Malaria Infection in Anopheline Vectors and their Role in Local Malaria Transmission in Afikpo-North LGA, Ebonyi State, Nigeria
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Abstract
[bookmark: _Hlk219156747]Falciparum malaria remains a major public health burden in the rainforest region of Nigeria, where Anopheles mosquitoes serve as primary vectors. Effective malaria control requires high-quality case management, vector control, and robust surveillance. However, the emergence of drug-resistant Plasmodium falciparum strains and widespread insecticide resistance in mosquito populations threaten progress in malaria elimination. Recent advances in parasite genetics and genomics now offer new opportunities for improved surveillance. This study aimed to identify endophilic malaria vectors and assess their vectorial status and importance in two villages, Oziza–Ameta and Amachara–Elu, Afikpo-North LGA, Ebonyi State, Nigeria. Adult female mosquitoes were sampled indoors from twenty households using the pyrethrum spray catch (PSC) method. Molecular identification of Anopheles gambiae was performed using polymerase chain reaction (PCR). Natural Plasmodium infection and parasite genotypes were detected through PCR and whole-genome sequencing. Human biting rate (HBR) was estimated indirectly as the proportion of freshly fed mosquitoes relative to the number of occupants who slept in the room the night before collection. A total of 331 female mosquitoes belonging to seven species Culex quinquefasciatus, Anopheles gambiae sensu lato (s.l.), Anopheles funestus group, Mansonia uniformis, Mansonia africana, Anopheles coustani complex, and Culex poicilipes were collected. Culex quinquefasciatus was the most abundant species (61.63%), followed by An. gambiae s.l. (28.10%). Culex poicilipes and An. coustani had the lowest abundance (0.30%). Species abundance differed significantly between the two villages (p = 0.005). Malaria vector abundance was higher in Oziza–Ameta than in Amachara–Elu, with An. gambiae s.l. predominating in both locations. PCR characterization revealed An. gambiae sensu stricto (s.s.) as the dominant sibling species, with an infectivity rate of 0.035 (95% CI: 0.0059–0.1058) for Plasmodium falciparum. Genetic diversity (M-form and S-form) was detected within An. gambiae s.s., showing identity matches of 97.43% and 98.00% to AF470112.1 and AF470113.1, respectively, while the detected P. falciparum genotype matched LR131493.1 with 100% similarity. The highest human biting rates were recorded in October (40% and 50%). Endophilic female mosquitoes in Afikpo-North serve as important vectors of malaria and other diseases of public health and economic relevance, placing residents at high risk of infection. This study provides baseline information on indoor-resting malaria vectors and parasite genotypes necessary for site-specific vector control planning under Integrated Vector Management (IVM). Strengthening environmental sanitation and improving drainage systems are recommended as part of comprehensive vector control strategies.
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1. Introduction
Malaria remains one of the leading causes of morbidity and mortality in Nigeria, contributing substantially to infant, childhood, and maternal deaths (WHO, 2022). The disease accounts for approximately 60% of outpatient visits and 30% of all hospital admissions in the country (NPC, 2012). An estimated 110 million clinical cases and about 300,000 malaria-related deaths occur annually in Nigeria, resulting in an economic burden of nearly 480 billion naira due to treatment costs, prevention efforts, and loss of productive man-hours (NPC, 2012).
[bookmark: _Hlk217562066]In Nigeria, malaria is predominantly caused by Plasmodium falciparum, a unicellular protozoan parasite regarded as the most virulent of all human malaria species (Oboh et al., 2018). Almost all malaria-related deaths are attributed to P. falciparum, with 94% of these deaths occurring in Africa, particularly in Sub-Saharan Africa (WHO, 2022). Previous studies have shown that malaria vectors are well established in Ebonyi State including the Ehugbo community in Afikpo-North in South-eastern Nigeria (Odiakamnoro et al., 2017; PMI, 2017).
In recent years, molecular diagnostic tools have become integral into malaria surveillance. Techniques such as Polymerase Chain Reaction (PCR) are widely used for detecting Plasmodium species and characterizing members of the Anopheles gambiae complex (Awolola et al., 2007). Molecular methods have also revealed high rates of mixed infections (Mekonnen et al., 2014; Nwuzo et al., 2015), hybrid vector species, and parasite stages that are otherwise undetectable in peripheral blood due to sequestration.
Effective malaria elimination and control strategies depend heavily on vector control, with entomological surveillance serving as a cornerstone for planning and evaluating interventions (PMI, 2014). Despite this, there is limited information on malaria vector species composition and parasite diversity in the study area. Notably, no data exist on whole-genome sequencing of Plasmodium parasites isolated from vector populations in the Ehugbo community of Afikpo-North LGA, Ebonyi State. Given these gaps, this study aims to determine the level of endophilic malaria exhibited by Anopheles mosquitoes in the area and to assess key entomological indices associated with malaria transmission. The findings are expected to contribute valuable baseline data for strengthening vector surveillance and information on targeted malaria control strategies.

