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Abstract: The prevalence of latent tuberculosis infection (LTBI) in Asia reaches 36% based on Tuberculin Skin Test 
(TST) results, and healthcare workers represent a high-risk group for occupational TB exposure. In South Sulawesi 
Province, 2,488 LTBI cases were reported in 2024, with Makassar City contributing the highest number. This study 
aimed to identify determinants of LTBI among healthcare workers in community health centers in Makassar City using a 
retrospective case-control design. Cases were healthcare workers with positive TST results recorded in the SITB 
database, while controls were healthcare workers from the same centers with negative TST results selected through 
simple random sampling with a 1:1 ratio. Bivariate analysis was conducted using Odds Ratios (OR), and variables with p 
< 0.25 were included in a multivariate logistic regression model to determine independent factors. A total of 316 cases 
and 316 controls were analyzed. Inconsistent mask use (AOR = 5.20; 95% CI: 3.60–7.51), history of contact with TB 
patients (AOR = 2.63; 95% CI: 1.82–3.80), and absence of BCG immunization (AOR = 2.30; 95% CI: 1.50–3.53) were 
independently associated with LTBI. Although smoking was significant in bivariate analysis, it was not retained in the 
final multivariate model. These findings highlight the importance of strengthening infection prevention and control 
practices and routine LTBI screening among healthcare workers in primary healthcare settings. 
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INTRODUCTION 

Tuberculosis is a re-emerging infectious disease, 
namely an infectious disease whose cases have 
decreased and then increase again, especially in 
developing countries, and is a public health problem [1]. 
The Mycobacterium Tuberculosis bacteria causes 
tuberculosis, which is transmitted through a 
tuberculosis patient who coughs, sneezes, or talks 
through the air when face to face with a healthy person 
[2]. Tuberculosis is preventable and usually curable. 
TB is the second leading cause of death after 
COVID-19, with 10 million people falling ill each year, 
making it a global health problem [3]. Tuberculosis 
cases in the world in 2022 and 2023 experienced a 
significant increase due to delayed diagnosis and 
treatment due to the COVID-19 pandemic. Globally, 
8.2 million new cases were diagnosed with TB in 2023, 
up from 7.5 million in 2022 and 7.1 million in 2019, and 
well above the levels of 5.8 million in 2020 and 6.4 
million in 2021 [4]. 

Not everyone exposed to TB bacteria becomes ill. 
Approximately 70% are uninfected, 30% are infected, 
95% have latent infection, and 5% have active TB [5]. 
In situations where the immune system is still func- 
tioning, the Mycobacterium tuberculosis bacteria within  
 

 

*Address correspondence to this author at the Master of Public Health Student, 
Faculty of Public Health, Hasanuddin University, Makassar, Indonesia;  
E-mail: office.elianofian@gmail.com 

the granuloma lumps do not multiply, maintaining a 
state called "dormant." However, the person does not 
show any symptoms or signs of the disease, chest 
X-rays are also normal, and there is no evidence of the 
bacteria, as the number of bacteria is very small. 
People in this condition are known as latently infected 
with TB (LTBI), often referred to as latent tuberculosis 
infection [6]. The global prevalence of latent 
tuberculosis infection in 2014 was 23.0%, with the 
Southeast Asia, Western Pacific, and Africa regions 
having the highest prevalence of those experiencing 
latent tuberculosis infection [7]. The findings of the 
analysis of the prevalence of latent tuberculosis 
infection in Asia showed that it was 21% and 36% 
based on the results of IGRA (Interferon-Gamma 
Release Assays) and TST (Tuberculin Skin Test) [8]. 
Globally, there were approximately 1.8 billion cases of 
latent tuberculosis infection in 2019, with a prevalence 
of 24%, down from 1.6 billion in 1990 with a prevalence 
of 31%. China was the country with the most cases in 
2019 [9]. 

