta-analysis IPD-MA
Intention-to-test ITT
Interquartile range IQR
Lipoarabinomannan LAM
Modified Intention-to-test MITT
Mycobacterium tuberculosis Mtb
Per Protocol Population PP
Prediction Interval Pl
Meta-analysis denominator MAD
Sputum Smear Microscopy SSM
Statistical Analysis Plan SAP
Positive Test PT
Tuberculosis TB

2. Background, introduction and purpose of SAP

This document describes the statistical analysis plan for the following systematic review: Diagnostic yield of urine lipoarabinomannan and sputum
tuberculosis tests: a systematic review and meta-analysis of individual patient data. The systematic review was specified in the Systematic Review
Protocol  from February 6t 2021 and pre-registered  on February 14t on PROSPERO (available under:
https://www.crd.york.ac.uk/prospero/display record.php?RecordlD=230337). The purpose of this document is to define the data analysis
strategy and to describe the statistical methods that will be used. This document will also be used to gather feedback from investigators of
included studies to reach consensus on the analysis.

3. Review questions and analyses

The primary question of this study is: What are the TB diagnostic yields of (1) urine LAM point-of-care tests on the first available urine sample and
(2) sputum nucleic acid amplification tests (NAATs) on the first available sputum sample and (3) sputum smear microscopy (SSM) on the first
available sputum sample against a harmonized, meta-analysis denominator (MAD, see definition below) across studies meeting the inclusion
criteria?

Analyses, subgroup analyses and sensitivity analyses will be done for four different populations as defined in the Analysis populations section
below.

The primary and secondary objectives and related analyses are summarized in the following table:

Primary Objectives

1.1 To determine the TB diagnostic yield of urine AlereLAM,
urine FujiLAM, sputum Xpert*, and SSM# from the first
baseline diagnostic sample collection attempt$ against
the reconstructed meta-analysis denominator (MAD)

Analysis

Pooled estimates of diagnostic yield and 95%
prediction intervals (Pl) of AlereLAM, FujiLAM, Xpert,
and SSM using fixed or random-effect meta-analysis
using a GLMM method. Further details are provided in
the statistical section below.

Analysis

Pooled estimates of combined diagnostic yield and

Secondary Objectives
2.1 To determine the combined TB diagnostic yield of urine

AlereLAM and sputum Xpert* from the first baseline
diagnostic sample collection attempt® against the
reconstructed meta-analysis denominator (MAD)

95% prediction intervals (Pl) using fixed or random-
effect meta-analysis using a GLMM method. Further
details are provided in the statistical section below.

2.2

To determine the combined TB diagnostic yield of urine
FujiLAM and sputum Xpert* from the first baseline
diagnostic sample collection attempt$ against the
reconstructed meta-analysis denominator (MAD)

Asin 2.1

2.3

To determine the combined TB diagnostic yield of urine
AlereLAM and SSM* from the first baseline diagnostic
sample collection attempt?® against the reconstructed
meta-analysis denominator (MAD)

Asin 2.1

2.4

To determine the combined TB diagnostic yield of urine
FujiLAM and SSM* from the first baseline diagnostic

Asin 2.1
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sample collection attempt® against the reconstructed
meta-analysis denominator (MAD)

2.5 Adults: To determine the proportion of patients that can Pooled estimate of percentage and 95% prediction
provide a baseline urine. Separately proportion of intervals per sample collection method.
patients that can provide a non-induced sputum baseline
sample.

Children: To determine the proportion of patients that
can provide a baseline urine, non-induced sputum,
induced sputum, gastric aspirate (GA), nasopharyngeal
aspirate (NPA), gastric lavage (GL) (if data can be
obtained from primary studies).

* Xpert MTB/RIF and Xpert MTB/RIF Ultra will be combined and treated equivalent but subgroup analysis of Xpert MTB/RIF vs. Xpert MTB/RIF
Ultra is planned. Reporting on other NAAT’s will be done separately if relevant studies will be identified.

