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Abstract

Detection of tuberculosis at the point-of-care (POC) is limited by the low sensitivity of current
commercially available tests. We describe a diagnostic accuracy field evaluation of a proto-
type urine Tuberculosis Lipoarabinomannan Lateral Flow Assay (TB-LAM LFA) in both
HIV-positive and HIV-negative patients using fresh samples with sensitivity and specificity
as the measures of accuracy. This prototype combines a proprietary concentration system
with a sensitive LFA. In a prospective study of 292 patients with suspected pulmonary tuber-
culosis in Uganda, the clinical sensitivity and specificity was compared against a microbio-
logical reference standard including sputum Xpert MTB/RIF Ultra and solid and liquid
culture. TB-LAM LFA had an overall sensitivity of 60% (95%Cl 51-69%) and specificity of
80% (95%CI 73—-85%). When comparing HIV-positive (N = 86) and HIV-negative (N = 206)
patients, there was no significant difference in sensitivity (sensitivity difference 8%, 95%ClI
-11% to +24%, p = 0.4351) or specificity (specificity difference -9%, 95%Cl -24% to +4%,

p =0.2051). Compared to the commercially available Alere Determine TB-LAM Ag test, the
TB-LAM LFA prototype had improved sensitivity in both HIV-negative (difference 49%, 95%
CI 37% to 59%, p<0.0001) and HIV-positive patients with CD4+ T-cell counts >200cells/pL
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(difference 59%, 95%Cl 32% to 75%, p = 0.0009). This report is the first to show improved
performance of a urine TB LAM test for HIV-negative patients in a high TB burden setting.
We also offer potential assay refinement solutions that may further improve sensitivity and
specificity.

Introduction

Tuberculosis (TB) remains one of the most vexing infectious diseases, having caused 1.2 mil-
lion deaths in HIV-negative individuals and an additional 208,000 deaths among HIV-positive
individuals in 2019. In the absence of a simple, inexpensive point-of-care screening test to rap-
idly identify presumptive TB patients for subsequent confirmatory testing, approximately 30%
of the annual 10 million new patients with TB remain undiagnosed every year [1].

Lipoarabinomannan (LAM) is a glycolipid of the mycobacterial cell wall that is identifiable
in urine of patients with active TB disease [2-5]. LAM offers potential for rapid detection of
TB from non-sputum samples using low-cost, instrument-free methods, such as lateral flow
assay platforms. One such assay, the Alere Determine™ TB LAM Ag Test (Alere LAM, Abbott
Diagnostics, Santa Clara, CA, USA), is currently commercially available. However, the sensi-
tivity and specificity of this assay has been shown to be suboptimal, leading the World Health
Organization (WHO) to limit its use to a subset of HIV-infected adults, adolescents, and chil-
dren (CD4+ T-cell counts <200 cells/pL, or seriously ill regardless of CD4+ T-cell count, or
have signs and symptoms of TB) [3,6]. The limited use case could hamper adoption in several
TB endemic settings.

A test that has utility regardless of HIV status and CD4+ T-cell counts would find fewer
barriers to implementation. In particular, a low-cost tool is needed that can facilitate standard-
ized selection of patients for confirmatory testing as part of facility- or community-based
active case finding. Identifying these cases before transmission occurs or the disease becomes
advanced could significantly change the trajectory of the epidemic. In the present study we
report the performance of a prototype TB LAM lateral flow assay (LFA) on fresh urine speci-
mens collected from patients seeking care for TB symptoms in a high TB burden setting.

Materials and methods

Study design and population

Between October 2018 and March 2019, we conducted a prospective study of adult (>18 years)
patients (both hospitalized and outpatients) being evaluated for pulmonary tuberculosis (TB) at
Mulago and Kiruddu Referral Hospitals and Kisenyi Health Center IV in Kampala, Uganda. To
select participants, we reviewed the Xpert®) testing logs at study health centers daily. On each
day, we enrolled consecutive adults with a positive sputum Xpert® MTB/RIF Ultra result, and
as many consecutive adults with negative Xpert@® MTB/RIF Ultra results, in order to enrich for
TB cases. Patients were excluded if 1) Xpert® MTB/RIF Ultra test results were invalid; 2) they
were already on anti-TB treatment or had taken agents with anti-TB activity such as amino
quinolones in the prior 12 months; or 3) they refused or were unable to provide informed con-
sent. The Makerere University School of Medicine Research and Ethics Committee (No. 2017-
020), the Uganda National Council for Science and Technology (No. HS52210), and the Univer-
sity of California San Francisco Committee on Human Research (No. 17-21466) reviewed and
approved the original study. The results of this study are reported according to the Standards
for Reporting of Diagnostic Accuracy Studies (STARD) guidelines [7].
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Data and specimen collection

