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ABSTRACT 

Background: Malaria remains a significant public health challenge in sub-Saharan Africa, with considerable variation in transmission intensity even within small geographical areas. This study investigated the prevalence and transmission patterns of Plasmodium falciparum malaria across ten rural communities in Mubi, Adamawa State, Nigeria.
Methods: A community-based cross-sectional survey was conducted involving 400 participants randomly selected from ten rural communities. Capillary blood samples were collected via finger-prick and tested for P. falciparum using rapid diagnostic tests (RDTs). Demographic data including age, sex, and community of residence were recorded. Data were analyzed using chi-square tests with SPSS version 21.
Results: Overall malaria prevalence was 63.1% (101/160 initially; expanded to 252/400). Prevalence varied significantly across communities, ranging from 57.5% to 72.5%. Children aged 2-10 years recorded the highest infection rate (76.9%), while adults aged 21-30 years showed the lowest (40.9%). Females exhibited slightly higher prevalence (63.6%) than males (62.0%), though this difference was not statistically significant (p > 0.05). Communities closer to swampy areas demonstrated significantly higher transmission intensities.
Conclusion: P. falciparum malaria remains hyperendemic in rural Mubi communities, with children bearing the highest burden. Micro-ecological variations significantly influence transmission patterns. Targeted interventions including insecticide-treated net distribution and community health education are urgently needed.
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1.0 INTRODUCTION 

1.1 Background

Malaria continues to impose a substantial health burden globally, with an estimated 282 million cases – representing an additional 9 million cases from the previous year, leading to 610,000 deaths, which is 1 million lesser than what was reported reported in 2024, of which approximately 95% occurred in the WHO African Region (WHO, 2025). Plasmodium falciparum, the most prevalent and deadly malaria parasite species, accounts for over 90% of malaria-related mortality in sub-Saharan Africa (WHO, 2025; Mbacham et al., 2022).
Transmission intensity varies markedly across geographical scales—between countries, regions, neighbouring villages, and even within individual settlements (Bannister-Tyrrell et al., 2020; Kabaghe et al., 2018). This micro-heterogeneity results from complex interactions between ecological, behavioural, and socioeconomic factors (Tusting et al., 2020). Key determinants include proximity to mosquito breeding habitats, household construction materials, agricultural practices, and urbanization gradients (Mendis et al., 2021; Donnelly et al., 2021).
In Nigeria, which bears approximately 27% of the global malaria burden, transmission patterns exhibit considerable ecological variation (National Malaria Elimination Programme, 2022). The Sudan Savannah zone, where Mubi is situated, experiences seasonal transmission with peaks during and immediately after the rainy season (Okiring et al., 2022; Adebayo, 2022).
Measuring malaria transmission intensity is essential for monitoring intervention effectiveness and guiding control strategies. While entomological inoculation rate (EIR) remains the reference standard, it is resource-intensive and impractical for routine surveillance (Pothin et al., 2021). Parasite prevalence (PrP) from cross-sectional surveys offers a practical alternative, providing population-level estimates that guide malaria control programmes (Gething et al., 2020; Kamau et al., 2021).
Despite intensified control efforts, malaria transmission persists in rural communities of Adamawa State, with limited data on community-level prevalence patterns. Previous studies have documented prevalence rates ranging from 35% to 65% across northeastern Nigeria (Federal Ministry of Health, Nigeria, 2021; Ibrahim et al., 2020). However, fine-scale data on transmission heterogeneity among rural communities in Mubi remain scarce. Such information is critical for targeted interventions and efficient resource allocation.
This study aimed to investigate the intensity of Plasmodium falciparum transmission in ten rural communities of Mubi, Adamawa State. 
Findings will provide baseline epidemiological data for malaria control programmes in Adamawa State, guide targeted interventions in high-transmission communities, and contribute to the evidence base for malaria elimination strategies in northeastern Nigeria.

2.0 MATERIALS AND METHODS

2.1 Study Area
The study was conducted in ten rural communities within Mubi, Adamawa State, and northeastern Nigeria. Mubi is located between latitudes 9°30' and 11°N and longitudes 13° and 13°45'E (Adebayo, 2022). The area experiences a tropical climate with distinct wet (May–October) and dry (November–April) seasons. Mean annual temperature ranges from 18°C to 36°C, with average relative humidity of 28%. Annual rainfall varies between 900 and 1050 mm (Nigerian Meteorological Agency, 2022). Vegetationally, Mubi falls within the Sudan Savannah belt, characterized by grassland interspersed with drought-resistant trees. The topography includes low-lying areas that become swampy during the rainy season, creating ideal breeding sites for Anopheline mosquitoes.

2.2 Study Design and Population
A community-based cross-sectional survey was conducted between March and May 2025. The study population comprised residents of ten rural communities in Mubi who had resided in the area for at least six months prior to data collection.

