
International Journal of Infectious Diseases 99 (2020) 473–481
Host urine immunological biomarkers as potential candidates
for the diagnosis of tuberculosis
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A B S T R A C T

Objective: To investigate the potential of host urinary biomarkers as diagnostic candidates for
tuberculosis (TB).
Methods: Adults self-presenting with symptoms requiring further investigation for TB were enrolled in
Cape Town, South Africa. Participants were later classified as having TB or other respiratory diseases
(ORD) using results from TB confirmatory tests. The concentrations of 29 analytes were evaluated in urine
samples from participants using the Luminex platform, and their diagnostic potential was assessed using
standard statistical approaches.
Results: Of the 151 study participants, 34 (22.5%) were diagnosed with TB and 26 (17.2%) were
HIV-positive. Seven biomarkers showed potential as TB diagnostic candidates, with accuracy improving
(in HIV-positives) when stratified according to HIV status (area under the receiver operating
characteristics curve; AUC �0.80). In HIV-positive participants, a four-marker biosignature (sIL6R,
MMP-9, IL-2Ra, IFN-g) diagnosed TB with AUC of 0.96, sensitivity of 85.7% (95% confidence interval (CI)
42.1–99.6%), and specificity of 94.7% (95% CI 74.0–99.9%). In HIV-negatives, the most promising was a
two-marker biosignature (sIL6R and sIL-2Ra), which diagnosed TB with AUC of 0.76, sensitivity of 53.9%
(95% CI 33.4–73.4%), and specificity of 79.6% (95% CI 70.3–87.1%).
Conclusions: Urinary host inflammatory biomarkers possess TB diagnostic potential but may be
influenced by HIV infection. The results of this study require validation in larger studies.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Introduction

Annual tuberculosis (TB) illness stands at 10 million, with
roughly 1.7 billion people infected with Mycobacterium tuberculosis
(Mtb) worldwide (WHO, 2019). The World Health Organization
End TB Strategy (2016–2035), proposes to accomplish a 95%
decrease in TB mortality and a 90% drop in the rate of occurrence of
TB by 2035 (WHO, 2019). To achieve these targets, improved and
reliable diagnostics, in addition to new and more effective drugs
and vaccines, are urgently needed.
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Current diagnostic approaches for TB are limited by challenges
that either do not guarantee the accuracy of results or render their
extensive use impossible, especially in resource-constrained
settings (Yong et al., 2019). For example, the reference standard,
sputum culture, provides results after a significant delay, in
addition to the challenge of cost, contamination, and requirement
for high-tech laboratory infrastructure (Chegou et al., 2011;
Chegou et al., 2018; Luo et al., 2019; WHO, 2019; Yong et al.,
2019). Conversely, sputum-smear microscopy is, to a great extent,
accessible but lacks sensitivity, missing diagnosis in more than
one-third of patients requiring care (Davies and Pai, 2008; Goletti
et al., 2016). The GeneXpert MTB/RIF or ULTRA, a nucleic acid-
based test, has a high sensitivity, rapid turnaround time, and
identifies rifampicin resistance. However, the problem of cost
limits its extensive deployment in resource-limited settings where
the burden of TB disease is highest (Albert et al., 2016; Pantoja
et al., 2013). Furthermore, these available methods rely on sputum
specimens and are not very useful in patients who have difficulty
providing quality sputum, such as children and individuals with
ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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extrapulmonary TB (Yong et al., 2019). For these reasons, there is a
need for new and more efficient tests for TB that could assist in
identifying or ruling out active TB in individuals suspected of
having TB disease.

Immunodiagnostic techniques may be valuable for TB diagno-
sis, mainly if they utilize samples that are easily collected, namely,
blood, saliva, or urine. Interferon gamma-release assays (IGRAs)
and the tuberculin skin test (TST), the existing and widely used
immunological tests for detecting people infected with Mtb, do not
discriminate between an ongoing TB disease and latent infection
(Cho et al., 2020; Goletti et al., 2018; Pai et al., 2014; Wawrocki
et al., 2019; WHO, 2011). This limitation has led to an intensified
search for alternative host biomarkers that could accurately
diagnose active TB disease, in addition to distinguishing TB from
other diseases of the respiratory tract with related symptoms.
Aside from the potential of host biomarkers to diagnose TB with
high accuracy, there is the prospect for their incorporation into a
rapid, affordable, and user-friendly test that can be widely
deployed to points of primary care, especially in resource-
constrained settings.

