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Abstract: Background: Lung Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis (M. 

Tb). Excessive body's immune response to M. Tb will contribute to the host tissue damage. M. Tb infection stimulates gene 

expression and MMP-9 secretion from monocyte which is infected by M. Tb. M. Tb molecular mechanisms inducing 

granuloma formation which is the ESAT-6 protein that stimulates the production of matrix metalloproteinase-9 (MMP-9) from 

epithelial cells near the infected macrophages. Objective: To evaluate the levels of Matrix Metalloproteinase-9 (MMP-9) in 

children who lived in the same house with a tuberculosis person. Methods: A cross sectional study was conducted at the Lung 

Health Community Center (BBKPM) Makassar, from May to July 2015. The study population was children aged 3 months to 

18 years. Results: Levels of MMP-9 were examined in 55 samples of the study, 29 samples infected with TB (52.7%), and 26 

samples exposed to TB (47.3%). There is no significant difference in the levels of MMP-9 and genders, age, nutritional status, 

status of BCG, as well as the levels of MMP-9 in the group of exposed and infected to TB (p>0.05). Conclusion: There was no 

significant differences between the levels of MMP-9 in the group of exposed and infected to TB. 
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1. Introduction 

Tuberculosis (TB) is a chronic infectious disease caused 

by Mycobacterium tuberculosis (M. Tb). Indonesia still ranks 

to 5 countries with the highest TB patients in the world, so 

that the current TB still remains a health problem and even 

more dangerous, so it is called the re-emerging disease. [1] 

TB disease is the second leading cause of death from 

infectious disease in the whole world. Estimates in 2012 

approximately 8.6 million cases of TB and 1.3 million of 

them died. Approximately 530.000 cases of TB children with 

74.000 of them died. [2] 

The total number of TB cases in a child of 7 Hospital 

Centre for Education in Indonesia for 5 years (1998-2002) is 

1086 persons with TB with a mortality rate that varies from 

0%-14.1%. The largest age group was 12-60 months 

(42.9%), whereas for infants <12 months gained 16.5%. In 

2009 the number of TB cases of child reaches 30.806 

including 1.865 smear-positive cases. Proportion of TB cases 

children of all TB cases reached 10: 45%. [1] 

Excessive body's immune response to Mycobacterium 

tuberculosis will contribute to damage the host tissues, but 

the mechanisms involved have not known with certainty and 

it is a multifactorial process. [3] Matrix metalloproteinase 

(MMP) is a structure associated with zinc-containing 

enzymes that degrade extracellular matrix. [4] MMP-9 in 

quantity is the most important of several MMP and it is 

secreted by monocytes and macrophages and is vital for this 

response. [5] Matrix Metalloproteinase-9 (MMP-9) is an 

enzyme capable of degrading the various components of the 

extracellular matrix, mainly secreted by fibroblasts, 

endothelial cells, polymorph nuclear cells, keratinocytes, and 

macrophages. The increased expression of MMP-9 occurred 

in the process of inflammation and malignancy. [6] 

Most individuals who are infected with mycobacterium 

tuberculosis (M. Tb) will develop into a latent infection, it's 

happening because macrophages infected attract immune 

cells to form granulomas, to secrete cytokines such as TNF-

α, IL-1b, which stimulates monocytes, endothelial cells, cells 

fibroblasts for the secretion of MMP-9 [6], and then isolating 

the bacteria and prevent the spread of. [7] 

According to Shiryaev et al. study, they explained that the 
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infection of M. Tb stimulate the gene expression and 

secretion of MMP-9 monocytes cells infected by M. Tb. [8] 

Yong Li et al. discovered the molecular mechanism of M. Tb 

induces granuloma formation that is the ESAT-6 protein that 

stimulates the production of MMP-9 from epithelial cells 

near the infected macrophages. [8, 9] The expression of 

MMP-9 is seems at the early development of granulation and 

during the necrosis. It was found that the concentration of 

MMP-9 in patients with granuloma (Median 108 pg/ml) was 

higher than without granuloma (Median 43 pg/ml). [10] 

Under these conditions it is important to do a study to 

determine the levels of MMP-9 against children exposed to 

and infected with mycobacterium tuberculosis. The purpose 

of this study was to determine the levels of matrix 

metalloproteinase-9 (MMP-9) household contacts of children 

with tuberculosis. 

