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Abstract:

The use of long-lasting insecticidal nets (LLINs) is the most common malaria control measure in the Tropics. LLIN
target populations that can sleep under the net at mosquito biting hours. Hence, it may not be effective for people
engaged in night reading, and other late-night sleepers who are exposed to mosquito bites before actually sleeping
under the nets. A longitudinal study was carried out to assess the efficacy of Insecticide-Laden Paint (ILP) in the control
of malaria. Bioassay was done by exposing Anopheles mosquitoes to the ILP using Poly vinyl chloride (PVC) cone for 30
minutes. Two hundred and fifty students from a boarding secondary school participated in the study. They were shared
into two study groups: group 1- those who read in reading rooms painted with insecticidal paint and group 2- those
who read in reading room without insecticidal paint. The prevalence of Plasmodium infection prior ILP was 19.6%. The
mean infection incidence among the intervention and non-intervention groups was 5.1% and 9.5% respectively (P >
0.05). At the first quadrimester, 100.0% by 15 minutes of exposure. However, by the third quadrimester total knocked
down extended to 30 minutes. The exposure of mosquito to the paint in experimental box showed preference of
mosquito for alternative landing place. None of the exposed mosquitoes revived despite 24 hours in holding cup. The
study shows a measure of protection while in reading room painted with insecticidal paint. The use of ILP bridges gap
between dinner and bedtime.
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1. Introduction

Malaria is a life-threatening blood disease caused by Plasmodium parasite capable of being transmitted from person
to person by an arthropod vector, female Anopheles mosquito that carries the infective sporozoite stage of Plasmodium
parasite in their salivary gland (WHO, 2016; Burkeet al., 2017; CDC, 2018a; Espinoza, 2019). The species of Plasmodium is
more than one hundred in number, but the human species are four namely; Plasmodium falciparum, P. malariae, P. ovale
and P. vivax. The recently discovered P. knowlesiis zoonotic (CDC, 2018b; WHO, 2016).

The female Anopheles mosquito thrives in warm, humid climates where pools of water provide perfect breeding
grounds (UNICEF, 2000). Tropical areas have the best combination of adequate rainfall, temperature and humidity which
permits breeding and survival of the vector (Mc-Wilsons et al, 1999; UNICEF, 2000; Keiser et al., 2004). Therefore, the
multifaceted interactions of the vector, parasite, human host and the environment guided by different ecological and social
factors help in the transmission of malaria with the risk of infection varying according to season which is usually highest
at the end of, or soon after, the rainy season (Mc-Wilsons et al, 1999; Keiser et al., 2004; Daashet al, 2009; CDC, 2012).
There is about 4% increase in the estimated cases of malaria morbidity in 2018 than 2017 although there is a decrease in
mortality rate (WHO, 2018, 2019). This implies that no significant progress has been achieved in reducing global malaria
cases. Globally, about 266,000 children under five years old were killed by the scourge of malaria in 2017 which amount to
61% of death caused by malaria among all age groups (WHO, 2018).
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Malaria results in decreased productive capacity and increased poverty. It thus remains a major public health

problem particularly in many tropical countries regardless of the intensive attempts to control it (CDC, 2012; Tustinget al,
2016). Although, the groups of people mostly at risk of this infectious disease are the children under five years, pregnant
women, HIV/AIDS patients and non-immune migrants due to their weak immune system (UNICEF, 2000; Urakuet al.,
2015; WHO, 2019), the inability of most people to sleep under LLIN at early biting hour makes the control intervention
with LLIN seem ineffective.
About 40 % of the world’s children live in malaria-endemic countries where they suffer multiple episodes of malaria
before they become adults (Fernadoet al, 2003; Jeremiah and Uko, 2007; Karyanaet al, 2008). Among this estimate are
the students which are the raw materials for education and the primary products of educational transformations. The
purpose of education is to develop the intellect of human being to meet up with social needs, create an effective workforce
and contribute to the economy (Lengnick-Hall and Sanders, 1997). The scourge of malaria has a great impact in achieving
this purpose. The absenteeism of students from school due to malaria attack had greatly been implicated to be responsible
for poor performance in school (Brabin and Ganley, 1997; Brown et al., 2001; Kiharaet al, 2006; Fernando et al, 2010;
Nankabirwa et al, 2014).