We have previously measured and identified several host
biomarkers in whole blood culture supernatants, serum, plasma,
saliva, and cerebrospinal fluid. Some of these individual proteins or
biosignatures have shown good prospects in the diagnosis of
various forms of TB disease (Chegou et al., 2009; Chegou et al.,
2016; Chegou et al., 2018; Jacobs et al., 2016a; Manngo et al., 2019;
Manyelo et al., 2019). Urine is easily collected and commonly used
for diagnostic tests. Immunological biomarkers in urine have
shown applications in conditions such as cancers and sepsis
(Kustán et al., 2017; Li et al., 2016; Su et al., 2011). However, urine
has not been widely investigated to identify host immunological
Figure 1. Flow diagram showing the classification of participants and the study design
negative smear, culture, and chest X-rays); CRF = case report file.
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biomarkers for TB diagnosis. To date, lipoarabinomannan (LAM), a
mycobacterial antigen, is the only approved biomarker in urine for
TB diagnosis, and LAM test kits are commercially available
(Bulterys et al., 2020; Peter et al., 2012; Songkhla et al., 2019;
WHO, 2015). Nevertheless, LAM tests have low sensitivity and are
only useful in HIV-positive TB cases with low CD4 cell counts
(Abbasi, 2018; Songkhla et al., 2019). Elevated levels of inducible
protein (IP)-10 in the urine of individuals with active TB have been
reported in previous studies (Petrone et al., 2019; Petrone et al.,
2016). Another recent study explored the use of a urine
metabolomic biosignature in the diagnosis of TB disease (Isa
et al., 2018). Altogether, these studies give credence, and further
show that urine could be an alternative candidate specimen for the
discovery of biomarkers for TB diagnosis.

Therefore, in the present study, the aim was to measure and
identify potential urine-based immunological biomarkers that
may be useful in the diagnosis of pulmonary TB in adults recruited
from a TB-endemic setting.

Methods

Study participants

A total of 151 adults (18 years or older), who reported to a
primary health clinic in Cape Town, South Africa, between
November 2010 and November 2012 with symptoms suggestive
of TB, were recruited. The participants were enrolled before the
confirmation of a clinical diagnosis, and formed part of a larger
cohort of the African European Tuberculosis Consortium for TB
Diagnostic Biomarkers project (Awoniyi et al., 2016; Chegou
et al., 2016; MacLean et al., 2019). We included participants who
. TB = tuberculosis; ORDs = other respiratory diseases (these were individuals with
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self-presented with a cough that had been persisting for a
minimum of 2 weeks, in addition to presenting with one of
either chest pain, loss of appetite, fever, knowledge of close
contact with a confirmed TB case, weight loss, sweating at
night, or haemoptysis. Furthermore, only participants who
consented in writing to participate in the study and to
undergo HIV testing were enrolled. Participants who were
severely anaemic (haemoglobin <10 g/l), pregnant, receiving
treatment for TB, had received anti-TB drugs in the past 90 days,
had resided in the neighbourhood for less than 3 months, or
were on aminoglycoside or quinolone antibiotics during the past
60 days were excluded from the study. The bacille Calmette–
Guérin (BCG) vaccine is routinely administered at birth in the
study community. The study was approved by the Health
Research Ethics Committee of the Faculty of Medicine and
Health Sciences of the University of Stellenbosch (reference
number N10/08/274).

Sample collection and processing

Midstream urine samples were collected into 15-ml tubes
and transported to the laboratory at 4–8 �C. The samples were
centrifuged at 1000�g for 2 min, and the supernatants were
aliquoted into multiple 2-ml cryovials and stored at �80 �C until
the assays were performed. To microbiologically confirm TB,
sputum specimens were collected from the participants, and these
were cultured using the mycobacteria growth indicator tube
(MGIT) technique (BD Biosciences). Positive cultures for Mtb were
confirmed by performing Ziehl–Neelsen acid-fast bacillus staining,
followed by Capilia TB assay (TAUNS, Numazu, Japan), as reported
previously by Chegou et al. (2016) and Jacobs et al. (2016a).

