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Abstract
Introduction: Malaria remains a leading cause of under-five morbidity and mortality in sub-Saharan Africa. In Nigeria, despite effective artemisinin-based combination therapy (ACT), timely initiation, adherence, and referral for childhood malaria are suboptimal, particularly in rural settings. This study assessed the effect of structured caregiver training on these outcomes in rural communities of Rivers State, Nigeria.
Methods: A quasi-experimental study with pre- and post-intervention assessments and a control group was conducted. A total of 376 caregivers (188 intervention; 188 control) were enrolled. The intervention comprised structured training on symptom recognition, correct ACT dosing, and danger signs requiring referral. Primary outcomes were timely ACT initiation (≤24 hours), complete adherence, and timely referral. Difference-in-differences (DiD) analysis estimated net intervention effects, and Cohen's h quantified effect sizes.
Results: Baseline characteristics were comparable. Timely ACT initiation increased from 38.3% to 65.4% in the intervention group versus 36.7% to 41.1% in controls (DiD = +22.7 percentage points; p < 0.001). Adherence improved from 44.1% to 71.4% versus 46.8% to 51.1% (DiD = +23.0; p < 0.001). Timely referral improved from 52.7% to 78.6% versus 54.8% to 59.4% (DiD = +21.2; p < 0.001). Effect sizes were moderate to large (Cohen's h: 0.41–0.63). Multivariate analysis confirmed the intervention independently predicted all outcomes (AOR: 2.36–3.12; p ≤ 0.001).
Conclusion: Structured caregiver training significantly improved timely ACT initiation, adherence, and referral for childhood malaria in rural Nigeria. Integrating such interventions into primary healthcare is recommended for high-burden settings.
Keywords: Artemisinin-based combination therapy; malaria case management; caregiver training; treatment adherence; referral practices; quasi-experimental study; effect size; Nigeria.



