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Abstract
Background:
Incomplete childhood immunization remains a major public health challenge in rural Nigeria, driven by both caregiver- and health system-related factors. This study assessed the determinants of complete childhood immunization using a community volunteer-driven intervention in rural communities of Rivers State.
Methods:
A parallel-group randomized controlled trial was conducted among 368 caregivers of infants aged 0–6 weeks in Emohua and Etche Local Government Areas. Participants were randomly assigned to intervention (n=184) and control (n=184) groups. The intervention group received structured immunization education delivered by trained community volunteers, while the control group received routine care. The primary outcome was complete immunization at nine months. Data were analyzed using intention-to-treat principles, with logistic regression used to identify independent predictors.
Results:
A total of 339 participants completed the study (intervention: 173; control: 166). Complete immunization coverage was significantly higher in the intervention group (69.9%) compared with the control group (46.4%) (p<0.001), representing a 23.5% absolute increase. Children in the intervention group were more likely to be fully immunized (RR=1.51; NNT≈5). Independent predictors of complete immunization included exposure to the intervention (AOR=2.69, 95% CI: 1.72–4.20), good knowledge of the immunization schedule (AOR=2.41, 95% CI: 1.43–4.05), perceived benefits of immunization (AOR=1.88, 95% CI: 1.16–3.05), paternal education and women’s autonomy (AOR=2.17, 95% CI: 1.21–3.25), and favorable health system factors (AOR=2.35, 95% CI: 1.36–3.14). The model demonstrated acceptable predictive performance (AUC=0.76; accuracy=72.6%).
Conclusion:
Community volunteer-driven education significantly improves childhood immunization uptake in rural settings. Addressing caregiver knowledge, household dynamics, and health system barriers is essential for achieving optimal immunization coverage.
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Introduction
Childhood immunization is one of the most effective and cost-efficient public health interventions for preventing infectious diseases and reducing childhood morbidity and mortality worldwide. Vaccination protects children against a range of vaccine-preventable diseases, including tuberculosis, poliomyelitis, diphtheria, pertussis, tetanus, measles, and hepatitis B. Over the past five decades, global immunization programs have contributed substantially to reductions in child mortality and improvements in population health. The World Health Organization (WHO) estimates that immunization currently prevents approximately four to five million deaths annually across all age groups (World Health Organization [WHO], 2024). Despite these remarkable achievements, gaps in vaccination coverage remain a major global health challenge, particularly in low- and middle-income countries where health system constraints, socioeconomic inequalities, and limited access to healthcare services hinder optimal immunization uptake (WHO, 2024; Williams et al., 2024).
Globally, routine immunization coverage has improved over the past decades; however, progress has slowed in recent years. According to global estimates, approximately 85% of infants worldwide receive the recommended three doses of diphtheria–tetanus–pertussis (DTP3) vaccine, yet millions of children remain partially immunized or completely unvaccinated (WHO & United Nations Children’s Fund [UNICEF], 2023). These children, often referred to as “zero-dose” children, are concentrated primarily in low-income and conflict-affected countries where access to health services is limited. Persistent inequities in immunization coverage increase the risk of outbreaks of vaccine-preventable diseases such as measles and polio and pose a major threat to global child health (WHO &UNICEF, 2023).
 Nigeria continues to bear a disproportionate burden of under-immunized children despite substantial investments in immunization programs by governments and international partners. Weak health systems, shortages of trained health workers, limited vaccine supply chains, and inadequate transportation infrastructure are among the structural barriers that limit access to immunization services in many African countries (Briggs &Tobin-West, 2022a; Magaji et al., 2025). Additionally, sociocultural factors such as caregiver misconceptions about vaccines, limited knowledge of immunization schedules, and low maternal education have been identified as important determinants of incomplete childhood immunization in the region (Fenta et al., 2021). Rural populations are particularly affected by these challenges because of geographic isolation and limited availability of primary health care services.
Despite the implementation of the National Programme on Immunization and integration of routine immunization services into primary healthcare systems, full vaccination coverage remains below global targets. Findings from the Nigeria Demographic and Health Survey indicate that less than half of children aged 12–23 months receive all recommended vaccines, while a substantial proportion remain either partially immunized or completely unvaccinated (National Population Commission [NPC] & ICF, 2024). The persistence of low vaccination coverage contributes significantly to the continued occurrence of vaccine-preventable diseases in the country (Briggs &Tobin-West, 2022a).
Several studies in Nigeria have identified a range of individual, household, and health system factors associated with incomplete childhood immunization (Olorunfemi et al., 2025). Maternal education, household socioeconomic status, access to health services, antenatal care attendance, place of delivery, and caregiver knowledge of immunization schedules have consistently been identified as significant determinants of immunization uptake (Briggs &Tobin-West, 2022a; Eze et al., 2021). Mothers who attend antenatal clinics or deliver their children in healthcare facilities are more likely to receive health education on childhood vaccination and therefore ensure that their children complete the recommended immunization schedule (Gayawan et al., 2025). Similarly, access to immunization information and maternal knowledge of vaccine schedules have been reported as strong predictors of complete childhood immunization in several Nigerian studies (Olorunfemi et al., 2025; Sabo et al., 2025).