Reference standard for the classification of study participants

The participants were classified using a pre-defined combina-
tion of radiological, clinical, and laboratory results as definite/
probable TB, questionable, or other respiratory diseases (ORDs), as
reported in previous studies (Chegou et al., 2016; Jacobs et al.,
2016a). As mentioned in these previous reports (Chegou et al.,
2016; Jacobs et al., 2016a), individuals with a questionable status
were those who could not be classified as TB or ORD due to various
reasons, including contamination of cultures, coupled with a lack
of data from other diagnostic tests. Participants classified as ORD
had negative results for all TB tests and had never been initiated on
TB treatment by the national TB control program. These individuals
had a range of other lower and upper respiratory tract conditions,
including asthma and acute exacerbation of chronic pulmonary
disease, as reported previously (Chegou et al., 2016; Jacobs et al.,
2016a). However, they were not investigated further with cultures
for bacterial or viral pathogens. Only individuals who were
diagnosed with definite/probable TB or ORD were included in
the present study (Figure 1).
Table 1
Demographic and clinical characteristics of the study participants.

All 

Number of patients 151 

Sex; male n (%)/female n (%) 63 (42)/88 (58) 

Age (years), mean � SD 38.1 � 11.5 

HIV-positive, n (%) 26 (17) 

QFT
Positive, n (%) 93 (62) 

Negative, n (%) 47 (31) 

Indeterminate, n (%) 0 (0) 

TB, tuberculosis; ORD, other respiratory diseases; SD, standard deviation; QFT, QuantiF
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Immunoassay

The concentrations of 29 host biomarkers were investigated in
urine samples obtained from the participants using the Luminex
platform. These biomarkers were selected from the literature,
based on the potential shown in previous studies conducted on
serum or plasma samples as candidate biomarkers for the
diagnosis of TB (Chegou et al., 2016; Jacobs et al., 2016b) or
monitoring of the response to TB treatment (Ronacher et al.,
2019). The biomarkers measured include ferritin, matrix metal-
loproteinase 9 (MMP-9), macrophage-derived chemokine
(MDC/CCL22), interleukin (IL)-2 receptor alpha (IL-2Ra), interfer-
on-gamma (IFN-g), procalcitonin (PCT), vascular endothelial
growth factor receptor 3 (VEGF-R3), macrophage inflammatory
protein-1 beta (MIP-1β/CCL4), inducible protein 10 (IP-10/
CXCL10), IL-6Ra, VEGF-A (R&D Systems Inc., Minneapolis, MN,
USA), C-reactive protein (CRP), fibrinogen, serum amyloid protein
P (SAP), alpha-2-macroglobulin (A2M), haptoglobin, soluble IL6R
(sIL6R), sIL4R, sIL2Ra, sVEGF-R3, soluble cluster of differentiation
30 (sCD30), soluble glycoprotein 130 (sgp130), sIL1RI, sIL1RII,
soluble receptor for advanced glycation end products (sRAGE),
soluble tumour necrosis factor receptor 1 (sTNFR I), sTNFR II,
sVEGF-R1, and sVEGF-R2 (Merck Millipore, Massachusetts, USA).
The analysis of samples was done on the Bio-Plex platform (Bio-
Rad Laboratories, Hercules, CA, USA), and the amount of the
measured biomarkers in the reagents used for quality control
were within the expected ranges. In cases where a kit had not
been validated for use on urine, the procedure for analysis of
serum samples was followed. Experiments were performed in a
blinded manner. Bio-Plex Manager Software version 6.1 was used
for bead acquisition and analysis.

Statistical analysis

Data were analysed using Graph Pad Prism version 7.00
(GraphPad Software, San Diego, CA, USA) and Statistica (TIBCO
Software Inc., Palo Alto, CA, USA). The Mann–Whitney U-test was
used to determine statistical differences between the TB and ORD
groups. The accuracy of individual biomarkers to diagnose TB was
investigated using receiver operating characteristics (ROC) curve
analysis. Optimal cut-off values and associated sensitivity and
specificity were determined using the Youden's index (Fluss et al.,
2005). The predictive ability of combined host biomarkers was
assessed using general discriminant analysis (GDA), followed by
leave-one-out cross-validation.

