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Abstract

Aims/Background: Tuberculosis (TB) is a highly prevalent opportunistic infection and a leading cause of mortality worldwide, particu-
larly among those living with human immunodeficiency virus (HIV). Among these patients, the diagnostic accuracy of conventional TB
testing is generally limited by atypical clinical manifestations, the frequent occurrence of extrapulmonary TB, challenges in obtaining
sputum samples, and consistently low bacterial loads in clinical specimens. Therefore, this study assesses the diagnostic performance of
a novel chemiluminescence immunoassay (CLIA) for detecting urinary lipoarabinomannan (LAM) in individuals coinfected with HIV
and TB. Methods: A prospective cohort study was conducted involving 297 people living with HIV (PLWH) recruited from Beijing
Youan Hospital, Capital Medical University, China, between May 2021 and December 2024. By September 2025, when this analysis
was finalized, all patients had received at least 6 months of follow-up. Of these, 76 patients had TB (34 definite cases and 42 probable
cases), while 221 non-TB patients with confirmed alternative diagnoses were included as a control group. A novel double-antibody
sandwich CLIA was specifically designed to detect the Mycobacterium tuberculosis LAM antigen in urine specimens. For comparative
evaluation, all samples were concurrently analyzed using the commercially available Determine™ TB LAM Ag test (AlereLAM, Abbott
Laboratories, USA). Investigators were blinded to the laboratory test results until the completion of enrollment, and laboratory technicians
were blinded to patients’ diagnoses throughout the study duration. Results: Receiver operating characteristic (ROC) analysis showed
an area under the curve (AUC) of 0.925 at the optimal cutoff of 1.46. Median CLIA values increased in a graded manner across groups:
0.98 in the non-TB group, 1.96 in the probable TB group, and 4.46 in the definite-TB group (p < 0.001). Compared with AlereLAM,
CLIA demonstrated significantly higher sensitivity (85.3% vs. 58.8%) but lower specificity (89.6% vs. 98.2%). Neither LAM-CLIA
nor AlereLAM exhibited a significant association with patient cluster of differentiation (CD) 4™ T cell counts (p > 0.05). Conclu-
sion: CLIA-based urinary LAM detection demonstrates superior sensitivity compared with conventional lateral flow assays, providing
a rapid and quantitative approach for detecting HIV-associated TB. This method has significant potential to improve early TB detection
in high-risk populations, particularly where culture-based methods are unavailable.
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1. Introduction response [3,4]. LAM has emerged as a potent diagnostic
biomarker in hospitalized PLWH and symptomatic PLWH
[5]. Its detection is particularly convenient because it re-
quires only a urine sample and does not rely on sputum, of-

fering a relatively cost-effective and rapid diagnostic option

[6].

In 2019, the World Health Organization (WHO) con-
ditionally recommended the AlereLAM lateral flow (LF)

Tuberculosis (TB) is a leading cause of mortality
worldwide among individuals living with human immun-
odeficiency virus (HIV), accounting for approximately one-
third of all acquired immunodeficiency syndrome (AIDS)-
related deaths. In 2023, an estimated 161,000 HIV-
associated TB deaths were reported, corresponding to an
approximately 18-fold higher TB risk in this population

than among immunocompetent individuals [1].

Among people living with HIV (PLWH), the high bur-
den of extrapulmonary TB (EPTB) and the inability of a sig-
nificant proportion of individuals (up to 63%) to produce
sputum considerably limit the effectiveness of sputum-
based diagnostic approaches [2]. In recent years, sub-
stantial advances have been made in TB diagnostics us-
ing lipoarabinomannan (LAM), a mycobacterial cell wall
glycolipid that contributes to the pathogenesis of Mycobac-
terium tuberculosis (MTB) and modulates the host immune

assay for use in hospitalized PLWH with advanced im-
munosuppression [7]. The assay has demonstrated clin-
ical benefits by facilitating early detection of TB in this
high-risk cohort [8,9]. However, its sensitivity remains
modest (approximately 40-60%) and is primarily effec-
tive in patients with cluster of differentiation (CD) 41 T-
cell counts below 100 cells/uL [10]. Recent advances, in-
cluding improved urine-concentration techniques and the
application of chemiluminescence immunoassay (CLIA),
have substantially enhanced the analytical sensitivity of uri-
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nary LAM detection [11]. CLIA-based platforms, by pro-
viding superior analytical sensitivity and quantitative as-
sessments, offer a promising alternative for the quantifica-
tion of urinary LAM. Unlike visual-read LF assays, CLIA
enables objective quantification of LAM concentrations,
which may be advantageous for detecting low-bacillary
load and EPTB.

This prospective diagnostic trial was designed to de-
velop and validate novel, highly accurate laboratory meth-
ods for the diagnosis of tuberculosis in PLWH. In this study,
we evaluated a novel CLIA-based urinary LAM assay in
a cohort of 297 PLWH. We hypothesized that automated
CLIA-based LAM detection would demonstrate superior
diagnostic performance compared with conventional LF-
LAM assays in PLWH. The specific objectives were to eval-
uate the diagnostic accuracy of LAM-CLIA using microbi-
ologically confirmed TB cases as the reference standard and
to determine optimal cutoff values for HIV-positive popu-
lations.

2. Methods
2.1 Study Design and Recruitment of Study Participants

This prospective study evaluated the diagnostic per-
formance of chemiluminescent urine LAM for detecting
TB in PLWH compared with the AlereLAM assay. The
reference standards included composite sputum smear mi-
croscopy, culture, GeneXpert, and TB-DNA testing. A co-
hort of 297 PLWH were prospectively enrolled at Beijing
Youan Hospital, Capital Medical University, China, be-
tween May 2021 and December 2024. Final diagnoses were
confirmed by integrating clinical manifestations, biochemi-
cal results, histopathological and radiological data, and mi-
crobiological and nucleic acid amplification test (NAAT)
findings. All participants were monitored for at least 6
months, up to September 2025, to determine diagnostic sta-
bility.

Patients were included in the study if they met the fol-
lowing criteria: (1) those provided written informed con-
sent; (2) individuals undergoing clinical evaluation for sus-
pected TB as per national guidelines; and (3) had at least
one valid specimen (e.g., sputum, blood, urine) collected
both for routine TB diagnostic testing and for the study-
specific LAM assay. However, they were excluded if any
of the following criteria applied: (1) inability or unwilling-
ness to provide informed consent; (2) those who have al-
ready received anti-tuberculosis treatment for more than 72
hours during the current illness episode; and (3) insufficient
volume or inadequate quality of the specimen for required
testing. All eligible patients meeting the inclusion criteria
and none of the exclusion criteria were consecutively en-
rolled to avoid selection bias.