2. Materials and Methods
2.1 Study Design
A cross-sectional study was conducted to determine the Plasmodium infection rate in endophilic malaria vector species collected in Ehugbo and to detect the genomic sequence of Plasmodium parasites present in these vectors. Indoor-resting female mosquitoes were sampled once monthly from ten households in each of the two selected sites for a period of six months. Collections were carried out between 5:00 a.m. and 7:00 a.m. using the pyrethrum spray sheet collection (PSC) method. All collected mosquitoes were sorted, identified, and processed for molecular analysis to assess vector species composition and natural parasite infection.

2.2 Description of Study Area
The study was conducted in the Ehugbo community, located in Afikpo-North Local Government Area of Ebonyi State, South-eastern Nigeria. Ehugbo covers an approximate land area of 164 km² and lies at latitude 6°N and longitude 8°5′E. Although situated in a generally low-altitude region, Ehugbo is characterized by hilly terrain rising about 350 feet above sea level. The area represents a transitional ecological zone between open grassland and tropical forest, with an average annual rainfall of about 198 cm. According to the National Population Commission (2006) data, Ehugbo has an estimated population of 156,611 people. Settlements in the area are predominantly nucleated. Many households consist of structures built with mud walls and thatched roofs. Wastewater disposal around homes often creates stagnant pools that serve as breeding sites for mosquito vectors. Additionally, the use of insecticide-treated nets (ITNs) is generally low.
Ehugbo contains several bodies of water, including Ndibe Beach, Unwana Beach, Iyi-Enohia, Iyi-Unwana, and Ozizza Beach, along with numerous smaller tributaries. These water bodies contribute to the swampy nature of the environment and support activities such as rice cultivation, while also providing favourable habitats for mosquito breeding. 

2.3 Ethical Approval
Ethical approval for this study was obtained from the Ethical Review Committee of the Ebonyi State Ministry of Health. In addition, informed consent was obtained from the residents of the selected households after they were adequately informed about the objectives and nature of the study. Permission was granted to conduct mosquito sample collection within their rooms.

2.4 Selection of Households
The study was conducted in Ehugbo, where two study sites Amachara-Elu and Oziza-Ameta were selected from the five villages in the area. Selection of the study sites and households was based on epidemiological relevance, abundance of mosquito breeding habitats, consent of household heads, and house design. Amachara-Elu, a peri-urban community, had ten households selected using a stratified random sampling technique, while Oziza-Ameta, a rural-urban community, had ten households selected through simple random sampling.

2.5 Entomological Investigation
Morphological identification of mosquito species was carried out using the identification keys of Giles and Coetzee (2020). Abdominal status and parity rates were determined following the World Health Organization (WHO, 2003) protocol. Collected mosquito samples were first transported to the Entomology Laboratory of Ebonyi State University, Abakaliki, for morphological identification and subsequently transferred to the National Arbovirus and Vectors Research Centre, Enugu, for molecular analysis.


2.6 Molecular Investigations
Molecular analyses were conducted using polymerase chain reaction (PCR) to identify members of the Anopheles gambiae species complex (An. gambiae s.l.) and to detect the presence of Plasmodium falciparum in malaria vectors, following established protocols (Scott et al., 1993). Genomic sequences of both the mosquito vectors and the malaria parasite were generated using the chain-termination (Sanger) sequencing method (Sanger and Coulson, 1975). Of the 93 An. gambiae s.l. specimens identified morphologically, 88 were grouped into ten pools based on vector abundance across the study sites: Amachara-Elu (two pools) and Oziza-Ameta (eight pools), in accordance with standard pooling procedures (Magris et al., 2007).

