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Summary

Background—Tuberculosis, a major cause of death in people living with HIV, remains
challenging to diagnose. Diagnostic accuracy data are scarce for promising triage and
confirmatory tests such as C-reactive protein (CRP), sputum and urine Xpert MTB/RIF Ultra
(Xpert Ultra), and urine Determine TB LAM Ag (a lateral flow lipoarabinomannan [LF-LAM]
test), without symptom selection. We evaluated novel triage and confirmatory tests in ambulatory
people with HIV initiating antiretroviral therapy (ART).

Methods—897 ART-initiators were recruited irrespective of symptoms and sputum induction
offered. For triage (n=800), we evaluated point-of-care blood-based CRP testing, compared with
the WHO-recommended four-symptom screen (W4SS). For sputum-based confirmatory testing
(n=787), we evaluated Xpert Ultra versus Xpert MTB/RIF (Xpert). For urine-based confirmatory
testing (n=732), we evaluated Xpert Ultra and LF-LAM. We used a sputum culture reference
standard.

Findings—463 (52%) of 897 participants were female. The areas under the receiver operator
characteristic curves for CRP was 0-78 (95% CI 0-73-0-83) and for number of W4SS symptoms
was 0-70 (0-64-0-75). CRP (=10 mg/L) had similar sensitivity to W4SS (77% [95% CI| 68-85;
80/104] vs 77% [68-85; 80/104]; p>0-99] but higher specificity (64% [61-68; 445/696] vs48%
[45-52; 334/696]; p<0-0001]; reducing unnecessary confirmatory testing by 138 (95% CI 117-
160) per 1000 people and number-needed-to-test from 6-91 (95% CI 6-25-7-81) to 4-87 (4-41-
5-51). Sputum samples with Xpert Ultra, which required induction in 49 (31%) of 158 of people
(95% CI 24-39), had higher sensitivity than Xpert (71% [95% CI 61-80; 74/104] vs56% [46-66;
58/104]; p<0-0001). Of the people with one or more confirmatory sputum or urine test results
that were positive, the proportion detected by Xpert Ultra increased from 45% (26-64) to 66%
(46-82) with induction. Programmatically done haemoglobin, triage test combinations, and urine
tests showed comparatively worse results.
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Interpretation—CRP is a more specific triage test than W4SS in those initiating ART. Sputum
induction improves diagnostic yield. Sputum samples with Xpert Ultra is a more accurate
confirmatory test than with Xpert.

Funding—South African Medical Research Council, EDCTP2, US National Institutes of Health—
National Institute of Allergy and Infectious Diseases.

Introduction

Tuberculosis is the single biggest cause of death among people living with HIV. Such
individuals are most immunocompromised before antiretroviral therapy (ART) initiation?
and, at HIV diagnosis, are already captured within HIV care cascades. ART initiation clinics
represent a valuable opportunity to rapidly screen and test for tuberculosis. However, the
point-of-care feasibility, accuracy, and potential use of new and repurposed tools is unclear,
especially in the absence of symptomatic pre-selection.?

The WHO-recommended four-symptom screen (W4SS) is used to identify people requiring
confirmatory tuberculosis testing. However, in addition to being subjective, stigmatising,
and poorly implemented,34 prevalence surveys show that most bacteriologically positive
tuberculosis is in W4SS-negative individuals.> Consequently, WHO emphasises that, as an
alternative or adjunct to symptoms, an inexpensive and rapid triage test with sensitivity of
90% or more and specificity of 70% or more on accessible non-sputum specimens is needed
to better focus relatively expensive confirmatory testing.

C-reactive protein (CRP) is a blood biomarker with evidence to assist in tuberculosis
diagnosis in people with HIV.”10 CRP platforms are commercially-available;1! however,
few are evaluated at point-of-care® or alongside other biomarkers such as haemoglobin.12
For the implementation of CRP triage, point-of-care testing is required to enable real-time
decision making within the same encounter that symptoms are ascertained. A systematic
review and individual participant data meta-analysis, which focussed on aggregate data

in people with HIV but not specifically ART-initiators, W4SS-negatives, or point-of-care
feasibility, showed CRP to have similar sensitivity versus W4SS, but higher specificity.13
This meta-analysis informed a WHO guideline update, in which CRP was recommended as
an adjunct to W4SS triage for HIV-associated tuberculosis.14

CRP performance data in concert with the new Xpert MTB/RIF Ultra (Xpert Ultra; Cepheid,
Sunnyvale, CA, USA) sputum test are also scarce. Xpert Ultra has improved limit of
detection for Mycobacterium tuberculosis complex versus its predecessor Xpert MTB/RIF
(Xpert; Cepheid, Sunnyvale, CA, USA). Critically, this sensitivity increment is probably

the largest in people with paucibacillary early-stage disease.1® Such individuals might not
self-present to care due to tuberculosis symptoms (if any) but still do so, for example,

to initiate ART. Xpert Ultra at this point could therefore represent a hitherto unavailable
opportunity to detect tuberculosis early in a key risk group; however, data are scarce.

