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ABSTRACT

Introduction: Islamic boarding schools are congregate settings susceptible to the spread of infectious diseases,
including tuberculosis (TB), because students live in close proximity. This study aimed to assess preventive behaviours
and environmental conditions that may influence the potential for TB transmission in Islamic boarding schools in
Banyumas Regency, Central Java, Indonesia.

Methods: This quantitative cross-sectional survey included 439 students selected on the basis of TB-related symptoms,
contact history, or a combination of these criteria. All 439 students underwent initial screening, and those meeting the
prespecified criteria were referred for Xpert MTB/RIF examination. Environmental measurements included temperature,
humidity, lighting, occupancy density, ventilation area, and cleanliness.

Results: Of the 439 students examined, one (0.2%) tested positive for TB using Xpert MTB/RIF (TCM), while 438
(99.8%) tested negative. Knowledge was significantly associated with prevention behaviour (p = 0.023). In addition,
11.4% of students reported that they did not practise handwashing after travelling or participating in outdoor activities.
Environmental conditions were suboptimal. The ventilation area ranged from 9.93% in Boarding School B to 13.33% in
Boarding School A, compared with the national standard of 10%—20%. Occupancy density did not meet the applicable
national standard. Mean lighting met the standard in both boarding schools, while room cleanliness was inadequate and
relative humidity was high.

Conclusion: Active TB case finding identified one positive case and highlighted the need to integrate behavioural and
environmental prevention measures in Islamic boarding schools.
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INTRODUCTION

Tuberculosis (TB) is one of the world's leading causes of infectious disease and death. In 2023, 10.8 million people were
diagnosed with TB, with children accounting for 12% of cases. TB is also among the top ten causes of death in children
globally (1,2). Indonesia has the world's second-highest TB burden after India, and 867,480 TB cases were notified nationally
in 2025 (3). The TB mortality rate in Indonesia remains relatively high; in 2018, it was 35 deaths per 100,000 population.
Moreover, between 2015 and 2023, the incidence rate increased by 19%, while the mortality rate increased by 26%. These
findings indicate that TB remains a substantial disease burden in Indonesia (4). Crowded living conditions and limited access
to healthcare services increase the risk of TB, especially in institutional settings where people live in close proximity for
extended periods (5).

In 2023, Banyumas Regency recorded a TB incidence of 418 per 100,000 population and 7,157 notified TB cases, a 7%
increase from 6,683 cases in the previous year (6). The high incidence and rising case burden present challenges to TB
control. Intensified case-finding and improved treatment are needed to support the national TB elimination target for 2030.
Environmental and behavioural factors play a crucial role in TB transmission. Mycobacterium tuberculosis can survive in
poorly ventilated, humid, and crowded indoor environments, increasing the likelihood of airborne spread. The physical
environment plays a significant role in the transmission of tuberculosis. A meta-analysis showed that household crowding and
physical environmental conditions can increase TB transmission (7). Another study demonstrated an association between
environmental health conditions and TB cases (8). Islamic boarding schools are distinctive learning environments in which
students share dormitories, study areas, and daily routines. Combined with poor ventilation and limited environmental health
controls, these conditions may increase the risk of airborne infections, including TB (9—13).

High-risk settings for TB transmission include dormitories prisons military barracks schools and public transport (14-16).
Students with TB often have delayed detection overcrowded classrooms and repeated exposure to infectious contacts
(17,18). In densely populated or high-occupancy settings delays in identifying the index case poor cough etiquette and
inadequate infection-prevention practices can accelerate TB transmission (17,19). The spread of tuberculosis in Islamic
boarding schools is significantly influenced by overcrowding and inadequate air circulation. Furthermore the adoption of clean
and healthy behaviours is also found to play a pivotal role in the propagation of tuberculosis within such educational (20,21).
Studies in Indonesia and other ASEAN countries show that students' knowledge, attitudes, perceptions and behaviours are
important for TB prevention and early detection (22—24). Many adolescents have misconceptions about TB transmission,
treatment, and reinfection, which may undermine TB control programmes. Behavioural factors such as mask use, cough
etiquette, and personal hygiene may also influence TB transmission in schools (22).

