Articles

Urine-Xpert Ultra for the diagnosis of tuberculosis in people
living with HIV: a prospective, multicentre, diagnostic
accuracy study
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Klaus Reither, Lydia Nakiyingi, Peter MacPherson, Graeme Meintjes, Morten Ruhwald, FujiLAM Study Consortium

Summary

Background Diagnostic delays for tuberculosis are common, with high resultant mortality. Urine-Xpert Ultra
(Cepheid) could improve time to diagnosis of tuberculosis disease and rifampicin resistance. We previously reported
on lot-to-lot variation of the Fujifilm SILVAMP TB LAM. In this prespecified secondary analysis of the same cohort,
we aimed to determine the diagnostic yield and accuracy of Urine-Xpert Ultra for tuberculosis in people with HIV,
compared with an extended microbiological reference standard (eMRS) and composite reference standard (CRS) and
also compared with Determine TB LAM Ag (AlereLAM, Abbott).

Methods In this prospective, multicentre, diagnostic accuracy study, we recruited consecutive inpatients and
outpatients (aged =18 years) with HIV from 13 hospitals and clinics in seven countries (Malawi, South Africa,
Tanzania, Thailand, Uganda, Viet Nam, and Zambia). Patients with no isoniazid preventive therapy in the past
6 months and fewer than three doses of tuberculosis treatment in the past 60 days were included. Reference and
index testing was performed in real time. The primary outcome of this secondary analysis was the diagnostic yield
and accuracy of Urine-Xpert Ultra compared with the eMRS and CRS. Diagnostic accuracy was compared with
AlereLAM and diagnostic yield was compared with both AlereLAM and Sputum-Xpert Ultra. This study was registered
with ClinicalTrials.gov, NCT04089423, and is complete.

Findings Between Dec 13, 2019, and Aug 5, 2021, 3528 potentially eligible individuals were screened and 1731 were
enrolled, of whom 1602 (92-5%) were classifiable by the eMRS (median age 40 years [IQR 33-48], 838 [52-3%] of 1602
were female, 764 [47-7%] were male, 937 [58-5%)] were outpatients, 665 [41-5%] were inpatients, median CD4 count
was 374 cells per pL [IQR 138-630], and 254 [15 - 9%)] had microbiologically confirmed tuberculosis). Against eMRS as
reference, sensitivities of Urine-Xpert Ultra and AlereLAM were 32-7% (95% CI 27-2-38-7) and 30-7% (25-4-36-6)
and specificities were 98-0% (97-1-98- 6) and 90-4% (88-7-91-8), respectively. Against CRS as reference, sensitivities
of Urine-Xpert Ultra and AlereLAM were 21-1% (95% CI 17-6-25-1), and 30-5% (26-4-34-9), and specificities were
99-1% (98-3-99-6) and 95-1% (93-5-96-3), respectively. The combination of Sputum-Xpert Ultra with AlereLAM or
Urine-Xpert Ultra diagnosed 202 (77-1%) and 204 (77-9%) of 262 eMRS-positive participants, respectively, in
incompletely overlapping groups; combining all three tests diagnosed 214 (81-7%) of 262 eMRS-positive participants

Interpretation Urine-Xpert Ulira could offer promising clinical utility in addition to AlereLAM and Sputum-Xpert
Ultra. In inpatient settings where both AlereLAM and Urine-Xpert Ultra are possible, both should be offered to
support rapid diagnosis and treatment.
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Introduction
Tuberculosis is a leading infectious cause of death

diagnosis due to severe illness, mental state alterations,
or exclusively extrapulmonary disease, and reliance on

worldwide' and among people with HIV it is the leading
cause of death and hospitalisation.”* People with HIV
and tuberculosis often die before diagnosis or soon
after treatment initiation, after diagnostic delays.“*
People with HIV might also be unable to produce
sputum that is commonly used for tuberculosis
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sputum testing might lead to missed diagnoses.” An
urgent call has been made for rapid, non-sputum-
based diagnostics of tuberculosis that can, ideally, be
performed at point of care.®

Two randomised controlled trials have shown a survival
benefit when a Determine TB LAM Ag assay (AlereLAM;
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Research in context

Evidence before this study

We searched PubMed on Aug 7, 2024, without date or language
restrictions, for research articles that evaluated the diagnostic
accuracy of Urine Xpert using the search terms (“tuberculosis”
OR “TB”) AND (“urine” OR “urinary”) AND (“Xpert” OR
“cepheid”). Our search identified 31 relevant studies, of which
23 assessed the MTB/RIF cartridge and eight assessed the Ultra
cartridge. Cohorts included people living with or without HIV,
or a combination, and adults and paediatric populations. When
available, estimated sensitivities ranged from 0% to 100% with
the MTB/RIF cartridge and from 14% to 41% with the Ultra
cartridge. Reported specificities ranged from 54% to 100% with
the MTB/RIF cartridge and from 98% to 99% with the Ultra
cartridge. Diagnostic yield was rarely reported but ranged from
5% to 78% for the MTB/RIF cartridge and from 2-3% to 14% for
the Ultra cartridge. To our knowledge, the largest study to
investigate Ultra to date had 732 participants recruited from a
single ambulatory centre in South Africa. One randomised
controlled trial (the STAMP trial) assessed the effect of the
addition of AlereLAM and Urine Xpert MTB/RIF testing in
comparison with sputum Xpert MTB/RIF alone. In STAMP,
against a microbiologically confirmed tuberculosis reference
standard, the diagnostic yield of AlereLAM was 75% compared
with a diagnostic yield of 35% for urine Xpert MTB/RIF. We did
not identify any interventional trials that evaluated the clinical
effect of Urine-Xpert Ultra in patient management. In a cost-
effectiveness study based on the STAMP trial cohort, availability
of concentrated urine Xpert MTB/RIF in addition to Sputum
Xpert MTB/RIF and AlereLAM was deemed to be cost-effective.