Introduction
Malaria remains a leading public health challenge in sub-Saharan Africa, with children under five bearing the greatest burden of disease and death. In 2023, an estimated 249 million malaria cases and 608,000 deaths occurred globally, with Africa accounting for 94% of the burden and under-five children comprising most fatalities (Briggs & Tom-George, 2025; World Health Organization [WHO], 2023). Nigeria bears the highest number of malaria cases and deaths worldwide, with under-five children disproportionately affected due to epidemiological, social, and health-system factors (Briggs & Tom-George, 2025). Prompt and effective treatment is therefore critical for malaria control in this age group.
Effective management of uncomplicated malaria requires early symptom recognition and timely initiation of effective therapy. Artemisinin-based combination therapy (ACT) is the standard of care in Nigeria and other endemic countries due to its high efficacy in clearing parasitaemia (National Malaria Elimination Programme [NMEP], 2021). Clinical studies among Nigerian under-five populations report ACT cure rates exceeding 90% (Oguche et al., 2014). Despite this evidence, uptake and correct use of ACTs for home-based malaria management in rural communities remain suboptimal (Akinwalere et al., 2019). Challenges include limited health facility access, poor caregiver knowledge of malaria symptoms and treatment guidelines, and socioeconomic barriers to prompt care-seeking (Akinrinade et al., 2025).
[bookmark: _Hlk223360148]Caregivers' health-seeking behaviour critically influences childhood malaria outcomes. In rural Nigeria, caregivers often initiate treatment at home or seek care from informal providers, delaying appropriate therapy (Nwoke et al., 2014). A recent study in southwestern Nigeria found that although most caregivers identified fever as a key malaria symptom, few sought care at formal health facilities, many resorting to drug vendors, herbal remedies, or self-medication (Akinrinade et al., 2025). Such delays increase parasite load, complications, and risk of severe disease or death among vulnerable children.
[bookmark: _Hlk223360414]Training caregivers to recognise malaria symptoms and initiate prompt treatment is proposed to bridge access gaps and improve outcomes, particularly in underserved communities (Abubakar et al., 2016; Nwaneri et al., 2017). Community-based interventions empowering caregivers with knowledge and skills have demonstrated efficacy. In rural areas of Rivers State, caregivers trained alongside community volunteers showed marked improvements in malaria knowledge and early treatment initiation compared to controls (Tobin-West & Briggs, 2015). Similarly, home management strategies using trained "mother trainers" in southwest Nigeria significantly increased correct antimalarial use and treatment timeliness (Akinrinade et al., 2025).
Despite recognised benefits of caregiver involvement, studies highlight persistent gaps in adopting recommended therapies. Research from rural Nigerian communities demonstrates low ACT adoption rates among caregivers due to cost, accessibility, and limited awareness of ACT efficacy (Chukwuocha, 2011). Inappropriate antimalarial use remains common, driven by caregiver pressure and inconsistent guideline adherence, undermining treatment effectiveness and potentially contributing to drug resistance (Ezenyi et al., 2024). These dynamics underscore the need to ensure caregivers can initiate treatment promptly and correctly.
Treatment timeliness is crucial in malaria control. Delay in starting effective therapy is strongly associated with progression to severe disease and increased mortality in young children (Udujih et al., 2020). Early treatment within 24 hours of symptom onset is advocated by national and international guidelines as essential for effective case management (Briggs & Tom-George, 2025). However, evidence indicates that in many rural settings, less than half of febrile children with suspected malaria receive ACTs within this critical window, largely due to gaps in caregiver knowledge and delayed care-seeking (Yusuf et al., 2008). Interventions targeting the timely initiation of recommended therapies; therefore, hold promise for mitigating delays and improving outcomes.
Beyond knowledge and behaviour change, rural health systems in Nigeria pose structural challenges. Limited infrastructure, health worker shortages, and frequent stockouts of quality-assured antimalarials impede ACT access and quality malaria care (Ezenyi et al., 2024). These systemic issues disproportionately affect rural populations, making informal home management by caregivers the de facto first line of care for many families. Empowering caregivers through targeted training can strengthen community resilience against malaria where formal health services are constrained (Tobin-West & Briggs, 2015).
Given the persistent malaria burden among Nigerian under-five children and documented challenges in ensuring timely treatment, assessing interventions that strengthen caregiver capacity for effective home-based management is compelling. While improving ACT access remains essential, optimising timely initiation, correct use, and appropriate referral for severe symptoms requires targeted behavioural strategies. This study assesses the effect of a community-based caregiver training intervention on timely ACT initiation, treatment adherence, and referral practices for childhood malaria in rural areas of Rivers State, Nigeria. By examining these interconnected case management outcomes, this research provides evidence to inform community-level strategies aimed at reducing malaria-related morbidity and mortality among children under five years of age.
Materials and Methods
Study Design
A quasi-experimental design with pre- and post-intervention assessments and a control group was used. This study draws on data from a larger community-based study in rural Rivers State. A prior publication from the same dataset (Briggs & Tom-George, 2025) examined caregiver knowledge outcomes following a role-model caregiver intervention. The present analysis focuses on distinct behavioural outcomes, timely ACT initiation, treatment adherence, and appropriate referral practices, which were not addressed in the earlier study. Using a difference-in-differences framework, this study extends previous findings by assessing the intervention's effect on guideline-concordant malaria case management behaviours.
Study Area 
The study was conducted in two rural communities of Rivers State, located in the Niger Delta region of southern Nigeria.  The communities are Usokun (intervention community) in Degema Local Government Area and Tema (control community) in Asari-Toru Local Government Area. The areas are malaria-endemic, with perennial transmission and seasonal peaks during the rainy season. Health services are delivered through primary health centres, health posts, and patent medicine vendors. Access to health facilities varies across communities, and caregiver-managed home treatment is common. 
Study Population
The study population comprised caregivers of children under five years of age residing in the selected communities. A caregiver was defined as the primary individual responsible for health-related decision-making for the child.
Inclusion and Exclusion Criteria
Inclusion Criteria:
1) Caregivers aged ≥18 years residing in the selected rural communities for at least one year.
2) Caregivers with at least one child aged 0–59 months.
3) Caregivers willing to provide written informed consent. 
Exclusion Criteria:
a) Caregivers who planned to relocate outside the communities within the study period.
b) Caregivers whose children had confirmed chronic illnesses (e.g., sickle cell disease, HIV) that could confound malaria treatment outcomes.
c) Caregivers who were not psychologically fit. 
Sample Size Determination
The sample size was calculated using the formula for comparison of two independent proportions in quasi-experimental studies. 