Given these concerns, it is essential to strengthen active case finding (ACF) and contact investigation in Islamic boarding
schools to identify undiagnosed TB cases, interrupt transmission and prevent outbreaks. ACF programmes in high-risk
populations increasingly incorporate rapid molecular diagnostic tests, although programme scale, testing coverage, and
implementation quality remain important challenges (25). It is therefore crucial to understand the interplay between students’
knowledge, preventive behaviours, and environmental conditions to design comprehensive TB control interventions in Islamic
boarding schools.

Despite the recognised vulnerability of Islamic boarding schools to TB transmission, active case finding (ACF) has not been
routinely implemented in these institutions, reflecting a service-delivery gap in TB control programmes. In parallel, an evidence
gap persists: few studies have jointly examined diagnostic yield, students’ preventive behaviours and environmental
conditions within a single pesantren-based assessment. Addressing both gaps requires a context-specific, integrated
approach that combines active case finding with an assessment of the behavioural and environmental conditions surrounding
TB transmission potential in this setting.

This study aimed to identify gaps in TB detection while assessing students’ preventive behaviours and evaluating
environmental conditions that may influence the potential for TB transmission in Islamic boarding schools. By integrating
active case finding with behavioural and environmental assessment, the study sought to provide context-specific evidence to
inform targeted TB prevention strategies in these settings.

METHODS

Study Design and Setting

This analytical cross-sectional study was conducted at two Islamic boarding schools in Banyumas Regency, Central Java:
Islamic Boarding School A in Cilongok District and Islamic Boarding School B in Tambak District (Figure 2). The selected
schools had previously reported TB cases and therefore required active case finding. Both are residential educational
institutions in which students may be exposed to TB transmission.

Study Population and Sampling

The study population consisted of 1,916 students from the two selected Islamic boarding schools. Initial screening was
conducted using a Google Forms questionnaire assessing TB-related symptoms, contact history, medical history, and
relevant risk factors. The 10-item screening tool included: (1) cough persisting for approximately two weeks; (2) haemoptysis;
(3) intermittent fever lasting approximately one month; (4) unexplained night sweats; (5) unexplained weight loss; (6) enlarged
lymph nodes, particularly a lump in the neck region; (7) shortness of breath and chest pain; (8) a history of previous treatment
with pulmonary medications; (9) living with or having close contact with a household member who had previously been
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diagnosed with TB or reported to have “lung spots”; and (10) a history of asthma, diabetes mellitus, chronic obstructive
pulmonary disease (COPD), or HIV/AIDS.

Eligibility for further diagnostic evaluation using Xpert MTB/RIF was defined as meeting either of the following criteria:
Contact criterion: A documented history of close contact with a patient with TB (n = 30).

Symptom criterion: A positive response to at least three of the seven TB-related symptom items assessed in the screening
tool (cough persisting for approximately two weeks, haemoptysis, intermittent fever lasting approximately one month,
unexplained night sweats, unexplained weight loss, enlarged lymph nodes, or shortness of breath/chest pain).

Either a history of contact alone or the presence of at least three symptoms was sufficient for diagnostic referral. Contact
history was operationally defined as living in the same dormitory or household as, or sharing close indoor space with a
confirmed pulmonary TB patient. Based on this eligibility rule, 439 of 1,916 students (22.9%) met the criteria and were referred
for Xpert MTB/RIF testing (26)

Total student
screened - M= 1915

Excluded: Did not meet
contact or symptom
criteria (n = 1,477)

Screening studentat
islamic Boarding

!

History contact with Reported 23 TB
previous TB symptoms
M:-30 M : 409

Referred for Xpert MTB/RIF Testing:
M =439

-

( Results )

Figure 1. Flow diagram of Xpert MTB/RIF screening

Data Collection
Data collection was conducted from May to September 2025 and included three components: clinical examination,
assessment of knowledge and behaviour, and assessment of environmental conditions.

Clinical Screening

TB diagnosis was based on the Xpert MTB/RIF (TCM) test, which was performed by trained personnel. The procedure was
as follows: (1) students were prepared in a designated room and provided with a sputum collection container labelled with a
unique identifier; (2) students were instructed in proper sputum production techniques, including taking a deep breath, holding
it briefly, and coughing forcefully to expel mucus from the lower respiratory tract rather than saliva; (3) students collected 3—
5 mL of sputum in a designated private room using the labelled container; (4) specimens were checked for adequate volume
and quality before transport to the hospital laboratory for Xpert MTB/RIF analysis; and (5) laboratory staff from the community
health centre assisted throughout data collection. Sputum was collected as a single spot specimen on site during the
screening visit. A total of 439 eligible students underwent Xpert MTB/RIF testing in accordance with the screening decision
rule, which required either a history of TB contact or a positive response to at least three of the seven TB-related symptom
items assessed in the screening tool. All 439 sputum specimens met the stipulated quality requirements and yielded valid
diagnostic results; no invalid or indeterminate results were recorded.

