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Abstract
[bookmark: _GoBack]Introduction: Haemolytic anaemia, inflammation, and vaso-occlusion are characteristics of sickle cell disease (SCD), a chronic hemoglobinopathy. Routine inflammatory and haematological indicators can be used to determine the disease's activity and the probability of consequences.
Aim and Objectives: By assessing specific inflammatory and haematological biomarkers in SCD patients recruited at UCH Ibadan and contrasting their values with those of healthy controls, it would be possible to ascertain whether these biomarkers show associations with inflammatory burden and anaemia in SCD patients.
Materials & Methods: A cross-sectional study was conducted at UCH Ibadan, involving 50 healthy HbA controls and 119 clinically confirmed SCD patients. Using standard laboratory techniques (cellulose acetate electrophoresis for genotype confirmation; Westergren for erythrocytes sedimentation rate CRP4 kit and clinical chemistry analyzer for high-sensitivity C-reactive protein, venous blood samples were analyzed for PCV (packed cell volume), WBC, platelet count, differential leukocyte counts, ESR (Westergren), and hs-CRP (turbidimetric CRP kit). Excel and SPSS were used to analyze the data, and descriptive and correlational statistics were presented. The Oyo State Ministry of Health ethics committee granted ethical permission, and verbal informed consent was gathered.
Results: The 119 participants, 52.9% of whom were female, had an average age of 18.35 ± 5.97 years. Neutrophils were 37.03 ± 16.77%, lymphocytes were 29.52 ± 9.85%, monocytes were 21.55 ± 9.66%, eosinophils were 0.96 ± 1.32%, basophils were 0.58 ± 0.62%, PCV was 25.92 ± 4.47%, WBC was 8.31 ± 5.11 ×10³/µL, platelet count was 779.99 ± 200.15 × 10³/µL, and ESR was 20.60 ± 5.85 mm/hr. Correlation analysis revealed that the neutrophil count was positively correlated with WBC (r = 0.31, p = 0.0006) and CRP (r = 0.43, p < 0.001), and negatively correlated with monocytes (r = −0.60, p < 0.001) and lymphocytes (r = −0.47, p < 0.001). There was a negative connection between PCV and CRP (r = -0.29, p = 0.0014).
Conclusion: Sickle cell disease patients at UCH Ibadan displayed elevated platelet and inflammatory indices, which were consistent with hemopoietic stress and chronic inflammation, in addition to their normal anemia. Numerous biomarkers, such as CRP, white blood cells, and neutrophils, demonstrated associations that lend credence to their application as indicators of the inflammatory burden in sickle cell disease. Routine evaluation of these easily accessible biomarkers may help with monitoring and early disease activity detection.
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1. Introduction
Sickle cell disease (SCD) is a genetic hemoglobinopathy caused by homozygous inheritance of a β-globin gene mutation producing haemoglobin S¹. The condition arises from a point mutation in the β-globin gene (GAG → GTG), replacing glutamic acid with valine at position six of the β-globin chain. This alteration changes red blood cell (RBC) morphology, predisposing cells to sickling under deoxygenated conditions. Inherited in an autosomal recessive pattern³, SCD is one of the most prevalent severe monogenic disorders globally. It presents with diverse clinical complications, including acute chest syndrome, pulmonary hypertension, priapism, stroke, recurrent vaso-occlusive crises (VOCs), and progressive multi-organ damage. Polymerization of sickle haemoglobin (HbS) triggers chronic hemolytic anemia and bone pain, while modifiers such as α-thalassemia co-inheritance and β-globin haplotype variations influence disease severity. Thus, effective management requires accurate patient classification based on established biomarkers.
“Despite therapeutic advances, painful VOCs remain central to SCD’s clinical burden. These crises result from HbS polymerization, causing microvascular occlusion, bone marrow infarction, and release of inflammatory mediators. Leukocyte–endothelial interactions, nitric oxide depletion, endothelial injury, and ischemia-reperfusion contribute to vaso-occlusion”⁸–¹⁰. “Abnormal erythrocyte adhesion and heightened neutrophil oxidative activity exacerbate tissue injury”¹⁰. “Even in steady state, SCD patients exhibit increased tissue factor activity, reduced anticoagulant levels, and aberrant fibrinolysis, indicating a chronic hypercoagulable state”⁸–¹⁰. “Excess thrombin and fibrin formation classify SCD as a chronic hypercoagulable disorder”¹¹.
“SCD remains a major global health problem, particularly in sub-Saharan Africa, where early diagnosis and comprehensive care are limited”¹². “Inflammation significantly contributes to morbidity, mortality, and disease severity, making inflammatory biomarkers valuable tools for diagnosis, monitoring, and therapy guidance”¹³. “Haematological biomarkers reflect the interplay among hemolysis, inflammation, and vascular injury”¹⁴, enabling clinicians to evaluate disease severity, anticipate complications, and personalize treatment¹⁵,¹⁶.
“Genetic and clinical diversity across SCD genotypes (HbSS, HbSC, HbSβ⁺, HbSβ⁰) further underscores the need for these biomarkers”¹⁷,¹⁸. “Haemoglobin concentration, haematocrit, reticulocyte, white blood cell (WBC), and platelet counts are key clinical indices”²⁰. Low haemoglobin denotes chronic anaemia, elevated reticulocytes suggest compensatory erythropoiesis, and increased WBC or platelet counts indicate inflammation or endothelial activation. Hence, evaluating these biomarkers in SCD patients at University College Hospital (UCH), Ibadan, will enhance understanding of disease pathophysiology and improve patient management.
2.0 Materials and Methods
2.1 Study Design and Setting
This study used a cross-sectional descriptive study design and was carried out at the University College Hospital (UCH) Haematology Department in Ibadan, Oyo State, Nigeria, one of the biggest tertiary referral centers in West Africa. The study was carried out over a six-month period from January to June 2023. UCH Ibadan receives referrals from secondary hospitals in Oyo and surrounding states and offers specialized outpatient and inpatient services for people with haemoglobinopathies. Its laboratory is well-equipped with automated haematology analyzers, centrifuges, electrophoresis units, and clinical chemistry systems, allowing for thorough haematological and biochemical testing.
In order to enable quantitative comparison with seemingly healthy control subjects of matched age and sex, the study design was selected to give a snapshot of the haematological and inflammatory biomarker profiles among steady-state SCD patients attending the hospital's adult and pediatric Sickle Cell Clinics.