2.2 Diagnosis of HIV

HIV infection was diagnosed according to national
guidelines [12]. Diagnosis required either (1) a positive

HIV antibody screening test confirmed by a positive sup-
plemental test (confirmatory antibody assay, qualitative nu-
cleic acid test, or quantitative nucleic acid test with a vi-
ral load of >1000 copies/mL), or (2) documented HIV
seropositivity based on recent epidemiological risk factors
or AIDS-defining clinical manifestations together with two
positive HIV nucleic acid tests.

2.3 Classification of TB Patients

Study participants were categorized as definite TB,
probable TB, and non-TB patients. Definite TB was de-
fined by microbiological or pathological evidence, with any
of the following: positive culture (MTB complex isolated
from sputum, bronchial lavage fluid, or other clinical spec-
imens); positive molecular test (Xpert MTB/RIF or Xpert
Ultra detecting MTB DNA, with rpoB gene mutation sta-
tus if applicable); positive acid-fast staining (>1 acid-fast
bacillus observed in sputum or tissue specimens) combined
with clinical imaging consistent with active TB.

Probable TB was defined as those without microbio-
logical confirmation but meeting all of the following cri-
teria: clinical symptoms (>2) such as cough >2 weeks,
hemoptysis, night sweats, unexplained weight loss (>10%),
persistent fever >2 weeks; chest computed tomography
(CT) or X-ray showing typical TB lesions (e.g., upper lobe
cavitation, tree-in-bud sign, multiple nodules with medi-
astinal lymphadenopathy); and clinical and/or radiological
improvement after >2 months of empirical anti-TB ther-
apy, as assessed by an independent, blinded expert panel.

This standardized classification, while lacking micro-
biological confirmation, employed objective measures and
blinded adjudication to minimize misclassification bias.
Sensitivity analyses revealed that reclassification of this
group did not alter the primary conclusions regarding LAM-
CLIA’s superior diagnostic performance compared with
AlereLAM.

Furthermore, patients were classified as non-TB if
there was no microbiological evidence of TB and either an
alternative diagnosis for their symptoms or sustained clini-
cal and radiological improvement over a minimum 6-month
follow-up period without anti-TB treatment, consistent with
prior diagnostic criteria [13].

All laboratory personnel performing CLIA and Alere-
LAM assays were blinded to clinical diagnosis, compara-
tor assay results (Xpert/culture), and other laboratory data.
Specimens were de-identified with unique barcodes and an-
alyzed in randomly ordered batches.

This study adopted a prospective diagnostic accuracy
design, comparing the novel LAM-CLIA assay with the
AlereLAM in a paired manner within the same patient co-
hort. A formal sample size calculation was not performed
due to the exploratory nature of this initial clinical eval-
uation and the challenges in recruiting a large number of
microbiologically confirmed TB cases at a single center.
Instead, all eligible patients during the study period were
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enrolled to maximize the sample size. As a paired diag-
nostic accuracy study, the sample size was estimated using
McNemar’s test for correlated proportions. With 34 con-
firmed TB cases, assuming 20% discordant pairs and o =
0.05, the study has 81% power to detect a significant differ-
ence between LAM-CLIA and AlereLAM, supporting the
adequacy of the sample for the primary comparison.

All testing personnel completed standardized train-
ing, including 8 hours of theoretical instruction on Good
Clinical Laboratory Practice, 20 supervised assay runs us-
ing blinded quality control samples, and certification re-
quiring >90% concordance with reference results. Stan-
dard operating procedures (SOPs) were strictly followed for
specimen processing, daily calibration using manufacturer-
provided standards, and monitoring of internal quality con-
trols within pre-defined ranges. Automated alerts were gen-
erated when the coefficient of variation between duplicates
exceeded 15%. TB case classification was validated by an
expert panel that was blinded to all LAM assay results.

2.4 Data Collection

Demographic and clinical data, including age, gender,
duration of HIV infection, duration of TB-related symp-
toms, CD4 T T-cell count, and HIV viral load, were system-
atically extracted from electronic medical records for all en-
rolled participants. A predefined stratification analysis was
performed by categorizing patients into three groups based
on CD4™ T-cell count (<100 cells/uL, 100-200 cells/uL,
and >200 cells/uL) to evaluate how the degree of im-
munosuppression affected the diagnostic performance of
the LAM assay.

2.5 Urine Specimen Collection

Urine samples were collected under standardized con-
ditions. A required minimum volume of 10 mL was col-
lected for each sample. To ensure accuracy, midstream
urine was preferentially obtained, and samples with exces-
sive protein, lipid content, or other visible contaminants
were excluded to reduce analytical interference. After col-
lection, samples were stored at room temperature and ana-
lyzed within 72 hours. If testing was delayed, samples were
stored at 2—8 °C for up to 7 days. However, for longer stor-
age, they were frozen at —15 °C or lower. To prevent degra-
dation, freeze-thaw cycles were minimized to a maximum
of three per sample.

2.6 Laboratory TB Diagnostic Methods
2.6.1 Sputum Smears

Acid-fast staining of sputum smears was performed in
strict compliance with the manufacturer’s instructions and
the National Guidelines for Laboratory Detection of Tuber-
culosis. Microscopic examination was used to detect MTB
in sputum samples. Acid-fast staining reagents were pro-
vided by BaSO Zhuhai Bioscience Co., Ltd. (lot number:
C230802, Zhuhai, China).
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2.6.2 Mycobacterium Tuberculosis Culture and
Identification

Sputum specimens were transferred to pre-treated
screw-capped tubes, mixed with an equal to double vol-
ume of 4% NaOH, and vortexed vigorously for 30 s until
complete liquefaction. The mixture was then incubated at
room temperature for 15 min to facilitate digestion. Us-
ing a sterile graduated pipette, 0.1-0.15 mL of the digested
sample was aseptically inoculated onto Lowenstein-Jensen
medium slopes. Inoculated tubes were incubated horizon-
tally with the medium slopes facing upward and incubated
at 36 4+ 1 °C for 24 + 2 hours, then repositioned vertically
while maintaining the same temperature. Colony growth
was examined on days 3 and 7 post-inoculation and subse-
quently at weekly intervals of up to 8 weeks. Presumptive
mycobacterial colonies were identified using the Bruker
MALDI Biotyper system (microflex LT/SH) (Bruker Dal-
tonics GmbH & Co. KG, Bremen, Germany).