Knowledge and Behaviour Measurement

Structured questionnaires and interviews were used to assess students’ knowledge of and behaviour related to TB. The
knowledge assessment covered the definition of the disease, its symptoms, modes of transmission, cough etiquette, proper
handwashing techniques, and use of personal protective equipment. Before the knowledge and behaviour assessment, the
10 enumerators who also served as data collectors were trained to conduct the interviews. The questionnaire was developed
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and pilot-tested before use and had established validity and reliability. It consisted of 12 questions, including two reverse-
worded items (items 6 and 7). For these two items, the response reflecting correct TB knowledge was scored 1 and the other
response was scored 0; for the remaining items, correct responses were scored 1 and incorrect responses were scored 0. As
the data were not normally distributed, a median score of 10 was used as the threshold for classifying knowledge as good or
poor. Validity testing showed that all item r-values exceeded the critical r-value of 0.361. Reliability testing yielded a
Cronbach’s alpha coefficient of 0.76.

Environmental Measurement

A two-stage sampling strategy was used for room selection. First, two Islamic boarding schools in Banyumas Regency—one
modern located in Cilongok district and one traditional located in Tambak District—were purposively selected to represent
contrasting structural and managerial models. Second, dormitory rooms within each school were selected using stratified
simple random sampling to ensure representation across building locations, floor levels, cardinal orientations, corner
positions, and occupants’ educational levels. A total of 20 observation points were evaluated (10 in the modern school and
10 in the traditional school), comprising five male and five female student dormitory rooms per institution.

Environmental parameters, including temperature, relative humidity, light intensity, ventilation area, and occupancy density,
were assessed on 27 August 2025 at the modern Islamic boarding school and on 9 September 2025 at the traditional Islamic
boarding school. Measurements were taken during active daytime hours (08:00-11:00 and 13:00-16:00) under typical
occupied-room conditions with resident students present. Windows, doors, and ventilation openings were assessed in their
naturally occurring state, as routinely operated by occupants during daily activities. At each observation point, three readings
were recorded over a 15-20-minute stabilisation period at breathing-zone height (1.0-1.5 metres above the floor), and the
mean value was calculated for statistical analysis.

The measuring instruments were calibrated and standardised by the Occupational Safety and Health Laboratory at
Universitas Jenderal Soedirman. Temperature and relative humidity were measured using a digital thermohygrometer,
whereas illuminance (natural lighting) was measured using a lux meter. Occupancy density was calculated as the ratio of total
room floor area (m?) to the number of regular occupants. Environmental benchmarks were based on Indonesian Ministry of
Health Regulation No. 2 of 2023. Room cleanliness was operationally defined according to the presence of potential
contamination sources, including household waste, dust, dirt, and disease vectors; rooms with no contamination sources were
categorised as clean, whereas those with one or more sources were categorised as unclean.

Unrecorded parameters included continuous 24-hour longitudinal logging, real-time air exchange rates (air changes per hour
[ACH]), and outdoor ambient meteorological fluctuations outside the testing windows; these were not prospectively recorded
during this cross-sectional assessment.

Variables and Data Analysis

This study examined three domains: knowledge, behaviour, and environmental conditions. Knowledge and behaviour scores
were classified as good or poor using a median split because the data were not normally distributed. Environmental indicators
were assessed against standards established by the World Health Organization (WHO) and the Ministry of Health of the
Republic of Indonesia for healthy housing. Data were analysed descriptively using frequencies, and a chi-square test was
used to examine the association between students’ knowledge and TB prevention practices.

Ethical Considerations

This study received ethical approval from the Ethics Committee of the Faculty of Health Sciences, Jenderal Soedirman
University (Approval No. 154/EC/KEPK/V/2025). Written informed consent was obtained from all participants, and parental or
school consent was secured for participants younger than 18 years. All data were stored securely, and confidentiality was
maintained. Collaboration with the local primary health centre (Puskesmas), the District Health Office, and the Army Hospital
(RS DKT) was established to ensure biosafety throughout the study and the proper handling of TCM samples.