Geographic disparities in immunization coverage are also widely documented in Nigeria. Rural communities consistently report lower immunization coverage compared with urban areas due to poor health infrastructure, long distances to healthcare facilities, and limited availability of routine immunization services (Ogundele et al., 2025; Salako et al., 2025). Children residing in rural areas are therefore at higher risk of missing essential vaccines during the critical early months of life. Addressing these geographic inequities is essential for improving national immunization coverage and reducing childhood morbidity and mortality (Briggs et al., 2022b).
Rivers State, located in the Niger Delta region of Nigeria, faces similar challenges in achieving optimal childhood immunization coverage, particularly in rural and riverine communities (Briggs &Tobin-West, 2022a; Briggs et al., 2022b). Although routine immunization services are provided through primary healthcare facilities across the state, access to these services remains limited in many rural areas due to difficult terrain, transportation barriers, and uneven distribution of health facilities (Briggs &Tobin-West, 2022a; Briggs et al., 2022b). Routine immunization sessions in many rural health facilities are conducted only on specific days of the week to reduce vaccine wastage from multi-dose vials, which further limits access for caregivers who may be unable to attend clinics on designated days (Briggs &Tobin-West, 2022a).   
In addition to health system challenges, caregiver-related factors such as poor knowledge of immunization schedules, misconceptions about vaccines, and limited exposure to health information also contribute to incomplete childhood immunization in rural communities (Briggs &Tobin-West, 2022a; Ogundele et al., 2025).  Health education provided at healthcare facilities is often delivered in English, which may not be well understood by caregivers with low literacy levels. As a result, caregivers may fail to appreciate the importance of routine immunization or may miss scheduled vaccination appointments for their children. 
Community-based interventions have been increasingly recognized as effective strategies for improving immunization coverage, particularly in underserved populations. Engaging community members as volunteers to provide health education and mobilize caregivers for immunization services has been shown to improve vaccine uptake and strengthen linkages between communities and health facilities (Briggs &Tobin-West, 2022a; Briggs et al., 2022b; Oyo-Ita et al., 2021). Community volunteer-driven approaches are particularly valuable in rural settings where healthcare workers are few and community trust plays a critical role in health-seeking behaviour (Briggs et al., 2022b).
Despite growing evidence supporting community engagement strategies for improving immunization coverage, there remains limited evidence on the effectiveness of community volunteer-driven educational interventions in rural communities of Rivers State (Briggs &Tobin-West, 2022a; Briggs et al., 2022b). Generating such evidence is important for informing public health policy and guiding interventions aimed at improving childhood immunization coverage in the region.
Therefore, this study aimed to assess the determinants of complete childhood immunization in rural communities of Rivers State, Nigeria, using community volunteers. The study hypothesises that complete childhood immunization in rural communities of Rivers State is independently determined by caregiver knowledge, household dynamics, health system factors, and exposure to a community volunteer‑driven intervention.
Methodology
Study Design
This study used a parallel-group randomized controlled trial (RCT) design to assess factors influencing complete childhood immunization in rural Rivers State communities. Participants were randomly assigned in a 1:1 ratio to either the intervention or control group. The trial was conducted and reported following CONSORT guidelines.
Data were from a larger study assessing a community volunteer-driven intervention to improve childhood immunization coverage in rural Rivers State. Two earlier publications from this dataset examined the intervention's effects on coverage and barriers (Briggs & Tobin-West, 2022a) and on caregivers' knowledge and practices (Briggs et al., 2022b). The current analysis focuses specifically on determinants of complete immunization, a dimension not covered in previous publications.
Study Setting
The study was carried out in selected rural communities across two Local Government Areas in Rivers State: Emohua and Etche. Rivers State is in the Niger Delta region of southern Nigeria and includes both urban and rural populations, which have varying levels of access to healthcare services. Primary healthcare centers (PHCs) serve as the main providers of routine immunization services in these communities. However, access to immunization in rural areas is often limited due to transportation difficulties, irregular vaccination sessions, and shortages of healthcare staff.
Study Population
The study population consisted of caregivers of infants aged 0 to 6 weeks residing in the selected rural communities. To be eligible for inclusion, caregivers had to have an infant within this age range, be residents of the selected communities, and be willing to participate by providing informed consent. Caregivers were excluded if they planned to relocate from the study area during the study period or if they declined to participate. Recruitment took place during postnatal visits and routine immunization clinics at the selected primary healthcare facilities.
Sample Size
Sample size was calculated using the formula for comparing two independent  proportions as follows: 