Added value of this study

To our knowledge, this is the largest multicountry study to
report on the diagnostic accuracy of Urine-Xpert Ultra in adults
with HIV who are being investigated for presumptive

Abbott, Chicago, IL, USA) was available for ill, hospitalised
people with HIV. Therefore, WHO expanded their
AlereLAM recommendations in 2019,"" such that for all
hospitalised people with HIV who present with signs or
symptoms of tuberculosis, signs of serious illness, or CD4
counts of less than 200 cells per pL, and outpatients with
HIV who present with signs or symptoms of tuberculosis,
signs of serious illness, or CD4 counts of less than 100 cells
per pL are recommended to undergo an AlereLAM test.
AlereLAM is performed on a urine sample and is the only
commercially available, point-of-care tuberculosis test that
can give a rapid result (ie, in under 30 min), although it
cannot identify mycobacterial species or confirm drug
susceptibility. Despite global recommendations and
strong supportive evidence, AlereLAM is not routinely
available in many high tuberculosis burden countries.”
Real-world data for the pragmatic use of AlereLAM are
scarce but implementation is probably affected by various
issues in clinical settings.”*™*

tuberculosis. This study also has the strength of being
performed in the era of Sputum-Xpert Ultra, and the ability to
study the incremental benefit of Urine-Xpert Ultra in addition
to Sputum-Xpert Ultra and AlereLAM. We found similar
sensitivity and diagnostic yield between Urine-Xpert Ultra and
AlereLAM, but a higher specificity and positive predictive value
(PPV) with Urine-Xpert Ultra. Importantly, the numerically
similar diagnostic yield included patients who were only
diagnosed on one of Urine-Xpert Ultra, AlereLAM, or Sputum
Xpert Ultra. The addition of either AlereLAM or Urine-Xpert
Ultra to Sputum-Xpert Ultra was able to diagnose
approximately 77% of microbiologically confirmed cases of
tuberculosis. In post-hoc analyses, participants with Urine-
Xpert Ultra positive results were also more likely to die within
10 weeks than were those with negative results, demonstrating
the test’s potential value in earlier diagnosis and initiation of
tuberculosis treatment to reduce tuberculosis deaths.

Implications of all the available evidence

Although Urine-Xpert Ultra is not routinely performed, it has a
similar sensitivity to AlereLAM and a greater specificity and
PPV, is able to confirm Mycobacterium tuberculosis versus non-
tuberculous mycobacteria, and can assess for rifampicin
resistance. A limitation of Urine-Xpert Ultra compared with
AlereLAM is higher cost and need for laboratory infrastructure.
Considering resource implications, in inpatient settings where
people living with HIV are at increased risk of early mortality,
Urine-Xpert Ultra should be offered in addition to Sputum-
Xpert Ultra and AlereLAM, particularly in those unable to
produce sputum. This would facilitate rapid diagnosis and
treatment initiation in severely ill people living with HIV who
are being evaluated for tuberculosis, and at high mortality risk
if appropriate tuberculosis treatment is delayed.

Urine samples can also be tested with the GeneXpert
platform (Xpert; Cepheid, Sunnyvale, CA, USA) and,
since 2017, transition has occurred to the Xpert MTB/RIF
Ultra optimised cartridges.” The Xpert platform is
available in many high tuberculosis burden settings, and
Urine-Xpert Ultra was included in a WHO policy brief'
in 2023 as an option for diagnosis of extrapulmonary
tuberculosis in people with advanced HIV, but this test is
seldom performed. A Cochrane review of Urine-Xpert
Ultra has summarised the accuracy of Urine-Xpert Ultra
for exclusively genitourinary tuberculosis, but not
generally for people living with HIV being evaluated for
tuberculosis.” Xpert assays are performed in a laboratory,
rather than at point of care, but can give confirmation of
tuberculosis disease and can diagnose rifampicin
resistance within 2 h of testing.

Recent promising evidence from studies evaluating the
Fyjifilm SILVAMP TB LAM (FujiLAM; Fujifilm, Tokyo,
Japan) using frozen, biobanked urine® led us to conduct
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a prospective multicentre diagnostic accuracy study of
FujiLAM, the primary objective of which has been
previously reported.” We found lot-to-lot variability in
FujiLAM diagnostic accuracy. In this analysis of
secondary objectives, we aimed to determine the
diagnostic yield and accuracy of Urine-Xpert Ultra and
hypothesised that Urine-Xpert Ultra testing could
improve the accuracy of current rapid tuberculosis
diagnosis and detection of rifampicin resistance in
people with HIV at high risk of mortality.

Methods

Study design and participants

In this prospective, multicentre, diagnostic accuracy
study, participants were enrolled at 13 hospitals and
clinics, ranging from primary care to referral centres,
across seven high tuberculosis burden countries
(Malawi, South Africa, Tanzania, Thailand, Uganda, Viet
Nam, and Zambia). Participant enrolment procedures
have been described previously.” Briefly, screening and
enrolment were offered to consecutive people with HIV
who were admitted to hospital or attending outpatient
clinics. Eligible individuals were aged 18 years or older
and living with HIV (ie, self-reported or documented as
HIV positive), willing to attend follow-up appointments,
had received fewer than three doses of anti-tuberculosis
treatment in the past 60 days, and no isoniazid preventive
therapy during the past 6 months. In inpatient settings,
enrolment was irrespective of tuberculosis symptoms,
whereas in outpatient settings, at least one WHO-
defined tuberculosis screening symptom (ie, cough,
fever, night sweats, or weight loss) was required.
Enrolment did not affect standard of care, but the
research team did communicate results of study tests to
treating clinicians that would have otherwise been
available in that setting under standard care (appendix 1
p 4). Notably, sites in six study countries communicated
AlereLAM results and sites in five countries com-
municated Urine-Xpert Ultra results to the treating
clinicians and this reporting was done within 24 h of
testing, allowing for rapid effect on treatment. We aimed
to enrol participants soon after hospital admission
(=48 h) or ambulatory presentation (<72 h).