2.7 PCR Detection of Plasmodium falciparum
PCR detection of P. falciparum followed a protocol similar to that used for the molecular identification of An. gambiae sibling species, with the exception of the DNA template. Nested PCR and agarose gel electrophoresis were employed to amplify the small subunit ribosomal RNA (ssrRNA) gene, enabling confirmation of natural P. falciparum infection in pooled samples of An. gambiae s.l.  Two genus-specific primers, PF1 (5′-AGCGTGATGAGATTGAAGTCAG-3′) and PF2 (5′-CCCTAAACCCTCTAATCATTATC-3′), were used for amplification (Mohanty et al., 2009).

2.8 DNA Sequencing of Anopheles gambiae s.l. and Plasmodium falciparum
DNA sequencing of both An. gambiae s.l. and detected P. falciparum was performed on extracted genomic DNA from female mosquitoes using the Sanger sequencing (chain-termination) method (Sanger and Coulson, 1975). This technique involves primer annealing to denatured DNA templates and extension by DNA polymerase to generate single-stranded polynucleotide sequences, allowing determination of the nucleotide order within the target DNA fragments.


2.9 Data Analysis
The natural infection rate (IR) of Plasmodium falciparum in mosquito pools was estimated using pooled prevalence analysis for variable pool sizes under the assumption of perfect test sensitivity and specificity. Estimation was performed using the pooled prevalence calculator available on the Epitools platform. A 95% confidence interval (CI) was calculated to assess the precision and reliability of the estimated infection rates (Torres-Cosme et al., 2021). Generated DNA sequences were compared with reference sequences in the GenBank database using the Basic Local Alignment Search Tool (BLAST) hosted by the National Center for Biotechnology Information (NCBI).
Total mosquito collections, species composition, and the number of occupants who slept in each room prior to sampling were recorded. Relative species abundance was calculated as the proportion of each species relative to the total mosquito catch during the study period. Indoor resting density (IRD) was estimated as the mean number of mosquitoes collected per room sprayed (Williams and Pinto, 2012).
The human biting rate (HBR), defined as the number of bites received per person per night, was estimated indirectly as the ratio of freshly blood-fed female mosquitoes to the total number of occupants who slept in the room on the night preceding mosquito collection (Williams and Pinto, 2012). Monthly variation in mosquito abundance was assessed using analysis of variance (ANOVA). Differences in parity rates, IRD, and HBR between villages were evaluated using Fisher’s chi-square (χ²) test.

3. RESULTS 
3.1 Relative Abundance and Species Composition
A total of 107 malaria vectors were collected and classified into three major Anopheles species: Anopheles gambiae s.s. (n = 93; 87%), Anopheles funestus (n = 13; 12%), and Anopheles coustani (n = 1; 1%). All three species were recorded in Amachara-Elu, whereas only An. gambiae s.s. and An. funestus were observed in Oziza-Ameta (Table 1). Monthly variation in mosquito abundance showed that the highest numbers of Anopheles spp. were recorded in October in both Amachara-Elu and Oziza-Ameta, with 12 and 40 individuals, respectively (Figure 1).

Table 1:	Species composition of female mosquitoes collected in Ehugbo Community, Afikpo-North LGA
	Species Name
	Amachara-Elu
	Oziza-Ameta
	%

	Anopheles gambiae s. l.
	17
	76
	87

	Anopheles coustani s. l.
	1
	0
	1

	Anopheles funestus group
	3
	10
	12

	Total
	21
	86
	100







Figure 1:	Variation in monthly collection of endophilic malaria vectors from Amachara-Elu and Oziza-Ameta, Ehugbo, Afikpo-North LGA



