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ABSTRACT
[bookmark: _Hlk138379665]The knowledge on the ownership of insecticidal treated bed net (ITBN) and the indoor resting density (IRD) of Anopheles gambiae are germane to the monitoring of malaria control intervention in malaria endemic areas. This study was undertaken to assess the indoor resting density of Anopheles gambiae s.I. and the knowledge of the ownership of Insecticidal Treated BED Nets (ITBN) in some communities in Nembe L.G.A. Adult mosquitoes were collected using Pyrethroid Spray Catches (PSC) techniques. The knowledge on the ownership of ITBN was assessed using structured questionnaire. Basic entomologic indices as indoor resting density and man biting rates were estimated following standard procedures. Two hundred and ninety (290) mosquitoes were collected across three communities. Anopheles gambiae (66.2%) was more abundant than  Culex quinquefasciatus (33.8%). Mosquito abundance by communities were; Nembe (79.1%)>Abuja (76.1%)>Fantuo (52.3%). More unfed An. gambiae than fed were recorded. The mean MBR of the female Anopheles gambiae was 21.4 (bite/person/night). The knowledge of ITBN was low; 55.0% of the respondents used ITBN, 10.6% used it occasionally while 45.0% did not. Indoor Insecticide Treated Bed Nets (ITBNs) should be used alongside outdoor protective control intervention. Community based educational enlightenment programmes should be organized to create necessary awareness on the importance and the prompt usage of ITBN. 
KEY WORDS: Anopheles gambiae, Man- biting rates, indoor resting density, insecticidal treated bed net


INTRODUCTION
Anopheles gambiae s.l is a complex of eight, (Coetzee et al., 2013), and the most efficient mosquito vectors responsible for the transmission of malaria parasites in sub-saharan Africa (Afrane et al., 2004; Appawu, 2005). Malaria account for >94% of death across the globe (WHO, 2019). In Nigeria alone, malaria accounts for > 60% of outpatient visits to health facilities, 30% of childhood death, 25% of death in children below one year of age, and 11% of maternal death (WHO, 2017, F.D.E MOH, 2014). Among several interventions put in place to reduce malaria burden in Africa, long lasting insecticidal net (LLINS) have played the most significant role in reducing the global malaria burden since 2000 (Edelu et al, 2010; Opara et al, 2010). However, no much success has been achieved in most rural communities in Nigeria, where relatively fewer people have access to LLIN and those that had access, may lack the knowledge of proper usage (Ibor et al., 2012). An up-to-date entomological surveillance data and monitoring of control intervention are basic prerequisites needed to scale up malaria control interventions. The key consideration for malaria vector surveillance in malaria endemic areas is to assess the vector behavior and the usage of insecticidal treated bed net (Curtis et al., 2003).  While the use of ITNS is useful in preventing mosquito’s man contact on a large scale, studying the vector behavior such as indoor resting density is necessary in monitoring the biting pattern of the mosquito (WHO, 2020). However, there is dearth information on entomological surveillance and evaluation of control intervention in the study area. This study therefore assess the indoor resting density of Anopheles gambiae and the ownership of insecticidal treated bed net in some communities of the Nembe Local Government Area of Bayelsa State.

MATERIAL AND METHODS
Study Area
The study was conducted in three (3) town/villages in Nembe Local Government Area of Bayelsa State, Nigeria. Nembe covers a land area of 760km2 and a population of 130,931 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 housing structures in the study areas, ranges from traditional architectural design made up of thatch walls and roofs to modern-like home with brick walls and corrugated iron sheet roofs. The major occupation of the people is fishing and petty trading.
Assessment of Ownership of Insecticidal Treated Bed Net
The collections of data were undertaken in three (3) towns/villages in Nembe in the month of November, 2020. The towns/villages were selected based on accessibility and availability of personnel. Selection of household interviewed was based on simple random sampling techniques across locations. A self-designed questionnaire was distributed to households where Pyrethroids Spray Catches for mosquito sampling were to be carried out. Aside the demographic information, the questionnaire contained the history of the ownership of ITBN and factors that affect their usage as a means of the follow up of the distribution of ITBN by government in those areas in the recent time. A total of 903 questionnaires were distributed across the three communities. 