Individuals with early-stage tuberculosis disease or HIV, or both, might not be able to
naturally expectorate sputum.18 Individuals who cannot provide a sputum sample are often
excluded from rapid confirmatory testing—both programmatically and in research studies—
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because sputum induction is frequently unavailable in high-burden primary care settings.
Obtaining a diagnostic reference standard is challenging in individuals who do not produce
sputum. As a result, those who have difficulty producing sputum are often excluded from
sensitivity calculations, leading to missed cases. Furthermore, the proportion of people who
would have needed induction is seldom reported, meaning that studies that include only
sputum expectorators potentially overestimate real-world test performance. Lastly, due to
these and other challenges associated with sputum,” it is important to evaluate confirmatory
tests on easily accessible fluids such as urine.

We therefore sought to evaluate the performance of novel triage and confirmatory testing
approaches among people with HIVV who were selected independent of symptoms and
visiting a facility in Cape Town, South Africa, to start ART. For triage, we compared
point-of-care CRP to WA4SS as the current standard-of-care. For confirmatory testing, we
evaluated sputum tests (with Xpert and Xpert Ultra), the incremental diagnostic yield of
sputum induction, and urine tests (with Xpert Ultra, and Determine TB LAM Ag, Abbott,
Chicago, IL, USA).

Study design and participants

897 ambulatory adults (age =18 years) newly diagnosed with HIV and referred to
Kraaifontein Community Health Centre, an urban referral centre serving the Northern
subdistrict in Cape Town, South Africa, to start ART were eligible and prospectively
enrolled from March 15, 2017, to March 17, 2020, irrespective of the presence or absence
of W4SS symptoms (eg, current cough, fever, night sweats, or weight loss)* and evaluated
at a single visit (figure 1). Participants were excluded if they had received any tuberculosis
treatment within the past 2 months, were of unknown treatment status, did not provide
written informed consent, or had been or were currently on ART.

People with at least one W4SS symptom were classified as W4SS-positive. Four to five
drops of capillary blood were used by a health worker (nurse, nurse assistant, or community
health worker) for point-of-care CRP measurement (iChromall platform, Boditech, South
Korea;1® appendix 1 p 2). CD4 counts were measured outside the study but captured (counts
more than 3 months before or after recruitment were excluded) as well as haemoglobin
(when medically indicated by routine staff per local guidelines close to HIV diagnosis).1?
CRP positivity thresholds of 5 mg/L or more (CRPs) or 10 mg/L or more (CRP1g), and

less than 10 g/dL haemoglobin, were pre-selected on the basis of the literature.®:13 Different
combinations of triage tests were evaluated.

This study was approved by the Stellenbosch University Faculty of Health Sciences
Research Ethics Committee (N14/10/136) and the Western Cape Department of Health,
South Africa (WC_2016RP38_944). This study is registered on ClinicalTrials.gov,
NCT03187964.
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Three sputa (=1 mL each) were required from participants, who first attempted expectoration
before induction was offered (whether specific individual sputa made were expectorated

or induced was, due to a database error [field staff were initially not correctly prompted

in the electronic case report form to capture which sputa were a result of expectoration

or induction], only successfully recorded for the last 158 participants). Induction used a
nebuliser (Ultrasonic Hospital Grade WH-802, Hitech Therapy, Johannesburg, South Africa)
with 5% NaCl (Ysterplaat Medical Supplies, Cape Town, South Africa) for 7-10 min.16
Two sputa, per participant, were arbitrarily selected to each undergo 1% NaOH-NALC
decontamination, Ziehl-Neelsen smear microscopy, and Mycobacteria Growth Indicator
Tube 960 culture (Becton Dickinson Diagnostic Systems, Sparks, NV, USA). The other
sputum underwent Xpert Ultra testing and Xpert was done on the sputum sediment remnant
remaining after culture inoculation. Further information on specimen storage, sputum, urine,
and isolate testing is in appendix 1 (pp 2-3). Study staff had access to all clinical, index

test, and reference standard data, but were masked to the reference standard results when
triage and index tests were done. Sputum Xpert Ultra and microscopy (both available <48
h), culture, and MTBDRp/us (version 2.0, Hain Lifescience, Nehren, Germany) results
(typically available within 35 days) were reported for potential participant management to
the programme. No adverse events occurred.

