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Prevalence of malaria and Plasmodium species composition in the western highlands of the North West Region, Cameroon

Abstract
[bookmark: _Hlk226480871]Aim: To determine the epidemiology and Plasmodium species prevalence in the western highlands of the Northwest Region of Cameroon.
Study design: The study was a community-based study with a cross-sectional study design.
Place and duration of study: Ndop (Ngoketunjia division) and Nkambe (Donga Mantung division) from April 2024 to March 2025.
Methods: A community-based cross-sectional survey was conducted between April 2024 and March 2025, enrolling 966 participants. Socio-demographic and behavioral data were collected using structured questionnaires. Venous blood samples were analyzed by microscopy and real time PCR to determine parasite prevalence, density, and species distribution. Statistical analyses included Chi-square, Mann–Whitney U, Kruskal–Wallis, and logistic regression, with significance set at p ≤ 0.05.
Results: Malaria prevalence among participants was 31.9% (308/966), with the 11-20 years age group most affected (36.1%). University graduates recorded the highest prevalence (37.2%), followed by civil servants (36.1%) and retired individuals (34.5%). Use and ownership of LLINs showed no statistically significant association with parasite density. Non‑users had a higher geometric mean parasitaemia density (379.11 parasites/µL; p=0.676). Participants living in favorable vector breeding environments recorded an even higher mean density (417.12 parasites/µL; p=0.118). Age‑specific analysis revealed the highest mild parasitaemia in the 11–20 years group (32.4%; p=0.382). Moderate parasitaemia was most common in the 6–10 years group (6.5%; p=0.356). None of these associations reached statistical significance. Plasmodium falciparum was the predominant species among positive cases (66.9%). Plasmodium malariae had the lowest prevalence (12.3%).
Conclusion: Malaria remains highly prevalent in Cameroon’s western highlands, with geographic variation and behavioral risk factors sustaining transmission. Strengthened vector control, improved LLIN usage, and targeted interventions for high-risk groups are essential.
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1. Introduction
Malaria remains one of the most significant public health challenges worldwide, caused by five species of Plasmodium parasites (P. falciparum, P malariae, P ovale, P. vivax and P. knowlesie), with P. falciparum responsible for the most severe forms of the disease and P. vivax the most widespread. The age groups <5 years is the most vulnerable with risk factors such as pregnancy, lots of breading sites of vector in the community. Although partial immunity develops through repeated infections, it is short-lived without continued exposure, and asymptomatic carriers play a critical role in sustaining transmission. The disease disproportionately affects low- and middle-income countries, with sub-Saharan Africa bearing the overwhelming share of the global burden. In 2024, malaria accounted for an estimated 282 million cases and 610,000 deaths, with two-thirds of this burden concentrated in just eleven African countries. Cameroon remains heavily affected, reporting over three million cases annually despite national policies that provide free diagnosis and treatment for children under five and pregnant women (CDC, 2024; WHO, 2025).
In Cameroon’s Northwest Region, particularly the highland agricultural zones of Nkambe (Donga-Mantung Division) and Ndop (Ngoketunjia Division), malaria continues to impose a heavy burden. These areas are characterized by unique ecological conditions cool temperatures, prolonged rainy seasons, swampy valleys, and irrigated rice fields that favor vector breeding and sustain transmission. The ongoing Anglophone socio-political crisis since 2016 has further exacerbated vulnerability by disrupting healthcare access, reducing routine malaria services such as long-lasting insecticidal net distribution and surveillance, displacing populations, and worsening environmental sanitation. Despite decades of control interventions, malaria transmission remains high in these communities, undermining sustainable development and leaving policymakers without localized evidence to guide effective interventions.
Existing studies in Cameroon are predominantly hospital-based, which limits their applicability to community-level realities. As a result, critical gaps persist in understanding the current epidemiological profile and the distribution of Plasmodium species in these highland settings. Addressing these gaps is essential for tailoring national and regional malaria control strategies to the unique ecological and socio-political context of the Northwest Region.
This study is therefore justified by both scientific and public health needs. Scientifically, it will provide the first comprehensive community-based dataset on malaria epidemiology and parasite molecular identification in the highland agro-ecological zones of the western highlands of the north west region of cameroon. From a public health perspective, the findings additional information under the High Burden High Impact framework, enabling evidence-based adaptations to control strategies, strengthening monitoring and evaluation, and contributing to both national elimination goals and global understanding of highland malaria epidemiology. In a conflict-affected setting where routine interventions have been disrupted, such localized evidence is urgently needed to design targeted, sustainable, and context-appropriate malaria control measures.
2. Methods
2.1 Study area 
The study was conducted in the western highlands of the NWR of Cameroon with samples collected from Nkambe (Donga-Mantung Division) and Ndop (Ngo-Ketunjia Division), western highlands of the North West Region, Cameroon.
Nkambe, the divisional headquarters, lies in the Bamenda Grassfields at elevations ranging from approximately 1 600 to 2 200 m (Mount Binka reaches 2 200 m). The climate is cool, with mean annual temperatures around 19-21 °C and rainfall of 1 800-2 500 mm concentrated between March and November. The population is predominantly Wimbum, with a cosmopolitan mix of traders, civil servants and students. The economy is based on subsistence farming (maize, beans, Irish potatoes) and livestock rearing by Fulani pastoralists.
Ndop is situated in the Ndop plain at about 1 183 m above sea level. The area is flatter, with extensive swampy valleys and rice fields that provide ideal breeding sites for Anopheles mosquitoes. Mean temperature is slightly higher (21.9 °C) and humidity frequently reaches 97-98 %. The population is largely agrarian, growing rice, maize, beans and groundnuts (Nlinwe and Ateh, 2020).
                        b[image: ]
Fig 1: Map of western highlands of the NWR of Cameroon (Tume, 2024).                        
2.2 Study design and period
The study was a community based cross-sectional survey. Participants were enrolled at the Nkambe Regional Hospital Annex and Ndop District Hospital. Prior to enrollment, study objectives and informed consent/ascent forms were signed. The questionnaire was used to collect medical history and demographic information of the participants. Venous blood was collected from consented participants for parasitological and molecular analysis. This study involved participants of both sexes and all age groups.
2.3 Sample size calculation 
Sample size was determined using Cochran’s formula (Cochran, 1977) for prevalence studies:

