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ABSTRACT

Tuberculosis diagnosis is an important component in decreasing TB incidence and prevalence. Because of the difficulty
to collect sputum in some cases, urine specimens are used as it is easier to garner. One of the biomarkers in urine that
can be used to diagnose pulmonary TB is IP-10, which can be represented by the CXCL10 gene. The study aims to
determine the accuracy of diagnosis based on detection of the CXCL10 gene in urine as a biomarker for the patients
with suspected pulmonary TB in Dr. Soetomo Hospital in Surabaya from November 2019 until March 2020. Thus, this
is an observative laboratory research with a cross-sectional study. CXCL10 gene was examined using PCR for 36
urine samples, and then, the data, together with the medical records of clinical manifestations of pulmonary TB,
GeneXpert MTB /RIF, blood count, and thorax radiograph, were processed using IBM SPSS Statistics 26. The results
of the GeneXpert MTB/RIF and thorax radiograph criteria show positive results of pulmonary TB, which were 44.4%
and 69.4% respectively. CXCL10 gene was not found in all urine of healthy people (negative), while 2.8% (1/36
samples) positive CXCL10 gene was found in a patient with positive GeneXpert, also with negative clinical
manifestations and urine culture. In this study, the accuracy of diagnosis based on detection of the CXCL10 gene in
urine for diagnosis of active pulmonary TB was 2.8%. Future research is needed to improve the methods, among them
are bigger size of urine samples and clearer medical history of patients.
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ABSTRAK

Diagnosis tuberkulosis merupakan komponen penting dalam menurunkan insiden dan prevalensi TB. Karena sulitnya
mengumpulkan dahak pada beberapa kasus, spesimen urin digunakan karena lebih mudah didapatkan. Salah satu
biomarker dalam urin yang dapat digunakan untuk mendiagnosis TB paru adalah IP-10 dengan cara mendeteksi
keberadaan gen CXCL10. Penelitian ini bertujuan untuk mengetahui akurasi diagnosis berdasarkan deteksi gen
CXCL10 dalam urin sebagai biomarker untuk diagnosis pasien TB Paru di RSUD Dr. Soetomo Surabaya dari
November 2019 hingga Maret 2020. Oleh karena itu, penelitian ini termasuk penelitian laboratorium observatif
dengan studi cross-sectional. Pemeriksaan gen CXCL10 dilakukan menggunakan PCR, kemudian data, bersama
dengan hasil rekam medis manifestasi klinis TB paru, GeneXpert MTB/RIF, menghitung darah, dan rontgen dada,
diolah menggunakan IBM SPSS Statistics 26. Hasil kriteria GeneXpert MTB/RIF dan rontgen dada menunjukkan hasil
positif masing-masing 44,4% dan 69,4% TB paru. Semua urine orang sehat menunjukkan hasil gen CXCL10 negatif,
didapatkan hasil sebesar 2,8% gen CXCL10 positif dalam urin pasien dengan GeneXpert positif dengan manifestasi
klinis dan kultur urin negatif. Dalam penelitian ini akurasi diagnosis berdasarkan deteksi gen CXCL10 dalam urin
untuk diaanosis TB paru aktif adalah 2,8%. Penelitian lebih lanjut dibutuhkan untuk meninakatkan metode vana
digunakan, terutama agar menggunakan lebih banyak
sampel urin dan riwayat pasien yang lebih jelas.
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INTRODUCTION

Tuberculosis (TB) is a pulmonary infectious
disease caused by Mycobacterium tuberculosis
and one of the top 10 causes of death as well
as the number one cause of death from
infection in the world. In 2017, 1.3 million
people died from TB, and 10 million people
were infected with TB.! Again, in 2018, as
many as 1.3 million people died from TB and
10 million people were infected.? Indonesia is
one of the 20 countries with the most TB
cases, with 845 thousand people infected and
563 thousand diagnosed, and 98 thousand of
them died from TB in 2018. Indonesia is
included in High Burden Countries (HBC),
countries with a high burden of TB based on 3
indicators, namely TB, HIV-TB coinfection,
and MDR-TB. As Indonesia is included in all
indicators, TB becomes one of the main health
problems in Indonesia.>

In Indonesia, the detected and reported TB
cases were 53% in 2017.! And then, it
increased to 67% in 2018.2 Of the unreported
cases, 29% were detected but not reported and
18% were not detected at all. Java and Bali are
the regions with the highest number of
unreported TB cases, which is at 42%.
Puskesmas as primary care in Indonesia has
15% of unreported cases, relatively lower than
cases not reported by hospitals, which reaches
65%, and the highest by a combination of
general practitioners, clinics, and laboratory
practices was 96%.! Indonesia targets to
increase TB disease control by decreasing the
number of people with TB disease from 293
people per 100,000 population in 2013 to 245
people per 100,000 population in 2019 (4).
Indonesia also targets TB elimination by 2035
and TB-free Indonesia by 2050.°