2.2 Study Population
119 people with a diagnosis of sickle cell disease (HbSS) and 50 people who appeared healthy and had a normal hemoglobin genotype (HbAA) served as the research population's controls. 
At the time of sample collection, all SCD patients were clinically stable (steady-state), meaning they had not experienced a vaso-occlusive crisis, infection, or transfusion in the four weeks prior. Haemoglobin electrophoresis and a study of medical records had previously been used to confirm the diagnosis of sickle cell disease.
Volunteer employees and students at UCH Ibadan who were proven to have HbAA by electrophoresis and had no history of chronic or haematological illnesses served as the control group.
A standardised questionnaire was used to collect data on demographic factors such age, sex, occupation, and educational attainment. There were 56 boys (47.06%) and 63 girls (52.94%) in the SCD cohort, with an average age of 18.35 ± 5.97 years.

2.3 Inclusion and Exclusion Criteria
2.3.1 Inclusion Criteria
1. Individuals with confirmed HbSS genotype who were in steady-state and consented to participate.
2. Apparently healthy volunteers with confirmed HbAA genotype and no acute or chronic disease.
3. Participants aged 10 years and above, resident within Ibadan metropolis.
4. Individuals who provided verbal or written informed consent (and assent for minors through guardians).
2.3.2 Exclusion Criteria
1. Patients with current vaso-occlusive crisis, acute infection, or fever (> 37.5 °C).
2. Pregnant SCD patients.
3. Patients who had received blood transfusions within the previous 3 months.
4. Non-consenting individuals or those with incomplete demographic/laboratory data.
These criteria were applied to eliminate the confounding effects of acute illness, pregnancy, and transfusion on haematological and inflammatory parameters.