Several studies on the prevalence of latent 
tuberculosis infection worldwide found a prevalence of 
LTBI of 29.9% among healthcare workers at the 
University of Nigeria Teaching Hospital [10]. The 
prevalence of LTBI was 15.8% in South Korean referral 
hospitals with IGRA examination [11]. At Nampula 
Central Hospital, Mozambique, 34.4% of healthcare 
workers had latent tuberculosis infection [12]. A 
systematic review of the literature reported that the 
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average prevalence of LTBI among healthcare workers 
in China was 51.5%, ranging from 27.9-88.8% [13]. 
Research in Indonesia has verified the prevalence of 
latent tuberculosis infection among healthcare workers. 
The study, conducted at the Lubuk Alung Special 
Pulmonary Hospital, found a prevalence of 38.1% [14]. 
Research findings in Semarang City found the 
prevalence of latent tuberculosis infection among 
health workers at Community health centers was 23% 
[15]. Another study in Manado City found a prevalence 
of 75% in hospitals [16]. Research conducted on health 
workers at the West Sumatra Pulmonary Hospital 
identified a prevalence of latent tuberculosis among 
health workers of 32% [17]. A study conducted at a 
regional hospital in Depok found that 49% of health 
workers had latent tuberculosis infections [18].  

Several risk factors that can influence the incidence 
of latent tuberculosis infection in health workers in 
health facilities include longer work period, work 
location, health worker profession, history of direct 
contact with TB patients, individual characteristics 
(male gender, age, education level) and medical 
history (presence of scars or history of BCG 
vaccination, household contact with TB sufferers, 
smoking habits, chronic diseases, immunosuppressive 
conditions, and diabetes) [19]. TB case data for South 
Sulawesi Province in 2022 was 24,409 cases, then in 
2023 it became 26,578 cases and continued to 
increase in 2024 as many as 30,348 cases with the 
highest number of cases in Makassar City (9,944 
cases) followed by Gowa (2,180 cases) and Bone 
(2,078 cases). The results of the provision of 
Tuberculosis Prevention Therapy (TPT) for patients 
with latent tuberculosis infection, namely positive 
Tuberculin Skin Test (TST) results, are still very low. In 
2022, there were 658 cases, then in 2023 there were 
1,230 cases, and for 2024 there were 2,488 cases [20].  

Early detection of latent tuberculosis infection 
among healthcare workers remains very low. In South 
Sulawesi Province, 159 healthcare workers received 
TPT in 2022, 236 in 2023, and 389 in 2024. Despite the 
low incidence, there is a persistent incidence of latent 
tuberculosis infection among healthcare workers [20]. 
Tuberculosis cases in Makassar City have increased 
over the past four years, reaching 5,803 cases in 2021, 
8,080 in 2022, 9,050 in 2023, and 9,944 in 2024. 
Specifically, latent tuberculosis infection (LTBI) cases 
were found in 2022, with four cases involving 
healthcare workers, 306 in 2023, and 197 in 2024, with 
six healthcare workers. In 2025, data from mandatory 
Tuberculin Skin Test (TST) screening on healthcare 
workers revealed 345 LTBI cases out of 2,371 
healthcare workers examined at Community Health 
Centers [21]. To date, research identifying risk factors 
for latent tuberculosis infection in health workers at 
Community Health Centers (Puskesmas) is still rare, 

especially in developing countries like Indonesia. 
Therefore, researchers are interested in conducting a 
study with a population of health workers at Community 
Health Centers in Makassar City using the Tuberculin 
Skin Test method with a case-control design to 
conclude causation. It is hoped that the results can 
serve as a reference for future actions to prevent latent 
tuberculosis infection in health workers and reduce the 
risk of reactivation of active tuberculosis. 