Data Availability Statement

The datasets generated and/or analyzed during the current study are not publicly available due to ethical considerations and
the need to protect participants' privacy and confidentiality. However, the data are available from the corresponding author
upon reasonable request, subject to applicable ethical and institutional requirements. Table 1. PCC Framework: Inclusion and
Exclusion Criteria
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Figure 2. Location of the study sites

RESULTS

Characteristics of Participants

A total of 1,916 students were screened using a questionnaire to ascertain their TB contact history and symptoms. Students
who met the symptom criterion, the contact-history criterion, or both were considered eligible and were asked to submit a
sputum sample for TB testing. Of the 1,916 students who completed the questionnaire, 439 (22.9%) were eligible and
underwent TCM testing.

Table 1. Characteristics of Students Undergoing TCM Examination in Banyumas Regency, Central Java, Indonesia

Variables Frequency

n %
Age
<15 years 163 371
215 years 276 62.8
Gender
Male 199 45.3
Female 240 54.7
Education
Elementary School 0 0
Junior High School 427 97.2
Senior High School 12 2.8
Total 439 100.0

As shown in Table 1, 276 students (62.8%) were aged =15 years and 163 (37.1%) were aged <15 years. The sample
comprised 199 male students (45.3%) and 240 female students (54.7%). Most students were in junior high school (427;
97.2%), while 12 (2.8%) were in senior high school; none were in elementary school.

Xpert MTB/RIF (TCM) Results

Xpert MTB/RIF testing was conducted after student screening based on reported symptoms and documented close contact
with individuals diagnosed with TB. The results are presented in Table 2.

jurnal.unismuhpalu.ac.id/index.php/mppki Page 1840



Media Publ. Promosi Kesehatan Indones. Dwi Sarwani Sri Rejeki et al.

Table 2. Xpert MTB/RIF Examination Results in Islamic Boarding Schools in Banyumas Regency, Central Java

TCM result n %
Positive 1 0.2
Negative 438 99.8
Total 439 100.0

Among the 439 students who underwent Xpert MTB/RIF testing, 438 (99.8%) had negative results and one (0.2%) had a
positive result. The positive case was a 13-year-old male who reported cough symptoms (Table 2).

Knowledge of Respondents Regarding TB Prevention
As shown in Table 3, 231 students (52.6%) had good knowledge and 208 (47.4%) had poor knowledge. These findings
indicate variation in students’ understanding of TB and identify areas for health education within boarding schools.

Table 3. Distribution of Students’ Knowledge of Tuberculosis in Islamic Boarding Schools in Banyumas Regency, Central
Java

Knowledge i} %

Poor 208 47.4
Good 231 52.6
Total 439 100.0

Table 4 summarises responses to the individual knowledge items, including knowledge of TB definitions, aetiology,
transmission, hygiene practices, and cough etiquette.

Table 4. Distribution of Knowledge-ltem Responses Among Students in Islamic Boarding Schools
Item / Statement Corr. n Corr. % Inc. n Inc. % Total n Total %

1. Tuberculosis is a disease that affects the 411 93.6 28 6.4 439 100.0
lungs as a result of bacterial infection

2. Tuberculosis is caused by Mycobacterium 415 94.5 24 5.5 439 100.0
tuberculosis

3. One of the symptoms experienced by 361 82.2 78 17.8 439 100.0
patients with tuberculosis is coughing up

blood

4. Night sweats are also a symptom of 373 85.0 66 15.0 439 100.0
tuberculosis

5. Transmission of tuberculosis infection can 393 89.5 46 10.5 439 100.0
occur through the sputum of infected

individuals

6. Tuberculosis is a hereditary disease passed 131 29.8 308 70.2 439 100.0
from parents to their children *

7. People who have had tuberculosis cannot 92 21.0 347 79.0 439 100.0

develop tuberculosis again after they recover
*

8. To prevent the transmission of 360 82.0 79 18.0 439 100.0
tuberculosis, individuals are advised to
receive BCG immunisation during early

childhood

9. Washing hands with running water and 426 97.0 13 3.0 439 100.0
soap is part of clean and healthy living

behaviour.