If at least one culture was M tuberculosis complex positive, participants were classified as
having tuberculosis. Participants negative for two cultures or negative for culture and the
other contaminated, were classified as not having tuberculosis. Participants were excluded if
both cultures were contaminated.

Statistical analysis

Self-reported demographic data including but not limited to self-reported sex (male or
female) and ethnicity, as well as clinical data were captured on RedCap.20 Head-to-head
analyses (only people with actionable results from the relevant tests) are presented unless
stated otherwise. Sensitivity, specificity, and predictive values for tests and algorithms were
calculated using two-by-two tables with 95% Cls (binomial proportion method). Yield
was calculated as, of the people who had a test attempted, those with a positive result
(sputum Xpert Ultra, sputum Xpert, sputum culture, urine Xpert Ultra [concentrated or
unconcentrated], or urine lateral flow lipoarabinomannan [LF-LAM]). If people could not
make a specimen, they were still included in the yield denominator (however, with the
availability of sputum induction, all could make sputum as well as urine) as were people
who had non-actionable results (not positive or negative;21:22 appendix 1 p 2). People who
did not have a test attempted due to human error for example (and not a lack of samples)
were excluded from yield calculations.

Statistical tests included McNemar’s chi squared, Mann-Whitney, two-sample proportion,
Kruskal-Wallis, and Spearman’s coefficient using Stata (version 15; StataCorp) and
GraphPad Prism (version 7.0; GraphPad Software). We followed STARD analysis and
reporting criteria?® and did sample size calculations using a 95% CI approach (appendix 1 p
4).
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Role of the funding source

Results

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Of the 897 enrolled participants, 855 (95%) had a valid culture result (22 had no cultures
done, 16 had both cultures contaminated, and 4 had one culture contaminated and the
second culture not done). Of those with valid results, 107 (13%) of 855 were positive for
culture (36 [34%] of 107 were positive by one culture), comprising 104 (13%) of 800
participants in our CRP and WA4SS triage comparison, 104 (13%) of 787 in our sputum
confirmatory test comparison, and 97 (13%) of 732 in our urine test comparison (figure
2A-C). Compared with WA4SS-positives, W4SS-negative participants were more likely to
be younger, female, non-smokers, culture-negative, and have lower CRP but higher CD4
and haemoglobin levels (table 1). Compared with participants with culture-negative results,
participants with culture-positive results were more likely to be older, of mixed ancestry,
smokers, have lower CD4 counts and haemoglobin, and higher CRP levels. 26 (25%) of 104
participants with culture-confirmed tuberculosis were W4SS-negative.

The sensitivity and specificity for cough (for any duration), cough for 2 weeks or more,
and W4SS were recorded: cough (any): 53% sensitivity (95% Cl 42-62; 54/104) and
73% specificity (72-79; 524/696); cough for 2 weeks or more: 42% sensitivity (33-53;
44/104) and 83% specificity (81-86; 579/696); WA4SS: 77% sensitivity (68—85; 80/104)
and 48% specificity (45-52; 334/696; table 2). Point-of-care CRP testing was feasible: 5
(1%) of 835 tests were non-actionable, all resolved upon re-testing, and all prospective
results were generated within 3 min of a finger prick. Sensitivity and specificity for CRPg
were 86% (95% CI 78-92; 89/104) and 49% (46-53; 339/696), and for CRP1 were 77%
(68-85; 80/104) and 64% (61-68; 445/696). Sensitivity at both thresholds was decreased
in participants with CD4 counts of more than 350 cells/uL versus 350 cells/uL or less,
and specificity increased. When comparisons were limited to smear-negatives or included
participants that did not have head-to-head data, similar patterns were observed (appendix
1 pp 12-17). Haemoglobin (<10 g/dL) had 31% (95% CI 22-43; 25/81) sensitivity and
88% (86-91; 487/553) specificity, displaying similar trends to CRP across CD4 count strata
(appendix 1 p 19).

