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ABSTRACT
	Aim: This study aimed to assess the prevalence rate and risk factors of tuberculosis (TB) among high-risk populations in Makurdi Local Government Area (LGA) of Benue State, Nigeria.
Study Design: A descriptive cross-sectional study design was adopted.
Place and Duration of Study: The study was conducted within five selected health facilities in Makurdi Local Government Area of Benue State, Nigeria, using questionnaire responses elicited from patient attending the selected health facilities within the LGA from January 2023 to June, 2026.
Methodology: Data were collected from 252 patients and analyzed to examine socio-demographic, environmental, behavioural, awareness, preventive, and HIV-related factors associated with TB infection. Both descriptive statistics and multivariable logistic regression analysis were employed to identify factors independently associated with TB.
Results: The overall prevalence rate of TB was found to be as high as 61.1%, indicating a substantial disease burden in the study area. Significant socio-demographic TB risk factors included age, sex, educational attainment, and monthly income, with males and individuals of lower socio-economic status being more affected. Environmental factors such as overcrowding, poor ventilation, inadequate lighting, and reliance on firewood or charcoal for cooking showed strong associations with TB infection. Behavioural risk factors including smoking, alcohol consumption, under-nutrition, and drug use significantly increased the likelihood of TB. Conversely, awareness and preventive measures demonstrated strong protective effects; knowledge that TB is infectious, consistent use of face masks, and receipt of TB health education were associated with lower infection rates. HIV infection emerged as a major biological risk factor, with HIV-positive individuals being almost twice as likely to develop TB. Multivariable logistic regression identified male sex, rural residence, low income, overcrowding, inadequate ventilation, smoking, HIV-positive status, and under-nutrition as independent predictors of TB infection.
Conclusion: The findings reveal that TB transmission in Makurdi LGA is driven by a complex interplay of socio-economic, environmental, behavioural, and biological factors. Integrated interventions focusing on improved housing conditions, poverty reduction, behaviour change, enhanced TB awareness, and strengthened TB-HIV collaborative services are recommended to reduce TB transmission and improve health outcomes among high-risk populations.
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1. INTRODUCTION 
1.1 Background of the Study
Tuberculosis (TB) is a contagious and potentially life-threatening infectious disease caused by Mycobacterium tuberculosis, primarily affecting the lungs but capable of spreading to other organs as extrapulmonary TB. Transmission occurs through inhalation of airborne droplets from individuals with active disease, while latent TB infections remain asymptomatic and non-infectious but may reactivate, particularly in immunocompromised individuals. Globally, TB remains a major public health challenge, with about one-quarter of the world’s population infected and millions developing active disease annually. The burden is highest in low- and middle-income countries, driven by factors such as HIV co-infection, malnutrition, smoking, diabetes, and weak health systems (WHO, 2025).
Nigeria ranks among the top high-burden TB countries worldwide, and Benue State has emerged as a significant hotspot. Recent reports indicate that the state contributes roughly 10% of Nigeria’s TB burden, with a substantial proportion of cases co-infected with HIV. The TB-HIV synergy is particularly alarming, as HIV-related immune suppression greatly increases the risk of progression from latent to active TB and worsens disease outcomes. Urban centres such as Makurdi record higher TB prevalence than rural areas, largely due to population density, overcrowded housing, poor ventilation, and increased exposure to behavioural risk factors. The emergence of rifampicin-resistant TB further complicates disease control, underscoring the need for effective surveillance and treatment strategies (Ejeh et al., 2021).
Beyond biological factors, socioeconomic and structural determinants play a critical role in sustaining TB transmission in Benue State. Poverty, malnutrition, limited awareness of TB risk factors, and inadequate health-seeking behaviour weaken individual and community resilience against the disease. Although Nigeria has implemented Directly Observed Treatment Short-course (DOTS) services, gaps persist due to insufficient funding, limited diagnostic capacity, and poor coordination among stakeholders. Low levels of public awareness particularly regarding TB risk factors such as HIV and diabetes also delay diagnosis and increase community transmission, especially among high-risk populations (Ejeh et al., 2021).
Against this backdrop, this study seeks to assess the prevalence of TB and identify its associated risk factors among high-risk populations in Makurdi Local Government Area of Benue State. Using appropriate statistical techniques, including descriptive analysis, chi-square tests, and binary logistic regression, the study examines socio-demographic, environmental, behavioural, and biological determinants of TB infection, as well as levels of awareness and preventive practices. By generating localized evidence, the study aims to fill existing knowledge gaps and provide actionable insights to guide targeted public health interventions, resource allocation, and policy formulation toward reducing TB burden and supporting Nigeria’s goal of ending TB as a public health threat by 2030. 
1.2	Research Questions
This study is designed to answer the following relevant research questions:
1. What is the prevalence rate of tuberculosis among high-risk populations in Makurdi LGA?
2. What socio-demographic factors are significantly associated with TB infection in the study population?
3. What environmental and behavioural factors contribute to the risk of TB among high-risk groups in Makurdi?
4. Is there a significant association between HIV status and tuberculosis infection in the study area?
5. What is the level of awareness and preventive practices related to TB among high-risk populationsin the study area?
1.3	Research Hypotheses
This study is designed to test the following relevant null and alternative research hypotheses. The null hypotheses (H₀) are stated as follows:
1. H₀₁: There is no significant relationship between socio-demographic factors and tuberculosis infection among high-risk populations in Makurdi LGA.
2. H₀₂: There is no significant association between environmental/behavioral risk factors (e.g., overcrowding, smoking) and TB infection.
3. H₀₃: HIV status is not significantly associated with tuberculosis infection among high-risk groups.
4. H₀₄: There is no significant relationship between the level of TB awareness and adoption of preventive practices.Bottom of Form
This study is significant for its contribution to understanding the epidemiology of tuberculosis (TB) among high-risk populations in Makurdi Local Government Area of Benue State, a region with persistently high TB prevalence. By generating localized evidence on TB burden and associated risk factors, the study provides valuable insights for health policymakers, programme managers, and implementing partners involved in TB control. The findings can inform targeted interventions such as improved case detection, focused screening of vulnerable groups, and better integration of TB and HIV services within primary healthcare systems. In addition, the study enriches the existing academic and public health literature by supplying empirical data that can support further research, policy formulation, and innovations aimed at reducing TB transmission and improving treatment outcomes, in line with national priorities and global targets such as the WHO End TB Strategy and the Sustainable Development Goals.
The scope of the study was limited to high-risk individuals attending selected health facilities in Makurdi LGA, using retrospective hospital records with complete relevant information on socio-demographic, environmental, behavioural, preventive, and HIV-related factors. As a facility-based, cross-sectional study relying on secondary data, it was constrained by the quality and completeness of medical records and lacked certain clinical details, such as comprehensive HIV treatment indicators. Consequently, the findings are primarily applicable to hospital-attending high-risk populations in Makurdi and may not be generalizable to the wider community or other settings, while causal inferences between risk factors and TB infection could not be established.
Several empirical evidence regarding the subject matter are well documented in the literature, for example, Ejeh et al. (2021) reported a moderate TB prevalence among HIV-positive patients in Benue State, with significantly higher rates in rural areas and among young adults. It highlighted rifampicin resistance and the presence of non-tuberculous mycobacteria, emphasizing the need for improved diagnostics and early TB-HIV integrated care. Danladi et al. (2024) revealed that bovine tuberculosis is endemic in Nigeria, showing seasonal peaks during the rainy season and higher prevalence in southern regions. It underscored major gaps in surveillance and reporting and recommended a One Health approach to control zoonotic transmission. Adhikari et al. (2022) found a 9.9% TB prevalence among people living with HIV in Nepal, with higher risk among males, marginalized ethnic groups, and those with advanced HIV disease. It emphasized the importance of integrated TB-HIV screening and targeted interventions for high-risk subgroups. 
Ogbeyi et al. (2020) reported a TB treatment success rate below national targets in a rural Benue health facility, with outcomes significantly influenced by HIV status and cotrimoxazole use. It recommended strengthening adherence support under the DOTS strategy. Muttamba et al. (2019) identified smoking, biosmoke exposure, male gender, and alcohol use as key risk factors for bacteriologically confirmed TB in Ugandan. It highlighted the importance of addressing lifestyle and environmental exposures in TB control programmes. Zhang et al. (2019) documented a high TB prevalence among elderly populations in China, with increased risk linked to male sex, undernutrition, diabetes, rural residence, and prior TB history. Active case finding among vulnerable elderly groups was recommended as a cost-effective control strategy.