2.4 Sample Size Determination
Using Pourhoseingholi’s formula, n= Z2p (1-p) / d2 196 
 
Where: n=sample size, Z= statistic corresponding to level of confidence (1.96 From normal distribution confidence limit of 95%) 
P (expected prevalence) = 8% 197 
 
d (precision) = 5% (0.05), which is a tolerable error between the sample and the true population 
(In a proportion of one; if 5%, d = 5). 
n = 1.962 x 0.08(1 – 0.08) / 0.052 n = 3.8416 x 0.08(0.92)/0.052 n = (3.8416 x 0.0736)/0.0025 n = 0.28274176/0.0025 
n = 113.096704 ≈ 113 
 
A 5% attrition rate of anticipated, therefore the adjusted sample to 119. Total number of samples = 119 
2.5 Sample Collection and Laboratory Analysis
2.5.1 Specimen Collection
From each participant, 5 mL of venous blood was aseptically drawn using a sterile 5 mL syringe and distributed as follows:
· 2 mL into an EDTA anticoagulated tube for complete blood count (CBC) and differential leukocyte counts.
· 1 mL into a trisodium citrate tube (3.2%) for erythrocyte sedimentation rate (ESR).
· 2 mL into a lithium heparin tube for plasma extraction and high-sensitivity C-reactive protein (hs-CRP) estimation.
Samples were labelled with unique codes and analysed within 2 hours of collection to avoid artefactual changes.
2.5.2 Electrophoresis of Haemoglobin 
The cellulose acetate electrophoresis (pH 8.6) method was used to confirm the haemoglobin genotype. The electrophoresis was performed in Tris–EDTA–borate buffer at 220 V for 20 minutes. Staining was used to see the bands, which were then compared to reference HbA and HbS controls. 
2.5.3 Parameters of Haematology 
An automated haematology analyzer (Mindray BC-2800 Auto Haematology Analyzer) was used to perform CBC, which included packed cell volume (PCV), total WBC, platelet count, and differential leukocyte counts (neutrophils, lymphocytes, monocytes, eosinophils, and basophils). As directed by the manufacturer, calibration and internal quality control (3-level QC) were carried out every day.
2.5.4 Erythrocyte Sedimentation Rate (ESR)
 ESR was calculated using the Westergren method, which involved drawing whole blood in citrate up to the 200 mm mark and leaving it undisturbed at room temperature for 60 minutes.
 2.5.5 High-Sensitivity C-Reactive Protein (hs-CRP)
 hs-CRP concentration was measured by turbidimetric immunoassay using the CRP4 reagent kit (Agappe Diagnostics, India); calibration curves were created using standard solutions provided by the manufacturer; optical density was measured at 546 nm on a semi-automated clinical chemistry analyzer (Biotron C-100). The analytical reference range for hs-CRP was < 5 mg/L, and samples exceeding 100 mg/L were re-assed after dilution to ensure linearity. Both internal and external quality controls were maintained.

2.5.6 Quality Assurance and Biosafety 
Biosafety Level 2 (BSL-2) laboratory conditions were used for all analyses. Face masks, lab coats, and disposable gloves were used. 70% ethanol was used for bench disinfection both prior to and during analysis. Every batch was run using control materials, and instruments were regularly maintained in accordance with manufacturer specifications. 

2.6 Statistical Analysis and Data Management 
For statistical analysis, raw laboratory and demographic data were imported into Microsoft Excel 2019, cleaned, and then exported to SPSS Version 26.0 (IBM Corp., USA). 
For every variable, descriptive statistics were calculated, including mean, standard deviation, range, and frequency distribution. The Shapiro-Wilk test was used to evaluate the normality of the data. The Student's t-test was used to compare parametric data, while the Mann-Whitney U test was used to evaluate non-parametric variables.
The Pearson or Spearman correlation coefficient, if applicable, was used to assess correlation analyses between inflammatory and haematological markers. A two-tailed p-value of less than 0.05 was considered statistically significant. 
Tables and charts were used to summarize the results. In order to investigate possible inflammatory indices, derived ratios such the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were computed in supplemental analyses.

The provided ethical approval for this study, and the Department of Haematology and the Management of the University College Hospital, Ibadan, also granted permission. participation was voluntary, and respondents were free to withdraw at any time without consequence; data were anonymized and stored securely, with access limited to the research team.


