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Abstract

Tuberculosis is one of the diseases with the highest mortality rates in the world. Tuberculosis
is an infectious disease that remains a global health problem, especially in developing countries
like Indonesia. Tuberculosis transmission is closely related to close contact in the household
environment. Early detection of tuberculosis infection, especially in high-risk individuals, is
crucial. One currently developing approach is molecular diagnostics, which is an examination
that detects the presence of genetic material from Mycobacterium tuberculosis. The use of the
Polymerase Chain Reaction method allows for rapid, sensitive, and specific amplification of
specific DNA fragments from tuberculosis bacteria. The I1S6110 gene is a specific DNA sequence
from Mycobacterium tuberculosis that can be used as a molecular marker in the early detection
of latent Tuberculosis infection. This study aims to detect the presence of the 1S6110 gene in
the serum of individuals who have a history of household contact with active tuberculosis
patients, using the Polymerase Chain Reaction method. This study used a descriptive
experimental design with a molecular laboratory approach. A total of 17 serum samples from
household contacts were collected and analyzed using PCR to amplify the IS6110 gene. The
results showed that 1 of 17 samples (5.88%) was detected positive for the 1S6110 gene, while
the other 16 samples (94.12%) showed negative results.
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BACKGROUND

Tuberculosis is a chronic infectious disease caused by the bacterium
Mycobacterium tuberculosis. This rod-shaped bacterium is acid-fast, and,
therefore, commonly referred to as an Acid-Fast Bacillus (AFB). Most
Mycobacterium tuberculosis infections involve the lung parenchyma, leading to
pulmonary tuberculosis; however, the bacterium also can infect other organs
(extrapulmonary tuberculosis), including the pleura, lymph nodes, bones, and
other extrapulmonary sites (Ministry of Health, Republic of Indonesia, 2020).

Tuberculosis is a preventable and treatable disease. However, in 2023,

tuberculosis ranked as the second leading cause of death from a single
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infectious agent worldwide, after COVID-19. Globally, an estimated 10.8 million
(range 10.1- 11.7 million) people developed tuberculosis, with 1.1 million
deaths (range 977,000-1.2 million) attributed to TB (including TB-HIV
coinfection), and 161,000 deaths (range 132,000-193,000) among people living
with HIV (Ministry of Health, Republic of Indonesia, 2024).

The World Health Organization (WHO) reported that most TB cases occur
annually in 30 high-burden countries, accounting for 87% of the global total in
2023. Five countries accounted for 56% of the global burden: India (26%),
Indonesia (10%), China (6.8%), the Philippines (6.8%), Pakistan (6.3%), Nigeria
(4.6%), Bangladesh (3.5%), and the Democratic Republic of the Congo (3.1%)
(WHO, 2024).

Based on the Tuberculosis Information System (SITB) at the provincial level
in 2024, of the total 26,090 patients who underwent treatment, 6,331 patients
(24.27%) were declared cured, while 9,305 patients (35.67%) completed
treatment but did not have final test results confirming cure. A total of 68
patients (0.26%) experienced treatment failure, 1,369 patients (5.25%) died
during treatment, and 1,958 patients (7.50%) discontinued treatment or were
lost to follow-up. Additionally, 7,059 patients (27.06%) were not evaluated due
to relocation or incomplete data. Of the total patients, 19,031 (72.94%) were
evaluated. The treatment success rate—calculated from the proportion of
patients cured or who completed treatment among those evaluated—was
59.93%. This percentage highlights ongoing challenges in ensuring treatment
completion, particularly due to loss to follow-up, mortality, and unevaluated
patients (Ministry of Health, Republic of Indonesia, 2025).

At the district level (Kabupaten Wajo, 2024), among 1,162 index TB
patients treated with anti-tuberculosis drugs, only 316 household contacts
received Tuberculosis Preventive Therapy (TPT), corresponding to
approximately 27.2% coverage. The remaining 72.8% of contacts did not receive
preventive intervention (Ministry of Health, Republic of Indonesia, 2025).