All participants gave written informed consent and
approvals were granted from Research Ethics Committees
at each site. The study protocol is available in appendix 1
(pp 15-68). This study was registered with ClinicalTrials.
gov, NCT04089423. This study is reported in accordance
with the Standards for Reporting of Diagnostic Accuracy
Study guidelines (appendix 1 p 6).

Procedures

Blood and sputum samples were collected for reference
standard testing and urine for index testing in accordance
with the study protocol (appendix 1 pp 15-68). Baseline
testing on day 1 (ie, the day of enrolment; blood, urine,
and sputum) and day 2 (sputum and urine) was followed
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by further testing after 2-3 months (sputum only) in
participants without microbiological confirmation of
tuberculosis, who had not started on tuberculosis
treatment, and in outpatients with unresolved
tuberculosis symptoms (and irrespective of symptoms in
inpatients). Urine and sputum samples were collected by
clinically trained research staff, with sputum induction
available before the COVID-19 pandemic reached their
setting. All samples were collected, tested, and processed
on-site (point-of-care tests) or at nearby accredited
laboratories with standardised protocols.

The protocol defined extended microbiological reference
standard (eMRS)-positive participants as those who had
any sputum-based, blood-based, or other clinically
indicated test positive for M tuberculosis and eMRS-negative
participants were defined as those in whom these tests
were not positive, including at least one negative sputum
culture (the tests used and reference definitions are
provided in appendix 1 [p 5]). Participants who were
positive by composite reference standard (CRS) were
defined as eMRS-positive participants, or those in
whom tuberculosis treatment was started and who had a
positive response to treatment, or both. CRS-negative
participants were those in whom none of the eMRS
tests were positive, no tuberculosis treatment had been
prescribed, and who were asymptomatic at the 2—-3-month
follow-up visit. Two reference standards (ie, eMRS
and CRS) were used, per good practice for non-
sputum tuberculosis diagnostic studies.”” Participants
without a valid index test or for whom reference standard
assessment was neither positive nor negative were deemed
to be unclassifiable and not included in the analyses of
sensitivity, specificity, positive predictive value (PPV), or
negative predictive value (NPV). The analysis of diagnostic
yield was conducted in comparison with the eMRS but did
not require a valid index test result. Diagnostic yield was
calculated as the proportion participants who were test (or
tests) positive divided by the total number of non-index
tests that confirmed tuberculosis. Urine-Xpert Ultra and
AlereLAM results did not contribute to reference standard
classification or the diagnostic yield denominator. Any
reference to microbiologically confirmed tuberculosis was
based on Xpert (other than on urine alone) or mycobacterial
cultures being positive for Mycobacterium tuberculosis (ie,
eMRS-positive).

Reference standard testing included Sputum-Xpert
Ultra and mycobacterial culture on blood and sputum
(detailed methods are in appendix 1 [p 14]). Clinically
indicated mycobacterial tests that were performed by
the routine treating clinicians were also recorded for
reference standard assessment. Assessors of the ref-
erence standard were masked to the index test results.
For the purposes of subgroup analyses, CD4 cell counts
were collected at enrolment.

AlereLAM was done according to manufacturer’s
instructions on the same day as sample collection.
Briefly, 60 pL urine was applied to the sample pad. After

See Online for appendix 1
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25 min, test strips were read using the reference card to
confirm the grade 1 threshold for positivity. Invalid
AlereLAM results (ie, absent control line) were repeated
once from the same urine sample. For Urine-Xpert Ultra
testing, urine was transported at 2-8°C to the laboratories
mentioned earlier for same day testing. Up to 30 mL of
urine was centrifuged at 3000 g for 15 min, then the
pellet was resuspended in 0-75 mL phosphate buffered
saline and 1-5 mL of Xpert reagent buffer. Any detectable
M tuberculosis DNA in urine was deemed to be a positive
result, including trace M tuberculosis results. Urine-Xpert
Ultra tests for which the initial result was invalid could
not be repeated. Assessors of the index tests were masked
to the eMRS.

For those participants that did not attend the study visit
at 2-3 months, data on vital status outcomes was
supplemented via electronic health records.

Outcomes

The primary outcome of this analysis of secondary
objectives was the diagnostic yield and accuracy of Urine-
Xpert Ultra compared with the eMRS and CRS, and in
comparison with AlereLAM. Diagnostic yield was studied
in comparison with AlereLAM or Sputum-Ultra Xpert,
or both.