10. Covering the mouth and nose when 420 95.7 19 4.3 439 100.0

coughing or sneezing is one of the ways to
prevent the transmission of tuberculosis.

11. Tuberculosis treatment is carried out for 341 7.7 98 22.3 439 100.0
six consecutive months

12. To detect whether a person is infected 398 90.7 41 9.3 439 100.0
with tuberculosis, sputum examination is

performed

Table 4 uses “Correct” and “Incorrect” response categories. Items 6 and 7 are reverse-worded; for these two items, an
“Incorrect” response to the statement reflects correct TB knowledge. Most respondents correctly recognised that TB is not
hereditary (70.2%; item 6) and that reinfection can occur after recovery (79.0%; item 7). However, 29.8% believed that TB
could be inherited, 21.0% believed that reinfection was not possible, and 22.3% answered incorrectly regarding treatment
duration. These findings indicate areas that may benefit from targeted health education on prevention, early detection, and
treatment adherence.
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Sources of Information Among Respondents

Table 5 presents students’ reported sources of information about TB. Most students (93.2%) reported no previous TB
infection, and 88.6% had heard about TB. Information was obtained from healthcare professionals by 49.4% of students,
social media by 40.8%, lecturers or teachers by 36.7%, and colleagues by 5.7%.

Table 5. Distribution of Students’ Responses Regarding Sources of Information About Tuberculosis

Variable category n %
History of previous tuberculosis (TB) infection Yes 30 6.8
No 409 93.2
Ever heard about tuberculosis (TB) Yes 389 88.6
No 50 11.4
Received information about TB from healthcare professionals Yes 217 49.4
No 222 50.6
Received information about TB from social media Yes 179 40.8
No 260 59.2
Received information about TB from lecturers/teachers Yes 161 36.7
No 278 63.3
Received information about TB from colleagues Yes 25 5.7
No 414 94.3

Behaviour of Respondents Regarding TB Prevention
TB prevention behaviours were grouped into indirect and direct transmission-prevention behaviours. Table 6 presents the
distribution of these behaviours among students in Islamic boarding schools.

Table 6. Tuberculosis Prevention Behaviours Among Students in Islamic Boarding Schools
Variable Category (n) (%)

Behaviour Prevention of Indirect
Transmission

Airing bedding in the sun Always 108 24.6
Sometimes 280 63.8
Never 51 11.6
Handwashing practices Yes 389 88.6
No 50 11.4
Sleeping Sleeping on a mattress/bed 388 88.4
Sleeping on a mat 51 11.6

Direct Transmission Prevention Behaviour

Disposed of sputum Disposed of in the designated place 394 89.7
Disposed of indiscriminately 45 10.3
Mask use while coughing Always 69 15.7
Sometimes 157 35.8
Never 213 48.5
Covered mouth using a tissue/handkerchief Yes 163 371
No 276 62.9
Covered mouth using the elbow Yes 299 68.1
No 140 31.9

Table 6 shows gaps in several prevention behaviours. For indirect prevention, 11.6% of students never aired their bedding in
the sun and 11.4% did not report handwashing practices. For direct prevention, 10.3% disposed of sputum indiscriminately,
48.5% never wore a mask when coughing, 62.9% did not cover their mouth with a tissue or handkerchief, and 31.9% did not
cover their mouth with their elbow.

The association between students’ knowledge and their TB prevention behaviour was analysed using the chi-square test and
is presented in Table 7.
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Table 7. Association Between Knowledge and Tuberculosis Prevention Behaviour Among Students in Islamic Boarding
Schools

Knowledge Bad n (%) Good n (%) Total n (%) p-value OR 95% CI
Bad 97 (46.6) 111 (53.4) 208 (100) 0.023 1.55 1.063-2.285
Good 83 (35.9) 148 (64.1) 231 (100)

*No cells (0%) had an expected count of less than 5. The minimum expected count was 85.28.

As shown in Table 7, knowledge was significantly associated with prevention behaviour (Pearson chi-square test; x*(1) =
5.18; p = 0.023). Students with poor knowledge had higher odds of poor prevention behaviour than students with good
knowledge (OR = 1.55; 95% CI: 1.06-2.29). No cells had an expected count of less than 5, and the minimum expected count
was 85.28, satisfying the expected cell-count assumption for the Pearson chi-square test. This exploratory bivariate
association warrants further investigation; however, the cross-sectional design precludes causal conclusions about whether
improving knowledge would improve prevention behaviour.