Eligible patients submitted two spot sputum samples (A&B) and up to 120mL of spontane-
ously voided urine. Though sputum induction was available, no patients required induction
and all samples were expectorated. Sputum was concentrated for fluorescence smear micros-
copy (x2) and solid and liquid culture (x2). Urine was analyzed using Multistix 10SG Reagent
Strips and Clinitek Analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY, USA), and
processed using the prototype concentration method and lateral flow assay (LFA). Patients
that self-identified as HIV-positive had CD4+ T-cell counts measured using a BD FACSCali-
bur Flow Cytometer (BD Biosciences, San Jose, CA, USA). Patients who were unsure or
reported negative were tested using the Alere Determine™ HIV Ag/Ab test and confirmed
using other diagnostic tests in the algorithm. Patients with discrepant urine TB-LAM LFA and
sputum Xpert results, specifically false positives, were followed-up at 1 and 2 months for repeat
symptom assessment and sputum-based TB testing.

Sample preparation for TB-LAM LFA

Freshly collected urine samples were stored on ice packs for no more than 3 hours prior to test-
ing with the prototype LFA. Each urine specimen sample (5mL) was filtered using a 25mm
syringe filter (0.45pum) (Whatman, UK) to remove large particles, crystals, and debris. The TB
LAM antigen was concentrated from the filtered urine using a concentration system developed
at Intellectual Ventures Laboratory. Briefly, the filtered urine was added to the lyophilized
Concentration Capture Reagent (the procedure for making this reagent is detailed in the SI),
mixed until the reagent was dissolved (approximately 30 seconds), and incubated for 15 min-
utes at room temperature. The 1um diameter particles that comprise the Concentration Cap-
ture Reagent were separated from the urine using a Whatman Autovial 5mL Syringeless Filter
Device (Whatman, UK). The trapped particles were washed with 1mL of Wash Buffer; the
urine sample and wash liquid were discarded to waste. The Concentration Capture Reagent
particles were treated with 300 pL of Elution Buffer for 5 minutes to release any LAM bound
to the particles. The eluted sample was immediately neutralized with 35 pL Neutralization
Buffer. The neutralized eluent (150pL) was applied immediately to the LFA.

Index tests

The prototype TB-LAM LFA was custom manufactured by DCN Diagnostics (Carlsbad, Cali-
fornia) with a mouse anti-LAM IgG, clone BPM101 (Biopromic AB, Solna, Sweden) as the
detection reagent and a human anti-LAM IgM, clone A194-01 (Rutgers University, New
Brunswick, NJ) [8] as the capture reagent. The prototype LFA used non-woven materials from
Ahlstrom-Munksjo (Helsinki, Finland) and Sartorius (Gottingen, Germany) and the specifica-
tions of the build are described in detail in the Supplementary Methods (S1 File). Concentrated
TB LAM sample (150uL) was applied to the LFA. The LFAs were scored visually (positive, neg-
ative, and invalid) by operators trained by the prototype developers and with an LFA reader,
Axxin model AX-2X-DR-G (Axxin, Fairfield, Victoria, Austrialia) at 30 minutes. The com-
bined sample preparation and TB LAM lateral flow assay can be seen in Fig 1. Neat urine was
also used to perform the Alere Determine TB-LAM test in accordance with manufacturer rec-
ommendations. Assessors of the index tests were blinded to the results of the reference tests
and the other index test. Both index tests were performed in near-patient laboratories within
either the internal medicine department at Kiruddu Hospital or the TB wards at Mulago
Hospital.
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<Thour from Sample to Result