2.7 GeneXpert

According to the manufacturer’s instructions, the pro-
cessing solution was mixed with the specimen at a 1:2 vol-
umetric ratio. The mixture was vortexed vigorously for 30
s and incubated at room temperature (20-25 °C) for 15 min.
After that, the mixture was vortexed again for 30 s and in-
cubated for an additional 5 min to ensure complete lique-
faction. The processed sample was then transferred to a
test cartridge and analyzed using the Xpert MTB/RIF assay
(GeneXpert® IV system; Cepheid, USA).

2.8 TB-DNA Detection

The specimens were transferred into sterile sputum
containers for laboratory testing. MTB DNA was detected
using the TB-DNA PCR Fluorescence Detection Kit (DaAn
Gene Co., Ltd., Sun Yat-sen University, Guangzhou, China;
production lot number: C202407002), following the man-
ufacturer’s instructions. Four routine laboratory tests—
sputum smear microscopy, MTB culture and identification,
GeneXpert MTB/RIF assay, and TB-DNA PCR—were
conducted in an ISO 15189-accredited laboratory (CNAS
MT0269). All procedures were performed by trained per-
sonnel in strict accordance with SOPs for specimen pro-
cessing, and each assay included both positive and negative
quality controls to ensure analytical reliability.

2.9 Urine LAM Detection by Chemiluminescence

This study developed a sandwich CLIA using mouse
monoclonal antibodies targeting MTB-LAM for magnetic
bead coating and horseradish peroxidase (HRP) (lot num-
ber: JB23BA0002, Sangon Biotech, Shanghai, China), en-
abling quantitative detection of LAM antigens in urine.
During the assay, the capture antibody, HRP-labeled an-
tibody, and urine sample were co-incubated at 37 °C for
10 min to promote formation of the immune complex (cap-
ture antibody-LAM-HRP-labeled antibody). A four-step
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Patients with HIV
(n = 297)

I tuberculosis, such as coughing, fever,
15 weight loss, or radiological abnormalities

Patient with clinical symptoms of

l

Tuberculosis Suspected Group underwent smear,
culture, Xpert, and TB-DNA testing

(n=82)
no
detection
result *
Non-TB (n = 6) '
Y
Confirmed TB (n = 34) Probable TB (n = 42) (ﬁgg';]B)

Fig. 1. A flow chart of the study participant selection. TB, tuberculosis; HIV, human immunodeficiency virus; non-TB, non-

tuberculosis. The flow chart was created using ProcessOn (https://www.processon.com/, ProcessOn Information Technology Co., Ltd.,

Beijing, China).

washing procedure was then performed to remove non-
specifically bound substances, after which a luminol-based
chemiluminescent substrate was added, and photon counts
were measured. The capture and labeled antibodies were
self-developed by Tianjin YIRUI Biological Technology
Co., Ltd. (lot number: LAM250510, Tianjin, China).

The limit of detection (LoD) for the LAM-CLIA as-
say was determined experimentally. Briefly, a standard
curve was generated using a serial dilution of purified LAM
antigen in a negative urine matrix. Each concentration
was tested in multiple replicates (n > 5), including zero-
concentration (blank) samples. The LoD was defined as
the lowest analyte concentration that produced a chemilu-
minescence signal greater than or equal to the mean signal
of the blank replicates plus 3 times their standard deviation
(Mean blank + 3SD). The linear range of the assay was es-
tablished by linear regression analysis of the dose-response
data. The concentration interval with a coefficient of de-
termination (R?) greater than 0.98 was defined as the linear
range.

2.10 AlereLAM Test Procedure

Urine samples (60 pL) were applied to the sample pad
(white zone marked by an arrow), following the manufac-

turer’s instructions. The test strip was incubated for at least
25 min, and the results were recorded under standard in-
door lighting by visual inspection of the patient’s result win-
dow. For interpretation, the reference scale card (provided
with the kit) was placed adjacent to the window. The Alere
Determine TB LAM Ag test (Abbott, Chicago, IL, USA)
was used according to the manufacturer’s instructions, with
test kits from multiple lots employed during the 2021-2025
study period.

2.11 Statistical Analysis

Statistical analyses were performed using the SPSS
version 20.0 (IBM Corp., Armonk, NY, USA). The normal-
ity of continuous variables was assessed using the Shapiro-
Wilk test. Normally distributed variables were presented as
mean + standard deviation and compared using one-way
analysis of variance (ANOVA), followed by a Bonferroni
post hoc test for multiple comparisons. Non-normally dis-
tributed data were expressed as median and interquartile
range (IQR), with the Mann—Whitney U test used for com-
parisons between two groups and the Kruskal-Wallis test
with Dunn-Bonferroni post hoc test for comparisons across
three or more groups. Categorical variables were reported
as frequencies and percentages and were compared using
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Table 1. Baseline characteristics of the study participants based on TB status.

Variable Non-TB Statistics
Definite-TB Probable TB

Number of patients 34 42 221

Age (years, mean + SD) 36.56 £ 13.09 39.17 £ 10.44 41.78 + 10.21 F=4.159,p=0.017

Gender

Male 33 (97.06%) 41 (97.62%) 217 (98.19%)

Female 1 (2.94%) 1(2.38%) 4 (1.81%) p=048l
HIV duration (years) 1.00(1.0,2.0)  1.00(1.0,2.0) 3.00(2.0,4.0) H=75.192,p < 0.001
TB symptom duration (weeks)  2.00 (1.0, 4.0) 2.0 (1.0, 3.3) - z=-0.238,p=0.812
Pulmonary TB 31 33 -
Extra-pulmonary TB 3 9 -

Lymph nodes 2 2 -

Meninges 0 1 -

Pleura 0 3 -

Intestine 1 1 -

Muscle 0 2 -

Comparison of the three groups: definite TB group, probable TB group, and non-TB group. Gender was expressed

as a number (percentage). Since the contingency table contained cells with expected counts less than 5, the Fisher-

Freeman-Halton exact test was used to compare the gender distribution across groups. HIV duration (years) was

compared using non-parametric tests: Kruskal-Wallis test, and the Bonferroni correction method was used for

pairwise comparisons. TB symptom duration was compared using non-parametric Mann—Whitney test. Age was

compared using analysis of variance (ANOVA) test, and pairwise comparisons were made using the Bonferroni

correction.

TB, tuberculosis; HIV, human immunodeficiency virus; SD, standard deviation.

Pearson’s chi-squared test or the Fisher-Freeman-Halton
exact test, as appropriate.

Predictive performance was evaluated using receiver
operating characteristic (ROC) curve analysis to determine
optimal cutoff values for continuous predictors and to as-
sess overall diagnostic performance. The DeLong test was
used to compare areas under the curves (AUCs), and McNe-
mar’s test was employed to compare paired sensitivity and
specificity. A two-tailed p-value of <0.05 was considered
statistically significant.