where Z = 1.96 (95 % confidence), p = 0.71 (Ntonifor et al., 2026), e = 0.05. The minimum calculated sample was 316; however, 966 participants were enrolled (478 in Nkambe, 488 in Ndop) to improve precision and allow subgroup analyses.
2.4 Inclusion and exclusion criteria 
Inclusion criteria included residents of the study area who provided informed consent (or assent in the case of minors). Exclusion criteria included individuals currently receiving antimalarial treatment, severely ill patients, non-residents of the study area, those unable to provide informed consent, and vulnerable groups such as street children and mentally incapacitated people for whom valid consent could not be obtained.
2.5 Data collection 
A structured English-language questionnaire (with Pidgin English or dialect explanation when needed) was used to collect; socio-demographic data (sex, age group, education, occupation), behavioural variables: LLIN ownership and actual usage the previous night, presence of environmental features favouring vector breeding (stagnant water, poor drainage, dense vegetation), and engagement in nocturnal outdoor activities (farming, fishing, social gatherings after dusk).
2.6 Laboratory procedures blood collection
From each recruited participant, at least 2mL of venous blood was collected using standard aseptic technique into Ethylenediaminetetraacetic Acid (EDTA-K3) tubes labelled with unique participant IDs using 2.5mL syringe and transported in a safe flask to the parasitology laboratory of the health facility in the various study areas. 
2.7 Microscopy 
For microscopic examination, both thin and thick blood films were prepared on labelled grease free glass slides using 1µL of blood from each EDTA test tube. The thin films were fixed using absolute methanol for 10 s. Later, both films were stained using 10% Giemsa for 10 min, then carefully washed and the slides air dried. The oil immersion (× 100) objective of a light microscope was used to observe the slides. The bench aid for the diagnosis of malaria parasite was used for the identification and confirmation of any malaria parasite (WHO, 2000). Malaria parasitic species were appreciated and confirmed on the thin f ilms while the thick films were used for the determination of malaria parasite density per microlitre (µL) of blood. Blood stages (trophoziotes) of the parasite were counted against 200 white blood cells (WBCs) assuming total WBC count of 8, 000 cells/µL of blood (Cheesbrough, 2009). Up to 100 high power fields were observed before declaring a slide negative. All slides were crosschecked by a second microscopist. The malaria parasite (MP) density was further classified as mild (MP < 1000/µL of blood), moderate (MP between 1000 and 4999/µL of blood) and severe (MP ≥ 5000/µL of blood) (Kimbi et al., 2013). The density of the parasite was calculated as follows: Parasite density = [counted parasites/total WBC counted (200)] x [8000WBCs]
2.8 Dried blood spots (DBS) 
Dried blood spots (DBS) were prepared on pre-cut “W”-shaped Whatman filter paper to create multiple discrete sections for sample preservation, with a small stapled piece of paper used to record participant IDs for traceability. A single drop of well-mixed venous blood was carefully applied to each section using a sterile pipette, ensuring even distribution without overlap, and the spots were air-dried horizontally at room temperature in a clean, dust-free, insect-protected environment until fully dry. Once dried, the filter papers were sealed in individual plastic medicine envelopes, each labeled with participant ID, collection site (Ndop District Hospital or Nkambe Regional Hospital Annex), and date of collection, then stored in a cool, dry, secure laboratory space to prevent contamination or fungal growth. Following adapted WHO (2016) guidelines, positive microscopy samples and negative controls were transported to Centre Pasteur Yaounde for real time PCR confirmation of Plasmodium species, ensuring high-quality results.
2.9 Statistical analysis
The cleaned data was uploaded into the statistical package for social sciences (SPSS) version 23 (IBM SPSS Inc. Chicago, IL, USA) for statistical analysis. The Mann–Whitney U test and Kruskal–Wallis Test were used to analyze the mean differences between groups for non-parametric data such as prevalence. The binary logistic regression with non-adjusted odd ratios was used to evaluate some predictors of malaria in the study. The malaria parasite densities were log transformed in base 10 before applying the ANOVA and Turkey HSD multi-comparison tests to explore the difference in the means of the malaria parasite densities between the geographic areas. The cut off point for statistical significance between groups was set at probability level p ≤ 0.05
3. Results
3.1 Baseline characteristics of the study population (Western highlands of the Northwest region)
Out of the 966 participants, majority were females (53.4%; 516/966). With regards to age group, the 36-60 years age group recorded the highest number of participants (30.2%; 292/966) while the lowest number of respondents were from the 6-10 years age group (3.2%; 31/966). Educational level showed that university graduates recorded the least number of participants (8.1%; 78/966) with the highest participants being those with no educational background (43.6%; 421/966). Occupational status revealed that the employed(farmers, traders, private sector employees) had the highest number of participants (55.1%; 532/966) while civil servants recorded the least (3.7%; 36/966). As shown on tables 1 and 2 below.
Table 1: Socio demograpgic characteristics of participants (N = 966)
	Parameters
	