3.2 Molecular Analysis
Of the 107 Anopheles mosquitoes collected from the two study sites, 88 specimens morphologically identified as members of the Anopheles gambiae complex were further analyzed using Polymerase Chain Reaction (PCR). The specimens were processed in 10 pools: the first two pools comprised An. gambiae s.l. collected from Amachara-Elu, with 8 individuals per pool, while the remaining eight pools contained 9 individuals each from Oziza-Ameta.
Molecular identification revealed Anopheles gambiae s.s. as the predominant sibling species. Plasmodium falciparum was detected in pools P4 and P5, both of which consisted of An. gambiae s.s. collected from Oziza-Ameta (Figures 2, 3, and 4).
Sequence analysis of An. gambiae s.s. yielded a final dataset of 2,267 nucleotide positions. Samples from pool 1 (Amachara-Elu) showed a 97.43% sequence identity with the reference sequence (GenBank accession number AF470112.1), while samples from pool 2 (Oziza-Ameta) showed a 98% identity with the same reference (Table 2). Additionally, the P. falciparum sequences demonstrated a 100% identity match with GenBank accession number LR131493.1 (Table 2).
L
p1 p2 p3  p4	p5  p6  p7  p8 p9  p10	L
360bp


Figure 2:	Molecular characterization of sibling species of Anopheles gambiae s. l. collected in Ehugbo, Afikpo-North LGA
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Figure 3: Molecular Detection of natural Plasmodium falciparum infection in
Anopeheles gambiae s. s. collected in Ehugbo, Afikpo-North LGA
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Figure 4: 	Molecular detection of natural Plasmodium falciparum infection in Anopheles gambiae s.s. from Oziza-Ameta, Ehugbo, Afikpo-North LGA


Table 2:	Summary of BLAST for genomic sequence of Anopheles gambiae collected in Ehugbo, Afikpo-North LGA
	S/No.
	Sample ID
	Matched Organism
	Isolate/Strain
	Identity
%
	Matched
Accession Number

	1
	Pool 1
	Anopheles gambiae
	28S rRNA gene and ITS
Region
	97.43%
	AF470112.1

	
	
	Anopheles gambiae
	Ribosomal RNA
intergenic spacer region
	97.43%
	AF470113.1

	2
	Pool 2
	Anopheles gambiae
	28S rRNA gene and ITS
Region
	97.88%
	AF470112.1

	
	
	Anopheles gambiae
	Ribosomal RNA
intergenic spacer region
	98.00%
	AF470113.1




Table 3:	Summary of BLAST for genomic sequence of Plasmodium falciparum collected in Ehugbo, Afikpo-North LGA
	S/N
	Sample ID
	Matched organism
	% Identity
	Matched Accession number

	1
	Pool 1
	Plasmodium falciparum
	92.39%
	LR131493.1

	2
	Pool 2
	Plasmodium falciparum
	100%
	LR131493.1




3.3 Abdominal Grading of Malaria Vectors
Based on abdominal condition, the majority of the Anopheles mosquitoes collected were blood-fed. Anopheles gambiae s.l. recorded the highest number of blood-fed individuals, with 68 specimens from Oziza-Ameta and 16 from Amachara-Elu. In contrast, Anopheles coustani s.l. had the lowest representation, with only one blood-fed specimen recorded (Figure 5).


Figure 5: Abdominal grading of Anopheles spp.


3.4 Species Parity Rate
The parity rate of Anopheles mosquitoes did not differ significantly between Amachara-Elu and Oziza-Ameta (p = 0.379). Parity determination was conducted on 20% of the mosquitoes collected monthly during the study period. The highest parity rate was recorded in October in Amachara-Elu, with a value of 73% (Table 4).

3.5 Species Biting Preference
The Human Biting Rate (HBR) differed significantly between the two study sites (p = 0.004) (Table 5). HBR was calculated based on the number of mosquitoes collected monthly, the number of occupants, and the number of bed nets in use. In Amachara-Elu, the highest HBR for Anophelinae was observed in October (40.00%), while no human biting activity (0%) was recorded in August and September. Similarly, in Oziza-Ameta, October recorded the highest HBR for Anophelinae (50.00%), whereas the lowest HBR (2.17%) was observed in December.

3.6 Indoor Resting Density (IRD) of Mosquitoes
The Indoor Resting Density (IRD) of female Anopheles mosquitoes peaked in October, with a value of 1.4 mosquitoes per room and 4.0 mosquitoes per household (Table 6).