3. Results
3.1 Baseline Characteristics Study Participants

A prospective cohort of 297 PLWH was systemati-
cally recruited from Beijing Youan Hospital, Beijing, China
(Fig. 1). Based on definite diagnostic outcomes and 6-
month follow-up, the study population included 34 patients
with definite TB, 42 with probable TB, and 221 non-TB
controls. Sex distribution did not differ significantly across
groups (p = 0.481). Conversely, age, duration of HIV in-
fection, and CD4™ T-cell count differed significantly across
groups (p < 0.05). Patients in the non-TB group were con-
siderably older than those in the definite TB group (p =
0.017). Both the duration of HIV infection and CD4™ T-cell
levels were also significantly higher in the non-TB group
than those in the definite and probable TB groups (p < 0.05)
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(Tables 1,2).

3.2 ROC Curve Analysis of Urine LAM (CLIA) Detection

Because the probable TB group lacked pathogenic ev-
idence, there was an inherent risk of misdiagnosis. There-
fore, the probable TB group was temporarily excluded to
calculate a robust, minimally biased LAM-CLIA diagnos-
tic cutoff, using a high-confidence reference standard com-
posed of microbiologically confirmed definite TB cases and
clearly defined non-TB controls.

The ROC curve analysis was performed using the def-
inite TB group as the positive reference and the non-TB
group as the negative reference to evaluate the discrimina-
tory performance of urine LAM levels detected by CLIA.
The analytical sensitivity and linearity of the LAM-CLIA
assay were rigorously evaluated. The limit of detection
(LoD) was determined at 50 pg/mL, and the assay demon-
strated a broad dynamic range, with excellent linearity from
50 pg/mL to 50,000 pg/mL. The ROC analysis yielded the
following findings: the optimal diagnostic threshold (based
on the Youden index) was 1.460, with a sensitivity of 85.3%
and a specificity of 89.6%. The AUC for distinguishing def-
inite TB from non-TB cases was 0.925 (95% confidence
interval [CI]: 0.871-0.980). At the optimal cutoff of 1.460,
the Youden index reached 0.749 (Fig. 2).
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Table 2. The results of pairwise comparisons among the three groups for CD4.

Group Median (Q1, Q3) H p-value Note
Non-TB 598 (413.5, 768.0) p1<0.001
CD4+ T-cell counts (cells/uL)  Probable TB 146 (43.5,251.3) 140953  <0.001 p2=0.386
Definite TB  64.5 (21.0, 115.8) p3<0.001

Bonferroni post hoc multiple comparison results for cluster of differentiation (CD) 4 count across the three
groups. p 1 =Non-TB vs. Probable TB; p 2 = Probable TB vs. Definite TB; p 3 = Non-TB vs. Definite.

Receiver Operating Characteristic (ROC) Curve for Urine LAM (CLIA)
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Fig. 2. Receiver operating characteristic (ROC) curve analysis results of urine LAM (CLIA) detection. PPV, positive predictive

value; NPV, negative predictive value; CLIA, chemiluminescence immunoassay; LAM, lipoarabinomannan; AUC, area under the curve.

The Youden index is an important metric for evaluating the performance of binary classification models. It identifies the optimal decision

threshold that balances sensitivity and specificity. Its value ranges from 0 to 1, with higher values indicating stronger discrimination

performance.

3.3 Comparative Performance of LAM-CLIA and
AlereLAM Positive Rates Across CD4™" Strata in
HIV-Associated TB Diagnosis

In the CD4-stratified analysis, the LAM-CLIA and
AlereLAM findings for HIV/TB coinfection (definite and
probable TB groups) are shown in Table 3. The positiv-
ity rates for both LAM-CLIA and AlereLAM exhibited a
clear inverse relationship with CD4™ T-cell counts, declin-
ing progressively as CD4™" counts increased. Although this
inverse trend was suggestive for both assays, it did not reach
formal statistical significance in this cohort (AlereLAM: x2
=5.254,p=0.072; LAM-CLIA: x2 =4.81, p = 0.09). No-
tably, across all CD4 ™ strata, the positivity rate of LAM-
CLIA consistently exceeded that of AlereLAM, indicating
superior sensitivity, particularly among patients with severe
immunosuppression.

3.4 Stratified Analysis of Urine LAM-CLIA Levels Across
Diagnostic Categories

Urine LAM-CLIA levels were compared among the
definite TB, probable TB, and non-TB groups (Table 4).
Median LAM-CLIA values increased progressively across
the three groups (definite TB > probable TB > non-TB),
with overall differences achieving statistical significance (p
< 0.05). Pairwise comparisons revealed that both the def-
inite TB and probable TB groups had significantly higher
LAM-CLIA values than the non-TB group (p < 0.05). In
contrast, the difference between the definite TB and proba-
ble TB groups was not statistically significant (p > 0.05).

3.5 Diagnostic Performance of the Urine LAM-CLIA
Assay Versus the AlereLAM Assay for TB Detection

ROC curve analysis was conducted to assess the abil-
ity of urine LAM-CLIA and AlereLAM assays to differen-
tiate the definite TB group from the non-TB group. The
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Table 3. Comparison of LAM-CLIA and AlereLAM positive rates across CD4™" strata in HIV-associated TB diagnosis.

CD4 (%)

Total x2  p-value
<100 cells/uL.  100-200 cells/uL ~ >200 cells/puL

Negative 12 (32.43) 11 (50.00) 11 (64.71) 34 (44.74)
AlereLAM .

Positive 25 (67.57) 11 (50.00) 6(35.29) 42 (55.26) 5.254  0.072
Total 37 22 17 76

Negati 6(16.22 8(36.36 7 (41.18 21(27.63
LAM.CLIA egative ( ) ( ) ( ) ( )

Positive 31(83.78) 14 (63.64) 10 (58.82) 55(72.37) 4.81 0.09
Total 37 22 17 76

Pearson’s chi-square test (cross-analysis) was used to compare intergroup differences; p < 0.05 indicates significant

differences.

Table 4. Pairwise comparison of LAM-CLIA levels across three groups.

Median (Q1, Q3) H p-value Note
Non-TB 0.98 (0.8, 1.2) p1<0.001
LAM-CLIA levels  Probable TB 1.96 (1.1, 4.1) 95.577  <0.001 p2=0224
Definite TB 4.46(1.5,92.4) p 3 <0.001

LAM-CLIA data were not normally distributed, and non-parametric statistical analysis was per-
formed using the Kruskal-Wallis test. Pairwise comparisons were conducted using the Bonfer-
roni correction method, p 1 = Non-TB vs. Probable TB; p 2 = Probable TB vs. Definite TB; p

3 =Non-TB vs. Definite TB.