2.8 Limitations
The cross-sectional methodology of this study limited its ability to establish causality or temporal correlations between inflammatory markers and haematological parameters. Due to geographical differences in environmental and genetic factors, the results of this single-center study might not accurately reflect other SCD communities in Nigeria.  
Furthermore, there may have been residual confounding because data on nutritional status, hydroxyurea medication, and parasite coinfections (such malaria) were not thoroughly gathered. Notwithstanding these drawbacks, the results' validity and reliability are improved by the application of established laboratory techniques, strict quality control, and clearly stated inclusion criteria.
3.0 Results
3.1 Sociodemographic Characteristics
There were 169 individuals in all: 50 healthy controls (HbAA) and 119 confirmed patients with sickle cell disease (SCD) (HbSS). The SCD cohort's mean ± SD age was 18.35 ± 5.97 years, while the controls' mean age was 19.12 ± 6.44 years; the difference was not statistically significant (p = 0.21). Of those with SCD, 63 (52.94%) were female and 56 (47.06%) were male. The age distribution revealed that the majority of patients (44.54%) were between the ages of 16 and 20.

Table 1: Sociodemographic Characteristics of Study Participants
	SCD Patients (n = 119)
	Controls (n = 50)
	χ² / t-value
	p-value

	18.35 ± 5.97
	19.12 ± 6.44
	0.89
	0.21

	56 : 63 (47.1 : 52.9 %)
	24 : 26 (48.0 : 52.0 %)
	0.03
	0.86

	9 (7.56 %)
	5 (10.0 %)
	
	

	28 (23.53 %)
	8 (16.0 %)
	
	

	53 (44.54 %)
	22 (44.0 %)
	
	

	17 (14.29 %)
	8 (16.0 %)
	
	

	12 (10.08 %)
	7 (14.0 %)
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3.2 Haematological and Inflammatory Biomarker Profiles
The mean ± SD values of the major haematological and inflammatory parameters among SCD patients are shown in Table 2. The SCD group demonstrated chronic anaemia (low PCV), elevated WBC and platelet counts, and raised inflammatory markers (ESR, hs-CRP).
Table 2: Descriptive Statistics of Haematological and Inflammatory Biomarkers among Sickle Cell Patients (n = 119)
	Parameter
	Mean ± SD
	Minimum
	Maximum
	Reference Range
	Remark

	PCV (%)
	25.92 ± 4.47
	17.00
	35.00
	36–45
	Decreased

	WBC (×10³/µL)
	8.31 ± 5.11
	2.70
	32.00
	4.0–10.0
	Increased

	Platelet (×10³/µL)
	779.99 ± 200.15
	600.00
	979.00
	150–450
	Markedly Increased

	Neutrophils (%)
	37.03 ± 16.77
	4.00
	95.00
	40–75
	Mildly Decreased

	Lymphocytes (%)
	29.52 ± 9.85
	3.00
	75.00
	20–45
	Normal

	Monocytes (%)
	21.55 ± 9.66
	2.00
	44.00
	2–10
	Increased

	Eosinophils (%)
	0.96 ± 1.32
	0.00
	8.00
	0–6
	Normal

	Basophils (%)
	0.58 ± 0.62
	0.00
	4.00
	0–2
	Normal

	ESR (mm/hr)
	20.60 ± 5.85
	0.00
	31.00
	0–15
	Elevated

	hs-CRP (mg/L)
	6.90 ± 3.20
	0.30
	15.40
	<5.0
	Elevated

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


3.3 Comparison of Biomarker Values between SCD Patients and Controls
Significant differences (p < 0.05) were observed between SCD patients and healthy controls for most haematological and inflammatory parameters, as detailed in Table 3.
Table 3: Comparison of Haematological and Inflammatory Parameters between SCD Patients and Controls
	Parameter
	SCD Patients (Mean ± SD)
	Controls (Mean ± SD)
	t / Z-value
	p-value
	Significance

	PCV (%)
	25.92 ± 4.47
	38.56 ± 3.87
	−10.43
	<0.001
	Significant ↓

	WBC (×10³/µL)
	8.31 ± 5.11
	5.72 ± 1.96
	3.02
	0.003
	Significant ↑

	Platelet (×10³/µL)
	779.99 ± 200.15
	322.40 ± 72.53
	13.81
	<0.001
	Significant ↑