Where n = minimum sample size. 
Z α/2 = Critical value at 95% confidence interval=1.96.
Z β = For a power of 80%, and the critical value = 0.84.
(𝑝 1 − 𝑝 2) (p 1 −p 2) = the minimum meaningful difference to detect.
Assuming P1=53% (UNICEF, 2017), and an assumption to detect a change of 15% (68% fully vaccinated children at post-intervention),
N= (1.96+0.84) 2 х (0.53 х 0.47 + 0.68 х 0.32)
                    (0.53-0.68) 2                                           =163. 

Assuming a non-response rate of 10%, the total sample size will be 163/0.9= 181.                                                                                                         
But 184 caregivers were used for each LGA to give a total of 368 caregivers for the 2 LGAS.
Sampling Technique
A multistage sampling technique was used to select study participants. First, two rural Local Government Areas were selected from Rivers State. Within each selected Local Government Area, primary healthcare centres providing routine immunization services were identified. 
Eligible caregivers attending the selected health facilities were recruited consecutively until the required sample size was achieved.
Randomization
Eligible participants were randomly assigned to either the intervention group or the control group using a computer-generated random allocation sequence.
Randomization was conducted using simple randomization with a 1:1 allocation ratio. The allocation sequence was generated before participant recruitment by a member of the research team who was not involved in participant enrollment.
Allocation Concealment
Allocation concealment was ensured using sequentially numbered, opaque, sealed envelopes (SNOSE) containing the group assignments. Each envelope was opened only after a participant had been enrolled on the study to prevent selection bias.
Blinding
Due to the nature of the behavioral intervention, blinding of participants and intervention providers was not feasible. However, efforts were made to minimize bias by ensuring that data analysts were blinded to group allocation during statistical analysis.
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Figure 1 is the  CONSORT flow diagram of Caregivers Screening, Allocation, Follow-up, and Analysis

Intervention
The intervention consisted of a community volunteer-driven immunization education program delivered to caregivers in the intervention group. Eight community volunteers were recruited and trained by the research team using standardized training modules that covered vaccine-preventable diseases, the benefits of routine childhood immunization, the national immunization schedule, recognition and management of adverse events following immunization, and strategies for improving caregiver adherence to vaccination schedules. Following training, the volunteers delivered structured health education sessions to caregivers in the intervention group over a three-day period at the participating primary healthcare facilities. The sessions were conducted in locally understood languages to enhance comprehension. Educational materials, including posters and simplified immunization schedules, were used to reinforce key messages.
Control Group
Participants in the control group received routine health education provided during standard clinic visits at the primary healthcare centers. These sessions focused on general child survival strategies such as growth monitoring, breastfeeding practices, and oral rehydration therapy. No structured immunization education intervention was provided to the control group.
Outcome Measures
The primary outcome was complete childhood immunization status at nine months of age. Immunization status was categorized as fully immunized, meaning receipt of all recommended vaccines according to the national immunization schedule; partially immunized; or unimmunized. For analytical purposes, the outcome variable was dichotomized as fully immunized versus not fully immunized.
Data Collection
Data Collection
Data were collected using pretested, semi-structured interviewer-administered questionnaires. The questionnaire captured information on socio-demographic characteristics of caregivers, knowledge and perceptions regarding childhood immunization, barriers to immunization uptake, and infant immunization status. Baseline data were collected prior to the intervention, while follow-up data were collected when the infants reached nine months of age. Immunization status was verified using child health cards and clinic immunization records.
Data Analysis
Data obtained from the questionnaires were coded, entered into Microsoft Excel, and subsequently exported to IBM SPSS Statistics Version 27.0 (Armonk, NY: IBM Corporation) for statistical analysis. Data cleaning was performed before analysis to detect missing values, outliers, and logical inconsistencies. All analyses followed the intention-to-treat (ITT) principle, where participants were analyzed according to the group to which they were originally randomized, regardless of adherence to the intervention protocol.
Descriptive Analysis
Descriptive statistics were used to summarize baseline characteristics of the study participants. Categorical variables were summarized using frequencies and percentages. Continuous variables such as caregiver age were summarized using means and standard deviations (SD). Comparisons between groups pre- and post-intervention were performed using the Pearson Chi-square (χ²) test for statistical significance. Baseline comparability between the intervention and control groups was assessed to determine the effectiveness of the randomization process.


