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Bacillus Calmette-Guérin Vaccination Trends and Pediatric Tuberculosis Prevalence in Children Aged 0–5 Years at the Buea Regional Hospital, Cameroon: A Five-Year Retrospective Study (2020–2024)



Abstract
Background: Tuberculosis (TB) remains a significant cause of illness and death in children globally, with sub-Saharan African countries like Cameroon carrying a disproportionate share of the burden. Despite the inclusion of the Bacillus Calmette-Guérin (BCG) vaccine in the national immunization program, the persistence of pediatric TB in the Buea Health District raises concerns about immunization coverage and its relationship with disease burden. 
Aims: This study assessed the trends in BCG vaccination rates and TB prevalence in children aged 0–5 years at the Buea Regional Hospital from 2020 to 2024.
Method: It was a hospital-based retrospective study carried out from March to June 2025, which involved the exhustive extraction of data from TB and vaccination registers of 0-5 years old children, maintained at the Buea Regional Hospital. The data was analyzed using frequency distributions and line graph in SPSS version 21.
Result: The study reported 6,174 children aged 0–5 years, of whom 5,686 (92.2%) received BCG vaccination. A total of 172 suspected cases of pediatric TB were recorded, with 42 confirmed diagnoses of TB. TB prevalence rose gradually from 0% in 2020 to 0.23% in 2021 and dropped to 0.76% in 2022, with a peak of 1.04% in 2023, followed by a declined to 0.16% in 2024. BCG vaccination coverage dropped progressively from 99.53% coverage in 2020 to 78.92% coverage in 2021 and 50.12% coverage in 2022 but increased to 98.92% coverage in 2023 and later dropped to 77.15% in 2024. 
Conclusion: These findings highlight the multi-factorial nature of pediatric TB and the need to strengthen both immunization programs and surveillance systems in high-burden settings.
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Introduction
Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis, a bacterium spread through the air via droplets from coughs and sneezes of infected individuals [1]. The disease primarily affects the lungs but can also involve the brain, intestines, liver, kidneys, and spine. In pulmonary TB, common symptoms include persistent cough, chest pain, haemoptysis, weakness, weight loss, fever, and night sweats [2,3]. Despite the availability of effective prevention and treatment strategies, TB remains one of the leading infectious disease killers worldwide. The World Health Organization (WHO) estimates that approximately 1.12 million children develop TB annually, contributing to roughly 200,000 deaths per year [4]. In 2023, TB was reported as the leading cause of death from a single infectious disease globally, accounting for approximately 1.25 million deaths [5]. Children, particularly those under five years of age, are disproportionately affected and face heightened risk because of immature immune systems and their inability to produce sufficient sputum for microbiological testing, making diagnosis challenging [6].