Onyemocho et al. (2020) demonstrated that community-based TB interventions significantly improved case detection and treatment success compared to facility-based approaches. It highlighted community engagement as a critical pillar of the End TB strategy. Wang et al. (2018) used national survey in China and revealed a higher TB prevalence among healthcare workers than the general population, largely due to inadequate infection control measures. Strengthening ventilation and TB management practices was strongly recommended. Olatunji et al. (2023) found a high TB prevalence among presumptive patients in Kaduna, with strong associations with HIV infection, smoking, and prior TB contact. It supported routine use of GeneXpert for early TB and drug-resistance detection. Vange et al. (2019) reported a high TB prevalence and substantial rifampicin resistance in Makurdi, Benue State. It emphasized increased funding, molecular diagnostics, and vaccine research to strengthen TB control.
Odagboyi et al. (2024) revealed a high burden of aspergillosis among presumptive TB patients, with notable TB-Aspergillus co-infection. It stressed the need for routine fungal screening to avoid misdiagnosis and inappropriate TB treatment. Ogbo et al. (2018) used national burden estimates and found declining TB incidence and mortality in Nigeria but persistently high DALYs. Alcohol use, diabetes, and smoking were identified as leading modifiable risk factors. Nwalozie et al. (2024) found no significant association between TB infection and demographic factors in Rivers State but identified clinical symptoms and hepatitis co-infection as important correlates. It recommended symptom-focused screening strategies. Ameh et al. (2022) reported substantial bovine TB prevalence in Benue State, particularly in livestock-dense zones. It raised concerns about zoonotic transmission and called for strengthened veterinary surveillance.
Hajar et al. (2022) demonstrated that TB incidence in Indonesia was driven by socio-economic deprivation, poor housing, population density, and health infrastructure gaps. It emphasized multi-sectoral interventions to achieve TB elimination goals. Adane et al. (2020) found a high TB prevalence among adult household contacts in Ethiopia, with strong links to under-nutrition, poor ventilation, overcrowding, and raw milk consumption. It highlighted the importance of contact tracing and household-level interventions. Qi et al. (2025) in a meta-analysis study estimated a 6% pooled prevalence of TB-HIV co-infection, with smoking, low CD4 counts, and drug use as major risk factors. BCG vaccination was identified as protective. Mokhtar et al. (2023) identified high mortality among TB patients with drug resistance and comorbidities such as HIV, diabetes, and renal failure. It emphasized early detection and aggressive management of MDR/XDR-TB.
Alavi et al. (2015) showed that TB prevalence among prisoners was dramatically higher than in the general population, driven by close contact, injection drug use, and HIV infection. It highlighted prisons as critical TB transmission hotspots. Yu et al. (2024) found declining TB incidence among students in China but identified urban centers and higher educational institutions as hotspots. Socioeconomic inequality played a major role in shaping TB distribution. Haritebieke et al. (2025) conducted a long-term analysis that revealed high TB incidence in southern Xinjiang, driven mainly by low socioeconomic status, air pollution, and limited health resources. It emphasized region-specific TB control strategies. Diriba and Awulachew (2022) identified low income, poor education, smoking, khat use, HIV infection, and close TB contact as major TB risk factors, while BCG vaccination was protective. It reinforced the need for targeted screening and preventive interventions.
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2. material and methods 
2.1	Study Area
The study was conducted in Makurdi, the capital of Benue State, Nigeria, and the administrative headquarters of Makurdi Local Government Area, located in the North Central (Middle Belt) region. The city lies at approximately 7°44′N latitude and 8°30′E longitude, within the Benue Valley, at an elevation of about 104 meters above sea level, and covers an estimated land area of about 804-937 km². Makurdi LGA is bordered by Guma LGA (north), Gwer East LGA (south), Gwer West LGA (west), and Doma LGA of Nasarawa State (northwest). The River Benue divides the city into North Bank and South Bank, connected by major bridges, while the generally flat and low-lying terrain makes some areas prone to seasonal flooding. The city experiences a tropical humid climate with a wet season from March/April to October and a dry season from November to March, and average temperatures ranging between 23°C and 37°C. Due to its location along the river and railway corridor, Makurdi serves as an important transportation and agricultural hub, facilitating the movement of commodities such as yams, rice, and livestock, and contributing to Benue State’s reputation as Nigeria’s “Food Basket of the Nation.”
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Figure 1: Map of Makurdi Town Showing the Study Areas (Source: Benue State 
	Ministry for Lands and Survey, 2011)
2.2	Research Design
This study employed a descriptive cross-sectional survey design. The design was considered appropriate for assessing the prevalence and associated risk factors of tuberculosis among high-risk populations through the direct collection of information from patients using a structured questionnaire at the point of contact in selected healthcare facilities in Makurdi, Nigeria. The cross-sectional nature of the study enabled the researcher to obtain relevant demographic, clinical, and behavioural data from respondents within a defined period.
2.3	Population of the Study
The study population consisted of patients attending five selected healthcare facilities in Makurdi Local Government Area during the period of data collection. The selected facilities were Benue State University Teaching Hospital, Makurdi; Federal Medical Centre, Makurdi; General Hospital North Bank; Bishop Murray Medical Centre, Makurdi; and Madonna Hospital, Makurdi.
These hospitals were chosen due to their high patient patronage and their roles as referral centers for tuberculosis diagnosis and treatment within the region. The population included individuals identified as belonging to high-risk groups for tuberculosis, whether newly diagnosed, on treatment, or presenting with symptoms suggestive of TB and willing to participate in the study.
2.4	Sample and Sampling Techniques
A purposive sampling technique was adopted to recruit respondents who met the study inclusion criteria from the selected health facilities. Eligible participants included patients within the high-risk population for tuberculosis who were present at the facilities during the data collection period, provided informed consent, and were able to complete the questionnaire.
Patients who were critically ill, unwilling to participate, or unable to provide reliable responses were excluded from the study. The sampling approach ensured that respondents possessed relevant exposure or clinical characteristics necessary for assessing TB prevalence and associated risk factors.
2.5	Instrument for Data Collection
Data were collected using a structured questionnaire designed by the researcher in line with the study objectives. The questionnaire contained sections covering: socio-demographic characteristics (age, sex, residence, occupation, education, etc.), clinical information (history of tuberculosis diagnosis, treatment status, symptoms, and HIV status where disclosed) and behavioural and environmental risk factors (smoking history, alcohol use, overcrowded living conditions, contact with TB patients, and other relevant exposures). The instrument was developed in consultation with public health experts and clinicians to ensure clarity, relevance, and comprehensiveness of the variables measured.
2.6	Validity of the Instrument
Content validity of the questionnaire was established through expert review by tuberculosis control officers, epidemiologists, and clinicians, who assessed the adequacy, clarity, and relevance of the questionnaire items in addressing the study objectives. Necessary corrections and modifications were incorporated before final administration.
2.7	Reliability of the Instrument
To ensure reliability, the questionnaire was pre-tested among a small group of patients in a health facility outside the selected study sites. Feedback from the pilot testing was used to refine ambiguous items and improve internal consistency. The final instrument demonstrated acceptable reliability for data collection.
2.8	Procedure for Data Collection
Data collection was conducted through direct administration of the structured questionnaire to eligible patients in the selected healthcare facilities. The researcher, assisted by trained research assistants, explained the study purpose, obtained informed consent, and guided respondents in completing the questionnaire where necessary. Confidentiality and anonymity of participants were strictly maintained throughout the process. Data collection was completed within a two-week period across the five hospitals.
2.9	Method of Data Analysis  
Completed questionnaires were coded, entered, and cleaned using SPSS (Statistical Package for Social Science) version 25.0, and subsequently analyzed using the Python programming language. Descriptive statistics such as frequencies, percentages, means, and standard deviations were used to summarize respondents’ socio-demographic characteristics and estimate the prevalence of tuberculosis among the high-risk population.
To examine associations between tuberculosis status and categorical risk factors (e.g., age group, sex, HIV status, smoking, overcrowding), the Chi-square test of independence was applied, with statistical significance set at p < 0.05. Furthermore, binary logistic regression analysis was performed to identify independent predictors of tuberculosis occurrence. Tuberculosis status (positive/negative) served as the dependent variable (coded 1 = TB positive, 0 = TB negative), while socio-demographic and risk-related variables were included as independent predictors.
Adjusted odds ratios (AORs) with 95% confidence intervals (CIs) were computed to determine the strength and direction of associations while controlling for confounding variables. This multivariate analysis provided deeper understanding of the key risk factors influencing tuberculosis occurrence among high-risk populations in Makurdi.
2.9.1 Descriptive statistics
Descriptive statistics were used to summarize the socio-demographic characteristics of respondents, the occurrence of tuberculosis, and the livelihoods of the occurrence of the infection in the population. Let  denote the total number of respondents and  represent the observed value of a variable for the th respondent, where . The frequency of a categorical variable is given by