Results

Of the 151 individuals with a definite TB, probable TB, or ORD
diagnosis (Figure 1), 26 (17%) were confirmed positive for HIV,
whereas 93 (62%) of the participants were QuantiFERON-TB Gold
(QFT)-positive (Table 1). For analysis purposes, the definite TB and
TB group ORD group

34 117
9 (26.5)/25 (73.5) 54 (46)/63 (54)
39.6 � 10.3 37.7 � 11.9
7 (21) 19 (16)

22 (65) 71 (61)
6 (18) 40 (34)
0 (0) 0 (0)

ERON-TB Gold.
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probable TB patients were combined (TB group) for comparison
with individuals with ORD, as has been done in previous
studies (Awoniyi et al., 2016; Chegou et al., 2016; Jacobs et al.,
2016a,c). The characteristics of the study participants are shown
in Table 1.

Potential of individual host urine biomarkers in the diagnosis of TB
regardless of HIV infection status

The potential of individual host urine biomarkers to diagnose
TB was assessed by comparing differences in the concentrations
of the analytes between the TB group (definite TB + probable TB)
and individuals with ORDs using the Mann–Whitney U-test. Out
of the 29 host biomarkers evaluated, the median levels of 10
markers were significantly higher in TB patients than in those with
ORDs (Table 2). Following the investigation of the diagnostic
potential of the 10 biomarkers using ROC curve analysis, seven
performed in the diagnosis of TB regardless of HIV infection
status with AUCs �0.65: sIL2Ra, sCD30, sIL1RI, haptoglobin, sTNFR
II, ferritin, and IL-2Ra. sIL2Ra showed the highest accuracy
(AUC = 0.70) (Figure 2a) and diagnosed TB with a sensitivity and
specificity of 59% (95% CI 41–75%) and 81% (95% CI 72–88%),
respectively (Table 2).

Performance of individual urine biomarkers stratified according to HIV
infection status of the study participants

After stratification of the study participants according to HIV
status, ferritin, sTNFR II, haptoglobin, sIL2Ra, and sIL1RI were
significantly elevated in the HIV-negative participants diagnosed
with TB compared to those with ORDs, and performed in the
diagnosis of TB with AUCs �0.63 (see Supplementary Material
Table S1). Haptoglobin was the most accurate biomarker
(AUC = 0.70) (Figure 2b) in HIV-negative participants, with a
sensitivity of 65% (95% CI 46–81%) and specificity of 72% (95% CI
63–80%) (see Supplementary Material Table S1). Both sCD30 and
IL-2Ra showed potential in HIV-positive and negative partic-
ipants. However, the accuracies of both markers (sCD30,
AUC = 0.82; IL-2Ra, AUC = 0.80) were higher in the HIV-positive
patients (Figure 3). MMP-9 was significantly elevated in TB cases
compared to those with ORDs, and this observation was unique to
the HIV-positive participants. MMP-9 showed potential in the
diagnosis of TB in the HIV-positive participants, with an AUC of
0.83 (Figure 2c) and a sensitivity and specificity of 86% (95% CI
49–99%) and 68% (95% CI 0.41–81%), respectively (see Supple-
mentary Material Table S2).
Table 2
Median concentrations (with interquartile range) of individual host urine biomarkers in
(n = 117), regardless of HIV infection status, and their diagnostic performance.

Marker Concentration, median (IQR) p-Valu

ORD TB

sIL2Ra 2364 (1789–3342) 4267 (2273–6255) 0.000
sCD30 58 (0.0–81.24) 100 (0.0–187.4) 0.0015
sIL1RI 12 (8.02–19.98) 18 (12.85–27.36) 0.0017
Haptoglobin 13 (3.605–26.99) 26 (13.31–35.47) 0.0021
sTNFR II 6726 (4514–151 000) 151 000 (6398–151 000) 0.004
Ferritin 3114 (1035–6033) 4438 (2358–13 866) 0.006
IL-2Ra 722 (403.2–1014) 1322 (460.7–2371) 0.006
MMP-9 2692 (777.2–14 323) 5831 (2671–20 840) 0.033
sTNFR I 2215 (1362–3595) 2955 (1912–25 000) 0.0370
sVEGFR3 2352 (1531–17 159) 3884 (1531–17 159) 0.040