Environmental Factors
Environmental conditions in the two Islamic boarding schools are presented in Table 8. Both schools failed to meet the
applicable standard for several environmental parameters.

Table 8. Environmental Conditions in the Islamic Boarding Schools

Environmental condition Boarding school “A” Boarding school “B” Standard
(Ministry of Health

regulation No. 2 of 2023)

Average residential density (m?person) 219 2.45 9m?
Average ventilation area (%) 13.33 ©) 8L 10%—-20%
Average humidity (%) 66.5 68.4 40%—-60%
Average room temperature (°C) 25.8 271 18-30
Average lighting (lux) 61.26 101.12 60 lux
Cleanliness Inadequate Unclean Clean

The physical environmental conditions were evaluated against benchmarks established by Indonesian Ministry of Health
Regulation No. 2 of 2023 (Table 8). Residential density in both institutions failed to meet the national threshold of 29 m? per
person. Mean relative humidity in both the modern (66.5%) and traditional (68.4%) schools exceeded the recommended
range of 40%—60%. Mean ventilation area met the benchmark of 10%—-20% in the modern school (13.33%) but fell below it
in the traditional school (9.93%). Mean room temperature in both schools remained within the acceptable range of 18-30°C.
Mean natural lighting intensity met the minimum standard of 260 lux in both settings (61.26 lux in the modern school and
101.12 lux in the traditional school). However, room-level minimum values fell below the threshold, reaching 36.00 lux and
18.30 lux, respectively. Rooms in both schools were categorised as unclean on the basis of dust accumulation and potential
contamination sources.

DISCUSSION

Xpert MTB/RIF (TCM) examination of 439 students selected on the basis of symptoms or contact history identified one positive
case (0.2%), indicating a low active-case yield in this screening round. Because this was a one-time, symptom/contact-based
screening without latent TB testing or longitudinal follow-up, transmission risk in these Islamic boarding schools remains
uncertain and cannot be inferred from this yield alone. Students nonetheless represent a vulnerable group for TB (17).
Adolescents may acquire TB through exposure to infectious individuals, including family or household contacts (27). Risk may
also be increased in high-burden communities and among individuals with factors that compromise immune function, including
substance use (28,29). Older children and adolescents may be more capable of transmitting TB because they can develop
adult-type pulmonary disease and produce infectious aerosols (30).

This study found high dormitory occupancy, with 22-28 students per room in one school, which may increase transmission
potential. A study in China showed that outbreaks can occur after prolonged periods of undetected index cases; therefore,
consistent surveillance and screening are important for prevention (19). In addition to active screening, vaccination is an
important component of TB prevention, particularly in children and adolescents (17). Cough was reported by the student with
the positive result. In an Indian active case-finding study among nomadic populations, 80% of presumptive TB cases reported
cough and 20% reported fever and significant weight loss (31).

In this study, students’ knowledge of tuberculosis was significantly associated with prevention behaviour in an unadjusted
bivariate analysis (p = 0.023). Given the cross-sectional design and the absence of adjustment for potential confounders such
as age, sex, and school-specific factors, this association should be interpreted as exploratory rather than causal and does
not establish that improving knowledge would lead to improved prevention behaviour. Adolescents may have limited
understanding of TB symptoms, risk factors, and modes of transmission. The CDC states that TB can spread through the air
when a person with active pulmonary or laryngeal TB coughs, speaks, or sings (32). Consequently, exposure to a person
with active TB in a shared indoor space can create transmission risk; household-contact studies have reported substantial
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transmission among close contacts (33—-36). Some students understood the definition of TB, aetiology and transmission, but
misconceptions about heredity and reinfection remained. These misconceptions could compromise prevention strategies in
Islamic boarding schools.

Research shows that students’ attitudes towards TB prevention are associated with their knowledge, while limited knowledge
may contribute to ineffective self-protection against TB (24,37,38). Other studies have also linked limited TB knowledge with
increased vulnerability. Differences in TB knowledge have been reported between female and male students, including
awareness of symptoms such as haemoptysis. These findings support enhanced health education programmes in Islamic
boarding schools, including structured counselling, community-based educational media, and health cadre training.

