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ABSTRACT 

The impacts of fluctuations in weather and climate on malaria prevalence under a future climate 

change have been an issue of major interest because the disease is a public health problem. Thus, this 

study investigates the impacts of rainfall on the regional variations of malaria in Ekiti State, Nigeria 

using 2001-2011 data. The data are for the Central, Eastern, Northern, Western and Southern parts of 

Ekiti State which are represented by Ado, Ekiti East, Oye, Ekiti South West and Ijero LGAs 

respectively based on the available data. The results indicate that the total infections over the study 

period in Ado, Ekiti East, Oye, Ekiti South West and Ijero LGAs are 207033, 67890, 80827, 55986 

and 87521 cases respectively. The malaria disease is most rampant among the youths in all the LGAs 

while the observed cases within the female populations are also slightly higher than the mean 

infections in the male group. Similarly, an increase in rainfall intensity will lead to corresponding rise 

in the malaria cases while the spread of the disease seems to also depend on population distribution 

with the highest seen in the highly populated Ado LGA and among the youths that has the most 

population in the age groups. However, the disease could be reduced through improved personal 

hygiene, good drainage system, sleeping under insecticide treated mosquito nets, spraying of 

insecticides and access to good and affordable medical services. These findings might be used in 

establishing good immunization system for the vulnerable children and other age groups so as to curb 

the spread of the disease. 
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1.  INTRODUCTION 

 

The effects of weather patterns on malaria prevalence have been of major interest 

because the disease is a public health burden and its transmission is sensitive to changing 

atmospheric conditions. The malaria is a parasitic disease caused by the single celled 

organism called Plasmodium that affects the human liver and red blood cells. It is responsible 

for many human deaths in the tropical regions despite the successes achieved through research 

and the discovery of new drugs [1]. For instance, 80% of about 300-500 million annual global 

clinical cases of malaria are from Africa where there are suitable environmental conditions for 

the spread of the disease [2]. Research has shown that P. falciparum is the Plasmodium which 

is responsible for most of the severe malaria with the highest mortality in human being when 

compared to others like P. vivax, P. malariae and P. ovale [3-5]. Unlike these less dangerous 

species that dominate in many countries, the P. falciparum is responsible for most deaths 

caused by malaria disease and it is also blamed for over 75% of such deaths in sub-Saharan 

Africa [6]. The intermittent fevers of malaria, initiated by a bite from an infected female 

Anopheles mosquito and the pouring of plasmodium from a sufferer’s blood into the 

circulatory system of a new host [7], are due to repeated cycles of the parasite replication in 

the red blood cells. This will lead to rupture of the affected cells, causing the invasion of 

healthy cells by the emitted parasites [8]. However, this could be prevented if appropriate 

treatments or drugs are used before the appearance of the malaria symptoms like frequent 

chills, fevers, severe joint pain, back pain, headache, sweating, dry cough, spleen 

enlargement, vomiting and diarrhoea [9,10]. Such treatments for complicated infections 

include a well-monitored 7 days of “Artemisinin-based Combination Therapies (ACTs)” 

while similar period of quinine plus clindamycin is recommended for pregnant women or 

artesunate plus clindamycin if the former failed [11]. 

There is predictable climate induced seasonal transmission of the disease with between 

year variability caused by fluctuations in rainfall pattern in areas suitable for mosquito 

breeding. These changes in the seasonal patterns represent important information for the 

timing to control the vector’s larval stage. For example, the sustained transmission of the 

malaria depends on favourable environmental conditions for the vectors and the parasite; 

however, the duration of the development of the parasite in the female Anopheles (sporogony) 

is affected such that the survival of the vectors is not possible at extremely high temperature 

[12]. Though many social factors like the level of economic development, health facilities and 

living conditions may also affect the occurrences of malaria [13], but changes in climate are 

the important factors that could alter the distribution of the vectors and the spread of the 

disease into new areas [14]. The disease is prevalence in the tropical and subtropical regions 

where suitable temperature of about 20
 
C to 30

 
C is available [15] with consistently high 

rainfall and humidity along with presence of stagnant waters in which mosquito larvae could 

develop [16]. However, the true relationships between climate, seasonal parasite transmission 

and the disease outcomes are not very clear. 