where  is an indicator function. The percentage is computed as:

Results were presented using tables showing frequencies and percentages.
2.9.2 Chi-Square test of association
The Pearson chi-square () test was employed to examine the association between explanatory variables (socio-demographic characteristics and risk factors) and the binary outcome variable, the occurrence or absence of TB infection. For a  contingency table, the chi-square statistic is defined as

where = observed frequency in cell (), ​ = expected frequency under the null hypothesis, computed as:

Degrees of freedom () were calculated as: . Statistical significance was assessed at  (Allison, 2012).
To quantify the strength of association, Cramér’s V is used:

where .
Interpretation:  implies weak association,  implies moderate association andimplies strong association.
2.9.3 Crude Odds Ratio (COR)
For each binary explanatory variable, the Crude Odds Ratio (COR) was computed from a  contingency table as follows:
	
	Outcome = Yes
	Outcome = No

	Exposure = Yes
	( a )
	( b )

	Exposure = No
	( c )
	( d )


The odds of outcome among exposed respondents is while the odds among unexposed respondents is  expressed respectively as:

Thus, the Crude Odds Ratio (COR) is computed as:

The 95% confidence interval (CI) for COR is given by

Variables with statistically significant chi-square results () were considered eligible for multivariate analysis.
2.9.4 Binary Logistic Regression Analysis
Binary logistic regression was used to determine the adjusted effects of significant predictors on the likelihood of the occurrence of TB. Let the binary dependent variable  be defined as:

Let  represent the set of explanatory variables retained from the chi-square analysis. The logistic regression model is specified as:

where  is the probability of the occurrence of TB,  is the intercept, () are regression coefficients. The model parameters were estimated using Maximum Likelihood Estimation (MLE). The Adjusted Odds Ratio (AOR) is obtained as:

If AOR>1, it implies the predictor increases the likelihood of TB infection; if AOR<1, it means the predictor decreases the likelihood of TB infection, and if AOR=1, it implies there is no effect (Allison, 2012). The 95% confidence interval for the AOR is computed as:

where  is the standard error of the coefficient ​. A 95% confidence interval (CI) for each odds ratio provides a range of plausible values:

A p-value < 0.05 indicates a significant predictor or if the CI does not include 1, the predictor is considered significant.
2.9.5 Model Diagnostic Checks
1. Wald Test
The Wald test is used to determine if each predictor significantly contributes to the model:

