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ABSTRACT
[bookmark: _GoBack]Malaria affects millions of people in Nigeria. Despite progress made in recent years, it continues to pose a major threat to life in low-resource settings like Ifite community Awka, south east Nigeria. One of the key strategies employed in malaria control programs is Indoor Residual Spraying (IRS), a targeted intervention aimed at reducing malaria transmission by focusing on the female Anopheles mosquitoes that vector Plasmodia species. Indoor biting and resting mosquitoes were sampled in students’ room by pyrethrum knockdown collection method with commonly available pyrethrum insecticide. Knocked-down mosquitoes were identified based on appearance of head, thorax, wing colours, and tarsal segments of hind legs. Engorgement status was determined by observing abdomen of knocked-down mosquitoes. In-door resting density (IRD) was estimated using the ‘number of female mosquitoes collected per room per night’ while man-biting rate (MBR) was the ‘total number of engorged females divided by number of room-occupants the night before collection’. All knocked-down mosquitoes were Anopheles species of which a 66.7% were engorged. Estimated IRD was 12 mosquitoes per room per night while MBR was of 4 bites per man per night. This result demonstrated the effectiveness of IRS with pyrethrums in knocking down Anopheles mosquito, and thus capable of disrupting malaria transmission cycle in the study area.  However, future research should focus on development of eco-friendly bio-pesticides which formulation and application techniques can allow for feasible monitoring and evaluation of malaria vector management.
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INTRODUCTION
Malaria is a mosquito - borne infectious disease that affects humans and other animals, is caused by protozoan parasites that belong to the genus Plasmodium. Human malaria is caused by only by five Plasmodium species namely, Plasmodium falciparum, P. vivax, P. malariae, P. ovale and P. knowlesi.  However P. knowlesi causes zoonotic malaria in South East Asia where it is naturally maintained in macaque monkeys.  Plasmodium falciparum, vectored by female Anopheles species of mosquitoes, is the most prevalent human malaria parasite in Africa, which accounted for 99.7% of the estimated malaria cases in 2018 (WHO, 2019). 
Malaria control tools are Indoor residual spraying (IRS) and the long lasting insecticides treated mosquito nets, LLINs (Salam et al., 2014). Indoor residual spraying is a crucial component of integrated vector management (IVM) in malaria control which involves the application of insecticides to the interior surfaces of houses, targeting indoor biting and resting malaria vectors - the mosquitoes responsible for transmitting malaria (WHO, 2018). Indoor residual spraying is highly effective in reducing the density and longevity of malaria vectors since it provides a physical barrier on the indoor surfaces of houses thereby killing or repelling mosquitoes that come into contact with the insecticides. A study in Ethiopia reported a 67% reduction in malaria incidence following IRS implementation (Abeku et al., 2010). Indoor residual spraying not only protects individuals sleeping in sprayed houses but also provides community-wide protection. The residual insecticides can kill or repel mosquitoes entering sprayed houses, reducing the overall vector population and interrupting disease transmission. This community-wide effect, known as the "mass killing" or "spatial repellency" effect provides indirect protection to individuals living nearby, including those who do not have access to IRS (Yadav et al., 2017). A study in Tanzania demonstrated that IRS with a long-lasting insecticide (pirimiphos-methyl) significantly reduced malaria transmission for up to six months after spraying (Killeen et al., 2017).
Insecticide resistance poses a significant challenge to the effectiveness of IRS. Mosquitoes can develop resistance to the insecticides used in IRS, reducing their susceptibility to the treatments. A study in Zambia found that populations of Anopheles mosquitoes exhibited varying levels of resistance to multiple classes of insecticides used in IRS, which could impact the effectiveness of control efforts (Yadav et al., 2017). Rotating or combining different classes of insecticides in IRS can delay the development of resistance. Additionally, the residual effect of IRS can still be effective against mosquitoes with some level of resistance. A study in Uganda showed that IRS, even with insecticide resistance present, still significantly reduced malaria prevalence compared to areas without IRS (Okia et al., 2017). 
Each major chemical that has been used for indoor residual spraying, such as Dichloro-Diphenyl-Trichloroethane, DDT (WHO, 2019), Pyrethrums (Hemingway et al., 2016), Organophosphates (Hemingway and Ranson, 2000; WHO, 2017), and Carbamates (WHO, 2010), has its own advantages.  Although DDT persists in the environment, its use has been restricted and banned in many countries but WHO (2019) still recommended it for IRS in specific situations where mosquitoes are resistant to other insecticides. Hemingway et al. (2016) reported that Pyrethrums, when applied correctly, demonstrated good efficacy in reducing malaria transmission and exhibited low mammalian toxicity. Though Organophosphates have a rapid knockdown effect on mosquitoes, they may have higher mammalian toxicity compared to pyrethrums. So, the use of Organophosphates for IRS has been limited because of safety concerns and development of insecticide resistance (Hemingway and Ranson, 2000; WHO, 2017). Carbamates target acetylcholinesterases thereby producing fast action against mosquitoes but their residual effectiveness is generally shorter when compared to pyrethroids. So their use for IRS is limited in some countries due to insecticide resistance and environmental concerns (WHO, 2010). However, selection of insecticides for IRS should be based on local vector species, their resistance patterns, and in accordance with National and international guidelines such as those provided by the WHO (2012). 
Implementation of IRS also faces operational challenges, like limited resources, inadequate infrastructure, logistical difficulties, and reluctance of community members to allow their homes to be sprayed. Refusal or reluctance from people allow spraying in their homes can affect the outcome of IRS in Uganda while in Ghana, insufficient funding, delayed procurement, and limited capacity of human resources impacted the implementation of IRS activities (Okia et al., 2017) . The residual effect of the insecticides diminishes over time, requiring repeated applications to sustain the impact (Maia et al., 2013). Also, some insecticides used in IRS can have detrimental effects on non-target organisms and the environment. Therefore, proper training, adherence to safety protocols, and the use of environmentally friendly insecticides are essential to address these concerns (WHO, 2010).
The study would identify the species of indoor resting mosquitoes knocked-down;  asses the gonotrophic status of knocked-down mosquitoes;  estimate the Indoor resting density (IRD) of knocked down mosquitoes; and estimate the man biting rate (MBR) of the mosquitoes. Results from the study will to throw more light on the species of indoor resting mosquito vectors and their behaviour as well as evaluate the effectiveness of the easily available synthetic insecticide in the study area. The aim of this study is to evaluate the effect of spraying synthetic insecticides indoors and assess the gonotrophic status of knocked-down mosquitoes, estimating their indoor resting density (IRD) and the man biting rate (MBR).