	
	Number examined
	Percentage distribution
(%)

	Sex
	Female
	516
	53.4

	
	Male

	450

	46.6


	Age grp (yrs)
	0-5
	63
	6.5

	
	6 to 10
	31
	3.2

	
	11 to 20
	108
	11.2

	
	21 to 35
	283
	29.3

	
	36 to 60
	292
	30.2

	
	61 and above

	189

	19.6


	Educational level
	No formal education
	421
	43.6

	
	Primary
	189
	19.6

	
	Secondary
	278
	28.8

	
	University

	78

	8.1


	Occupation
	Civil servant
	36
	3.7

	
	Retired
	119
	12.3

	
	Employed(farmers, traders, private sector employees)
	532
	55.1

	
	Unemployed

	279

	28.9


	Total
	 
	966
	100.0




3.2 Prevalence of malaria among study participants (N = 966)
An overall prevalence of 31.9% (308/966) was recorded in the study area with males having a higher prevalence of 32.4% (146/450) although it was not statistically significant (p = 0.069). The age group of 11-20 years had the highest prevalence (36.1%; 39/108) while the age group of 21-35 years recorded the least prevalence of 27.2% (77/283) and it was not statistically significant (p = 0.111). Occupational related prevalence showed that civil servants had the highest prevalence of 36.1% (13/36) while the unemployed had the lowest prevalence (29%; 81/279) and these results were statistically significant at p = 0.016. Details on table 2.
Table 2: Prevalence of malaria among the study participants (N = 966)
	Parameters
	Number examined
	Number infected (%)

	Sex
	Female
	516
	162 (31.4)