# Ziehl-Neelsen and Fluorescence Microscopy will be combined and treated equivalent. This will be communicated as a study limitation

§ the first baseline diagnostic sample collection attempt is defined as the first attempt to collect a urine or sputum sample within the first 2 days
of including a patient in the study. Typically, the attempts to collect these samples are done on the day of enrolment.

4. Analyses Populations

The prototype flow diagram below defines four analyses populations which will all be analysed separately to determine diagnostic yield.
Currently it is planned to have separate publications for Studies with Children <15 years of age (PP3 and PP4) and Adults&adolescents 215 years
(PP1 and PP2).

ITT: Intention-to-test, patients potentially eligible for enroliment and dx yield analysis

Excluded
- withdrew consent or refused
- died before any specimen could be collected
- taking TB treatment
- readmissions
- other reason or unspecified in study dataset

Y

MITT: Modified Intention-to-test, patients eligible for enrollment and dx yield analysis

Excluded
- missing data in study dataset (including dx yield relevant patient data t
that couldn't be provided by investigators)
- other reason (to be specify)

\4

\4

PP: All Studies and Patients Per Protocol Population, Included in diagnostic yield
assessment

Studies attempted to perform at
least AlereLAM and Xpert

Studies that attempted to
perform FujiLAM, AlereLAM
and Xpert
Studies with PP1: AlereLAM/Xpert in PP2: FujiLAM/AlereLAM/Xpert in
Adults & Adults&Adolescents Adults&Adolescents
Adolescents
(=15 years)
Studies with PP3: AlereLAM/Xpert in PP4: FujiLAM/AlereLAM/Xpert in
Children Children Children
(<15 years)
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5. Denominator

Meta-analysis denominator (MAD)

The MAD is defined in the table below. LAM will initially be excluded from the denominator but a sensitivity analysis will be conducted with

LAM in the denominator.

Adults and Adolescents

Children

Microbiologically confirmed TB will be used as a
denominator and defined as follows:
- Any culture (liquid or solid) positive for Mtb
from any sample type or
- any Xpert positive for Mtb from any sample type

Only microbiologically confirmed TB will be deemed TB
positive. Possible TB or clinical definitions of TB will be
deemed negative because harmonisation across studies is
not feasible. This will be mentioned as a limitation.
Unclear cases will be discussed with the authors from the
primary study.

All confirmed TB or unconfirmed TB cases based on the
study definition.

To the extent possible and in close discussions with
authors of the primary study the case definition will be
harmonized towards the consensus definitions from

Graham et al. 2015. (1)

In summary Graham et al. definitions are:

Confirmed TB is defined as microbiologically confirmed TB
(culture or Xpert from at least 1 respiratory specimen).
Unconfirmed TB is defined as bacterial confirmation NOT
obtained, and at least 2 of the following: (i)
symptoms/signs suggestive of TB (persistent cough,
weight loss/failure to thrive, persistent unexplained fever,
persistent unexplained lethargy or reduced playfulness)
(i) chest radiograph consistent with TB, (iii) Close TB
exposure or immunologic evidence of Mtb infection, (iv)
positive response to TB treatment

Justification: In contrast to adults, microbiological
diagnosis of TB in children is difficult and yield is low.

6. Description of analyses and statistical methods
PRISMA Flow Diagram

The number of studies identified, screened, eligible and included will be described in a PRISMA Flow Diagram.