METHOD 

The study is an analytical observational study with a 
retrospective case control design which aims to 
determine the relationship between risk levels and 
disease events based on cases that have occurred so 
that analysis is carried out on the case group (patient 
group) and the control group (non-patient group) [22]. 
This study aims to analyze the risk of age, gender, 
contact history, BCG immunization history, length of 
service, LTBI training history, nutritional status, mask 
use history, active/passive smoking, comorbid diabetes 
mellitus, and the most dominant risk factors for the 
incidence of latent tuberculosis infection in health 
workers at community health centers in Makassar City. 
The population of this research case is all health 
human resources (HR) of community health centers 
who conducted tuberculin tests in 2025 as recorded in 
the SITB of the Health Service in Makassar City. 
Sampling in this study is as follows: 

Case 

The case sample of this study was conducted with 
total sampling, namely covering the entire population of 
latent tuberculosis infection sufferers in health workers 
recorded in SITB spread across health centers 
throughout Makassar City, totaling 345 cases. 

Control 

The control sample for this study consisted of health 
workers from all community health centers in Makassar 
City who did not suffer from latent tuberculosis infection 
and had negative tuberculin test results. This control 
sample was taken using a simple random sampling 
technique from the same community health centers as 
the case study using the Random Number Generator 
(RNG) application and will be selected by the absence 
sequence number from the community health center's 
monthly absence report. The selection ratio used was 
1:1. 

1. Case sample inclusion criteria 

• Patients with latent tuberculosis infection are 
health workers who work at the Makassar City 
community health center. 
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• Results of the tuberculin skin test with an 
induration diameter of ≥ 10 mm 

• Registered in SITB in 2025 

2. Control sample inclusion criteria 

• Not a sufferer of latent tuberculosis infection 
among health workers at the same health center 
as the case sample 

• Have taken a Tuberculin Skin Test with a 
negative result  

3. Exclusion criteria 

• Not willing to be interviewed  

• Health workers on study leave or transfer of 
duties 

During the data collection process, researchers 
were assisted by enumerators, who were TB program 
managers at community health centers, who assisted 
with interviews and observations. Prior to the 
interviews at the community health center, 
enumerators received on-the-job training to align their 
perceptions and ensure the data collection process 
aligned with the research objectives. To minimize 
interviewer bias, enumerators received standardized 
training prior to data collection. A structured 
questionnaire was used, and enumerators were not 
informed about the study hypotheses. Data verification 
was conducted by the principal investigator to ensure 
consistency and accuracy.  

Statistical analysis was performed using Jamovi. 
Bivariate analysis was performed using the Odds Ratio 
(OR) test to analyze the risk of variables such as age, 
gender, contact history, BCG immunization history, 
length of service, LTBI training, BMI, history of mask 
use, active/passive smoking, and comorbidities on the 
incidence of latent tuberculosis infection in health 
workers. Multivariate analysis was performed using the 
Logistic Regression test to identify independent 
variables that have the most significant influence on the 
incidence of LTBI in health workers. This study has 
received a recommendation for Research Ethics 
approval from the Faculty of Public Health, Hasanuddin 
University with Number: 1528/UN4.14.1/TP.01.02/2025 
on August 13, 2025. 

RESULT 

The study was conducted at Community Health 
Centers throughout Makassar City from August 22 to 
September 30, 2025. The subjects in this study were all 
cases and controls selected with a case-control ratio of 
1:1. The initial data of cases in this study were 345, but 

there were 29 cases that met the exclusion criteria 
(moved, retired, and stopped) with details of 3 people 
refused, 13 people stopped their duties, 1 person 
retired, 9 doctors completed their internships, and 3 
people moved their duties, so that those who were 
willing to be interviewed were 316 cases and 316 
controls with the number of respondents at Community 
Health Centers throughout Makassar City as many as 
632. 

Table 1 shows that the characteristics of respon- 
dents in the case group were D4/S1/Professional 
education with the most respondents (50.3%) and the 
control group were D4/S1/Professional education with 
181 respondents (57.3%). The characteristics of 
respondents' ethnicity in the case group were mostly 
Bugis with 134 respondents (42.4%) and the control 
group were mostly Bugis with 147 respondents (46.5%). 
The profession of respondents in the case group was 
mostly nursing with 79 respondents (25.00%) and the 
control group was mostly nursing with 119 respondents 
(38.00%). The characteristics of the health center 
section in the case group were mostly in the adult and 
elderly age cluster 3 with 82 respondents (25.9%) and 
in the control group were mostly in the adult and elderly 
age cluster 3 with 106 respondents (33.50). The 
characteristics of respondents in the case group who 
took TPT medication were 50 respondents who did not 
take TPT medication (15.8%) and 266 respondents 
who took TPT medication (84.2%). 