Globally, children under 15 years of age account for 11% of all TB cases, with nearly 50% of these occurring in children below five years of age [6]. Sub-Saharan Africa contributes unevenly to the global pediatric TB burden, with Cameroon being among the 30 highest TB burden countries worldwide [2]. In Cameroon, the occurrence of TB is estimated to be 164 cases per 100,000 people, with a notable burden among young children [7]. Pediatric TB remains frequently underdiagnosed and under-reported in this region owing to limited healthcare access, delayed diagnosis, centralized treatment at higher-level facilities, and insufficient awareness among caregivers and healthcare workers [8]. The BCG vaccine remains the only licensed vaccine against TB and is the cornerstone of pediatric TB prevention worldwide. Although BCG vaccines are administered to over 100 million children each year, the vaccine's efficacy varies and is subject to ongoing debate, particularly regarding its protective effect in older children and its duration of protection [9]. BCG is especially effective at preventing severe disseminated forms of TB in young children, such as TB meningitis and miliary TB [10]. Nevertheless, its ability to prevent pulmonary TB infection decreases with age, and it does not reliably protect against reactivation of latent TB [11]. In the Buea Health District, located in the South West Region of Cameroon, the Buea Regional Hospital serves as the sole TB Diagnostic and Treatment Centre. Despite the inclusion of BCG vaccination in the national immunization program, pediatric TB continues to represent a public health challenge. This study therefore aimed to assess BCG vaccination trends and pediatric TB prevalence over five years (2020–2024). Understanding these dynamics is critical for informing evidence-based public health strategies aimed at reducing the burden of childhood TB in this and similar high-burden settings.
Materials and Methods
Study design and setting
This was a hospital-based retrospective study conducted at the TB Diagnostic and Treatment Unit and Vaccination Unit of the Buea Regional Hospital, Buea Health District, South West Region, Cameroon from March 2025 to June 2025. The Buea Regional Hospital is a secondary-level referral hospital established in 1995 and is the only TB Diagnostic and Treatment Centre in the district, which comprises seven health areas and 26 health facilities. Data were collected over a five-year period spanning January 2020 to December 2024.
Study population and sampling
The study targeted all children aged 0–5 years who visited the Buea Regional Hospital TB Diagnostic and Treatment Centre between 2020 and 2024. Exhaustive sampling was used, focusing on health records of children in this age group, as they represent the primary target for BCG vaccination and are at the highest risk of developing severe forms of TB. The exact sample size was determined by the total volume of available records satisfying the inclusion criteria;     children aged 0–5 years who received BCG vaccine at the Buea Regional Hospital within the study period and Children aged 0–5 years who were diagnosed with or screened for TB within the study period. Children aged 0–5 years with incomplete or absent vaccination or TB records were excluded from the study.
Data collection
Data were extracted from existing medical records, vaccination registers, and TB registry databases maintained by the Buea Regional Hospital. Key variables included the age and sex of each child, BCG vaccination status, date and method of TB diagnosis, type of TB (pulmonary or extrapulmonary), clinical manifestations, HIV status, and treatment outcomes. The bata were extracted using a structured extraction sheet, and each record was assigned a unique study code (e.g., BRH-2020-001) to protect participant’s identity.
Data analysis
The extracted data were initially entered into Microsoft Excel and subsequently exported to IBM SPSS version 27 for statistical analysis. Annual BCG vaccination coverage and TB prevalence were computed. Figures were generated to illustrate trends over the study period.
Ethical considerations
Ethical clearance was obtained from the Regional Ethics Committee for Human Health Research, South West Region (CRESH), Cameroon ref. No474/CRERSH/SW/C/05/2025. Administrative authorization was obtained from the South West Regional Delegation of Public Health and the Buea Regional Hospital. As this was a purely retrospective study based on existing medical records, no direct patient interaction occurred and no informed consent was required. All records were anonymized, and data were stored on a password-protected device accessible only to authorized research personnel. 
Results
Sociodemographic characteristics of TB cases
A total of 172 children aged 0–5 years with suspected sign and symptoms for TB were registered at the TB unit during the study period. Of these, 93 (54.1%) were male and 79 (45.9%) were female (Table 1). The age distribution revealed that TB consultations were concentrated in the first year of life; 0–6-month age group accounted for the largest proportion (50 children; 29.1%), followed by the 6–12-month group (46; 26.7%), collectively representing 55.8% of all recorded cases. Geographic data were missing for the majority (111; 64.5%) of records. Among those with available location data, Muea was the most frequently cited community (11; 6.4%), followed by Sandpit (7; 4.1%).





Table 1. Sociodemographic characteristics of children (0–5 years) at the Buea Regional Hospital TB Unit (2020–2024); N = 172
	Variable
	Options
	Frequency
	Percentage (%)

	Sex
	Male (M)
	93
	54.1

	
	Female (F)
	79
	45.9


	Age (months)
	0–6
	50
	29.1

	
	6–12
	46
	26.7

	
	12–18
	10
	5.8

	
	18–24
	14
	8.1

	
	24–30
	2
	1.2

	
	30–36
	15
	8.7

	
	42–48
	13
	7.6

	
	54–60

	22
	12.8


	Location
	Not Mentioned
	111
	64.5

	
	Bonduma
	3
	1.7

	
	Muea
	11
	6.4

	
	Great Soppo
	5
	2.9

	
	Buea Town
	5
	2.9

	
	Bomaka
	4
	2.3

	
	Sandpit
	7
	4.1

	

HIV status

	Others

Negative
Positive
	26

169
3
	15.1

98.3
1.7




Trend in pediatric TB prevalence (2020–2024)
Base on clinical manifestations, cough was the main sign that all the 172 children (100%) suspected for TB infection exhibited, fever was reported in 118 (68.6%), and night sweats in 17 (9.9%). Of the 172 children tested for TB, 42 cases were confirmed to be positive. No TB examination results were recorded in 2020 Fig 1. From 2021 to 2023, TB prevalence increased progressively from 0.23% to 0.76% and peaked at 1.04% respectively, before declining sharply to 0.16% in 2024. Thus the best fit line shows there is a general increase in the prevalence of pediatric TB.  highest number of confirmed TB cases was recorded in 2023, where 24 of 25 tested children (96%) tested positive.  





Fig 1. Number of pediatric TB Cases in the Buea Regional Hospital from 2020-2024

Treatment outcomes
Of the 42 children for whom treatment outcome data were available, 59.5% (n = 25) had a successful outcome, comprising 6 who were cured (14.3%) and 19 who completed treatment (45.2%) Table 2. The remaining 40.5% (n = 17) had an unsuccessful outcome, with the majority accounted for by those who defaulted (13; 31%), followed by those transferred out (2; 4.7%), those who died (1; 2.4%), and those lost to follow-up (1; 2.4%).