Descriptive statistics

The number of participants included and excluded will be reported using a STARD-like flow diagram (see prototype diagram above). Descriptive
statistics tables will be generated to summarize the characteristics of the participants in the PP populations like in the following prototype

table:
Overall, N Study 1, N Study k, N
median (IQR) median (IQR) median (IQR) median (IQR)
Country
South Africa N (%) N (%) N (%) N (%)
Kenya N (%) N (%) N (%) N (%)
Malawi N (%) N (%) N (%) N (%)
Mozambique N (%) N (%) N (%) N (%)
Zimbabwe N (%) N (%) N (%) N (%)
Tanzania N (%) N (%) N (%) N (%)
Uganda N (%) N (%) N (%) N (%)
Zambia N (%) N (%) N (%) N (%)
N (%) N (%) N (%) N (%)
Age group
Children: Age <2 N (%) N (%) N (%) N (%)
Children: Age >2, <5 N (%) N (%) N (%) N (%)
Children: Age >5, <15 N (%) N (%) N (%) N (%)
Age 215, <18 N (%) N (%) N (%) N (%)
Age >18 N (%) N (%) N (%) N (%)
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Sex
Female N (%) N (%) N (%) N (%)
Male N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
HIV Positive N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
CDA4 cell count, if HIV positive median (IQR) median (IQR) median (IQR) median (IQR)
CD4 group, if HIV positive
CD4 < 100 cells/mm3 N (%) N (%) N (%) N (%)
CD4 101-200 cells/mm? N (%) N (%) N (%) N (%)
CD4 > 200 cells/mm3 N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
HIV-associated immunosuppression
(for children, by WHO age -specific CD4% or
count cut-offs, if HIV positive)
Severe® N (%) N (%) N (%) N (%)
Not severe® N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
On ART, if HIV positive N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
Prior TB History N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
WHO TB symptom screen
Symptomatic N (%) N (%) N (%) N (%)
Asymptomatic N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
Recruitment Setting
Inpatient N (%) N (%) N (%) N (%)
Outpatient N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
Baseline Sputum 1§ available N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
Sputum induced N (%) N (%) N (%) N (%)
Unknown N (%) N (%) N (%) N (%)
Sputum Xpert 1§ Positive N (%) N (%) N (%) N (%)
Sputum Culture 1§ Positive N (%) N (%) N (%) N (%)
Sputum Smear 1§ Positive N (%) N (%) N (%) N (%)
Baseline Urine 1§ available N (%) N (%) N (%) N (%)
Urine AlereLAM 1§ Positive N (%) N (%) N (%) N (%)
Urine FujiLAM 1§ Positive N (%) N (%) N (%) N (%)
Meta-analysis denominator (MAD) Positive N (%) N (%) N (%) N (%)
Meta-analysis denominator including LAM N (%) N (%) N (%) N (%)
(MAD-LAM) Positive

$HIV-associated severe immunosuppression by WHO recommended age-appropriate CD4% or count cut-off: <12 months: <25%, 12-35 months:
<20%, >36 months: <15%) or, in absence of CD4 % data, in terms of CD4 count (age <12 months: <1500 cells/mm3, 12-35 months: <750
cells/mm3, >36 months <350 cells/ mm3)

§ the first baseline diagnostic sample collection attempt is defined as the first attempt to collect a urine or sputum sample within the first 2 days
of including a patient in the study. Typically, the attempts to collect these samples are done on the day of enrolment.

Diagnostic yield

Point estimates (and 95% prediction intervals (Pl) respectively confidence intervals (Cl’s)) of diagnostic yield for each test (sputum Xpert, SSM,
urine AlereLAM, urine FujiLAM) and each study will be derived on the PP populations. The diagnostic yield of a test is the proportion of TB cases
identified by this specific diagnostic test among the TB cases identified by the denominator. Diagnostic yield is defined as follows:

DY

T
= X 0,
VAD 100%
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Whereas:
DY: diagnostic yield
PT: Number of positive Tests

MAD: Number of positive patients as defined by the harmonized Meta-Analysis Denominator (MAD).

Diagnostic yield for the different tests will be presented for all studies, for the different per protocol populations (PP’s), and denominators in
forest plots like in the following prototype figure:

Population: PP1 / Donominator MAD

Sputum Xpert FujiLAM

Study Diagnostic Yield 95% Cl Diagnostic Yield 95% CI

Study 1 40/60  67% (54-77) —_— 40/60 67% (54-77) —
Study 2 — —_—
Study 3 —-— I
Study 4 - ——
Study 5 - S
Study 6 —— I
Study 7 —— —
Study 8 —— ——

Radom effects model : l<>[' — —_—

(12=92%, tau=0.923, p < 0.01) .