The Wald test checks the following pair of hypothesis: 
 (predictor has no effect) versus  (predictor has an effect). A p-value < 0.05 indicates that the predictor is statistically significant.
2. Hosmer–Lemeshow Goodness-of-Fit Test
This test evaluates the fit of the logistic regression model:

where G is the number of risk groups,  is the observed events in group ,  is the expected events in group ,  is the total observations in group . A p-value >0.05 indicates the model fits the data adequately (Hosmer et al., 2013).
3. −2 Log Likelihood (−2LL)
The −2 Log Likelihood is a measure of model fit in logistic regression, with smaller values indicating better fit. Differences in −2LL between nested models follow a chi-square distribution and are used to test the contribution of predictor variables (Magee, 1990). For a logistic regression model, the log-likelihood function is given by:

where the predicted probability  is defined as:

The −2 Log Likelihood is then defined as:

where  is the number of observations,  is the observed outcome for the th subject,  is the predicted probability of the event,  is the intercept,  are the regression coefficients and  are the predictor variables. For the constant-only (null) model where only the intercept  is included:


4. Pseudo-R2
Since logistic regression does not have a traditional R2, pseudo-R2 measures provide a sense of model explanatory power. Cox & Snell R² measures the proportional improvement in the likelihood of the fitted model over the null model but is bounded below 1 (Cox & Snell, 1989). Nagelkerke R² corrects this limitation by rescaling Cox & Snell R², thereby providing a pseudo R² measure that ranges from 0 to 1 and is easier to interpret (Nagelkerke, 1991). The Cox & Snell pseudo R² is defined as:

where  is the likelihood of the null (constant-only) model  is the likelihood of the fitted (full) model  is the sample size. Alternative expression using −2 Log Likelihood is given by Equation (21):

The key feature of Cox & Snell R² is that it does not reach 1, even for a perfect model (i.e.,).
The Nagelkerke R² is an adjusted version of Cox & Snell R² that scales it to the interval [0,1]:

The expanded form of Nagelkerke R² is given by Equation (23)

The key property of Nagelkerke R² is that it ranges between 0 and 1 (). Nagelkerke R² allows direct comparison with the traditional  used in linear regression (Nagelkerke, 1991).

3. results and discussion
3.1 Prevalence and Risk Factors of Tuberculosis in the Study Area
Table 1 presents the prevalence of tuberculosis among high-risk populations in Makurdi LGA based on laboratory-confirmed diagnosis. Out of the total 252 individuals examined in this study, 154 were confirmed positive for tuberculosis, while 98 tested negative.
Table 1: Prevalence of Tuberculosis among High-Risk Populations in Makurdi LGA
	TB Diagnosis Status
	Frequency (n)
	Percentage (%)

	Confirmed TB
	154
	61.1

	Not Confirmed TB
	98
	38.9

	Total
	252
	100.0


The results the prevalence of TB among high-risk populations in Makurdi LGA of Benue state reported in Table 1 show that 154(61.1%) of the respondents were confirmed to be positive for tuberculosis, while 98(38.9%) tested negative. This finding indicates a high prevalence of tuberculosis among the high-risk population in Makurdi LGA. The high burden of TB observed in this study indicates the persistent public health challenge posed by tuberculosis in the area. It suggests ongoing transmission, likely driven by factors such as overcrowding, poor ventilation, low socio-economic status, inadequate nutrition, and co-morbid conditions such as HIV. This result highlights the urgent need for strengthened TB control measures, early case detection, and improved access to effective treatment services within the study population.
Table 2 presents the distribution of tuberculosis infection according to selected socio-demographic characteristics of the respondents, including age group, sex, educational level, and monthly income. The table compares the proportions of individuals who were confirmed to be TB positive with those who were not confirmed, across the different socio-demographic categories.
Table 2: Socio-Demographic Risk Factors of Tuberculosis (n = 252)
	Variable
	Category
	Confirmed TB n (%)
	Not Confirmed TB n (%)
	Total

	Age Group (years)
	< 30
	34 (22.1)
	41 (41.8)
	75

	
	30–49
	68 (44.2)
	36 (36.7)
	104

	
	≥ 50
	52 (33.7)
	21 (21.4)
	73

	Sex
	Male
	102 (66.2)
	51 (52.0)
	153

	
	Female
	52 (33.8)
	47 (48.0)
	99

	Educational Level
	None
	41 (26.6)
	17 (17.3)
	58

	
	Primary
	39 (25.3)
	29 (29.6)
	68

	
	Secondary
	49 (31.8)
	36 (36.7)
	85

	
	Tertiary
	25 (16.2)
	16 (16.4)
	41

	Monthly Income
	<₦50,000
	79 (51.3)
	34 (34.7)
	113

	
	₦50,000–₦100,000
	49 (31.8)
	39 (39.8)
	88

	
	>₦100,000
	26 (16.9)
	25 (25.5)
	51


The results of socio-demographic risk factors of tuberculosis reported in Table 2 show that tuberculosis was most prevalent among respondents aged 30-49 years, with 68(44.2%) of confirmed cases falling within this age group, followed by those aged 50 years and above with 52(33.7%), while the least proportion of confirmed cases occurred among those aged below 30 years 34(22.1%). This suggests that individuals in the economically active and older age groups bear a higher burden of TB, possibly due to prolonged exposure to risk environments and occupational hazards.
With respect to sex, males accounted for a higher proportion of confirmed TB cases 102(66.2%) compared to females 52(33.8%). This finding suggests that men are more affected by tuberculosis than women in the study area, which may be linked to greater exposure to high-risk conditions such as outdoor occupations, smoking, alcohol consumption, and delayed health-seeking behaviour.
In terms of educational level, respondents with secondary education recorded the highest proportion of confirmed TB cases 49(31.8%), followed closely by those with no formal education 41(26.6%) and primary education 39(25.3%), while those with tertiary education had the lowest proportion 25(16.2%). This trend indicates that lower levels of education may be associated with higher TB burden, possibly due to limited awareness of preventive measures and delayed presentation to health facilities.
Regarding monthly income, the highest proportion of confirmed TB cases was observed among respondents earning less than ₦50,000 per month 79(51.3%), while those earning ₦50,000-₦100,000 accounted for 49(31.8%), and the least proportion was among those earning above ₦100,000 26(16.9%). This pattern suggests that tuberculosis is more prevalent among individuals of lower socio-economic status, likely due to poor living conditions, overcrowding, under-nutrition, and limited access to quality healthcare.
Table 3 presents the distribution of tuberculosis infection according to selected environmental risk factors, including overcrowding, ventilation condition, lighting status, and type of cooking fuel used by the respondents. The table compares the proportion of confirmed TB cases with those not confirmed across these environmental conditions.
Table 3: Environmental Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed TB n (%)
	Not Confirmed TB n (%)
	Total

