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ABSTRACT
The study set out to determine the presence of mosquito vectors of malaria, prevalent Plasmodium species as well as some blood parameters related to malaria pathology in some inhabitants of  Moro Local Government Area of Kwara State, North-Cenral Nigeria. Adult mosquitoes were sampled indoors using the indoor Pyrethrum Knockdown Collection (PKC) method. Mosquito breeding sites were sampled for larvae. Venous blood samples were collected by thumb prick using blood lancet, for the identification of the various malaria parasites, the haemoglobin level and the Packed Cell Volume. A total of 273 out of the 945 pupils of the only primary school in the area were used for the study. The larvae of three species of mosquitoes were identified as Aedes aegypti (9.3%),  Aedes  albopictus  (13.2%)  and  Culex  quinquefasciatus  (77.5%)  Anopheles  gambiae (1.1%), Aedes aegypti (4.6%) and Culex quinquefasciatus (94.5%) were sampled indoors using the Pyrethrum Knockdown Collection method. The prevalence of the various species of malaria parasites were recorded as  follows: Plasmodium falciparum (50.6%), P.ovale (41.2%) and P.malariae (1.5%).  The overall prevalence of malaria parasitaemia in the community stood at 87.2%, while the prevalence with respect to sex were 93.7% for males and 82.7% for females. The prevalence for the various age groups were 4-6 years (88.7%), 7-9 years (93.3%), 10-12 years (89.6%) and 13-16 years (60.0%). The mean haemoglobin level of 10.2g/dl and Packed Cell Volume (PCV) of 31.0% were below the normal range of values. With a prevalence value of about 87.2%, it appears that malaria is a serious public health issue in Agbaku. There is need therefore to intensify efforts that will lead to reduction in the presence of malaria vectors, and control of the parasite in Agbaku community.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the study
 The Malaria remains one of the most serious global health problems. There are an estimated one million deaths each year, with nearly seventy five percent (75%) occurring in children living in sub-Saharan Africa.
[bookmark: BRef1]The history of malaria stretches from its prehistoric origin as a zoometric disease in the primates of Akwa-ibom through to the twenty first (21st) Century. The name malaria was derived from two Latin words “mal” “aria”; where “Mal” means bad and “aria” Air.  It is due to the mistaken belief that it was caused by bad air, following the observation that it occurs mostly around damp places and marsh areas. Malaria is a tropical disease caused by a parasitic called plasmodium falciparum carried by infected female anopheles mosquito and the disease causes periods of fever and shivering. Malaria can also be a disease caused by a parasite transmitted from person to person by certain types of mosquito. They feed on human body (anopheles mosquito). It uses its mouth called the proboscis to suck the blood of a person and deposits plasmodium on the person’s blood vessels. This plasmodium travel to the liver of a person where they increase in number and later the parasite enters the blood stream of the person and invades the red blood cells. Toxins are produced and circulate through the blood stream and the symptoms which appear about nine to fourteen (9-14) days after the infection from mosquito bites includes; fever, vomiting, headache, and other flu – like symptoms. If the parasites bare resistant to drug, then the infection can leads to severe anemia and destruction of red blood cells that result in clogging of blood capillaries that carries blood to the brain resulting in cerebral malaria. The government general hospital, Ikot-Abasi which is located in the south-west corner of Akwa-ibom state was established in 1933 by Anglican missionaries as a missionary hospital and later became a government own general hospital in 1982 in the then Calabar Province, for good reasons. This general hospital was used during the Nigeria Civil War, as a combined hospital for military personnel and the public. In 1989, the hospital management board was created as a parastatal from ministry of health to manage the activities of the hospital by the Calabar Province. The hospital has several departments such as eye clinic, a dental clinic, ante-natal clinic, radiology department, laboratory department, pharmacy department and medical records department with an outstanding operating theatre with a special treatment centre. Tremendous gains have been made in the fight against malaria in the past few years. Between 2000 and 2012, the malaria incidence rate reduced by 25% globally, and by 31% in the WHO African Region. About 90% of all malaria deaths in the world today occur in Africa south of the Sahara. This is because the majority of infections in Africa are caused by Plasmodium falciparum, the most dangerous of the four human malaria parasites. It is also because the most effective malaria vector – the mosquito Anopheles gambiae – is the most widespread in Africa and the most difficult to control. An estimated one million people in Africa die from malaria each year and most of these are children under 5 years old (1). Malaria affects the lives of almost all people living in the area of Africa defined by the southern fringes of the Sahara Desert in the north, and a latitude of about 28° in the south. Most people at risk of the disease live in areas of relatively stable malaria transmission – infection is common and occurs with sufficient frequency that some level of immunity develops. A smaller proportion of people live in areas where risk of malaria is more seasonal and less predictable, because of either altitude or rainfall patterns. People living in the peripheral areas north or south of the main endemic area or bordering highland areas are vulnerable to highly seasonal transmission and to malaria epidemics The estimated malaria mortality rates fell by 42% in all age groups and by 48% in children under 5 years of age. This success has been attributed to the adoption of the artemisinin combination therapy (ACT) as first line drug treatment in malaria endemic regions and also the scale - up of intervention efforts such as the use of long lasting insecticide nets (LLIN), intermittent prevention treatment (IPT) for pregnant women, vector control measures and more importantly increased funding. Despite these gains, malaria still remains a major health challenge in Nigeria with high morbidity and mortality. The country is one of the two countries which accounts for 40% of all deaths associated with the disease. The disease reportedly accounts for an estimated 60% of outpatient hospital visits in Nigeria, 30% of hospitalizations, 30% of under-five mortalities, 25% of infant mortalities and 11% of maternal mortalities. Malaria is holoendemic in Nigeria, with a steady transmission rate throughout the year which comprises of a distinctive rainy and dry season. Nigeria is made up of several hundreds of communities and settlements with their own indigenous people, microclimate, topography, population densities, cultural practices and general way of life. These parameters greatly influence the transmission intensity and management of the disease. The Nigerian Ministry of Health had a targeted goal of reducing all malaria-related morbidity and mortality to as much as 50% by the year 2013 but have so far been unable to achieve this. Generating data on malaria epidemiology and transmission dynamics, risk factors associated with infection, efficacies of available antimalarials are necessary and essential for effective interventions, planning strategies and implementation of control measures tailored to the requirements of individual communities or settings
1.2 STATEMENT OF THE PROBLEM
In areas of stable malaria transmission, very young children and pregnant women are the population groups at highest risk for malaria morbidity and mortality. Most children experience their first malaria infections during the first year or two of life, when they have not yet acquired adequate clinical immunity – which makes these early years particularly dangerous. Ninety percent of all malaria deaths in Africa occur in young children. Adult women in areas of stable transmission have a high level of immunity, but this is impaired especially in the first pregnancy, with the result that risk of infection increases. Malaria has generated a lot of health challenges nationwide (Nigeria). Despite efforts by individuals, government and non-governmental organizations (NGO) in curbing this menace, it still poses a lot of threat to the society as such this research work is to ascertain the level at which their efforts through the years have reduce the level of the occurrence of malaria.


1.3 AIM IS TO STUDY
To study the incidence of malaria cases among the children and adults in the Local Government Area.
THE MAIN OBJECTIVES OF THE ARE;
1. To ascertain the effect of malaria on the well-being of the children
2. To determine the trend of the malaria infection on the population.
3. To ascertain the impact of malaria infection on the productivity of the adult
4. To ascertain ways of minimizing the infection rate of malaria
1.4 RESEARCH HYPOTHESES
To aid the completion of the study, the following research hypotheses were formulated by the researcher
H0: malaria has no significant effect on the well-being of the children
H1: malaria has a significant effect on the well-being of the children
H02: malaria infection has no significant impact the productivity of the adult
H2: malaria infection has a significant impact the productivity of the adult
1.5   SIGNIFICANCE OF THE STUDY
This research work might be of great and good help to the researcher, students, Kwara state (Moro L.G.A), ministry of health and all other stake holders. Also, this study might help individual or persons who may want more information of malaria in Moro Local Government Area of Kwara state.
1.6 DELIMITATION OF THE STUDY
This research work is restricted to the reported cases of malaria in government general hospital, Moro Local Government Area of Kwara state. From the period of 2018 – 2023.
1.7 LIMITATION OF THE STUDY
The researcher encountered some challenges due to time constraints, economic situation of this era, financial problems and difficulty in getting data for analysis etc.
1.8 DEFINITION OF TERMS
REPELLENT: is a substance applied to skin, clothing or other surfaces which discourages insects from landing or climbing on the surface
ANOPHELES MOSQUITO: this is a type of mosquito that transmits the malaria parasite to human.
FANSIDAR: is an effective and well tolerated drug for malaria treatment.
GAUZE: a very thin light cloth used to make clothing to cover cuts and to separate solids from liquids.
SPORZOIDS: these are elongated bodies produced in the salivating gland of an anopheles mosquito.
SCHIZONT: this result from the multiplication and growth of sporozoids, they contain many merozoids and pigments.
TIME SERIES: it refers to the set of observation recorded at a particular time usually at a regular interval.
TOXIC METABOLITES: these are toxic release from rupturing of the schizonts
1.9 ORGANIZATION OF THE STUDY
This research work is organized in five chapters, for easy understanding, as follows 
Chapter one is concern with the introduction, which consist of the (overview, of the study), statement of problem, objectives of the study, research question, significance or the study, research methodology, definition of terms and historical background of the study. Chapter two highlight the theoretical framework on which the study its based, thus the review of related literature. Chapter three deals on the research design and methodology adopted in the study. Chapter four concentrate on the data collection and analysis and presentation of finding.  Chapter five gives summary, conclusion, and recommendations made of the study




