


Prevalence of Pulmonary Tuberculosis Among Presumptive Cases in North-Central Nigeria: a Multi-Facility Based Cross-Sectional Study 
Abstract
Background: Tuberculosis (TB) remains a major public health problem in Nigeria despite expanded diagnostic coverage. Understanding the epidemiological distribution of TB and associated factors is essential for strengthening control strategies. Generating region-specific, facility-based prevalence data is critical for guiding targeted interventions and optimising resource allocation in high-burden settings. This study aims to determine the prevalence of pulmonary tuberculosis among presumptive cases in North-central Nigeria.
Methods: A facility-based cross-sectional study was conducted among 411 individuals assessed for tuberculosis using Xpert MTB testing. Sociodemographic and clinical characteristics were analysed in relation to TB test outcomes. Associations were determined using the chi-square test, with statistical significance set at p < 0.05.
Results: Of the 411 participants assessed, 104 (25.3%) were Xpert-positive, 306 (74.5%) were negative, and 1 (0.2%) had an indeterminate result. Age, gender, educational level, and BCG vaccination status were not significantly associated with TB positivity (p > 0.05). However, a previous history of tuberculosis was significantly associated with current TB positivity (χ² = 9.90, p = 0.007). These findings highlight the contribution of recurrent and previously treated cases to the ongoing TB burden in the region.
Conclusion: The prevalence of tuberculosis is high among the study participants. While most demographic factors and BCG vaccination showed no significant association with TB positivity, a previous history of tuberculosis was a strong predictor of current disease. The study uniquely highlights high rates of recurrence, retreatment, and treatment failure in North-Central Nigeria, with many positive cases occurring among previously treated individuals, driven largely by relapse and treatment default. These findings provide context-specific evidence to inform surveillance strengthening, early case detection strategies, and improved treatment monitoring in high-burden settings.
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Introduction
Tuberculosis (TB) is an infectious disease caused by bacteria (Mycobacterium tuberculosis) that most commonly affects the lungs. It is transmitted through the air when individuals with active TB cough, sneeze, or spit. Tuberculosis is both preventable and curable. Although about a quarter of the global population is estimated to be infected with TB bacteria, most infected individuals do not feel sick and are not contagious [1-5].
Globally, TB remains a major public health problem affecting all countries and age groups. In 2024, an estimated 10.7 million people developed TB worldwide, including 5.8 million men, 3.7 million women, and 1.2 million children. In the same year, TB caused approximately 1.23 million deaths, including 150,000 among people living with HIV. Tuberculosis remains the leading cause of death from a single infectious agent and is among the top ten causes of death globally. It was also the leading cause of mortality among people with HIV and a major contributor to deaths related to antimicrobial resistance [1-5].
Nigeria is among the highest TB-burden countries globally and contributes substantially to the disease burden in sub-Saharan Africa [5,6]. The National Tuberculosis, Leprosy and Buruli Ulcer Control Programme (NTBLCP) has implemented several strategies, including the scale-up of molecular diagnostics and decentralised TB services, to improve case detection and treatment outcomes [8]. Nevertheless, a significant proportion of TB cases remain undiagnosed or are detected late, sustaining community transmission.
The introduction of the GeneXpert MTB/RIF assay has improved bacteriological confirmation of TB by providing rapid and sensitive detection of Mycobacterium tuberculosis, with simultaneous identification of rifampicin resistance [5]. Despite this advancement, studies across Nigeria continue to report high proportions of Xpert-positive cases among individuals presenting with presumptive TB symptoms [8–12]. These findings suggest ongoing transmission and highlight gaps in the early detection of cases.
In this context, generating region-specific epidemiological data is critical for strengthening tuberculosis control efforts. Although national estimates provide an overview of disease burden, subnational data remain essential for identifying localised transmission patterns, optimising resource allocation, and tailoring intervention strategies [4]. By providing facility-based prevalence data from North Central Nigeria, this study contributes important context-specific evidence to the scientific community. The findings enhance understanding of TB burden within healthcare settings, identify associated sociodemographic and clinical factors, and support evidence-based planning aimed at improving case detection and treatment outcomes in high-burden environments.
Despite the availability of effective preventive and curative measures, tuberculosis continues to cause substantial morbidity and mortality worldwide. The persistent high burden of disease, particularly among vulnerable populations, underscores the need for ongoing surveillance and research. Therefore, this study aimed to determine the prevalence of tuberculosis using Xpert MTB testing and to assess the association between selected sociodemographic and clinical factors—age, sex, educational level, BCG vaccination status, and previous TB history—and TB positivity in the study population.
Methods
Study Design
A facility-based cross-sectional study was conducted between April and August 2025. The study involved the systematic assessment of individuals presenting to selected healthcare facilities during the study period. Data were collected at a single point in time to determine the prevalence of tuberculosis and its association with selected sociodemographic and clinical factors among presumptive TB cases. This design was appropriate for estimating the proportion of Xpert-confirmed TB cases within the healthcare-seeking population. However, as a facility-based study, the findings are limited to individuals who accessed healthcare services and may not fully represent undiagnosed or untreated TB cases within the wider community.
Study Area
The study was carried out in North-Central Nigeria, specifically in three states: Benue, Nasarawa, and Plateau. Selected facilities included Benue State University Teaching Hospital and PHC Wadata in Makurdi, Benue State; PHC Pada and PHC Marmara in Nasarawa Local Government Area of Nasarawa State; and PHC Tudun Wada and PHC Dogo Agogo in Jos North Local Government Area of Plateau State. These facilities were selected because they provide tuberculosis diagnostic and treatment services (DOTS centres) and serve diverse populations, making them suitable for assessing TB burden in the region. The study population comprised individuals presenting with symptoms suggestive of pulmonary tuberculosis at these facilities during the study period.