	Neutrophil (%)
	37.03 ± 16.77
	29.60 ± 9.23
	2.76
	0.007
	Significant ↑

	Lymphocyte (%)
	29.52 ± 9.85
	35.72 ± 8.22
	−3.13
	0.002
	Significant ↓

	Monocyte (%)
	21.55 ± 9.66
	10.21 ± 3.75
	8.34
	<0.001
	Significant ↑

	ESR (mm/hr)
	20.60 ± 5.85
	10.21 ± 3.47
	11.03
	<0.001
	Significant ↑

	hs-CRP (mg/L)
	6.90 ± 3.20
	2.10 ± 1.15
	9.48
	<0.001
	Significant ↑

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


3.4 Correlation Analysis among Haematological and Inflammatory Parameters
Correlation analyses explored interrelationships among biomarkers. Key results are presented in Table 4.
Table 4 Correlation Analysis Between Hematologic Parameters and Inflammatory Markers
	Parameter Pair
	r-value
	p-value
	Direction
	Interpretation

	Neutrophils – CRP
	+0.43
	<0.001
	Positive
	Higher neutrophils predict higher CRP

	Neutrophils – WBC
	+0.31
	0.0006
	Positive
	Parallel elevation during inflammation

	Neutrophils – Lymphocytes
	−0.47
	<0.001
	Negative
	Reciprocal immune balance

	Neutrophils – Monocytes
	−0.60
	<0.001
	Negative
	Distinct subpopulation responses

	PCV – CRP
	−0.29
	0.0014
	Negative
	Anaemia intensifies with inflammation

	Monocytes – CRP
	−0.43
	<0.001
	Negative
	Redistribution during inflammatory response



4.0 Discussion
Examining inflammatory and haematological indicators in sickle cell disease (SCD) patients reveals notable sex-based disparities as well as the clinical variability of the illness. Increased leukocyte counts and indicators like C-reactive protein (CRP) show higher levels of inflammation in males with sickle cell disease (SCD), and these levels are linked to worse clinical outcomes, including cerebrovascular problems22 21.On the other hand, females typically respond better to treatments such as hydroxyurea, maybe because they have larger levels of fetal haemoglobin (HbF), which protects against inflammation and hemolysis22. The pathophysiology of the disease exacerbates inflammation and oxidative stress, making therapy more difficult. Chronic hemolysis results in anaemia, which is characterised by decreased haemoglobin and packed cell volume23 24. To successfully personalise patient management, validated biomarkers are necessary due to the diversity in clinical presentation23. 
Females typically have greater levels of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) than males, according to sex-disaggregated analysis, albeit these differences are not statistically significant25. Given that women generally exhibit stronger immune responses, including increased production of inflammatory cytokines and a greater number of circulating antibodies, this phenomenon may be influenced by hormonal factors and sex-based immunological variations26 27.