CHAPTER TWO  
	2.0  	 	 	 LITERATURE REVIEW  
	2.1 	GLOBAL MALARIA EPIDEMIOLOGY  
Malaria continues to be one of the most devastating infectious disease of our time, rivaling Human Immunodeficiency Virus/ Acquired Immunodeficiency Disease Syndrome (HIV/AIDS) and Tuberculosis as killer diseases in tropical and subtropical regions (WHO, 2005). Malaria has a world wide distribution in the tropics and sub tropic regions and also in some areas of the temperate zone. It is still commonly found throughout most of Africa, South America, South East Asia, the Arabian Peninsula and Western Pacifics (Lucas and Gilles, 1998). It is not present in Hawaii, many South Eastern Pacific Islands or New Zealand,  since Anopheline mosquitoes are absent from these areas (Brown and Nova, 1983). 
Malaria is an internationally devastating disease with about 3.2 billion people at risk each year (WHO, 2005), and around 500 million people proceeding to clinical disease, and 2-3 million deaths occurring each year (Snow et al, 2005). Over 90% of these deaths occur in sub-Saharan Africa (WHO, 2005). The burden of the disease falls heaviest among children below the age of 5 years in Nigeria and Sub-Saharan Africa (Mbanugo and Ejim, 2000; Snow et al 2005), and pregnant women, where parasites are sequestered in the placenta (Rowe and Keys, 2004). 
There were an estimated 247 million episodes of malaria in 2006, with a wide uncertainty interval (5th – 95th centiles) from 189 million to 327 million cases. Eighty-six percent or 212 million (152 – 287 million) cases were in the African region. Eighty percent of the cases in Africa were in 13 countries and over half of the eighty percent were in Nigeria, Democratic Republic of the Congo, Ethiopia, United Republic of Tanzania and Kenya. Among the cases that occurred outside the African region, 80% were in India, Sudan, Myanmar, Bangladesh, Indonesia, Papua New Guinea and Pakistan (WHO, 2008).     
There were an estimated 881 (610,000 – 1,212,000) deaths in 2006, of which 91% (810,000 malaria range 520,000 – 1,126,000) were in Africa and 85% were of children under 5years of age (WHO, 2008). 
The geographical area affected by malaria has shrunken considerably but control is becoming more difficult and gains are being eroded. Increased risk to the disease is linked with changes in land use linked to activities like road building, mining, logging and agriculture with irrigation activities especially in the Amazon and South-East Asia. Factors such as global climatic changes, poor and inadequate health services, armed conflicts, and civil disturbances with movement and displacement of people (Sherman, 1998). Malaria has been eradicated from the whole of Europe, most of North of America, including the entire USA, most of the Carribean, large parts of Northern and Southern America, Australia, Singapore, Japan, Korea and Taiwan (Bruce- Chart, 1980). 
	2.2 	MALARIA SITUATION IN NIGERIA 
Malaria is a major cause of morbidity and mortality in Nigeria (FMOH, 2000). It is endemic throughout the country with seasonal variations in the different zones of the country. Eneanya (1998), noted a perfect positive correlation between episodes of malaria and gametocytopenia (r=1) in the wet and dry seasons. The author noted that the high rate of gametocytopenia in the wet season is indicative of a high rate of transmission in the presence of mosquito vectors and emphasizes the need for greater surveillance at this period. At least 50% of the population suffers from at least one episode of malaria each year (FMOH, 2005). The disease is the commonest cause of out patient attendance across all age groups (FMOH, 2001). Some categories of people are however at higher risk of infection than others and these include children aged less than 5 years, pregnant women, visitors from non-malarious regions and people with sickle cell anaemia. The Federal Ministry of Health has noted that malaria leads to 25% of infant mortality and 30% of childhood mortality in Nigeria (FMOH, 2001). 
The result of the comprehensive study of the malaria situation in Nigeria conducted across the six geo-political zones in Nigeria, has signified the public health importance of malaria (FMOH, 2001). The result confirmed that malaria is a major cause of morbidity and mortality, especially among the vulnerable groups, including women and children aged less than 5years. The incidence of malaria among the under fives across the six geo-political zones was as follows: South – South (32.7%), South-West (36.9%), South-East (30.7%), North Central (58.0%), North-East (55.3%) and North-West (33.6%), (FMOH, 2001). It was also found that malaria accounted for 11% of maternal deaths, 63% of the diseases reported in health care facilities, and the prevalence in pregnant women was 47% (FMOH, 2001), in all the six geo-political zones of Nigeria. 
Malaria constitutes a major economic burden on endemic communities in Africa, including Nigeria. It costs sub-Saharan African countries including Nigeria, more than $12 billion USD in 1997 (WHO, 1998). Malaria is implicated in the reduction of human work capacity and productivity and consequently adversely affects the socio-economic development (FMOH, 2001). Equally, the high rate of absenteeism among school children in Nigeria is attributed in part, to malaria (Gbadesin, 2001). 
2.3 THE MALARIA DISEASE  
2.3.1 THE TRANSMISSION OF MALARIA PARASITE  
The principal mode of transmission of malaria is by the bites of female Anopheles mosquito (Kakkilays, 2008). The female Anopheles mosquito is the vector of human malaria. When the mosquito bites an infected individual, it sucks gametocytes, the sexual forms of the parasite along with blood. These gametocytes continue the sexual phases of the cycle and the sporozoites fill the salivary gland of the infected mosquito. When the female mosquito bites the man for a blood meal which it needs to nourish its eggs (gonotropic cycle), it inoculates the sporozoites into human blood stream thus spreading the infection. It is only the sporozoites in the salivary gland of mosquitoes that are infective. The female Anopheles mosquito bites man between 5pm and 7am with maximum intensity at midnight. 
There are other forms of transmission of malaria parasite, though rare. These include, through blood transfusion (Transfusion malaria), mother to growing foetus (Congenital malaria) and possible needle stick injury. 
The life cycle of plasmodium is complex with asexual reproduction in human host and sexual reproduction in an arthropod vector, the female Anopheline mosquito, Figure 2. The complete life cycle of human malaria parasite embraces a period of infection in man. The asexual cycle in the vertebrate host is known as schizogony, and the sporulating sexual cycles in mosquito, as sporogony (Brown and Neva, 1983). 
FIGURE 3: THE LIFE CYCLE OF MALARIA PARASITE 
2.3.2 PATHOLOGY OF MALARIA  
Malaria is an intravascular infection. The most pronounced changes related to malaria involves the blood and the blood forming system, the spleen and the liver. Secondary changes can occur in all the other major organs, depending on the type and severity of the infection. These pathological changes are more profound and severe in cases of Plasmodium malaria. The disease result from the asexual blood stages (sporozoites) of the Plasmodium parasite. The exo-erythrocytic (hepatic) and sexual blood stages (gametocytes), cause no organ dysfunction (white, 1998). Pathophysiological processes in malaria parasites result from the destruction of erythrocytes, the liberation of parasite and erythrocyte materials into the circulation and the host reaction to the process. Plasmodium falciparum infected erythrocytes also sequester in the capillaries and venules of vital organs interfering with microcirculation flow and host tissue metabolism (White and HO, 1992). Plasmodium falciparum is a major cause of morbidity and mortality. The other three human malaria species rarely kill. 
2.3.3 HAEMATOLOGICAL CHANGES  
The red blood cells (rbc) are the principal sites of infection in malaria. All the clinical manifestations are primarily due to the involvement of red blood cells. The growing parasite consumes and degrades the intracellular proteins, mainly the haemoglobin, leading to anaemia.  
Anaemia, as measured by the haemoglobin and Packed Cell Volume (PVC) levels is commonly encounted in malaria (Lucas and Gilles 1990; Ukoli, 1990; Cheesbrough, 1998; Okafor, et al 2001). 
Anaemia is a fairly common problem encountered in malaria and it poses special problems in pregnancy and in children. It can be due to multiple causes. 
Repeated haemolysis of infected red cells is the most important cause for the reduction in haemoglobin levels. Anaemia depends on the degree of parasitaemia, duration of acute illness and the number of febrile paroxysms. The degree of anaemia is measured by the haemoglobin level as measured in gm/dl. Packed Cell Volume (PCV) is a reflection of the haemoglobin level. 
The spleen plays an important role in the immune response against malaria infection. Enlargement of the spleen is one of the early and constant signs of malaria infection. Spleen may become palpable as early as the first paroxysm. The early enlargement of the spleen is due to engorgement and oedema of the pulp and later due to lymphoid and recticulo-endothelial hyperplasia with an increased haemolytic and phagocytic function of the organ. The spleen regresses in size, usually completely within two weeks following treatment. In case of large, fibrotic spleen due to repeated malaria, regression is slower, but complete involution with treatment is common. Rapid and considerable enlargement of the spleen may sometimes result in splenic rapture. Splenic rapture is a complication of malaria, though more common in primary attack of malaria, but due to fibrosis and perisplenitis, rupture is less likely in cases of chronic splenomegaly. A small proportion of adults in Africa and India, and a high proportion of adults from Papua New Guinea have been found to suffer from huge enlargement of the spleen. This condition has been termed the Tropical Splenomegaly Syndrome (TSS). 
A cardinal feature of enlarged spleen in malaria is anaemia. This anaemia results from sequestration of blood in the spleen. There is also associated increase in blood cell destruction in the spleen. The result of this sequestration of red blood cells and its increased destruction is anaemia, as reflected by low haemoglobin and packed cell volume levels. Lucas and Gilles (1990), Ukoli (1990), Cheesbrough (1998), Okafor, et al (2001), all reported that anaemia is the commonest complication of malaria parasite infection. 
Enlargement of the liver also occurs early in malaria. The liver is enlarged after the first paroxysms, leading to a condition known as Malaria hepatitis. Malaria hepatitis is characterized by hyperbilirubinaemia, increased levels of transaminases, and alkaline phosphatase. Being part of the several falciparum infections, it may be associated with renal failure, anaemia or other complications of falciparum Malaria. Liver involvement in severe falciparum malaria is due to impairment of local microcirculation associated with hepatocellular damages. 
Cerebral malaria can also be a complication of untreated benign malaria (Bourea, et al, 1994). The developed stage of cerebral malaria is distinguished by a fever of 40-410C (1060F) with tachycardia. The neurological symptoms include mental confusion, leading to a profound unresponsive hypotonic coma are common and there may be hepatomegaly, diarrhea and vomiting. The mortality rate may reach nearly 50% (Sagnet et al, 1967). In expatriate children and non-immune individuals, the disease is always most serious (Bahr et al, 1982). 
Black water fever also called active visceral malaria appears mainly in children in rural areas or sometimes in adults receiving chemoprophylasix with Nivaquine brand of chloroquin. In both cases, subjects have acquired a certain degree of immunity, but insufficient to protect them in the event of massive infection (Bourea et al, 1994). Black water fever or malaria haemoglobinuria is a very dangerous complication of falciparum malaria occurring most often in nonimmune residents of malarious areas (Bahr et al, 1982). It is usually distinguished by a massive intravascular haemolysis leading to haemoglobinuria (Ukoli, 1990, Chua et al, 1996). 
2.3.4 DIAGNOSIS 
The diagnosis of malaria could be clinical or parasitological. The most important element in the clinical diagnosis of malaria, in both endemic and nonendemic area is to have a high index of suspicion. Because the distribution of malaria is patchy, even in countries where it is known to be prevalent, a geographical and travel history indicative of exposure is important. The possibility of induced malaria (through transfusion or use of contaminated needles) in addition, must not be overlooked. Severe malaria can mimic many other diseases that are also common in malarious countries. The most important of these diseases are all types of meningitis, typhoid fever, and arbovirus infections, hepatitis, leptospirosis, relapsing fevers, scrub typhus, haemorrhagic fevers, all types of viral encephalitis (including rabies),  gastroenteritis and in Africa, Trypanosomiasis. In cases of fever in endemic areas, malaria is treated presumptively especially in children before a definitive diagnosis is made because any delay in falciparum malaria may have fatal consequences (Ukoli, 1990). 
Parasitological diagnosis of malaria rests with the examination of thick and thin films of the peripheral blood smear stained with either, field or Giemsa stain which will reveal malaria parasites. Thick films are more useful than thin films in the detection of a low-density malaria parasitaemia (Cheesbrough, 1998). The thick films is the most efficient method of detecting malaria parasites (Brown and Neva, 1993). 
Immunodiagnostic techniques – the rapid diagnostic tests are now available for the rapid diagnosis of malaria cases. These tests, however, do not replace microscopy as the standard method for the diagnosis of severe malaria.  
Parasite antigens and other products can be detected by rapid dipstick test. Parasite DNA can be detected by Polymerase Chain Reaction (PCR). PCR is currently the most accurate test and can identify low levels of infection not detectable by other methods (Igbal, et al, 1998). 
	2.4 	MALARIA VECTORS 
 Mosquitoes are very important in the transmission of malaria parasite. Mosquitoes are invertebrate animals of the class insect, order dipteria and family culicidae. There are about 35 genra and about 3100 species known throughout the world. The genus include Anopheles, Sabethes, Wyeomyia, Culiseta  and Haemogogus. Mosquitoes are found throughout the world, except in places of all subtropics where climate is favourable for rapid larvae development and adult survival (Gillet 1972). 
 The mosquitoes are vectors of human and simian malaria. Human malaria is transmitted by female Anopheles mosquito, while both Anopheline and culcine mosquitoes carry avian malaria. The genus Anopheles is known to transmit four plasmodia species which in themselves cause different types of malaria.  
The most important malaria transmitters in the tropics are Anopheles gambiae and An.funestus In Nigeria, Anopheles  gambiae complex,  An. Funestus and An. Arabiensis have been  incriminated for malaria transmission (service, 1963, Umaru et al, 2007, Oguoma and Ikpeze, 2008). In South East Asia, the mosquito vectors are Anopheles maculatus, An. Minimus, An. umbrosus and An. sundiacus. In central and South America, the vectors are Anopheles albimanus, An. punctimacula, An. pseudopunctipennis and An. darling and in east, central and south USA, by  An. quadrimaculatus. 
malaria parasite and its various vectors are also being imported and exported to various countries that were previously free from that particular specie, though the importation and exportation of second hand wares such as automobile tyres and even refrigerators (Daskova, 1978) leading to the development of local foci of the disease (Cagin, 1975). 
The Avian plasmodia are specifically transmitted by Culicine mosquitoes such as Culex  pipens, Cx. quinquefasciatus and Cx. tarsalis. 
2.5 BREEDING HABITATS AND HABITS OF MALARIA VECTORS. 
 Variations in climatic conditions have a profound effect on the life of mosquitoes and in the development of malaria parasites, hence it’s influence on the transmission of the parasite and on its seasonal incidence. The most important environmental factors are temperature and humidity. Malaria parasites ceases to develop in the mosquito when the environmental temperature is below 160C. The best conditions for the development of plasmodia in the Anopheles and the transmission of the infection and when the mean temperature is within the range of 20-300C, while the mean relative humidity is at least 60%. A high relative humidity lengthens  the life span of the mosquito and enables it to live longer, long enough to transmit the plasmodia to several people (Bruce – Chawlt, 1980) 
 Rainfall also affects the life cycle of mosquitoes  and the transmission of malaria parasite. Eneanya (1998), noted this seasonal influence of wet and dry seasons on the transmission of malaria parasites by the  vector. 
 Rainfall acts in two ways in the transmission of malaria parasites by the malaria vectors: viz 
a) It raises the relative humidity of the environment and indirectly increases the biting activity of the mosquitoes. 
b) Rainfall also creates the breeding places for the mosquitoes. 
The altitude of a place is also an important determinant in the transmission of malaria. High altitude rarely have mosquitoes and places above 2000 meters high, above sea level have low incidence of malaria attacks. 
 Breeding habitats of malaria mosquitoes vary from large and usually permanent collections of water, such as fresh water swamps, rice fields and burrow pits to smaller collection of temporary waters  such as small pools, puddles and a variety  of natural container habitats (Mafiana et al, 1998). Malaria vectors can also breed in artificial habitats that are well aerated (Aigbodion and Odinachi, 2003). Some mosquito species cannot survive in water polluted with organic debris, while others prefer water polluted and contaminated with excreta or rotten vegetables prolifically (Okorie, 1970) and Anyanwu et al (1990). Malaria vectors are absent from large rivers and fast flowing waters (Reinert, 2000; Foote and Crook, 2000). In Africa, Anopheles gambiae and An. melas breed in sunlight, and An. funestus in shades and An. pharoensis in upper Egypt and Sudan. 
 Behavior is an important determinant of the vectors potential as for all athropods, including mosquitoes. Generally each vector species because of its preferred breeding sites, feeding schedules, post feeding behavior and host choice, presents a unique problem in disease control. 
 The Anopheles mosquito is strongly attracted to humans and is especially adapted to breeding in places created by human activity. It is said to be synantropic. Adult Anopheles are for the most part twilight feeders, biting maximally between the hours of 5pm and 7am, for their blood meal. Mosquitoes do not suck blood daily, usually at intervals of several days. The Anopheles rests on walls after feeding. The Anopheles are by nature endophargic (biting indoors) and endophilic (resting indoors after blood meal). They hibernate in protected buildings, caves, tree holes after a meal. 
	2.6 	THE MALARIA PARASITE  
The parasites that cause malaria disease in humans are protozoan organisms, that also infect many animal species including primates, lizards, and birds. Human malaria is a disease of wide distribution caused by sporozoa of the genus Plasmodium. There are four species that infect man: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale and Plasmodium malariae. The malaria parasites are transmitted by the vectors, the female Anopheles mosquitoes. 
These vectors, Anopheles gambiae complex, Anopheles funestus and Anopheles arabiensis have been incriminated for malaria transmission in Nigeria with major impact (Service 1963, Umaru, et al 2007, Oguoma and Ikpeze, 2008).  
Various malaria parasites are characterized as follows: 
Plasmodium falciparum  
This is the commonest species in the hotter parts of the world. It is the most virulent malaria parasite found in all malaria endemic regions of the world, and is the most common human parasite in Africa (WHO, 2005; Smyth 1994).  
It is largely confined to tropical and sub tropical regions and parts of central and South America, Bangladesh, Pakistan, Afghanistan, Nepal, Sri lanka, Indonesia, Philippines, Haiti and Papua New guinea. It also occurs in parts of India, the Middle East and Eastern Mediterranean (Cheesbrough, 1998). The distribution is said to be worldwide (Coluzzi, 1997) 
Plasmodium falciparum malaria is the most dangerous form of malaria because of it’s simultaneous production of large numbers of parasites and the effect on blood vessels. It can cause death within 18 hours of onset of illness in infants, children, expatriates and others who are immunologically negative if not treated (WHO, 1990). Mbanugo and Ejims (2000), in a study conducted in three hospitals and a nursery school in Awka, South-Eastern Nigeria, on the prevalence of Plasmodium infections in children discovered that out of 400 children, 233 (58%) were positive, It also commonly affect pregnant women (Ngele, 2008). 
 