0.2 04 06 0.8

diagnostic yield

1

T 5 4
0 02 04 06 08 1

diagnostic yield

SSM AlereLAM
Study Diagnostic Yield 95% Cl Diagnostic Yield 95% Cl
Study 1 40/60  67% (54-77) —_— 40/60 67% (54-77) —_—
Study Z - —
Study 3 - i
Study 4 - ——
Study 5 - ‘-
Study 6 e ——
Study 7 —_—— ——
Study 8 —-— ——
Radom effects model g ‘Iol 3 —_—

12=92%, tau=0.923, p < 0.01
0

Individual patient data meta-analysis

We will follow a one-stage IPD meta-analysis approach. (2) We will either perform a random or mixed-effects IPD meta-analysis to estimate the

0.2 04 06 0.8

diagnostic yield

1

T 1 T 1
0 02 04 06 08 1

diagnostic yield

pooled diagnostic yield. We envision using a Generalized linear mixed model (GLMM) in the R packages (i.e. meta and Ime4, likely function

Imer) with further possible refinement and revision of the approach as needed. Random effect models account for heterogeneity across studies

and mixed effect models partially account for heterogeneity across studies. In case of non-convergence of the model we will consider a two-

stage approach.

Heterogeneity

Heterogeneity will be explored by visual inspection of forest plots and by using meta-regression on the following pre-specified covariates:

- Recruitment setting
- CD4 counts

- HIV status (if sufficient patient numbers)

- WHO TB symptom screen

- Proportion of patients with sputum available (defined below)
- Sputum provision (defined below)
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Data checking, cleaning and merging

For each individual dataset, an overview analysis will be conducted to compare the information from the dataset with that in the original
publication. If discrepancies are found which cannot be resolved, the database contributor will be contacted for clarifications. An overview
table recording the presence or absence in each of the datasets of critical and secondary variables, relevant for the final analysis will be created.

During the data cleaning stage, variables will be renamed and grouped in a standardized way to enable merging across datasets. The individual
datasets will be identified using indicator variables. Further indicator variables will be created to enable sub-group analyses (e.g. age group,
setting, etc.).

Missing data and Data Imputation

The meta-analysis statistician will first identify the type of missing data (systematically (i.e., variables missing for an entire study dataset) and
sporadically missing data (i.e. variables missing for certain patients within a study). We will train a logistic or linear regression model to predict
missing values and impute them as appropriate.

Definition of subgroups
The following subgroups of study participants will be considered for a stratified analysis of the primary endpoint:

Sub-group Rational Subgroup classification
HIV status Diagnostic yield is expected -HIV+
to be influenced by HIV status | -HIV-
-Unknown
CD4 strata To determine if LAM tests -HIV+CD4 < 100

reach higher yields in patients | -HIV+CD4 101-200
with low CD4 counts (as is the | -HIV+ CD4 > 200

case for AlereLAM) -HIV+ with unknown CD4 count
-HIV- with unknown CD4 count

Sputum provision Diagnostic yield of LAM- -expectorated/non-induced first sample

based tests is of particular -induced first sample

interest in patients unable to | -Unknown

expectorate sputum
Recruitment Setting Diagnostic yield and sample -Inpatient

provision might be influenced | -Outpatient

by setting to which -Unknown

participants present for

evaluation
WHO TB symptom Diagnostic yield and sample -Symptomatic
screen provision might be influenced | -Asymptomatic

by current symptoms -Unknown
Proportion of Diagnostic yield is influenced | - studies where >50% of patients provided a non-induced
patients with non- by sample provision which sputum sample
induced sputum could vary due to training and | - studies where <50% of patients provided a non-induced
available (Adults only) | attempts by study staff sputum sample
Age group < 2years

