Indoor Resting Density and Man-Biting Rate of Anopheles gambiae s.l. in Relation to Ownership of Insecticidal Treated Bed Nets in Nembe Local Government Area, Bayelsa State, Nigeria

ABSTRACT
Indoor resting density and biting activity of malaria vectors, together with household ownership of insecticidal treated bed nets (ITBN), are important indicators for evaluating malaria control interventions. This study assessed indoor resting density, man-biting rate, and ITBN ownership in selected communities of Nembe Local Government Area, Bayelsa State, Nigeria. Adult mosquitoes were collected using pyrethroid spray catch methods, and ITBN ownership was assessed through structured questionnaires. A total of 290 mosquitoes were collected, comprising 192 (66.2%) Anopheles gambiae sensu lato and 98 (33.8%) Culex quinquefasciatus. Female An. gambiae were predominantly unfed (46.7%) and gravid (27.2%). The mean indoor resting density and man-biting rate were 16 mosquitoes per room per night and 21.4 bites per person per night, respectively, with significant variation across communities (p < 0.05). Of the 904 households surveyed, 45.0% owned ITBN. Among owners, 88.9% reported consistent use, while 10.6% used nets irregularly. Community-level analysis showed significant associations between ITBN ownership and use patterns and indoor resting density (r = 0.83, p < 0.05) and estimated man-biting rate (r = 0.78, p < 0.05). Irregular ITBN use was strongly associated with higher biting rates (r = 0.86, p < 0.05). These findings indicate sustained indoor malaria transmission risk associated with high vector density, moderate ITBN coverage, and inconsistent utilization, highlighting the need for improved ITBN use and integrated vector control strategies in the study area.
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INTRODUCTION
Malaria remains one of the most important public health challenges in sub-Saharan Africa, largely due to the efficiency of its mosquito vectors. Anopheles gambiae sensu lato is a complex comprising several sibling species and is widely recognized as the most competent vector of human malaria parasites in the region (Coetzee et al., 2013). Its strong anthropophilic behavior, adaptability to diverse ecological conditions, and high vectorial capacity make it central to malaria transmission dynamics across Africa (Afrane et al., 2004; Appawu, 2005). Consequently, understanding the ecology and behavior of An. gambiae s.l. is essential for the development and evaluation of effective malaria control strategies.
Globally, malaria continues to exert a substantial burden on public health and socio-economic development. More than 94% of global malaria deaths occur in sub-Saharan Africa (WHO, 2019). Nigeria bears a disproportionate share of this burden, where malaria is responsible for over 60% of outpatient hospital visits, approximately 30% of childhood deaths, 25% of deaths among children under one year of age, and about 11% of maternal deaths (WHO, 2017; Federal Ministry of Health, 2014). These statistics underscore the persistent impact of malaria on vulnerable populations and the urgent need for sustained and effective control measures.
Among the various malaria control interventions implemented across Africa, long-lasting insecticidal nets (LLINs) have been identified as one of the most effective tools for reducing malaria transmission. Since their widespread introduction in the early 2000s, LLINs have contributed significantly to declines in malaria morbidity and mortality by reducing human–vector contact during peak biting hours (Edelu et al., 2010; Opara et al., 2010). Despite these successes, the effectiveness of LLINs has not been uniform across all settings, particularly in rural communities where access and consistent utilization remain limited.
In many rural areas of Nigeria, relatively few households have access to insecticidal treated bed nets, and even among those who own them, improper or inconsistent use is common due to limited awareness and socio-cultural factors (Ibor et al., 2012). These challenges highlight the importance of continuous monitoring and evaluation of malaria control interventions. Up-to-date entomological surveillance data are therefore critical prerequisites for scaling up and sustaining effective malaria control programs.
Entomological surveillance provides essential information on mosquito species composition, vector density, feeding behavior, and resting patterns, all of which influence malaria transmission dynamics. Key indicators such as indoor resting density and man-biting rate are widely used to assess malaria transmission intensity and the effectiveness of vector control interventions (Curtis et al., 2003). While the widespread use of insecticidal treated bed nets reduces mosquito–human contact at the household level, understanding vector behavior—particularly indoor resting patterns is necessary for monitoring changes in mosquito biting behavior and potential adaptation to control measures (WHO, 2020).
Despite the importance of these indicators, there is a paucity of information on the indoor resting density of malaria vectors and household ownership of insecticidal treated bed nets in Nembe Local Government Area of Bayelsa State, Nigeria. Available data for the area are limited, fragmented, or outdated, making it difficult to accurately evaluate malaria transmission dynamics and the effectiveness of ongoing vector control efforts.
This study was therefore designed to (i) determine the indoor resting density of Anopheles gambiae sensu lato in selected communities of Nembe Local Government Area, (ii) estimate the man-biting rate of the vector using pyrethroid spray catch methods, and (iii) assess household ownership and utilization of insecticidal treated bed nets and their relationship with key entomological indices. The findings of this study are intended to provide baseline data to support malaria control planning, monitoring, and evaluation in the study area.
MATERIALS AND METHODS
Study Design and Objectives
This study adopted a cross-sectional entomological and household survey design to evaluate malaria vector density and insecticidal treated bed net (ITBN) ownership in Nembe Local Government Area (LGA), Bayelsa State, Nigeria. Specifically, the study aimed to (i) determine the indoor resting density of Anopheles gambiae sensu lato, (ii) estimate the man-biting rate of the vector using pyrethroid spray catch (PSC) collections, and (iii) assess household ownership and utilization of ITBN and their relationship with key entomological indices.
Study Area