Study population
The study population comprised children and adults who presented with symptoms suggestive of pulmonary tuberculosis at the selected health facilities during the study period. Individuals currently on treatment or with ongoing bacteriologically confirmed TB and those who were unable to provide informed consent were excluded, while individuals with a history of TB who presented again with presumptive symptoms were eligible for inclusion.  
Sample size and sampling technique 
The sample size was determined using the single population proportion formula, applying a tuberculosis prevalence of 40.4% as reported by Olatunji et al. (2023), a margin of error of 5% (d = 0.05), and a 95% confidence level (Z = 1.96). This yielded an initial minimum sample size of 370 participants. To account for possible non-response, an additional 10% was added, resulting in a final sample size of 411.
A multistage sampling approach was employed to select study participants. In the first stage, states within the study area were selected. In the second stage, selected Local Government Areas were chosen from each state. The third stage involved the selection of health facilities within the chosen LGAs, while in the final stage, eligible participants were consecutively recruited from the selected facilities until the required sample size was attained.
Data Collection and Laboratory Processing 
Socio-demographic characteristics of study participants and clinical features were collected using a structured questionnaire, and relevant data were collected from each study participant by trained health professionals. Those patients identified with signs and symptoms of pulmonary tuberculosis were asked to bring a single sputum sample for the diagnosis of TB using Xpert MTB/RIF. Briefly, the sputum sample is mixed with the GeneXpert sample reagent and loaded into a cartridge that is inserted into the GeneXpert machine, where automated real-time PCR simultaneously detects Mycobacterium tuberculosis and rifampicin resistance.
Data Analysis
A descriptive statistic was used to analyse the data on SPSS version 23. Frequency tables were created for categorical variables. The Chi-Square Test of Independence was performed to determine if there is a significant association between socio-demographics and the test results.
Results 
Socio-demographic of Study Participants 
A total of 411 individuals with presumptive pulmonary tuberculosis attending selected healthcare facilities in North-Central Nigeria were enrolled in the study. Table 1 shows the ages of the participants ranged from 11 to 76 years, with a median age of 31 years (interquartile range: 22.0–41.0). The majority of participants belonged to the 21–40-year age group, accounting for 229 (55.7%), while the smallest proportion was observed among those aged 61–81 years, 26 (6.3%). The highest number of positive cases occurred among participants aged 21–40 years, with 53 (12.9%) cases, whereas the lowest number was recorded in the 61–81-year age group, with 9 (2.2%) cases. However, age was not significantly associated with TB positivity (p = 0.291).
Overall, 104 participants (25.3%) tested positive for M. tuberculosis, comprising 51 males (12.4%) and 53 females (12.9%), as shown in Table 2. There was no statistically significant association between sex and TB positivity (p = 0.495). 
In Table 3, regarding educational level, participants with tertiary education constituted the largest proportion of those enrolled, accounting for 251 (61.1%) individuals. Nevertheless, educational level was not significantly associated with Xpert MTB test outcome (p = 0.767).
A statistically significant association was observed between previous history of tuberculosis and current TB positivity (χ² = 9.90, p = 0.007), as presented in Table 4. Participants with a prior diagnosis of TB were more likely to test positive compared with those without a history of the disease. 
Analysis of BCG vaccination status showed no significant association with TB positivity (χ² = 4.66, p = 0.324). TB cases were observed across vaccinated, unvaccinated, and uncertain vaccination groups, as summarised in Table 5.

