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ABSTRACT

Background: Early secretory antigenic target protein 6-kDa (ESAT-6), culture filtrate 10-kDa (CFP-
10), and Mycobacterium tuberculosis (Mtb) 64 (MPT-64) antigens are secreted by actively growing
Mtb in active tuberculosis (TB) patients. Increased levels of ESAT-6, CFP-10, and MPT-64 at the site
of infection facilitate the entry of antigens into the systemic circulation. These low molecular weight
proteins (< 67 kDa) can be excreted into the urine via the kidneys. Therefore, this study evaluated
the urinary Mtb antigen cocktail (ESAT-6, CFP-10, and MPT-64) levels in active [pulmonary (P) and
extrapulmonary (EP)] TB and latent tuberculosis infections (LTBI) individuals. Methods: This study
was conducted in Dr. Hasan Sadikin General Hospital Bandung from June 2016 to June 2017, using
474 participants. The specimens for TB diagnosis were taken and investigated for acid-fast bacilli
(AFB) using the Ziehl Neelsen (ZN) technique. The remaining sputum was cultured on Lowenstein-
Jensen (LJ) medium, and TB Ag MPT-64 rapid tests were performed to identify Mtb. In addition, LTBI
individuals were screened in a TB outpatient clinic who had close contact with patients with active
TB and underwent an interferon ¥ release assay (IGRA). Urine samples were collected for urinary
Mtb antigen cocktail (ESAT-6, CFP-10, and MPT-64) testing using the quantitative immunochro-
matographic method. Results: The 99 patients were divided into three groups, PTB (n = 52), EPTB
(n=22) and LTBI (n = 25). There were significant differences in urinary Mtb antigen cocktail levels
between PTB and EPTB (33.8 vs 13.6 ng/ml; p < 0.001), between PTB and LTBI (33.8 vs 0 ng/ml; p <
0.001), and between EPTB and LTBI (13.6 vs 0 ng/ml; p = 0.015). Conclusion: Urinary Mtb antigen
cocktail levels were increased in patients with active TB and undetected in those with LTBI. This
result was obtained using the urinary Mtb antigen cocktail as a potential marker for differentiating

active TB and LTBI.
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INTRODUCTION

Tuberculosis (TB) is the second leading cause of death
globally, caused by a single infectious agent, My-
cobacterium tuberculosis (Mtb). The World Health
Organization (WHO) has estimated that in 2019,
there were 7.1 million new TB cases and 1.2 million
TB-related deaths, approximately 44% occurring in
Southeast Asia.
and relapsed cases increased from 331,703 in 2015 to
562,049 in 2019, a rise of 69%!. The WHO has es-
timated that one-third of the global population has a
latent Mtb infection (LTBI), of whom 5-10% develop
active TB disease. The lungs are the primary site of

In Indonesia, notifications of new

infection. However, the incidence of extrapulmonary
TB (EPTB) has increased to over 15% of all cases>3.

The detection of Mtb remains challenging in the mod-
ern innovative diagnostic era. A combination of

clinical symptoms and laboratory tests, such as spu-

tum microscopic examination, remain key to diag-
nosing active pulmonary TB. Microscopic examina-
tion of sputum is inexpensive and requires minimal
biological safety standards, but its sensitivity is low 14,
Mtb culturing is considered the gold standard but is
time-consuming since growth depends on the num-
ber of viable bacteria.l In addition, EPTB diagnosis
becomes challenging in the clinical setting. Despite
the absence of clinically manifested disease, the pos-
itivity of the EPTB test also varies, with a previous
study reporting 5% EPTB cases while culture tests in-
stead indicated approximately 10 — 30%°~7. A new
molecular-based Mtb diagnostic assay called the nu-
cleic acid amplification test (NAAT) has become the
standard for Mtb detection. However, it requires ad-
vanced laboratory equipment and highly trained tech-
nicians.