The low coverage of TPT, reflecting inadequate early detection and
prevention efforts, represents a critical gap in TB control. Close contacts of TB
patients, especially household members or individuals living in crowded

environments, face a high risk of infection with Mycobacterium tuberculosis,
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particularly vulnerable groups such as children, the elderly, or
immunocompromised individuals (e.g., HIV-positive individuals).

The smallest social unit where tuberculosis transmission most likely occurs
is the household. Educating families about TB—including its symptoms,
transmission, and prevention—is a key strategy to prevent disease spread
through household contact. This includes providing supplementary nutrition and
masks to TB patient families and promoting Clean and Healthy Living Behavior
(PHBS) through posters and pamphlets (Pangestika et al., 2019).

A study by Shiyang Pan et al. involving 124 clinically diagnosed pulmonary
TB patients, with 43 serum and 94 plasma samples, compared four DNA
extraction methods for Mycobacterium tuberculosis and found that the
magnetic bead method yielded the highest extraction efficiency (52.8%) and
best reproducibility. Using real-time PCR, MTB DNA was detected in 39 of 124
patients (31.5%), including 12 of 34 smear-negative cases (35.3%), indicating the
potential of serum/plasma PCR as a complementary diagnostic tool, particularly
in smear-negative cases (Pan et al., 2013).

A study by Iram Amin et al. demonstrated that PCR is a sensitive and
effective diagnostic tool for detecting Mycobacterium tuberculosis in various
clinical samples from both pulmonary and extrapulmonary TB cases, especially
in smear-negative patients. Among 766 samples analysed, 356 samples (46.5%)
were PCR-positive for Mycobacterium tuberculosis. The samples included serum
(4.8%), blood (36.3%), urine (46.6%), cerebrospinal fluid (42.1%), ascitic fluid
(67.6%), pleural fluid (52%), pericardial fluid (30%), pus (38.6%), bone marrow
(60%), sputum (38.8%), and bronchoalveolar lavage (70%) (Amin et al., 2011).

Currently, the gold standard for diagnosing tuberculosis is culture.
However, this method requires a long turnaround time. The specific sequence
for Mycobacterium tuberculosis detection is 1IS6110. MTB can be detected more
rapidly using the Polymerase Chain Reaction (PCR) technique compared to
traditional methods (Murtiningrum, 2020).

Polymerase Chain Reaction (PCR) is a molecular biology technique capable
of detecting Mycobacterium tuberculosis genetic material with high sensitivity
and specificity (Mutmainna, 2024). One of the most targeted genes in MTB

detection is IS6110, an insertion element specific to the MTB genome. Research
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on detecting the 1S6110 gene in serum samples of household contacts of
bacteriologically confirmed TB patients remains limited, highlighting the need
for further studies to evaluate its effectiveness in early detection of TB
infection. Considering the importance of early detection in high-risk groups such
as household contacts, as well as the advantages of PCR in detecting
Mycobacterium tuberculosis, this forms the basis and rationale for the present
study, which aims to detect the 1S6110 gene of Mycobacterium tuberculosis in

the serum of household contacts of TB patients using the PCR method.

MATERIAL AND METHODES

The materials used in this study included: Taq polymerase enzyme, Nuclease
Free Water (NFW), DNA ladder/marker, primers targeting the 156110 gene
(forward primer 5’ CCT GCG AGC GTA GGC GTC GG 3’ and reverse primer 5’ CTC
GTC CAG CGC CGC TTC GG 3’), amplifying a 123 bp fragment (Choudhury, 2024),
Mycobacterium tuberculosis H37RV strain (positive control), nuclease-free water
(negative control), clinical isolate samples, agarose powder, TBE buffer, ethidium
bromide (GelRed), and DNA ladder marker.

1. Sample Collection

The samples used in this study were serum specimens obtained from
individuals residing in the same household as patients with pulmonary tuberculosis
who were treated at Rumah Sakit Umum Daerah Lamaddukkelleng Kabupaten
Wajo.