2. Materials and Methods 

This study was conducted at Lung Health Community 

Center (BBKPM) in Makassar from May until July 2015 

exclusively. The study population was children aged 3 

months to 18 years with a history of household contact with 

positive adult TB patient The study sample is all the eligible 

population met the inclusion and exclusion criteria of study. 

The inclusion criteria are children ages 3 month up to 18 

years and children who lived in the same house with a 

tuberculosis person, while the exclusion criteria are children 

with TB, children with a poor nutritional status or has an 

immunocompromised disease, and children with long-term 

use of steroids or other immunosuppressants. 

This study was approved by the Ethics and Industry 

Research Committee of the hospital and Medical Faculty of 

Hasanuddin University. Written informed consent was 

obtained from the patients’ parents or legal guardian 

following full and detail explanation regarding the study’s 

protocol. All the eligible patients are noted: name, age, sex, 

nutritional status, history of BCG immunization (BCG scar). 

Nutritional status is determined based on body weight for 

height according to NCHS and WHO standards. Then the 

patients do the physical examination, laboratory, radiology 

and tuberculin test. Based on the tuberculin test results are 

grouped into two groups: exposed and infected with TB. 

Then we examined the levels of MMP-9 and analyzing the 

levels of MMP-9 in both groups. The data obtained are 

grouped by its type of data into groups of exposed and 

infected with TB, and then each was analyzed in accordance 

with appropriate statistical methods, the analyses of 

univariate and bivariate. 

3. Results 

Table 1 shows the characteristics of the sample assessed 

such as the sex, age, nutritional status, status of tuberculosis, 

BCG status and levels of MMP-9. For the category of sex, 

the male group consisted of 28 samples (51%) and 27 female 

(49%). In the age group obtained a median of 5.9 with a 

range of 0.75 to 15, mean 6.18 and standard deviations of 

3.9. In the nutritional status group, poor child group consisted 

of 31 samples (56.4%), moderate-nourished children group 

with 20 samples (36.4%), and overweight of 4 samples 

(7.3%). For the category of tuberculosis status groups, group 

of children infected with TB is 29 samples (52.7%) and 

exposed to TB is 26 samples (47.3%). In the category of 

BCG status, the group of children with BCG positive (BCG 

vaccination) is composed of 45 samples (81.8%), and BCG 

negative (which does not get vaccinated of BCG) is 10 

samples (18.2%). The levels of MMP-9 with a median 2.95, 

range from 0.14 to 41.77, mean 5.08 and 6.33 of standard 

deviations. 

Table 1. Study sample characteristics. 

No. Sample characteristics Total (n=55) 

1. Sex 
 

 
Male: Female (%) 28: 27 (51: 49) 

2. Age (year) 
 

 
Median (Range) 5.9 (0.75- 15) 

 
Mean (SD) 6.18 (3.99) 

3. Nutritional status 
 

 
Poor: Moderate: Overweight (%) 31: 20: 4 (56.4: 36.4: 7.3) 

4 Tuberculosis status 
 

 
Infected: Exposed to TB (%) 29: 26 (52.7: 47.3) 

5 BCG status 
 

 
Positive: Negative  45: 10 (81.8: 18.2) 

6 MMP-9 levels (ng/ml) 
 

 
Median (Range) 2.95 (0.14 – 41.77) 

 
Mean (SD) 5.08 (6.33) 

 
Total: 55 (100%) 

Table 2. Comparison of the MMP-9 levels according to sex. 