WA4SS and CRP receiver operating characteristic (ROC) curves are in appendix 1 (pp 7-8).
Areas under the ROC curves (AUROCs) were 0-78 (95% CI 0-73-0-83) for CRP, 0:70
(0-64-0-75) for W4SS, and 0-70 (0-64-0-75) for haemoglobin. Among participants with
CD4 counts of 350 cells/uL or less, higher AUROCS occurred for each biomarker than in
those with more than 350 cells/uL. AUROCSs were also higher for those that were W4SS-
positive versus those that were W4SS-negative. We next assessed biomarker performance
under different scenarios and identified corresponding thresholds. At a rule-out threshold
with sensitivity prioritised (about 95%), CRP (>3 mg/L; CRP3) sensitivity was similar to
the WHO-recommended CRP5 (89% [95% CI 83-94] vs86% [78-92]) and specificity
diminished (39% [36-42] vs49% [45-53]), suggesting CRP3 offers small sensitivity
improvements at large specificity costs. CRP and haemoglobin had small variations in

Lancet Glob Health. Author manuscript; available in PMC 2024 May 01.
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rule-out thresholds across CD4 cell count and WA4SS strata. Sensitivities and specificities
under rule-in and Youden’s index scenarios are in appendix 1 (p 20).

Each biomarker’s sensitivity decreased in W4SS-negatives compared with W4SS-positives,
whereas specificity increased (appendix 1 pp 12, 15). Triage test combinations were
assessed as part of algorithms (table 2). Algorithm 3 (triage positive if W4SS-positive first,
then CRPg-positive) had similar sensitivity (69% [95% CI 60-78]; 72/104) to W4SS (77%
[68-85]; 80/104) and CRP1q (77% [68-85]; 80/104) individually, but specificity improved
compared with each biomarker (76% [74-81; 528/696] vs 48% [45-52; 334/696] for W4SS
or 64% [61-68; 445/696] for CRP1; table 2, 3). We did not include haemoglobin in
algorithms as it was done in a programmatically selected subset.

No point estimate had the minimum WHO triage test sensitivity target of 90%; however, the
CRP5 and Algorithm 2 95% Cls (86% [95% CI 78-92; 89/104] and 90% [84-96; 94/104],
respectively) overlapped with 90%. Algorithms 3 and 4 specificity estimates (76% [73-79;
528/696] and 69% [65-72; 477/696], respectively) overlapped with the WHO minimum
triage test specificity target (70%; figure 3A; table 2).

The effect of individual tests and algorithms on people classified as positive or negative

in a hypothetical cohort of 1000 people at the prevalence in our cohort is shown (figure

3B), as well as how these translate into different numbers of people needing downstream
confirmatory testing (number needed to test [NNT]) as a function of prevalence (figure 3C-
D). Haemoglobin resulted in the smallest number of unnecessary referrals or false-positives,
but this was at the expense of few people with tuberculosis correctly referred (true-positives;
figure 3B). CRP1q reduced unnecessary testing more than W4SS (138 [117-161] fewer
false-positive referrals), and this was enhanced further by a combination strategy also
involving WA4SS (Algorithms 3 and 4), but this resulted in fewer people with tuberculosis
correctly referred. Briefly, compared with W4SS, CRP¢ would reduce Xpert Ultra NNT
from 6:91 (95% CI 6-25-7-81) to 4.87 (4-41-5:51). Improvements offered by CRP; versus
WA4SS remained relatively consistent across prevalences, with the NNT of triage strategies
plateauing beyond 30% prevalence.

Xpert Ultra and Xpert non-actionable results rates were low (1% [5/811] for Xpert Ultra
and 1% [2/883] for Xpert). Xpert Ultra had higher sensitivity than Xpert overall (71% [95%
Cl 61-80]; 74/104) vs56% [46-66]; 58/104) and in smear-negatives (67% [56—77; 59/88]
vs50% [39-61; 44/88]), and lower specificity (98% [96-99; 668/683] vs99% [98-100;
676/683]; table 3; appendix 1 p 22). The NNT for Xpert Ultra to detect a person with
culture-confirmed tuberculosis was less than Xpert (4-87 [95% CI 4.41-5-51] vs5-90 [5:34—
6-67] in CRP1g-positives, for example). Forest plots that include all confirmatory tests are
provided (figure 3A), and Euler diagrams showing overlap between confirmatory tests are in
appendix 1 (p 10).