Plasmodium vivax  
Plasmodium vivax develops in mosquitoes at a lower temperature than P.falciparum and therefore has a wider distribution in temperate and sub tropical areas. 
Plasmodium vivax occurs mainly in South America, Mexico, Argentina, the Middle East, North Africa, India, Pakistan, Sri-Lanka, Papua New Guinea, Parts of South East Asia, Indonesia, Philippines, Madagascar, Tropical and SubTropical Africa, Korea and People Republic of China (Cheesbrough, 1998). It is not found in parts of West Africa. 
It causes benign tertian form of malaria which is responsible for about 43% of all cases of malaria in the world, and has the widest geographical distribution of non-life threatening malaria (WHO, 1990; Smyth, 1994). It is seldom fatal, except during epidemics. Progressive anaemia and marked enlargement of the spleen are common in untreated cases. Plasmodim vivax and Plasmodium falciparum combined, account for most of the human suffering and economic loss due to malaria in the world (TDR, 1984). 
Plasmodium ovale  
This is a relatively rare species and rarely encountered. It is reported from time to time in many countries especially in Africa. It has also been reported from other parts of Africa on the Atlantic Coast, Philippines, Indonesia, China, and parts of the Far East, South East Asia and South America (Cheesbrough, 1998, Lucas and Gilles, 1998). It  is sometimes confused with Plasmodium vivax. It is the least of the human plasmodia and relapses occur because, the hypnozoites develop in the liver.  
 