Assessment of Normality
The distribution of continuous variables was assessed using both graphical and statistical methods. Histograms, box plots, and quantile-quantile (Q-Q) plots were examined visually to assess the symmetry and spread of the data. The Shapiro-Wilk test was used to formally assess normality. Variables with p-values greater than 0.05 were considered normally distributed.
Primary Outcome Analysis
The primary outcome was complete childhood immunization status at nine months of age, categorized as fully immunized or not fully immunized (partially immunized or unimmunized). To assess the intervention's effect, the researcher compared the proportion of fully immunized children between the intervention and control groups using the chi-square test. Effect size was quantified using risk ratios (RR), risk differences (RD), and 95% confidence intervals (CI). Additionally, the number needed to treat (NNT) was calculated to estimate the public health impact of the intervention.
Bivariate Analysis
Bivariate analyses assessed associations between independent variables (caregiver immunization knowledge and intervention exposure) and complete childhood immunization status. Crude odds ratios (OR) with 95% confidence intervals were computed. Variables with p-values ≤ 0.20 in bivariate analysis were eligible for inclusion in the multivariable regression model to control for potential confounding.
Multivariable Regression Analysis
A multivariable binary logistic regression model identified independent predictors of complete childhood immunization. The dependent variable was immunization status (fully immunized vs not fully immunized). Independent variables included caregiver knowledge and intervention exposure. Adjusted odds ratios (AOR) with 95% confidence intervals quantified the strength of association between predictors and complete immunization after controlling for confounders.
Assessment of Multicollinearity
Multicollinearity among independent variables was assessed prior to model fitting using the Variance Inflation Factor (VIF) and tolerance statistics. Variables with VIF greater than 5 or tolerance values less than 0.1 were considered indicative of multicollinearity and were excluded from the final model.
Model Goodness of Fit
The Hosmer-Lemeshow goodness-of-fit test assessed logistic regression model adequacy, with a p-value greater than 0.05 indicating good fit. The Nagelkerke pseudo R² statistic estimated the proportion of variance in immunization status explained by the model.




Model Diagnostics
Model diagnostics assessed predictive performance and robustness. A classification table assessed overall predictive accuracy, including sensitivity, specificity, positive predictive value, and negative predictive value. Discriminative ability was further assessed using Receiver Operating Characteristic (ROC) curve analysis, with the Area Under the Curve (AUC) reported. An AUC of 0.70–0.80 indicated acceptable discrimination, 0.80–0.90 excellent discrimination, and greater than 0.90 outstanding discrimination.
Statistical Significance
All statistical tests were two-tailed, and statistical significance was set at p ≤ 0.05. Results were presented with 95% confidence intervals to indicate the precision of estimates.
Results
A total of 368 caregivers were recruited (184 per group), and 339 completed the study: 173 (94.0%) in the intervention group and 166 (90.2%) in the control group, yielding attrition rates of 6.0% and 9.8%, respectively.
Table 1 presents baseline sociodemographic characteristics. The majority in both groups were mothers (83.1% intervention, 80.4% control), aged 21–30 years (54.3% and 52.2%, respectively), female, and had secondary education. No statistically significant differences were observed between groups (p > 0.05), confirming baseline comparability.
Table 1. Sociodemographic Characteristics of Caregivers (Baseline Comparability)
	Variable
	Intervention (n=184) n (%)
	Control (n=184) n (%)
	Test Statistic
	p-value