Statistical analysis

To investigate diagnostic accuracy, we calculated
point estimates and Wilson’s 95% CIs for the
sensitivity, specificity, PPV, NPV, and diagnostic yield—
for Urine-Xpert Ultra and AlereLAM, separately, and in
combination—using the eMRS and CRS as the reference
standards in separate analyses. In prespecified subgroup
analyses, diagnostic accuracy was estimated by CD4
strata (=200 cells per pL vs >200 cells per pL) and setting

3528 potentially eligible individuals screened

—PI 1797 deemed ineligible

A 4

1731 enrolled
350 from Malawi
200 from South Africa
250 from Tanzania
133 from Thailand

254 from Uganda
179 from Viet Nam
365 from Zambia
26 excluded
14 were withdrawn by investigators due to insufficient data to
confirm eligibility
6 had day 2 samples collected after receipt of a third dose of
> . )
anti-tuberculosis treatment
3 declined or withdrew consent
2 were not willing to attend study follow-up visits or relocated
1aged <18 years
A 4
| 1705 analysed |

v

v

v

v

v

v

349 from Malawi
174 inpatients
175 outpatients

199 from South Africa
199 inpatients
0 outpatients

242 from Tanzania
0 inpatients

131 from Thailand
31inpatients
242 outpatients 100 outpatients

247 from Uganda
125 inpatients
122 outpatients

177 from Viet Nam
78 inpatients
99 outpatients

360 from Zambia
143 inpatients
217 outpatients

v

| 750 inpatients and 955 outpatients |

v

v

263 were eMRS positive
1368 were eMRS negative
74 were eMRS unclassifiable

459 were CRS positive
923 were CRS negative
323 were CRS unclassifiable

Figure 1: Study flow diagram
1797 were deemed ineligible per protocol for the following reasons: due to already having had three doses antituberculosis treatment in the past 60 days, having received isoniazid prophylaxis therapy

in the past 6 months, being outpatients who had no symptoms of tuberculosis, or being unwilling to attend trial follow-up; exact numbers were not captured. CRS=composite reference standard.
eMRS=extended microbiological reference standard.

2027

www.thelancet.com/lancetgh Vol 12 December 2024




Articles

(outpatient vs inpatient). Diagnostic yield was estimated,
with the eMRS as reference, overall and in the same
subgroups. In a post-hoc analysis, we investigated
associations between Urine-Xpert Ultra and 10-week
all-cause mortality initially in a complete-case analysis,
which was limited to participants with complete data for
CD4 count, sex, antiretroviral therapy (ART) status, index
tests, and with a documented vital status outcome at
10 weeks (ie, known to be alive or dead, and excluding
those lost to follow-up). We calculated the difference in
10-week mortality between participants with and without
confirmed tuberculosis using the ¥2 test, and then a
univariable analysis to assess 10-week mortality by test
result. To estimate odds ratios (ORs), 95% ClIs, and
conditional average effects of Urine-Xpert Ultra positivity
on 10-week mortality, random-effects multivariable
logistic regression models were constructed, adjusting a
priori for prespecified variables based on a directed
acyclic graph,” and including natural cubic spline terms
with three knots for age and CD4 count. We included a
random intercept term for study country. In prespecified
sensitivity analysis, to account for missing data, we fitted
models using 25 multiply imputed datasets (using
predictive mean matching algorithms, and with outcome
included as a predictor of missingness) and summarised
the data using Rubin’s rules.””” Diagnostic yield was also
assessed post-hoc for the subgroup that died due to any
cause versus those that were alive at 10 weeks.

In a post-hoc analysis, we assessed 10-week mortality in
participants with positive mycobacterial blood cultures
(ie, tuberculosis bloodstream infections) and analysed
diagnostic yields of each test in this population.
Additionally, to assess concordance between rifampicin
susceptibility results on urine and other tests, we
compared rifampicin results from Urine-Xpert Ultra and
study Sputum-Xpert Ultra results in a post-hoc analysis.

Sample size calculations were based on the expected
diagnostic accuracy of Fujifilm SILVAMP TB LAM
(FujiLAM), as per our protocol’s primary objectives, the
results of which are reported elsewhere.” With an assumed
60% overall sensitivity for the index test, a sample size of
223 individuals with confirmed tuberculosis was necessary
to estimate sensitivity with 80% power, an alpha error
of 0-05, and with a precision of 9% for the primary
analysis. No post-hoc sample size calculations were done
for the secondary analysis, since this is discouraged.

The analysis was conducted in R (version 4.0.3).

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

Results

Between Dec 13, 2019, and Aug 5, 2021, 3528 potentially
eligible individuals were screened and 1731 were enrolled
(figure 1). After 26 exclusions, 750 inpatients and
955 outpatients with HIV were included. Of
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1705 participants, 1598 (93-7%) could produce sputum,
1703 (99-9%) produced urine, and 1688 (96-5%) had
mycobacterial blood cultures. Overall, 263 (15-4%) of
1705 participants had Xpert-confirmed or culture-
confirmed M tuberculosis from a pulmonary or
extra-pulmonary sample (excluding those who were
positive by Urine-Xpert Ultra alone). 74 (4-3%) of
1705 participants were unclassifiable by eMRS and
103 (6-0%) were deemed unclassifiable by eMRS or
index testing. 323 (18-9%) were unclassifiable by CRS
and 346 (20-3%) were deemed unclassifiable by CRS or
index testing. 21 (1-2%) of 1705 participants did not have
a Urine-Xpert Ultra result (eight [0-5%)] had an invalid
result and 13 [0-8%)] had insufficient volume or were not
tested) and 13 (0-8%) did not have an AlereLAM result
(five [0-3%)] had an invalid result and eight [0-5%] had
insufficient volume or were not tested).