	
	Male
	450
	146 (32.4)

	 Chi sq                                           
P value
	
	53.975    0.069

	Age grp (yrs)
	0-5
	63
	21 (33.3)

	
	6 to 10
	31
	10 (32.3)

	
	11 to 20
	108
	39 (36.1)

	
	21 to 35
	283
	77 (27.2)

	
	36 to 60
	292
	101 (34.6)

	
	61 and above
	189
	60 (31.7)

	Chi sq                                         
P value
	
	224.671  0.111

	Educational level
	None
	421
	136 (32.3)

	
	Primary
	189
	56 (29.6)

	
	Secondary
	278
	87 (31.3)

	
	University
	78
	29 (37.2)

	Chi sq                                           
P value
	
	117.562  0.546

	Occupation
	Civil servant
	36
	13 (36.1)

	
	Retired
	119
	41 (34.5)

	
	Self employed
	532
	173 (32.5)

	
	Unemployed
	279
	81 (29)

	Chi sq                                           
P value
	
	155,799  0.016

	Total
	 
	966
	308 (31.9)




3.3 Prevalence of malaria based on practices in the study area (N=966)
A malaria prevalence of 34.3% (46/134) was recorded amongst participants using LLINS while prevalence of malaria amongst participants not using LLINS was 31.5% (262/832) although the results were not statistically significant (p = 0.405). Participants who lived in areas that favour the breeding of the malaria vector showed a higher prevalence of 32.2% (164/510) with a p value of 0.352 (not statistically significant). Also, those who practiced nocturnal activities had a higher prevalence (46.9%; 117/377) with a p value showing that it was not statistically significant (p=0.077) as can be seen on table 3.
Table 3: Prevalence of malaria based on practices
	Parameters
	Number examined
	Number infected (%)
	Significance (Chi square, frequency)

	
	
	
	
	

	LLINS ownership
	No
	699
	223 (31.9)
	45.765, 0.245
	

	
	Yes
	267
	85 (31.8)
	
	

	Usage of LLINS
	No
	832
	262 (31.5)
	41.496, 0.405
	

	
	Yes
	134
	46 (34.3)
	
	

	Environmental condition
	No
	456
	144 (31.6)
	42.808, 0.352
	

	
	Yes
	510
	164 (32.2)
	
	

	Nocturnal Activities
	No
	589
	191 (32.4)
	53.381, 0.077
	

	
	Yes
	377
	117 (46.9)
	
	



3.4 Malaria Parasitaemia based on practices in the study area (N=966)
Ownership and LLIN usage did not present statistical significance to parasite density. Non LLINS usage had a higher geometric mean parasitaemia density of 379.11 parasites/µL though it was not statistically significant (p=0.676). Participants who lived in favourable vector breeding environmental conditions had a higher geometric mean parasitaemia density (417.12 parasites/µL) although with no statistical significance (p = 0.118). Details on table 4.
Table 4: Malaria parasitaemia stratified by behavioural factors
	Parameters
	Cases
	GMPD
	SEM
	Minimum
	Maximum
	Significance

	LLINS ownership
	No
	223
	379.11
	27.713
	40
	2400
	0.825

	
	Yes
	85
	390.44
	55.033
	40
	3900
	

	
Usage of LLINS
	
No

	262


	379.65


	27.838


	40


	3900


	0.676



	
	Yes

	46


	397.08


	56.786


	40


	1800


	

	Environmental condition
	No
	144
	345.99
	42.034
	40
	3900
	0.118

	
	Yes
	164
	417.12
	29.48
	40
	2280
	

	
Noctunal Activities
	
No
	191
	362.84
	28.996
	40
	2400
	0.164

	
	Yes
	117
	416.06
	46.005
	40
	3900
	


GMPD: Geometric Mean Parasite Density, SEM: Standard Error of Mean
3.5 Malaria prevalence among the population based on parasitaemia type in the study area
An overall prevalence of 31.9% was observed in the study area with females having a slightly higher mild malaria parasitaemia prevalence (28.3%; 146/516;) with a p value of 0.063 while males had a 4.2% (19/450) moderate malaria parasitaemia prevalence although it was not statistically significant (p = 0.263). The age group of 11-20 years showed the highest mild malaria parasitaemia prevalence (32.4%; 35/108) while the 6-10 years age group recorded the highest moderate malaria parasitaemia (6.5%; 2/31) with both showing no statistical significance (p=0.382 and p=0.356 respectively). Details can be seen on table 5. 
Table 5: Distribution of malaria parasitaemia across population categories
	Parameters
	Number examined
	Mild 
	Moderate n(%)
	Number infected (%)