Table 4:	Human Biting Rate (HBR) of female mosquitoes collected from Amachara-Elu and Oziza-Ameta, Ehugbo Community, Afikpo-North LGA
	Month
	
	
	Study Site
	
	
	

	
	Amachara-Elu
	
	Oziza-Ameta

	
	No. of
Occupants
	HBR
An
	
%
	No. of
Occupants
	
	HBR
An
	
%

	July
	27
	4
	40.00
	25
	
	2
	4.35

	August
	26
	0
	0.00
	25
	
	2
	4.35

	September
	27
	0
	0.00
	21
	
	15
	32.61

	October
	23
	4
	40.00
	21
	
	23
	50.00

	November
	27
	1
	10.00
	19
	
	5
	10.87

	December
	26
	1
	10.00
	31
	
	1
	2.17

	
	
	10
	100.00
	
	
	46
	100.00




Table 5:	Parity of female mosquitoes collected from Amachara-Elu and Oziza-Ameta, Ehugbo Community, Afikpo-North LGA

	Month
	
	
	
	Study Site
	
	
	
	

	
	
	Amachara-Elu
	
	
	Oziza-Ameta
	

	                     No.
                Dissected
	
Parous
	
%
	
Nulliparous
	
%
	No.
Dissected
	
Parous
	
%
	
Nulliparous
	
%

	July
	3
	2
	67
	1
	33
	2
	2
	100
	0
	0

	August
	5
	2
	40
	3
	60
	1
	1
	100
	0
	0

	September
	8
	5
	63
	3
	38
	6
	4
	67
	2
	33

	October
	15
	11
	73
	4
	27
	9
	6
	67
	3
	33

	November
	7
	5
	71
	2
	29
	3
	3
	100
	0
	0

	December
	5
	1
	20
	4
	80
	2
	0
	0
	2
	100

	
	43
	26
	60
	17
	40
	23
	16
	70
	7
	30






Table 6:	Monthly variation in indoor resting density (IRD) of female mosquitoes collected from Amachara-Elu and Oziza-Ameta, Ehugbo community, Afikpo-North LGA
	Month
	                                       Study Site