All participants  eMRS-positive eMRS-negative p value
(N=1602)* participants participants
(n=254) (n=1348)
Age, years 40 (33-48) 39 (32-46) 41(33-48) 0-075
Sex
Female 838 (52:3%) 114 (44-9%) 724 (537%) 0-0098
Male 764 (47-7%) 140 (551%) 624 (46-3%)
ART status at enrolment
Treatment interruption 88 (5:5%) 24 (9-4%) 64 (47%) 0-0026
Currently on ART 1246 (77-8%) 168 (66-1%) 1078 (80-0%) <0-0001
ART naive 250 (15-6%) 59 (23:2%) 191 (14-2%) 0-0003
Unknown 18 (1-1%) 3(1-2%) 15 (1-1%)
(D4 count, cells per puL
Median 374 (138-630) 176 (51-452) 406 (171-657)  <0-0001
<200 504 (31-5%) 128 (50-4%) 376 (27-9%) <0-0001
>200 1082 (67-5%) 121 (47-6%) 961 (71-3%) <0-0001
Unknown 16 (1-0%) 5(2:0%) 11(0-8%) -
Self-reported history of 421 (26-3%) 77 (30:3%) 344 (25-5%) 0-11
tuberculosis
Seriously illt 698 (43-6%) 148 (58:3%) 550 (40-8%) <0-0001
WHO symptom screen positivet 1491 (93-1%) 248 (97-6%) 1243 (92-2%) 0-0017
Setting
Inpatient 665 (41-5%) 130 (51-2%) 535 (39:7%) 0-0007
Outpatient 937 (58-5%) 124 (48-8%) 813 (60-3%)
Vital status at 10 weeks
Alive 1379 (86-1%) 222 (87-4%) 1157 (85-8%) 051
Died 115 (7-2%) 24 (9-4%) 91 (6-8%) 013
Lost to follow-up 108 (6:7%) 8(3:1%) 100 (7-4%) 0-0128
Data are median (IQR) or n (%). p values are for comparison between eMRS-positive and eMRS-negative participants,
using the x* or Wilcoxon rank-sum tests as appropriate. ART=antiretroviral therapy. eMRS=extended microbiological
reference standard. *103 (6-0%) of 1705 participants were deemed unclassifiable by eMRS or index testing (ie, Urine-
Xpert Ultra and AlereLAM). eMRS positive participants had any sputum-based, blood-based, or other clinically
indicated test positive for Mycobacterium tuberculosis; whereas the eMRS negative participants were those in whom
these tests were not positive, including at least one negative sputum culture (appendix 1 p 5). TCriteria based on
WHO-defined seriously ill criteria—ie, any of: BMI of <18-5 kg/m?, respiratory rate of >30 breaths per min, or systolic
blood pressure <90 mm Hg, heart rate >120 beats per min, or inability to walk unaided. At least one for the following
four symptoms present: cough, weight loss, night sweats, or fever.
Table: Demographic and clinical characteristics of classifiable participants at enrolment, with
stratification by eMRS status
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MRS Sensitivity (%) Specificity (%)
Overall (n=1602) 7
AlereLAM ——i 307 (25-4-36-6) ] 90-4 (88-7-91-8)
Urine-Xpert Ultra ——i 32.7(27-2-387) w 98.0(97-1-98-6)
Inpatients only (n=665) ]
AlereLAM —e—i 415 (33:4-50-1) e 87-1(84-0-89-7)
Urine-Xpert Ultra —— 45-4 (37-1-54-0) w 98.9(97-6-99'5)
Outpatients only (n=937) ]
AlereLAM ——i 19-4 (13-4-27-2) i 92:5(90-5-94-1)
Urine-Xpert Ultra ——i 194 (13-4-27-2) W 97:4(96:1-98:3)
(D4 count >200 cells per pL (n=1082) ]
AlereLAM i 10-7 (6-4-17-5) tod 92:1(90-2-93-6)
Urine-Xpert Ultra ——i 11-6 (7-0-18.5) W 977(96:6-98:5)
CD4 count =200 cells per pL (n=504) ]
AlereLAM — 500 (41:5-585) et 85.9 (82:0-89-1)
Urine-Xpert Ultra —e—i 523 (43-8-60-8) 1 987(96:9-99-4)
T T T T T T 1
CRS
Overall (n=1359) ]
AlereLAM i 30-5(26-4-34-9) i 951(93-5-96-3)
Urine-Xpert Ultra - 21-1(17-6-25-1) ® 99:1(98:3-99:6)
Inpatients only (n=499) 7
AlereLAM —e—i 39-6 (33-4-46-3) kel 95:4(92:3-97-3)
Urine-Xpert Ultra ——t 277 (22:1-34-0) w100 (98-7-100)
Outpatients only (n=860) 7
AlereLAM i 21-8 (17-0-27-6) i 94-9(92:9-96-4)
Urine-Xpert Ultra i 14-9 (10-8-20-0) W 98:7(97-5-99-4)
CD4 count >200 cells per pL (n=951) 7 ]
AlereLAM —o—i 190 (14-5-24-5) W 957(93-9-96-9)
Urine-Xpert Ultra | e~ 9-28 (6-21-13-7) w 98-9(97-8-99-4)
CD4 count =200 cells per pL (n=399) ] ]
AlereLAM ——i 443 (37-7-51-2) e 92:9(88:4-957)
Urine-Xpert Ultra —— 34-5(281-41-1) + 100 (98:1-100)
0 2‘5 5‘0 7‘5 1(‘)0 0 2‘5 5‘0 7‘5 1(‘)0
Sensitivity (%) Specificity (%)

Figure 2: Sensitivity and specificity of AlereLAM and Urine-Xpert Ultra in the overall cohort versus the eMRS and CRS, and in subgroups defined by CD4 count

and setting

Error bars are Wilson’s 95% Cls. Numbers of true positives, false positives, true negatives, and false negatives for each subgroup are in appendix 1 (p 11).
CRS=composite reference standard. eMRS=extended microbiological reference standard.