Figure 1: Prevalence of Tuberculosis among Study Respondents (n=411)

Table 1: Sputum GeneXpert Results in Relation to Age
	[bookmark: _Hlk217759988]Age (year)
	Frequency n (%)
	Xpert Negative n (%) 
	Xpert Positive n (%)
	Xpert Indeterminate n (%)

	0 - 20 
	74(18.0)
	43(58.1)
	16(21.6)
	0(0.0)

	21 - 40 
	229(55.7)
	172(75.1)
	57(24.9)
	0(0.0)

	41 - 60 
	82(19.9)
	62(75.6)
	19(23.2)
	1(1.2)

	61 - 80 
	26(6.3)
	17(65.4)
	9(34.6)
	0(0.0)

	Total
	411(100)
	294(71.5)
	101(24.6)
	1(0.2)


χ² = 9.643   P = 0.291 




Table 2: Sputum GeneXpert Results in Relation to Gender
	Gender
	Frequency n (%)
	Xpert Negative n (%)
	Xpert Positive n (%)
	Xpert Indeterminate n (%)

	Male
	193(47.0)
	141(73.1)
	51(26.4)
	1(0.5)

	Female
	218(53.0)
	165(75.7)
	53(24.3)
	0(0.0)

	Total
	411(100)
	306(74.5)
	104(25.3)
	1(0.2)


χ² = 1.405    P = 0.495 
Table 3: Sputum GeneXpert Results in Relation to Educational Level
	Educational Level
	Frequency n (%)
	Xpert Negative n (%)
	Xpert Positive n (%)
	Xpert Indeterminate n (%)

	No Formal
	100(24.3)
	80(80.0)
	20(20.0)
	0(0.0)

	Primary
	15(3.6)
	11(73.3)
	4(26.7)
	0(0.0)

	Secondary
	45(10.9)
	35(77.8)
	10(22.2)
	0(0.0)

	Tertiary
	251(61.1)
	180(71.7)
	70(27.9)
	1(0.4)

	Total
	411(100)
	306(74.5)
	104(25.3)
	1(0.2)


χ² = 3.327    P = 0.767 
Table 4: Sputum GeneXpert Results in Relation to Previously Diagnosed with TB
	Previously Diagnosed with TB
	Frequency n (%)
	Xpert Negative n (%)
	Xpert Positive n (%)
	Xpert Indeterminate n (%)

	Yes
	38(9.2)
	27(71.1)
	10(26.3)
	1(2.6)