Filter Urine, Mix with Incubate 15min to Separate Capture Elute LAM from Add Eluent to LFA;
1 Capture Reagent Capture LAM Reagent, Uring; Capture Reagent; Read Results
Wash Neutralize

Fig 1. Schematic of the prototype test workflow. (1) Patient urine is passed through a filter to remove any large particulates and mixed with the Concentration
Capture Reagent. (2) Urine and Concentration Capture Reagent are allowed to incubate at room temperature for 15min in order to capture any LAM in the sample.
(3) The Concentration Capture Reagent is separated from the bulk urine by passing through the filter of an Autovial, discarding the urine, and it is washed with ImL
Wash Buffer, which is also passed through the filter to waste. (4) 300pL of Elution Buffer is added to the washed Concentration Capture Reagent and incubated for
5min to release any captured LAM; it is passed through the filter and instantly mixed with 35uL of Neutralization Buffer. (5) 150uL of this neutralized eluent is added
to the LFA and results are read after 30min.

https://doi.org/10.1371/journal.pone.0254156.9001

Reference standard

We compared the performance of index tests against a microbiological reference standard consist-
ing of Xpert® MTB/RIF Ultra on sputum and concentrated urine, and liquid and solid cultures
on 2 sputum specimens. Urine for Xpert Ultra testing was centrifuged (Thermo Scientific Heraeus
Megafuge 8R Compact, Waltham, MA, USA) using swing-out rotor at 3000 rpm (2173 x g) ambi-
ent temperature for 15 minutes prior to adding sample reagent at a volume ratio of 1:1. Liquid cul-
tures were performed using the BD BACTEC Mycobacterial Growth Indicator Tubes (MGIT)
(BD Biosciences, San Jose, CA, USA) and growth was confirmed as MTB using the SD BIOLINE
TB Ag MPT64 Rapid test (Abbott Diagnostics, Santa Clara, CA, USA) on the culture media. Solid
cultures were performed using Lowenstein Jensen media. Individual contaminated cultures were
counted as negative when compiling the standard. Any missing results from an individual compo-
nent of the reference standard was ignored as part of the analysis. The microbiological reference
standard was considered positive if any one of the tests was positive for TB. Assessors of the refer-
ence standard were blinded to index test results and clinical information.

Statistical analysis

All statistical analysis was performed using R-software version 3.6.0 and the epiR package ver-
sion 1.0-2 (https://CRAN.R-project.org/package=epiR), when necessary, for example for
determination of the sensitivity, specificity, and their associated 95% confidence intervals
(95%CI) for the index tests compared to the microbiological reference standard. As the index
test is an early prototype device, a sample size was not pre-specified. We continued to enroll
patients until the 95% confidence intervals of the sensitivity and specificity for the prototype
converged to within £10%. With these performance characteristics calculated, we again used
epiR to compare the sensitivity and specificity of the index tests to each other using McNe-
mar’s test, as the two tests were performed on the same patients in parallel. Here, we consid-
ered the TB cases and non-TB cases separately to determine if the sensitivity and specificity,
respectively, were significantly different between tests [9], with the null hypothesis-that the
two tests were equivalent with respect to the characteristic in question-being rejected when
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Adults with positive
sputum Xpert Ultra result

N=295

Excluded (n=184)
- Unable to locate, n=62
- Discharged or dead, n=21
- On anti-TB treatment, n=27
- Enrolled by other studies, n=26
- Declined consent, n=3
- Unable to consent, n=45

Enrolled Xpert
Ultra positive
n=119

Microbiologically

Adults with negative
sputum Xpert Ultra result

N=190

A

Excluded (n=17)
- Not randomly selected, n=11
- Unable to find, n=4
- Already on TB treatment, n=1
- Prior TB, n=1

Enrolled randomly selected adults with
negative sputum Xpert Ultra result

N=173

4

A

Identified as TB+
by culture
n=6

n=1

Identified as TB+ by
urine Xpert Ultra

Microbiologically negative
n=166

TB+
n=126

A4

Microbiologically
TB-
n=166

Fig 2. Flowchart of patient enrollment. We identified 295 adults with positive Xpert Ultra results to screen for enrollment. Of these individuals 119 were able to be
enrolled in the study. A random selection of 173 adults with negative Xpert Ultra results were also enrolled. Of the 173 enrolled Xpert Ultra negative patients 7 were

subsequently diagnosed as TB cases by other microbiological methods.

https://doi.org/10.1371/journal.pone.0254156.9002

Pp<0.05. When comparing sensitivity and specificity of the index tests across subsets of patients
(e.g. HIV-negative patients versus HIV-positive patients) Fisher’s exact test was employed in
the same fashion as described for the McNemar’s test above.