Plasmodium malariae  
This species is relatively low in most malarious regions. One reason for this relatively rarity may be that P. malariae development in the mosquito is slow. It is found in both tropical and subtropical regions. It is also present in Guyana, India, Sri-Lanka and Malaysia. In these countries, it accounts for less than 10% of plasmodium infection (Cheesbrough, 1998). 
Plasmodium malariae infection is generally no more severe than a vivax infection. It however, has a tendency to relapse after three, four or more years after an initial infection. (WHO, 1998). 
	2.7 	MALARIA CONTROL MEASURES  
Although the control of malaria has been relatively simple in principles, even since the discovery by Ross and Grass of its means of transmission, but in practice, it has not been easy. It requires community rather than individual efforts. 
The prospects for control of malaria is not as good in places where the principal vectors do not enter houses or enter to bite and leave. In this case, it will be necessary to destroy the breeding places or kill the larvae of the vectors or use suppressive drugs. Several approaches are possible and a number of schemes have been devised and a number of programmes mounted in different parts of the world with varying degrees of success (Ukoli, 1990). Malaria control is everybody’s business and everyone should contribute to it, including community members and people working in education, environment, health, water supply, sanitation and community development. Malaria control should be an integral part of national health development and community action (WHO, 1998). 
The control of malaria is either designed to protect particular individual from infection or to prevent transmission, thereby protecting the entire community. Lucas and Gilles (1998) stated that individual protection measures are the best, based on regular use of prophylactic drugs and treated mosquito nets over the bed and occasional insecticide spray. Individual means of protection against mosquito bites will be very effective with the use of long trousers, long sleeves and dresses from sunset onwards which is the period of maximum activity of the vector. The netting of doors and windows have been very helpful not only against mosquitoes but also other flies. Mosquito nets, preferably types impregnated with insecticides are good protective measures. Permethrin, Cyclohalothrin and Bifenthrin are the insecticides of choice for treating the mosquito nets. 
Community preventive measures involve elimination of breeding sites for the vector. This may be taken under two approaches. 
a) The destruction of adult mosquitoes using insecticides. The Anopheles mosquito bites at night when people are expected to have come home to rest and sleep. After the female vector has had a blood meal, it prefers to rest on the wall. One method therefore, is to spray the walls with long acting insecticides like Permethrin every three to six months. Another method is to use knock down insecticides at night when the mosquitoes emerge from their hiding places. This may be repeated every month. Clearing of bushes where appropriate, makes sure they have no place around the house to hide. 
b) Prevention of mosquito breeding, which could be achieved by: 
i) environmental management, such as drainage of stagnant water and refilling of pot holes 
ii) killing of mosquito larvae by  
· Pouring oil in the breeding sites to suffocate the larvae. Kerosene or engine oil (with or without insecticide) or even DDT has been very effective. 
· Using the natural enemy of the mosquito larvae to control them such as the introduction of a fish – Gambusia affinis to eat up the larvae. There are some species of mosquito known as toxorhychites that are larvae predators. The use of phytopesticides in the elimination of the mosquito larvae is also possible. 
Roll Back Malaria (RBM) is a new global initiative aimed at checking the disease malaria, which apart from being a killer disease is also an obstacle to development. It was created in 1997 as a multilateral partnership ventures involving four UN agencies (WHO, World Bank, UNDP and UNICEF), bilateral agencies, NGO’s (both local and international), National Governments, Civil Society Organizations, Private sectors, the communities and the press. 
The goals of the Roll Back Malaria programme led by WHO are:- To reduce deaths due to malaria progressively by 50% by 2010, by another 30% by 2015 and by another 20% by 2025 (WHO, 2000). 
2.7.1 VECTOR CONTROL 
 Malaria is an acute infectious disease caused by the parasite called plasmodium and spread by the vector, the female Anopheles ,mosquitoes. Anopheles gambiae complex, An. funestus and An. arabiensis have been incriminated for malaria transmission in Nigeria with major impact. 
 Environmental conditions play an Important role in the transmission of the disease, and therefore regulating these conditions can help reduce the burden of malaria, and subsequently these conditions can help reduce the social, economic and health implications of malaria such as poverty, infant mortality, improvement of maternal health and are therefore instrumental to the actualization of the Millennium Development Goals (MDG). 
 Environmental management for malaria control, which is a component of the integrated vector management include such activities as draning of stagnant water and elimination of mosquito-breeding habitats can be implemented at the community level. This approach is referred to as a source reduction (Ukoli, 1990). 
 Destruction of larvae through biological means such as introduction of pathogens, parasites and predators like Bacillus thuringiensis, Nosema sp, Coelomonyces sp.  Larviporous fish, notably Gambusia affins, Tilapia and others which feed on mosquito larvae have been very effective (Ukoli, 1990).  Larvicidal chemicals such as petroleum oil and paris green have also been used to kill mosquito larvae when spread on water (Ukoli, 1990). 
 Efforts to control the activites of adult Anopheles mainly the use of insecticides such as organochlorines (DDT, HCH), organophosphorous compounds (malathon, temephos), Carbamates and Pyrethrins around houses have been useful in reducing mosquito attacks. 
 The use of Long Lasting Insecticide Treated Nets (LLITN) is now widely preached as a means of limiting these vector quantities. The NETS are commonly treated with Permethrin, Cyclohalothrin and Bifenthrin.  
2.7.2 MALARIA CHEMOTHERAPY  
A major intervention for malaria control, proposed by Roll Back Malaria is the provision of effective, affordable and available antimalaria drugs to enhance prompt and appropriate treatment of malaria episodes within 24 hours of onset of illness (FMOH, 2002). In Africa, with increasing levels of chloroquine resistance and fears of toxicity and decreased efficacy for sulphadoxine/pyrimethamine (SP), there is an urgent need for an affordable and safe alternative to chloroquine (WHO, 1998). 
Until recently, chloroquine (CQ) and sulphadoxine pyrimethamine (SP) were the first and second line drugs respectively for the treatment of malaria. In 2002, the Federal Ministry of Health (FMOH) with support from World Health Organization (WHO) conducted the Drug Efficacy Testing (DET) in six sites covering the six geographical zones of Nigeria using approved WHO protocol. The studies were conducted to update the National Anti-malaria Drug Policy and determine the efficacy of the first line (CQ) and second line (SP) drugs for the treatment of malaria. 
The result of the survey indicated widespread resistance to the drugs in most parts of the country. Adequate clinical and parasitological Response (ACPR) for chloroquine was less than 75% in South-East, South-South, SouthWest, North-Central and North-east, while it is greater than 75% only in the North-West. In case of SP, ACPR is les than 75% in South-East, South-South and North-East and more than 75% in Souht-West, North-Central and North West (FMOH, 2002). 
Based on the outcome of resistance to single antimalarial therapy like chloroquine and sulphadoxine-Pyrimethamine, the Federal Ministry of Health (FMOH) adopted Artemisinin based combination therapy (ACT) as the first line drug for the treatment of malaria in Nigeria. A national Anti-malaria Drug policy implementation transition committee was inaugurated in March 2005 for the implementation of the National Policy on the treatment of malaria. 
2.7.3 HEALTH EDUCATION 
 Health education is an important component of malaria control program. If properly handled, this will lead to a wider knowledge of what malaria and its vectors are and how to handle them. It should be done in a very simple indigenous language. 
	 	Health education will involve such areas such as: 
a) What causes malaria? 
b) How do people get malaria? 
c) Why is malaria important? 
d) Who is the most at risk of malaria? 
e) How do you recognize malaria in a child? 
f) What are some wrong views about malaria? 
g) How can you reduce malaria attack? 
These areas are the basis of health education program of the Federal Ministry of Health on the control of malaria and its vectors (FMOH,2009). 
 