In bivariate analysis, several variables that are at 
risk for LTBI incidents in health workers at Makassar 
City Community Health Centers are: gender (OR:1.9), 
contact history (2.21), history of BCG immunization 
(2.36), history of mask use (OR=5.01) and 
active/passive smoking (2.39) (Table 2). 

Based on the results of multivariate logistic 
regression analysis, inconsistent mask use history was 
the strongest independent factor associated with LTBI 
in healthcare workers (AOR = 5.20; 95% CI: 3.60–7.51; 
p < 0.001). Healthcare workers who did not 
consistently use masks were more than five times more 
likely to experience LTBI compared to those who used 
masks consistently. Additionally, a history of contact 
with TB patients (AOR = 2.63; 95% CI: 1.82–3.80; p < 
0.001) and no history of BCG immunization (AOR = 
2.30; 95% CI: 1.50–3.53; p < 0.001) were also 
independently associated with LTBI. 

Although smoking status showed a significant 
association in the bivariate analysis, this variable was 
not retained in the final multivariate model after 
adjusting for other variables. This suggests that the 
effect of smoking on the occurrence of LTBI is likely to 
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Table 1: Operational Definitions of Study Variables 

Variable Operational definition Measurement method / Data 
source Scale Category 

LTBI (Outcome) 
Status of latent TB infection based 

on Tuberculin Skin Test (TST) 
results in health workers 

SITB/Dinkes data (TST results)  Nominal 

Cases: TST positive 
(induration ≥10 mm). 

Controls: TST negative 
(as recorded) 

Age 
Respondent's age at the time of 

TST screening/research data 
collection 

Questionnaire/HR summary (year) Ratio → 
categorized <40 years vs ≥40 years 

Sex Biological gender of respondents Questionnaire/HR summary Nominal Male / Female 

History of TB contact 
Ever had close contact with an 

active TB patient (at work/home) 
during a certain period 

Interview questionnaire  Nominal Yes / No 

BCG immunization 
history 

History of BCG immunization (or 
proof of BCG scar if used) 

Questionnaire ± scar observation 
(if performed) Nominal Yes / No 

Length of 
employment 

Length of service as a health 
worker at a community health 

center (or related facility) 
Questionnaire/HR summary (year) Ratio → 

categorized. ≤5 years vs >5 years 

History of LTBI 
training 

Ever participated in formal 
training/education related to 

LTBI/TB IPC 
Questionnaire Nominal Ever / Never 

Nutritional status 
(BMI/IMT) 

Nutritional status based on Body 
Mass Index = Weight (kg) / Height 

(m²) 

Weight/Height measurement or 
examination data (specify source) 

Ratio → 
classified. 

Normal (<25) vs 
Abnormal 

(overweight/obese ≥25) 

History of mask use 

Compliance with wearing masks 
when treating patients (including 
when in contact with patients who 
are coughing/suspected of having 

TB) 

Interview/observation 
questionnaire  

Ordinal → 
categorized. 

Consistent (always) vs 
Inconsistent 

(rarely/never). 