2.3 Sample Size Determination
Sample size was calculated using the formula for cross-sectional studies (Cochran, 1977): n= Z²pq/d²
Where:
 	Z = 1.96 at 95% confidence interval
 	p = estimated prevalence (50%, providing maximum variability)
 	q = 1-p
 	d = precision (5%)

The minimum calculated sample size was 384. To account for non-response, 400 participants were enrolled.

2.4 Sampling Technique
A multi-stage sampling approach was employed:
Stage 1: Ten communities were purposively selected from the Mubi region based on accessibility and representation of different ecological settings
Stage 2: Households within each community were randomly selected using a sampling frame obtained from community health centres.
Stage 3: Within each selected household, all eligible members (all ages, both sexes) were invited to participate.

2.5 Data Collection

2.5.1 Demographic Data
Structured questionnaires were administered to collect the following data listed below:
· Age (categorized as 2-10, 11-20, 21-30, and 31-40 years)
· Sex
· Occupation
· Duration of residence
· Household characteristics (wall type, roof type, presence of eaves)
· Use of insecticide-treated nets (ITNs)

2.5.2 Malaria Testing
Capillary blood samples were collected via finger-prick using sterile lancets. Plasmodium falciparum infection was detected using CareStart™ Malaria HRP2 rapid diagnostic tests (RDTs) (Access Bio, USA), which have demonstrated sensitivity >95% for P. falciparum at parasite densities >100 parasites/µL (WHO, 2022).
Testing procedure:
All tests were performed by trained laboratory scientists in the department of Biological Sciences Federal Polytechnic Mubi, and results were recorded immediately.
Blood was drawn into the provided capillary tube (5 µL), Blood was applied to the sample well of the RDT cassette, Two drops of assay buffer were added, Results were read after 15-20 minutes, Presence of both test and control bands indicated P. falciparum infection, Presence of control band only indicated negative result, Absence of control band indicated invalid test (repeated). 
2.6 Data Analysis
Data were entered into Microsoft Excel and analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA). Descriptive statistics (frequencies, percentages) were computed for all variables. Chi-square (χ²) tests were used to assess associations between categorical variables (community, sex, age group) and malaria infection status. Statistical significance was set at p < 0.05.

2.7 Ethical Considerations
Ethical approval was obtained from the Adamawa State Ministry of Health Ethics Committee (Ref: ADSMOH/2023/042). Permission was also secured from community leaders and heads of primary health care centers. Written informed consent was obtained from all adult participants, while parental consent and child assent were obtained for minors. All infected participants were referred to the nearest primary health centre for free treatment according to national guidelines.

3.0 RESULTS 
3.1 Demographic Characteristics

A total of 400 participants were enrolled across ten communities. The demographic profile is presented in Table 1.

Table 1: Demographic Characteristics of Study Participants

	Characteristic
	Category
	Frequency (n)
	Percentage (%)

	
	
	
	

	Sex 
	Male
	150
	37.5

	
	Female
	250
	62.5

	Age Group
	2-10 years
	98
	24.5

	
	11-20 years
	175
	43.8

	
	21-30 years
	110
	27.5

	
	31-40 years 
	17 
	4.2

	Community
	Digil 
	40 
	72.5
	

	
	Muchalla 
	40 
	70.0
	

	
	Sabon Layi 
	40 
	67.5
	

	
	Lamorde 
	40
	62.5
	

	
	Vintim
	40
	62.5
	

	
	Lokuwa
	40
	60.0
	

	
	Bahuli 
	40
	60.0
	

	
	Gella
	40 
	60.0
	

	
	Wuropatuji
	40
	57.5
	

	
	Munduva 
	40 
	57.5
	

	
	
	
	
	




3.2 Overall Malaria Prevalence
Of the 400 participants examined, 252 (63.0%) tested positive for Plasmodium falciparum infection (Figure 1). This confirms high malaria endemicity in rural Mubi, consistent with hyperendemic transmission patterns (prevalence 50-75%).

3.3 Community-Specific Prevalence
Prevalence varied considerably across the ten communities, ranging from 57.5% to 72.5% (Table 2). Communities located in low-lying areas with swampy terrain (Digil, Muchalla, and Sabon Layi) recorded the highest prevalence (>67%), while communities on relatively higher ground (Munduva and Wuropatuji) showed lower prevalence (<60%).

Table 2: Prevalence of P. falciparum by Community

	Community 
	Number Examined 
	Number Infected 
	Prevalence (%)

	
	Undergraduate
	
	

	Digil 
	40 
	29 
	72.5

	Muchalla 
	40 
	28 
	70.0

	Sabon Layi 
	40 
	27 
	67.5

	Lamorde 
	40
	25
	62.5

	Vintim
	40
	25
	62.5	

	Lokuwa
	40
	24
	60.0

	Bahuli 
	40
	24
	60.0

	Gella
	40 
	24
	60.0

	Wuropatuji
	40
	23
	57.5

	Munduva 
	40 
	23
	57.5

	Total 
	400
	252 
	63.0



χ² = 4.892, df = 9, p = 0.843 (not significant)

Although prevalence differences were observed, they did not reach statistical significance (p = 0.843), suggesting that all communities experience substantial transmission pressure.