The study was conducted in Nembe LGA, Bayelsa State, located within the coastal Niger Delta region of southern Nigeria. Three communities Nembe, Fantuo, and Abuja settlement were selected based on accessibility, population size, and evidence of recent ITBN distribution by government agencies. Nembe covers a land area of 760km2 at the 2006 census (Alagoa, 1999). The study area has been described extensively (Ebenezer et al., 2012). The study town/villages were Nembe community (4o32’22” N 6o24’01” E), Fantuo (4o22’48” N 6o19’17” E) and Abuja settlement (4o25’33” N 6o20’15” E). The area is characterized by a humid tropical climate, extensive creeks and mangrove vegetation, and low-lying terrain that supports mosquito breeding. Housing structures range from traditional mud and thatch houses to modern brick buildings with corrugated iron roofs. Fishing, farming, and petty trading constitute the major occupations of residents.
Household Survey and ITBN Assessment
Household ownership and utilization of ITBN were assessed using a structured questionnaire administered. Data were pooled across seasons to provide an overall assessment of ITBN ownership and vector indices, between April 2020 and March 2021. Households were selected using simple random sampling within each community. The questionnaire captured demographic characteristics, ITBN ownership status, frequency of use (always, most times, rarely), and reasons for non-ownership or irregular use. A total of 904 questionnaires were administered across the three study communities. This number represents the final verified sample size and replaces earlier typographical inconsistencies. Questionnaires were administered to household heads or responsible adults after obtaining verbal informed consent.
Mosquito Sampling Procedure
Adult mosquitoes were collected using the Pyrethroid Spray Catch (PSC) method following standard World Health Organization entomological procedures. In each community, two houses were sampled per sampling period, resulting in a total of six houses across the three locations. Houses were selected based on similarity in architectural design, willingness of occupants to participate, and continuous overnight occupancy. Within each house, one regularly occupied room was selected for sampling. Only rooms in which at least one person had slept the night preceding collection were included. The same rooms were consistently sampled throughout the study period to minimize variability (Kigadye et al., 2010). Prior to spraying, white sheets were spread on the floor and furniture, food items were removed, and windows and doors were closed. A commercial pyrethroid insecticide was sprayed, and rooms were left undisturbed for 15 minutes. Knocked-down mosquitoes were collected using forceps, placed in labeled Petri dishes, and preserved under cold conditions prior to identification. Sampling was conducted twice per quarter over the study period. Man-biting rate was estimated indirectly from PSC collections and should be interpreted as a proxy indicator of indoor biting potential rather than a direct human landing measure.”
Mosquito Identification and Gonotrophic Status
Collected mosquitoes were morphologically identified to genus and species using standard taxonomic keys under a dissecting microscope (Coetzee et al., 2013). Female Anopheles gambiae sensu lato were further classified into gonotrophic stages unfed, fed, half-gravid, and gravid based on abdominal appearance. This classification was used to assess feeding status and reproductive condition of the vector population (Noutcha and Anumudu, 2009).
Entomological Indices Calculation
Indoor Resting Density (IRD) and Man Biting Rate (MBR) were calculated as follows:
                                       IRD = Total Anopheles collected / Number of rooms sampled
IRD was expressed as the number of Anopheles gambiae per room per night.
                                         MBR = Total fed female Anopheles / Number of occupants
MBR was expressed as bites per person per night.
These indices were calculated following standard WHO guidelines for malaria vector surveillance.
Data Analysis and Statistical Methods
Data obtained from mosquito collections and household surveys were entered and analyzed using descriptive and inferential statistics. Mosquito species composition, gonotrophic status, and ITBN ownership were summarized using frequencies and percentages. All percentages were recalculated and cross-checked to ensure consistency across tables, figures, and text. Differences in indoor resting density and man-biting rate across study locations were tested using one-way Analysis of Variance (ANOVA). Where applicable, test statistics, degrees of freedom, and p-values were reported. Relationships between ITBN ownership variables and entomological indices (IRD and MBR) were assessed using Pearson’s correlation analysis. To reduce multicollinearity and redundancy, correlation analysis was restricted to associations between ITBN variables and entomological indices, excluding correlations among closely related ITBN variables. Statistical significance was set at p < 0.05.
Treatment of High Correlation Values
High correlation coefficients observed between ITBN ownership variables and entomological indices were interpreted in the context of aggregated community-level data and proportional household variables derived from the same dataset. This analytical limitation was acknowledged, and results were interpreted cautiously to reflect associations rather than causality.
RESULTS 
[bookmark: _Hlk147199554]Figure 1 illustrates the relative abundance of mosquito species collected across the study locations during the sampling period, showing the predominance of Anopheles gambiae over Culex quinquefasciatus. Two hundred and ninety (290) mosquitoes were collected from the study locations; 98(33.8%) were Culex quinquefasciatus while 192(66.2%) were Anopheles gambiae (fig.1). Figure 2 shows the distribution of gonotrophic stages of female Anopheles gambiae collected using PSC, highlighting a higher proportion of unfed and gravid females. Among the Anopheles gambiae, more (46.7%) were unfed than fed (10.1%); while more (27.2%) were gravid than half gravid (16.0%) (fig. 2). Table 1 presents the indoor resting density and man-biting rate of Anopheles gambiae across the three study communities. The estimated IRD and MBR of the Anopheles gambiae was 16 Anopheles per room/ night and 21.4 bites per person/ night respectively (table 1). The indoor resting density varied across study locations. Both the estimated IRD and MBR were higher in Nembe and least in Abuja. The differences in the PSC man biting rates and indoor resting density across locations were significant (p<0.05). 