> 2 years <5 years
2 5 years <15 years
> 15 years <18 years
> 18 years
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Denominator There could be different - Unclear number of valid results from sputum-based Xpert
strength yields depending on or culture
robustness of the - <1 valid results from sputum-based Xpert or culture
denominator - 22 valid results from sputum-based Xpert or culture
Xpert version Xpert Ultra has higher -Sputum Xpert 1 using Xpert MTB/RIF
sensitivity than Xpert -Sputum Xpert 1 using Xpert MTB/RIF Ultra

Sensitivity Analyses
Additional planned sensitivity analyses include:

Including any LAM postive (either AlereLAM or FujiLAM positive) in the meta-analysis denominator (MAD)
Excluding studies that didn’t perform microbiological testing on samples other than sputum and urine
Excluding studies with high or unclear risk of bias. I.e. studies with:

o  22risk of bias (RoB) questions answered as “high” or

o 1RoB questions answered as “high” and 21 RoB questions answered as “unclear” or

o 22 RoB questions answered as “unclear”

Limitations

Inferring diagnostic yield indirectly by assuming that the MAD represents all patients in the population with the disease and does not
include false positives.

The main analyses where only microbiologically confirmed TB is included in the denominator, will underestimate the diagnostic yield
of LAM (i.e. in the studies with no extensive sampling) as patients with no Xpert/culture result (whether because they did not produce
sputum or because these tests were not available) will be excluded from the analyses. The sensitivity analysis including LAM will
overestimate the diagnostic yield of the LAM tests since all positive LAM results will be assumed to be true positives.

Patients with high total burdens/disseminated TB usually have immunosuppression and poor ability to make sputum. So if a study
wanted sputum (e.g. for reference standard microbiology) and excluded sputum scarce patients (by not doing induction) or by putting
emphasis on sputum production, they are likely underestimating urine test yield.

Sputum induction and for children NPA, GA, and GL might be very variable depending, in parts, on experience of study staff

Xpert MTB/RIF and Xpert MTB/RIF Ultra will be combined and treated equivalent. However sub-group analysis is planned.
Ziehl-Neelsen and Fluorescence Microscopy will be combined and treated equivalent.

For adults only microbiologically confirmed TB will be deemed TB positive in the denominator. Possible TB or clinical definitions of TB
will not be deemed positive because harmonisation of clinical definitions of TB across studies is not feasible. The MAD based on
microbiologically confirmed TB might underdiagnose TB.

7. Statistical software

The analysis will be performed using the R statistical language (version 4.1.0 or higher), and Microsoft Excel 2017 (version 15.34 or higher) for a
visual inspection of the data. The datasets and the code developed for the analysis will be versioned and will allow the reproducibility of the

results at a later stage.

8. Timeline

Study datasets first deadline: 30.06.2021

SAP draft sent to co-authors for comments: 31.07.2021

Final study datasets shared last deadline: 31.08.2021

Offer alignment meeting re SAP to co-authors: August 2021

E-mails with co-authors to resolve data issues: August/September 2021
Statistical analysis: September/October 2021

Presentation of preliminary findings to co-authors: November 2021
Presentation of draft manuscript to co-authors: November/December 2021
Incorporation of feedback and submission of manuscript: December 2021
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Two day diagnostic yields in the subset of studies that assessed SSM

A,\

325

[ ] 41% (554/1339) urine AlereLAM

[] 58% (780/1339) sputum Xpert

- 74% (985/1339) urine AlereLAM + sputum Xpert
[ ] 24% (325/1339) tuberculosis cases missed

[ 32% (434/1339) sputum smear microscopy (SSM)
= 54% (728/1339) urine AlereLAM + SSM

Two day diagnostic yield using the MAD in the subset of studies with results for all three tests SSM, urine AlereLAM
and sputum Xpert. The MAD based on microbiologically confirmed tuberculosis was used as a denominator.
AlereLAM=Alere Determine TB LAM Ag assay. Xpert=Xpert MTB/RIF or Xpert Ultra assay. SSM=sputum smear
microscopy
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