MATERIALS AND METHODS

The study was targeted at “China Lodge” Ifite-Awka located in the tropical rain forest region of south east Nigeria, with an annual rainfall of about 2,000mm, .relative humidity of 70 to 80% and average maximum and minimum temperatures of 32⁰C and 22⁰C respectively. China Lodge occupants are male and female university undergraduates. qThe prevailing breeding habitat observed in the area during the study included water stored in several open receptacles kept in bathrooms, ground pools around leaking water storage tanks, and water 
collections on axils of plants around the hostels. These, coupled with the climatic conditions are suitable for the development and maintenance of mosquito species that could transmit malaria parasites.
	Sensitisation of the student-occupants of the rooms in the ground floor of China Lodge on the necessity of using indoor residual spraying for malaria vector control was carried out 7 days prior to the study. Thereafter, oral consent to carry out IRS was granted by occupants of the rooms that met the criteria for selection of rooms for IRS. The criteria for selection of rooms to be sprayed in China Lodge Ifite-Awka were that the rooms were not treated with any insecticide 14 days prior to IRS; occupants did not apply mosquito repellent on their body or on any section of the room 14 days prior to IRS; occupants slept in the rooms on the night prior to IRS and occupants that slept in the rooms consented for IRS. Going by these criteria, only one room qualified for IRS at China Lodge
	White sheet of cloth was used to cover the floor of the room. Luggage and other utensils that would either constitute obstruction to the effectiveness of this method or for safety precaution were taken into an adjoining store. The room was decked, so only the windows and doors were shut properly in preparation to IRS using pyrethrum knock-down (PKD) method. Before spraying, the occupants of the room were advised to remove or cover food items and any personal belonging that may be contaminated. 
		Commonly available Pyrethrum-based proprietary mosquito spray BNC® (Plate 1A) procured from nearby chemist shop was used for the IRS. The 600ml BNC® canister is distributed by Golden Dream Commodity, Lekki Free Trade Zone Lagos Nigeria and is specifically formulated to kill all types of flying and crawling insects. Active ingredients of BNC® are Esbiothrin 0.26%, Permethrin 0.28%, Beta-Cypermethrin 0.1% and Lemon 0.31%. the Batch Number 23-57, was Manufactured on 22-05-2023 and to expire on 21-05-2026. Appropriate personal protective equipment (PPE), including long-sleeved clothing, hand gloves, nose masks, and eye goggles were put on to minimize direct contact with the insecticides. 
		Before spraying with BNC®, two fully-engorged mosquitoes were observed on the wall (Plate 1B). The aerosol spray canister was shaken vigorously and applied according to manufacturer; instructions. After 30 minutes of spraying, doors and windows were reopened for adequate ventilation of the room. Thereafter, the white sheet of cloth laid on the floor was carefully folded from the edges, and the knocked down mosquitoes were concentrated at the central portion of the sheet of cloth. 
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Plate I: Proprietary BNC® mosquito spray used for IRS [A], Engorged mosquitoes observed on the wall before IRS [B]