In Nigeria, malaria is a major public health disease. About 97% of the population is at risk of the infection. P.
falciparum causes 90% of infection in Nigeria (Awololaet al., 2005, Dawakiet al., 2016). About 50% of the adult population
in Nigeria experience at least one episode of malaria annually, children under 5yrs of age experience 2 - 4 bouts. Malaria
accounts for more than 60% of outpatient visit to the hospital. It also accounts for 30% and 11% childhood and maternal
mortality respectively (FMOH, 2005).

Despite the widespread information, education and distribution of LLINs for malaria control, many people do not
sleep under LLINs. Some people find sleeping under the LLIN uncomfortable. Some people habitually stay up late either to
recreate or socialize or study. For some, the nature of their work does not allow sleeping under the net or requires they go
to bed late. There is still poor access to LLIN due to insufficient supply per household and low utilization by those who
possess the nets (Idowu, 2010; Auta, 2012; Aderibigbeet al, 2014; Raghavendraet al, 2017; Israel et al., 2018). Similarly,
most of the children do not have access to sleeping under LLIN due to insufficient supply per household (Auta, 2012).

Moreover, the control of malaria using LLIN only works for group of people who could really sleep under it at
early hours of mosquito biting periods. Likewise, there are reports of increased mosquito resistance to the pyrethroids
which is the main class of insecticide recommended for treating bednets and indoor residual spray (Rubaihayoet al, 2008,
Oyewoleet al.,, 2011; Djouaka, et al, 2016). Therefore, in the quest for a novel strategy for the control of malaria, it is
important to design a convenient method that is accessible to different individuals regardless of the time they sleep at
night. Hence, the essence of this research work which was designed to determine the efficacy of organophosphate-based
Insecticide-laden Paints (ILP) for prevention of malaria parasite transmission, identify incidence of malaria post
insecticide-laden paint control intervention among students’ population and assess the waning effect of the insecticide in
the paint for a year period.

2. Materials and Methods

2.1. Description of Study Area

The study was carried out in a Boarding secondary school in Ilesa, Southwestern Nigeria (7°37' 40.40" N 4°44'
29.80"E). llesa is known for its agricultural potentials and lies in the rainforest of North East of Yorubaland. It has annual
rainfall of over 1600 mm from March to early November or sometimes into December. The climate is humid tropical type
with a mean annual temperature of about 28°C (Orimogunje et al., 2009; Agunlejika, 2014).

2.2. Ethical Consideration and Sample Size

Students of a boarding secondary school in Illesa West local Government were assessed for the study. Approval for
the study was obtained from the School management and ethical clearance was obtained from Osun State Ministry of
Health. The sample size was calculated using Yemane (1967) method.

2.3. Experimental Design

A total of 250 students participated in the study. They were divided into two equal groups: group 1 (125
students) were those who read in reading rooms painted with ILP and slept under LLIN in the dormitory (intervention
group) and group 2 (125 students) were those who read in reading room not painted with insecticide-laden paint and
slept under LLIN in the dormitory (non-intervention group). The participants in each group were divided into five reading
rooms (3 x 3.6 square meters each). The study was carried out from April, 2016 to March, 2017.

2.4. Screening for Malaria Parasite

Blood samples were collected for malaria parasite screening before the painting of the rooms with
organophosphate-based ILP. The infected students were treated with artemisinin-based combination therapy.
Group 1 was distributed into five ILP painted classrooms for night readings. Group 2 were also distributed into five
classrooms painted with non-ILP for night readings. A longitudinal study (three quadrimesters) of Plasmodium infection
incidence post ILP painting of the classrooms was examined among the groups using microscopy method with Giemsa
stain according to WHO (2001).
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Re-screening was done three months after the commencement of the usage of the classrooms for incidence of
Plasmodium infection. At resumption of each term, the students were re-screened and treated if infected with malaria
parasite before they were allowed to use the study locations. This was done for a session (three quadrimesters).