2.7.4 PROBLEMS OF MALARIA CONTROL 
There are still approximately 500 million cases of malaria and 1 million deaths from malaria each year (Snow et al 2005). In Nigeria, malaria is highly endemic and young children especially, and pregnant mothers bear the brunt of the disease. Nigeria accounts for a quarter of all malaria cases in the WHO African Region. (WHO, 2005). Almost all cases are caused by P. falciparum, but most are unconfirmed. There is however no evidence of a systematic decline in malaria burden, but upward trends in number of cases and death is probably due to improvements in reporting. 
There have been several interventions by the National Malaria Control Program (NMCP) and the Roll Back Malaria (RBM) initiative launched in April 2000 with the aim of reducing/ halving the morbidity and mortality of malaria in Nigeria by the end of 2025 through case management, promotion of Intermittent Preventive Treatment (IPT), promotion of the use if ITN’S / vector management (FMOH, 2005). 
One of the major problems encountered in malaria control is the issue of drug resistance to chloroquine and subsequently to sulphadoxinepyrimethamine (SP). Epidemiological data on malaria is inadequate since most studies in the country are focused on pregnant women. Most treatments are also carried out at homes away from the health institutions. 
The ban of DDT use in Nigeria is a problem; its use has effectively reduced  malaria vectors in countries like South Africa. Development of effective malaria vaccine will certainly bring to the decline of the malaria cases in the country and elsewhere. 
Ignorance is also one major problem militating against the effective management of malaria and its vectors as shown in a study by Ozumba and Ozumba (2004). In a survey of some local beliefs on the causes of malaria in three rural areas of Enugu State, South-Eastern, Nigeria, it was noted that beliefs associated with food are the most important causes of malaria (34.9%), followed by life styles (25.6%), various exposures (17.9%), Drinks (14.4%), Superstitions (3.3%), Biological (2.7%) and hereditary (1.2%). The authors noted that unexpectedly, biological, that should have come in the first position is coming almost last and therefore concluded that, there is a great need to adequately educate members of malarious communities so that, they can demonstrate the right perceptions towards the causes of malaria, which will help in the greatest possible cooperation and participation in disease prevention and control. 
Mosquitocidal and wide spread use of DDT, proper delivery of ITN’S, NETS, ACT’S, Health Education and Malaria sensitization campaigns in the ruralendemic areas will help in the effective control of malaria in Nigeria. 






     CHAPTER THREE 
	3.0  	 	MATERIALS AND METHODS 
	3.1 	 	 	STUDY AREA AND POPULATION 
This study was carried out in Agbaku Aga Community, Moro Local Government Area (LGA), Kwara State, North-Central Nigeria. It is an urban and rural LGA, with a population of about 279,089 inhabitants, comprising of 132,816 males and 146,273 females, according to the 2006 population figures. It lies within the humid tropical rain forest belt of South-Eastern Nigeria. 
Agbaku Aga is a slum within the Malete area of Ilorin metropolis. It is inhabited mainly by farmers, artisans, traders, civil servants and students because of its nearness to the city centre. The inhabitants live a communal life under a chief who acts as the head. There are about 5,000 inhabitants in the community. There are no tarred roads or piped water within the community. Most of the inhabitants depend on shallow wells, dug within the compounds, rain water and brooks for their daily water needs. Run-off water from rains collect in pot holes and create breeding sites for mosquitoes. There is poor environmental sanitation within the area. Pit latrines are still seen in the area, while some inhabitants make use of available bush spaces for toilet purposes. Solid waste disposable is a big problem here, with used and discarded tyros,   metal and plastic containers littering the entire area. These will form the natural breeding sites for artificial-container-breeding mosquitoes. There are a lot of plantain and banana plants in the community, which could facilitate the breeding of leaf-axil-breeding mosquitoes. 
There are two main seasons, the rainy and dry seasons. The rainy season runs from May to October, while the dry season runs from November to April.  
The rainy periods are usually cool with characteristics heavy rainfalls, with low temperatures and high relative humidity. The dry periods are characterized by very high temperature and lower humidity. 
There is no government health care facility within the community, but the area is dotted with patent medicine stores. The nearest public healthcare facilities available for the people are, the Agbaku Aga Health Centre, which is about 5km away, and the Malete Hospital. The Kwara State University of Teaching Hospital (General Hospital); is also about the same distance from the community centre, as the Agbaku Aga Health Centre. The community prefers Malete Health Centre for their health care needs. Equally there are no public schools within the community. The inhabitants attend the public school located almost two kilometers away within the Malete area of Kwara.  
The Agbaku Aga community with its poor sanitary conditions, along with her high human concentration, appears a very favourable ground for mosquito breeding and transmission of mosquito borne diseases. 
3.1.1  MOBILIZATION OF THE COMMUNITY AND THE SCHOOLS  
The Chairman of Moro Government Council was approached with an introductory letter from The Head, Department of Parasitology and Entomology, Kwara State University Teaching Hospital University, Ilorin, for approval of the research work to be carried out within the local government area. 
With the approval of the Chairman, The Head of the community was officially visited, to obtain his consent and cooperation on the proposed study. The essence of the study was explained to The Head of the community, and his ward leaders. The expected benefits of the research to the community, if successfully completed was equally explained to the group. Subsequently, The head of the community after due consultations with his ward leaders granted the research team unrestricted access to the various wards of the community, and assigned assistants to assist the research team round the community. 
The Head Masters of Malete Primary Schools I and III where pupils from the Agbaku Aga community attend school, were paid advocacy visits with the letter of approval from the Chairman of the Local Government Council. The essence and the benefits of the research work was equally explained to the two Head Masters and teachers of both schools. They were very receptive and assisted in arranging the pupils during the parasitological aspect of the study. 
3.1.2 THE STUDY POPULATION AND SAMPLE SIZE DETERMINATION  
The study population for the parasitological survey was drawn from the pupils of Malete Primary Schools 1 and 3, with a total enrolment of 945 pupils. A sample size that is adequate enough to represent the study population was determined using the formula:-  
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Where n = sample size 
	 Z  =  	1.650.059(95%). 
	 	2 
          p q = 	(various proportions) 
 