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 ​ = baseline prevalence.
P 2 ​ = expected post-intervention prevalence.
P = average of and 
Baseline prevalence (P₁) of timely antimalarial initiation was estimated at 37% based on a community study in rural areas of Rivers State (Tobin-West & Briggs, 2015). Although that study did not specifically restrict to artemisinin-based combination therapy (ACT), early treatment initiation is epidemiologically consistent with this study's operational definition. For computation, this was rounded to 38%. An absolute improvement of 19 percentage points (38% to 57%) was considered programmatically meaningful. Using these assumptions, the minimum required sample size was 170 caregivers per arm. Adjusting for 10% attrition yielded 188 per arm, giving a total sample size of 376 caregivers.
Sampling Technique
A multistage sampling technique was used:
1. Stage 1 — Selection of Local Government Areas (LGAs): Two rural LGAs were selected by simple random sampling from the list of rural LGAs in Rivers State.
2. Stage 2 — Selection of Communities: Within each selected LGA, one rural community was randomly selected using a lottery method.
3. Stage 3 — Household Selection: A household listing was conducted in each community. Caregiver households with eligible children were enumerated and assigned unique identifiers.
4. Stage 4 — Participant Selection: Every third eligible household was selected using systematic random sampling. If more than one eligible child was in the household, one child was randomly selected as the index child. 
The intervention and control communities were geographically separated by three kilometres to minimise contamination. Participants in the intervention and control communities were matched on socio-demographic characteristics to ensure baseline comparability.
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Figure 1: CONSORT Flow Diagram 

Intervention Description 
The intervention consisted of a four-week structured caregiver training on early recognition and home management of childhood malaria. Training sessions were delivered by trained health educators using the WHO Malaria Case Management and Home Management Module (WHO, 2023).
The training covered:
1. Recognition of early malaria symptoms.
2. Importance of initiating artemisinin-based combination therapy (ACT) within 24 hours of fever onset
3. Correct dosing and completion of the ACT regimen
4. Identification of malaria danger signs
5. Criteria for immediate referral to a health facility
Interactive teaching methods were used, including demonstrations, visual aids, and scenario-based discussions. Training fidelity was ensured through the use of a standardised facilitator guide and supervision by the research team. Control communities received only routine health communication from existing primary health facilities without structured training.
Study Duration
The study spanned four months (1st November 2023 to 29th February 2024), comprising:
1. Baseline data collection (November 2023).
2. Intervention period (December 2023).
3. Post-intervention assessment (January-February 2024).
This duration allowed assessment of short-term behavioural changes in malaria treatment practices.
Data Collection Instruments 
Data were collected using a pretested interviewer-administered questionnaire adapted from the WHO Malaria Case Management and Home Management Module (WHO, 2023). The questionnaire captured:
1. Socio-demographic characteristics.
2. Knowledge of malaria symptoms and danger signs.
3. Caregiver treatment-seeking behaviour.
4. Time to initiation of ACT after symptom onset.
5. Adherence to ACT dosing guidelines.
6. Referral practices to formal health facilities.
Time to initiation was captured through caregiver recall and cross-checked with treatment cards where available.
Data Quality Assurance To ensure validity and reliability:
The questionnaire was pretested in a neighbouring rural community outside the study area. Data collectors underwent two days of training on interview techniques, malaria terminology, and ethical conduct. Daily field supervision and spot checks were conducted by the principal investigator and two supervisors. Completed questionnaires were reviewed daily for completeness and consistency.
Internal Validity Assessment
This was done through: 
A. Baseline comparability testing between groups.
B. Attrition analysis.
C. Sensitivity analyses excluding incomplete responses.
D. Adjustment for clustering at the community level using robust standard errors.
Outcome Measures 
Primary outcome:
1. Timely initiation of ACT, defined as starting recommended antimalarial therapy within 24 hours of the onset of fever or malaria symptoms.