TB, tuberculosis; ORDs, other respiratory diseases; IQR, interquartile range; AUC, area und
displays biomarkers that differed significantly between the TB and ORD groups using the
and the related sensitivity and specificity. Except for haptoglobin, which is in units of 
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Potential of combinations of host urine biomarkers in the diagnosis
of TB

GDA was applied to evaluate the potential usefulness of
combinations of urine biomarkers in the diagnosis of TB. Upon
fitting the data from all host biomarkers into GDA models, a three-
marker biosignature consisting of IL2-Ra, sIL2Ra, and MDC (CCL22)
was the most accurate biosignature for the diagnosis of TB,
regardless of the HIV status of the participants. The three-marker
biosignature performed with a sensitivity of 51.5% (95% CI 33.5–
69.2%) and specificity of 84.2% (95% CI 76.2–90.4%) after leave-one-
out cross-validation. The positive predictive value (PPV) and
negative predictive value (NPV) of the three-marker biosignature
was 48.6% (95% CI 35.5–61.8%) and 85.7% (95% CI 80.7–89.6%),
respectively (Table 3). The frequency of the analytes in the top 20
most accurate GDA models is shown in Figure 4a. When only the
definite TB patients were considered, irrespective of HIV status, a
two-marker biosignature comprising sIL2Ra and MDC diagnosed
TB with a sensitivity of 62.5% (95% CI 40.6–81.2%) and specificity of
86.0% (95% CI 78.2–91.8%) after leave-one-out cross-validation (see
Supplementary Material Table S3).

When the participants were stratified according to HIV
infection status, a two-marker urine biosignature made up of
sIL6R and sIL2Ra diagnosed TB in the HIV-negative participants
with an AUC of 0.76 (95% CI 0.64–0.78) (Figure 4b), sensitivity of
53.9% (95% CI 33.4–73.4%), and specificity of 79.6% (95% CI 70.3–
87.1%). The biosignature had a PPV of 41.2% (95% CI 29.2–54.3%) and
NPV of 86.7% (95% CI 80.9%-90.9%) (Table 3). When only the
definite TB patients were considered in the TB group, a three-
marker biosignature consisting of sIL6R, sTNFR II, and sIL2Ra
diagnosed TB in the HIV-negative participants with an AUC of 0.83
(95% CI 0.72–0.93) (see Supplementary Material Figure S1a),
sensitivity of 63.2% (95% CI 38.4–83.7%), and specificity of 87.8%
(95% CI 79.6–93.5%) (see Supplementary Material Table S3). In the
HIV-positive participants, a four-marker urine biosignature, which
comprised sIL6R, MMP-9, IL-2Ra, and IFN-g, diagnosed TB with an
AUC of 0.96 (95% CI 0.89–1.00) (Figure 4c), sensitivity and
specificity of 85.7% (95% CI 42.1–99.6%) and 94.7% (95% CI 74–
99.9%), respectively, after leave-one-out cross-validation. The
biosignature had a PPV of 85.7% (46.5–97.6%) and NPV of 94.7%
(95% CI 74.5–99.1%) (Table 3). When only definite TB patients were
considered in the TB group, a two-marker biosignature made up of
MMP-9 and IL-2Ra diagnosed TB in the HIV-positive participants
with an AUC of 0.92 (95% CI 0.78–1.00) (see Supplementary
Material Figure S1c). The sensitivity and specificity of the
biosignature after leave-one-out cross-validation was 80.0% (95%
 participants diagnosed with TB (n = 34) compared to those in patients with ORDs

e AUC (95% CI) Cut-off Sensitivity %
(95% CI)

Specificity %
(95% CI)

3 0.70 (0.59–0.81) 3537.83 59 (41–75) 81 (72–88)
 0.67 (0.56–0.79) 86.24 56 (38–73) 79 (71–86)

 0.67 (0.56–0.78) 14.64 71 (55–85) 62 (52–71)
 0.67 (0.58–0.77) 19.065 68 (49–83) 67 (57–75)