Results

Performance of prototype TB LAM test in Uganda

Between October 2018 and March 2019, we identified 295 patients with positive Xpert results
in the facility logbooks. As shown in Fig 2, 119 (40%) were eligible and provided sufficient
urine volume for evaluation of the prototype TB-LAM test. We randomly selected 173 patients
with negative Xpert results, of these 7 were subsequently confirmed as TB cases based on other
microbiological tests, yielding a total of 126 TB+ patients and 166 microbiologically negative
patients. Within this group, 206 patients were HIV-negative and 86 were HIV-positive.
Amongst the HIV-positive participants, the median CD4+ T-cell count was 262 cells/uL, with
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Table 1. Characteristics of participants evaluated for pulmonary TB in Uganda (n = 292).

Demographic or clinical characteristic® All participants, N = 292 (%)
Median Age, years (IQR) 30 (24-39)
Sex

Female 120 (41)

Male 172 (59)
Cough >30 days 186 (64)
Heart rate >120 45 (14)
Fever >39°C 6(2)
BMI <18.5 144 (49)
Hospitalized 19 (6.5)
ECOG Score <2 184 (63)
Smoking in last 30 days 34 (13)
Prior TB (>1 year ago) 39 (13)
HIV-positive 86 (29)
CD4+ T-cell count <200 cells/pL (n = 86) 31 (36)
Reference standard positive 126 (43)
Distribution of reference positive patients
Sputum Xpert Ultra positive (n = 126) 119 (94)
Urine Xpert Ultra positive (n = 126) 18 (14)
MGIT positive (n = 126) 112 (89)
L] positive (n = 126) 110 (87)

BMI: Body Mass Index; ECOG: Eastern Cooperative Oncology Group; IQR: Interquartile Range.

“n = 292 unless indicated.

https://doi.org/10.1371/journal.pone.0254156.t001

51 having CD4+ T-cell counts above 200 cells/uL, and 67 were taking antiretroviral therapy.
Other characteristics of patients enrolled in the study are shown in Table 1.

Based on visual detection of the LFA test line (Table 2), the sensitivity of the prototype
TB-LAM LFA was 60% (95%CI 51-69%) and the specificity was 80% (95%CI 73-85%). When
restricted to the HIV-negative patients, the sensitivity was 58% (95%CI 47-68%) and the speci-
ficity 82% (95%CI 74-89%), not significantly different to the overall population. Similarly, the
performance of the test for the HIV-positive patients was not significantly different than the
overall cohort-sensitivity was 66% (95%CI 49-80%) and specificity was 73% (95%CI 58-85%).
Further stratification of the HIV-positive patients by CD4+ T-cell count indicated that for
patients with CD4+ T-cell counts greater than 200, the performance of the prototype is similar
to HIV-negative patients-sensitivity is 77% (95%CI 55-92%) and specificity is 82% (95%CI
65-93%). Patients with CD4+ T-cell count less than 200 were not analyzed as a separate

Table 2. Performance of visually read prototype TB LAM LFA vs. microbiological reference standard.

Cohort N TP FP FN TN Sensitivity [95%CI] Specificity [95%CI]
Overall 292 76 34 50 132 60% [51-69%] 80% [73-85%]
HIV- 206 51 21 37 97 589% [47-68%] 82% [74-89%]
Al HIV+ 86 25 13 13 35 66% [49-80%] 73% [58-85%)
HIV+, CD4+>200 55 17 6 5 27 77% [55-92%] 82% [65-93%]

Performance shown for the overall cohort and by HIV-status. For HIV+ patients, the performance is also presented stratified by CD4+ T-cell count. TP = true positive;

FP = false positive; FN = false negative; TN = true negative; CI = confidence interval.

https://doi.org/10.1371/journal.pone.0254156.t002
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Table 3. Performance of the Alere Determine™ TB LAM Ag Test (Alere LAM) vs. microbiological reference standard.