Secondary outcomes:
1. Complete treatment adherence, defined as completion of the full prescribed ACT regimen according to national treatment guidelines.
2. Timely referral, defined as referral to a health facility within 24 hours of recognition of malaria danger signs.
All outcomes were measured at baseline and post-intervention using structured interviewer-administered questionnaires.
Statistical Analysis 
Data were entered into Microsoft Excel and exported to the Statistical Product and Service Solution (SPSS) Version 27 (Armonk, NY: IBM Corporation) for analysis. 
Descriptive statistics were used to summarise participant characteristics. Categorical variables were presented as frequencies and percentages. Continuous variables were summarised using means and standard deviations.
Normality Testing: Continuous variables were assessed for normality using the  Shapiro–Wilk test, Histogram inspection, and Q–Q plots.
Bivariate analysis was conducted using Chi-square tests to compare proportions between intervention and control groups. Crude effect estimates were calculated as risk differences (RD) and relative risks (RR), with 95% confidence intervals.
Standardised effect sizes for differences in proportions were calculated using Cohen’s h to quantify the magnitude of intervention effects.
To estimate independent predictors of each outcome, three separate multivariate logistic regression models were constructed for:
1. Timely initiation of ACT.
2. Treatment adherence.
3. Timely referral.
Adjusted odds ratios (AOR) with 95% confidence intervals were reported. Model fit was assessed using the Hosmer–Lemeshow test (p >0.05), Nagelkerke R² indicated explained variance, and multicollinearity was assessed using variance inflation factors (VIF< 5).  
For the pre–post design, difference-in-differences (DID) analysis was applied to estimate the net intervention effect while controlling for baseline differences and secular trends. The DID estimator was calculated as:
[bookmark: _Hlk223033346][bookmark: _Hlk223033319][bookmark: _Hlk223033269]DiD= (Postintervention –  Preintervention​ ) – (Postcontrol​ - Precontrol )
All analyses followed the intention-to-treat principle.
Statistical significance was set at p<0.05.
Results 
Of 392 eligible caregivers, 376 consented and completed the baseline survey (95.9% response rate), evenly distributed between intervention (n = 188) and control (n = 188) arms. Post-intervention follow-up achieved 96.8% (n = 182) retention in the intervention group and 95.7% (n = 180) in controls. Attrition did not differ significantly between groups (p = 0.64).
Socio-Demographic Characteristics
Mean caregiver age was comparable between groups (intervention: 31.8 ± 6.4 years; control: 32.1 ± 6.8 years; p = 0.72). Most were mothers (84.6%), married (79.3%), and engaged in informal occupations. No significant baseline differences existed between groups regarding age, education, marital status, occupation, or distance to health facility, confirming comparability (Table 1).
Table 1: Socio-Demographic Characteristics of Caregivers
	Variable
	Intervention (n=188)
	      Control (n=188)
	           p-value

	Mean age (years)
	       31.8 ± 6.4
	             32.1 ± 6.8
	              0.72*

	Secondary education or higher
	       54.3%
	             51.6%
	               0.63

	Married
	       80.3%
	             78.2%
	                0.65

	Informal occupation
	       67.6%
	             69.1%
	                0.77

	Distance ≥5 km to health facility
	       48.9%
	             50.5%                                          
	                 0.76


Chi-square test for categorical variables; *Independent t-test for continuous variables.
Timely Initiation of ACT Before and After Intervention
At baseline, timely antimalarial initiation was comparable between groups (intervention: 38.3% vs. control: 36.7%; p = 0.75). Post-intervention, timely ACT initiation rose to 65.4% in the intervention group versus 41.1% in controls (p < 0.001). The absolute increase was 27.1 percentage points in the intervention arm compared to 4.4 points in controls. Difference-in-differences analysis revealed a net intervention effect of 22.7 percentage points (Table 2).
[bookmark: _Hlk223276826]Table 2: Timely Initiation of ACT Before and After Intervention
	Time Point
	Intervention (%)
	        Control (%)
	             p-value

	Baseline
	          38.3
	             36.7
	                  0.75

	Post-intervention
	          65.4
	             41.1
	                 <0.001

	Absolute Change
	        +27.1
	             +4.4                              
	                      —

	Difference-in-Differences
	          22.7%
	               —
	                      —


Chi-square test for between-group comparisons.

Adherence to ACT Regimen 
ACT adherence increased from 44.1% to 71.4% in the intervention group (p < 0.001) versus 46.8% to 51.1% in controls (p = 0.31). Absolute gains were +27.3% (intervention) and +4.3% (control), yielding a net effect of 23.0 percentage points. The post-intervention difference was significant (χ² = 17.92, p < 0.001), indicating trained caregivers adhered better to ACT regimens (Table 3).
[bookmark: _Hlk223276477]Table 3: Adherence to Artemisinin-Based Combination Therapy (ACT) Before and After Intervention
A. Within-Group Comparison (Pre versus Post)
	Group
	Time Point
	Adherent n (%)
	Non-Adherent n (%)
	χ²
	p-value

	Intervention 
	Baseline (n=188)
	83 (44.1)
	105 (55.9)
	27.84
	<0.001

	
	Post- Intervention (n=182)
	130 (71.4)
	52 (28.6)
	
	

	
Control 
	Baseline (n=188)
	88 (46.8)
	100 (53.2)
	1.03
	0.31

	
	Post- Intervention (n=180)
	92 (51.1)
	88 (48.9)
	