	Overcrowding
	Yes
	94 (61.0)
	26 (26.5)
	120

	
	No
	60 (39.0)
	72 (73.5)
	132

	Ventilation
	Adequate
	48 (31.2)
	63 (64.3)
	111

	
	Inadequate
	106 (68.8)
	35 (35.7)
	141

	Lighting Status
	Good
	61 (39.6)
	70 (71.4)
	131

	
	Poor
	93 (60.4)
	28 (28.6)
	121

	Cooking Fuel
	Firewood
	68 (44.2)
	24 (24.5)
	92

	
	Charcoal
	43 (27.9)
	29 (29.6)
	72

	
	Gas/Electricity
	43 (27.9)
	45 (45.9)
	88



The results of environmental risk factors of tuberculosis reported in Table 3 indicate that overcrowding was common among confirmed TB cases, as 94(61.0%) of individuals who tested positive for TB lived in overcrowded houses, compared to 26(26.5%) among those not confirmed. Conversely, a larger proportion of non-confirmed cases lived in non-overcrowded environments 72(73.5%), suggesting that overcrowding may play an important role in facilitating TB transmission through close and prolonged contact.
With respect to ventilation, a higher proportion of confirmed TB cases were found in houses with inadequate ventilation 106(68.8%), compared to those with adequate ventilation 48(31.2%). In contrast, most of the non-confirmed cases lived in adequately ventilated houses 63(64.3%). This finding highlights poor ventilation as a major environmental condition that favours the airborne transmission of tuberculosis.
Regarding lighting status, respondents living in houses with poor lighting accounted for 93(60.4%) of confirmed TB cases, while only 61(39.6%) of confirmed cases resided in well-lit houses. On the other hand, the majority of non-confirmed cases lived in houses with good lighting 70(71.4%), suggesting an association between poor housing conditions and the risk of TB infection.
Concerning cooking fuel, the use of firewood recorded the highest proportion of confirmed TB cases 68(44.2%), followed by charcoal 43(27.9%) and gas/electricity 43(27.9%). Among the non-confirmed cases, the highest proportion used gas or electricity 45(45.9%), while fewer relied on firewood. This pattern suggests that exposure to smoke from biomass fuels such as firewood and charcoal may increase vulnerability to respiratory infections, including tuberculosis. Overall, these findings emphasize the critical role of poor housing conditions, indoor air pollution, and inadequate ventilation in the transmission and burden of tuberculosis in the study area.

Table 4 presents the distribution of tuberculosis infection according to selected behavioural risk factors, including smoking history, alcohol consumption, frequency of meals per day, and drug use. The table compares the proportions of respondents who were confirmed to have TB with those who were not, across these behavioural practices.
Table 4: Behavioural Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed TB n (%)
	Not Confirmed TB n (%)
	Total

	Smoking History
	Yes
	72 (46.8)
	18 (18.4)
	90

	
	No
	82 (53.2)
	80 (81.6)
	162

	Alcohol Consumption
	Yes
	69 (44.8)
	27 (27.6)
	96

	
	No
	85 (55.2)
	71 (72.4)
	156

	Meals per Day
	<3 Meals
	77 (50.0)
	19 (19.4)
	96

	
	≥3 Meals
	77 (50.0)
	79 (80.6)
	156

	Drug Use
	Yes
	48 (31.2)
	12 (12.2)
	60

	
	No
	106 (68.8)
	86 (87.8)
	192


The results of behavioural risk factors of tuberculosis reported in Table 4 indicate that smoking was more common among confirmed TB cases, as 72(46.8%) of those who tested positive had a history of smoking, compared to only 18(18.4%) among the non-confirmed cases. In contrast, a much higher proportion of respondents who were not confirmed for TB were non-smokers 80(81.6%), suggesting that smoking may increase susceptibility to tuberculosis by impairing lung defense mechanisms. Similarly, alcohol consumption was more prevalent among confirmed TB cases, with 69(44.8%) of TB-positive respondents reporting alcohol use, compared to 27(27.6%) among those who tested negative. This suggests that alcohol consumption may contribute to increased vulnerability to TB through its effects on immunity and general health status.
With regard to nutritional status as indicated by meals per day, exactly half of the confirmed TB cases 77(50.0%) reported taking less than three meals per day, whereas only 19(19.4%) of the non-confirmed cases fell into this category. Conversely, a large proportion of those without TB 79(80.6%) reported having three or more meals per day, indicating that poor nutritional intake may be an important contributing factor to TB infection. Concerning drug use, 48(31.2%) of confirmed TB cases reported the use of drugs, compared to only 12(12.2%) among those not confirmed. On the other hand, the majority of respondents without TB 86(87.8%) reported no drug use. This finding suggests that drug use may increase the risk of TB infection, possibly through weakened immunity and engagement in high-risk behaviors. Overall, these results highlight the significant role of behavioural practices in determining vulnerability to tuberculosis among the study population.

Table 5 presents the distribution of tuberculosis infection according to HIV status among the study participants. The table was constructed to examine whether there is a significant association between HIV infection and tuberculosis among high-risk populations in Makurdi LGA. 
Table 5: HIV Status vs Tuberculosis Infection
	HIV Status
	Confirmed TB n (%)
	Not Confirmed TB n (%)
	Total

	Positive
	22 (73.3)
	8 (26.7)
	30

	Negative/Unknown
	132 (59.5)
	90 (40.5)
	222

	Total
	154
	98
	252


The results of HIV status and TB infection reported in Table 5 indicate that a higher proportion of HIV-positive participants 22(73.3%) were confirmed to have TB compared to those who were HIV-negative or with unknown status 132(59.5%). This suggests a possible association between HIV infection and increased susceptibility to tuberculosis.
Table 6 presents the distribution of tuberculosis infection according to selected awareness and preventive practice factors, including awareness that TB is infectious, use of face mask in crowded places, and receipt of TB health education. The table compares the proportions of confirmed TB cases with those not confirmed across these preventive indicators.
Table 6: Awareness and Preventive Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed TB n (%)
	Not Confirmed TB n (%)
	Total

