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ABSTRACT 

 
Tuberculosis in children is often a systemic complication because of their imperfect cellular immune system. ESAT-6, CFP-10, and 
MPT-64 are small molecular dominant antigens secreted by Mtb into the blood and filtered by the kidneys into urine. The high 

proportion of children with TB cases according to the Ministry of Health of the Republic of Indonesia in 2013 was 7.9%-12%. 

Diagnis is difficult to establish with sputum and blood samples. Therefore, it is necessary to support the diagnosis using urine 

samples with ICT rapid test. The purpose of this study was to determine the examination of Mtb ESAT-6, CFP-10, and MPT-64 
antigens in the urine of pediatric TB patients with ICT to support the diagnosis. The method used was analytic observation with case 

control design. The results of the study showed that 32 of the urine of children with TB who were examined with ICT, 22 showed 

ESAT-6, CFP-10, and MPT-64 positive and 10 negative. Whereas, from 32 urine of healthy children, 25 were negative and 7 were 

positive. Analysis results showed 95% confidence (CI), p = 0.0002 (p <0.05), 78% specificity and 68.8% sensitivity compared to TB 
diagnosis from pediatricians. As a conclusion, Mtb ESAT-6, CFP-10, and MPT-64 antigens can be examined in the urine of pediatric 

TB patients with ICT to support the diagnosis. 
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ABSTRAK 
 

Tuberkulosis anak sering menjadi komplikasi sistemik karena sistem imun selulernya yang belum sempurna. ESAT-6, CFP-10, dan 

MPT-64 adalah antigen dominan dengan berat molekul kecil yang disekresikan oleh Mtb ke darah dan difiltrasi oleh ginjal menjadi 

urine. Proporsi kasus TB anak yang tinggi menurut Kemenkes RI 2013 adalah 7,9%-12%. Diagnosis sulit dilakukan dengan sampel 
dahak dan darah. Oleh karena itu, sampel urin dengan rapid test ICT perlu dilakukan untuk menunjang diagnosis. Tujuan penelitian 

ini adalah untuk mengetahui pemeriksaan antigen Mtb ESAT-6, CFP-10, dan MPT-64 pada urin pasien TB anak dengan ICT untuk 

menunjang diagnosis. Metode penelitian adalah observasi analitik dengan rancangan penelitian case control. Hasil penelitian  pada 

32 urine pasien TB anak yang diperiksa dengan ICT menunjukkan 22 positif ESAT-6, CFP-10, dan MPT-64 dan 10 negatif. 
Sedangkan, 32 urin anak sehat menunjukkan 25 negatif dan 7 positif. Hasil analisis menunjukkan tingkat kepercayaan (CI) 95%, p = 

0,0002 (p < 0.05), spesifisitas 78% dan sensitifitas 68,8% dibandingkan dengan diagnosis TB dari dokter anak. Sebagai simpulan, 

antigen Mtb ESAT-6, CFP-10, dan MPT-64 dapat diperiksa pada urin pasien TB anak dengan ICT untuk menunjang diagnosis 
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INTRODUCTION 

 

Tuberculosis (TB) is an infectious disease. It is caused 

by the Mycobacterium tuberculosis (Mtb). Tuberculosis 

can enter the body along a grain of dust or splashing of 

phlegm (droplets) that spread during coughing or 

sneezing (Wahyuningsih 2014). Mtb is an obligate 

aerobe, which requires oxygen to grow. This describes 

why most frequent TB predilection is in the top lobe of 

the lung tissue where high oxygen level is found 

(Raviglione et al 2012).  

 

Pediatric TB is different from that of adults. Children 

have immature cellular immunity. Therefore, pediatric 

TB often occurs as systemic complications (Ministry of 

Health of Republic of Indonesia 2013). Early Secretory 

Antigen Tuberculosis 6 (ESAT-6), Culture Filtrate 

Protein 10 (CFP-10), Mycobacterium Protein Tubercul-
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osis 64 (MPT-64) antigens are specific antigens of Mtb 

(Arora et al 2015). The antigens are secreted actively by 

Mtb from infected alveolar macrophages. The antigens 

are circulated in the blood and then processed in the 

kidney. In the kidney, the blood is filtered by the 

glomerolus, reabsorbed by the proximal tubule, and 

augmented by the distal tubule (Yusa & Maniam 2016). 

 

ESAT-6, CFP-10, and MPT-64 are region of difference 

(RD) 1,2 (Kleinnijenhuis et al 2011). The antigens have 

small molecular weights. ESAT-6 has 6 kDa, CFP-10 

has 10 kDa, and MPT-64 has a molecular weight that 

varies from 22.3 to 28 kDa. Thus, they can be excreted 

along with the urine, since molecules weighing less than 

67 kDa can escape freely from glomerolus filtration and 

most of the proximal tubules reabsorbtion until become 

urine excretion (Tuuminen 2012).  