Mosquito Sampling
[bookmark: _Hlk135682440][bookmark: _Hlk137653429]The collections of mosquitoes were undertaken in three (3) towns/villages in Nembe. The villages/towns were randomly selected based on acceptance that government had distributed insecticides treated bed nets in the recent time. Selection of houses was based on the similarity in architectural designs. Adult mosquitoes were collected twice in each quarter of the year from April 2020 – March 2021. The procedures for Pyrethrum spray catches followed the descriptions in Kigadye et al., (2010). In each house, a verbal consent was obtained from the household heads. In each house, at least one person must have slept in the selected rooms, the night prior to the morning of collection. Selected rooms were continuously used throughout the studies. Preparation of a PSC room followed standard practice (Kigadye et al., 2010). The rooms were kept close for 15 minutes. Knocked down adults were picked up with the fine forceps into labeled petri dishes and preserved in refrigerator for identification.
Morphological and Gonotrophic characterization of Anopheles gambiae S.L
Mosquitoes collected through PSC method were identified morphologically with dissecting microscope into genera, according to standard keys (Coetzee et al., 2013). The gonotrophic stages; fed, unfed, gravid and half gravid of the mosquitoes were characterized according to the conditions of their abdomen (Noutcha and Anumudu, 2009). 
Data Analysis
The composition of the mosquitoes and their relative abundances were collected together with the gonotrophic status of Anopheles gambiae s.I. Household ownership of Insecticidal Treated Bed Net (ITBN) and demographic information were computed respectively using percentages while Indoor Resting Density (IRD) and man biting rates (MBR) were calculated using the formulae as per WHO (2003).
Indoor Resting Density= 
MBR(PSC) =

RESULTS 
[bookmark: _Hlk147199554]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). 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). 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: The gonotrophic status of Female Anopheles gambiae s.l







20


Table 1:  Man Biting Rate (MBR) and indoor Resting density (IRD) of PSC-Collected Anopheles gambiae across Locations
	[bookmark: _Hlk137440547]Location
	No. of Room Visited
	No. of Occupants
	Total mosquito collected
	Fed
 Anopholes gambiae 
s.L
	IRD
(Anopheles/ room/night
	MBR
(Person/night)

	
Nembe
	
2
	
4
	
72
	
32
	
36
	
8.0

	
Fantuo
	
2
	
5
	
56
	
37
	
28
	
7.4

	
Abuja
	
2
	
4
	
64
	
24
	
32
	
6.0

	Total
	6
	12
	192
	93
	16
	21.4


(F=50.77813; df= 2; p-value=0.01913; 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 (64.05%) 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 Information of respondents
	Variable
	Frequency
	Percentage (%)

	
LOCATION:
	
	

	Nembe
	           829
	                92.0

	Fantuo
	            58
	                6.4

	Abuja
	           17
	                1.9

	SEX 
	
	

	Male
	            352
	               36.0

	Female
	            579
	                64.1

	Age
	
	

	<20
	178
	19.7

	21-30
	201
	22.2

	31-40
	305
	33.7

	>41
	220
	24.4

	EDUCATIONAL BACKGROUND
	
	

	No 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. There was a strong positive correlation between respondents that owned ITBN and Anopheles gambiae IRD (0.828637) and MBR (0.777553) respectively (table 4). However, there was a negative correlation between respondents that rarely use ITBN and Anopheles gambiae IRD (-0.86603). The differences between those that rarely use ITBN and Anopheles IRD and MBR was significant (p<0.05) (table 4).
[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



[bookmark: _Hlk137634513]Table 4: Correlation matrix of the Ownership of ITBN on IRD and MBR of Anopheles gambiae
	variables 
	owned ITBN
	Do not owned ITBN
	Always
	Most time
	Rarely
	IRD
	MBR

	owned ITBN
	1
	
	
	
	
	
	