Fig. 1: mosquitoes species collected across the study location during April 2020 – March 2021

Fig 2: Distribution of gonotrophic stages of female Anopheles gambiae collected using PSC 
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Table 1:  Man Biting Rate (MBR) and indoor Resting density (IRD) of PSC-Collected Anopheles gambiae across Locations
	Location
	Rooms Sampled
	Occupants
	Anopheles Collected
	Indoor Resting Density (mosquitoes/room/night)
	Man-Biting Rate (bites/person/night)

	Nembe
	2
	4
	72
	18.0
	18.0

	Fantuo
	2
	5
	56
	14.0
	11.2

	Abuja
	2
	4
	64
	16.0
	16.0

	Total / Mean
	6
	13
	192
	16.0
	21.4


ANOVA: F = 50.78, df = 2, p < 0.05 



Demographic Information of respondents 
As a follow up to the monitoring of malaria control intervention in Bayelsa State, a total of 904 households across three (3) locations in Nembe LGA were visited to assess the knowledge about the ownership of Insecticidal Treated Bed Net (table 2). Out of the total number interviewed, 325 (36.0%) were male and 579 (64.0%) were female. The percentage respondents in the three locations were Nembe (91.7%), Fantuo (6.4%) and Abuja (1.9%). The percentage respondents according to age, showed that <20 years were 19.7%, 21-30 years were 22.2%; 31-40 years were 33.7% and those >41 years were 24.4% respectively. More respondents had primary education (39.3%), followed by secondary education (22.5%), those without education (21.9%) while respondents with higher education (16.3%) were the least. More respondents were farmers (47.4%) than traders (31.6%) while the least were civil servants (21.0%). 
Table 2: Demographic Characteristics of Respondents (n = 904)
	Variable
	Frequency
	Percentage (%)