6 0.66 (0.55–0.76) 150624 56 (38–73) 71 (62–79)
4 0.65 (0.56–0.75) 3336.76 71 (52–85) 54 (44–63)
8 0.65 (0.53–0.78) 1319.765 52 (34–69) 85 (77–91)
4 0.62 (0.51–0.72) 2891.46 76 (59–89) 51 (42–61)

 0.62 (0.51–0.73) 2916.53 53 (38–73) 66 (56–74)
6 0.61 (0.50–0.73) 2490.13 71 (53–85) 52 (43–61)

er the receiver operating characteristics curve; CI, confidence interval. The table only
 Mann–Whitney U-test. Youden's index was used to estimate the best cut-off values
ng/ml, the levels of all analytes in urine were measured in pg/ml.
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Figure 2. Scatter plots displaying the levels of host urine biomarkers measured in (a) participants diagnosed with TB (n = 34) and participants who had ORDs (n = 117)
regardless of HIV infection status; (b) HIV-negative participants diagnosed with TB (n = 26) and participants who had ORDs (n = 98); (c) HIV-positive participants diagnosed
with TB (n = 7) and participants who had ORDs (n = 19). The error bars in the scatter plots depict the median with the interquartile range. The ROC curves for three
representative biomarkers (sIL2Ra, sCD30, and sIL1RI), (haptoglobin, sIL1RI and sIL2Ra), and (MMP-9, sCD30 and IL-2Ra), respectively, for the different groups, are also
presented (TB, tuberculosis; ORDs, other respiratory diseases; ROC, receiver operating characteristics).
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CI 28.4–99.5%) and 89.5% (95% CI 66.9–98.7%), respectively (see
Supplementary Material Table S3).

Discussion

The accurate and rapid diagnosis of TB, especially at the point-
of-care, is crucial for curbing the spread of the disease, and
Downloaded for Anonymous User (n/a) at Stellenbosch Universit
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remains challenging. There have been numerous studies, includ-
ing studies conducted in our laboratory, which have aimed to
identify biomarkers for the diagnosis of TB. Most of the previous
studies involved the analysis of serum, plasma, or other
body fluids, with only a few studies assessing the potential of
urinary host inflammatory protein biomarkers as TB diagnostic
candidates.
y from ClinicalKey.com by Elsevier on September 13, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 3. Areas under the receiver operating characteristics curve (AUCs) for the
individual host urine biomarkers after the participants diagnosed with tuberculosis
or other respiratory diseases were stratified according to HIV infection status.
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In addition to being able to discriminate between active TB and
latent TB infection, a potential TB diagnostic biomarker should be
able to separate patients with TB from those with other respiratory
diseases (ORDs) with related clinical symptoms. Furthermore,
ideal TB diagnostic biomarkers should preferably be non-sputum-
based (WHO, 2014). In this study, we investigated the potential of
29 host urine biomarkers to diagnose active TB disease while
distinguishing TB cases from ORDs. The results revealed that seven
individual host proteins diagnosed TB regardless of HIV infection
and in the participants who were HIV-negative with AUCs �0.63,
whereas three biomarkers performed in the diagnosis of TB in the
HIV-positive participants with AUCs �0.80. Considering the wide
variation in social and demographic characteristics, the heteroge-
neity in immune responses against Mtb, and the influence of
comorbidities such as HIV on the accuracy of diagnostic tests, it
may be unlikely that a single biomarker would fulfil all of the
requirements for a reliable diagnostic test for TB. The present study
is the first to investigate a large number of host inflammatory
protein biomarkers that have previously shown potential as TB
diagnostic candidates (up to 29 biomarkers that have previously
been investigated in serum or plasma), in urine samples collected
from individuals who were suspected of having active TB in a high-
burden setting.