	
	     Amachara-Elu
	                           Oziza-Ameta

	
	Anopheles
	%
	Anopheles
	%

	July
	0.4
	19
	0.5
	6

	August
	0.1
	5
	0.4
	5

	September
	0
	0
	2.5
	29

	October
	1.2
	57
	4
	47

	November
	0.3
	14
	1
	12

	December
	0.1
	5
	0.2
	2

	Total
	2.1
	100
	8.6
	100




4. Discussion
This study investigated the species composition of malaria vectors, the presence of Plasmodium species and their whole-genome sequences, as well as selected entomological transmission indices in the study area. The research was prompted by the limited available information on malaria vector species composition in Ehugbo community and Afikpo-North Local Government Area as a whole.
Three Anopheles species were identified during the study, namely Anopheles gambiae s.l., Anopheles funestus group, and Anopheles coustani s.l. These species have previously been reported in Nigeria (Oyewole et al., 2005; Garba, 2025; Umohata et al., 2025). Malaria endemicity in any locality is largely influenced by the species composition of indigenous anopheline mosquitoes, their relative abundance, feeding and resting behaviour, and their suitability as hosts for Plasmodium parasites. However, the composition and abundance of Anopheles species vary across locations and seasons, highlighting the need for continuous entomological surveillance to improve understanding of malaria transmission dynamics (Cohuet et al., 2010). In the present study, An. gambiae s.l. was significantly more abundant (p < 0.05) than the other species recorded across the study sites.
A significant difference (p < 0.05) was observed in malaria vector density between the two study areas, with Oziza-Ameta recording a higher density of the primary malaria vector, An. gambiae s.l. This may be attributed to the proximity of Oziza-Ameta to a riverbank, which provides suitable breeding habitats for Anopheles mosquitoes, this finding is consistent with the report of Lamidi et al. (2017). Furthermore, species distribution analysis revealed greater Anopheles diversity in Amachara-Elu, where An. gambiae s.l., An. funestus group, and An. coustani s.l. were present, compared to Oziza-Ameta, where only An. gambiae s.l. and An. funestus group were recorded.
Accurate identification of Anopheles species is crucial for distinguishing anthropophilic and zoophilic mosquitoes with varying vectorial capacities for malaria transmission. In this study, molecular techniques were employed to complement morphological identification of An. gambiae s.l. The molecular results confirmed Anopheles gambiae s.s. as the predominant sibling species within the An. gambiae complex, in agreement with findings from previous studies conducted in Nigeria (Okorie et al., 2014; Atting and Akpan, 2016; Lamidi et al., 2017).
Effective malaria vector control depends on understanding the genetic structure of mosquito populations, as genetic variation influences vector biology, parasite development, insecticide resistance, and malaria epidemiology (Zhu et al., 2014). The sequencing of the Anopheles gambiae s.s. genome by Holt et al. (2002) provided a critical molecular resource for malaria control. In this study, phylogenetic analysis using Sanger whole-genome sequencing was performed to determine the evolutionary relationship of An. gambiae s.s. populations with reference sequences in GenBank, thereby providing insight into malaria transmission in the study area. Sequence analysis revealed close similarity with GenBank accessions AF470112.1 and AF470113.1 (African malaria mosquito), showing 97.43% and 98.00% identity, respectively. These matches corresponded to ribosomal RNA and intergenic spacer regions of An. gambiae s.s. from Amachara-Elu and Oziza-Ameta. Similar genetic markers have been reported by Gentile et al. (2002), who traced the origin of these lineages to Benin Republic. Minor differences in percentage identity between sites may be attributed to variation in the number of specimens analyzed during nested PCR. BLAST analysis further revealed the presence of both M and S molecular forms of An. gambiae s.s., consistent with earlier reports (Gentile et al., 2002). Overall, genomic sequencing and phylogenetic analysis confirmed An. gambiae s.s. as the dominant malaria vector in Ehugbo community.
Although sampling was conducted over six months (July–December 2019), mosquito abundance was strongly influenced by rainfall patterns, with peak abundance recorded in October, corresponding to the late rainy season. Rainfall enhances mosquito breeding by providing suitable larval habitats and maintaining optimal humidity for adult survival (Rogers and Randolph, 2006; Simon-Oke and Akinbote, 2020). Similar seasonal trends have been reported in previous studies (Ezihe et al., 2017; Umohata et al., 2025), although some variations exist across ecological zones (Atting and Akpan, 2016). These findings reinforce the role of rainfall as a key driver of malaria transmission (Thomson et al., 2006).
Detection of natural Plasmodium infection in anopheline mosquitoes is essential for identifying active malaria vectors (Beier, 1998). Anopheles gambiae s.s. has been widely implicated as an efficient vector of Plasmodium falciparum in Nigeria (Awolola et al., 2005; Oyewole et al., 2007; Okorie et al., 2014; Bashir et al., 2018), and P. falciparum is endemic in Afikpo-North LGA (Odikamnoro et al., 2016). In this study, PCR detection revealed a sporozoite prevalence of 0.035 (95% CI: 0.0059–0.1058), comparable to previous reports (Torres-Cosme et al., 2021). Infection was detected only in Oziza-Ameta, likely due to higher mosquito density and increased human activity in the area (Lamidi et al., 2017).
Genomic analysis of the detected parasite showed a 100% identity match with GenBank accession LR131493.1, corresponding to the P. falciparum 3D7 reference strain (Gardner et al., 2002). This confirms the taxonomic identity of the parasite and establishes An. gambiae s.s. as a natural vector of P. falciparum in the study area. Consequently, residents of Oziza-Ameta may be at a higher risk of malaria infection compared to those in Amachara-Elu.
There was no significant difference in parity rates between Amachara-Elu and Oziza-Ameta. Parity dissections, however, revealed a predominance of parous mosquitoes in both study areas, indicating that most females had successfully obtained blood meals and completed one or more gonotrophic cycles. This finding is consistent with reports from Calabar, Cross River State (Uttah et al., 2013), and Ukwa, Anambra State (Umeanaeto et al., 2017), and suggests high mosquito survival rates and increased vectorial capacity, as only parous females are capable of transmitting malaria parasites (WHO, 2003).
The higher proportion of nulliparous mosquitoes recorded in December may be attributed to reduced rainfall during the dry season and decreased turbidity along riverbanks, which likely limited suitable breeding conditions. Similar observations by Adeleke et al. (2010) associated such conditions with reduced mosquito survival and lower transmission potential. Oziza-Ameta recorded a greater proportion of parous mosquitoes than Amachara-Elu, possibly due to the proximity of breeding sites to the river, supporting the presence of an older mosquito population with enhanced survival and transmission potential (WHO, 2003; Okorie et al., 2014). Longer-lived female mosquitoes have increased opportunities to acquire and transmit Plasmodium parasites following infective blood meals (Susanna and Eryando, 2012).
Blood-feeding behavior further supports the transmission potential observed in this study. A high proportion of blood-fed mosquitoes was recorded, consistent with the findings of Umeanaeto et al. (2017) and Ezihe et al. (2017) which linked increased blood-feeding frequency to a higher risk of mosquito-borne infections. Consequently, the elevated number of blood-fed mosquitoes observed in October suggests an increased risk of malaria transmission during this period. The predominance of blood-fed Anopheles species collected indoors also indicates endophagic and endophilic behavior, as the specimens were obtained using the pyrethrum spray catch (PSC) method (Gillies and Coetzee, 2020).
Human biting rate (HBR) and indoor resting density (IRD) were assessed concurrently. The lowest HBR was recorded in December, reflecting a reduced population of older, potentially infective mosquitoes and, therefore, lower vectorial capacity. While parity rates did not differ significantly between study sites (p = 0.379), HBR differed significantly (p = 0.004), highlighting the relationship between mosquito abundance and malaria transmission risk. Human biting rate peaked in October, indicating heightened transmission potential during this period. This contrasts with earlier reports by Okorie et al. (2014) and Atting and Akpan (2016) who documented peak biting activity in August and December, respectively, possibly reflecting ecological differences between study locations.
No significant difference was observed in IRD between Anophelinae and Culicinae species, likely due to their shared endophilic and anthropophagic tendencies (Umar et al., 2015; Umeanaeto et al., 2017). However, even at relatively low densities, An. gambiae s.l. and An. funestus complexes are highly efficient malaria vectors capable of sustaining transmission (Ezihe et al., 2017). Consequently, the presence of indoor-resting mosquitoes represents a significant public health concern, given their ability to transmit both parasitic and viral infections.