DeLong test was used to compare the AUCs of two as-
says (Table 5). LAM-CLIA achieved an AUC of 0.874,
and AlereLAM yielded an AUC of 0.785; the difference
was statistically significant (p = 0.024). These ROC find-
ings indicate the performance after final binary classifica-
tion. Minor shifts in continuous AUC values are expected.

LAM-CLIA showed substantially higher sensitivity
than AlereLAM (85.3% vs. 58.8%, p = 0.004), whereas
its specificity was lower (89.6% vs. 98.2%, p < 0.001).

Recall rate analysis (Fig. 3) revealed distinct
precision-recall dynamics between the two assays.
LAM-CLIA demonstrated a lower initial precision of
approximately 0.5-0.6, compared with 0.8-0.9 for Alere-
LAM. However, as the recall rate increased, LAM-CLIA
maintained relatively stable precision until the recall rate
exceeded 0.8, after which precision gradually declined. In
contrast, AlereLAM exhibited a sharp, sustained decline
in precision once its recall rate exceeded 0.6. This pattern
indicates that LAM-CLIA offers stable diagnostic perfor-
mance across a wider range of recall rates and is more
suited for screening scenarios where higher sensitivity is
required.

3.6 Heatmap of Test Results for 34 Patients With Definite
TB (Smear Microscopy, MTB Culture, Xpert MTB/RIF,
TB-DNA, AlereLAM, and Urine LAM CLIA)

A heatmap was developed by ranking LAM-CLIA
values in the definite TB group from lowest to highest
(Fig. 4). Urine LAM-CLIA demonstrated the highest sensi-
tivity, detecting TB in 29 of 34 patients (85.3%), followed
by AlereLAM, which showed TB in 20 of 34 (58.8%). Tra-
ditional approaches showed lower positivity rates: smear
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microscopy in 11 of 34 (32.4%), culture in 12 0f 34 (35.3%),
Xpert in 15 of 34 (44.1%), and TB-DNA in 12 of 34
(35.3%).

3.7 Analytical Performance Validation

To evaluate the reproducibility of the LAM-CLIA as-
say, both intra-assay and inter-assay precision were deter-
mined. For intra-assay precision, a urine sample with a low
LAM concentration within the linear range was analyzed
10 times in a single run, yielding a coefficient of variation
(CV) of 4.10%. For inter-assay precision, the same sample
was evaluated across three independent assay runs, demon-
strating a CV of 5.09%. Both CV values were below 10%,
indicating acceptable assay reproducibility for clinical ap-
plication.

3.8 The Impact of Other Opportunistic Infections on the
Performance of LAM-CLIA Detection

To evaluate whether common opportunistic infections
influenced the specificity of LAM-CLIA, a subgroup anal-
ysis was conducted with the non-TB cohort. Among 221
‘non-TB’ control subjects, 47 (21.3%) were diagnosed with
at least one opportunistic infection, including cryptococ-
cosis (n = 9), Pneumocystis pneumonia (n = 16), cy-
tomegalovirus viremia (n = 13), and disseminated fungal
infections (n = 9). In this subgroup (n = 47 patients), the
specificity of LAM-CLIA was 87.2% (41/47), which did
not differ substantially from the overall specificity in the
entire ‘non-TB’ control group (89.6%, p = 0.65, chi-square
test). Notably, among the 9 patients with confirmed cryp-
tococcosis, only 1 had a false-positive LAM-CLIA result.
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Fig. 3. Comparison of diagnostic performance between LAM-CLIA and AlereLLAM assays. (A) ROC curves comparing the overall

diagnostic performance of LAM-CLIA and AlereLAM for tuberculosis detection in the study cohort. (B) Precision-recall curves demon-

strating the trade-off between positive predictive value (precision) and sensitivity (recall) across different classification thresholds. The

model was considered acceptable when the area under the curve exceeded 0.5. A larger area under the precision-recall curve (AUC-PR)

indicates better diagnostic performance.

Table 5. ROC curve analysis of LAM-CLIA and AlereLAM.

AUC 95% CI Standard error  p-value  Sensitivity ~ Specificity Delong test
LAM-CLIA 0.874 0.712-0.978 0.053 <0.001 0.853 0.896
Z=226,p=0.024
AlereLAM  0.785  0.712-0.858 0.037 <0.001 0.588 0.982

According to the DeLong test results, combined with the generated Z-value and p-value for difference judgment, a
p-value < 0.05 indicates a significant difference between the two AUCs. In contrast, a p-value > 0.05 indicates no

significant difference. AUC, area under the curve; CI, confidence interval.
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Fig. 4. Heatmap of test results for 34 patients with definite TB (Smear microscopy, MTB culture, Xpert MTB/RIF, TB-DNA,
AlereLAM, LAM-CLIA). This figure was created using Python 3.13 (Python Software Foundation, Wilmington, DE, USA). MTB,
Mpycobacterium tuberculosis. White indicates negative results, and the blue gradient of LAM-CLIA represents increasing signal-to-cutoff

(S/CO) values from light to dark blue.

4. Discussion

Despite the emergence of new diagnostic technolo-
gies, sputum smear microscopy and culture remain the stan-
dard approaches for TB diagnosis [5]. However, these tra-
ditional methods are limited by delays in diagnosis. In im-
munocompromised individuals, conventional immunologi-
cal tests are ineffective, whereas urine LAM testing is con-

sidered a promising approach for detecting active TB [14].
The WHO recommends TB screening among high-risk pop-
ulations, including PLWH, alongside implementing appro-
priate anti-TB treatment regimens [15]. For patients with
advanced HIV, WHO further recommends the use of low-
complexity automated NAATSs on respiratory samples and
LF-LAM testing as part of initial diagnostic strategies [16].
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Urine LAM testing for MTB shows higher overall sen-
sitivity in PLWH, particularly among those with CD4 T-
cell counts of <100 cells/uL [17]. Because it enables sim-
ple point-of-care testing with minimal biosafety risks, the
commercial development of LAM-based assays has accel-
erated [14]. However, the sensitivity of currently available
commercial LAM tests remains suboptimal, which limits
their widespread clinical application [18]. For example,
an electrochemiluminescence-based LAM assay has been
shown to achieve nearly 3-fold higher sensitivity than the
Alere LF-LAM test [19], while chemiluminescence LAM
testing demonstrated a sensitivity of 50.6%, significantly
higher than the TB-DNA assay (p < 0.05) [20].