	


[bookmark: _Hlk223190602]Chi-square test for paired proportions within groups.
B. Between-Group Comparison (Post-Intervention)
	Group
	Adherent n (%)
	Non-Adherent n (%)
	χ²
	p-value

	Intervention (n=182)
	130 (71.4)
	52 (28.6)
	17.92
	<0.001

	Control (n=180)
	92 (51.1)
	88 (48.9)
	
	


Referral Practices 
Appropriate referral for danger signs improved significantly in the intervention group (52.7% to 78.6%; p < 0.001) versus a non-significant change in controls (54.8% to 59.4%; p = 0.38). Absolute increases were +26.0% (intervention) and +4.8% (control), yielding a net effect of 21.2 percentage points. The post-intervention difference was significant (χ² = 20.64, p < 0.001), favouring the intervention group (Table 4).
Table 4: Appropriate Referral of Children with Malaria Danger Signs
A. Within-Group Comparison (Pre versus Post)
	Group
	Time Point
	
Appropriate Referral n (%)
	
No Referral n (%)
	χ²
	
p-value

	Intervention 
	Baseline (n=188)
	99 (52.7)
	89 (47.3)
	25.16
	<0.001

	
	Post-Intervention (n=182)
	143 (78.7)
	39 (21.3)
	
	

	Control 
	Baseline (n=188)
	103 (54.8)
	85 (45.2)
	0.76
	0.38

	
	Post-Intervention (n=180)
	107 (59.6)
	73 (40.4)
	
	


B. Between-Group Comparison (Post-Intervention)
	Group
	Appropriate Referral n (%)
	No Referral n (%)
	χ²
	p-value

	Intervention (n=182)
	143 (78.7)
	39 (21.3)
	20.64
	<0.001

	Control (n=180)
	107 (59.6)
	73 (40.4)
	
	


Multivariate Logistic Regression 
Adjusted models showed the intervention independently predicted timely ACT initiation (AOR = 2.91; 95% CI: 1.82–4.66; p < 0.001), complete adherence (AOR = 2.36; 95% CI: 1.45–3.82; p = 0.001), and timely referral (AOR = 3.12; 95% CI: 1.80–5.41; p < 0.001), with the strongest effect on referral. Caregiver education was associated with initiation and adherence, while shorter distance to a health facility significantly predicted timely referral (Tables 5.a–5.c).
Multivariate Logistic Regression for Timely Initiation of ACT (Primary Outcome)
[bookmark: _Hlk223289714]Table 5.a: Multivariate Logistic Regression for Timely Initiation of ACT (Primary Outcome)
	Variable
	β Coefficient
	Adjusted Odds Ratio (AOR)
	95% CI
	p-value

	Intervention (Trained)
	      1.07
	                  2.91
	1.82–4.66
	<0.001

	Caregiver age ≥30 yrs
	      0.28
	                  1.32
	0.82–2.13
	0.251

	Secondary education or higher
	      0.56
	                  1.75
	1.09–2.82
	0.021

	High SES
	      0.34
	                  1.41
	0.88–2.27
	0.151

	Distance <5 km
	      0.39
	                  1.48
	0.92–2.38
	0.105

	Child <24 months
	      0.19
	                  1.21
	0.75–1.95
	0.430


Model statistics: −2 Log likelihood = 412.6; Hosmer–Lemeshow p = 0.62; Nagelkerke R² = 0.28. SES = Socioeconomic Status.
Training independently increased the odds of timely initiation nearly threefold. 
Multivariate Logistic Regression for Complete ACT Adherence (Secondary Outcome)
Table 5.b: Multivariate Logistic Regression for Complete ACT Adherence (Secondary Outcome)
	Variable
	β Coefficient
	  AOR
	         95% CI
	                     p-value

	Intervention (Trained)
	    0.86
	   2.36
	        1.45–3.82
	                        0.001

	Caregiver age ≥30 yrs
	    0.31
	   1.36
	         0.83–2.22
	                        0.216

	Secondary education or higher
	    0.54
	   1.72
	         1.06–2.79
	                         0.028

	High SES
	    0.22
	   1.25
	         0.77–2.04
	                         0.364

	Distance <5 km
	    0.17
	   1.18
	         0.72–1.94
	                         0.506

	Previous malaria episode
	    0.14
	   1.15
	          0.71–1.87
	                          0.571