Xpert Ultra had decreased sensitivity in people with CD4 counts of more 350 cells/pL versus
those with counts of 350 cells/uL or less (42% [95% CI 22—-70; 8/18] vs77% (66-86;
61/79]) and similar specificity (99% [97-100; 305/309] vs97% (95-99; 381/393]; appendix
1 p 21). Within CD4 count strata, Xpert Ultra sensitivity was higher than Xpert in people
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with counts of 350 cells/uL or less (77% [66-86; 61/79] vs60% [48-71; 46/77]) and
specificity was (97% [95-99; 730/760] vs99% [98-100; 677/684]). Similar trends were
observed in non-head-to-head data (appendix 1 p 23).

Xpert Ultra’s sensitivity differed from Xpert’s in W4SS-positives (80% [69-88; 62/78]

Vs 66% [54—76; 51/78]; table 3). Trends in Xpert Ultra and Xpert comparative accuracy
were similar in smear-negative people and non-head-to-head data (appendix 1 pp 22, 25).
Specificities between Xpert Ultra and Xpert were similar (irrespective of W4SS status) and
Xpert Ultra specificity did not differ by previous tuberculosis status (97% [91-99; 93/96] vs
98% [97-99; 575/587]; p=0-503; appendix 1 p 25). Xpert specificity among people with no
previous tuberculosis was 90% (79-97) vs99% (94-100); p=0-99.

Reclassifying Xpert Ultra trace results from positive-to-negative resulted in similar
sensitivity (71% [95% CI 61-80; 74/104) vs66% [57-76; 69/104]; difference of -5% [-10
to 0]; p=0-45]) and increased specificity (98% [96-99; 668/683] vs99% [99-100; 679/683];
difference of 1% [1 to 3]; p=0-011; appendix 1 p 26). Trace exclusion had a similar effect.
Conclusions were unchanged when stratified by previous tuberculosis status.

Xpert Ultra results on concentrated urine were frequently non-actionable (118 [13%)] of
890 participants). When an unconcentrated aliquot was tested, 117 (99%) of 118 of non-
actionables were resolved and 13 (11%) of 117 were positive (appendix 1 pp 6, 11).

Of the concentrated urine Xpert Ultra positives, 23 (73%) of 33 had a corresponding
unconcentrated urine test Xpert Ultra positive (appendix 1 p 11). Among the 732
participants with HIV in the confirmatory urine test analysis, Xpert Ultra and LF-LAM
had low sensitivities (25% [95% CI 17-35] vs 15% [9-24]; p=0-070) and high specificities
(99% [98-100] vs99% [98-100]; p=0-25; figure 2C; appendix 1 p 27).

Xpert Ultra and LF-LAM overlap was high, with each test infrequently giving the only
positive non-sputum result (5 [3%] of 129 for Xpert and 9 [7%] of 129 for LF-LAM,;
appendix 1 p 9). Five participants with culturenegative results were urine Xpert Ultra-
positive and, of these, four had a later sputum-based programmatic diagnosis of tuberculosis
within a year of recruitment (one had no data).

Among participants in whom it was known whether sputum induction was necessary, 49
(31%) of 158 were sputum scarce (11 W4SS negative and 38 WA4SS positive), of which 10
(20%) of 49 were culture positive (all W4SS positive); similar to the culture positivity rate
among participants who could expectorate (15 [14%] of 109; appendix 1 p 29).

152 (17%) of 897 participants had at least one positive sputum (culture, Xpert, and Xpert
Ultra) or urine (Xpert Ultra and LF-LAM) result. When limited to participants in which each
test result was available and the absence of a result was not due to human error or stock
outs, the proportion of any-test-positive was 18% (145/804; 95% CI 15-21). Of those with
any positive results, sputum tests had highest yields: 71% (103/145; 63-78) for culture (34%
36/107; 25-43] for single culture-positive), 61% (89/145; 53-69) for Xpert Ultra, and 44%
(64/145; 36-53) for Xpert. Urine tests had lower yields with 30% (43/145; 22-38) and 17%
(25/145; 12-24) positive by Xpert Ultra and LF-LAM, respectively.

Lancet Glob Health. Author manuscript; available in PMC 2024 May 01.
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Of the 158 participants in whom it was known whether expectorated sputum could be
produced before induction was done, 126 (80%) had all the above tests attempted. 29
(23%) of 126 had one or more positive results. Of these, some had sputum (expectorated or
induced) positive by culture (24 [83%] of 29), Xpert Ultra (19 [66%] of 29), and Xpert (17
[59%] of 29). Some had urine positive by Xpert Ultra (10 [34%] of 29) and LF-LAM (7
[24%] of 29). 42 (33%) of 126 were unable to naturally expectorate and induction was their
only source of sputum. If induction was not done, yields of the aforementioned sputum tests
would decrease to 55% (16/29; 36—74) for culture, 45% (13/29; 26-64) for Xpert Ultra, and
38% (11/29; 21-58) for Xpert. Comparisons of tests did not show yield and sensitivity and
specificity differences when results from expectorated or induced sputum were compared
(appendix 1 p 30).