Cohort N
Overall 292
HIV- 206

Al HIV+ 86
HIV+, CD4+>200 55

TP FP FN TN Sensitivity [95%CI] Specificity [95%CI]
16 2 110 164 13% [7-20%] 999% [96-100%]

8 2 30 116 9% [4-17%] 989% [94-100%)]

8 0 30 48 21% [10-37%] 100% [93-100%)]
4 0 18 33 18% [5-40%] 100% [89-100%]

Performance shown for the overall cohort and by HIV-status. For HIV+ patients, the performance is also presented stratified by CD4+ T-cell count. TP = true positive;

FP = false positive; FN = false negative; TN = true negative; CI = confidence interval.

https://doi.org/10.1371/journal.pone.0254156.t003

subgroup as this group consisted of only 31 patients, a sample size too small to draw significant
conclusions from.

An attempt to resolve potentially false positive results (n = 34) was made by following up on
patients at 1 and 2 months; however, 41% of these individuals (n = 14) were lost to follow-up.
Due to this high loss to follow-up, meaningful data could not be collected. This rate of loss to
follow-up is not surprising and represents the real-life challenges of conducting evaluations of
this nature.

The Alere LAM test was run in parallel with the prototype test, yielding a sensitivity of 13%
(95%CI 7-20%) and specificity of 99% (95%CI 96-100%) for the total cohort (Table 3). The
low sensitivity of the Alere LAM test in this cohort is due both to the high proportion of HIV-
negative patients as well as HIV-positive patients with high CD4+ T-cell counts. This is evi-
denced by the reduced sensitivity of the test for those patient groups— 9% (95%CI 4-17%) and
18% (95%CI 5-40%), respectively. This is expected as the WHO recommends the test only be
used for HIV-positive patients who have signs and symptoms of TB, are seriously ill, or have
CD4+ T-cell counts less than 200 cells/uL. The performance of the Alere LAM test within the
HIV-positive population of this cohort is in line with previously published reports for outpa-
tient clinic settings and TB symptomatic patients [10,11].

Discussion

At present 2.9 million of the annual 10 million new tuberculosis cases are estimated to remain
undiagnosed annually, this includes 363,574 cases among people living with HIV [1]. In order
to address this major diagnostic gap, there is a pressing need for a rapid, simple, inexpensive
test that can be easily implemented at a community level where most patients seek initial medi-
cal help, to detect likely active tuberculosis cases for further confirmatory testing. To address
the diagnostic needs of both HIV-negative and HIV-positive individuals and children as well
as patients unable to produce sputum, non-sputum-based approaches are highly desirable.

Against a sputum-based microbiological reference standard, the prototype TB-LAM LFA
achieved markedly improved sensitivity compared to the Alere LAM test when prospectively
evaluated on specimen collected in a clinical setting. At present the Alere LAM test is recom-
mended for use by the WHO only for a subset of HIV-infected adults, adolescents, and chil-
dren (CD4+ T-cell counts <200 cells/pL, or seriously ill regardless of CD4+ T-cell count, or
have signs and symptoms of TB) [6]. The Alere LAM test sensitivity remains best for HIV-pos-
itive inpatients, with signs and symptoms of TB, and CD4+ T-cell counts <100 cells/pL, 61%
(95%CI 40-78%), but significantly lower in patients with higher CD4+ T-cell counts-the
pooled sensitivity for patients with CD4+ T-cell counts >200 was found to be 16% (95%CI
8-31%) [6]. The overall sensitivity of the prototype TB LAM LFA was 60% (95%CI 51-69%),
with 77% (95%CI 55-92%) in patients with HIV and CD4+ T-cell counts >200 cell/pl, and
58% (95%CI 47-68%) in HIV-negative patients in a cohort where 71.1% of the enrolled
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patients were HIV-negative and the median CD4+ T-cell count of HIV-positive patients was
262 cell/pl. Therefore, our findings suggest a significant improvement over the Alere LAM test
in both HIV-positive patients with higher CD4+ T-cell counts (difference 59%, 95%CI 32% to
75%, p = 0.0009) but more importantly in HIV-negative individuals with tuberculosis (differ-
ence 49%, 95%CI 37% to 59%, p<0.0001), two key patient populations that are not adequately
covered by the Alere LAM test.