2. Polymerase Chain Reaction (PCR) Assay
a. DNA Extraction Using Spin Column Method

A total of 200 pL of serum sample was placed into a sterile microcentrifuge
tube, followed by the addition of 20 pyL of Proteinase K, and vortexed to
homogenize. The mixture was then incubated at 60 °“C for 5 minutes.
Subsequently, 200 uL of GSB buffer was added, vortexed, and incubated again at
60 °C for 5 minutes. Next, 200 pL of 96% absolute ethanol was added and vortexed
for 10 seconds.

The entire mixture was transferred into a spin column and centrifuged at
13,000 rpm for 1 minute. The filtrate in the collection tube was discarded, and
400 pL of Buffer Wash 1 (W1) was added, followed by centrifugation at 13,000
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rpm for 1 minute. The filtrate was discarded, then 600 pL of Buffer Wash was
added and centrifuged for 3 minutes. The filtrate was discarded again, and the
column was centrifuged dry at 13,000 rpm for 3 minutes.

The collection tube was removed and replaced with a sterile 1.5 mL DNA tube
at the bottom of the spin column. A total of 100 puL of Elution Buffer from the
gsyNc DNA Extraction Kit was added to the column, incubated for 3 minutes, and
centrifuged at 13,000 rpm for 1 minute. The eluted DNA was collected in the tube
and stored at 4 °C as a PCR template.

b. DNA Amplification by PCR

An Eppendorf tube was prepared for the PCR master mix. A total of 250 pL of
enzyme mix was pipetted into the tube, followed by the addition of forward
primer (5’ CCT GCG AGC GTA GGC GTC GG 3’), reverse primer (5’ CTC GTC CAG
CGC CGC TTC GG 3’), each at 10 pL, and 130 pL of nuclease-free water.

Each PCR tube was filled with 20 pL of the PCR mix, followed by 5 pL of DNA

sample, resulting in a total reaction volume of 25 uL per tube.
Table 1. PCR Components

PCR Component Volume (puL/sample) Total Volume (x20)
Enzyme 12.5 250

Forward Primer 0.5 10

Reverse Primer 0.5 10

Nuclease-Free Water 6.5 130

DNA 5.0 -

Total 25

Source: Primary Data, 2025

The PCR tubes were placed into the thermal cycler, and the program was set
for 35 cycles with the following conditions: pre-denaturation at 94 °C for 5
minutes, denaturation at 94 °C for 30 seconds, annealing at 60 °C for 30 seconds,
extension at 72 °C for 1 minute, and a final extension at 72 °C for 5 minutes. The
RUN button was then pressed to initiate the reaction.
c. Gel Electrophoresis

A 2% agarose gel was prepared by weighing 2 g of agarose powder and
dissolving it in 100 mL of TBE buffer in an Erlenmeyer flask. The mixture was
heated in a microwave until boiling (approximately 5 minutes). Then, 5 pL of
ethidium bromide was added and mixed until completely dissolved. The solution

was poured into the gel mold with a comb to form wells.
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After the gel solidified, the comb was removed. A total of 8 uL of each DNA
sample, previously treated with a restriction enzyme, was loaded into the wells
along with a DNA marker as a reference. After all wells were filled,
electrophoresis was performed in a TBE buffer chamber with a current of 400 mA,
voltage of 100 V, for 100 minutes. The gel was then visualized using a UV
transilluminator.

The analytical method used in this study involved data processing in the form
of images and tables. The PCR results, represented by DNA bands, were
documented and measured in base pairs (123 bp) based on the known DNA
structure to detect the I1S6110 gene. The results were then presented in an
observation table categorized as positive or negative, based on the amplification

outcome using tuberculosis-specific primers.