	Aware TB is Infectious
	Yes
	74 (48.1)
	81 (82.7)
	155

	
	No
	80 (51.9)
	17 (17.3)
	97

	Use of Face Mask
	Always
	19 (12.3)
	41 (41.8)
	60

	
	Sometimes
	43 (27.9)
	37 (37.8)
	80

	
	Never
	92 (59.8)
	20 (20.4)
	112

	Received TB Health Education
	Yes
	46 (29.9)
	73 (74.5)
	119

	
	No
	108 (70.1)
	25 (25.5)
	133


The results of awareness and preventive risk factors of tuberculosis reported in Table 6 show that awareness of the infectious nature of TB was lower among confirmed cases, as only 74(48.1%) of those who tested positive were aware that TB is infectious, compared with a much higher proportion among those not confirmed 81(82.7%). Conversely, a higher proportion of confirmed TB cases 80(51.9%) were not aware that TB is infectious, indicating that poor awareness may predispose individuals to risky behaviours that facilitate transmission.
Regarding the use of face masks, the majority of confirmed TB cases 92(59.8%) reported never using a face mask, whereas only 19(12.3%) reported using a mask always. In contrast, among the non-confirmed cases, a larger proportion reported always using face masks 41(41.8%), while only 20(20.4%) reported never using them. This pattern suggests that consistent use of face masks may play a protective role against TB infection, especially in crowded environments.
Concerning receipt of TB health education, only 46(29.9%) of confirmed TB cases had received TB-related health education, compared to a much higher proportion 73(74.5%) among those not confirmed. On the other hand, a substantial proportion of TB-positive individuals 108(70.1%) reported not having received any form of TB health education. This finding emphasizes the critical role of health education in improving awareness, promoting preventive practices, and ultimately reducing the risk of tuberculosis transmission in the study population.

3.2 Testing of Hypotheses
This section presents the results of statistical tests conducted to evaluate the research hypotheses formulated for the study. The hypotheses were tested using appropriate inferential statistical methods, including chi-square tests for independence and binary logistic regression analysis, to determine the strength and significance of associations between selected risk factors and tuberculosis infection. The results are interpreted at a 5% level of significance, providing evidence to either accept or reject the null hypotheses. This approach ensures a systematic assessment of the relationships between socio-demographic, environmental, behavioural, awareness, preventive, and biological factors and the risk of tuberculosis among high-risk populations in Makurdi Local Government Area.
Table 7 presents the results of the chi-square analysis examining the relationship between selected socio-demographic characteristics (age, sex, educational level, and monthly income) and tuberculosis (TB) infection status among high-risk populations in Makurdi Local Government Area. This analysis was conducted to test the null hypothesis stated as:
H₀₁: There is no significant relationship between socio-demographic factors and tuberculosis infection among high-risk populations in Makurdi LGA.
The chi-square (χ²) test was applied at a 5% level of significance to determine whether observed differences in TB infection across socio-demographic categories were statistically significant.
Table 7: Chi-Square Test Result for Socio-Demographic Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed 
	Not Confirmed 
	Total
	χ²
	COR(95% CI)
	p-value

	Age Group (years)
	< 30
	34 
	41 
	75
	6.88
	0.39(0.23-0.66)
	0.032

	
	30–49
	68 
	36 
	104
	
	
	

	
	≥ 50
	52 
	21 
	73
	
	
	

	Sex
	Male
	102 
	51 
	153
	7.24
	1.81(1.12-2.94)
	0.007

	
	Female
	52 
	47 
	99
	
	
	

	Educational Level
	None
	41
	17
	58
	12.11
	1.22(0.74-2.01) 
	0.007

	
	Primary
	39
	29
	68
	
	
	

	
	Secondary
	49
	36
	85
	
	
	

	
	Tertiary
	25
	16
	41
	
	
	

	Monthly Income
	<₦50,000
	79
	34
	113
	9.82
	1.98(1.18-3.32) 
	0.007

	
	₦50,000–100,000
	49
	39
	88
	
	
	

	
	>₦100,000
	26
	25
	51
	
	
	


The null hypothesis (H₀₁) stated that there is no significant relationship between socio-demographic factors and tuberculosis infection among high-risk populations in Makurdi LGA. The results in Table 7 reject this null hypothesis, as all the socio-demographic variables examined were significantly associated with TB infection (p < 0.05).
Age group showed a significant protective effect for younger participants (<30 years) (χ² = 6.88, COR = 0.39, 95% CI: 0.23–0.66, p = 0.032), indicating that older individuals were at higher risk of TB. Sex was significantly associated with TB infection (χ² = 7.24, COR = 1.81, 95% CI: 1.12–2.94, p = 0.007), with males being approximately 1.8 times more likely to contract TB than females. Educational level showed a significant relationship (χ² = 12.11, COR = 1.22, 95% CI: 0.74–2.01, p = 0.007), suggesting that participants with lower education had higher odds of infection. Monthly income was also significant (χ² = 9.82, COR = 1.98, 95% CI: 1.18–3.32, p = 0.007), indicating that individuals earning less than ₦50,000 per month were about twice as likely to be infected with TB compared to higher-income earners.
Since all the socio-demographic variables examined recorded p-values less than 0.05, the null hypothesis (H₀₁) is rejected. This means that there is a statistically significant relationship between socio-demographic factors and tuberculosis infection among high-risk populations in Makurdi LGA. These findings confirm that age, sex, educational level, and income play critical roles in determining vulnerability to tuberculosis in the study area.

Tables 8 and 9 present the results of the chi-square analyses examining the association between environmental and behavioural risk factors and tuberculosis (TB) infection among high-risk populations in Makurdi Local Government Area. This analysis was conducted to test the second null hypothesis stated as:
H₀₂: There is no significant association between environmental and behavioural risk factors (e.g., overcrowding, smoking) and TB infection.
The environmental factors assessed include overcrowding, ventilation, lighting status, and cooking fuel type, while the behavioural factors include smoking history, alcohol consumption, meals per day, and drug use. The chi-square (χ²) test was conducted at a 5% level of significance.
Table 8: Chi-Square Test Result for Environmental Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed
	Not Confirmed
	χ²
	COR(95% CI)
	p-value

	Overcrowding
	Yes
	94
	26
	18.66
	4.34(2.52-7.48)
	<0.001

	
	No
	60
	72
	
	
	

	Ventilation
	Adequate
	48
	63
	22.41
	3.97(2.33-6.77) 
	<0.001

	
	Inadequate
	106
	35
	
	
	

	Lighting Status
	Good
	61
	70
	26.88
	3.18(2.24-6.48)
	<0.001

	
	Poor
	93
	28
	
	
	

	Cooking Fuel
	Firewood
	68
	24
	13.29
	2.19(1.26-3.80)
	0.004

	
	Charcoal
	43
	29
	
	
	

	
	Gas/Electricity
	43
	45
	
	
	



Table 9: Chi-Square Test Result for Behavioural Risk Factors of Tuberculosis
	Variable
	Category
	Confirmed
	Not Confirmed
	χ²
	COR(95% CI)
	p-value

	Smoking History
	Yes
	72
	18
	21.44
	3.90(2.14-7.11)
	<0.001

	
	No
	82
	80
	
	
	