	Relationship to child
	
	
	χ² = 0.46
	0.499

	Father
	31 (16.85)
	36 (19.57)
	
	

	Mother
	153 (83.15)
	148 (80.43)
	
	

	Age of caregiver (years)
	
	
	χ² = 8.03
	0.091

	≤20
	13 (7.07)
	16 (8.70)
	
	

	21–30
	100 (54.35)
	96 (52.17)
	
	

	31–40
	54 (29.35)
	52 (28.26)
	
	

	41–50
	13 (7.07)
	15 (8.15)
	
	

	≥51
	4 (2.17)
	5 (2.72)
	
	

	Sex of caregiver
	
	
	χ² = 1.54
	0.215

	Female
	153 (83.15)
	160 (86.96)
	
	

	Male
	31 (16.85)
	24 (13.04)
	
	

	Educational status
	
	
	χ² = 1.84
	0.605

	None
	36 (19.57)
	39 (21.20)
	
	

	Primary
	57 (30.98)
	48 (26.09)
	
	

	Secondary
	80 (43.48)
	89 (48.37)
	
	

	Post-secondary
	11 (5.98)
	8 (4.35)
	
	


Table 2 presents bivariate associations with complete childhood immunization across five determinant categories. Intervention exposure was significantly associated with higher completion (χ² = 21.67, p < 0.001; OR = 2.69). Correct knowledge of the immunization schedule (χ² = 15.32, p < 0.001; OR = 2.41), perceived benefits (χ² = 8.35, p = 0.004; OR = 1.88), paternal education and women's autonomy (χ² = 10.21, p = 0.002; OR = 2.17), and health system factors (access, quality, waiting time) (χ² = 12.24, p = 0.003; OR = 2.35) were all significantly associated with complete immunization.
Table 2. Bivariate Analysis of Determinants of Complete Childhood Immunization
Outcome variable: Complete immunization
	Variable
	Fully Immunized n (%)
	Not Fully Immunized n (%)
	χ²
	p-value
	Crude OR (95% CI)

	Intervention-Related Factors
	
	
	
	
	

	Intervention exposure
	
	
	21.67
	<0.001
	2.69 (1.81–3.99)

	Intervention group
	121 (69.9)
	52 (30.1)
	
	
	

	Control group
	77 (46.4)
	89 (53.6)
	
	
	

	Caregiver Knowledge Factors
	
	
	
	
	

	Knowledge of immunization schedule
	
	
	15.32
	<0.001
	2.41 (1.54–3.77)

	Good knowledge
	149 (65.9)
	77 (34.1)
	
	
	

	Poor knowledge
	49 (43.8)
	63 (56.2)
	
	
	

	Caregiver Perception Factors
	
	
	
	
	

	Perceived benefit of immunization
	
	
	8.35
	0.004
	1.88 (1.22–2.89)

	Yes
	171 (56.8)
	130 (43.2)
	
	
	

	No
	27 (71.1)
	11 (28.9)
	
	
	

	Household Dynamics Factors
	
	
	
	
	

	Paternal education and women's autonomy
	
	
	10.21
	0.002
	2.17 (1.34–3.51)

	Yes
	167 (57.2)
	125 (42.8)
	
	
	

	No
	32 (62.8)
	19 (37.3)
	
	
	

	Health System Factors
	
	
	12.24
	0.003
	2.35 (1.56–3.54)

	Access to health facilities
	153 (50.8)
	148 (49.2)
	
	
	

	Quality of service delivery
	144 (55.0)
	118 (45.0)
	
	
	

	Waiting time
	123 (55.7)
	98 (44.3)
	
	
	



Table 3 presents multivariable logistic regression results for determinants of complete childhood immunization. After adjustment, all five determinant categories remained significant. Intervention exposure (AOR = 2.69, 95% CI: 1.72–4.20, p < 0.001), correct immunization schedule knowledge (AOR = 2.41, 95% CI: 1.43–4.05, p = 0.001), perceived benefit (AOR = 1.88, 95% CI: 1.16–3.05, p = 0.011), paternal education and women's autonomy (AOR = 2.17, 95% CI: 1.21–3.25, p = 0.014), and health system factors (AOR = 2.35, 95% CI: 1.36–3.14, p = 0.003) all independently predicted complete immunization.
Table 3. Multivariable Logistic Regression Analysis of Determinants of Complete Childhood Immunization
Outcome: Complete immunization (fully immunized vs not fully immunized)
	Determinant Category
	Predictor
	AOR (95% CI)
	p-value