MMP-9 levels (ng/ml) 
Sex 

Male (n=28) Female (n=27) 

Mean 4.72 5.46 

Median 2.83 3 

Standard deviation 4.74 7.27 

Range 0.66- 20.96 0.14- 41.77 

Uji Mann Whitney   p=0.419 (p>0.05) 

The group of male median levels of MMP-9 is at 2.83 

ng/ml, whereas in the group of female, with median levels of 

MMP-9 at 3 ng/ml. No significant differences in the levels of 

MMP-9 between male and female with a p>0.05. (Table 2) 

Table 3. Comparison of the MMP-9 levels according to age. 

MMP-9 levels (ng/ml) 
Age 

Less than or equal to 5 years Over 5 years 

Mean 6.25 4.1 

Median 3.78 2.42 

Standard deviation 8.04 4.35 

Range 1.35 – 41.77 0.14 – 20.96 

Uji Mann Whitney 
 

p=0.105 (p>0.05) 

In Table 3, it can be seen that the group of children less 

than or equal to 5 years, their median levels of MMP-9 at 

3.78 ng/ml, whereas in over 5 years, a median levels of 

MMP-9 at 2.42 ng/ml. Statistical analyses showed no 
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significant differences in the levels of MMP-9 among 

children aged less than or equal to 5 years and children aged 

over 5 years, p>0.05. 

Table 4. Comparison of the MMP-9 levels according to nutritional status. 

MMP-9 levels (ng/ml) 
Nutritional status 

Poor Well nutrition Overweight 

Mean 4.53 6.43 2.58 

Median 3.69 2.97 2.62 

Standard deviation 3.53 9.5 1.19 

Range 0.14- 15.45 1.14- 41.77 1.10- 3.99 

Uji Mann Whitney 
 

p=0.700 (p>0.05) 

Table 4 show in the group of poor children, the median 

levels of MMP-9 at 3.69 ng/ml; whereas in the group of well-

nourished children, the median levels of MMP-9 by 2.97 

ng/ml; and in the group of overweight children, the median 

levels of MMP-9 of 2.62 ng/ml. Statistical analyses no 

significant difference between the levels of MMP-9 and 

nutritional status, p>0.05. 

Table 5. Comparison of the MMP-9 levels according to BCG status. 

MMP-9 levels (ng/ml) 
BCG 

Yes No 

Mean 5.56 2.95 

Median 3.55 2.19 

Standard deviation 6.88 1.6 

Range 0.14-41.77 1.63-5.98 

Uji Mann Whitney p=0.226 (p>0.05) 

It can be seen that in the group that receiving the BCG 

vaccination, the median levels of MMP-9 is 3.55 ng/ml, 

whereas in the group that did not receive the BCG 

vaccination, the median levels of MMP-9 at 2.19 ng/ml. 

Statistical analyses showed no significant difference between 

the levels of MMP-9 and the BCG status, p>0.05. (Table 5) 

Table 6. Comparison of the MMP-9 levels exposed and infected with TB.  

MMP-9 levels (ng/ml) 

Tuberculosis status 

p value Infected TB Exposed to TB 

(n=29) (n=26) 

Mean 6.08 3.97 0.673 

Median 3.49 2.91 
 

Standard deviation 8.26 2.78 
 

Range 0.66-41.77 0.14-11.29   

Uji MannWhitney 
  

(p>0.05) 

The group infected with TB, their median levels of MMP-

9 at 3.49 ng/ml, whereas in the group exposed to TB, the 

median levels of MMP-9 by 2.91 ng/ml. Mann-Whitney test 

showed no significant difference between the levels of MMP-

9 infected and exposed to TB, p>0.05. (Table 6) 

4. Discussion 

We uses a cross-sectional design to determine the role of 

the levels of MMP-9 against children exposed to and infected 

with TB, conducted from May until July 2015. We obtained 

55 samples of household contact with adult patients, divided 

into 2 groups, 29 samples infected with TB (52.7%) and 26 

samples exposed to TB (47.3%). Comparison of the MMP-9 

levels according to the sex, age, nutritional status, BCG 

status and the status of TB (infected and exposed to TB) for 

further analyses. 