	
	
	n (%)
	
	

	Sex
	Female
	516
	146 (28.3)
	16 (3.1)
	162 (31.4)

	
	Male
	450
	127 (28.2)
	19 (4.2)
	146 (32.4)

	P-value
	 
	 
	0.063
	0.263
	 

	Age
	0-5
	63
	17 (27.0)
	4 (6.3)
	21 (33.3)

	
	6 to 10
	31
	8 (25.8)
	2 (6.5)
	10 (32.3)

	
	11 to 20
	108
	35 (32.4)
	4 (3.7)
	39 (36.1)

	
	21 to 35
	283
	68 (24.0)
	9 (3.2)
	77 (27.2)

	
	36 to 60
	292
	91 (31.2)
	10 (3.4)
	101 (34.6)

	
	61 and above
	189
	54 (28.6)
	6 (3.2)
	60 (31.7)

	P-value
	 
	 
	0.382
	0.356
	 

	LLINS ownership
	No
	699
	197 (28.2)
	26 (3.7)
	223 (31.9) 

	
	Yes
	267
	76 (28.5)
	9 (3.4)
	85(31.8) 

	P- value
	 
	 
	0.189
	0.357
	 

	Usage of LLINS
	No
	832
	232 (27.9)
	30 (3.6)
	262 (31.5)

	
	Yes
	134
	41 (30.6)
	5 (3.7)
	46 (34.3)

	P- value
	 
	 
	0.332
	0.417
	 

	Environmental condition
	No
	456
	127 (27.9)
	17 (3.7)
	144 (31.6)

	
	Yes
	510
	146 (28.6)
	18 (3.5)
	164 (32.2)

	P- value
	 
	 
	0.382
	0.303
	 

	Noctunal Activities
	No
	589
	176 (29.9)
	15 (2.5)
	191 (32.4)

	
	Yes
	377
	97 (25.7)
	20 (5.3)
	117 (31.0)

	P- value
	 
	 
	0.130
	0.409
	 

	Total
	 
	966
	273 (28.3)
	35 (3.6)
	308 (31.9)


n: Number infected
3.6 Species Composition of Plasmodium Parasites in Positive Malaria Cases in the Western highlands of the Northwest Region of Cameroon (N = 308)
Plasmodium falciparum was the predominant species among the 308 positive malaria cases, with a prevalence of 66.9% (206/308). Plasmodium malariae at the lowest prevalence of 12.3% (38/308). Details on figure 2, 3 and 4.