Discussion

In our prospective, cross-sectional, diagnostic accuracy study, the key findings are: (1)
CRP testing is feasible at point-of-care and superior to W4SS for triaging those initiating
ART, reducing unnecessary referrals, improving NNT, and approaching but not capable of
meeting the WHO target product profile minimum sensitivity and specificity benchmarks;
(2) sequential triage algorithms combining W4SS and CRP (both positive) approach the
WHO-recommended optimal specificity target but result in more missed tuberculosis than
CRP alone; (3) sputum Xpert Ultra is more sensitive than Xpert for culture-confirmed
tuberculosis, which is common in both W4SS-negative and sputum-scarce people; (4)
offering sputum induction enhances diagnostic yield (beyond that possible using urine tests);
and (5) urine testing with Xpert Ultra and LF-LAM have similar performance and urine
testing with Xpert Ultra is hampered by high non-actionable result rates. These data can
inform triage and confirmatory testing strategies, including specimen acquisition, in those
initiating ART.

People with HIV should be screened for tuberculosis, a process most efficient at ART
initiation when patients are immunosuppressed and have relatively high pre-test probability
of tuberculosis. ART initiators are already within HIV treatment cascades, representing

a population captured in a setting in which that we now show point-of-care CRP

is technologically highly feasible and a better alternative to symptom based triage,
significantly reducing unnecessary onward referrals (from 452 [for W4SS] to 314 people
per 1000 using CRP1q, translating into an NNT reduction of about 7 to about 5). In line with
WHO guidance,* our data also informs CRP’s use at this threshold of 10 mg/L or more,
with lower thresholds negating benefits CRP has over W4SS (fewer unnecessary referrals).
In contrast to community-based evaluations of CRP,24 we show little added benefit of
combining W4SS with CRP in those initiating ART, unless large tuberculosis case detection
reductions are acceptable, and that haemoglobin should not be considered further due to low
sensitivity.

Xpert Ultra, despite being WHO-recommended, is unevaluated in those initiating ART
without syndromic preselection. We now provide the first data to support the use of Xpert
Ultra in this diagnostically challenging population versus the previous generation Xpert, in
which sensitivity was higher for Xpert Ultra (71% vs56%), including in people who did
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not meet the WA4SS criteria and in people with advanced HIV (CD4 counts <350 cells/pL).
This supports Xpert Ultra’s use as part of recent efforts to move beyond symptom criteria

in high burden settings.2> Encouragingly, we did not observe drastically reduced Xpert Ultra
specificity in contrast to previous research in our setting; however, this previous research
was in self-reporting people with presumptive tuberculosis, who have a higher rate of
previous tuberculosis than ART initiators without preselection based on symptoms.22

Although non-sputum tests are a priority for tuberculosis control, there are, unfortunately,
unlikely to be alternatives available in the short-term for bacteriological confirmatory
testing.2 Furthermore, countries are heavily invested in sputum-based testing infrastructure
and might wish to consider induction, which our data support the use of: 31% of people
required induction to make at least one sputum and, without induction, the proportion of
people with a positive confirmatory test result detected by Xpert Ultra would reduce (66%
to 45%). We therefore recommend that programmes consider making sputum induction
available at ART-initiation sites, which is currently not standard-of-care in most high-burden
settings, including South Africa. This is especially important given the relatively poor
performance of urine tests (although LF-LAM has low diagnostic yield, it should still be
available in line with current guidance, due to its low cost, point-of-care nature and, unlike
urine Xpert Ultra, absence of non-actionable results).26 We also suggest that the use of
sputum induction as a diagnostic intervention, and associated implementation challenges
(eg, biosafety,2’ space, and effect on clinic flows), require further evaluation, because, based
on our data, induction improved case detection, compared to no induction, more than Xpert
Ultra did relative to Xpert.