Comparison between the levels of MMP-9 and sex showed 

no significant difference which is in line with the results of 

study by Yurdakul et al. in Turkey that there is no significant 

difference between the expression of MMP-9 and sex, with 

p>0.05. [11] On the contrarily, the research by Snitker et al. 

in Pennsylvania and Sundstrom et al. at Framingham that the 

levels of MMP-9 was higher in male than female with a p 

value of 0.008 and 0.03. [12, 13] This is presumably because 

of the role of estrogens is protective. Besides, those 

neutrophils are able to reduce the levels of MMP-9 during the 

period of menstruation when estrogens levels are higher. 

The analyses of the comparison of the levels of MMP-9 

and age showed no significant difference with a p value of 

0.105. This is same with the research by Kilic et al. in Turkey 

showed no significant difference between the levels of MMP-

9 in the age group with a value of p>0.05. [14] Research by 

Lee et al. in Korea showed that there was no significant 

difference between the expression levels of MMP-9 age 

group, with a p value 0.820. [15] 

The analyses of the comparison between the levels of 

MMP-9 and nutritional status showed no significant 

difference (p value of 0.70). This is similar with a study by 

Lacerda et al. in Brazil who studied drug resistance to 

hypertension, there is no difference in the levels of MMP-9 

and nutritional status [16], but not in accordance with the 

study by Olszewska et al. which examines the levels MMP-9 

against child and adolescent obesity, it was found that the 

levels of MMP-9 was higher in obese children compared 

with the control group (well nutrition) with a p value of 0.02. 

[17] 

The analyses of the comparison between the levels of 

MMP-9 and BCG status showed no significant difference 

with a p value of 0.226, but with a median value that is 

higher in children who received the BCG vaccination that is 

3.55. From previous study by Jarbrink et al. in animals 

suggest of mycobacterium bovis (BCG) infection causes an 

increase in MMP-9 activity of macrophages, both in vitro and 

in vivo. [18] 

On this study, the median levels of MMP-9 in the infected 

group were higher than the group exposed to TB, but no 

significant difference with p value 0.673 (p>0.05). 

Sheen et al. showed that the levels of MMP-9 were higher 

in pleural fluid from tuberculosis as compared with the 

control group (malignant effusions and transudates in heart 

failure) (p <0.001). [9] In vivo study by Price et al. revealed 

that the levels of MMP-9 in the cerebrospinal fluid (CSF) of 

patients with TB meningitis higher (median (range), 3.19 

(0.19--31.00) ng/ml/cell) compared with meningitis bacteria 

(0.23 (0: 01 to 18: 37) ng/ml/cell), viral meningitis (0.20 

(0.04--31.00) ng/ml/cell) with a value of p <0.01. (10) 

Our study revealed the median (range) levels of MMP-9 in 

the infected group (3.49 (0.66 - 41.77)) is higher than the 

unexposed group (2.91 (0.14 to 11.29)), this is maybe 
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because of the related to the function of MMP-9 as 

proteolysis local to the matrix of extracellular so that the 

levels of MMP-9 were measured in circulation did not differ 

significantly in both groups and the natural specific inhibitor 

of MMP-9 which is the TIMP (tissue inhibitor of 

metalloproteinase), that will increase rapidly in an attempt to 

restore normal physiological functions of the body. [19, 20] 

Then, increased expression of MMP-9 also occurs in the 

inflammatory process in general. Alveolar macrophages, 

neutrophils and epithelial cells to produce ROS (reactive 

oxygen species), and protease as a response to inflammation, 

which can be caused by a viral infection, mycoplasma nor 

due to environmental irritants and in the group exposed to TB 

is characterized by a negative tuberculin, while the group 

infected with TB is characterized by a positive tuberculin. 

[21] 

We concluded that the levels of MMP-9 maybe not 

influenced by sex, age, nutritional status, and the status of 

BCG immunization. There is no significant difference 

between the levels of MMP-9 in the group of infected and 

exposed to TB. Multicenter prospective cohort study with a 

larger sample size and the levels of MMP-9 by prolonged 

contact with the child for adult patients with TB were need 

for further analyses. 
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