Substituting n = (0.5) (0.5)   1.65 2    
	 	 	 	 	    0.05      =   272.25     = 	273 
This formula was suggested by Allan (2009)  because there was no prior
knowledge of p and q in the population, hence statisticians assign the value p = 0.05 and q = 0.05. 
The systematic random sampling technique was adopted in the study. Since the sample size is 273 out of a population of 945, the sampling fraction was determined as 273/945, approximately ¼. Thus, one out of every four pupils will be sampled, with four as the sampling interval. The starting point was randomly selected using a table of random numbers.  
	3.2 	MOSQUITO SAMPLING  
3.2.1 LARVAL SAMPLING  
The breeding sites were thoroughly sampled for mosquito larvae. The breeding foci sampled included discarded tyres, pots, drums, water pools, gutters, stagnant water bodies and pot-holes along the roads as well as domestic wells, dug within the compound. The bulb pipettes were used to sample larvae from leaf axils, while Ladles, dippers and sieve were also used to collect larvae from open mass of water such as potholes, gutters and used tyres. The collected larvae were then transferred into plastic containers and transported to the laboratory at National Arbovirus Research Centre (NAVRC) Enugu for identification, by a mosquito taxonomist. 
3.2.2 ADULT SAMPLING  
Adult mosquitoes were sampled using the Pyrethrum Knockdown Collection (PKC) method. This is a method of adult mosquito collection by which indoor dwelling mosquitoes are collected dead through the application of insecticides (Service 1977, 1993). 
The following materials were used for the exercise – white spread sheets, shelltox brand of pyrethroid insecticide, cotton-wool, forceps, Petri-dish, torchlight with batteries, masking tapes and filter paper. 
The white cotton sheets were spread over the entire floor space of the rooms after removing some of the big house hold properties such as chairs and tables outside. The room was then sprayed with shelltox brand of insecticidal containing pyrethrum as its active ingredient. Special attention was paid to possible exit routes such as windows and door eaves. After spraying the room, the door was closed. Some 10-20min was allowed before the sheets were removed outside and the dead mosquitoes were picked up with forceps and preserved inside a Petri-dish. The mosquitoes were then taken to the laboratory at NAVRAC Enugu for sorting and identification, by the mosquito taxonomist (Appendix 1). 
3.2.3 MOSQUITO DISSECTION 
The only Anopheles gambiae mosquito collected during the Pyrethrum Knockdown Collection (PKC) procedure was dissected at the laboratory of National Arbovirus and Research Centre (NAVRC) Enugu by an entomology technician, using the pressing method. 
	3.3 	BLOOD SAMPLING  
 Blood samples were collected from the school pupils using the finger prick method. All the necessary precautions were taken as generally specified for individuals handling blood and blood products. This is to limit the transmission of highly infective blood borne infections, such as the Human Immunodeficiency Virus (HIV) and Hepatitis B Virus (HBV). 
The thumb was thoroughly squeezed and properly cleaned with 70% ethanol and allowed to dry before a puncture was made with a disposable blood lancet. Drops of blood were then collected on a grease-free microscope slide for smears. 
Both thick and thin films were prepared using the methods of Cheesbrough (2000). The various types of malaria parasites were then identified through microscopy by a parasitologist. 
	3.3 	DETERMINATION OF HAEMATOLOGICAL PARAMETERS  
3.3.1 HAEMOGLOBIN (HB) 
The Haemoglobin (Hb) level was estimated using the R.Terry® Haemoglobin scale, developed by Tallquist and manufactured by Rub. Terry Ind. & Co. Ltd (Reg. No. 405,037), for ascertaining the percentage of haemoglobin in a blood sample. This method of haemoglobin estimation is usually preferred because of its rapid and cost-saving nature. 
 The haemoglobin (Hb) level is then determined by droping a drop of blood squeezed from the thumb using a blood lancet on the Tallquist paper. The colour change is then matched with a scale in a given standard chart, as developed by Tallquist. The chart is calibrated in g/dl. 
3.3.2 PACKED CELL VOLUME (PCV) DETERMINATION  
The Packed Cell Volume (PCV), also known as the haematocrit is used for haemoglobin estimation as well as to screen for anaemia. The principle of derivation of Packed Cell Volume from the haemoglobin values using a simple conversion proportion of, 1 unit of haemoglobin, being equal to 4 units of PCV, was adopted in this study. 
 
	3.4 	STATISTICAL METHOD USED  
To test if, the prevalence of the various species of malaria parasite is the same in the study population among the sexes and the various age groups, the chi-square (x2) was adopted. 
This is calculated as follows:- 
	 	 	X2 	= 	(0-E)2 
	 	 	 	 	   E 
Where  
O = Observed frequency 
	 	E = Expected frequency  
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CHAPTER FOUR 
 
4.0 	 RESULTS  
4.1 	MOSQUITO SAMPLING  LARVAE SAMPLING  
 Three species of mosquitoes were collected as larvae namely, Aedes aegypti, Ae. albopictus, and Culex quinquefasciatus. However, no larvae of  Anopheles mosquito were encountered. 
The most predominant species was Culex quinquefasciatus which accounted for 159 (77.5%) of all the larvae collected. Aedes aegypti and Aedes albopictus accounted for 19(9.3%) and 27(13.2%) respectively as shown in figure 4. 
 
 
Figure 4:  Various mosquito larvae collected in Agbaku Aga Community of Kwara, North-Central, Nigeria.  
 
ADULT SAMPLING  
 Adult mosquito species sampled indoors in Agbaku Aga Community of Kwara, North-Central, Nigeria, using the Pyrethrum Knockdown Collection (PKC) method are as shown in Table 1. and Figure 5. 
Table 1:  	Mosquito species sampled indoors using the Pyrethrum Knockdown 
Collection (PKC) technique in Agbaku Aga Community of Kwara, North-Central, Nigeria,  
	Mosquito species sampled 
	No of various species (%) 

	Cx. quinquefasciatus  
Ae. aegypti 
An. gambiae 
	82(94.3) 
4(4.6) 
159(1.1) 

	Total  
	87(100) 


 
Culex.quinquefasciatus, and Anopheles gambiae accounted for 82 (94.3%), and 1(1.1%) of all the adult mosquitoes encountered indoors respectively. It was observed that Aedes aegypti, was sampled indoors which is quite an unusual habitat for Aedes mosquitoes being exophilic and exophargic species. All the dead mosquitoes collected had blood meals. 
 
 
 
Figure 5: Adult mosquitoes sampled indoors in Agbaku Aga Community of Kwara, North-Central, Nigeria. 
 
PREVALENCE OF MALARIA PARASITES  
Three prevailing malaria parasites namely Plasmodium falciparum, P. ovale and P. malariae were observed with some cases of mixed infections. This outcome is shown in Table 2 and Figure 6. 
 
Table 2: Prevalence of various malaria parasites Agbaku Aga Community of Kwara, North-Central, Nigeria. 
	Species of malaria parasite identified 
	Number Positive (prevalence %) 

	Plasmodium falciparum 
Plasmodium ovale 
Plasmodium falciparum + P. ovale Plasmodium falciparum + P. ovale + P. malariae 
	17.2 
2.6 
64.8 
2.6 
 


 
Plasmodium falciparum (Pf) and P. ovale (Po) accounted for 17.2% and 2.6% of the infections respectively.  For mixed infections, P. falciparum (Pm) with Plasmodium ovale, accounted for 64.8%, while P. falciparum, combining with P. ovale and P. malariae accounted for 2.6%. 
 
  
  




  
 
  
	Figure 6: 	Bar chart showing the prevalence of the various malaria parasite 
species in Agbaku Aga Community of Kwara, North-Central, Nigeria. 
Table 3a:  The prevalence of malaria parasites by sex and for Agbaku Aga Community of Kwara, North-Central, Nigeria. 
	Sex 
	Number Examined 
	
	No. positive (prevalence % ) 
	

	
	
	
	Type of Malaria Parasite 
	

	
	
	Pf 
	Po 
	Pf + Po 
	Pf+Po+Pm 

	Male 
	111 
	30(27%) 
	- 
	69(62.2%) 
	5(4.5%) 

	Female 
	162 
	17(10.5%) 
	7(4.3%) 
	108(66.7%) 
	2(1.2%) 

	Total 
	273 
	47(17.2%) 
	7(2.6%) 
	177(64.8%) 
	7(2.6%) 

	Total for 
Aguowa 
Community 
	273 
	
	238 (87.2)  
	


 
Table 3b: Prevalence of malaria parasites with respect to sex and infection status in Agbaku Aga Community of Kwara, North-Central, Nigeria,
	Sex 
 
	Single infection 
	Double infection 
	Triple infection 

	
	Pf              Po 
	Pf   +    Po 
	Pf + Po + Pm 

	Male 
	More        None 
(27.0%)   (0.0%) 
	Less 
(62.2%) 
	More 
(4.5%) 

	Female 
	Less           More 
(10.5%)     (4.3%) 
	More 
(66.7%) 
	Less 
(1.2%) 


The outcome of partitioning values of malaria in terms of sex and 
Agbaku Aga community is shown in Tables 3a, 3b and Figure 7. 
The overall prevalence of malaria in Agbaku Aga community stood at 87.2%. There is no statistical difference in prevalence of malaria in Agbaku Aga community attributable to age and sex (P<0.5).