Knocked-down mosquitoes collected using mosquito forceps into a wet disposable receptacle overlaid with filter paper placed over a dampened cotton wool and transferred to the Entomology Lab Section of the Department of Parasitology and Entomology, Nnamdi Azikiwe University, Awka for identification. All operations, from preparing the room, spraying, and collection of knocked-down mosquitoes took place early in the mornings between 6.00 - 8.00 hours, allowing ample time for the student-occupants to prepare for morning routine before attending the day’s lecture. 
	The Knocked down mosquitoes were identified morphologically to species level according to Coetzee (2020) based on appearance of the head, thorax, wing colours, and tarsal segments of hind legs. All collected female mosquitoes were counted and categorized as engorged (blood-fed), or not engorged (unfed) according to WHO (1975). Indoor resting density (IRD) and   man-biting rate (MBR) of knocked-down mosquitoes were calculated after, as described by Obi et al. (2021). The IRD is taken as the number of female mosquitoes per number of room per number of nights while MBR was expressed as the number of bites an occupant of room receives from a vector per night, which was computed indirectly as the total number of engorged mosquitoes collected each day divided by total number of occupants of the room on the night before collection. Three days later, IRS was repeated in the same room with same BNC® mosquito spray when no resting mosquitoes was observed on the walls before and spraying.
	Data generated on knocked-down mosquitoes were tabulated and presented as totals and in relative percentages. Numbers of knocked-down mosquitoes collected after the first and second IRS were tested for significant difference (p<0.05) using Chi square statistic. The IRD and MBR of mosquitoes were computed respectively as:





RESULTS

All mosquitoes knocked-down with BNC® in the room where two occupants slept the previous night were identified as Anopheles species but none was recovered when IRS was repeated three days later with BNC® (Table 1). On gonotrophic stages, the abdomen of eight mosquitoes or 66.7% of the knocked-down mosquitoes were fully engorged while the remaining, or about 33.3% were observed to be unfed (Plate 2).
	
Table 1: Summary of IRS in students’ room at Ifite-Awka
	IRS with BNC® Mosquito spray
	Number

	First IRS with BNC® Mosquito spray:
	

	
	Rooms sprayed 
	1

	
	Occupants that slept in room on night preceding IRS with BNC® 
	2

	
	Engorged mosquitoes knocked-down with BNC®
	8

	
	Unfed mosquitoes knocked-down with BNC®
	4

	
	All mosquitoes knocked-down with BNC®
	12

	Second IRS with BNC® 3 days after the first : 
	

	
	Rooms sprayed 
	1

	
	Occupants that slept in room the night preceding IRS with Sniper® 
	2

	
	Engorged mosquitoes knocked-down with Sniper®
	0

	
	Unfed mosquitoes knocked-down with Sniper®
	0

	
	All mosquitoes knocked-down with Sniper®
	0
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Plate 2 Knocked-down mosquitoes categorised as blood-fed or 
engorged (1-8) and unfed (9-12).

The density of indoor resting mosquitoes knocked-down with BNC mosquito spray was 12 mosquitoes per room per night.


 =12 mosquitoes/ room/ night

Similarly, the MBR was 4 bites per man per night.