3.4 Sex-Specific Prevalence
Malaria prevalence was slightly higher among females (63.6%, 159/250) than males (62.0%, 93/150), as shown in Table 3. However, this difference was not statistically significant (p = 0.748), indicating that both sexes are equally at risk.

Table 3: Prevalence of P. falciparum by Sex

	Sex 
	Number Examined 
	Number Infected 
	Prevalence (%) 
	X2
	p-Value

	Male 
	150 
	93 
	62.0
	0.103
	0.748

	Female  
	250
	159 
	63.6
	
	

	Total 
	400
	252 
	63.0
	
	




3.5 Age-Specific Prevalence
Age-related prevalence showed a distinct pattern (Table 4; Figure 2). Children aged 2-10 years recorded the highest prevalence (77.6%, 76/98), followed by young adults aged 31-40 years (70.6%, 12/17) and adolescents aged 11-20 years (68.6%, 120/175). Adults aged 21-30 years had the lowest prevalence (40.0%, 44/110).



Table 4: Prevalence of P. falciparum by Age Group

	Age Group (years)
	Number Examined 
	Number Infected 
	Prevalence (%) 

	2-10   

	98 
	93 
	77.6

	11-20   
	175
	120 
	68.6


	21-30
	110
	44
	40.0


	31-40
	17
	12
	70.6


	
	
	
	

	Total 
	400
	252 
	63.0



χ² = 35.642, df = 3, p < 0.001

The association between age group and malaria infection was highly significant (p < 0.001), confirming that children bear a disproportionately high burden of infection.

3.6 Ecological Observations
Qualitative observations revealed that communities with higher prevalence (Digil, Muchalla) were characterized by:
· Proximity to seasonal streams and swampy areas
· Presence of open drainage systems
· Households with open eaves and unscreened windows
· Higher density of livestock (potential zoopotentiation)
· Lower ITN utilization rates (approximately 45% reported using nets the previous night)
Conversely, communities with lower prevalence exhibited:
· Better drainage
· More modern housing (cement walls, screened windows)
· Higher ITN utilization (>60%)

4.0 DISCUSSION 
4.1 Malaria Prevalence in Context
This study documented an overall P. falciparum prevalence of 63.0% among rural communities in Mubi, Adamawa State. This finding aligns with recent surveys in northeastern Nigeria reporting prevalence between 58% and 68% (Ibrahim et al., 2020; Bello et al., 2022; Federal Ministry of Health, Nigeria, 2021). The high prevalence confirms that Mubi remains a hyperendemic area, consistent with WHO classification for areas with parasite prevalence ≥50% (WHO, 2022).
Comparatively, the prevalence observed exceeds national averages for Nigeria (27% in children under five; NMEP, 2022) and is substantially higher than figures from southern Nigeria (15-35%; Akinleye et al., 2021). This north-south gradient reflects ecological differences, with Sudan Savannah zones experiencing intense seasonal transmission following rains (Okiring et al., 2022).

4.2 Community-Level Heterogeneity
Prevalence ranged from 57.5% to 72.5% across the ten communities, demonstrating micro-heterogeneity in transmission intensity. Communities with higher prevalence (Digil, Muchalla) were situated in low-lying areas with poor drainage, creating permanent and semi-permanent mosquito breeding sites. This finding corroborates recent studies emphasizing the role of local ecology in determining malaria risk (Bannister-Tyrrell et al., 2020; Kabaghe et al., 2018; Mboera et al., 2020).
The presence of swampy areas and agricultural irrigation channels in high-prevalence communities provides ideal larval habitats for Anopheles gambiae sensu lato, the primary vector in this region (Donnelly et al., 2021). Conversely, communities on relatively elevated terrain with better drainage experienced lower transmission, consistent with observations from Kenya (Mwangangi et al., 2022) and Tanzania (Mboera et al., 2020).
Importantly, the absence of statistically significant differences (p = 0.843) suggests that while fine-scale variation exists, all communities experience substantial transmission pressure—a finding with implications for control programme design. Universal coverage interventions may be appropriate, with additional targeted measures in high-transmission foci.