Figure 7:  Prevalence of malaria parasites by sex in Aguowa Community, Enugu, South – Eastern, Nigeria. 
Table 5 shows the prevalence of malaria parasitaemia by age with respect to single and mixed infections in Agbaku Aga Community of Kwara, North-Central, Nigeria. 
Table 4: Malaria Parasites by age groups. 
 
	  Age-Groups 
(Years) 
	NO. 
EXAMINED 
	
	TYPE OF MALARIA PARASITE 

	
	
	Pf 
	Po 
	Pf+Po 
	Pf+Po+Pm 

	4 – 6  
	53 
	3(5.7%) 
	2(3.8%) 
	42(79.2%) 
	- 

	7 – 9 
	75 
	19(25.3%) 
	3(4.0%) 
	46(61.3%) 
	2(2.7%) 

	10 – 12 
	115 
	22(19.1%) 
	2(1.7%) 
	77(67%) 
	2(1.7%) 

	13 – 16 
	30 
	3(10.0%) 
	- 
	12(40.0%) 
	3(10.7%) 

	Total 
	273 
	47(17.25) 
	  7(2.6%) 
	177(64.8%) 
	7(2.6%) 


 
The prevalence of malaria parasites in terms of age groups is demonstrated in Table 4 and Figure 8. 
There is no statistical difference (P<0.5) in the prevalence of the various types of malaria parasites in Agbaku Aga inhabitants attributable to age.
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Figure 8: Prevalence of malaria parasites by Age in Agbaku Aga Community of Kwara, North-Central, Nigeria. 
HAEMATOLOGICAL PARAMETERS  HAEMOGLOBIN LEVEL (Hb) 
The distribution of haermoglbin in the study population in Agbaku Aga community is shown in Figure 9. From here, it follows that 75.8% of the population had Hb levels between 8 and 10.9 g/dl as against 0.7% of the population with than 7.9 g/dl. 
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Figure 9: Shows the haemoglobin level in g/dl of the study inhabitants of Agbaku Aga Community of Kwara, North-Central, Nigeria.  
PACKED CELL VOLUME (PCV) 
The Packed Cell Volume (PCV) values or the haematocrit from the participants of Agbaku Aga Community, is shown in figure 10. 
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Figure 10: Bar chart showing the PCV of the participants 
Of the 273 participants, 103(37.7%), 163(59.7%) and 7(2.61%) had a PCV value of 20 – 29, 30 – 39 and 40 – 49 respectively. 
 
 
4.1.3 INFECTION RATE OF MOSQUITO 
 The dissected Anopheles gambiae mosquito did not harbour any sporozoites in the salivary glands or gametocytes in the abdominal cavity. The mosquito had a blood meal which it requires for the gonotropic cycle. 














     CHAPTER FIVE  
 
	5.0   	 DISCUSSION  
This research work was carried out to determine the malaria vectors, the prevalence of the various species of malaria parasites and some haematological parameters of Hb and PCV among the inhabitants of Agbaku Aga Community, an urban slum in Malete Layout Area of Kwara, North-Central Nigeria. 
	5.1 	MALARIA VECTORS  
Mosquitoes are very important vectors in the transmission of malaria parasite. The vectors, Anopheles gambiae complex, Anopheles funestus and Anopheles arabiensis have been incriminated for malaria transmission in Nigeria with major impact (Oguoma and Ikpeze, 2008; Umaru, et al, 2007; Krafbur 1977 and Service, 1963). 
The larvae of three species of mosquitoes were identified as Aedes aegypti 19(9.3%), Ae albopictus 27(13.2%) and Culex quinquefasciatus 159(77.5%), out of the 205 larvae species collected from the sample sources of plastic containers, pot holes, earthen wares, as well as domestic well waters as shown in fig 8,. Water collections in disused tyres were also sampled. These findings were consistent with the findings of Okorie (1970), Mafiana et al (1988), Anyanwu et al (1999), Foote and Crook (2000), Reinent (2000) and Aigbodion and Odinachi (2003), who had observed that mosquito breeding habitats vary from large and usually permanent collection of water, such as fresh water swamp, marshes, rice fields and burrow pits to smaller collections of temporary water such as small pools, puddles, water filled car tracks, ditches, dams, gullies and a variety of natural container habitats such as tree holes, rock pools, hoof prints, water filled bamboo stumps, pitcher plants, leaf axil in banana plants, cocoyam and pineapple, water filled split coconut husks and snail shells. Mosquito larvae can also breed in wells and man made containers such as claypots, water storage jars, tin can, discarded kitchen utensils and tyre of vehicles. Some mosquitoes species such as Aedes prefer shaded habitats, Culex prefer water polluted with organic debris, while Anopheles prefer a clean water environment with good sunlight and rich in oxygen, thereby earning itself the sobriquet of English mosquito (Mafiana et al, 1998). 
Savage et al (1992) revealed that a few mosquitoes breed almost exclusively in brackish or salt water such as salt marshes, and mangrove swamps, and as such are restricted to the costal areas. Reinsert (2000), observed that almost any collection of water permanent or temporary can constitute a mosquito larvae habitat, but not large expanses of uninterrupted water such as lakes, rivers, seas and oceans. 
No Anopheles larvae was collected because of its peculiar breeding habitat as explained by Mafiana et al (1998). As at the time of the study, Anopheles larvae was not collected, as most of the ponds were stagnant and polluted with organic matters, hence cannot favour the breeding of Anopheles species of mosquito. 
The Pyrethrum Knockdown Collection (PKC) of indoor adult mosquitoes also produced three species: Culex quinquefasciatus 82(94.6%), Aedes aegypti 4(4.6%), and Anopheles gambiae 1(1.1%) out of the 87 adult mosquitoes sampled as shown in table 2, and displayed in Figure 3. 
Anopheles gambiae, which is an established vector of malaria parasite (Oguoma and Ikpeze, (2008), Umaru, et al, (2007), Krafbur, (1977) and Service (1963), was sampled indoors after a blood meal. Dissection of the mosquito revealed that it was not gravid but had a blood meal. The time of the pyrethrum knockdown collection was in late May, when the rains where just setting in with appropriate breeding habitat for Anopheles species as noted by Mafiana et al (1998), and Aigbodion and Odinachi (2003). 
The genus Anopheles is known to transmit four different types of malaria parasites. Krafbur (1977), noted these species to be plasmodium falciparum, plasmodium vivax, plasmodium ovale and plasmodium malariae. The most important malaria parasite vectors in the tropics including Nigeria are Anopheles gambiae and Anopheles funestus. Oguoma and Ikpeze (2008), Umaru et al (2007) and Service (1963) all noted that the most important malaria parasite vectors in the tropics are Anopheles gambiae complex, Anopheles funestus and Anopheles arabiensis and have been incriminated for malaria transmission in Nigeria with major impact. 
It is important to observe that Aedes aegypti, which is the main vector for urban yellow fever was sampled indoors. It is usually an exophilic and exphagic breeding mosquito preferring dark cool shaded areas and under trees.  
	5.2 	PREVALENCE OF MALARIA PARASITES  
The various species of plasmodium identified in malaria parasitaemia in the study revealed that plasmodium falciparum is the most predominant species sampled. Out of the study population of 273 individuals sampled, 238(87.2%) were positive for malaria parasites, as shown in table 3 and Figure 4. 
However, of the 238 positive slides, pure plasmodium falciparum infection accounted for 47(17.2%) of the malaria parasitaemia, while plasmodium ovale was 7(2.6%). When the mixed infections are analysed, plasmodium falciparum with plasmodium ovale were 177(64.8%) while P. falciparum, p. ovale and p. malariae were 7(2.6%) respectively. A more useful indicator of the prevalence of each species of malaria parasite in the community is the use of the parasite formulae where pure and mixed infection rates are calculated. A unified infection rate was however calculated considering the various species of the malaria parasite as they occurred during the study. If this is done, the pure infection rates will be as follows:- Plasmodium falciparum 231(50.68%), Plasmodium ovale 191(41.2%) and Plasmodium malariae 7(1.5%). These findings are consistent with the findings of Coluzzi (1997), Cheesbrough (1998), Lucas and Gilles (1998), and WHO (1998), who all reported, that Plasmodium  falciparium is the main species found in tropical and subtropical Africa and parts of Central and South America. 
	5.3 	PREVALENCE OF MALARIA PARASITAEMIA BY SEX  
The prevalence of the malaria parasite species according to sex, showed that more females had malaria parasitaemia than males numerically. Out of the 238 positive slides for malaria parasites (both in pure and mixed infections), 134 (56.3%) were females, while 104 (43.7%) were males. The overall prevalence of malaria in Agbaku Aga community stood at 87.2%. However, statistically at 95% (P < 0.5), level of significance, there is no statistical significant difference among the sexes.  
 