Diagnosis is an important component
in achieving the target of reducing TB
incidence and prevalence. Diagnosis of
pulmonary tuberculosis begins with
clinical criteria, chronic cough symptoms
for more than 2 weeks, accompanied by
fever, night sweats, and weight loss. For a
country with a high TB prevalence such
as Indonesia, all patients with suspected
pulmonary TB clinical criteria are
immediately diagnosed with pulmonary
TB disease. The problem is that not all
patients showing symptoms of chronic
cough proved to be Acid Resistant Basil
(AFB) positive, and vice versa. Data
shows that 10-25% of patients with
positive smear do not show symptoms of
cough.®

The most common laboratory microscopic
examinations are the sputum smear using the
Ziehl-Neelsen staining technique and the
GeneXpert MTB/RIF Molecular Rapid Test.?
Both of these methods have disadvantages, that
it is difficult for the patient to pass sputum, and
consequently, there have not been enough
sputum specimens collected for examination.
A method of examination using specimens that
is easier to collect, such as urine, is needed. It
is easier to ask the patient to urinate than to
expel phlegm. Besides, urine collection is non-
invasive, not too risky for the medical
personnel involved, and requires no special
equipment or expertise.

One of the biomarkers in urine that can be
used for diagnosis of pulmonary TB is IP-10,
or Interferon-gamma(lFN-y)-inducible protein
of 10 kDa, which is represented by the
CXCL10 gene, a pro-inflammatory chemokine
released by exposed cells with antigens and
cause activated T lymphocytes to move toward
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the site of inflammation. Inflammation in
active pulmonary TB spreads inflammatory
cells lymphogenously and haematogenously
throughout the body, including the kidneys, to
be excreted together with urine. Urinary IP-10
levels are significantly elevated in patients
with pulmonary disease, be it TB or other
infections. The level of IP-10 in the urine of
pulmonary TB patients who were examined at
the onset of the disease was higher than in
patients who had recovered.'? (Cannas et al.,
2010). IP-10 levels increase in patients with
active pulmonary TB and decrease when TB
treatment is complete.’® This study aims to
analyze the accuracy of the diagnosis based on
the detection of the CXCL10 gene in the urine
of patients with suspected pulmonary TB. The
results of this study are expected to determine
the accuracy of the CXCL10 gene detection
method in urine as a laboratory tool for
diagnosis of pulmonary TB.

MATERIALS AND METHODS

This  research ~was a laboratory
observational study with a cross-sectional
study design using primary data of the results
of the CXCL10 gene examination using PCR
and secondary data of medical records unit in
Dr. Soetomo Hospital. Medical records include

clinical manifestations of  pulmonary
tuberculosis, Molecular Rapid Test of
GeneXpert MTB/RIF (Cepheid, Canada),

laboratory examinations, complete blood
count, physical examination, and radiological
photos of the thorax. The research was
conducted in the period of November 2019 -
March 2020. Urine samples were collected
from 36 pulmonary TB adult patients.
Laboratory procedure for urine examination
was urine processing using centrifugation,
DNA extraction using TE buffer with boiling,
and PCR optimization. The primer for PCR
were 5’-TTCCTGCAAGCCAATTTTGTCC-
3> for forward and 5’- for the reverse.
GCAGCTGATTTGGTGACCAT-3" 3 urine
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Urine culture based on standard solid medium
culture method, 200 pL sediment of urine
processing, was inoculated in Middlebrook
7H10. The accuracy was determined by
detecting the CXCL10 gene, which
represented IP-10 protein in the urine of active
pulmonary TB patients, and Nucleic Acid
Amplification Tests (NAATs) method using
PCR. The results was determined as positive if
the band measured was 305 basepair (bp) and
it matched with the primer set. The collected
data were then processed with IBM SPSS
Statistics 26. After processing the data, the
next step was to analyze the data whether the
existing research hypothesis were to be
accepted or rejected. Data analysis was used to
describe, understand, and explain the
relationship between the variables studied.