This study has strengths and limitations. Although the study was large and included all
consenting ambulatory people irrespective of symptoms and ability to expectorate sputum
(and is hence representative of those initiating ART in our setting), we did not have
information of, and the reasons for, the relatively small number of people who declined
participation. Furthermore, the study was at a single centre. This is partly mitigated as it

is not a discovery cohort, but a validation of existing design-locked tools, and the centre
itself is a referral node for a catchment area serving hundreds of thousands of people. Other
strengths include the fact that CRP was done at point-of-care, a two-sputa culture was used
as the reference standard, and that we describe sputum production in detail in people with
HIV, which informs on the potential effect of induction facilities and non-sputum tests,
even though we could only confidently establish if induction was necessary in a consecutive
subset of people due to a database error.16:28 Other limitations include haemoglobin being
done in a programmatically selected subset, which might bias accuracy estimates. We

did not analyse factors other than culture-positive tuberculosis associated with CRP nor
extrapulmonary tuberculosis, both of which are important future research questions. The
effect of diagnostic strategies on person-important outcomes, cost, cost-effectiveness, and
affordability are also important, including in lower-resource settings, and our data now
provide a justification to evaluate them. We also suggest that the use of sputum induction
as a diagnostic intervention, and associated implementation challenges (eg, biosafety,2’
space, and effect on clinic flows), require further evaluation, because, based on our data,
induction improved case detection more than Xpert Ultra did relative to Xpert. Lastly,
although ours was a diagnostic accuracy study and not an implementation science exercise,
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shifting away from decades of entrenched W4SS-based triage to point-of-care CRP presents
significant implementation challenges,*2° including promoting the concept that people need
testing despite an absence of symptoms, the necessary infrastructure requirements to do
point-of-care testing and associated task-shifting (frontline health workers would now do

a tuberculosis test). These and other implementation barriers and facilitators require future
evaluation.

In summary, point-of-care CRP is an alternative tuberculosis triage tool that shows
improved specificity compared with self-reported W4SS in people with HIV initiating
ART that reduces unnecessary testing. Xpert Ultra has improved sensitivity compared
with Xpert and detects W4SS-negative tuberculosis, and Xpert Ultra’s diagnostic yield is
significantly enhanced through sputum induction provision. These tools should be pursued
for implementation in this key risk group, together with further evaluations in different
populations and settings.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed, Google Scholar, and Cochrane Library for publications published
before June 13, 2023, using the search terms “diagnosis” and “tuberculosis”, “ART
initiators”, “people living with HIV”, “CRP”, “Xpert MTB/RIF”, or “Xpert MTB/RIF
Ultra”. The identified publications suggested that better triage and confirmatory tests
are urgently needed for tuberculosis, especially in key risk groups such as people

living with HIV, because many tuberculosis cases do not meet the WHO-recommended
four-symptom screen (W4SS) criteria. WASS had suboptimal specificity and alternative
triage approaches, such as C-reactive protein (CRP), showed initial promise but had
comparatively little data in those initiating antiretroviral therapy (ART), especially
without syndromic preselection, and using point-of-care platforms. We also identified
WHO-endorsed rapid molecular tests, such as Xpert MTB/RIF Ultra (Xpert Ultra),

to have little supporting data in ART-initiators, who can have sputum scarce and
paucibacillary early-stage disease. There was also a scarcity of data on the added value
of sputum induction to augment diagnostic sampling for confirmatory testing. Lastly, the
performance of urine tests (Xpert Ultra and Determine TB LAM Ag) in this population
required more data on diagnostic yield and accuracy.

Added value of this study

We evaluated repurposed and new tests for triage and confirmatory testing using a
rigorous microbiological reference standard in a highly vulnerable high-priority patient
population (those initiating ART) regardless of symptoms and ability to naturally
expectorate sputum. We showed point-of-care CRP triage is feasible, performs better
than WA4SS, and that combinations of different triage approaches offer no advantages
over CRP alone. Sputum samples tested with Xpert Ultra has superior sensitivity to
Xpert; often detecting W4SS-negative tuberculosis. Furthermore, without induction,
confirmatory sputum-based testing would not be possible in a third of people. Urine
tests provided poor results. This study contributed unpublished data to systematic reviews
and metaanalyses used by WHO to inform global policy supporting use of CRP triage
and Xpert Ultra in people with HIV.