Another recently published TB LAM test reporting improved performance is the Fujifilm
SILVAMP TB-LAM (Fuji LAM) test [12]. In contrast to the prototype test reported herein, the
Fuji LAM test was initially evaluated only in a retrospective trial on frozen urine samples from
HIV-positive patients originally collected for other clinical trials. The median CD4+ T-cell
count was 86 cell/ul. The overall sensitivity of the Fuji LAM test was reported as 70.4% (95%CI
53.0-83.1%, n = 968), which is comparable to our 66% (95%CI 49-80%, n = 86) sensitivity on
HIV-positive patients. However, the median CD4+ T-cell count in our cohort was significantly
higher (262 cells/pl), suggesting a better performance of the prototype in these patients. The
additional testing capacity of our test is best illustrated by the striking difference in sensitivity
on patients with CD4+ T-cell count >200 cells/ul, 77% (95%CI 55-92%, n = 55) with the pro-
totype and only 44% (95%CI 29.7-58.5%, n = 231) with Fuji LAM.

In a subsequent publication evaluating the performance of the Fuji LAM test in a prospec-
tive trail on HIV-negative patients in Peru, the sensitivity compared to a similar microbiolog-
ical reference was 53.2% (95%CI 43.9-62.1%, n = 372) [13], which is comparable to the
sensitivity of our prototype LFA in HIV-negative patients of 58% (95%CI 47-68%). The speci-
ficity of Fuji LAM in this HIV-negative was reported as 98.9% (95%CI 96.7-99.6%, n = 372),
which is higher than our reported specificity of 82% (95%CI 74-89%). The high specificity of
Fuji LAM is credited to the use of an antibody targeting the 5-methylthio-D-xylofuranose
(MTX) epitope only found on Mycobacterium tuberculosis LAM [12,13].

Based on these findings it appears that this prototype test may open a new path towards a
non-sputum-based, rapid and simple LFA testing regardless of the HIV status of the individ-
ual. While previous studies using higher sensitivity methods have reported the ability to detect
LAM in urine samples from HIV-negative patients, these methods and diagnostic platforms
were applicable to reference laboratories due to their complexity [14-16]. Though the Fuji
LAM test has now been evaluated in HIV-negative patients, the study did not evaluate its per-
formance in a setting similar to its desired use-case as the samples were centrifuged, the super-
natant frozen and shipped to a reference laboratory in Japan [13]. This processing of the urine
specimen, necessitated by the need to freeze, presumably is not envisioned as part of the POC
use of the Fuji LAM test and may have impacts on the performance. Similarly, a well-resourced
reference lab does not replicate the environmental conditions the end-user of the test would
experience. Thus, this report is the first clinical evidence from the field on fresh samples in a
prospective clinical trial, where the prototype test was performed in a near-patient setting,
demonstrating the feasibility of detecting LAM at the POC on an LFA platform. Comparison
of the two tests is challenging as one-Fuji LAM-is a final product and our test is a prototype
that is under development with future modifications informed by this study. Nonetheless, in
their current states both tests take 60 minutes to run and have a similar number of steps [12].
Though our prototype was operable in a POC setting, it certainly requires a reduction in steps
to reduce complexity and the potential for user error. This would include eliminating the wash
step, integrating neutralization with the LFA via a treated sample pad, and engineering a cus-
tom Autovial that would house the lyophilized reagent and allow for both pre-filtration and
separation of bound LAM and urine. We envision a final product would contain all the neces-
sary reagents contained within two pieces—the concentration device and the LFA-that would
come as a kit.
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Critical to the performance of the prototype test is the concentration method. A standard
LFA has an upper limit on the specimen volume. By preceding the analysis of the specimen
with a concentration method, one enables the sampling of a larger volume-here 5mL-thus
making more LAM available for signal generation on the LFA. This approach is likely critical
to improving performance in more challenging patient populations (e.g. patients with less
advanced disease, HIV- patients and HIV+ patients with high CD4+ T-cell counts) who are
thought to generally present with smaller amounts of LAM in urine.