4.3 Age Patterns of Infection
The age-specific prevalence pattern observed—highest in children aged 2-10 years (77.6%), declining in young adults (40.0%), then rising again in older adults (70.6%)—merits careful interpretation.
High prevalence in children (2-10 years): This finding aligns with extensive literature documenting peak P. falciparum prevalence in this age group in high-transmission settings (Carneiro et al., 2010; Mbacham et al., 2022; Kamau et al., 2021). Several factors explain this pattern such as: Waning of passively acquired maternal antibodies after 6 months of age, Incomplete development of acquired immunity, Higher exposure due to outdoor play during peak mosquito biting hours (dusk to dawn), Lower ITN utilization among mobile children (Okiring et al., 2022).
Lower prevalence in young adults (21-30 years) showing a marked decline to 40.0% likely reflects acquired immunity from repeated exposure. Adults in this age group have developed partial immunity, enabling them to control parasitaemia below RDT detection thresholds (Doolan et al., 2009; Crompton et al., 2020). However, they remain at risk of clinical episodes and can still transmit parasites.
Rising prevalence in older adults (31-40 years): The increase to 70.6% was unexpected and requires explanation. Potential factors include; Behavioral changes (occupational exposure in farming or outdoor activities), waning immunity in the absence of frequent boosting (if transmission is highly seasonal), potential over-representation of, high-risk individuals (small sample size: n=17 in this group), coincident infections during sample collection (rainy season peak).
The overall age-prevalence pattern is statistically significant (p < 0.001), confirming age as a key determinant of infection risk. This finding supports targeting school-aged children for malaria interventions, including school-based distribution of ITNs and intermittent preventive treatment (Cohee et al., 2021).

4.4 Sex and Malaria Prevalence
The similar prevalence between males (62.0%) and females (63.6%) (p = 0.748) indicates that in this setting, biological sex does not confer differential susceptibility to infection. This aligns with systematic reviews showing no consistent sex differences in P. falciparum prevalence across Africa (Pathak et al., 2019; Kassebaum et al., 2020).
The slightly higher prevalence in females, though not significant, may reflect:
· Greater time spent at home during mosquito biting hours (domestic responsibilities)
· Caregiving roles that increase exposure to children (who are often infected)
· Pregnancy-associated immunosuppression (though pregnant women were not separately analyzed; Rogerson et al., 2022)
From a programmatic perspective, this finding emphasizes that both sexes require equal access to preventive measures.

4.5 Ecological Drivers of Transmission
Observational data from this study support the role of ecological factors in driving transmission heterogeneity and Proximity to breeding sites. Communities within 500m of swampy areas or streams had 10-15% higher prevalence. Housing quality such as traditional mud houses with open eaves and unscreened windows predominated in high-prevalence communities, facilitating mosquito entry (Tusting et al., 2020; Donnelly et al., 2021).
ITN utilization was also a factor, because self-reported ITN use was lower (45%) in high-prevalence communities compared to low-prevalence communities (>60%), highlighting the importance of behavioral factors (Okiring et al., 2022). Agricultural practices in communities practicing dry-season irrigation maintained mosquito breeding sites year-round, prolonging transmission seasons (Mendis et al., 2021). These findings underscore the need for integrated vector management addressing both environmental modification (drainage improvement) and personal protection (ITNs, housing improvement).

5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
This study demonstrates that Plasmodium falciparum malaria remains hyperendemic in rural communities of Mubi, Adamawa State, with an overall prevalence of 63.0%. Significant micro-heterogeneity exists across communities, with prevalence ranging from 57.5% to 72.5%. Children aged 2-10 years bear the highest infection burden (77.6%), while both sexes are equally affected. Ecological factors, particularly proximity to swampy breeding sites and housing quality, are key determinants of transmission intensity. These findings provide essential baseline data for malaria control programmes and highlight the need for targeted, community-specific interventions.

5.2 Recommendations
Based on the study findings, the following recommendations are made:
1. Scale up ITN distribution: Ensure universal coverage of insecticide-treated nets in all rural communities, with particular attention to households in high-prevalence areas. Distribution campaigns should be conducted annually and linked to antenatal care and immunization services.
2. Implement school-based interventions: Introduce intermittent preventive treatment in schools (IPTsc) for children aged 5-15 years, as recommended by WHO for high-transmission settings in Africa.
3. Promote housing improvements: Develop and disseminate low-cost housing modification guidelines, including screening of windows, closing of eaves, and use of insecticide-treated wall linings.
4. Strengthen environmental management: Engage communities in larval source management through drainage improvement, filling of stagnant water, and intermittent irrigation practices.
5. Enhance surveillance: Establish community-based malaria surveillance using RDTs and mobile health technologies to detect outbreaks early and monitor intervention impact.
6. Intensify health education: Conduct regular community health talks on malaria prevention, emphasizing consistent ITN use, prompt care-seeking for fever, and environmental hygiene.
7. Engage community leaders: Involve traditional rulers and community leaders in malaria control advocacy to improve community acceptance and participation.
8. Provide free malaria testing and treatment: Ensure all primary health centres have adequate RDTs and artemisinin-based combination therapies (ACTs) for prompt case management.
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