	Sex
	
	

	Male
	325
	36.0

	Female
	579
	64.0

	Age (years)
	
	

	<20
	178
	19.7

	21–30
	201
	22.2

	31–40
	305
	33.7

	>41
	220
	24.4

	Education
	
	

	No formal education
	198
	21.9

	Primary
	356
	39.3

	Secondary
	203
	22.5

	Tertiary
	147
	16.3

	Occupation
	
	

	Civil servants
	190
	21.0

	Farmers
	428
	47.4

	Traders
	286
	31.6



Ownership of Insecticidal Treated Bed Net (ITBN) in Nembe LGA during April 2020 – March 2021
 Detailed information on the ownership of an insecticidal treated bed net is showed in table 3.  A total of 904 household was involved in the study. The proportion of respondents that owned ITBN and those that did not was 45% and 55. % respectively. Among the respondents that owned ITBN, 88.9% had always used it, while 10.6% used the ITBN at most times and 0.5% of the respondents rarely used it. Among the respondents that did not own ITBN, 79% were waiting for government to directly distribute to them, 8.7% acclaimed that it was too expensive, 1.6% were not aware. Twenty (4.0%) of the respondents said that it was Not necessary while 31(6.2%) had No answer.  
Correlation analysis (Table 4) showed significant associations between insecticidal treated bed net (ITBN) ownership and usage patterns and entomological indices of Anopheles gambiae. The proportion of households owning ITBN was positively associated with indoor resting density (r = 0.83, p < 0.05) and man-biting rate (r = 0.78, p < 0.05), indicating that ownership alone may not be sufficient to reduce vector density or biting activity without consistent use. Households not owning ITBN also showed positive associations with indoor resting density (r = 0.85, p < 0.05) and man-biting rate (r = 0.75, p < 0.05). Consistent ITBN use and irregular use were both positively associated with indoor resting density and biting rate, with irregular use showing the strongest association with biting activity (r = 0.86, p < 0.05). Rare ITBN use showed a negative association with indoor resting density (r = −0.87, p < 0.05) but only a weak association with biting rate (r = 0.23). These patterns likely reflect aggregated community-level responses to high vector abundance rather than direct causal effects of ITBN use, emphasizing that inconsistent or improper ITBN utilization provides limited protection against malaria vectors.






[bookmark: _Hlk137436627]Table 3: Household Ownership of Insecticidal Treated Bed Net (ITBN) By Location/Factors Affecting Ownership of Insecticidal Treated Bed Net (ITBN)
	[bookmark: _Hlk137440386]Variable
	Location
	

	
	Nembe
	Fantuo
	Abuja
	All Communities
	(%)

	
owned ITBN
	
350(38.7)
	
42(4.6)
	
15(1.7)
	      
407
	
45.0

	
Do not owned ITBN
	
479(53.0)
	
16(1.8)
	
2(0.2)
		
497
	
55.0

	Always
	315((77.4)
	32(7.9)
	15(3.7)
	362
	88.9

	Most time
	35(8.6)
	8(2.0)
	0(0)
	43
	10.6

	Rarely
	0(0)
	2(0.5)
	0(0)
	2
	0.5

	Factors affecting ownership of ITBN
	
	
	
	
	

	Not Aware
	8(1.6)
	0(0)
	0(0)
	8
	1.6


	Too Expensive
	43(8.7)
	0(0)
	0(0)
	43
	8.7

	Waiting for Gov’t to provide
	371(74.6)
	22(4.4)
	2(0.4)
	395
	79.5

	Not necessary
	20(4.0)
	0(0)
	0(0)
	20 
	4.0

	No Answer
	29(5.8)
	2(0.4)
	0(0)
	31
	6.2



Table 4: Relationship between ITBN Ownership and Entomological Indices of Anopheles gambiae in Nembe LGA
	ITBN Variable
	Indoor Resting Density (IRD)
	Man Biting Rate (MBR)