2.5. Mosquito Larval Collection and Rearing
Mosquito larvae were collected and reared as described in Ajayiet al., 2020

2.6. Mosquito Response to the ILP Walls in Experimental box

Three boxes were used for ILP and three boxes were used for non-ILP. The upper part of each of the box was
netted to allow entry of air. Each box walls (3 replicates for each treatment) were painted with two layers of paint.
Unpainted wooden rod was inserted into each of the box. Twenty-five mosquitoes were introduced into each of the box.
Twenty-five Anopheles mosquitoes were released into each of the cubicle and watched for mosquito landing and resting
preference. The number of dead mosquitoes at time intervals; 10, 15, 20, 30 and 40 minutes were recorded. The dead
mosquitoes were placed in holding cups and supplied with cotton wool soaked with sugar solution for 24 hours. The
experiment was done for three quadrimesters (WHO, 2013 mosquito susceptible test adapted).

2.7. Statistical Analysis

The data were analyzed with Microsoft excel 2013. Chi-Square test was used to determine the difference in the
incidence of the infection among the study groups and susceptibility of the mosquito strains. Significance were measure at
95 % Confidence Interval (CI). The observations were taken to be statistically significant where the P-value is < 0.05.

3. Results

The study participants that protected themselves from mosquito bites during night reading using informal ways
such as repellent, fan, wrappers and long socks were 63 % (Figure 1). Among these people, 70.4 % were infected with
Plasmodium. The infection prevalence among the study population before the use of ILP was 19.6 %. The incidence during
the ILP intervention was 10.8 %.

The incidence of infection was 5.1 % among the intervention group while the non-intervention group had
incidence of 9.5 %. However, the difference in infection between the groups was not significant (P > 0.5) (Figure 2). The
occurrence of infection observed in the study showed that 54.4 % of the intervention group was not infected throughout
the study. 19.2 % of none intervention group had infection thrice during the study while 4.0 % of the intervention group
had infection thrice (P < 0.05) (Figure 3).
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Figure 1: Informal Preventive Measure Adopted by the Study
Participants before ILP Intervention
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Figure 2: Longitudinal Incidence of Infection

Study Population (%)

Figure 3: Infection Occurrence of the Participants during the Longitudinal Study

3.1. Mosquito Response to Insecticide-Laden Painted Walls of Experimental Box

The mosquitoes introduced into non-ILP box landed on the wall and rested for average of 5 minutes at a point
before they flew to another point for resting (Plate 1). The reaction of the exposed laboratory reared mosquito to
insecticidal painted box was shown in Figure 4.

The mosquitoes preferred resting on the floor, roof, cotton wool and unpainted rod inserted into the box. None of
the exposed mosquito landed on the insecticide painted region of the box. The mosquitoes introduced into the ILP box
were knocked down at intervals. However, unlike the knocked down time of mosquitoes introduced into cone bioassay;
the mosquitoes were not knocked down until 15t minutes of exposure (Figure 5). No mortality was observed among the
mosquito exposed to non-ILP boxes during the experimental set-up.

- _______________________________
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Figure 4: Anopheles Mosquito Resting on the Wall in
Non-Insecticidal Painted Box

Figure 5: Alternative Resting Positions of Mosquitoes Exposed to Insecticidal Painted Box
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Figure 6: Dead Mosquito on the Floor of Insecticidal Paint Painted Box

4. Discussion

This study assessed the efficacy of organophosphate-based insecticide-laden house paint as alternative malaria
control measure in view of the incessant resistance by mosquito vectors to other classes of insecticide and also to help in
integrating the late-night sleepers into the malaria control measure.