Model statistics: −2 Log likelihood = 438.2; Hosmer–Lemeshow p = 0.71; Nagelkerke R² = 0.19.
Training doubled adherence odds independent of education and SES.
Multivariate Logistic Regression for Timely Referral (Secondary Outcome)
[bookmark: _Hlk223290424]Table 5.c: Multivariate Logistic Regression for Timely Referral (Secondary Outcome)
	Variable
	β Coefficient
	   AOR
	        95% CI
	                 p-value

	Intervention (Trained)
	     1.14
	     3.12
	        1.80–5.41
	                     <0.001

	Caregiver age ≥30 yrs
	      0.25
	    1.28
	       0.78–2.09
	                      0.327

	Secondary education or higher
	      0.43
	    1.54
	       0.96–2.47
	                      0.072

	High SES
	      0.37
	    1.45
	       0.88–2.38
	                       0.145

	Distance <5 km
	      0.65
	    1.92
	       1.18–3.13
	                       0.009

	Child <24 months
	      0.32
	    1.38
	       0.86–2.22
	                        0.182


Model statistics: −2 Log likelihood = 389.4; Hosmer–Lemeshow p = 0.54; Nagelkerke R² = 0.31
Training had the strongest independent effect on referral behaviour.
 Table 6: Summary Table of Effect Sizes
	Outcome
	Risk Difference
	     Relative Risk
	     Cohen’s h
	     Interpretation

	Timely initiation
	     25%
	        1.63
	        0.52
	    Moderate–large

	Adherence
	     20%
	        1.40
	        0.41
	     Moderate

	Referral
	     30%
	        2.00
	        0.63
	     Large


The intervention produced a 25% absolute increase in timely ACT initiation (RR=1.63), a 20% increase in complete adherence (RR=1.40), and a 30% increase in timely referral (RR=2.00). Standardised effect size estimates (Cohen’s h) indicated moderate to large intervention effects across all outcomes.
The intervention demonstrated the strongest independent association with timely referral (AOR=3.12), followed by timely initiation (AOR=2.91) and adherence (AOR=2.36). 
Sensitivity and Internal Validity Checks
· Sensitivity analyses excluding participants with incomplete recall yielded similar effect estimates (AOR = 2.88; 95% CI: 1.79–4.59). No significant interaction was observed between intervention status and caregiver education (p-interaction = 0.21).
· Baseline comparability and attrition analyses showed no systematic differences between groups, supporting internal validity.