Baseline characteristics in our cohort revealed sig-
nificant differences in age, HIV duration (in years), and
CD47 cell counts across the three groups (definite TB,
probable TB, and non-TB), while sex distribution was com-
parable. Age, HIV duration, and CD4 counts increased
progressively from definite TB to the probable TB group
and were highest in the non-TB group. This pattern
aligns with the epidemiological trends of HIV/TB coinfec-
tion. Typically, individuals with early HIV infection or
lower CD4 cell counts are at greater risk of developing ac-
tive TB. In this study, both urine LAM-CLIA and Alere
LAM assays demonstrated a trend toward higher positiv-
ity rates with declining CD4™" cell counts among patients
with HIV/TB coinfection, consistent with previous evi-
dence that LAM-based assays perform better in advanced
immunodeficiency. However, this inverse correlation was
not statistically significant in CD4-stratified analysis (defi-
nite vs. probable TB groups), which may be due to limited
sample size in certain CD4 strata or confounding factors
such as TB bacterial load or Antiretroviral Therapy (ART)
status. These findings reinforce the utility of LAM test-
ing in immuno-compromised individuals. Further studies
with larger cohorts are warranted to clarify the relationship
between CD4™ thresholds and LAM assay performance
across TB diagnostic categories.

In this study, we developed a LAM-CLIA assay that
increases the analytical sensitivity for TB LAM detection
from 200 pg/mL [18] to 50 pg/mL, thereby enhancing the
ability to detect low-burden infections, such as EPTB and
early TB. LAM-CLIA demonstrated strong diagnostic per-
formance in patients with HIV/TB co-infection, with anti-
gen levels in definite and probable TB cases being 2—3 fold
higher compared with non-TB controls. The optimal cutoff
of 1.46 (AUC = 0.925) suggests high discriminatory power
and supports its potential as a rapid, non-invasive diagnos-
tic tool for TB in high-risk populations. While further mul-
ticenter clinical studies are needed to validate specificity
and minimize cross-reactivity, these findings suggest sig-
nificant clinical utility for more precise TB diagnosis.

Comparative analysis demonstrated that LAM-CLIA
provided better overall diagnostic accuracy than AlereLAM
(AUC: 0.874 vs. 0.785) and higher sensitivity (0.853 vs.
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0.588), making it preferable for screening where minimiz-
ing false negatives is critical. Although AlereLAM showed
higher specificity (0.982 vs. 0.896) and superior initial
precision (0.8-0.9), its precision declined sharply once re-
call exceeded 0.6, limiting its utility as a stand-alone ap-
proach when higher case detection is needed. By contrast,
the precision of LAM-CLIA began to decline more notice-
ably when the recall rate exceeded 0.6, yet it still provided
a usable level of detection at high recall. This supports
its potential role as an initial screening tool, particularly
in resource-limited settings where identifying most cases
is prioritized over minimizing false positives. Thus, LAM-
CLIA may be best suited for primary screening, whereas
AlereLAM may be more appropriate as a confirmation as-
say. Future studies should explore optimized thresholds or
combined testing strategies to leverage the complementary
strengths of both assays. These findings are consistent with
the WHO’s classification of AlereLAM as a highly specific
confirmatory tool.

Traditional diagnostic methods in this study showed
relatively lower positivity rates for TB: smear microscopy
(32.4%), culture (35.3%), Xpert (44.1%), and TB-DNA
(35.3%). These results are consistent with previous stud-
ies indicating limited sensitivity of conventional tests for
EPTB, with positivity rates ranging from 17.3% to 33.2%
[21]. From a diagnostic integration perspective, prioritiza-
tion of Xpert MTB/RIF and culture on respiratory speci-
mens should be prioritized, with LAM-CLIA as an alterna-
tive when these approaches are unavailable. In immuno-
compromised patients, a positive LAM-CLIA result may
warrant consideration of empirical anti-TB treatment. Fur-
thermore, combining LAM-CLIA with molecular assays
has the potential to substantially improve diagnostic sensi-
tivity, particularly in cases of EPTB and HIV coinfections
[22].

This study provides valuable insights into diagnostic
performance, clinical utility, and implementation aspects of
LAM-CLIA for diagnosing active TB in PLWH. Use of an
automated CLIA platform reduces operator dependence and
enhances assay reliability and consistency. Compared with
existing diagnostic approaches, LAM-CLIA offers signif-
icantly greater sensitivity, highlighting its significance for
TB diagnosis in PLWH, especially in resource-limited set-
tings. Its non-invasive nature and automated workflow fur-
ther enhance its feasibility for routine clinical use.

This study has several limitations that should be con-
sidered before interpreting these results. First, the relatively
small number of microbiologically confirmed TB cases (n
= 34) may affect the precision of diagnostic estimates and
highlight the need for validation in larger cohorts. Sec-
ond, excluding clinically diagnosed TB cases from the pri-
mary ROC analysis—though methodologically necessary
for establishing a definitive cutoff using confirmed refer-
ence standards—Ilimits direct assessment of assay perfor-
mance in this clinically complex subgroup. Third, although
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no incident TB cases were identified during the 6-month
follow-up in the non-TB control group, this may be insuf-
ficient to fully exclude latent infection or late-onset disease
in immunocompromised individuals. Fourth, the general-
izability of these findings is constrained by the lack of data
from immunocompetent TB patients and other immuno-
suppressed populations, such as individuals with diabetes.
Finally, despite supportive sensitivity analysis, the inher-
ent subjectivity is unavoidable in defining “clinically di-
agnosed TB”, which relies on treatment response. Future
multicenter studies with expanded sample sizes and longer
follow-up are warranted to validate and refine these find-
ings.

5. Conclusion

The newly developed LAM-CLIA assay demonstrates
significantly greater sensitivity than AlereLAM for diag-
nosing HIV-associated TB, particularly in both definite and
probable cases, while maintaining acceptable specificity.
Its ability to stratify TB risk based on antigen levels, com-
bined with its high diagnostic accuracy (AUC = 0.925), un-
derscores its potential as a rapid, non-invasive tool for early
TB detection in HIV-positive populations.

Key Points

* The urine LAM-CLIA test provides a non-invasive
and biosafe alternative with higher sensitivity for patients
with HIV, which is consistent with World Health Organiza-
tion recommendations for screening high-risk populations.

* The urine LAM-CLIA assay offers improved sensi-
tivity (85.3% vs. 58.8%) than AlereLAM, underscoring its
clinical significance in HIV-positive populations.

* LAM-CLIA is more appropriate for screening with
stable high recall, whereas AlereLAM is better suited for
confirmatory testing due to its high initial specificity.

* LAM-CLIA represents an automated, non-invasive
tool with high accuracy (AUC = 0.925) and the ability to
stratify TB risk, helping address critical diagnostic gaps
for TB in people living with HIV, particularly in resource-
limited settings.