 

The proportion of pediatric TB cases in Indonesia is 

7.9%-12% (Gustiani et al 2014) because of late diagno-

sis. The diagnosis of pediatric TB is more difficult than 

that in adult. This is caused by several reasons, among 

others, non-specific clinical symptoms, difficult sputum 

sampling, paucibacillary, inadequate laboratory exami-

nation, and Mtb culture that takes relatively longer time 

(Noussair et al 2009). 

 

Therefore, it is important to conduct study on the exami-

nation of ESAT-6, CFP-10, and MPT-64 antigens of 

Mtb in urine of pediatric TB patient with immuno-

chromatography to support the diagnosis. The immu-

nochromatographic method is a rapid test and has high 

validity (Gustiani et al 2014). In another study, it was 

concluded that TBAg rapid test can be used as new 

diagnostic method in pulmonary TB, especially in 

inadequate health services (Sari 2011). There are several 

studies on TBAg rapid test, but the use of urine samples 

in pediatric TB patient has never been performed 

before.   

 

 

MATERIALS AND METHODS 

 

This study used case control study design (Notoatmodjo 

2012). Case groups used urine samples from pediatric 

patients who had been diagnosed with TB disease by 

pediatricians at Dr. Soetomo Hospital, Surabaya, from 

January to August 2017. The diagnosis became the in-

clusion criterion. Whereas, the control group used 

healthy urine sample that had never been in contact with 

adult TB, normal thorax, and negative tuberculin skin 

test. The samples were 32 urine samples of pediatric TB 

patients and 32 urine samples of healthy children. 

 

Urine was centrifuged at 10.000 rpm for 20 minutes to 

create concentrated urine, since concentrated urine 

avoids confounding factors and is capable to obtain 

urine analysis up to the smallest molecular weight 

(Thomas et al 2010). Besides, concentrated urines could 

be examined by immunochromatography (ICT) to get 

positive or negative result of Mtb’s ESAT-6, CFP-10, 

MPT-64 antigens.  

 

ICT is a method of detection of antigens or antibodies 

specific to a sample that utilizes the principle of immu-

nological reaction, that is the presence of antibody-

antigen bond. The urine concentrate was entered at the 

sample site on the chromatographic cassette, so that it 

migrated to the capillary membrane to the other end of 

the ICT cassette. When migrating, the sample passed a 

T-line containing specific antibodies. If the samples 

contained ESAT-6, CFP-10, MPT-64 antigens, the 

antigen would bind to specific antibodies on the T-line 

and the remainder would pass on and attach to line C 

along with other antibodies, appeared pink in the T and 

C lines, so it was concluded as positive. However, if 

there were no ESAT-6, CFP-10, MPT-64 antigens in the 

sample, only the bonds existed between other antigens 

present in the sample with recombinant proteins/ 

antibodies on line C, which appeared pink in line C 

only, so it was concluded as negative.  

 

ICT examination was conducted at the Diagnostic 

Center Building, Dr Soetomo Hospital, Surabaya. Fur-

thermore, the results of the examination were analyzed 

using chi-square Wilson Brown test, so that the p value, 

and specificity and sensitivity percentages could be 

found. 

 

 

RESULTS 

 

The results of pediatric TB urine examination with ICT 

showed mostly positive antigen containing ESAT-6, 

CFP-10, and MPT-64. Twenty-two from 32 samples of 

pediatric TB urine were positive with sensitivity of 

68.8%, while the result of urine examination of healthy 

children with ICT showed more negative than positive. 

From 32 samples, 25 were negative with the specificity 

of 78%. These results can be seen in Table 1.  

 

This study showed that the positive antigens mostly 

come from the pediatric pulmonary TB patient (Table 

2). From 14 urine samples of pediatric pulmonary TB 

patients, all of them were positive. This indicated that 

the examination of ESAT-6, CFP-10, and MPT-64 anti-

gen of Mtb could use urine sample by means of ICT 

with the sensitivity of 100% for the pediatric pulmonary 

patients. In pediatric extrapulmonary TB patients, 

positive findings were found because of the treatment 

with anti tuberculosis drug for less than 1 month (Table 

3), while the negative ones were because of the treat-
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ment for more than 1 month. Eight positive samples 

from 18 had the sensitivity of 44%. The data can be 

seen in Table 4. This underlines that ESAT-6, CFP-10, 

and MPT-64 antigens of Mtb can be examined using 

urine samples of pediatric TB patients with ICT to 

support diagnosis, but its use for pediatric pulmonary 

TB patients provided the best results. 

 

 

DISCUSSION 

 

In this study, urine samples were used because it had 

some advantages. Urine is easier to obtain than serum 

and sputum, can be obtained in large volumes in a non-

invasive manner, and no high risk for laboratory 

workers compared with serum and sputum. In addition, 

urine is also increasingly being studied as an easy-to-use 

clinical samples for the identification of mycobacteria 

for tuberculosis diagnosis. 

 

The study showed positive results than negative ones. 