	Do not owned ITBN
	0.999037a
	1
	
	
	
	
	

	Always
	0.999805a
	0.999709a
	1
	
	
	
	

	Most time
	0.988235a
	0.980573a
	0.985018a
	1
	
	
	

	Rarely
	-0.43773b
	-0.47675b
	-0.45542b
	-0.29507a
	1
	
	

	[bookmark: _Hlk138335496]IRD
	0.828637c
	0.852399c
	0.839543c
	0.733273b
	-0.86603a
	1
	

	MBR
	[bookmark: _Hlk138334638]0.777553c
	0.749216c
	0.764969c
	0.864578b
	0.225018b
	0.292306a
	1



DISCUSSION 
Anopheles gambiae s.l. and Culex quinquefasciatus were the two mosquitoes encountered at the study locations. This is an indication that the two species of mosquitoes are anthropogenic and may be responsible for the transmission of malaria and lymphatic filaria parasites in the study locations (Adeleke et al., 2010; Roche et al., 2012). More unfed Anopheles than fed Anopheles were counted in PSC-collection. Similar results reported elsewhere highlighted that the unfed mosquitoes may be newly emerged nulliparous females that may have wandered from breeding sites (Sriwichai et al., 2015; Mordecai et al., 2012; Kirby and Lindsay, 2004; Kessler and Guerin, 2008; Paaijmans et al., 2010). 
The estimated mean MBR of PSC- collected female Anopheles gambiae was 21.4 bites/ person/ night. The man biting rate of An. gambiae s.l. was comparable to 24.7 bites / man/ hour in Lagos, Nigeria (Afolabi et al., (2006), 0.90 bite/night and 1.6 bite/night in 2001 and 2002 in South-West Nigeria (Noutcha and Anumudu, 2009). The estimates man biting rates of Anopheles gambiae s.l in 2008-2009 and 2009-2010 were 12 bites/person/ night and 1.6 bites/person/ night respectively in some parts of Bayelsa State. However, the MBR in this study was eight- folds lower than the 173.3 bite/person/night recorded in Tanzania (Leonard et al., 2010).
As a follow up to the monitoring of malaria control in the study area, information about Insecticidal Treated Bed Net (ITBN) was observed. The higher number of female than male agrees with the report of Cochran and Williams, (2013). It is imperative that women because of their occupational nature and lack of access to information were regarded as vulnerable population (Krech, 2013). Females are major care giver in the family, hence are more inquisitive about the healthy well-being of the family   The higher percentage of respondents between 31-40 years that participated in the study, implies that majority of the respondents were young people who are conscious of their health and are more likely to seek for care on infection of malaria (Cochran and Williams, 2013). Higher percentage of the respondents with primary education agrees with the study conducted to evaluate the awareness and utilization of ITBNs among individuals with educational background (Isah et al., 2009). Occupational background of the respondents was more of farmers. Similar findings was reported by Cochran and Williams, (2013).
Ownership of ITBN in the study locations was low. This is an indication that there is need to increase awareness on the importance of ITBNs in malaria control intervention. The low awareness on the use of the ITBN may be attributed to the low level of education as reflected in the demographic status of respondents in the locality.  Consequently, it was noted certain factors may have exposed the proportion of persons to the mosquito bite, which may have also been responsible for the all-seasonal malaria transmission in Nembe. This observation is in agreement with Margaret (2001). 
Conclusion
it is evident that the two species of mosquitoes An. gambiae and Culex quinquefasciatus are predominant and sympatric in the study location. More Anopheles mosquitoes collected were Unfed and Gravid. The mean Man-Biting Rates (MBR) and indoor resting density of female Anopheles gambiae varied across the study locations. Knowledge and ownership of ITBN in the study location was low. There was a strong significant correlation between ownership of ITBN and the mean man-biting rate and indoor-resting density of An. gambiae. It is recommended that community-based educational enlightenment programmes, be organized in the rural areas in order to create necessary awareness on the importance and the prompt usage of ITBN to reduce the MBR and IRD of An. gambiae. 
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