	Alcohol Consumption
	Yes
	69
	27
	14.36
	2.14(1.24-3.71)
	<0.001

	
	No
	85
	71
	
	
	

	Meals per 
Day
	<3 Meals
	77
	19
	24.67
	4.16(2.36-7.34)
	<0.001

	
	≥3 Meals
	77
	79
	
	
	

	Drug Use
	Yes
	48
	12
	10.91
	3.25(1.60-6.59)
	0.001

	
	No
	106
	86
	
	
	



The null hypothesis (H₀₂) stated that there is no significant association between environmental and behavioural risk factors and tuberculosis infection. The results in Tables 8 and 9 reject this null hypothesis, as all examined environmental and behavioural variables were significantly associated with TB infection (p < 0.05).
Overcrowding significantly increased the risk of TB (χ² = 18.66, COR = 4.34, 95% CI: 2.52–7.48), indicating that individuals living in overcrowded households were over 4 times more likely to be infected. Inadequate ventilation (χ² = 22.41, COR = 3.97, 95% CI: 2.33–6.77) and poor lighting (χ² = 26.88, COR = 3.18, 95% CI: 2.24–6.48) were also strongly associated with TB, reflecting the role of poor housing conditions in facilitating airborne transmission. Use of biomass fuels such as firewood and charcoal for cooking significantly increased TB risk (χ² = 13.29, COR = 2.19, 95% CI: 1.26–3.80), highlighting indoor air pollution as a contributor to infection.
Smoking history was strongly associated with TB (χ² = 21.44, COR = 3.90, 95% CI: 2.14–7.11), indicating that smokers were almost 4 times more likely to develop TB than non-smokers. Alcohol consumption increased TB risk (χ² = 14.36, COR = 2.14, 95% CI: 1.24–3.71), showing that alcohol use may compromise immunity. Under-nutrition, measured as consuming fewer than three meals per day, was also a significant predictor (χ² = 24.67, COR = 4.16, 95% CI: 2.36–7.34). Drug use increased susceptibility to TB (χ² = 10.91, COR = 3.25, 95% CI: 1.60–6.59), further confirming behavioural risk factors as important determinants.
Since all the environmental and behavioural risk factors examined recorded p-values less than 0.05, the null hypothesis (H₀₂) is rejected. This implies that: there is a statistically significant association between environmental and behavioural risk factors and tuberculosis infection among high-risk populations in Makurdi LGA. These findings confirm that poor housing conditions, use of biomass fuel, smoking, alcohol consumption, poor nutrition, and drug use play critical roles in increasing the risk of tuberculosis infection in the study area.

Table 10 presents the results of the chi-square analysis examining the association between HIV status and tuberculosis infection among high-risk populations in Makurdi Local Government Area. This analysis was conducted to test the hypothesis:
H₀₃: HIV status is not significantly associated with tuberculosis infection among high-risk groups.
The chi-square (χ²) test was applied at a 5% significance level to determine whether HIV infection influences the likelihood of contracting TB.
Table 10: HIV Status vs Tuberculosis Infection  Test Result
	HIV Status
	Confirmed TB
	Not Confirmed TB
	χ²
	COR(95% CI)
	p-value

	Positive
	22
	8
	15.42
	1.88(0.84-4.17)
	<0.001

	Negative/Unknown
	132
	90
	
	
	



The null hypothesis (H₀₃) stated that HIV status is not significantly associated with tuberculosis infection among high-risk groups. The results in Table 10 reject this null hypothesis, as the association between HIV status and TB infection was statistically significant (χ² = 15.42, p < 0.001). HIV-positive individuals had a higher likelihood of being infected with TB compared to those who were HIV-negative or of unknown status, with a crude odds ratio (COR) of 1.88 (95% CI: 0.84–4.17). This indicates that HIV-positive participants were approximately 1.9 times more likely to develop TB, reflecting the immunosuppressive effect of HIV that predisposes individuals to opportunistic infections such as tuberculosis.
Table 11 presents the chi-square analysis of the relationship between tuberculosis (TB) awareness and the adoption of preventive practices among high-risk populations in Makurdi Local Government Area. This analysis was carried out to test the fourth null hypothesis stated as:
H₀₄: There is no significant relationship between the level of TB awareness and adoption of preventive practices.
The awareness and preventive variables examined include awareness that TB is infectious, use of face masks in crowded areas, and receipt of TB health education. The chi-square (χ²) test was applied at a 5% level of significance to determine whether the observed relationships were statistically significant.
Table 11: Chi-Square Test Results for Awareness and Preventive Risk Factors of 
	   Tuberculosis
	Variable
	Category
	Confirmed
	Not Confirmed
	χ²
	COR(95% CI)
	p-value

	Aware TB is Infectious
	Yes
	74
	81
	31.64
	0.19(0.11-0.34)
	<0.001

	
	No
	80
	17
	
	
	

	Mask Use in Crowded Areas
	Always
	19
	41
	27.39
	0.17(0.09-0.32)
	<0.001

	
	Sometimes
	43
	37
	
	
	

	
	Never
	92
	20
	
	
	

	Received TB Health Education
	Yes
	46
	73
	28.51
	0.15(0.08-0.28)
	<0.001

	
	No
	108
	25
	
	
	


The null hypothesis (H₀₄) stated that there is no significant relationship between the level of TB awareness and adoption of preventive practices. The results in Table 11 strongly reject this null hypothesis, as all examined variables showed highly significant associations with TB infection (p < 0.001). Awareness that TB is infectious was significantly protective against TB infection (χ² = 31.64, COR = 0.19, 95% CI: 0.11–0.34), indicating that individuals who were aware of TB’s infectious nature were approximately 81% less likely to contract TB compared to those who were unaware. Consistent mask use in crowded areas also significantly reduced TB risk (χ² = 27.39, COR = 0.17, 95% CI: 0.09–0.32), with regular mask users being 83% less likely to be infected than those who never used masks. Receipt of TB health education demonstrated a strong protective effect (χ² = 28.51, COR = 0.15, 95% CI: 0.08–0.28), suggesting that educated individuals were 85% less likely to acquire TB compared to those without health education.
Since all the variables recorded p-values less than 0.05, the null hypothesis (H₀₄) is rejected. This implies that: there is a statistically significant relationship between the level of TB awareness and the adoption of preventive practices among high-risk populations in Makurdi LGA. These findings strongly emphasize the importance of continuous TB health education, improved public awareness, and strict adherence to preventive practices such as mask use as effective strategies for reducing tuberculosis transmission in the study area.