This is consistent with results in several studies which 

found that ESAT-6, CFP-10, and MPT-64 antigens are 

secreted actively from infected alveolar macrophages 

(Bekmuryazeva et al 2013, Smith 2003). The ESAT-6 

antigen also has the ability to form pores in erythrocyte 

membranes and macrophages, so that ESAT-6, CFP-10 

and MPT-64 antigen secretion may occur even if 

mycobacteria are still in the macrophages or in granulo-

mas at the anatomical site of the affected organ. 

Increased levels of ESAT-6, CFP-10, and MPT-64 anti-

gens facilitate the entry of antigens into the systemic 

circulation (Krishnan et al 2010).  

 

 

Table 1. Result of urine examination with ICT in TB and healthy children 

 

Diagnosis 
Pediatric patient of 

TB 
Healthy children Total 

Antigen + 22 7 29 

antigen - 10 25 35 
Total 32 32 64 

 

 

Table 2. Result of urine examination with ICT in pulmonary TB and extra pulmonary TB 

 

Diagnostic 
Pediatric patient 

of pulmonary TB 

Pediatric patient of 

extrapulmonary TB 
Total 

Antigen + 14 8 22 

Antigen - 0 10 10 

Total 14 18 32 

 

 

Table 3. ICT results and the length of anti-tuberculosis drug treatment in pediatric extrapulmonary TB patients 

 

ICT results 
Time of anti tuberculosis drug treatment 

Total 
Less than 1 month More than 1 month 

Antigen + 8 0 8 
Antigen - 0 10 10 

Total 8 10 18 

 

 

Table 4. Analysis results 

 
P value and statistical significance Information Information 

Test Chi-square  

P value 0.0002  

   One- or two-sided Two sided  
Statistically significant (p<0.05) Yes  

   Effect size Value 95% CI 

   Sensitivity 0.6875 0.5143 to 0.8205 
   Spesivicity 0.7813 0.6125 to 0.8898 

Sentitivity, specivicity Wilson-Brown  
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The results of this study found that ESAT-6 antigen was 

a protein with a molecular weight of 6 kDa, CFP-10 

antigen was a protein with a molecular weight of 10 

kDa, whereas MPT-64 antigen was reported to have a 

molecular weight varied between 22.3 kDa-28 kDa. 

Thus, these antigens will be freely filtered by glomero-

lus, then excreted into the urine (Ganguly & Sharma 

2012). The urine examination materials have high levels 

of variability in protein concentrations influenced by, 

among others, hydration factors. Therefore, to avoid 

confounding factors on the results of the study concen-

tration of urine is carried out (Thomas et al 2010). 

 

The majority of 22 positive urine samples were pulmo-

nary TB and the rest were extrapulmonary TB receiving 

ATD (Anti Tuberculosis Drugs) for less than 1 month. 

Whereas, the 10 negative urine samples were from 

pediatric extra-pulmonary TB patients who had received 

ATD for more than 1 month. In extra-pulmonary TB 

patients there was a paucibacillary condition that was 

less than the number of bacteria in lung tuberculosis. 

Thus, the Mtb, which excites antigen ESAT-6, CFP-10, 

and MPT-64 in those patients was less than that in 

pulmonary TB patients (Noussair et al 2010). 

 

In this study, healthy children who were subjected to the 

study were those between 3-14 years. Ministry of 

Health of the Republic of Indonesia in 2013 limited the 

age range of child TB between 0-14 years. Otherwise, a 

child is declared healthy because he meets the following 

requirements: never having any contact with adult TB, 

having normal chest X-ray, and negative TST. 

 

In this study, from 32 healthy urine samples, 25 were 

negative, which means that the urine did not contain 

ESAT-6, CFP-10, and MPT-64 antigens of Mtb, while 

the other 7 samples were positive, probably indicating 

latent TB. In latent tuberculosis, T cell reactivity to Mtb 

antigen may occur, since there is a living Mtb inside the 

body. Chest X-ray images are usually showing no ab-

normalities, Sputum smear-negative results show no cli-

nical symptoms, but therapy is still required to prevent 

reactivation (Raviglione et al 2012, Flynn et al 2011). 

 

In this study, differences in urine examination of TB 

patients with healthy children were analyzed using chi 

square Wilson-Brown data analysis. At 95% confidence 

level, there was a significant difference in the results of 

urine examination between tuberculosis patients and 

healthy children with p value of 0.0002 (p<0.05). The 

specificity was found as much as 78%, which means 

that the ICT method with urine samples can be satis-

factory used to distinguish Mtb and Mott antigens 

contained in the body of pediatric TB patients. The 

sensitivity was found to be of 68.8%, showing that ICT 

method with urine samples of pediatric TB patients can 

be used reliably to support the diagnosis. 

 

 

CONCLUSION 

 

Examination of ESAT-6, CFP-10, and MPT-64 antigens 

of Mtb can be performed in urine of pediatric TB 

patients with immunochromatography to support the 

diagnosis. This examination uses urine samples because 

it is safer and easier to obtain from pediatric patients. In 

addition, the use of ICT methods is also cheaper and 

faster than other methods. This research can be 

developed using other quantitative methods, such as 

ELISA. 
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