For instance, the rainfall that starts around April in the study area creates conducive 

environment for the accumulation of stagnant water, the growth of green cover and presence 

of optimum humidity which favours the breeding of mosquito [17]. However, there are 

growing concerns about the direction of the malaria trend under the future climate change. 

Insufficient knowledge of the seasonal changes in malaria spread may be an obstacle to the 

right information needed for controlling the vector’s larva [18] while it may also lead to 
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poorly designed immunization for children and other age groups in the society. Even though 

not all malaria cases are brought to the hospital, especially in rural areas with limited access to 

health services, many studies still revealed that malaria is the main public health problem 

causing lots of deaths and absenteeism at work [1,7,10]. Since rainfall plays an important role 

in the breeding of the malaria vectors, this study will investigate the impacts of variations in 

rainfall on the regional changes in malaria patterns in Ekiti State which is part of rain forest 

with high intensity of precipitation in Nigeria. 

 

 

2.  THE STUDY AREA AND THE METHODOLOGY 
 

 
Figure 1. The map of Ekiti State showing the Local Government Areas (LGAs) with their 

headquarters marked with stars (*) while the study areas and the state capital (Ado – Ekiti) are shown 

with the red stars (adapted from nigerianmuse.com, [21]). Inserted is the map of Nigeria with  

location of Ekiti State in red (source: www.ngex.com/nigeria, [22]). 

 

 

The study regions are in Ekiti State, Nigeria, West Africa. The state is located in the 

south western part of Nigeria between latitude 7.667° N and longitude 5.250° E [19] with the 

capital at Ado-Ekiti (Fig. 1). The state is bounded in the north by Kwara State and Kogi State 

while Osun State occupies the west and Ondo State lies in the south and extends to the eastern 

part. Ekiti State has 16 LGAs with an overall population of about 2,384,212 people that 

spread over an approximately 5887.890 km
2
 [20]. The region lies at about 250 m above sea 

level and it is characterised by tropical type of climate with the dry season between November 

and March while the wet season is within March-October of each year [20]. The mean 
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monthly temperature is between 21 °C and 28 °C with high humidity; however, the peak 

temperature may be higher in the northern area of the state compared to the cooler and wetter 

south where a more tropical rain forest is found [20]. It is a landlocked state with no coastal 

boundary, but it is blessed with water resources which include rivers like Ero, Osun, Ose and 

Ogbese [19] while cocoa is the main cash crop and yam, cassava and grains like rice and 

maize stands for the food crops [20]. Besides farming, the inhabitants of the state are artisans, 

traders, civil and public servants. 

The local government areas (LGA) used in this study are selected from the different 

parts of the state based on the available data to represent the northern, southern, western, 

eastern and central parts of the state. These consist of Ekiti East LGA with headquarter in 

Omuo - Ekiti which represent the eastern part of the state, Oye LGA that has the head office 

in Oye – Ekiti stands for the north, Ijero is the seat of Ijero LGA which is selected for the 

western part of the state. These LGAs, along with Ekiti South West that stands for the south 

with its headquarter in Ilawe - Ekiti, are compared with the published data from Ado LGA 

[10] which belong to Ekiti Central where the state capital (Ado – Ekiti) is located. As the seat 

of the state capital, Ado LGA has many federal and state offices while there are two 

Universities and a Federal Polytechnic, thus making it the most populous among the sixteen 

LGAs in the state. The 2006 population census put Ado LGA at about 308,621 people, that of 

Ijero LGA was about 221,405 inhabitants while the population figures from Ekiti East, Ekiti 

South West and Oye LGAs were approximately 137,955, 165,277 and 134,210 respectively 

[20]. The 2002-2011 data used in this study is obtained from the Federal Ministry of 

Agriculture in Ado-Ekiti. The analysed data include the observed rainfall, the reported cases 

of malaria among the youths, adult males and adult females together with the corresponding 

average (mean) temperature. The plots of the malaria cases are compared with those of 

rainfall and the mean temperature from the study areas and compared with those from Ado 

LGA; the aim is to understand the impacts of variations in the rainfall on the malaria 

distribution within the states. However, a comprehensive study of the impacts of climate on 

malaria distribution in the state is envisaged as data become available from all the LGAs. 