Primary in this study was the identification of three
biosignatures that diagnosed TB regardless of HIV infection,
and in the HIV-negative and positive participants, respectively,
with promising accuracies: (1) IL-2Ra, sIL2Ra, and MDC, (2) sIL6R
and sIL2Ra, and (3) sIL6R, MMP-9, IL-2Ra, and IFN-g. IL-2Ra,
included in the biosignatures, is a transmembrane protein
expressed constitutively on regulatory T-cells as part of the
heterotrimeric IL-2 receptor (Goudy et al., 2013). It is also
expressed on activated T- and B-cells, macrophages, and dendritic
cells (Vanmaris and Rijkers, 2017). IL-2Ra is involved in both
T-cell expansion and tolerance regulation (Goudy et al., 2013). In
previous TB studies, higher levels of IL-2Ra were reported in
plasma of active TB patients compared to latently infected and
Table 3
Performance of the urine biosignatures in the diagnosis of TB classified according to H

Optimal biosignature regardless of HIV infection IL-2Ra + sIL2Ra + MDC 

Optimal biosignature in HIV-negative participants sIL6R + sIL2Ra 

Optimal biosignature in HIV-positive participants sIL6R + MMP-9 + IL-2Ra + IFN-g 

TB, tuberculosis; CI, confidence interval; PPV, positive predictive value; NPV, negative 
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healthy individuals (La Manna et al., 2018). sIL2Ra is an
inflammatory mediator released from membrane-bound IL-2Ra.
Serum levels of sIL2Ra are used as a biomarker to assess disease
severity in some inflammatory conditions such as sarcoidosis
(Vanmaris and Rijkers, 2017). In previous TB studies, differential
levels of sIL2Ra in plasma, serum, and bronchoalveolar lavage
fluid between TB patients and individuals with latent TB infection
were reported and used in the grading of pulmonary TB (Tsao
et al., 2002; Yao et al., 2017). MDC, also included in the
biosignatures, is a chemokine mainly produced by macrophages
and dendritic cells. It is upregulated by Th2 cytokines, such as IL-4
and IL-5, and plays a vital role in the regulation of Th2 responses
(Yamashita and Kuroda, 2002). Serum levels of MDC have been
investigated as a potential biomarker for predicting the risk of
developing lung cancer (Shiels et al., 2013; Zhang et al., 2016).
MMPs play a vital role in inflammation and wound healing. MMP-
9, which is among the biosignatures, is secreted by endothelial
cells, macrophages, cardiomyocytes, neutrophils, and fibroblasts
and has been investigated as a potential biomarker in cardiovas-
cular (Medeiros et al., 2019; Mirhafez et al., 2017) and TB diseases
(Kathamuthu et al., 2020). Monocytes, endothelial cells, and
hepatocytes secrete sIL6R, and it is detected in various body fluids
(Nilsson et al., 2005; Wang et al., 2013). Elevated concentrations
of circulating sIL6R have been investigated as a potential
biomarker for myocardial infarction (Velásquez et al., 2015),
the severity of asthma (Hawkins et al., 2010), and in predicting
treatment outcomes in TB (Ronacher et al., 2019) and in patients
receiving chemoradiotherapy for some cancers (Makuuchi et al.,
2013).

There are only a few published studies on the potential use of
host urine biomarkers or biosignatures in the diagnosis of TB. Urine
IP-10 was previously reported as a potential diagnostic and
treatment response monitoring biomarker for TB (Cannas et al.,
2010; Kim et al., 2018; Petrone et al., 2019; Petrone et al., 2016).
Another previous study by Isa et al. (2018) reported a host urine
metabolomic biosignature comprising sialic acid, neopterin,
diacetylspermine, and N-acetylhexosamine with potential in
distinguishing TB patients from non-tuberculous pulmonary cases
and healthy individuals (Isa et al., 2018). It is known that the
production of paucibacillary sputum samples and the frequent
extrapulmonary presentation of TB in HIV-positive patients limits
the usefulness of GeneXpert MTB/RIF and sputum-smear micros-
copy, resulting in high mortality. LAM, a mycobacterial antigen,
which is currently the only approved urine biomarker test, has an
estimated sensitivity and specificity of 46% and 89%, respectively.
The use of the LAM assay in combination with other available
diagnostic tools has been reported to improve the proportion of
immunocompromised HIV-positive patients diagnosed with TB
who would otherwise have been missed by 38% (Huerga et al.,
2019) and to result in a 17% reduction in all-cause deaths (Peter
et al., 2016). In the present study, IL-2Ra performed with a
sensitivity of 86% and specificity of 84%. The four-marker urine
biosignature diagnosed TB in HIV-positive individuals with high
accuracy (AUC = 0.96) and a sensitivity of 85.7% and specificity of
94.7%. A urine host biomarker or biosignature-based point-of-care
IV infection status.