Smoking status 
(active/passive) 

Exposure to cigarette smoke: active 
smoking or exposure to cigarette 

smoke at home/work 
Questionnaire Nominal 

Exposed 
(active/passive) vs. Not 

exposed 

History of Diabetes 
Mellitus 

History of DM based on diagnosis 
by health personnel/regular 

medication (self-report) 

Questionnaire (and/or medical 
evidence if available) Nominal DM present / DM absent 

 

Table 2: Characteristics of Respondents 

LTBI 

Case Control Characteristics 

n % N % 

Education 

High School 34 10.80 12 3.80 

D3 107 33.90 101 32.00 

D4/Bachelor's Degree/Professional Degree 159 50.30 181 57.30 

Master's 16 5.10 22 7.00 

Total 316 100.00 316 100.00 

Ethnic group 

Bugis 134 42.40 147 46.50 

Makassar 104 32.90 100 31.60 

Toraja 35 11.10 27 8.50 

Mandar 5 1.60 2 0.60 

Enrekang 11 3.50 7 2.20 

Luwu 3 0.90 7 2.20 

Other 24 7.60 26 8.20 

Total 316 100.00 316 100.00 

Profession 

General Practitioner 20 6.30 13 4.10 

Dentist 6 1.90 7 2.20 
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(Table 2). Continued 

LTBI 

Case Control Characteristics 

n % N % 

Nurse 79 25.00 120 38.00 

Midwife 67 21.20 62 19.60 

Laboratory Assistant 26 8.20 23 7.30 

Epidemiologist 7 2.20 9 2.80 

Health Promotion 12 3.80 9 2.80 

Nutritionist 4 1.30 5 1.60 

Medical Records 19 6.00 13 4.10 

Pharmacist 12 3.80 16 5.10 

Other 64 20.30 39 12.30 

Total 316 100.00 316 100.00 

PART 

Cluster 1: Management 56 17.70 34 10.80 

Cluster 2: Mothers and Children 70 22.20 63 19.90 

Cluster 3: Adults and the Elderly 82 25.90 106 33.50 

Cluster 4: Infectious Disease Management 36 11.40 43 13.60 

Cluster 5: Cross-Cluster 72 22.80 70 22.20 

Total 316 100.00 316 100.00 

Take TPT medication 

No 50 15.80 0 0 

Yes 266 84.20 0 0 

Total 316 100 0 0 

 

be confounded by other variables in the model. The 
probability of LTBI occurrence was calculated using the 
following logistic regression equation:  

logit(P) = !1.568 + 0.968X1 + 0.831X2 +1.649X3

P = 1
1+ exp(!(!1,568+0,968+0,831+1,649))

P = 1
1+ exp(!1,880)

P = 1
1+ 0.153

= 0.867

 

The results of the calculation of these values 
indicate that a history of high-risk contact, a history of 
high-risk immunization, and a history of high-risk mask 
use have an 86.7% chance of LTBI occurrence in 
health workers at Makassar City community health 
centers. 

DISCUSSION 

This study identified several factors that play a role 
in the incidence of latent tuberculosis infection (LTBI) 
among health workers at the Makassar City 
Community Health Center. The main findings show that 
behavioral factors and direct exposure in the workplace 
play a stronger role than demographic characteristics 
alone. This indicates that the risk of LTBI among health 

workers is more influenced by the intensity and quality 
of interaction with TB patients and adherence to 
infection prevention practices. Age did not show a 
significant relationship with the incidence of LTBI. 
These findings are in line with a study in Semarang, 
which also found no significant differences between 
age groups of health workers [15], as well as a study at 
the Central Anatolian Hospital, Italy [23]. Theoretically, 
increasing age may reflect accumulated exposure to 
Mycobacterium tuberculosis [24]. However, in the 
context of primary care such as community health 
centers, job rotation, workload distribution, and the 
implementation of infection prevention procedures can 
minimize the influence of age on the risk of infection. 
The differences in the results reported in the study at 
Lecce Hospital [25] and other study [26] are likely 
related to variations in hospital settings, exposure 
levels, and different infection control policies. 