Availability of Data and Materials

All data included in this study are available from the
corresponding authors upon reasonable request.

Author Contributions

Conceptualization, YL and JLL; methodology, YL;
data acquisition and analysis, HIW; validation, YL, YWH
and YHY; formal analysis, YL; investigation, YWH; re-
sources, YHY; data curation, LMS; writing—original draft
preparation, YL; visualization, YWH; supervision, YWH;
project administration, YHY. All authors contributed to
revising the manuscript critically for important intellec-
tual content. All authors read and approved the final

10

manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate

The study design strictly adhered to the ethical stan-
dards outlined in the Declaration of Helsinki and was ap-
proved by the Ethics Committee of Beijing Youan Hospital,
Capital Medical University (ethical approval number: LL-
2021-053-K). Written informed consent was obtained from
all participants before urine collection, confirming that each
patient correctly understood the study objectives and agreed
to participate voluntarily.

Acknowledgment

The authors gratefully acknowledge the clinical staff
at Beijing Youan Hospital for their assistance in patient re-
cruitment and sample collection. We also thank the labora-
tory technicians for their technical support and dedication
to maintaining quality control throughout the study. Special
thanks to the patients who participated in this study.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] World Health Organization. Global Tuberculosis Report 2024.
2024. Available at: https://www.who.int/teams/global-tubercu
losis-programme/tb-reports/global-tuberculosis-report-2024
(Accessed: 3 March 2025).

[2] Sossen B, Székely R, Mukoka M, Muyoyeta M, Nakabugo E,
Hella J, et al. Urine-Xpert Ultra for the diagnosis of tuberculosis
in people living with HIV: a prospective, multicentre, diagnostic
accuracy study. The Lancet. Global Health. 2024; 12: ¢2024—
€2034. https://doi.org/10.1016/S2214-109X(24)00357-7

[3] Tjale MA, Ombinda-Lemboumba S, Maphanga C, Mthunzi-
Kufa P. TB diagnostic insights, progress made on point of care
diagnostics and bioinformatics as an additional tool for improve-
ment. The Indian Journal of Tuberculosis. 2023; 70: 468-474.
https://doi.org/10.1016/.ijtb.2023.03.023

[4] De K, Belardinelli JM, Pandurangan AP, Ehianeta T, Lian E,
Palcekova Z, et al. Lipoarabinomannan modification as a source
of phenotypic heterogeneity in host-adapted Mycobacterium ab-
scessus isolates. Proceedings of the National Academy of Sci-
ences of the United States of America. 2024; 121: ¢2403206121.
https://doi.org/10.1073/pnas.2403206121

[5] Broger T, Koeppel L, Huerga H, Miller P, Gupta-Wright A,
Blanc FX, et al. Diagnostic yield of urine lipoarabinomannan
and sputum tuberculosis tests in people living with HIV: a sys-
tematic review and meta-analysis of individual participant data.
The Lancet. Global Health. 2023; 11: €903—e916. https://doi.or
2/10.1016/S2214-109X(23)00135-3

[6] Correia-Neves M, Froberg G, Korshun L, Viegas S, Vaz P, Ra-
manlal N, et al. Biomarkers for tuberculosis: the case for lipoara-
binomannan. ERJ Open Research. 2019; 5: 00115-2018. https:
//doi.org/10.1183/23120541.00115-2018

&% IMR Press


https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2024
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2024
https://doi.org/10.1016/S2214-109X(24)00357-7
https://doi.org/10.1016/j.ijtb.2023.03.023
https://doi.org/10.1073/pnas.2403206121
https://doi.org/10.1016/S2214-109X(23)00135-3
https://doi.org/10.1016/S2214-109X(23)00135-3
https://doi.org/10.1183/23120541.00115-2018
https://doi.org/10.1183/23120541.00115-2018
https://www.imrpress.com

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

World Health Organization. Lateral flow wurine lipoara-
binomannan assay (LF-LAM) for the diagnosis of
active tuberculosis in people living with HIV. 2019.
https://iris.who.int/server/api/core/bitstreams/0868522¢c-7b
bf-4937-a553-11ec72be09¢1/content (Accessed: 10 November
2025).

Bonnet M, Gabillard D, Domoua S, Muzoora C, Messou E, So-
vannarith S, et al. High Performance of Systematic Combined
Urine Liboarabinomannan Test and Sputum Xpert MTB/RIF for
Tuberculosis Screening in Severely Immunosuppressed Ambu-
latory Adults With Human Immunodeficiency Virus. Clinical In-
fectious Diseases. 2023; 77: 112—119. https://doi.org/10.1093/ci
d/ciad125

Mangu C, Cossa M, Ndege R, Khosa C, Leukes V, de la
Torre-Pérez L, et al. Expanding Xpert MTB/RIF Ultra® and
LF-LAM testing for diagnosis of tuberculosis among HIV-
positive adults admitted to hospitals in Tanzania and Mozam-
bique: a randomized controlled trial (the EXULTANT trial).
BMC Infectious Diseases. 2024; 24: 831. https://doi.org/10.
1186/s12879-024-09651-z

Huerga H, Mathabire Rucker SC, Cossa L, Bastard M, Amoros
I, Manhiga I, et al. Diagnostic value of the urine lipoarabino-
mannan assay in HIV-positive, ambulatory patients with CD4
below 200 cells/pl in 2 low-resource settings: A prospective ob-
servational study. PLoS Medicine. 2019; 16: €1002792. https:
//doi.org/10.1371/journal.pmed.1002792

Li H, Gao X, Liu D, Li Z, Li J. A new strategy improving
TB diagnosis: stratified urine LAM test based on lymphocyte
counts. Frontiers in Cellular and Infection Microbiology. 2025;
15: 1498651. https://doi.org/10.3389/fcimb.2025.1498651
Acquired Immunodeficiency Syndrome Professional Group, So-
ciety of Infectious Diseases, Chinese Medical Association; Chi-
nese Center for Disease Control and Prevention. Chinese guide-
lines for the diagnosis and treatment of human immunode-
ficiency virus infection/acquired immunodeficiency syndrome
(2024 edition). Chinese Medical Journal. 2024; 137: 2654—
2680. https://doi.org/10.1097/CM9.0000000000003383
National Health and Family Planning Commission of the Peo-
ple’s Republic of China. Diagnosis for pulmonary tuberculo-
sis. 2017. Available at: https://www.nhc.gov.cn/ewebeditor/up
loadfile/2017/11/20171128164254246.pdf (Accessed: 3 March
2025). (In Chinese)

Flores J, Cancino JC, Chavez-Galan L. Lipoarabinomannan as

&% IMR Press

[15]

[16]

[17]

[18]

[20]

(21]

[22]

a Point-of-Care Assay for Diagnosis of Tuberculosis: How Far
Are We to Use It? Frontiers in Microbiology. 2021; 12: 638047.
https://doi.org/10.3389/fmicb.2021.638047

World Health Organization. WHO standard:  universal
access to rapid tuberculosis diagnostics. 2023. Available
at: https://iris.who.int/server/api/core/bitstreams/4d4 1 14e
9-c439-4103-ad4a-cf12e07304a0/content  (Accessed: 10
November 2025).