The studied cohort's mean age of 18.35 years corresponds to a time period marked by increased inflammatory mediators such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), which worsen endothelial dysfunction and oxidative stress, as well as frequent vaso-occlusive crises (VOCs)28. The clinical picture of sickle cell disease (SCD) is further complicated by elevated platelet counts and mean platelet volume (MPV), which point to a condition of hypercoagulability 29. The idea of phenotypic consistency across sub-Saharan regions is supported by similar biomarker findings seen in SCD populations in Ghana and Kenya28. 
The chronic aspect of sickle cell disease (SCD) is highlighted by the age-stratified examination of hematological abnormalities, which shows unique patterns across age groupsChildren aged 0–10 exhibit the lowest levels of hemoglobin and packed cell volume (PCV), as well as higher erythrocyte sedimentation rates (ESR) and white blood cell (WBC) counts, both of which are indicative of considerable inflammatory activity31 32. Adolescents (11–20 years) demonstrate small improvements in haemoglobin but maintain elevated C-reactive protein (CRP) and interleukin-6 (IL-6) levels, corresponding with increased frequency of vaso-occlusive crises (VOC)30 32. Haematological indices show some stability in young people (ages 21 to 30), but inflammatory markers continue to be elevated, indicating cumulative vascular damage30. Low haemoglobin and high inflammatory markers, which indicate chronic inflammation and organ failure, are still present in the 31–40 year cohort31 33. Overall, thrombocytosis and the mean PCV of 25.92% and WBC count of 8.31 × 10⁹/L highlight the persistent inflammation and chronic anaemia that are hallmarks of SCD30 32. 
Numerous studies have demonstrated that the interaction of hemolysis, inflammation, and hypercoagulability is a crucial component of the pathophysiology of sickle cell disease (SCD). Chronic hemolysis and oxidative stress, which deplete coagulation inhibitors and activate platelets, the coagulation system, and fibrinolysis, are hallmarks of sickle cell disease (SCD) and lead to a hypercoagulable condition34. The stimulation of both intrinsic and extrinsic coagulation pathways, which not only cause thrombotic problems but also encourage vascular inflammation, makes this hypercoagulability even worse 34.
Reduced levels of natural anticoagulants and elevated tissue factor expression, phosphatidylserine exposure, and thrombin production are indicators of the chronic activation of coagulation in sickle cell disease (SCD), which puts patients at risk for thrombotic events35.
According to a systematic review and meta-analysis, SCD adversely affects natural anticoagulants such as protein C and S and has a considerable impact on the synthesis of coagulation components like prothrombin, fibrinogen, and D-dimer 36. The higher prevalence of thrombotic complications, including stroke and venous thromboembolism, in SCD patients is also highlighted by epidemiological data, which emphasise the part that inflammation, endothelial activation, and intravascular hemolysis play in causing the hypercoagulable state37. The complicated interaction between these pathogenic processes in SCD is further reinforced by the moderately higher erythrocyte sedimentation rate (ESR) in SCD patients, which further represents the chronic inflammatory milieu34. 
The complex interplay of inflammation, hemolysis, and hypercoagulability in the pathophysiology of sickle cell disease is supported by all of these findings. They highlight the importance of inflammatory and haematological indicators in disease surveillance and treatment, both diagnostically and prognostically. By directing individualized treatment and promoting early problem diagnosis, systematic assessment of these indicators at University College Hospital (UCH), Ibadan, Nigeria, can enhance clinical outcomes for SCD patients.
5.0 Conclusion
This study shows that, even in steady state, sickle cell disease patients at the University College Hospital in Ibadan have unique inflammatory and haematological biomarker profiles that include anaemia, leukocytosis, thrombocytosis, and high ESR and hs-CRP values. The connection between hemolysis and inflammation in SCD pathophysiology is confirmed by the substantial positive correlations observed between neutrophils, WBC, and CRP, as well as the inverse link between PCV and CRP.
These results highlight the diagnostic and prognostic value of routine inflammatory and haematological markers in tracking disease activity. These affordable indices offer important information about the inflammatory burden and can direct early intervention and customized patient care in situations with limited resources and no easy access to sophisticated molecular testing. The overall quality of care for SCD patients and the early diagnosis of problems may be enhanced by incorporating these indicators into routine clinical evaluation.
6.0 Contribution to Knowledge
Integration of routine biomarkers: This work offers fresh empirical data in favor of using PCV, WBC, platelet count, ESR, and hs-CRP—basic haematological and inflammatory markers—as integrated indices to evaluate inflammatory burden and disease activity in sickle cell disease. 
Local reference data: It provides important local data for national comparison and meta-analysis by establishing baseline values and correlation patterns for SCD patients who visit UCH, Ibadan, one of the biggest tertiary centers in southwest Nigeria. 
Evidence of chronic inflammation in steady state: The work highlights the necessity of ongoing monitoring even outside of crisis situations by confirming that subclinical inflammation endures in steady-state SCD, as shown by higher CRP and ESR values.
Pathophysiological insights: By clarifying the immunological dysregulation and inflammatory interaction that characterize SCD, correlation trends among neutrophils, lymphocytes, and CRP contribute to a better understanding of the disease's molecular and cellular pathophysiology. 
Clinical relevance: The results show that in low-resource settings, straightforward, reasonably priced laboratory indices can be used as surrogate biomarkers to forecast disease activity and direct treatment interventions.
8.0 Declarations
8.1 Ethical Approval and Consent to Participate
Ethical clearance was obtained from the Oyo State Ministry of Health Ethical Review Committee (Approval No.: OYSHREC/2023/0017). Written and/or verbal informed consent was obtained from all adult participants, and assent was secured from parents or guardians of minors before enrolment.

8.2 Availability of Data and Materials
The datasets generated and analysed during the current study are available from the corresponding author upon reasonable request.
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