Gender was found to be associated with the 
incidence of LTBI, with men having a higher risk. These 
findings are consistent with a study in Morocco [27] and 
other studies showing similar patterns [28]. A study in 
Peru also reported an increased risk of LTBI in men 
compared to women. This difference can be explained 
by a combination of biological and behavioral factors. 
Immunologically, there are differences in the immune 
response between men and women to bacterial 
infections [29]. In addition, behavioral factors such  as 
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Table 3: Risk Factors for Latent Tuberculosis Infection in Health Workers at Community Health Centres in Makassar 
City 

LTBI 95% Confidence Intervals 

Case Control 
Total 

Variables 

n % n % N % 

OR 
Lower Upper 

Note 

Age 

≥ 40 years 134 42.4 144 45.6 278 44.0 0.879 0.642 1.2 Not Significant 

< 40 years 182 57.6 172 54.4 354 56.0     

Gender 

Male 51 16.1 29 9.2 80 12.7 1.9 1.17 3.09 Significant 

Female 265 83.9 287 90.8 552 87.3     

Contact History 

Yes 148 46.8 90 28.5 238 37.7 2.21 1.59 3.08 Significant 

No 168 53.2 226 71.5 394 62.3     

BCG Immunization History 

No 94 29.7 48 15.2 142 22.5 2.36 1.6 3.49 Significant 

Yes 222 70.3 268 84.8 490 77.5     

Years of service 

> 5 years 187 59.2 198 62.7 385 60.9 0.864 0.627 1.19 Not Significant 

≤ 5 years 129 40.8 118 37.3 247 39.1     

LTBI Training 

No 231 73.1 229 72.5 460 72.8 1.03 0.727 1.47 Not Significant 

Yes 85 26.9 87 27.5 172 27.2     

Nutritional Status/BMI 

BMI ≥ 25 139 44.0 127 40.2 266 42.1 1.17 0.852 1.6 Not Significant 

BMI < 25 177 56.0 189 59.8 366 57.9     

Mask 

Inconsistent Use 250 79.1 136 43.0 386 61.1 5.01 3.53 7.12 Significant 

Consistent Use 66 20.9 180 57.0 246 38.9     

Smoking Status 

Active/Passive 44 13.9 20 6.3 64 10.1 2.39 1.38 4.16 Significant 

Non-smoker 272 86.1 296 93.7 568 89.9     

DM history 

Yes 11 3.5 17 5.4 28 4.4 0.634 0.292 1.38 Not Significant 

No 305 96.5 299 94.6 604 95.6     

 
Table 4: Multivariate Logistic Regression Analysis of Factors Associated with LTBI among Healthcare Workers in 

Makassar City 

  95% Confidence Interval 

Predictor Estimate SE Z P Odds ratio Lower Upper 

Intercept -1.568 0.180 -8.71 <.001 0.209 0.147 0.297 

Contact History 0.968 0.187 5.17 <.001 2.632 1.824 3.800 

BCG Immunization History 0.831 0.219 3.79 <.001 2.296 1.495 3.527 

History of Mask Use 1.649 0.187 8.80 <.001 5.201 3,603 7.509 

 
smoking habits and differences in the type of service 
tasks can also affect the level of exposure. History of 
contact with TB patients is an important determinant in 
the occurrence of LTBI. Epidemiologically, TB 
transmission is greatly influenced by the intensity and 

duration of contact with infectious cases [30]. Research 
in Sana'a City, Yemen, showed an increased risk of 
LTBI in health workers with a history of contact [31], 
and other studies also reported a high proportion of 
LTBI in close contact groups [32]. These results 
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emphasize the importance of implementing strict 
infection control, especially in service units with a high 
frequency of interaction with TB patients. 

BCG immunization history shows a relationship with 
the incidence of LTBI. Although the protection of BCG 
against latent infection is still debated, this vaccine is 
known to stimulate an immune response to 
mycobacterial antigens [33]. A study in Thailand 
reported an increased risk of LTBI among healthcare 
workers without BCG scars [34] and research in 
Jember also showed the protective effect of BCG 
immunization [35]. Variations in findings between 
studies may be influenced by differences in vaccination 
coverage, age at immunization, and level of exposure 
in the workplace. Length of employment did not show a 
significant association with LTBI. Although theoretically 
longer duration of employment may increase 
cumulative exposure [36], studies in Jember [35] and 
Riyadh [37] also reported similar results. This suggests 
that length of employment is not always directly 
proportional to infection risk if infection prevention and 
control procedures are consistently implemented. 