World Health Organization. WHO consolidated guide-
lines on tuberculosis. 2025. Available at: https:
//iris.who.int/server/api/core/bitstreams/b9125fa4-dcc0-418a
-9421-56¢28275461d/content (Accessed: 10 November 2025).
Chatla C, Mishra N, Jojula M, Adepu R, Puttala M. A systematic
review of utility of urine lipoarabinomannan in detecting tuber-
culosis among HIV-positive tuberculosis suspects. Lung India.
2021; 38: 64-73. https://doi.org/10.4103/lungindia.lungindia_
574 19

Broger T, Nicol MP, Sigal GB, Gotuzzo E, Zimmer AJ, Surtie S,
et al. Diagnostic accuracy of 3 urine lipoarabinomannan tubercu-
losis assays in HIV-negative outpatients. The Journal of Clinical
Investigation. 2020; 130: 5756-5764. https://doi.org/10.1172/
JCI140461

Sigal GB, Pinter A, Lowary TL, Kawasaki M, Li A, Mathew
A, et al. A Novel Sensitive Immunoassay Targeting the 5-

Methylthio-d-Xylofuranose-Lipoarabinomannan Epitope Meets
the WHO’s Performance Target for Tuberculosis Diagnosis.
Journal of Clinical Microbiology. 2018; 56: €01338-18. https:
//doi.org/10.1128/JCM.01338-18

Huang L, Niu Y, Zhang L, Yang R, Wu M. Diagnostic value of
chemiluminescence for urinary lipoarabinomannan antigen as-
say in active tuberculosis: insights from a retrospective study.
Frontiers in Cellular and Infection Microbiology. 2023; 13:
1291974. https://doi.org/10.3389/fcimb.2023.1291974
LiuR,LiJ, TanY, Shang Y, Li Y, Su B, et al. Multicenter evalua-
tion of the acid-fast bacillus smear, mycobacterial culture, Xpert
MTB/RIF assay, and adenosine deaminase for the diagnosis of
tuberculous peritonitis in China. International Journal of Infec-
tious Diseases. 2020; 90: 119-124. https://doi.org/10.1016/j.ijid
.2019.10.036

Benjamin A, Cavalcante SC, Jamal LF, Arakaki-Sanchez D, de
Lima JN, Pilotto JH, et al. Accuracy of Determine TB-LAM Ag
to detect TB in HIV infected patients associated with diagnostic
methods used in Brazilian public health units. PLoS ONE. 2019;
14: €0221038. https://doi.org/10.1371/journal.pone.0221038

11


https://iris.who.int/server/api/core/bitstreams/0868522c-7bbf-4937-a553-11ec72be09e1/content
https://iris.who.int/server/api/core/bitstreams/0868522c-7bbf-4937-a553-11ec72be09e1/content
https://doi.org/10.1093/cid/ciad125
https://doi.org/10.1093/cid/ciad125
https://doi.org/10.1186/s12879-024-09651-z
https://doi.org/10.1186/s12879-024-09651-z
https://doi.org/10.1371/journal.pmed.1002792
https://doi.org/10.1371/journal.pmed.1002792
https://doi.org/10.3389/fcimb.2025.1498651
https://doi.org/10.1097/CM9.0000000000003383
https://www.nhc.gov.cn/ewebeditor/uploadfile/2017/11/20171128164254246.pdf
https://www.nhc.gov.cn/ewebeditor/uploadfile/2017/11/20171128164254246.pdf
https://doi.org/10.3389/fmicb.2021.638047
https://iris.who.int/server/api/core/bitstreams/4d4114e9-c439-4f03-ad4a-cf12e07304a0/content
https://iris.who.int/server/api/core/bitstreams/4d4114e9-c439-4f03-ad4a-cf12e07304a0/content
https://iris.who.int/server/api/core/bitstreams/b9125fa4-dcc0-418a-9421-56c28275461d/content
https://iris.who.int/server/api/core/bitstreams/b9125fa4-dcc0-418a-9421-56c28275461d/content
https://iris.who.int/server/api/core/bitstreams/b9125fa4-dcc0-418a-9421-56c28275461d/content
https://doi.org/10.4103/lungindia.lungindia_574_19
https://doi.org/10.4103/lungindia.lungindia_574_19
https://doi.org/10.1172/JCI140461
https://doi.org/10.1172/JCI140461
https://doi.org/10.1128/JCM.01338-18
https://doi.org/10.1128/JCM.01338-18
https://doi.org/10.3389/fcimb.2023.1291974
https://doi.org/10.1016/j.ijid.2019.10.036
https://doi.org/10.1016/j.ijid.2019.10.036
https://doi.org/10.1371/journal.pone.0221038
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Design and Recruitment of Study Participants
	2.2 Diagnosis of HIV
	2.3 Classification of TB Patients
	2.4 Data Collection
	2.5 Urine Specimen Collection
	2.6 Laboratory TB Diagnostic Methods
	2.6.1 Sputum Smears
	2.6.2 Mycobacterium Tuberculosis Culture and Identification

	2.7 GeneXpert
	2.8 TB-DNA Detection
	2.9 Urine LAM Detection by Chemiluminescence
	2.10 AlereLAM Test Procedure
	2.11 Statistical Analysis

	3. Results
	3.1 Baseline Characteristics Study Participants
	3.2 ROC Curve Analysis of Urine LAM (CLIA) Detection
	3.3 Comparative Performance of LAM-CLIA and AlereLAM Positive Rates Across CD4+ Strata in HIV-Associated TB Diagnosis
	3.4 Stratified Analysis of Urine LAM-CLIA Levels Across Diagnostic Categories 
	3.5 Diagnostic Performance of the Urine LAM-CLIA Assay Versus the AlereLAM Assay for TB Detection 
	3.6 Heatmap of Test Results for 34 Patients With Definite TB (Smear Microscopy, MTB Culture, Xpert MTB/RIF, TB-DNA, AlereLAM, and Urine LAM CLIA)
	3.7 Analytical Performance Validation
	3.8 The Impact of Other Opportunistic Infections on the Performance of LAM-CLIA Detection

	4. Discussion
	5. Conclusion
	Key Points
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