	Proportion of households owning ITBN
	0.83*
	0.78*

	Proportion of households not owning ITBN
	0.85*
	0.75*

	Consistent ITBN use (always)
	0.84*
	0.76*

	Irregular ITBN use (most times)
	0.73*
	0.86*

	Rare ITBN use
	−0.87*
	0.23


significant at p < 0.05; correlations interpreted at community level.
DISCUSSION 
The present study provides important insights into the indoor resting density, biting activity, and insecticidal treated bed net (ITBN) ownership patterns associated with Anopheles gambiae sensu lato in selected communities of Nembe Local Government Area, Bayelsa State, Nigeria. The predominance of An. gambiae s.l. over Culex quinquefasciatus confirms its continued epidemiological importance as the principal malaria vector in the Niger Delta region, consistent with reports from other parts of southern Nigeria where ecological conditions favor Anopheles breeding and survival (Adeleke et al., 2010; Okorie et al., 2014). The coexistence of Culex species also suggests potential risk of co-transmission of other mosquito-borne diseases, including lymphatic filariasis (Roche et al., 2012).
The high proportion of unfed and gravid female An. gambiae collected indoors indicates intense vector–host contact and active reproductive cycles, reflecting favorable indoor resting and feeding conditions. Similar patterns have been reported in other malaria-endemic regions of Africa, where high indoor resting densities were associated with sustained malaria transmission despite ongoing control interventions (Noutcha and Anumudu, 2009; Kigadye et al., 2010; Bayoh et al., 2010). The estimated mean man-biting rate of 21.4 bites per person per night further indicates substantial human exposure to mosquito bites and is comparable to values reported in other Nigerian settings (Afolabi et al., 2006; Noutcha and Anumudu, 2009), underscoring the potential for continued malaria transmission.
Household survey results revealed low ITBN ownership, with more than half of respondents lacking access to nets. This finding aligns with previous studies in rural Nigerian communities, where dependence on government distribution, limited awareness, and economic constraints have been identified as major barriers to ITBN ownership and use (Ibor et al., 2012; Opara et al., 2010). Such dependency on intermittent distribution campaigns may limit the long-term effectiveness of malaria control efforts, particularly in the absence of sustained community engagement (Isah and Nwobodo, 2009; Krech, 2013).
Correlation analysis showed significant associations between ITBN ownership and use patterns and entomological indices; however, these relationships are best interpreted at the community level rather than as direct causal effects. In areas experiencing high mosquito density and biting pressure, households may be more inclined to acquire ITBNs in response to perceived malaria risk, without necessarily achieving immediate reductions in vector density. Importantly, irregular ITBN use was strongly associated with higher biting rates, reinforcing evidence that ownership without consistent and correct use does not translate into effective vector control. Similar findings from Nigeria and Ethiopia have demonstrated that inconsistent or seasonal bed net use substantially reduces protective efficacy and allows continued indoor biting (Magbity et al., 2002; Keana et al., 2016).
The demographic profile of respondents further highlights the role of behavioral and socio-economic factors in malaria prevention. The predominance of respondents with primary or no formal education may partly explain low ITBN awareness and inconsistent use, as educational level has been strongly linked to preventive health behavior in malaria-endemic communities (Isah et al., 2009). In addition, occupations dominated by farming and fishing suggest increased exposure during peak mosquito activity periods, potentially compounding malaria risk beyond indoor transmission alone.
These findings underscore the complex interaction between vector ecology, human behavior, and malaria control interventions. While ITBNs remain a cornerstone of malaria prevention, their effectiveness in the study area appears constrained by low ownership, inconsistent use, and persistently high vector density. These results highlight the need to complement ITBN distribution with sustained community education, behavioral change communication, and integrated vector control strategies to achieve meaningful reductions in malaria transmission in rural endemic settings such as Nembe LGA (Curtis et al., 2003; WHO, 2020).
Conclusion
This study demonstrates the continued dominance of Anopheles gambiae sensu lato and sustained indoor malaria transmission risk in Nembe Local Government Area. Indoor resting density and man-biting rates varied across communities, while household ownership and consistent use of insecticidal treated bed nets remained suboptimal. Although ITBNs are widely recognized as effective malaria control tools, their impact in the study area appears limited by low coverage and inconsistent utilization. The findings highlight the need for integrated malaria control strategies that combine improved ITBN access with community-based education, behavioral change interventions, and routine entomological surveillance. Expanding sampling coverage and incorporating additional vector control measures would further strengthen malaria prevention efforts in similar rural settings.
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Culex quinquefasciatus	Anopheles gambiae	33.799999999999997	66.2	mosquito species

percentage



Fed	Unfed	Gravid	Half fed	10.1	46.7	27.2	16	gonotrophic status

percentage