Discussion
This study assessed the effect of a structured community-based caregiver training intervention on the timely initiation of artemisinin-based combination therapy (ACT) and appropriate referral practices for childhood malaria in rural communities of Rivers State, Nigeria. The findings reported statistically significant and programmatically meaningful improvements in both primary outcomes, demonstrating a positive effect of targeted behavioural interventions at the household level on treatment patterns.
Globally, malaria remains a predominant cause of morbidity and mortality among children under five years of age, with sub-Saharan Africa bearing the highest burden (World Health Organization [WHO], 2023). The effectiveness of artemisinin-based combination therapy (ACT), the first-line treatment for uncomplicated Plasmodium falciparum malaria, is critically dependent on its timely administration, ideally within 24 hours of fever onset (WHO, 2023). The post-intervention increase in early ACT initiation observed in this study, therefore, directly aligns with this core global strategy for reducing malaria progression and mortality.
Across sub-Saharan Africa, delays in seeking and initiating treatment are pervasive, often driven by a complex interplay of factors including caregiver misinterpretation of symptoms, reliance on traditional remedies, and financial or logistical barriers to accessing formal healthcare (Lubinda et al., 2025). The improvement documented in the current study suggests that structured training can effectively modify these behavioural determinants. Health promotion research consistently indicates that interventions building confidence, clarifying action plans, and reshaping perceived norms are more effective at fostering sustained behavioural change than passive information dissemination alone (Koulouvari et al., 2025). In this context, the training likely enhanced caregivers' ability to recognise febrile danger signs, bolstered their self-efficacy in administering ACT promptly, and clarified the criteria for escalating care to a health facility.
These findings resonate with a growing body of evidence from malaria-focused behavioural interventions. For instance, Obeagu et al. (2025) demonstrated that structured programmes incorporating community engagement led to significant improvements in treatment adherence and health-seeking practices compared to routine messaging. The magnitude of change in this study indicates that caregivers not only acquired knowledge but also successfully integrated new treatment behaviours into their practices. This distinction is epidemiologically crucial, as knowledge without corresponding behavioural implementation cannot translate into reduced morbidity or transmission.
Initiatives such as integrated community case management (iCCM) and the "24,2 Hours Initiative" in Uganda underscore the potential of community-level strategies to improve early detection and treatment coverage (Ranjbar et al., 2025; WHO, 2025). However, despite these efforts, treatment delays remain common. Lubinda et al. (2025) found that a substantial proportion of febrile children across sub-Saharan Africa still receive antimalarial treatment more than 24 hours after symptom onset. Within this broader context, the significant shift towards timelier ACT initiation observed in this study highlights the potential of targeted caregiver training to address persistent barriers that general health system interventions alone may not fully overcome.
In Nigeria, and West Africa more broadly, health-seeking patterns for childhood malaria are heterogeneous, with rural settings particularly affected by delays. Socio-cultural and economic factors often lead to a "wait-and-see" approach or initial consultations with informal providers, increasing the risk of progression to severe disease (Nwaneri & Sadoh, 2020; Ochieng et al., 2025). National data confirm that while ACT uptake has increased, ensuring prompt treatment for all children with malaria remains a challenge, especially in rural areas (Olisakwe et al., 2024). The present study's findings, demonstrating a recalibration of caregiver decision-making towards immediate, evidence-based action, are therefore particularly relevant. They align with earlier Nigerian research on home-based management, which showed that adequately trained community members could achieve high rates of correct dosing and prompt treatment (Falade et al., 2014). However, the Nigerian evidence also underscores that translating knowledge into practice requires sustained engagement; generalised health communication may be insufficient (Adeleke et al., 2025). The structured, skills-based nature of the current intervention likely accounts for its success in catalysing behaviour change beyond what passive awareness campaigns might achieve.
Adherence to  completing ACT regimens is another critical pillar of effective malaria control. Incomplete dosing compromises clinical recovery and can foster the emergence of drug-resistant parasites. A recent systematic review in East Africa highlighted substantial variability in adherence, pointing to persistent behavioural barriers even where ACT is readily available (Nkoma et al., 2025). The marked improvement in reported adherence in this study suggests that the intervention successfully addressed compliance gaps. It not only taught caregivers when to initiate treatment but also how to correctly complete the therapeutic course. This finding contrasts with studies where adherence remained suboptimal in the absence of systematic caregiver education (Banek et al., 2014) and aligns with evidence from Uganda showing that targeted health education can significantly enhance ACT adherence (Bawate et al., 2025). By increasing adherence levels, the intervention strengthens the therapeutic chain from diagnosis to cure, a key objective of Nigeria's National Malaria Strategic Plan (National Malaria Elimination Programme [NMEP], 2021).
The significant improvement in appropriate referral practices for children exhibiting danger signs of severe malaria is equally noteworthy. This outcome reflects not only enhanced recognition of symptom severity but also a greater willingness to engage with formal health systems. In many rural African contexts, referral practices are suboptimal due to knowledge gaps, cultural preferences for home-based care, and logistical barriers (Ochieng et al., 2025). Caregivers may initially seek treatment from informal sources, delaying referral until illness becomes severe (Nwaneri & Sadoh, 2020). The intervention in this study appears to have empowered caregivers to make more timely and appropriate health-seeking decisions. By improving their understanding of clinical thresholds and potentially fostering greater trust in the health system, the training enabled them to navigate systemic barriers more effectively. This behavioural recalibration is critical, as delayed referral is directly associated with poorer clinical outcomes in under-five children with malaria (Nwaneri & Sadoh, 2020).
From a behavioural epidemiology perspective, the intervention likely shifted caregivers along a continuum from reactive to proactive illness management. Theoretical frameworks emphasise the interplay of perceived susceptibility, severity, response efficacy, and self-efficacy in shaping health actions (Koulouvari et al., 2025). In rural areas of Rivers State, where misconceptions about malaria can delay evidence-based responses, the training model appears to have strengthened caregivers' perceived control over malaria outcomes, reducing mortality and encouraging earlier therapeutic engagement. This reinforces the notion that behavioural modification is not ancillary but foundational to malaria elimination, as the real-world impact of highly efficacious biomedical tools like ACTs is inevitably mediated by human behaviour (Obeagu et al., 2025).
In summary, this study provides robust empirical evidence that a structured, caregiver-focused behavioural intervention can significantly improve both the timely initiation of ACT and appropriate referral practices for childhood malaria in a resource-constrained, rural setting. The findings align with global malaria control priorities (World Health Organization, 2023), are supported by behavioural intervention research (Koulouvari et al., 2025; Obeagu et al., 2025), and directly respond to documented challenges in treatment adherence and care-seeking across sub-Saharan Africa (Lubinda et al., 2025; Nkoma et al., 2025). Within the Nigerian context, the results support national case management objectives (National Malaria Elimination Programme, 2021) and extend prior evidence linking caregiver behaviour to clinical outcomes (Nwaneri & Sadoh, 2020). The study illustrates that effective malaria control requires more than drug availability; it demands a behavioural alignment between knowledge, perception, and action at the household level. The demonstrated modifiability of these behaviours through a structured, community-engaged intervention offers a scalable template for similar high-burden rural settings, suggesting that investing in caregiver capacity can yield meaningful epidemiologic dividends. Sustaining these gains will, however, necessitate ongoing reinforcement mechanisms and full integration into primary healthcare strategies.
Conclusion
Structured caregiver training significantly improved timely ACT initiation, adherence to recommended dosing, and appropriate referral practices for childhood malaria in rural communities of Rivers State. These findings underscore that optimising malaria outcomes requires addressing behavioural determinants alongside ensuring drug availability. Targeted, community-level educational interventions strengthen case management practices and should be integrated into control strategies in high-burden rural settings.
Recommendations
Integrate community-based caregiver education into primary healthcare malaria control strategies, especially in rural and hard-to-reach areas. State programmes should complement drug supply with structured behavioural interventions delivered through community health workers. Strengthen referral pathways by clearly communicating danger signs and improving community-facility linkages. Routine monitoring systems should include indicators on treatment timeliness and adherence to evaluate programme performance.
Strengths and Limitations of the Study
Strengths
This study had several methodological strengths. The quasi-experimental design with a control group and pre- and post-intervention assessments enabled robust assessment of the intervention effect while accounting for secular trends. Difference-in-differences analysis provided a rigorous estimate of the net intervention effect. A priori sample size calculation ensured adequate power, and high response (95.9%) and retention rates (>95%) minimised attrition bias. Baseline comparability between groups strengthened internal validity. Multivariate logistic regression controlled for confounders, and effect sizes (Cohen's h) quantified the magnitude of improvements. Sensitivity analyses confirmed robustness to recall bias and attrition. Use of validated WHO-derived training materials enhanced reproducibility, and the rural, high-burden setting supports generalisability to similar contexts in sub-Saharan Africa.
Limitations
Several limitations should be noted. Self-reported outcomes may be subject to social desirability and recall biases, though sensitivity analyses excluding incomplete recall yielded similar estimates. The four-month follow-up assessed only short-term changes; sustainability beyond this period is unknown. Conducting the study in two communities within one State of Nigeria may limit generalisability to other settings. ACT availability at health facilities was not independently verified. Lack of parasitological confirmation means some treated fevers may not have been malaria. Finally, while difference-in-differences controls for time-invariant confounding, it cannot account for unmeasured time-varying confounders.