RESULTS

Based on the study, there were 36 samples
of patients with suspected pulmonary TB
consisting of 20 (55.6%) men and 16 (44.4%)
women. Most samples were found in the age
range of 20-29 years old, i.e.,, 10 people
(27.8%). The complete findings are: 4 people
aged 10-19 (11.1%), 1 person aged 30-39
(2.8%), 6 people aged 40-49 (16.7%), 3 people
aged 50-59 (8.3%), 8 people aged 60-69
(22.2%), and 4 people aged 70-79 (11, 1%).
The results shows that there were 33.3% of
patients with low BMI, 2.8% of patients with
high BMI, and 63.9% of patients with normal
BMI.

The majority of the research samples came
from Surabaya with 20 people (55.6%), while
16 people (44.4%) came from outside
Surabaya. The majority of the sample, 15
people (41.7%) of the 36, did not work, 10 of
them were private workers (28.7%), 6 were
students or students (16.7%), 3 were farmers
(8.3%), while for merchants and regional
senators (DPRD) were with the same number,
each consisting of 1 person (2.8%) as can be
seen in Table 1.
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Table 1. Frequency distribution of patients with
lung TB suspect based on characteristics in the
DOTS clinic of Dr. Soetomo Surabaya in
November 2019 - March 2020 period

The comparison of the results of the
CXCL10 gene detection in urine with physical
examination has a specificity of 97.2% and
sensitivity of 2,8% as can be seen in Table 3.

Characteristics Total Percentage
Gender .
Male 20 55.6% Table 3. Co_mpe}rlsor_\ of the result_s of the C_XCI_.lO
Female 16 24.4% gene detection in urine with physical examination
Total 36 100%
Age Detection of the CXCL10 _Physical Examination Total
10-19 4 11,1% Gene in Urine Positive  Negative
20-29 10 27,8% ot Total 0 1 1
30-39 L 2'8"{." % 000% _ 2,80% __ 2,80%
40-49 6 16.7% Total 0 35 35
50-59 3 8,3% Negative
60-69 8 29 204 % 000%  97,20%  97,20%
70-79 4 11,1% ot Total 0 36 36
ota
Total 36 100% % 0,00%  100,00% 100,00%
Body Mass Index
Normal 23 63,9% .
Underweight 1 33.3% The comparison (_)f the_ results of t_he C)_(CL
Overweight 1 2.8% gene detection in urine with the manifestations
Region of laboratory tests of complete blood has a
Surabaya 20 55,6% specificity of 100%, sensitivity of 11%, and
Outside Surabaya 16 44,4% accuracy of 77.7% as can be seen in Table 4.
Total 36 100%
Job
_Student 6 1672" Table 4. Comparison of CXCL10 gene detection
Private Worker 10 27’51/" results in urine with manifestations of complete
Farmer 3 8,3% blood count
Merchant 1 2,8%
DPRD 1 2.8% Detection of The CxCL10 _Complete Blood Count
No Job 15 41,7% Gene in Urine Positive  Negative
Total 36 100% Total 1 0 1
Positive
) % 2,80% 0,00% 2,80%
The comparison of the results of CXCL10 — o po p
gene detection in urine with clinical Negative
. . - 0 0, 0, 0,
manifestations has a specificity of 100%, a % 22,20%  7500%  97.20%
sensitivity of 6.6%, and an accuracy of 61.1% Total Total 9 27 36
as can be seen in Table 2. % 25,00%  7500%  100,00%

Table 2. Comparison of the results of the CXCL10
gene detection in urine with clinical manifestations

Detection of the Clinical Manifestation

CXCL10 Genein — - Total
Urine Positive Negative
. Total 1 0 1
Positive % 2,80% 0,00% 2,80%
_ Total 14 21 35
Negative % 3890%  5830%  97,20%
Total 15 21 36
Total
% 4170%  5830%  100,00%

The comparison of the results of the CXCL
gene detection in urine with the radiological
results of the chest radiograph has a specificity
of 100%, sensitivity of 4% and an accuracy of
33.3% as can be seen in Table 5.
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Table 5. Comparison of the results of the CXCL
gene detection in urine with the results of
cadiological chest radiographs

Detection of the CXCL10 ~_ Chest Radiograph Total
Gene in Urine Positive  Negative
. Total 1 0 1
Positive
% 2,80% 0,00% 2,80%
) Total 24 11 35
Negative
% 66,70% 30,50%  97,20%
Total 25 11 36
Total
% 69,50%  30,50%  100,00%

The comparison of the results of the CXCL
gene detection in urine with the results of
GeneXpert has a specificity of 100%, a
sensitivity of 6.2%, and an accuracy of 58.3%
as can be seen in Table 6.