Such initiatives may address knowledge gaps, correct misconceptions, and strengthen students’ competencies in TB
prevention and control within Islamic boarding schools. Integrated TB/HIV services are also important for children and
populations at high risk of TB/HIV (39). These findings differ from those of a Chinese high-school study in which most students
demonstrated good knowledge and practices (82.09% and 83.25%, respectively). TB information may be obtained through
multiple media sources both within and outside school settings (22).

Students in Islamic boarding schools showed gaps between TB knowledge and preventive practices, particularly cough
etiquette and mask use. This discrepancy highlights the importance of translating knowledge into sustained preventive
behaviour. Previous studies have likewise linked suboptimal attitudes and personal-hygiene practices with vulnerability to TB
transmission (11,12).

Research shows that adolescents have poor cough etiquette and inconsistent mask use, which increases the potential for TB
transmission. Furthermore, the transmission of tuberculosis is exacerbated by the following factors: the presence of active
cases of the disease, the absence of adequate ventilation in the room, and the high residential density of the area (13,40).
Educational and regulatory approaches in Islamic boarding schools are important. Teachers and caregivers must set a good
example, community-based health regulations must be developed, and students must be empowered through health cadre
programmes. These efforts are expected to raise awareness and form sustainable preventive habits in TB prevention.

In this study, the symptom/contact-based screening algorithm combined with Xpert MTB/RIF testing identified one
bacteriologically positive case among the 439 students tested. As this study did not evaluate diagnostic accuracy against a
reference standard, this finding should be regarded as an observation of screening yield rather than evidence of the test’s
diagnostic performance. Xpert MTB/RIF’s sensitivity and utility for early TB detection in high-risk congregate settings have
been established in prior diagnostic accuracy studies. In the absence of intervention, there is a risk of transmission due to
prolonged exposure. The research conducted at the boarding school in Madura indicates that 30% of the 100 adolescent
students in attendance are infected with latent tuberculosis (41). Another study at a boarding schools has revealed that 46
active cases were identified among 258 students and 15 teachers, yielding an attack rate of 16.8% (42). These findings
illustrate the potential for transmission in congregate school settings. Identification of an active TB case requires appropriate
public-health follow-up, including contact investigation and assessment for TB preventive treatment where indicated. Xpert
MTB/RIF is useful for detecting TB in high-risk settings such as Islamic boarding schools; however, this study did not evaluate
diagnostic accuracy against an independent reference standard.

Environmental and behavioural conditions in Islamic boarding schools may increase TB transmission potential. In this study,
occupancy density, relative humidity, ventilation in one school, and cleanliness did not meet the applicable benchmarks,
although mean temperature and lighting met the specified standards. High occupancy has been identified as an important
environmental risk factor for TB transmission (7). Inadequate ventilation can increase the concentration and persistence of
infectious aerosols indoors. Studies have reported higher TB risk in dwellings with limited window area or poor ventilation
compared with better-ventilated housing (7,10,12,13). Relative humidity in both boarding schools (66.5%—-68.4%) exceeded
the recommended range of 40%—60%. Elevated humidity may contribute to conditions that favour persistence of infectious
aerosols (9).

Poor ventilation and high occupancy can increase the concentration of airborne infectious particles. In the present study, high
occupancy density, inadequate ventilation in one school, and elevated humidity may contribute to an environment with
increased TB transmission potential. These findings support consideration of structural and environmental interventions
consistent with infection-prevention principles (43). In correctional facilities, TB-control measures have included reducing
occupancy density and improving ventilation (15). Adequate indoor ventilation is an important component of TB outbreak
control (44).

TB transmission is influenced by both environmental conditions and preventive behaviours. Gaps in prevention practices may
compound risks associated with overcrowding, high humidity, and inadequate ventilation in boarding-school settings.

Epidemiological Implications

Conditions in Islamic boarding schools may create a microclimate that reduces the inactivation of Mycobacterium tuberculosis
by ultraviolet light. TB control strategies should distinguish between immediate measures, such as screening and mask
provision, and longer-term interventions, such as improving ventilation, reducing dormitory density, and optimising lighting.
TB control requires action by multiple stakeholders and cannot be delegated solely to students. Priority should be given to
prompt identification and referral of symptomatic students through routine active case finding. Source-control measures,
including immediate mask use and, where feasible, temporary isolation of symptomatic students pending evaluation, should
follow to limit transmission. Environmental controls, particularly improved dormitory ventilation and reduced occupancy
density, are essential to reduce the concentration of infectious droplet nuclei indoors. Appropriate respiratory protection for
staff and close contacts during high-risk interactions should complement these measures. General hygiene practices, such
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as handwashing and sanitiser provision, remain useful supplementary institutional measures but should not be regarded as
primary controls for airborne TB transmission.