Tuberculosis prevalence among people with HIV
differed by site (appendix 1 p 8). Participants had a
median of four reference standard tuberculosis tests
(IQR 4-6; range 0-14) and a median of four tuberculosis
tests were done in both eMRS-positive (IQR 4-4) and
eMRS-negative (4-7) participants (appendix 1 p 8). A
similar distribution was also seen between Urine-Xpert
Ultra-positive and AlereLAM-positive groups (median of
four tests [IQR 44 for both]).

Participants classifiable in the eMRS accuracy analysis
(n=1602) had a median age of 40 years (IQR 33-48), and
838 (52-3%) were female and 764 (47-7%) were male
(table; no data were collected on race or ethnicity).
Microbiologically confirmed tuberculosis was diagnosed
in 254 (15-9%) of 1602 participants. An additional
237 (17-6%) of 1348 eMRS-negative participants were
started on tuberculosis treatment by their treating
clinician. Overall, 665 (41-5%) of 1602 classifiable
participants were inpatients (appendix 1 pp 9, 13).

Using eMRS as the reference standard, sensitivities of
AlereLAM and Urine-Xpert Ultra were 30-7% (95% CI
25-4-36-6) and 32-7% (27-2-38.-7), respectively (figure 2;

appendix 1 p 11). The specificities against eMRS of
AlereLAM and Urine-Xpert Ultra were 90-4% (95% CI
88-7-91-8) and 98-0% (97-1-98-6), respectively. In all
eMRS subgroups defined by CD4 cell count and setting,
AlereLAM and Urine-Xpert Ultra had overlapping
95% CIs for sensitivity, with both index tests having
sensitivity gains in inpatients and the group with low
CD4 count (figure 2; appendix 1 p 11). Across all eMRS
subgroups, the specificity of Urine-Xpert Ultra was
always above 97% and was more specific than AlereLAM,
with non-overlapping 95% Cls.

Against the eMRS, which identified a tuberculosis
prevalence of 15-9% overall, the PPV of AlereLAM
was 37-5% (95% CI 31-2-44-2) and the NPV was
87-4% (85-5-89-0; appendix 1 p 11). In the same group,
the PPV of Urine-Xpert Ultra was 75-5% (66-6-82-5)
and the NPV was 88-5% (86-8-90-1). In all eMRS
subgroups, the PPV of Urine-Xpert Ultra was approxi-
mately double that of AlereLAM, but the NPVs were
similar (appendix 1 p 11).

446 (32-8%) of 1359 participants were positive on the
CRS. Using CRS as the reference standard, the
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sensitivities of AlereLAM and Urine-Xpert Ultra were
30-5% (95% CI 26-4-34-9) and 21-1% (17-6-25-1),
respectively (figure 2; appendix 1 p 11). The specificities
against CRS for AlereLAM and Urine-Xpert Ultra were
95-1% (95% CI 93-5-96-3) and 99-1% (98-3-99-6),
respectively. Sensitivities and specificities in CRS
subgroups defined by CD4 count and setting are shown
in figure 2 and appendix 1 (p 11). In all CRS subgroups,
AlereLAM and Urine-Xpert Ultra had overlapping
95% Cls for sensitivity, and Urine-Xpert Ultra was more
specific than AlereLAM, with non-overlapping 95% Cls.
Clinical details of the eight participants deemed to have
false-positive Urine-Xpert Ultra results against the CRS
are in appendix 1 (p 10). They were all outpatients with
CD4 counts of 341 cells per pL or higher, six of eight had

chest x-rays that were described by investigators as
showing either “tuberculosis likely” or “pneumonia”,
and all were documented as having symptom
improvement without tuberculosis treatment at the
2-3 month study visit.

AlereLAM diagnosed 79 (30-2%) of 262 eMRS-positive
participants and Urine-Xpert Ultra diagnosed 84 (32-1%)
eMRS-positive participants (figure 3A). The combination
of Sputum-Xpert Ultra and AlereLAM diagnosed
202 (77-1%) of 262 eMRS-positive participants and
Sputum-Xpert Ultra with Urine-Xpert Ultra diagnosed
204 (77-9%) of 262 participants—including some patients
who were only diagnosed by one of these tests. 79 (30-2%)
of 262 eMRS-positive participants had tuberculosis
diagnosed via tests other than Sputum-Xpert Ultra.

A

AlereLAM
125

Urine-Xpert Ultra
21

AlereLAM
52

Urine-Xpert Ultra
4

AlereLAM
67
Urine-Xpert Ultra
3

Urine-Xpert Ultra
1

Figure 3: Diagnostic yield per rapid test in all participants (A), only inpatients (B), those with CD4 counts of <200 cells per pL (C), and among those who died

within 10 weeks of enrolment (D) compared with the eMRS-positive group
eMRS=extended microbiological reference standard.
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(Figure 4 continues on next page)

Combining Sputum-Xpert Ultra, Urine-Xpert Ultra,
and AlereLAM diagnosed 214 (81-7%) of 262 eMRS-
positive participants. An additional 131 participants were

AlereLAM positive, and another 27 were Urine-Xpert
Ultra positive, but negative on the eMRS (appendix 1
p 14).

In eMRS-classifiable inpatients, 643 (94-1%) of
683 were able to produce a sputum sample and
682 (99-9%) were able to produce a urine sample. When
limiting the analysis to only eMRS-positive inpatients,
the diagnostic yield of each test was 55 (40-7%) of 135 for
AlereLAM, 60 (44-4%) of 135 for Urine-Xpert Ultra, and
82 (60-7%) of 135 for Sputum-Xpert Ultra (figure 3B).
Combining all three rapid tests, the diagnostic yield was
80-0% (108 of 135). Diagnostic yields for the eMRS-
classifiable outpatient population are in appendix 1 (p 13).