RESULTS

1. Characteristics of Research Subjects

The subjects included in this study were determined based on tuberculin test
screening results, contact history with tuberculosis patients, and gender. As
presented in Table 4.1, a total of 17 individuals were enrolled. All subjects
showed a positive reaction to the tuberculin test, representing 100%.
Furthermore, most of the subjects (12 individuals or approximately 70.59%) were
household contacts categorized as spouses, while 5 individuals (29.41%) were
household contacts categorized as parents or children. Regarding sex distribution,

11 subjects (64.71%) were male, and 6 subjects (35.29%) were female.

Table 1. Characteristics of research subjects

Category | Amount | Persentase
Tuberkulin Screening

Positive Tuberculin Negative 170 100% 0%
Tuberculin

Total 17 100%
Family Relation

Mother/Child 5 29,41%
Husband/Wife 12 70,59%

Total 17 100%
Gender

Male 11 64,71%
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Category Amount Persentase
Female 6 35,29%
Total 17 100%

2. The PCR products were analyzed using 2% agarose gel electrophoresis.
Each gel included a DNA marker, positive control, and negative control.
Using the 1S6110 gene primer pair, a positive result was indicated by the

presence of a DNA band at 123 bp.

Figure 1. DNA analysis of Mycobacterium tuberculosis PCR products using aragose gel
electrophoresis

As shown in Figure 1, a total of 17 serum samples, along with a positive
control and a negative control, were subjected to agarose gel electrophoresis.
The results demonstrated that only sample number 15 was positive, as
indicated by the visualization of a DNA band under the Gel Doc system. In
contrast, samples with codes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16,
and 17 showed negative results, characterized by the absence of visible DNA
bands at 123 bp.

DISCUSSION

This study aimed to detect the 1S6110 gene of Mycobacterium tuberculosis
from serum samples of household contacts of tuberculosis patients using the
Polymerase Chain Reaction (PCR) method. The study was conducted from June
to July 2025 at the Hasanuddin University Medical Research Center (HUM-RC),
Faculty of Medicine, Universitas Hasanuddin. The research samples consisted of
serum obtained from household contacts of tuberculosis patients who had
previously undergone a tuberculin test with positive results. The tuberculin
screening was intended to facilitate the detection of M. tuberculosis DNA in the
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serum of individuals with close household exposure to active tuberculosis cases.
A total of 17 serum samples were analysed. Positive control was performed using
the reference strain H37RV, while negative control was performed using
Nuclease-Free Water (NFW).

The presence of the IS6110 gene in one serum sample indicates the possible
circulation of M. tuberculosis DNA fragments in the bloodstream of individuals
with close contact, although it does not necessarily indicate active infection.
Previous studies have shown that M. tuberculosis DNA can be detected in the
circulation of patients with either active or latent infection, albeit with lower
sensitivity compared to sputum specimens. Detection of M. tuberculosis in
serum depends greatly on the very low DNA concentration, efficient DNA
extraction methods, and the sensitivity of the PCR technique employed.

The 1S6110 gene has several advantages that make it an ideal target for M.
tuberculosis detection by PCR. One of its main advantages is its high specificity,
as 156110 is almost exclusively found in members of the Mycobacterium
tuberculosis complex (MTBC), thereby reducing the likelihood of false-positive
results from non-TB bacteria. In addition, I1S6110 is generally present in multiple
copy numbers (often more than 10 copies per genome) in most M. tuberculosis
strains, significantly increasing detection sensitivity through DNA amplification.
This element is also stable and conserved, not prone to mutation, and has been
widely used in various diagnostic studies as a valid and reproducible molecular
target (Datulimbong, 2023).

CONCLUSION

Based on the results of this study, it can be concluded that out of 17 serum
samples examined, the presence of the 156110 gene of Mycobacterium
tuberculosis was detected in 1 sample (5.88%), while the remaining 16 samples
(94.12%) showed negative results. This finding indicates that only a small
proportion of household contacts of tuberculosis patients were PCR-positive

when analysed using the Polymerase Chain Reaction (PCR) method.
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