	No
	373(90.8)
	279(74.8)
	94(25.2)
	0(0.0)

	Total
	411(100)
	306(74.5)
	104(25.3)
	1(0.2)


χ² = 9.90   P-value = 0.007




Table 5: Sputum GeneXpert Results in Relation to Vaccination with BCG
	Vaccinated with BCG
	Frequency n (%)
	Xpert Negative n (%)
	Xpert Positive n (%)
	Xpert Indeterminate n (%)

	Yes
	175(42.6)
	126(72.0)
	49(28.0)
	0(0.0)

	No
	71(17.3)
	50(70.4)
	21(29.6)
	0(0.0)

	Unsure
	165(40.1)
	130(78.8)
	34(20.6)
	1(0.6)

	Total
	411(100)
	306(74.5)
	104(25.3)
	1(0.2)


χ² = 4.66   P-value = 0.324
Discussion
This study demonstrated a tuberculosis prevalence of 25.3% among individuals evaluated using Xpert MTB, indicating a substantial disease burden. This prevalence is comparable to reports from multiple regions in Nigeria, including Enugu, Nasarawa, Bayelsa, Bauchi, Rivers, and Benue States, where similar proportions of bacteriologically confirmed TB have been reported [8–10,14–16]. These findings confirm the persistent and widespread transmission of TB across diverse geographical settings in the country.
The observed prevalence also aligns with reports from studies among high-risk populations, particularly people living with HIV, where TB prevalence remains high [11,17,20,23,25]. Although the present study was not restricted to HIV-infected individuals, the similarity in prevalence underscores the endemic nature of tuberculosis in Nigeria. The very low proportion of indeterminate Xpert results further reflects acceptable specimen quality and diagnostic performance, consistent with prior reports [21].
Age distribution showed that TB cases were more frequent among young and middle-aged adults; however, age was not statistically associated with TB positivity. This finding aligns with previous Nigerian studies reporting no independent association between age and bacteriologically confirmed TB after statistical adjustment [9,22]. High community transmission, combined with similar exposure risks across age groups, may explain the absence of significant age-related differences. Additionally, smaller sample sizes in older age categories may limit the detection of statistical associations.
Gender was also not significantly associated with TB positivity. While global surveillance data often indicate a male predominance in TB burden, several Nigerian facility-based studies have demonstrated comparable detection rates between males and females when access to diagnostics is similar [8,9,11]. This suggests that equitable access to diagnostic services may reduce observed gender disparities. Improved health-seeking behaviour and community-based screening initiatives may also contribute to narrowing sex differences in TB detection.
Educational level showed no significant association with TB positivity. This finding supports earlier reports indicating that education alone does not independently predict bacteriologically confirmed TB in high-burden environments [8,9,11]. Although education influences health awareness, the intensity of community transmission may override its protective effects. Exposure risks and healthcare access often cut across educational categories in endemic settings.
A key finding of this study is the significant association between previous tuberculosis diagnosis and current TB positivity. Individuals with prior TB were more likely to test positive, suggesting relapse, reinfection, or persistent disease. Similar findings have been widely reported in Nigeria, where retreatment cases constitute a notable proportion of TB notifications [8–10,16,18]. Studies focusing on drug-resistant TB have further shown that prior treatment is a major risk factor for subsequent disease, including rifampicin resistance [13,19]. This association highlights gaps in treatment completion, post-treatment follow-up, and reinfection prevention. However, this study did not collect specific data on treatment completion status, relapse confirmation, or documented treatment default. Therefore, while prior TB history was significantly associated with current positivity, the underlying cause of recurrence (e.g., relapse, reinfection, or treatment interruption) cannot be conclusively determined from the present data. Interpretation of this association should thus remain within the limits of the variables measured.
BCG vaccination status was not significantly associated with TB positivity. This aligns with existing evidence that BCG offers protection mainly against severe childhood TB rather than adult pulmonary disease. Several Nigerian studies have reported similar findings, showing no significant association between BCG status and GeneXpert-confirmed TB [8–10, 16, 26]. Waning immunity over time and reliance on self-reported vaccination history may contribute to this observation. Consequently, vaccination history should not influence decisions regarding TB diagnostic testing.
Conclusion
Tuberculosis remains highly prevalent among individuals undergoing diagnostic evaluation, with approximately one-quarter testing positive by Xpert MTB. While age, gender, educational level, and BCG vaccination status were not significantly associated with TB positivity, a previous history of tuberculosis emerged as a strong predictor of current disease. Although a considerable proportion of positive cases occurred among previously treated individuals, this study did not directly assess treatment adherence, relapse confirmation, or default status. Therefore, conclusions regarding treatment failure or relapse as primary drivers cannot be definitively established from the present data and should be interpreted cautiously. The study highlights that a significant number of positive cases are previously treated individuals and identifies relapse and defaulting as key drivers of unsuccessful outcomes.