In the 515 participants classifiable by the eMRS who
had CD4 counts of 200 cells per pL or lower, 491 (95-3%)
could produce sputum and 514 (99-8%) could produce
urine. When limiting the analysis to eMRS-positive
participants with CD4 counts of 200 cells per pL or lower,
the diagnostic yield of each test was 65 (48-9%) of 133 for
AlereLAM, 68 (51-1%) of 133 for Urine-Xpert Ultra, and
89 (66-9%) of 133 for Sputum-Xpert Ultra (figure 3C).
Combining all three rapid tests, the diagnostic yield was
87-2% (116 of 133). Diagnostic yields for the eMRS-
classifiable population with CD4 counts of more than
200 cells per pL are in appendix 1 (p 13).

26 (9-9%) of 263 participants with microbiologically
confirmed tuberculosis were known to have died within
10 weeks, of whom 16 (61-5%) were positive on Urine-
Xpert Ultra, 17 (65-4%) on Sputum-Xpert Ultra, and
17 (65-4%) on AlereLAM (figure 3D). By combining all
three tests, the diagnostic yield was 92-3% (24 of 26).
Diagnostic yields when limiting to those who were alive
at 10 weeks are in appendix 1 (p 13).

For the complete-case analysis 1470 participants were
included, of whom 112 (7-6%) had died within 10 weeks.
24 (10-1%) of 238 participants with microbiologically
confirmed tuberculosis died compared with 88 (7-1%) of
1232 without confirmed tuberculosis (x2 p=0-15). In
univariable analysis, participants with positive Urine-
Xpert Ultra results were significantly more likely to
have died by 10 weeks than were those with negative
Urine-Xpert Ultra results (16-5% [95% CI 9-5-23-5;
18 of 109] vs 7-8% [6-4-9-2; 111 of 1424]; average effect:
8-7% [95% CI 1-6 to 15-8]; OR 2-3 [95% CI 1-3 to 3-9]).
In the random-effects multivariable logistic regression
model, for participants with microbiologically confirmed
tuberculosis who were on ART, with other variables held
at their mean (ie, CD4 count and age), participants with
positive Urine-Xpert Ultra results remained at higher
risk of death by 10 weeks than those with negative results
(adjusted OR 2-1 [95% CI 0-9—4-8]), with a conditional
average effect on death by 10 weeks of 5-8% (95% CI
0-1-6-5). A similar trend was seen between AlereLAM
and mortality (appendix 1 p 14). The conditional average
effect of positive Urine-Xpert Ultra status on death by
10 weeks varied considerably by country, ranging
from 0-6% (95% CI 0-1-2-1) in Tanzania (where only
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outpatients were enrolled), to 10-0% (1-5-17-7) in
Uganda (where both inpatients and outpatients where
enrolled; figure 4A). Additionally, we found that older
age, lower CD4 cell count, and taking ART were
associated with increased conditional average effects of
Urine-Xpert Ultra positivity on death by 10 weeks
(figure 4B, C). Sensitivity analysis by multiple imputation
had minimal effects on the effect estimates (conditional
average effect of Urine-Xpert Ultra-positivity on death:
6-0% [95% CI 0-1-16-7]).

In exploratory post-hoc analysis, seven (25-0%) of
28 participants with tuberculosis bloodstream infections
died within 10 weeks. Among the 28 participants with
tuberculosis bloodstream infections, 22 (78-6%) were
positive on Urine-Xpert Ultra, 14 (50-0%) on Sputum-
Xpert Ultra, and 17 (60-7%) on AlereLAM. 25 (89-3%) of
28 participants were diagnosed with at least one of
these tests. Two (0-1%) of 1705 participants had non-
tuberculous bloodstream infections, one of whom had a
positive AlereLAM test, with all other tuberculosis tests
being negative; Urine-Xpert Ultra was negative for both
participants.

238 (14-0%) of 1705 participants had M tuberculosis
detected on Sputum-Xpert Ultra or Urine-Xpert Ultra,
and 12 (5-0%) of 238 had detected rifampicin resistance
(appendix 1 p 12). In this same group, the prevalence of
trace readings (ie, where rifampicin susceptibility is
unknown) on Sputum-Xpert Ultra and Urine-Xpert Ultra
was 57 (31-1%) of 183 and 35 (29-7%) of 118, respectively,
and 163 (68-5%) of 238 had a confirmed sensitive or
resistant result on either sample. No discrepancy in
rifampicin sensitivity results were seen between Urine-
Xpert Ultra and Sputum-Xpert Ultra tests.

Discussion

To our knowledge, this multinational study in inpatients
and outpatients with HIV is the largest to date to report
on the diagnostic accuracy of Urine-Xpert Ultra. Urine-
Xpert Ultra had similar sensitivity and diagnostic yield
to AlereLAM, but significantly improved specificity
and PPV. The combination of Urine-Xpert Ultra with
AlereLAM and Sputum-Xpert Ultra rapidly diagnosed
tuberculosis in 81-7% of participants overall or 87-2% of
participants with CD4 counts of 200 cells per pL or
lower. Furthermore, in post-hoc analyses, we found that
Urine-Xpert Ultra could confirm M tuberculosis over non-
tuberculosis mycobacteria, and accurately identified
participants with rifampicin resistance.