Participation in LTBI training was examined as an 
occupational characteristic rather than a direct 
biological risk factor. No significant association was 
observed between participation in LTBI training and the 
incidence of LTBI among healthcare workers. Although 
WHO recommends education and training as a core 
component of TB prevention programs [38, 39]. 
Training attendance alone may not directly translate 
into reduced infection risk. The effectiveness of training 
likely depends on consistent implementation of 
infection prevention and control measures in daily 
practice. Differences in findings across studies, 
including reports from Sri Lanka [40]. Nutritional status 
is a condition that reflects an individual's physical 
appearance, resulting from an imbalance in the 
metabolism of nutrients excreted by that person. 
Nutritional status is assessed using the Body Mass 
Index [41]. These differences indicate that the 
effectiveness of training is highly dependent on 
implementation, supervision, and system support in 
health care facilities. Nutritional status based on body 
mass index did not show a significant association with 
LTBI. The relationship between obesity and immune 
response to TB remains complex [42]. A study in 
Afghanistan also showed no increased risk of LTBI in 
groups with normal or low BMI [43]. This suggests that 
in the healthcare worker population, occupational 
exposure factors may be more dominant than 
nutritional status. The use of masks emerged as the 
factor most consistently associated with LTBI incidence. 
These results are in line with studies in Colombo [40] 
and Semarang [45] which showed that compliance with 
mask use significantly reduced the risk of infection. 

Masks act as a barrier against droplets and airborne 
particles carrying Mycobacterium tuberculosis [44]. 
Therefore, compliance with the use of personal 
protective equipment is a key component in TB 
prevention strategies in primary health care facilities. 
Smoking status showed a relationship in bivariate 
analysis and was consistent with findings in Morocco 
[27].  

Exposure to cigarette smoke is known to increase 
susceptibility to TB infection and affect the immune 
response [46]. However, after adjustment in the 
multivariate analysis, the effect of smoking was no 
longer significant. This suggests that the relationship 
may be influenced by other interrelated factors, such as 
gender or exposure patterns in the workplace. 
Diabetes mellitus did not show a significant association 
in this study. Although some studies have reported an 
increased risk of LTBI in individuals with DM [31,  48], 
this association may be influenced by glycemic control 
and disease severity. This study did not assess these 
clinical parameters, so the findings should be 
interpreted with caution. This study has several 
limitations. Behavioral variables were obtained through 
self-reports, which could potentially lead to recall bias 
and misclassification. Environmental factors such as 
ventilation and room density were not evaluated, even 
though they play a role in TB transmission. In addition, 
the study was only conducted at health centers in 
Makassar City, so generalization to other health 
facilities should be done with caution. In addition, the 
use of TB program managers as enumerators may 
have introduced interviewer bias, although 
standardized training and supervision were 
implemented to minimize this risk. 

CONCLUSION 

This study shows that factors independently 
associated with the incidence of latent tuberculosis 
infection (LTBI) among health workers at the Makassar 
City Community Health Center are a history of contact 
with TB patients, no history of BCG immunization, and 
inconsistent use of masks. Among these factors, 
inconsistent use of masks is the strongest determinant 
in the multivariate model. These findings emphasize 
the importance of strengthening infection prevention 
and control (IPC) efforts in primary health care facilities. 
The Makassar City Health Office needs to, improve 
regular screening and early detection of LTBI among 
health workers, strengthen policies and supervision of 
personal protective equipment use, and ensure the 
availability of adequate masks in health care facilities. 
In addition, training related to TB prevention and 
control needs to be accompanied by monitoring and 
evaluation mechanisms to ensure effective 
implementation in the field. Community health centers 
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are expected to increase compliance with mask use 
during service delivery and strengthen a culture of 
occupational safety to protect health workers from the 
risk of TB exposure in the workplace. 
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