Table 2. Treatment outcomes of children with tuberculosis in the Buea Health District (2020–2024); N = 44
	Outcome Category
	Outcome
	n
	%

	Successful
	Cured
	6
	14.3

	
	Completed
	19
	45.2

	
	Subtotal
	25
	59.5

	Unsuccessful
	Died
	1
	2.4

	
	Defaulted
	13
	31

	
	Transferred out
	2
	4.7

	
	Lost to follow-up
	1
	2.4

	
	Subtotal
	17
	40.5

	Total
	
	42
	100.0





Sociodemographic characteristics of BCG vaccinated participants

Between 2020 and 2024, a total of 6,174 children were recorded at the TB Diagnostic and Treatment Centre of the Buea Regional Hospital Table 3. Out of this population, 5,686 children (92.2%) received the BCG vaccine, indicating a high level of BCG vaccination rate across the five-year span. Only 488 children (7.8%) remained unvaccinated.

Table 3. BCG vaccination status of children (0–5 years) recorded at the Buea Regional Hospital (2020–2024)
	Variables 
	Frequency
	Percentage (%)

	Total Children
	6,174
	100.0

	Total Male
	3,103
	50.3

	Total Female
	3,071
	49.7

	Total Vaccinated
	5,686
	92.2

	Vaccinated Male
	2,860
	46.3

	Vaccinated Female
	2,826
	45.7

	Total Unvaccinated
	488
	7.8

	Unvaccinated Male
	243
	3.9

	Unvaccinated Female
	245
	4.0

















BCG vaccination coverage (2020–2024)
Vaccination coverage, however, fluctuated markedly and the coverage was highest in 2020 (99.53%) and dropped sharply to 50.12% in 2022, before rising to 98.92% in 2023 and declined to 77.15% in 2024 Fig. 2. In general, the trend in BCG vaccine coverage is increasing progressively over the years as shown by the best fit line.

Fig.  Trend of the BCG vaccination Coverage in Buea Regional Hospital from 2020-2024

Discussion
This study assessed the trends in BCG vaccination coverage and pediatric TB prevalence in children aged 0–5 years in the Buea Health District of Cameroon over a five-year period (2020–2024). The trend in TB prevalence showed a progressive increase from 2021 to 2023, followed by a decline in 2024. The temporal alignment between reduced vaccination in 2022 and the subsequent surge in TB cases in 2023 is epidemiologically plausible, as infants unprotected in 2022 would have been at peak risk of TB disease one to two years later. This pattern echoes the Epidemiologic Triad, which emphasizes that disease outcomes arise from interactions between host susceptibility, agent virulence, and environmental exposure [12]. While BCG strengthens host immunity against severe forms of TB, the vaccine's protective efficacy against pulmonary disease is not complete and is known to wane over time [11]. Environmental factors—including malnutrition, overcrowding, and HIV co-infection—remain critical co-determinants of TB risk that are not addressed by vaccination alone. Also all HIV-positive children (3) in this study were co-infected with TB, which highlights the mutual relation that exist between HIV and TB 
The disproportionate concentration of TB cases in infants aged 0–12 months (55.8%) is consistent with existing literature and reflects the inherent immunological immaturity of neonates and the limited residual protection from BCG at the earliest stages of life [13]. It is possible that some of these infants had not yet received BCG vaccination or had yet to develop adequate vaccine-mediated immunity at the time of exposure. These findings align with reports from other sub-Saharan African settings that highlight the first year of life as the period of highest TB vulnerability [6].
The treatment success rate of 59.5%, though reflecting partial adherence to therapy, falls below the WHO End TB Strategy target of 90% treatment success. The high proportion of patients who defaulted (31%) represents a significant challenge for TB control in the Buea Health District. Defaulting from TB therapy has serious consequences, including treatment failure, relapse, emergence of drug resistance, and ongoing community transmission. Addressing this issue requires a multi-pronged approach including patient education, social support, caregiver engagement, and reminder systems for scheduled visits.
The overall BCG vaccination coverage of 92.2% reflects generally strong implementation of immunization programs in this setting and is broadly consistent with national immunization targets. However, the marked inter-year variability, particularly the sharp drop to 50.12% in 2022, indicates systemic vulnerabilities in the continuity of vaccine delivery. The decline in vaccination coverage observed in 2022 likely reflects disruptions attributable to the ongoing COVID-19 pandemic, which severely interrupted routine immunization services globally, including in sub-Saharan Africa [2]. This pattern is consistent with broader evidence that pandemic-related healthcare disruptions contribute to the accumulation of unprotected cohorts, increasing the susceptibility of young children to vaccine-preventable diseases. The sharp rebound in 2023 to 98.92% may represent intensified catch-up vaccination campaigns implemented in the post-pandemic recovery phase. Nevertheless, coverage again fell to 77.15% in 2024, underscoring the fragility of sustained vaccine delivery and the importance of uninterrupted cold-chain integrity, supply chain management, and community outreach.
Additionally, incomplete data for key variables—such as child weight (missing in 64.5% of records) and geographic location (missing in 64.5%)—limited the ability to perform subgroup analyses or identify geographic hotspots within the district. 
Conclusions
Overall, there is an increasing trend in BCG vaccination coverage amongst infants attending the Buea Regional Hospital which is contradicted by an increasing trend in the prevalence of pediatric TB and underscores the multifactorial nature of TB transmission. 
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