Currently, the number of individuals with LTBI is in-
creasing, and they are more challenging to diagnose.
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The tuberculin test was identified as the standard di-
agnostic assay for LTBI. However, it cannot differ-
entiate between Mtb infection and sensitization with
other environmental mycobacteria. Therefore, cross-
reactivity can occur with patients given the Bacillus
Calmette-Guerin (BCG) vaccine®. Previous studies
proposed using the interferon y release assay (IGRA)
as a marker of T-cell reactivity against Mtb antigen for
diagnosing LTBI. However, its ability to differentiate
between active and latent TB appears problematic 10,
Previous studies identified Mtb antigens as poten-
tial markers that can aid TB diagnosis. These anti-
gens are placed into envelope cell and culture fil-
trate protein (CFP) groups 11,12
tains antigens actively secreted in Mtb cultures, in-

. The CFP group con-

cluding the early secretory antigenic target protein 6-
kDa (ESAT-6), culture filtrate protein 10-kDa (CFP-
10), and Mtb protein 64 (MPT-64) encoded by genes
in regions of difference 1-3 (RD1, RD2, and RD3). Be-
cause RDs 1-3 are not found in Mycobacterium bo-
vis used in BCG, they are considered Mtb-specific ge-
nomic regions 13-17 The ESAT-6, CFP-10, and MPT-
64 antigens play an important role in TB pathogen-
esis. Numerous studies have found that their lev-
els in examination materials increase proportionally

18-22  Moreover,

with bacterial replication activity
they are categorized as low molecular weight proteins
and freely filtered through the glomerulus. There-
fore, this study evaluates urinary Mtb antigens cock-
tail (ESAT6, CFP10, and MPT-64) levels in TB, EPTB,

and LTBI patients.

METHODS

Study Population

This study was performed between June 1, 2016, and
June 30, 2017, at Dr. Hasan Sadikin General Hospi-
tal in West Java Province, Indonesia. Patients visit-
ing the outpatient clinic or admitted to the TB ward
were screened for eligibility. Eligible patients were in-
cluded if they met the following criteria: (1) adult (>
18 years old); (2) suspected to have active pulmonary
or extrapulmonary TB or LTBI; and (3) had clinical
specimens obtained on their inclusion day. The ex-
clusion criteria were: (1) urinary tract infections diag-
nosed with dipstick and culture testing; (2) abnormal
kidney function tests or any history of renal disease;
(3) HIV infection; and (4) severe infection.

Study participants were placed into three groups:
(a) an active pulmonary TB group containing those
with clinical TB manifestations according to the In-
ternational Standards of Tuberculosis Care (ISTC)
guidelines 23 confirmed by laboratory (acid-fast bacilli
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[AFB] or culture) and chest imaging tests; (b) an ac-
tive EPTB group containing those with clinical TB
manifestations according to ISTC guidelines and con-
firmed by laboratory (acid-fast bacilli or culture) and
imaging tests on associated TB infection sites; and (c)
an LTBI group containing those who had close con-
tact with active TB patients and confirmed by a posi-
tive IGRA test 4.

Specimen Collection

Expectorate sputum was obtained from participants
in the TB group. pecific clinical specimens, such as
pus, cerebrospinal fluid, or pleural fluid, were ob-
tained from participants in the EPTB group accord-
ing to the hospital standard operating procedure for
AFB direct smear and Mtb culture. On the same day,
each included participant was also required to submit
a random urine specimen with a clean-catch collec-
tion technique ?>.

Laboratory Testing for TB

Sputum, cerebrospinal fluid, pus, or pleural fluid
specimens were assessed for AFB with the Ziehl
Neelsen (ZN) technique (ST Reagensia Company,
Jakarta, Indonesia) according to the standard pro-
tocol 6. Remaining sputum specimens were de-
contaminated using a standard N-acetyl-L-cysteine-
NaOH (NaLC-NaOH) method and then concentrated
via centrifugation at 3000 g for 15 minutes?® be-
fore culturing on Lowenstein-Jensen (L]) medium
(bioMérieux SA, Marcy I'Etoile, France). Subse-
quently, Mtb culture growth was observed weekly
for 3 to 8 weeks and was considered positive when
mycobacterial growth was >1 colony-forming unit
(CFU).