We found Urine-Xpert Ultra positivity to be associated
with 10-week mortality. A similar association between
AlereLAM and mortality has been reported elsewhere*
and was seen again in this cohort. Randomised trials
have shown survival benefit in ill, hospitalised patients
when AlereLAM is available (in the era of Xpert
MTB/RIF),”® but no trials to our knowledge have
assessed for survival benefit with Urine-Xpert Ultra.
Urine-Xpert Ultra had the highest diagnostic yield in
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Figure 4: Urine-Xpert Ultra positivity and mortality

(A) Overall and country-specific conditional average effect of positive urine Xpert Ultra on death, determined with
amultilevel logistic regression model. (B) Predicted probability of death by CD4 count, conditional on
antiretroviral status and tuberculosis extended microbiological reference standard results. (C) Predicted
conditional probability of death by age and CD4 count by Urine-Xpert Ultra results; white dots are individual
participants and colour segments are model predictions. ART=antiretroviral therapy.

participants with tuberculosis bloodstream infection
(22 [78-6%)] of 28), a group known to be at risk of early
mortality.”

In our study, we found AlereLAM to have lower
sensitivity but similar specificity to that reported in a
previous Cochrane review.* Differing sensitivity might
be driven by participants’ immune status, with most
studies included in the Cochrane review reporting a
median CD4 count of less than 250 cells per pL,
compared with a median of 374 cells per pL in our
classifiable population. Although the specificity of
AlereLAM in our study is within the confidence bounds
of the estimate in the Cochrane review, studies with
more rigorous reference standards, such as the current
study, have generally shown higher specificity.”

A key potential advantage of Urine-Xpert Ultra is
increased confidence in positive results. In our cohort,
Urine-Xpert Ultra had approximately double the PPV of
AlereLAM against the eMRS. Urine-Xpert Ultra could
reduce false positive diagnoses of tuberculosis in severely
unwell people living with HIV. The potential reasons
for false-positive AlereLAM results are incompletely
understood but could include cross reactivity with
environmental mycobacteria,” so-called over-reading of
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AlereLAM tests in relation to the reference card, and
might currently be influenced by epidemiology and the
connected pre-test probability relating to the prevalence of
various opportunistic infections.”

Specificity of both index tests against the CRS needs to
be considered within the context that some sites
communicated index test results to the treating clinicians
in real time, which might have influenced tuberculosis
treatment decisions. Notably, the specificity of Urine-
Xpert Ultra was still higher than AlereLAM in all eMRS
and CRS subgroups. By adding Urine-Xpert Ultra to the
currently recommended AlereLAM and Sputum-Xpert
Ultra algorithms, diagnostic yield for rapid tuberculosis
diagnosis would increase without compromising
specificity.

Although our study included both inpatients and
outpatients, we found a median CD4 count of 374 cells
per pL and a lower-than-expected mortality of 7-2% at
10 weeks, which is still unacceptably high. Hence, our
cohort comprised individuals with less advanced HIV
than in previous diagnostic studies in this field, in which
participants had greater difficulty producing sputum or
had more extrapulmonary or disseminated disease.”?”
Our cohort reflects contemporary HIV inpatient and
outpatient populations, where ART coverage is high, and
emphasises that sputum testing should still be done
when possible. In our cohort, 93-7% of participants were
able to produce at least one sputum sample and
99-9% produced a urine sample. A previous large meta-
analysis showed that only 82% of people with HIV could
provide sputum within 2 days whereas 98% could provide
urine,” suggesting that urine-based tests would be more
useful in patients unable to produce sputum.

A 2019 cost-effectiveness study showed that using both
Urine Xpert MTB/RIF and AlereLAM in addition to
Sputum MTB/RIF was cost-effective, in both low-income
and upper-middle-income settings.® Furthermore, the
cost of Ultra cartridges has decreased to US$7-97 for low-
income and middle-income countries.” Hence, updated
cost-effectiveness analyses should be completed using
our results for the Ultra cartridges and the pricing
decrease.

This study has important limitations. We do not have
rifampicin resistance data from all culture samples and
so we could only inform rifampicin resistance analyses
with study Xpert Ultra results. Additionally, not all sites
were able to capture all clinically indicated non-study
tuberculosis tests due to some sites not having electronic
laboratory reporting systems; more advanced sampling
and diagnostics (eg, a culture of pleural fluid or a biopsy
of a lymph node that requires ultrasound guidance) also
varied by site. To advance our understanding of Urine-
Xpert Ultra, we also included post-hoc analyses along
with our analysis of secondary objectives and note that
sample size calculations were based on our protocol’s
primary objective. Finally, index test results were
communicated to treating clinicians at some sites, which

might have effected the reference standard allocations
for the CRS, but not the eMRS. Treatment in these
participants might have also positively affected patient
outcomes—namely, survival. Whether these results were
or were not communicated, participants still would have
had systematic testing for tuberculosis on all
microbiological reference standard tests. The strengths
of the study are the large sample size, the use of
two reference standards, and the multicounty design.
Furthermore, this study went beyond diagnostic accuracy
and assessed prognostic value, although this was done
post hoc. Although data on Urine-Xpert Ultra also
provides promise for other nucleic acid amplification test
platforms in urine samples, these would need to be
independently assessed.

In this large, multinational study of Urine-Xpert Ultra,
we found that Urine-Xpert Ultra probably provides
additional benefit over AlereLAM because it has similar
sensitivity, but improved specificity and PPV. Considering
resource implications, in inpatient settings where people
living with HIV are at higher risk of early mortality,
Urine-Xpert Ultra should be offered in addition to
Sputum-Xpert Ultra and AlereLAM, particularly in those
who are unable to produce sputum. This addition would
facilitate rapid diagnosis and treatment initiation in
severely ill people with HIV who are being evaluated for
tuberculosis, and who are at high mortality risk if
appropriate tuberculosis treatment is delayed.
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