Local primary health centres have an important role in providing clear referral pathways, facilitating contact tracing, and
offering guidance on case management. Parental involvement is also important. Institutions should prioritise prompt symptom-
based identification and referral, source control through mask use for symptomatic students, and structural improvements to
ventilation and occupancy density. A consistent supply of masks and, where relevant, respiratory protection for staff should
be ensured as a core measure, while hand sanitisers and general hygiene supplies should remain supplementary components
of TB control.

When implementing environmental improvements, infrastructure costs and institutional planning should be considered. Low-
cost measures should be prioritised before major renovations or ventilation upgrades.

To support a sustainable programme, schools and public-health authorities should establish practical, measurable indicators,
including the proportion of students screened, the proportion of symptomatic students successfully tested, the proportion
receiving TB education, and the frequency of environmental cleaning. Longer-term indicators should assess compliance with
ventilation and lighting standards and reductions in overcrowding. Monitoring these indicators may help administrators and
health authorities evaluate programme implementation and identify emerging risk clusters.

Study Limitations

This study has several limitations. First, the cross-sectional design and purposive selection of only two Islamic boarding
schools (pesantren) with known previous TB cases in Banyumas Regency may introduce selection bias and limit the
generalisability of the findings to schools without previous TB cases or to Indonesia more broadly. Second, reliance on self-
reported behavioural data may introduce social desirability bias and institutional pressure, potentially prompting students to
over-report desirable practices, such as handwashing, mask use, and cough etiquette, and under-report unfavourable
behaviours. Third, the absence of latent TB infection (LTBI) testing limits assessment of overall exposure history or recent
transmission dynamics; therefore, the low yield of active cases detected through Xpert MTB/RIF screening should be
interpreted cautiously. Fourth, the absence of adjusted effect estimates or multivariable analysis means that the knowledge—
behaviour association in Table 7 is an unadjusted bivariate estimate and could not account for potential confounders such as
age, sex, school-specific variables, previous exposure, or peer norms. Finally, transmission dynamics cannot be inferred
definitively from a single confirmed active TB case. The rifampicin-resistance result was not reported, so no inference
regarding rifampicin resistance can be made from this study report.

CONCLUSION

The study identified one active TB case among the students and documented gaps in preventive behaviours and suboptimal
environmental conditions that may increase the potential for TB transmission. Knowledge and preventive practices,
particularly cough etiquette and mask use, showed important gaps, while dormitory conditions included overcrowding,
inadequate ventilation in one school, high humidity, and inadequate cleanliness. Because the study included only two schools
and used a cross-sectional design, it cannot establish a causal relationship between knowledge and behaviour or between
environmental conditions and TB transmission.

The findings support continued prevention measures, surveillance, and environmental health improvements. TB prevention
programmes in boarding schools should include health education, active case finding, improved cough etiquette, and
appropriate mask use among symptomatic students. Environmental measures should focus on improving dormitory
ventilation, reducing occupancy density, and monitoring environmental conditions. In this study, targeted active case finding
identified one active TB case among 439 tested students, alongside behavioural gaps and suboptimal environmental
conditions in the two participating schools.

These findings indicate a need for continued screening, behavioural support, and environmental monitoring in boarding-school
settings. TB control programmes should prioritise prompt identification and referral of symptomatic students through routine
active case finding. Source-control measures, including immediate mask use and, where feasible, temporary isolation of
symptomatic students pending evaluation, should be used to limit transmission. Environmental controls, particularly improved
dormitory ventilation and reduced occupancy density, are important for reducing the concentration of infectious droplet nuclei
indoors. Appropriate respiratory protection for staff and close contacts during high-risk interactions should complement these
measures. General hygiene practices, such as handwashing and sanitiser provision, remain useful supplementary institutional
measures but should not be regarded as primary controls for airborne TB transmission. Further longitudinal and multisite
research is needed to assess the feasibility and effectiveness of routine active case finding in pesantren.
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