5. Conclusion
This study provides insight into the malaria vector ecology and transmission dynamics in Ehugbo community, Afikpo-North Local Government Area. The findings revealed that Anopheles gambiae s.l., predominantly Anopheles gambiae s.s., was the most abundant and epidemiologically important malaria vector in the study area, while An. funestus group and An. coustani s.l. occurred at lower frequencies. Molecular and phylogenetic analyses confirmed the taxonomic identity of An. gambiae s.s. and demonstrated genetic similarity with reference strains in the GenBank, further validating its role in local malaria transmission.
Seasonal variation strongly influenced mosquito abundance, with peak densities recorded during the late rainy season, particularly in October. Entomological indices including parity rate, human biting rate, indoor resting density, and abdominal grading indicated high mosquito survival, frequent blood-feeding, and strong indoor resting behavior, all of which enhance vectorial capacity. Although parity rates did not differ significantly between study sites, the significantly higher human biting rate in Oziza-Ameta underscores spatial variation in transmission risk, likely driven by ecological factors such as proximity to breeding sites and human activities.
The detection of Plasmodium falciparum in An. gambiae s.s. populations, with a natural infection prevalence of 0.035, confirms active malaria transmission in the study area. The exclusive detection of infected mosquitoes in Oziza-Ameta highlights this community as a higher-risk area for malaria transmission compared to Amachara-Elu. Overall, the presence of highly competent malaria vectors resting and feeding indoors poses a substantial public health challenge, emphasizing the need for sustained vector surveillance, targeted control strategies, and community-based interventions to reduce malaria transmission in Ehugbo and its surrounding communities.
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