	5.4 	PREVALENCE OF MALARIA PARASITAEMIA BY AGE  
The prevalence of the various species of malaria parasites according to the various age groups, showed that 10-12 years age group were more exposed than the others. Of the 238 positive slides that identified the various species of malaria parasites (pure and mixed), <46, 7-9, 10-12 and 13-16 years age group had 93 (21.7%), 118 (27.5%), 180(42.0%) and 38(8.9%) of various species of malaria parasites respectively as shown in Table 5 and Figure 6. From these figures, it appeared that the various species of malaria parasites effect the 10-12 years age group predominantly, but at 95% (P<0.05) level of confidence, the difference is not statistically significant. These differences could be attributable to environmental, social and nutritional factors. 
Immunity is an important factor to consider in the prevalence of malaria parasitaemia in any community. Immunity can either be maternally derived or from self based on exposure. Mbanugo and Ejim (2000), attributed the increase in level of parasitaemia in children more than 2-3 years old to gradual loss of maternally derived antibodies, but Brown and Neva (1983) were of the opinion that the prevalence of malaria is lower among children above 5 years of age which could be attributed to the fact that children of this age have developed immunity against plasmodium infection. In this case environment will play a major role. The children (study population) live in an urban slum within the Enugu metropolis where the environment is more rural than urban. Therefore, any age group in the environment will be equally predisposed to malaria parasitaemia irrespective of the level of the maternally derived immunity.  
 
5.5 	PREVALENCE OF MALARIA PARASITES AND LEVELS OF HAEMOGLOBIN (Hb) AND PACKED CELL VOLUME (PVC) 
Low haematological parameters of hemoglobin (Hb) and Packed Cell Volume (PCV) as shown in Figures 13 and 14 were generally observed among the population. The nutritional status of the sampled population was observed to be very poor and will contribute largely to the findings of high level of malaria parasitaemia and low levels of haematological values. Of the 273 people sampled, 207 (75.8%) had a haemoglobin level of between 8.0 – 10.9 g/dl. This value is below the expected normal range of 14 – 16g/dl. This group is considered to be borderline for anaemia. 2(0.7%) had a haemoglobin value of 5.0-7.9 g/dl indicating frank anaemia, when considered against the background of the mean for the study population which was calculated to be 10.2g/dl which is also below the average normal range. 
Packed cell volume (PCV), clinically follows the same trend as haemoglobin since one is usually a reflection of the other in a given proportion.  
Anaemia which, is a fairly common problem encountered in malaria, poses a special problem in pregnancy and children, especially, children of five (5) years and below. It can be due to multiple causes notably parasitic and nutritional. In case of malaria, repeated haemolysis of red blood cells is the most important cause of reduction in haemoglobin levels. Plasmodium vivax predominantly invades young red blood cells, while Plasmodium falciparum affects red blood cells of all ages with a parasitaemia rate of 20-30% or more. Massive destruction of red cells accounts for rapid development of anaemia in falciparum malaria. This explains why the study population will have very low haematological values with serious tendency towards anaemia.  Cheesbrough (1998), Lucas and Gilles (1990) Ukoli (1990) and Okafor et al (2001), reported independently that anaemia is the commonest complication of malaria parasite infection in conformity with the above research findings.
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APPENDIX 1:  
Table 5: showing features used in identification of the Anophelinae and Culicinae mosquitoes (modified after Chandler and Read, 1961). 
	 	 
	Anophelinae 
	Culicinae  

	Egg 
	Laid singly and provided with a pair of floats  
	Laid singly but may be glued together in a raff. No floats 

	Larvae  
(i) Resting position 
	(a) Lies flat on the water surface. The palmate hairs found only in this group. It helps the larva to maintain a steady position 
	Hang. Vertically down ward in the water 
 
 
 

	 
	(b) Head could be twisted through 
1800 and feeds on the surface 
	Feeds only below the water surface  

	(ii) Spiracular opening  
	Located on the 8th abdominal segment 
	Located on the tip of the siphon tube which is an out-growth from the 8th abdominal segment 

	Pupa 
(i) Breathing tube 
	Short and broad anteriorly  
	Long and rectangular in shape 

	(ii) Spines 
	Present on the lateral side of the abdominal segments  
	Absent 

	Adult  
a) Resting position  
	The longitudinal axis of the body forms an angle of about 450 to the resting surface 
	The longitudinal axis of the body is approximately parallel to the resting surface 

	b) (i) Females  
	Palpa well developed. Antennae with sparce haire (pilose) 
	Palps very short 

	ii) Males, 
	Palps well developed and clubbed at the ends. Antennae with dense hairs (Plumose) 
	Palps well developed but not clubeed. Antennae is plumose  

	c) Scutelum 
	Not lobed, but round 
	Trilobed 

	d) Scales 
	Have spotted wings and pale scales  
	Plain wings, not spotted 


  
                             APPENDIX 2: HYPOTHESIS TESTING 
Two null hypotheses (HO) were stated in the study and tested at 95% (0.05) level of significance using chi-square (X2). 
 The first null hypothesis stated that there is no statistical difference in the type of malaria parasite affecting the study population as a result of sex. 
 The chi-square (X2) analysis on the male and female population infected by the different types of malaria parasite indicated that at 95% ( = 0.05) level of confidence and two degree of freedom (2-df), the calculated X2 of 2.99 is less that the critical value of 5.99. The null hypothesis (H0) is accepted and it is therefore concluded that there is no significant difference between the various species of malaria parasite attributable to sex.  
 The second null hypothesis (H0) stated that there is no significant difference in the prevalence of the various species of malaria parasite in the study population attributed to age. 
 The chi-square (X2) on the ages of the study population infected by the different species of malaria parasite at 95% ( = 0.05) level of significance and three degrees of freedom (df3) shows that the calculated X2 of 1.40 is less than the critical value of 7.81. The conclusion therefore is that there is no significant statistical difference in the type of malaria parasite infecting the study population as a result of age.

CONCLUSION AND RECOMMENDATION 
This study which was conducted in Agbaku Aga community of Kwara, North-Central, Nigeria, showed the presence of female Anopheles gambiae mosquito, which is the established vector responsible for the transmission of malaria parasite in Nigeria. 
The overall prevalence of malaria in Agbaku Aga community stood at 87.2%. This high endemic nature of malaria in the community, in addition to the low levels of the haematological parameters demonstrated by this study may lead to a conclusion that malaria constitutes a major public health problem in Agbaku Aga community. 
Plasmodium falciparum, is the predominant species of malaria parasite identified in the study population. There is however no statistical difference (P<0.05), in the prevalence of the various species of malaria parasite with respect to sex and age. 
It is of importance to note for purposes of surveillance and epidemiology, the isolation of Aedes aegypti indoors during the Pyrethrum knockdown collection of adult mosquitoes. Aedes aegypti, which is the vector for yellow fever being exophilic and exophagic species are usually not found indoors. This observation therefore becomes important especially, at outbreaks of yellow fever. 
The low values obtained for Haemoglobin (Hb) and Packed Cell Volume (PCV) or haematocrit, showed that malaria plays an important role as a cause of anaemia in children. Anaemia is usually assessed by the haemoglobin level and the packed cell volume. 
In view of the above research findings, the following recommendations are made:- 
1) The environmental conditions of the community should be improved, to remove the breeding habitats for mosquitoes such as stagnant water, drains, pot holes as well as mountains of rubbish in the area. 
2) Provision of insecticide treated mosquito nets, to act as vector control especially for pregnant mothers and children who are the vulnerable groups.  
3) Public health education, campaign for mothers and health care providers to create awareness that may lead to reduction of vectors of malaria and control of the disease. 
4) Adequate nutrition should be provided for the population. This will help in building up potential immunity against infections, and improving the nutritional status of the individual. 
5) Treatment of malaria should be readily available at affordable rates, for the people, with a good distribution network. 
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