 = 4 bites/ man/ night

DISCUSSION
The knocked-down Anopheles mosquitoes collected from the sprayed room could be attributed to their search for blood meal sources which are mainly humans that sleep indoors. The prevailing breeding habitat observed in the area during the present study includes water stored in several open containers kept in the bathrooms, ground pools around leaking water storage tanks, and water collections on axils of plants around the hostels. This corroborates the report by Mbanugo and Okpalaononuju (2003) that preponderance of mosquitoes in Awka was due to prevailing favorable habitats in the area.
The role of IRS in malaria control is supported by various studies. A study in Zambia (Chanda et al., 2015) reported a 73% reduction in malaria prevalence in areas with high IRS coverage. A study in Ethiopia reported a 67% reduction in malaria incidence following IRS implementation (Abeku et al., 2010) while (Obi et al., 2021) later reported that IRS reduced malaria transmission by up to 70% in areas where it was consistently implemented in Ethiopia. Indoor residual spraying of insecticides complements other malaria control interventions, such as insecticide-treated bed nets (ITNs). The combined use of IRS and ITNs can provide synergistic effects in reducing malaria transmission. A study in Mozambique found that combining IRS and ITNs resulted in a 62% reduction in malaria cases and a 55% reduction in malaria-related deaths compared to using either intervention alone (Plucinski et al., 2018). Also, Adeleke et al., (2010) also emphasized that effectiveness of different insecticides for IRS could therefore be complemented by use of Long Lasting Insecticidal Nets (LLINs). It was observed during the study that students rarely sleep under bed nets. Therefore, targeting the malaria mosquito vector with IRS in the study area can significantly reduce malaria transmission and contribute to overall malaria control efforts.
	The high percentage of engorgement  (63.6%) witnessed in the present study may be an indication that a greater percentage of mosquitoes may have taken blood meal and as such, there was a high tendency of infected mosquitoes transmitting Plasmodium species that cause human malaria. It was observed by Ezihe et al. (2017) that about 74.4% of An. gambiae mosquitoes collected indoors in their study at Enugu State, south east Nigeria  were also engorged. A higher percentage of engorgement was also reported from Abeokuta, south west Nigeria (Adeleke et al., 2010) where almost 84% of An. gambiae collected indoors were either engorged or gravid.  
 	Indoor resting density (IRD) and man-biting rate (MBR) of Anopheles gambiae complex in this study revealed 12 mosquitoes per room per night,and 4 bites per man per night, respectively. This observed IRD was higher than that in Enugu State reported by Ezihe et al. (2017), where An. gambiae had an IRD of 0.66 mosquitoes per room per night but with similar MBR of 3.9 bites per man per night. The present result differed widely from the findings of Ebenezer et al. (2013) who reported from Bayelsa State, south-south Nigeria  that An. gambiae had an IRD as  high as 20.5 mosquitoes per room per night, as well as MBR of 8.7 bites per man per night. The higher values recorded in Bayelsa State are not unexpected since most parts of Bayelsa State are water-logged and the presence of numerous creeks in the area draining into the Bight of Benin (in the Gulf of Guinea, Atlantic Ocean) are conducive for mosquito breeding throughout the year. Anopheles species may therefore be biting more in Bayelsa than at Ifite-Awka, the present study area.  However, the high percentage of engorged mosquitoes in Ifite-Awka indicates that the vector is biting and there is potential risk of malarial transmission which may justify a form of malaria vector management. 
	Man-biting rate is very important for successful malaria transmission. Ikpeze (personal communication, October 14, 2023), emphasized that transmission of Plasmodium species between hosts is achieved by Anopheles species which tend to make a fixed number of bites per unit time, independent of the number of definitive hosts available to feed on. 
Thus transmission rate from infected vector to susceptible host; and from infected host back to susceptible vector is Proportional to , and not simply proportional to the number of susceptible or infected people. So malaria elimination could be achieved by avoiding human-vector contact, which can be achieved by effective IRS complemented with other integrated vector management. It will be recalled that in 2006 and 2007, the national malaria control programme in Nigeria and its partners conducted a 
small-scaled pilot projects that showed the effectiveness of IRS in controlling local malaria vectors (WHO 2012). Rotating or combining different classes of insecticides in IRS can delay the development of resistance. Additionally, the residual effect of IRS can still be effective against mosquitoes with some level of resistance. A study in Uganda showed that IRS, even with insecticide resistance present, still significantly reduced malaria prevalence compared to areas without IRS (Okia et al., 2017). Insecticide resistance poses a significant challenge to the effectiveness of IRS. Mosquitoes can develop resistance to the insecticides used in IRS, reducing their susceptibility to the treatments. A study in Zambia found that populations of Anopheles mosquitoes exhibited varying levels of resistance to multiple classes of insecticides used in IRS, which could impact the effectiveness of control efforts (Chanda et al., 2016).

CONCLUSION 
Indoor Residual Spraying (IRS) with pyrethrums has shown to be effective in knocking down indoor resting mosquitoes; and could therefore disrupt malaria transmission cycle and reduce malaria incidence in the study area. Due to potential development of insecticide resistance to this insecticide by mosquitoes, as well as its toxicity to non-target organisms, it is recommended that future research on malaria control should focus on development of eco-friendly bio-pesticides as well as improvement in formulation and application techniques that would allow for implementation of feasible monitoring and evaluation strategies for malaria vector management.
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