Fig 2: Percentage distribution of Plasmodium species among positive malaria cases in the western highlands of the Northwest Region of Cameroon (N = 308)
Discussion
Though measures have been set in place and actions taken over the years to combat malaria, it is still a public health challenge in Cameroon. This study was undertaken to determine the Epidemiology, risk factors and genetic diversity of Plasmodium spp and malaria vectors found in this community.
The prevalence of malaria in Ndop and Nkambe were recorded at 34.4% and 29.3% respectively. These results were lower than that recorded by in Nkwen village, Mezam division which was recorded at 59.3% (Kaghou et al., 2024). This might be attributed to the fact that this research was community based whereas the aforementioned study was hospital based.
In our opinion, this prevalence is on the high side, and it can be justified by the fact that the socio-economic crisis in the North West Region, most medical attention is not given to the villages
[bookmark: _Hlk199613029]Males had a slightly higher infection rate (32.4%) compared to females (31.4%) in the general population. This aligns with the work in Pitoa Centre, Wouro-kessoum, Bainga Assoura and Kola in the Northern region of Cameroon (Nkemngo et al., 2023), Bui division in 2024 (Ndang et al., 2024) and in Dumbu village in Donga-Mantung division (Eyong at al., 2025). This may be associated with the fact that men are more exposed to mosquito bites due to their frequent engagement in outdoor activities like farming, hunting, and fishing, drinking particularly in rural areas. Additionally, they tend to use preventive measures such as insecticide-treated nets (ITNs) less consistently and may delay seeking medical treatment compared to women. These factors, combined with environmental conditions in high-malaria region, further contribute to the higher malaria infection rates among men. The infection rate was lowest among the age group of 21 to 35 years (27.2%), while older individuals (61+ years) also showed a relatively low prevalence at 31.7%. This pattern reflects recent evidence from Cameroon and other endemic regions from the studies in Mbalmayo (Mbenda et al., 2014) and Buea in 2023 (Anchang-Kimbi et al., 2023). This observation may stem from the fact that multiple exposure confers adult-acquired partial immunity, which reduces parasite density and symptomatic infection. The young adult individuals also may engage more effective preventive measures such as the usage of insecticide-treated nets as well as early treatment-seeking behaviour, further lowering chances of getting disease. In older adults, the comparatively lower prevalence may also be due to a combination of the behavioural factors (less time spent outdoor, more preventive measures). The lower infection burden, consequently, by these age groups from the western highlands of the northwest region of Cameroon, may thus be due to a combination of the age-based immunity as well as the exposure behaviours. 
Civil servants recorded the highest infection rate at 36.1%, followed by retired individuals at 34.5%, while employed (farmers, traders, private sector employees) individuals recorded a prevalence of 32.5%. This deviated from wors carried out in an inland and a coastal setting in the equatorial rain forest of Cameroon (Nyasa et al., 2022). This may be associated with climatic conditions, increased exposure to mosquito habitats and limited healthcare access. The highest prevalence observed in civil servants may likely be associated with the fact that these groups of people have more free time and they spend this time drinking and observing more outdoor activities. 
Prevalence of malaria was higher amongst people using long-lasting insecticidal nets (LLINs) than those who were not using LLINS. This might be due to improper usage of the nets and in the evenings, they spend more time outdoor exposing themselves to the mosquitoes before entering their homes to use the mosquito nets. Also, during farming seasons, they spend more time late into the evening before getting home thereby increasing their exposure to mosquito bites. This finding aligns with other studies undertaken in Cameroon, which suggest that improper use and irregular access may limit the impact of LLINs (Nguela et al., 2020; Nlinwe et al., 2021). 
Additionally, there was no significant association observed between environmental conditions and prevalence of malaria although those with poor environmental conditions had a higher prevalence. This result is not in line with those of the study undertaken within the Northwest Region of Cameroon (Yakum et al., 2020). The widespread vector presence, combined with ecological and infrastructural factors, may render environmental cleanliness insufficient on its own to reduce malaria prevalence in the study area. This suggests the need for integrated vector control strategies, including environmental management, housing improvement, and consistent use of preventive tools like LLINs, to achieve meaningful impact in these high-transmission areas. Hence, a substantial rise in the prevalence of malaria was witnessed among the population engaged in nocturnal activities. This validates the outcome of other studies such as those by (Nguela et al., 2020; Nlinwe et al., 2021). This may result from increased exposure to mosquito bites during night hours when the Anopheles vectors are most active
LLIN users recorded a GMPD than non-users. This finding is consistent with prior investigations by in the South Region of Cameroon (Akono et al., 2021; Doumbe-Belisse et al., 2021). This correlation may arise from the fact that LLINs usage alone may not sufficiently reduce parasite density, possibly due to declining LLINs bio efficacy, improper usage, or vector resistance.
 Participants residing in vector-prone environments had a higher GMPD compared to those in less conducive settings. These findings are in line with the results established by on Malaria burden and social determinants in Cameroon in 2025 (Zefacke et al., 2025). This trend suggests that environmental factors such as stagnant water, poor drainage, and vegetation density contribute to higher parasite loads. The economy of the study area is largely sustained by agriculture and livestock rearing, activities that promote extensive vegetation cover and create ecological conditions highly favourable for the breeding and survival of malaria vectors. 