	Intervention-Related
	Community volunteer intervention (ref: routine care)
	2.69 (1.72–4.20)
	<0.001***

	Caregiver Knowledge
	Correct immunization schedule knowledge (ref: poor knowledge)
	2.41 (1.43–4.05)
	0.001**

	Caregiver Perception
	Perceived benefit of immunization (ref: no perceived benefit)
	1.88 (1.16–3.05)
	0.011*

	Household Dynamics
	Paternal education & women’s autonomy (ref: absence)
	2.17 (1.21–3.25)
	0.014*

	Health System
	Access, quality, waiting time (ref: poor)
	2.35 (1.36–3.14)
	0.003**


Notes: AOR = adjusted odds ratio; CI = confidence interval.
Reference categories are as indicated in parentheses.
Model fit: Nagelkerke R² = 0.31; N = 339.
Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.
Table 4 presents diagnostic performance and effect measures for the logistic regression model. The model demonstrated good fit (Hosmer-Lemeshow, p = 0.739), explained a moderate proportion of variance (Nagelkerke R² = 0.31), and correctly classified 72.6% of children. ROC analysis indicated acceptable discrimination (AUC = 0.76, 95% CI: 0.71–0.82). Multicollinearity was absent (VIF range: 1.21–1.34).
Effect measures underscored the intervention's impact. Children in the intervention group were 51% more likely to be fully immunized (RR = 1.51), with a risk difference of 23.5 percentage points attributable to the intervention. The number needed to treat was approximately five, meaning one additional child achieved full immunization for every five caregivers educated. The effect size was moderate to large (Cohen's W = 0.40), indicating a meaningful public health impact.
Table 4. Model Diagnostics, Predictive Performance, and Measures of Effect
	Statistic
	    Value

	Hosmer–Lemeshow χ² (p-value)
	   p = 0.739

	Nagelkerke R²
	       0.31

	Model classification accuracy
	      72.6%

	Sensitivity
	         71%

	Specificity
	         69%

	Positive Predictive Value (PPV)
	         73%

	Negative Predictive Value (NPV)
	       66%

	Area Under ROC Curve (AUC)
	      0.76 (95% CI: 0.71–0.82)

	Variance Inflation Factor (range)
	     1.21–1.34

	Cohen’s W effect size
	        0.40

	Relative Risk (RR)
	        1.51

	Risk Difference
	       23.5%

	Number Needed to Treat (NNT)
	           ≈5


Diagnostic Performance Measures
The model's predictive performance showed moderate diagnostic accuracy. Sensitivity was 71%, meaning the model correctly identified seven out of ten children who achieved complete immunization. Specificity was 69%, correctly classifying approximately two-thirds of children who were not fully immunized. The positive predictive value was 73%, indicating that when the model predicted complete immunization, there was a 73% probability the child was indeed fully immunized. The negative predictive value was 66%, meaning predictions of incomplete immunization were correct two-thirds of the time. Together, these metrics demonstrate balanced performance in correctly identifying both immunized and non-immunized children, supporting the model's robustness.
ROC Curve Interpretation
Figure 1 presents the receiver operating characteristic (ROC) curve assessing the model's discriminatory ability. The area under the curve (AUC) was 0.76 (95% CI: 0.71–0.82), indicating acceptable discrimination. An AUC of 0.76 means the model has a 76% probability of correctly ranking a randomly selected fully immunized child higher than a randomly selected non-fully immunized child. This level of discrimination, falling within the 0.70–0.80 range considered good predictive performance, demonstrates that the model can effectively distinguish between children who completed immunization and those who did not. These findings confirm the model provides a reliable basis for identifying determinants of complete childhood immunization in this study setting.
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Figure 1: Receiver Operating Characteristic (ROC) Curve
Intervention Effect Bar Chart
The bar chart (Figure 2) compares immunization coverage between groups. Complete immunization was higher in the intervention group (69.9%) than in the control group (46.4%), an absolute increase of 23.5 percentage points. This demonstrates substantial improvement in immunization uptake attributable to the community volunteer intervention.