Implications of all the available evidence

Point-of-care CRP triage testing is feasible and superior to W4SS and should be
considered for roll-out in those initiating ART in high burden settings, together with
sputum induction in people who triage CRP-positive, and after appropriate cost and
implementation research. Such people should be offered Xpert Ultra, which outperforms
Xpert.
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897 ART initiators recruited irrespective of tuberculosis symptoms and ability to expectorate sputum

|
v “ v

Blood* Sputum Urine
(1-4 mL each)

¢ v ¢ ¢ ¢

C-reactive protein Specimen 1 Specimen 2 Specimen 3 Concentrated (20 pL) Unconcentrated
NaOH-NALC NaOH-NALC Xpert Ultra (700 pL) Xpert Ultra (700 pL)
decontamination decontamination

Double ZN smear Double ZN smear l l

microscopy microscopy Xpert Ultrat LF-LAM
(2x50 pL) (2x50 pL) (700 L) (60 pL)
MGIT960 liquid MGIT960 liquid

culture culture

(500 L) (500 )

Residual sputum Residual sputum

sediment sediment

One sediment arbitrarily selected

v

Xpert (700 pL)

Figure 1: Flowchart showing participant enrolment, specimen collection and processing, and
tests done

ART=antiretroviral treatment. LF-LAM=lateral flow lipoarabinomannan (Determine TB
LAM Ag test). MGIT960=mycobacterial growth indicator tube. NaOH-NALC=sodium
hydroxide-N-acetyl-L-cystein. Xpert=Xpert MTB/RIF. Xpert Ultra=Xpert MTB/RIF Ultra.
ZN=Ziehl-Neelsen. *Haemoglobin was done when programmatically indicated outside of
the study. TUnconcentrated Xpert Ultra done if concentrated Xpert Ultra non-actionable or
positive.
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Figure 2: Flow diagrams showing the number of people in head-to-head comparisons of triage
(A), confirmatory (B), and urine (C) tests

Triage tests are CRP and W4SS. Confirmatory tests are Xpert and Xpert Ultra on sputum.
Urine tests are concentrated Xpert Ultra and LF-LAM. CRP correctly classified more people
without tuberculosis compared with W4SS, Xpert Ultra detected more tuberculosis than
Xpert on sputum, and Xpert Ultra detected more tuberculosis than LF-LAM on concentrated

urine. Reasons for people excluded from each head-to-head analysis: (A-C) no culture

(n=42: 22 no sputum and 20 contaminated); (A) no CRP results (n=55); (B) no actionable
Xpert (n=91: 4 no result, 1 error, and 86 no or under volume specimen) and Xpert Ultra
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results (n=16: 2 error and 14 no sputum); and (C) no actionable concentrated urine Xpert
Ultra (n=118: 3 no result, 23 invalid, and 92 error), insufficient urine (n=7: 4 for both
LF-LAM and concentrated Xpert Ultra, 3 for concentrated Xpert Ultra only, and 1 for
LF-LAM only), and LF-LAM unavailable (n=1). CRP=C-reactive protein. LF-LAM=lateral
flow lipoarabinomannan (Determine TB LAM Ag test). RIF=rifampicin. Xpert=Xpert MTB/
RIF. Xpert Ultra=Xpert MTB/RIF Ultra. W4SS=WHO-recommended four-symptom screen.
*69 (66% of 104 people were culture-positive for both sputa; 35 (34%) of 104 were positive
for one sputum and negative for the other (30 [86%]), contaminated for the other (4 [11%]),
or the other not done (1 [3%]). tXpert detected three Xpert Ultra-negative cases (3 [10%] of
30 [95% CI 2-27]). Xpert Ultra detected 19 Xpert-negative cases (19 [41%] of 46 [95% ClI
27-57]).
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Figure 3: Summaries of triage and confirmatory test performance and effect on NNT
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(A) Forrest plots comparing sensitivity and specificity point estimates (with 95% CIs) of
triage tests and algorithms as well as sputum and urine confirmatory tests. Black dashed
vertical lines indicate WHO target product profile estimates. (B) Effect of different triage

tests and algorithms (table 2) on participant classification, showing CRP1g alone or in
combination with W4SS (Algorithms 3 and 4) to result in fewer onward unnecessary

referrals (false positives). CRP1y had 138 fewer false positives per 1000 people than W4SS
(452 vs314). The number needed to test to detect one culture-positive case when different
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triage methods are used in our cohort (C) and for Xpert Ultra only (D), modelled against
different tuberculosis prevalences versus an Xpert Ultra-in-all scenario. Use of CRP1g would
result in a tuberculosis case correctly detected every five rather than every seven people

as for W4SS. Other triage methods had lower NNTs but would be offset by diminished
sensitivities. The grey column in D shows our prevalence. CRP=C-reactive protein. LF-
LAM=lateral flow lipoarabinomannan (Determine TB LAM Ag test). Xpert=Xpert MTB/
RIF. Xpert Ultra=Xpert MTB/RIF Ultra. W4SS=WHO-recommended four-symptom screen.
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