Individuals engaged in nocturnal activities had a higher GMPD compared to those who remained indoors. This pattern reflects increased exposure to infective bites during peak vector activity hours. This did not align with other research done in Cameroon (Chouakeu et al., 2023). This can partly be explained by the persistent socio-political instability, which has led to some infrastructural loss forcing many individuals to sleep under vulnerable circumstances and therefore making themselves more susceptible to malaria transmission. Conversely, areas like Nkambe, that are less disrupted, are more socially stable and therefore night activities are more frequent. These activities align with the peak evening feeding behaviour of malaria vectors and therefore maintaining transmission risk.
The study revealed comparable malaria prevalence between females and males, with slightly higher moderate parasitaemia in males (4.2%) than females (3.1%). Although the difference was not statistically significant (p = 0.263), this trend may reflect gender exposure dynamics. This corresponds with prior research conducted in Buea, Limbe, Mamfe, Mutengene and Tiko of the Southwest Region and health facilities in Meiganga in Adamawa region (Tangi et al., 2023). This is probably linked to the fact that males are more likely to engage in outdoor nocturnal activities, increasing their exposure to infective mosquito bites and contributing to higher parasite densities. Similarly, this might be due to elevated malaria risk among males due to occupational exposure and lower LLIN usage compliance. 
The highest prevalence of parasitaemia was observed among individuals aged 11-20 years while the lowest prevalence was in the 21-35 age group. These results are not in line with prior works in Adamawa (Bamana et al., 2018). This could be explained by the fact that those within the age group of 11-20 years have a low immunity to malaria while those within the age group 21-35 recorded the lowest because of immunity to the disease with repeated exposure over time. Also, individuals in this age group have a lot of responsibilities and may turn to attend to the responsibilities over the expense of their health. 
Participants living in vector-prone environments had a slightly higher prevalence of parasitaemia than those in less conducive environmental settings. This is in accordance with the previous works in Douala, Cameroon (Hodson et al., 2022). This may be tied to poor drainage, stagnant water, and dense vegetation around residential areas which significantly increase vector density and parasitemia. Also, housing structure and proximity to breeding sites in these areas influence malaria intensity.
Among the Plasmodium species identified in Ndop, Plasmodium falciparum was the most prevalent, accounting for 60.1% of infections. Plasmodium ovale contributed 23.8% of infections while Plasmodium malariae accounted for 16.1%, representing a significant proportion of non-falciparum malaria in the study area. This relates to the studies in Sub Saharan Africa (Fuehrer et al., 2021). The species composition in Donga-Mantung underscores the overwhelming dominance of P. falciparum but also reveals a non-negligible presence of P. ovale and P. malariae. This was with accordance with the works in Sub Saharan Africa (Fuehrer et al., 2021) and in Cameroon (Tangi et al., 2023), with treatment gaps sustaining transmission. The predominance of Plasmodium falciparum indicates the ecological suitability of the area for its transmission. The highland climatic conditions of high humidity, swamp valleys, and dense vegetation make ideal breeding sites for Anopheles gambiae s.l., the primary vectors of P. falciparum. The perennial transmission conditions provided by such environment explain the high rate of infections from this species. The comparatively high endemicity of Plasmodium ovale is also intriguing. This species tends to be underdiagnosed by being underreported due to the low parasitaemia and morphological similarity to other Plasmodium species, but it has the support of relapsing liver stages to sustain chronic, often asymptomatic infections. In the study area, where access to healthcare is limited and treatment may be delayed or incomplete, these kinds of infections are likely to be untreated, and thus cycles of transmission will continue. The detected prevalence of Plasmodium malariae may be due to its particular biological and epidemiological characteristics. Compared to P. falciparum, which can lead to high-density and acute infections, P. malariae tends to cause chronic low-level parasitaemia which without treatment, may persist for years. The fact that it can be asymptomatic allows it to act as a silent reservoir to the community. Furthermore, socio-political unrest within the Northwest region has disrupted malaria control activities, reduced access to preventive treatment, and displaced or forced many individuals to sleep in unfavourable conditions. These conditions increase exposure to a number of vector species in addition to providing opportunities for circulation of P. falciparum, P. ovale and P. malariae.
Conclusion
This study demonstrates that malaria remains a substantial burden in the western highlands of Cameroon, with prevalence influenced by geography, occupation, and behavioral practices such as nocturnal activities. The predominance of P. falciparum underscores the risk of severe disease, while the higher prevalence in Ndop compared to Nkambe highlights the role of environmental conditions in sustaining transmission. Despite widespread LLIN ownership, usage remains suboptimal, and parasite densities are not significantly reduced among users. These findings emphasize the need for intensified, context-specific interventions that combine improved vector control, health education, and targeted strategies for vulnerable groups to achieve meaningful reductions in malaria transmission and morbidity.
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