Table 12 presents the results of the binary logistic regression analysis conducted to identify the independent predictors of tuberculosis (TB) infection among high-risk populations in Makurdi Local Government Area. The model estimates the Adjusted Odds Ratios (AOR) with corresponding 95% Confidence Intervals (CI) after controlling for potential confounders. The predictor variables included in the model were sex, place of residence, income level, overcrowding, ventilation status, smoking status, HIV status, and frequency of meals per day. Statistical significance was assessed at a 5% level of significance using the Wald test.

Table 12: Logistic Regression – Adjusted Odds Ratios (AOR) for TB Infection
	Predictor Variable
	B
	S.E
	Wald
	p-value
	AOR
	95% CI

	Male Sex
	1.1632
	0.3022
	14.8156
	<0.0001
	3.2002
	1.792–5.734

	Rural Residence
	1.4791
	0.3753
	15.5324
	<0.0001
	4.3889
	2.115–9.151

	Low Income
	0.7320
	0.2891
	6.4110
	0.0112
	2.0792
	1.182–3.667

	Overcrowding
	2.1106
	0.4490
	22.0963
	<0.0001
	8.2532
	3.415–19.894

	Inadequate Ventilation
	1.9192
	0.4119
	21.7099
	<0.0001
	6.8155
	3.034–15.338

	Smoking
	1.6293
	0.3691
	19.4856
	<0.0001
	5.1003
	2.471–10.545

	HIV Positive
	2.4505
	0.7292
	11.2932
	0.0001
	11.5941
	2.842–47.209

	<3 Meals per Day
	1.7922
	0.3893
	21.1936
	<0.0001
	6.0026
	2.781–12.967


The results of regression analysis reported in Table 12 indicate that all the variables included in the model were statistically significant independent predictors of TB infection, as their p-values were less than 0.05. Sex was a significant predictor of TB infection (B = 1.1632, p < 0.0001). Males were found to be about 3.20 times more likely to be infected with TB compared to females (AOR = 3.2002; 95% CI: 1.792–5.734). This suggests that male gender independently increases the risk of TB infection, possibly due to higher exposure to occupational and behavioural risk factors.
Place of residence also showed a strong association with TB infection. Respondents residing in rural areas were about 4.39 times more likely to develop TB compared to those residing in urban areas (AOR = 4.3889; 95% CI: 2.115–9.151; p < 0.0001). This may reflect limited access to healthcare services, poor housing conditions, and delayed diagnosis in rural settings. Low monthly income was a statistically significant predictor (B = 0.7320, p = 0.0112). Individuals with low income were about 2.08 times more likely to have TB than those with higher income (AOR = 2.0792; 95% CI: 1.182–3.667). This confirms the strong link between poverty and tuberculosis.
Overcrowding emerged as one of the strongest predictors of TB infection (B = 2.1106, p < 0.0001). Individuals living in overcrowded households were 8.25 times more likely to be infected with TB than those not living in overcrowded conditions (AOR = 8.2532; 95% CI: 3.415–19.894). This underscores the critical role of close contact in TB transmission. Similarly, inadequate ventilation was a highly significant predictor (B = 1.9192, p < 0.0001). Respondents living in poorly ventilated houses were about 6.82 times more likely to develop TB compared to those with adequate ventilation (AOR = 6.8155; 95% CI: 3.034–15.338). This further confirms the importance of environmental conditions in TB transmission.
Smoking was also independently associated with TB infection (B = 1.6293, p < 0.0001). Smokers were 5.10 times more likely to be infected with TB compared to non-smokers (AOR = 5.1003; 95% CI: 2.471–10.545). This reflects the damaging effect of smoking on lung immunity and susceptibility to respiratory infections. HIV-positive status showed the strongest association with TB infection (B = 2.4505, p = 0.0001). Individuals living with HIV were 11.59 times more likely to have TB compared to HIV-negative individuals (AOR = 11.5941; 95% CI: 2.842–47.209). This confirms HIV as a major biological risk factor for TB due to profound immune suppression.
Finally, poor nutrition, measured by consumption of less than three meals per day, was a significant predictor (B = 1.7922, p < 0.0001). Respondents with inadequate food intake were 6.00 times more likely to be infected with TB compared to those consuming three or more meals per day (AOR = 6.0026; 95% CI: 2.781–12.967). This highlights the role of malnutrition in compromising immunity and increasing TB risk.
Overall, the logistic regression model demonstrates that male sex, rural residence, low income, overcrowding, poor ventilation, smoking, HIV infection, and inadequate nutrition are strong independent predictors of tuberculosis infection among high-risk populations in Makurdi LGA. These findings strongly emphasize the need for integrated TB control strategies that address socio-economic, environmental, behavioural, and biological risk factors simultaneously.
4. Conclusion
This study revealed that tuberculosis remains a major public health problem among high-risk populations in Makurdi LGA, with a high prevalence of 61.1%, indicating an urgent need for strengthened control efforts. TB infection was significantly influenced by socio-demographic factors such as age, sex, education, and income, with higher risk observed among males, older individuals, and those with low educational and economic status. Environmental conditions including overcrowding, poor ventilation, inadequate lighting, and the use of biomass fuels significantly increased TB transmission. Behavioural factors such as smoking, alcohol use, under-nutrition, and drug use also heightened susceptibility to TB. In addition, poor awareness and weak preventive practices, including lack of TB knowledge, inconsistent mask use, and absence of health education, were strongly associated with increased infection. HIV infection emerged as a major biological risk factor, confirming the strong link between TB and immunosuppression. Overall, the findings demonstrate that TB in Makurdi LGA is driven by a complex interaction of social, environmental, behavioural, awareness, and biological factors, underscoring the need for integrated, multi-sectoral interventions that combine medical treatment, public health education, improved living conditions, and TB-HIV integrated services.
Based on the empirical findings of this study, the following recommendations are hereby presented:
1. Implement routine and targeted TB screening programmes, particularly for high-risk groups such as males, older individuals, and those with low socio-economic status, to facilitate early diagnosis and prompt treatment.
2. Promote housing policies that reduce overcrowding, improve ventilation, and enhance lighting in residential environments to limit the spread of TB.
3. Initiate community-based programmes to reduce smoking, alcohol consumption, and drug use, and promote adequate nutrition to strengthen immunity against TB infection.
4. Conduct continuous health education campaigns to improve public knowledge of TB transmission, symptoms, and preventive measures, emphasizing the importance of mask use in crowded areas.
5. Establish integrated TB-HIV screening and treatment programmes, given the strong association between HIV infection and TB, to ensure timely management of co-infected individuals.
6. Implement patient support systems, including adherence counseling, follow-up visits, and community treatment supporters, to reduce treatment default and improve completion rates.
7. Encourage government and stakeholders to allocate resources for TB control, including the provision of first-line anti-TB drugs, diagnostic facilities, and capacity building for healthcare workers to improve TB management and outcomes.
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