Figure 2: Effect of community volunteer intervention on childhood Immunization Coverage


Discussion
This study provides important insights into some of the determinants of complete childhood immunization in rural communities of Rivers State, Nigeria, within the broader context of persistent global and regional inequities in vaccine coverage. Despite substantial progress in immunization over the past decades, global coverage has peaked, with approximately 14 million children remaining "zero-dose," having received no routine vaccines, particularly in low- and middle-income countries (World Health Organization [WHO], 2025). These gaps are largely driven by structural inequities, weak health systems, and socioeconomic barriers, which disproportionately affect vulnerable populations (United Nations Children's Fund [UNICEF], 2023). The findings of this study align with this global pattern, demonstrating that both individual- and system-level factors significantly influence immunization uptake in rural Nigerian settings (Oyo-Ita et al., 2023).
At the national level, Nigeria continues to contribute substantially to the global burden of under-immunized children. Evidence indicates that Nigeria remains one of the countries with the highest number of zero-dose children, largely due to disparities in access to primary healthcare services and persistent socioeconomic inequalities (WHO, 2023). The present study corroborates these national trends, identifying five key determinants of complete immunization: exposure to community volunteer intervention, correct knowledge of immunization schedules, perceived benefits of vaccination, paternal education and women's autonomy, and health system factors. These findings are consistent with recent large-scale analyses in Nigeria, which have demonstrated that children of mothers with higher educational attainment are significantly more likely to be fully immunized (Ahmed et al., 2024; Oyo-Ita et al., 2021). Maternal education likely enhances health literacy, improves understanding of immunization schedules, and increases engagement with healthcare services.
In addition to maternal factors, this study's findings on paternal characteristics and broader household dynamics reflect emerging evidence highlighting the importance of intra-household decision-making in child health outcomes. A recent study in Nigeria found that paternal education and involvement significantly influence childhood vaccination uptake, particularly in settings where men play a dominant role in healthcare decision-making (Azubuike & Ardelt, 2025). Similarly, women's autonomy and participation in household decisions have been shown to positively affect immunization coverage, as empowered women are more likely to access and utilize maternal and child health services (Gayawan et al., 2025). The consistency of these findings with the current study underscores the need to move beyond mother-focused interventions to more inclusive, household-level strategies.
Health system factors also emerged as critical determinants of immunization uptake in this study. Variables such as access to health facilities, quality of service delivery, and waiting time were significantly associated with completion of childhood immunization. These findings are in agreement with recent evidence from northern Nigeria, where long waiting times, distance to health facilities, and poor service organization were identified as major barriers to routine immunization (Sabo et al., 2025). In many rural settings, structural challenges such as inadequate staffing, irregular vaccine supply, and logistical constraints further compound these barriers, leading to missed vaccination opportunities (Fenta et al., 2021; Salako et al., 2024). The implication is that improving immunization coverage requires not only demand-side interventions but also substantial strengthening of health system capacity and service delivery efficiency (Oyo-Ita et al., 2023).
The five determinants identified in this study represent interconnected levels of influence on immunization behavior. Individual-level factors (caregiver knowledge and perceived benefits) interact with household-level factors (paternal involvement and women's autonomy) and are either facilitated or constrained by health system factors such as access, quality, and waiting time. This multi-level determinant framework aligns with socio-ecological models of health behavior and suggests that interventions must simultaneously target multiple levels to be effective. The community volunteer intervention in this study addressed multiple determinants by improving knowledge, reinforcing perceived benefits, and strengthening linkages between households and health facilities.
The findings of this study also resonate with broader regional patterns observed across sub-Saharan Africa, where inequities in immunization coverage are closely linked to socioeconomic status, geographic accessibility, and health system performance (Bangura et al., 2020; Williams et al., 2024). Although country-specific contexts vary, similar determinants have been reported across low-resource settings, including poverty, limited maternal education, and poor access to healthcare services (UNICEF, 2023; WHO, 2025). This convergence of evidence suggests that the drivers of incomplete immunization are deeply rooted in structural and systemic challenges rather than isolated local factors (Iba et al., 2025). Consequently, interventions must adopt a comprehensive and context-sensitive approach that addresses both social determinants and health system constraints.
Within the Rivers State context, the study findings provide valuable local evidence that reflects known public health challenges in riverine and rural communities. These areas are often characterized by difficult terrain, limited transportation infrastructure, and reduced access to healthcare facilities, all of which can hinder routine immunization uptake (Briggs & Tobin-West, 2022a; Briggs et al., 2022b). The rural setting amplified the influence of several determinants: distance to facilities made health system access more critical; lower literacy levels made knowledge interventions more impactful; and traditional household structures made paternal involvement and women's autonomy more salient. While there is limited published literature specifically focused on immunization determinants in Rivers State, the observed patterns in this study are consistent with broader evidence on healthcare access challenges in similar hard-to-reach settings in Nigeria. This contextual alignment strengthens the external validity of the findings and highlights the importance of tailoring immunization strategies to the unique geographic and socio-cultural realities of such communities.
Another important observation from this study is the measurable effect of the intervention implemented, which demonstrated a moderate-to-large improvement in immunization uptake among the study population. This finding suggests that targeted interventions, particularly those addressing identified barriers such as knowledge gaps and access constraints, can significantly improve vaccination outcomes. This aligns with global evidence indicating that integrated approaches combining community engagement, health education, and service delivery improvements are effective in increasing immunization coverage (UNICEF, 2023). However, the sustainability of such gains depends on the extent to which these interventions are institutionalized within existing primary healthcare frameworks.
Furthermore, the predictive model used in this study demonstrated acceptable discriminative ability, indicating that the identified variables reliably explain variation in immunization status within the population. This reinforces the robustness of the study findings and supports their potential applicability in informing targeted public health interventions. The ability to predict which children are at risk of incomplete immunization is particularly valuable in resource-limited settings, where prioritising high-risk groups is essential for efficient allocation of healthcare resources.
Overall, the findings of this study are largely consistent with existing global, regional, and national evidence on the determinants of childhood immunization, while also providing important context-specific insights for rural communities in Rivers State. Areas of agreement include the significant role of maternal education, socioeconomic status, and health system factors, all of which have been widely documented in the literature. There is also strong alignment with emerging evidence on the importance of household decision-making dynamics and women's empowerment in improving child health outcomes. The five determinants framework emerging from this study offers a comprehensive lens for understanding and addressing incomplete immunization in rural Nigerian settings. Minor areas of divergence are primarily related to contextual differences, particularly the influence of geographic accessibility and local health system challenges, which may be more pronounced in riverine settings.