Contributions to Knowledge
Practice: The study provides empirical evidence that caregiver-focused training can significantly improve ACT adherence and referral behaviour, reinforcing the importance of demand-side interventions in malaria control.
Research: By applying a quasi-experimental framework with difference-in-differences analysis, the study contributes methodologically rigorous interventional evidence from Rivers State, Nigeria, an area with limited behavioural malaria intervention research.
Policy: The findings offer locally generated data to inform malaria control policy in Rivers State and similar settings, supporting integration of structured caregiver education into community case management strategies.
Innovations: Three key innovations distinguish this study: First, it demonstrates that structured caregiver training improves the entire malaria case management cascade (timely initiation, adherence, and referral) rather than isolated behaviours. Second, it provides evidence that training significantly improves timely referral for danger signs, addressing a critical gap between home and facility care. Third, it applies rigorous quasi-experimental methods (Difference-in-Differences with effect sizes) to generate causal estimates in a real-world rural setting, directly informing scalable policy integration.

Future Studies
Future research should assess the long-term sustainability of behavioural improvements and assess scalability through cluster-randomised trials across multiple local government areas. Mixed-methods studies assessing sociocultural determinants of care-seeking behaviour would deepen contextual understanding, while cost-effectiveness analyses could guide policy decisions regarding statewide implementation. Incorporating parasitological confirmation and clinical outcomes would clarify the broader health impact of improved adherence and referral practices
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