According to the 2014 WHO target product profiles (TPPs) [17] the present specificity of
our assay is in line with the minimum and optimal requirements of a non-sputum-based triage
test (minimum: >90% sensitivity, >70% specificity; optimal: >95% sensitivity, >80% specific-
ity). However, despite the observed increase in sensitivity versus the Alere LAM test on both
HIV-negative patients and HIV-positive patients, especially with CD4+ T-cell counts >200
cell/ul, the present performance of the prototype test remains below the recommended mini-
mum sensitivity of the WHO triage test TPP.

In 2018, the UN General Assembly High-Level Meeting on TB targets resolved to close the
case detection gap by treating 40 million people with TB by 2022, which requires the additional
diagnosis of the 3 million missed cases of tuberculosis annually, on top of what is currently
being detected. In order to achieve these goals, we need fundamental changes in current tuber-
culosis screening practices. Unfortunately, present case finding or screening practices to select
presumptive cases for confirmatory testing are based on highly subjective symptom-based
screening, which can identify approximately 65% of only the smear positive cases [18], or
approaches that require complex and costly infrastructure (e.g. mobile chest X-ray-based
screening) [19].

Therefore, in light of this huge diagnostic gap that high disease burden countries are facing,
a moderately more sensitive clinic-based screening tool with clear and easily interpretable
results, that is inexpensive, simple to use and does not require extensive training or expertise,
and that is effective in patients regardless the HIV status or the need to assess that, should have
significant clinical and epidemiological impact. This need becomes even more important as
wider access to antiretroviral therapy leads to an increasing number of HIV-positive patients
with high CD4+ T-cell counts.

In this study, the prototype LFA was validated in a high burden setting, on fresh clinical
samples, collected, transported, and tested under real-life circumstances. Although not reach-
ing the requirements of the WHO triage test TPP [17], we believe that with additional optimi-
zation based on learnings from this study, further gains in performance are possible. For
example, optimizing the concentration method to capture LAM from a larger volume of urine
and exploring new antibodies for the LFA, such as an MTX-specific antibody like that used in
Fuji LAM, could improve both sensitivity and specificity.

Our evaluation of the prototype had some limitations. All of the patients were capable of
producing sputum, limiting our ability to understand how the prototype test may perform in
specific populations who have difficulty producing sputum. Also, the number of HIV-positive
patients was low, as was the number of patients with positive TB test results in this group,
reducing the confidence in the performance of the prototype in this patient group. Another
limitation was the lack of microbiological information on potential extrapulmonary disease.
Unfortunately, this trial did not allow us to collect extrapulmonary samples for testing. This
may have falsely lowered specificity. Furthermore, the sampling performed to recruit Xpert
negative patients could have introduced bias. Consequently, we could not calculate positive or
negative predictive values. Selection bias is also a concern as the inability to find patients was a
common reason for exclusion. Finally, the gold standard of this trial was a composite of molec-
ular and growth detection-based microbiological standards and although we made every
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attempt to follow up patients with negative microbiological results 1 and 2 months after the
initial testing, due to the high rate of loss to follow-up we could not conduct a meaningful dis-
crepant analysis using repeat testing, and control clinical, and radiological evaluation results.
This high rate of loss to follow-up is itself an example of why rapid POC testing is necessary.
Each contact with a patient is valuable and may be the last time a healthcare worker may have
to provide a diagnostic result and link to treatment.

Although the WHO declared tuberculosis a global emergency in 1993, still every day more
than 3000 people/day die due to this treatable disease, primarily due to the absence of adequate
diagnostic tools at the level where patients are and seek medical help [1]. This report is the first
to show an improved TB-LAM LFA performance in HIV-negative individuals on a non-prese-
lected, real-life patient population, which may offer an adequate solution to address the related
diagnostic gap. By virtue of its format and relative simplicity, this prototype test demonstrates
the possibility to expand TB screening to lower levels of health care systems using urine-based
TB LAM testing. Further optimization of the assay and productization of the concentration
method may improve performance and the ease of use.

Supporting information

S1 File. Prototype LFA and Concentration Capture Reagent production.
(DOCX)

S2 File. De-identified patient test results and metadata.
(XLSX)
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