Strengths and Limitations
Strengths:
This study is strengthened by its randomized controlled trial design, which enhances internal validity and supports causal inference. The community-based approach in real-world rural settings improves generalizability. Delivering the intervention through trained community volunteers in local languages enhanced cultural relevance and community acceptance. Additionally, robust statistical analyses (including multivariable regression and intention-to-treat analysis) alongside effect measures (RR, RD, NNT) strengthen reliability and quantify the public health impact of the findings.
Limitations:
Blinding was not feasible, introducing potential performance bias. Some variables relied on self-reported data, which may be subject to recall or social desirability bias. The study was limited to two LGAs, which may affect generalizability. The nine-month follow-up does not capture long-term immunization adherence. Additionally, possible unmeasured confounders, such as cultural beliefs, may have influenced outcomes.
Conclusion
Complete childhood immunization in rural Rivers State is influenced by caregiver knowledge, perceived benefits, household decision-making, and health system factors. The study demonstrates that a community volunteer-driven intervention significantly improves immunization uptake, highlighting the importance of combining community engagement with strengthened service delivery. This approach offers a practical pathway for improving vaccination coverage in underserved settings.
Recommendations
The study recommends integrating community volunteer programs into routine primary healthcare services, strengthening caregiver education using culturally appropriate communication, and improving access and quality of immunization services—particularly in rural areas. Additionally, efforts should promote male involvement and women's autonomy in child health decisions, while institutionalizing community-based immunization strategies within health policy frameworks to ensure sustainability.
Contribution to Knowledge
Practice: Demonstrates the effectiveness of community volunteer-led education in improving immunization uptake.
Research: Provides RCT-based evidence on determinants of immunization in rural Nigeria.
Policy: Supports community-driven approaches for improving vaccine coverage.
Innovation: Presents a low-cost, scalable, culturally adaptable intervention model.
Future Research
Future studies should assess long-term sustainability, expand to multiple regions, and assess the cost-effectiveness of community-based interventions. Research on digital health integration and socio-cultural determinants of vaccine uptake is also recommended.

CONSENT : Written informed consent was obtained from all participants. Confidentiality and anonymity were maintained. The control group received the training after study completion.
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