The urine specimen was collected in a sterile con-
tainer and directly centrifuged at 1006 g for 15 min-
utes to separate the low molecular weight analytes and
then kept at -80°C for further examination of the Mtb
antigen cocktail (ESAT6, CFP10, and MPT64). The
cocktail was detected using the semiquantitative im-
munochromatography test (ICT) method (Jei Daniel
Biotech Corp., Taiwan), in which 100 uL of sample
buffer was placed into the specimen collection box
with 100 puL of urine sediment and mixed well by
dropper for 30 - 60 seconds then left to stand for 30
minutes. Four ~60 uL drops were applied to the “S”
region of the testing card, and the result was read after
30 minutes using an automatic reader (JD Reader) to
determine the Mtb antigen cocktail concentration of
the clinical specimen. Quality control and instrument
assurance were performed according to the manufac-
turer’s recommendations.
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Data Analysis

The urinary Mtb antigen cocktail concentration was
assessed against the clinical TB, EPTB, and LTBI di-
agnoses. Population characteristics are presented de-
scriptively: (1) as numbers and percentages for cate-
gorical data such as age, clinical symptoms, and gen-
der; (2) as median and range (minimum-maximum)
for numerical data. The significance of differences in
median urinary Mtb antigen cocktail concentration
among groups was evaluated using the Kruskal-Wallis
test. The significance of differences in urinary Mtb
antigen cocktail concentration between the following
pairs of groups was independently assessed using the
Mann-Whitney U test: (a) TB vs. EPTB; (b) TB vs.
LTBIL (c) EPTB vs. LTBI. We considered tests with p <
0.05 to be significant. All data analysis was performed
using SPSS software v.23 (IBM, Armonk, NY, USA).

RESULTS

A total of 474 participants were enrolled in this study,
and their positivity in direct smear (AFB) and Mtb
cultures was 23% and 30% for TB and EPTB, respec-
tively. These findings underscore the low positivity of
AFB and culture tests in standard TB and EPTB diag-
nostics. However, the positivity of the standard IGRA
diagnostic test for LTBI was 59% (Figure 1). Among
participants in the EPTB group, four had spondylitis,
nine had meningitis, eight had pleuritis, and one had
abdominal.

The proportion of males among participants in the
TB, EPTB, and LTBI groups was 65.4%, 68.2%, and
44%, respectively, with a median age of 36, 27, and
31 years, respectively. Median BMI across the three
groups was 18-22.1 and categorized as normal. Clin-
ical symptoms, such as cough and fever, were most
prevalent in the TB and EPTB groups (Table 1).

The urinary Mtb antigen cocktail was successfully de-
tected in the TB and EPTB groups. A higher median
urinary Mtb cocktail antigen concentration was found
in the TB group compared to the other groups (p <
0.001; Figure 2). Independent pairwise group com-
parisons found higher median urinary Mtb antigen
cocktail concentrations in the EPTB (p < 0.001) and
LTBI groups (p = 0.015) than in the TB group. In
the LTBI group, 18 of the 25 participants had a uri-
nary Mtb antigen cocktail concentration of 0 ng/mL,
while the remaining 7 had urinary Mtb antigen cock-

tail concentrations between 5.2 and 26.2 ng/ml.