Table 6. Comparison of CXCL10 gene detection
results in urine with GeneXpert results

Detection of the GeneXpert Total
CXCLlO Gene in Ul’ine Positive Negative
- Total 1 0 1
Positive
% 2,80% 0,00% 2,80%
Negati Total 15 20 35
egative
g % 4170%  5560%  97,20%
Total 16 20 36
Total
% 44.40% 55,60% 100,00%

The comparison of the results of the CXCL
gene detection in urine with the results of urine
culture has a specificity of 97.2%, a sensitivity
of 0%, and an accuracy of 97.2% as can be
seen in Table 7.

Table 7. Comparison of the Results of the CXCL
gene detection in urine with the results of urine
culture

Detection of the CXCL10  Urine Culture Result

- ; Total
Gene in Urine Positive  Negative
. Total 0 1 1
Positive
% 0,00% 2,80% 2,80%
) Total 0 35 35
Negative
% 0,00% 97,20%  97,20%
Total 0 36 36
Total
% 0,00%  100,00% 100,00%
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patients (10.8%) with MRSA carrier events as
much as zero (0%).18

DISCUSSION

In this study, the prevalence of MRSA
in subjects with stage five CKD were 6/150
(4%) there were no significant differences
in the incidence of MRSA carriers in stage
five CKD non HD or HD groups. This study
shows that MRSA colonization exists in
stage five CKD sufferers who have or who
have not received HD therapy.

Pulmonary tuberculosis is a disease caused
by Mycobacterium tuberculosis. These bacteria
are transmitted through droplets that enter the
respiratory tract. The clinical symptoms are 3
weeks or more cough with phlegm,
hemoptysis, fever, chest pain, weight loss,
night sweats, and tightness. The results show
that 91.7% of the patients had cough symptoms
for 3 weeks or more. This is supported by a
research conducted.® which states that 81% of
patients had cough symptoms for 3 weeks or
more

Low BMI is associated with the risk of
developing pulmonary TB because it is
correlated with malnutrition and susceptibility
to infectious diseases. The results show that
there were 33.3% of patients with low BMI,
2.8% of patients with high BMI, and 63.9% of
patients with normal BMI. Research states that
low BMI correlates with the risk of being
infected with pulmonary TB, but not with
extrapulmonary TB.!3 Research in Taiwan also
states that low BMI increases the risk of
infection and mortality of TB disease.?®
Another study in Korea shows that a high BMI
lowers the risk of TB infection, but a very high
BMI does not reduce the risk.2> Meanwhile,
research in China shows that high BMI and
obesity are associated with the risk of TB
infection, possibly because the excess cell
adiposity weakens the immune system.*

The majority of patients showed that vital
signs were outside the normal limits, and the
results of the study showed that most of the
patients had abnormal temperatures, which
was in 33.3% of patients. Another study states
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that 22.5% of 40 patients experienced
increased body temperature as a result of TB
disease.?* The vital sign that was most often
outside the normal limit was the respiratory
rate, with 79.5% of 49 patients showing a
respiratory rate that exceeded the normal
limit.2®

Complete blood count can be a parameter
for diagnosis, prognosis, or response to
pulmonary TB disease treatment.?’ The
results show that 19.4% of patients had
leukocytosis and 5.6% of patients had
decreased hemoglobin (Hb). TB patients
experienced decreased leukocytosis and Hb.
Decreased hemoglobin is one of the
hematological problems that often appears in
TB patients.”®> There were 61.5% of TB
patients with anemia, where 43% of them
suffered from moderate and severe anemia,
and 49% suffered from iron deficiency
anemia and anemia of chronic diseases.’

A chest radiograph is an important
examination for people with suspected
pulmonary tuberculosis but showing negative
results of smear examination. It can also be
used to determine disease progression and
evaluate responses to therapy. Radiological
photos alone cannot diagnose pulmonary
tuberculosis, it is also necessary to combine it
with a physical examination and clinical
symptoms.® The results show that there were
69.4% of patients with positive chest
radiology results. In the right lung, the most
found were infiltrates and infiltrates
accompanied by fibrosis, each of 5 people
(13.9%), pleural effusions as many as 4
people (11.1%), and cavities accompanied by
infiltrates as many as 2 people (5,6 %). In the
left lung, the most found was infiltrates as
many as 5 people (13.9%) and infiltrates with
fibrosis in 3 people (8.3%). The most
common features on chest radiological
radiographs include 55% consolidation, 26%
pleural effusion, and 17% lung collapse
(Appleton et al., 2017). Another study shows
that the most commonly seen features were
45% non-specific apex, 33% normal apex, and

16% apex of the lung with infiltrates. When
compared with patients whose culture results
were negative, pulmonary TB patients showed
43% of infiltrates at the apex and 14% of
cavities.® Pleural effusion was found in 38% of
new cases of pulmonary TB patients.°