Recommendations
1. To the National Tuberculosis, Leprosy and Buruli Ulcer Control Programme (NTBLCP) and State TB Control Units:
Strengthen post-treatment follow-up systems by implementing structured monitoring schedules for previously treated TB patients to enable early detection of relapse or reinfection.
2. To TB Programme Managers, DOTS Coordinators, and Healthcare Providers:
Enhance adherence support mechanisms by expanding directly observed therapy (DOT), patient counselling services, reminder systems, and community-based treatment support to minimise treatment interruption and reduce recurrence.
3. To State Ministries of Health and Local Government Health Authorities:
Expand routine TB screening and surveillance activities in high-burden communities through active case finding, community outreach programs, and strengthened contact tracing initiatives.
4. To National and State Reference Laboratories and TB Diagnostic Centres:
Integrate continuous drug-resistance monitoring, particularly through GeneXpert and other molecular diagnostic tools, for all previously treated TB patients to facilitate early detection and appropriate management of drug-resistant TB.
5. To Community Health Departments, Public Health Educators, and Civil Society Organizations:
Intensify community awareness campaigns focused on early symptom recognition, timely healthcare seeking, and treatment adherence to reduce ongoing transmission and improve treatment outcomes.
Limitations of the Study
The study only includes participants who visited the selected health facilities (presumptive cases), which excluded individuals with TB who did not seek care due to lack of money, distance, stigma, or reliance on traditional healers. Furthermore, because the study was conducted in DOTS centres and involved only individuals presenting with symptoms suggestive of pulmonary tuberculosis, the reported prevalence reflects a facility-based prevalence among presumptive cases rather than community prevalence. This recruitment strategy may introduce selection bias, as symptomatic individuals attending specialised TB diagnostic centres are more likely to test positive. Therefore, the findings should not be generalised to the wider community without caution. While individuals who did not seek care were not captured, potentially missing undiagnosed community cases, the concentration of symptomatic participants in TB-focused facilities may also result in prevalence estimates that differ from true population-level rates.
Ethical consideration and Consent
[bookmark: _GoBack]Ethical approval for this study was obtained from the relevant Health Research Ethics Committees, including the Plateau State Ministry of Health (MOH/MIS/202/VOL 1/XX), Nasarawa State Ministry of Health (18/06/2017), and the Benue State Ministry of Health and Human Services (MOH/STA/204/1/085/2025). The study was conducted in accordance with the principles of the Declaration of Helsinki and applicable national ethical guidelines. Participation was entirely voluntary, and written informed consent was obtained from all adult participants, while parental consent and child assent were obtained for minors. Confidentiality was maintained using unique identification codes, and all data were securely stored and used solely for research purposes. Participants were informed of their right to withdraw from the study at any time without any consequences to their access to healthcare services. Individuals diagnosed with tuberculosis were appropriately referred for treatment in line with national treatment guidelines.
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