DISCUSSION

TB infection remains a challenging global threat, par-
ticularly in laboratory diagnostics. This study ex-
plored the urinary Mtb antigen cocktail in three TB
groups: TB, EPTB, and LTBI. Higher urinary Mtb
antigen cocktail concentrations were found in the TB
group than in the other two groups. This finding in-
dicates that in active pulmonary TB, ESAT-6, CFP-
10, and MPT-64 antigens are secreted by Mtb replica-
tion and metabolism. However, a lower urinary anti-
gen concentration was found in the EPTB group. A
previous study observed fewer Mtb cells with EPTB,
called paucibacillary, compared to active-pulmonary
TB42728, reflecting the lower urinary Mtb antigen
cocktail concentration in our EPTB group. Moreover,
Song et al. showed higher TB antigen concentrations
in cerebrospinal fluid?®. Therefore, the positivity per-
formance of urinary TB antigens provides improved
diagnostic performance with active TB.

Urine is an ideal clinical specimen because it is ex-
creted in large quantities, and the collection process
does not require invasive methods. The additional
value of urinary Mtb antigen cocktails to improve
pulmonary TB diagnosis, particularly in peripheral
health settings, has been shown 3.

This study also evaluated the performance of urinary
TB antigens in those with LTBI, finding negative anti-
gen results. In those with LTBI, mycobacterial prolif-
eration is inhibited by immune cell interactions and
granuloma formation. Chronic stimulation of proin-
flammatory cytokines such as IFN-y, TNF-qa, IL-6,
IL-12, IL-17, and IL-23 stimulates macrophages to
differentiate into epithelioid and giant cells. More-
over, the chemokines CCL2, CCL3, CCL5, CXCLS,
and CXCL10 induce T-cell aggregation to form gran-
ulomas. Cytokines limit primary TB infection to in-
crease its stability. In more than 90% of latent in-
fections, foci caseoses contain mycobacteria lined by
granuloma walls. A good host cellular immune re-
sponse will prevent the replication and spread of my-
cobacteria®!=34. [n vitro studies have found that the
ESAT-6, CFP-10, and MPT-64 antigens are not se-
creted when there is no replication or interaction be-
tween Mtb and host receptors 2%31:32,

However, seven participants with LTBI had urinary
Mtb antigen cocktail concentrations between 5.2 and
26.3 ng/ml, returning a median TB antigen level of 0.
One possible explanation for urinary TB antigens be-
ing detected in LTBI urine is that IGRA positivity can-
not differentiate between active and latent TB. There-
fore, the possibility of these participants having ac-
tive early-phase TB cannot be discounted 3!. Second,
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Study Population
n=474

[

Suspect TB
n=246 (52%)

[

Screened
n=169 (68%)

Positive AFB
and/or Culture
n=52 (30 %)

Obtained urine
n=52

Suspect EPTB
n=185 (39%)

\

Suspect LTBI
n=43 (9%)

Screened
n=99 (53%)

|

Screened
n=42 (98%)

Positive AFB
and/or Culture
n=22 (23%)

Positive
IGRA
n=25 (59%)

Obtained urine
n=22

|

Obtained urine
n=25

Figure 1: Study Flowchart of Urinary Mtb Cocktail Antigen. TB: Tuberculosis; EPTB: Extra-pulmonary tubercu-
losis; LTBI: latent tuberculosis infection; AFB: acid-fast bacilli; IGRA: Interferon Gamma Release Assay

Table 1: Subject Characteristics

Variable

Gender (n, %)
Male

Female

Age (year)
Median

Range (min-max)
BMI (kg/m?)
Median

Range (min - max)
Symptoms (n, %)
Cough

Fever

Breathless

Chest pain

34 (65.4)

18 (34.6)

36

17 -73

19.0

14.4 - 26.2

46 (88.5)
27 (71.1)
16 (42.1)

16 (42.1)

Tuberculosis Group

EPTB
n=22

15 (68.2)

7 (31.8)

27

18 - 53

18.0

14.2 - 26.7

7 (38.9)
12 (37.5)
10 (31.3)

6 (18.8)

LTBI
n=25

11 (44.0)

14 (56.0)