The overall prevalence of Plasmodium infection in this study before the control intervention with insecticide-
laden paint is in consonance with the findings of Adesina (2013) and Mgbemena et al, (2016) among tertiary students’
population in the northern and eastern part of Nigeria respectively although lower than what they obtained in their
studies. However, this is at variance with the study carried out among students’ population by Ezugbo-Nwobi (2011);
Ako-Nai and Adesiyan (2012) and Adeyemo et al. (2014) where higher Plasmodium infection prevalence was obtained.
The lower infection prevalence among the secondary school students could be attributed to the use of LLIN which is
compulsory for secondary school students.

Despite the various informal methods of preventing mosquito bite by the students during night readings, the high
percentage infection seen among these students was an indication that the methods were not effective. The protective
effect of the ILP was observed in the reduction in the prevalence of infection among the study participants by the end of
the longitudinal study.

Based on the control tool evaluated in this study, the incidence of infection post painting among the intervention

group of this study when considered longitudinally was lower than the incidence observed among the non-intervention
group. The lower infection incidence observed among the intervention group is an indication that the ILP was able to
confer a level of protection on the students while reading in the classroom at night. Although a very low or no infection
incidence was expected in the first quadrimester of the study being the period when the classrooms were newly painted
with the ILP, an insignificant difference in infection incidence was observed between the intervention and non-
intervention groups. This could probably be due to exposure to mosquito bites in the dormitories before sleeping.
Lengler (2004) opined and was also supported by WHO (2011) that the use of a large number of LLIN in a residential area
helps in reduction in number of mosquitoes available which will consequently protect people directly and indirectly from
having malaria. In the same vein, there might have been indirect effect of the ILP painted locations on the non-ILP
locations because there was insignificant difference in the infection incidence between the two groups at the first
quadrimester when compared with other two quadrimesters of the study. Probably there was reduction in the availability
of mosquitoes due to lethal effect of the insecticide in the paint used for ILP painted locations and hence creating a sort of
herd immunity for the non-intervention group.

This was supported in the susceptibility test where there was a hundred percent knocked down of mosquitoes
exposed to ILP wall at the first quadrimester. However, the total knocked down time increased as the age of the paint
increased. This showed the dwindling effect of the insecticide in the paint. The decline in the potency of the ILP could be
the reason for increase in the infection incidence among the intervention group at the third quadrimester of the study
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when compared to the infection incidence at second quadrimester. The waning of the insecticide in the paint was also
observed in the study conducted by Mosqueiraet al. (2015).

The infection incidence at the first quadrimester of the study was unexpectedly higher than the infection
incidence at the second quadrimester. The period was at early raining season when the larvae of mosquitoes bred in pools
of water were able to successfully develop to adult because they are not washed away by flood which usually results from
rain fall. Probably, there was availability of mosquitoes in large quantity to successfully transmit the Plasmodium parasite.
Likewise, the high infection observed at the third quadrimester happens to be the end of rainy season. Risk of infection
varies according to the season. This is usually highest at the end of, or soon after, the rainy season (Mc-Wilsons et al,
1999; Keiser et al., 2004; Daash et al, 2009; CDC, 2012).

The infection incidence among the intervention groups could also be attributed to alternative landing surfaces
observed in the mosquito landing experiment where the mosquitoes preferred to rest on other non-ILP surfaces. The
mosquitoes could have been able to hide on non-ILP painted objects in the classrooms such as on bags, under chairs and
tables where they could have opportunity of biting potential host for blood meal. It is interesting that in spite of the
extension in the knocked down time as the paint age, none of the exposed mosquitoes survived despite the provision of
sugar solution. This implies that contact with the ILP surface provides gradual lethal effect on the mosquito.

In conclusion, the ILP is an effective means of reducing the transmission of Plasmodium among people who could
be unable to sleep under LLIN at the early biting hours of the Plasmodium vector, Anopheles mosquito. Therefore, with this
intervention people in this category could be incorporated into malaria elimination intervention programme.
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