Leave-one-out cross-validation

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

51.5 (33.5–69.2) 84.2 (76.2–90.4) 48.6 (35.5–61.8) 85.71 (80.7–89.6)
53.9 (33.4–73.4) 79.6 (70.3–87.1) 41.2 (29.2–54.3) 86.7 (80.9–90.9)
85.7 (42.1–99.6) 94.7 (74–99.9) 85.7 (46.5–97.6) 94.7 (74.5–99.1)

predictive value.

ersity from ClinicalKey.com by Elsevier on September 13, 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 4. (a) Frequency of analytes in the top 20 most accurate GDA models that discriminated between TB and ORDs regardless of HIV infection status. (b) ROC curve showing
the accuracy of the two-marker urine biosignature that diagnosed TB in the HIV-negative participants. (c) ROC curve showing the accuracy of the four-marker biosignature
that diagnosed TB in the HIV-positive participants. (d) Red squares: HIV-positive participant diagnosed with TB; blue circles: HIV-positive participants with ORDs. (e)
Frequency of analytes in the top 20 most accurate GDA models that discriminated between TB and ORD HIV-positive participants. (GDA, general discriminant analysis; TB,
tuberculosis; ORD, other respiratory disease; ROC, receiver operating characteristics curve).
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test with improved diagnostic performance may result in even
more significant improvements in TB diagnosis and reductions in
deaths in HIV-positive people, especially in resource-constrained
settings.

We acknowledge that the performance of the urine biosigna-
tures regardless of HIV and in the HIV-negative participants are
below the optimal levels and especially when put at par with
other serum-based biosignatures from previous studies con-
ducted in our laboratory (Chegou et al., 2016). However, as the
biosignatures had a considerably high specificity and NPV, they
may be useful in ruling out TB, especially when combined with,
for example, sputum smear results and other clinical parameters.
Besides, urine is a waste product of metabolism and is not subject
to homeostatic mechanisms compared to blood (An and Gao,
2015). Therefore, one may argue that urine may as well be a
source of useful biomarkers for TB diagnosis compared to blood.
Furthermore, as an advantage, urine collection is non-invasive,
poses fewer biohazard dangers, and requires minimal sample
processing. Urine-based host biomarkers may also be useful in the
diagnosis of extrapulmonary TB and also TB in children, who have
difficulty in producing quality sputum; these questions require
further investigation.

We acknowledge as limitations of the study, the relatively
small number of participants and the small number of HIV-
positive TB cases. Furthermore, this study did not consider the
severity of HIV infection in the participants with HIV-positive
status. Also, the observed performances of the biosignatures
may likely be over-estimated, as they were based on leave-one-
out cross-validation and not on a separate test set. However,
these preliminary data may be used as the basis for the design
of larger validation studies. It is acknowledged that biomarker
discovery technologies such as the Luminex platform are
expensive and may not be available in many resource-
constrained environments. However, following the discovery
and validation of biomarkers using such expensive technolo-
gies, the incorporation of these biomarkers into lateral flow or
dip-stick-like tests will make them cheaper and easily
implementable as point-of-care tests in these settings. Such
an approach, i.e. TB biomarker discovery and validation using
expensive technologies, followed by conversion into simpler
lateral flow-based tests, was done previously in the Africa-
wide study, which contributed specimens for the current study
(Corstjens et al., 2016). Of note, a multi-biomarker fingerprick-
based version of the test is currently undergoing field
evaluation in multicentre studies, including the TriageTB
project (https://www.triagetb.com/).

In conclusion, we report new urine-based host proteins and
biosignatures that show promise for the diagnosis of pulmonary TB
in adults. While searching for other urine-based inflammatory
markers, there is a need to evaluate the performance of these
individual urine biomarkers and biosignatures in reiterated
studies, including larger cohorts of participants and possibly
optimized for high sensitivity. Future studies should also include
grading of HIV infection states of participants based on CD4 counts
and viral load, as these are known to influence the accuracy of
biomarker-based diagnostic tests.
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