Research conducted in Nigeria shows
that the use of GeneXpert for the diagnosis of
pulmonary tuberculosis has better results than
smear testing.’® The results show that there
were 44.4% of patients with positive
GeneXpert results, and 2.8% of patients
showed resistance to Rifampicin. Examination
using GeneXpert is more accurate than
occasional sputum examination with higher
sensitivity and negative predictive value
(NPV).2° Another study conducted in China
shows that examination with GeneXpert has a
sensitivity of 94.6%, specificity of 82.9%,
positive predictive value (PPV) 77.3%, and
negative predictive value (NPV) of 96.1% so
that it can be used for examinations that require
a shorter time, are simpler, and more
efficient.?®

Research conducted in Iran shows that 3.1%
of 162 pulmonary TB patients whose sputum
test results were positive were also resistant to
Rifampicin from the results of the GeneXpert
examination.” Another study conducted in
Ethiopia shows that 1 out of 14 pulmonary TB
patients who were bacteriologically positive
was also resistant to Rifampicin.’

In this study, the results show that none of
the patients had positive urine culture results.
Meanwhile, a study conducted on HIV positive
pulmonary TB patients in Ethiopia shows that
urine culture could help improve detection of
the bacterium Mycobacterium tuberculosis in
HIV positive patients. Of the 45 people, there
were 14.5% positive culture patients in
Lowenstein-Jensen media, 6% positive culture
patients from urine smears, and 24.8%
positive patients from RD9-based PCR
examinations.** Another study conducted in
India shows that 26.1% of the 46 patients with
suspected pulmonary TB with positive sputum
culture results also showed positive urine

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991
Open acces under CC-BY-NC-SA Share alike 4.0



| Gede Yogi Prema Ananda, et al.: Diagnosis Based on Detection of CXCL10 in Urine 63

culture results.

The results of this study show that there
were 2.8% of patients with positive urine
detection of the CXCL10 gene. The detection
accuracy of the CXCL10 gene in urine was
2.8% compared with clinical manifestation of
pulmonary TB, chest radiograph, and
GeneXpert. Active pulmonary TB patients
have higher urine levels of the CXCL10 gene
than healthy people. The detection of
CXCL10 in urine using ELISA (Quanterix)
has a sensitivity of 78% and a specificity of
94%.2%2 The detection of the CXCL10 gene in
serum has a sensitivity of 87.5% and a
specificity of 78.9%.2" Another study reveals
that detection of CXCL10 in serum showed
positive results in 87.5% of active pulmonary
TB patients, 45.5% of latent TB, and 9.5% in
control variables.®

The differences in the accuracy rate
between this research and other studies may
be caused by some reasons. The study from
Petrone et al. in 2019.?2 was conducted using
ELISA (Quanterix) to measure CXCL10 in
urine, while this research was using PCR.
Studies by Nonghanphithak et al. in 2017. %
and Hong et al. in 2012.*® measured CXCL10
in serum of TB patient, while this research
measured it in urine to avoid invasive
procedures.

If the detection of the CXCL10 gene in
urine is to be compared with other tests, the
highest sensitivity is shown by complete
blood laboratory examination, which is 11%.
The examination with the highest specificity
are shown in the manifestation of clinical
symptoms, complete blood laboratory tests,
gene GeneXpert results, and radiological
radiographs of the chest, which are 100%
respectively. The examination with the highest
accuracy is physical examination and urine
culture result, which is 97.2%.

This study has limitations in that the
samples representing low BMI and optimal
BMI are not sufficient. BMI is also a
determining factor for the production of the
CXCL10 gene. Also, it was difficult to

determine the duration of clinical symptoms
that varied among the patients.

Overall, the accuracy of the method of
diagnosing pulmonary TB based on detection
of the CXCL10 gene in urine cannot be
measured because of several reasons, i.e., lack
of medical history, especially in treatment of
anti-tuberculosis drugs, small sample size of
active TB patients, and the difficulty to collect
urine directly from hospitalized patients.
Further research in cohort study is needed with
more complete clinical variable data, a wider
scope, more samples, a real-time PCR method
to detect the CXCL10 gene in urine, and the
Next Generation Sequencing (NGS) method.
The validity of this research can also be
increased by using 50 ml of the patients’ first
morning urine.

CONCLUSION

In this study, the accuracy of diagnosis
based on detection of the CXCL10 gene in
urine as a biomarker for diagnosis of active
pulmonary TB is 2.8%. Future research is
needed to improve the methods by
increasing urine samples to 50 ml and using
clear medical history of the patients
especially the history of anti-tuberculosis
drugs.
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