25

15-58

22.1

17.7 - 33.6

NA
NA
NA

NA

Abbrev: NA: not applicable; TB: active pulmonary tuberculosis; EPTB: extra-pulmonary tuberculosis; LTBI: latent tuberculosis infection
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Figure 2: Urinary Mtb antigens cocktail levels in patients with TB, EPTB, and LTBI groups. Abbrev: TB: ac-
tive pulmonary tuberculosis; EPTB: extra-pulmonary tuberculosis; LTBI: latent tuberculosis infection; IQR: inter-
quartile range; red line, median of Mtb antigens cocktail levels; black line, range (min-max) of Mtb antigens cocktail
levels, pos-hoc analysis between TB group vs. EPTB group, pos-hoc analysis between TB group vs. LTBI, pos-hoc
analysis between EPTB group vs. LTBI; Pos-hoc analysis, using Mann-Whitney test, significant p < 0.05, comparison
between TB group vs. EPTB vs. LTBI, analysis using Kruskal Wallis test, significant p < 0.05.

granuloma is a dynamic battleground between host
and pathogen 3. Macrophages egress from the lesion
and spread the infection to other lung regions during
latency. However, this finding is at odds with the very
definition of a latent infection following the migration
of infective macrophages through the airspaces. In-
stead, it may reflect the flaring-up of quiescent lesions
during apparent “latency” An emerging consensus is
that active and latent TB has a spectrum of lesional
activity.

Several challenges in diagnostic accuracy with urinary
lipoarabinomannan (LAM) tests have been previously
reported3® that may impact urinary TB antigens:
(1) The non-sputum-based test represents an imper-
fect reference standard, particularly for EPTB and
paucibacillary disease; (2) the probability of cross-
reactivity with other pathogens and colonizing organ-
isms; and (3) user subjectivity in test interpretation

when visual reading is applicable. The standard TB
diagnosis by AFB and culture was used as the refer-
ence in the active TB group. The number of growth
colonies in TB and EPTB cultures that contribute to
urinary antigens was not observed. Therefore, the
concentration of urinary Mtb still corresponds to the
positive culture.

This observation highlights the cross-reactivity due to
Mtb antigen strains instead of other pathogenic and
colonizing organisms. Choundhry et al. showed that
a higher concentration of urinary Mtb antigens de-
tected using the CFP polyclonal antigen Mtb H37Ra
strain were present among TB patients 37, Meanwhile,
a cocktail of ESAT-6, CFP-10, MPT-64, and immun-
odominant Mtb antigens were also detected. Alexan-
draetal. previously reported that using polyclonal an-
tibodies in cocktail form increases the sensitivity and
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specificity of TB examination 38, The urinary TB anti-
gens were measured with an automatic reader, elimi-
nating possible user subjectivity in test interpretation,
which can be considered a TB diagnostic test even
with limited information for urinary Mtb antigens.

CONCLUSION

The urinary Mtb antigen cocktail levels were elevated
in patients with active TB and undetected in those
with LTBI. Therefore, this study used the antigen
cocktail as a potential marker for differentiating ac-
tive TB and LTBIL

ABBREVIATIONS

AFB: acid-fast bacilli, AUC: Area Under Curve, BCG:
Bacillus Calmette-Guerin, CFP: culture filtrate pro-
tein, CFP-10: culture filtrate protein 10-kDa, CFU:
colony-forming unit, EPTB: extra-pulmonary tuber-
culosis, ESAT-6: Early secretory antigenic target pro-
tein 6-kDa, ICT: immunochromatography test, IFN:
Interferon, IGRA: Interferon y Release Assay, IL: In-
terleukin, LCS: Liquor cerebrospinal, LTBI: latent tu-
berculosis infections, MPT-64: Mtb protein 64, Mtb:
M. tuberculosis, NAAT: nucleic acid amplification
test, NaLC: N-acetyl-L-cysteine, PTB: pulmonary tu-
berculosis, RD: Regions of Differences, TB: Tuber-
culosis, TNF: Tumor Necrosis Factor, WHO: World
Health Organization, ZN: Ziehl Neelsen
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