 

 

3.  THE RESULTS 

A. Regional Distribution of Malaria among the Youth, Male and Female Adults 

The variations in the reported malaria cases within the youth population from the study 

regions are shown in Figure 2 where the malaria cases from Ado LGA are placed in the 

secondary scale with higher magnitudes than the values from the other locations. According 

to the results, there is a general reduction in the reported cases of malaria in 2003 which is 

slightly repeated in 2005 after an overall increase in 2004. This is followed by a consistent 

rise in the malaria infections through 2006 to 2008 with the exception of Ijero LGA where a 

small reduction is seen in 2006. The infections among the youths in Ado LGA plunged to the 

minimum level in 2009 while slight reductions are seen in other cases with the exception of a 

small increase in Ekiti East LGA. The ailments rise to the peak in Ado and South West LGAs; 

but this is delayed till 2011 in Ekiti East, Ijero and Oye LGAs during which a small decrease 

is seen in Ekiti South West LGA and in Ado LGA (Fig. 2).  
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Figure 2. The region variations in the malaria disease among the youth population from the five LGAs 

in Ekiti State. Note that Ekiti South West LGA is shown in the figure as S. West. 

 

 

The investigation reveals an overall increase in the malaria disease among the youths 

over the study period in all the LGAs while the magnitude is highest in Ado LGA when 

compared with other LGAs considered. On the regional basis, the lowest level of the 

infections is seen in Ekiti South West, it is average in Ekiti East whereas the highest 

magnitude is obtained in Ado LGA, followed by Ijero LGA where it was overtaken in 2006 

by Oye LGA during which the disease maintains the secondary peak till 2011 (Fig. 2). In all 

the LGAs, the least magnitude of 1,278 cases is recorded in Ado LGA in 2009 while the 

highest value of 15,690 also occurred there in 2010 among the youth. The strong malaria 

cases in Ado LGA might be associated with the highest population in the region compared to 

other LGAs, creating the tendency for more infections to be feasible while the weather 

conditions also affect the general patterns observed in all the LGAs. The least infections 

occurred in 2003 in most of the other LGAs with magnitude of 3254, 2846 and 4045 in Ekiti 

East, Ekiti South West and Ijero LGA respectively while 3372 cases in 2005 is the minimum 

in Oye LGA. Except that of Ekiti South West with the highest cases of 4576 in 2010, the 

respective peak occurred in 2011 with magnitude of 5873, 6909 and 5631 in Ekiti East, Oye 

and Ijero LGA. 

The Male and Female reported malaria cases are shown in Figure 3(a, b). It should be 

noted that the scales are smaller when compared with those used for the youth cases and the 

magnitudes of the infections are lower in the four LGAs than the values from Ado LGA 

which is shown on the secondary scale of Figure 3(a, b). In close agreement with the youth 

patterns, the periods of reduced infections which are mostly alternated with times of strong 

malaria are more pronounced in 2003 in the male cases (Fig. 3a). These periods of low 

malaria are weakly observed in 2005 and almost in non-existence in 2007 with the exception 

of Ekiti East, later it becomes clearly visible in 2009 and 2011 in most of the LGAs. This is 

not the case in Ijero LGA where the infections rise through 2006 to 2011. Similarly, the 

malaria trend reveals an overall increase from 2002-2011 in all the study regions; the highest 

magnitude is seen in Ado LGA while the levels of the infections are low in Ekiti East LGA 

and Ekiti South West LGA where the infection is generally at the lowest level. The respective 

minimum cases of 3784, 1207, 875, 1563 that occurred in 2003 within Ado, Oye, Ekiti South 
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West and Ijero LGAs shifted to 2007 in Ekiti East with values of 893 while the malaria cases 

peaked in 2010 almost all the LGAs. 

 

 

Figure 3. The variations in the regional malaria infections among the (a) Male and (b) Female 

populations from the five LGAs of Ekiti State. Colour codes and symbols as in Figure 2 – both are 

similar for the same LGA in all cases. 
 

 

Furthermore, the malaria cycles that involve the alternations between the maximum and 

minimum infections within the study period are not prominently seen in the female cases (Fig. 

3b). The exception to this is seen in Ado LGA where the cycle is clearly observed and it is 

mainly absent in the pattern from Ijero LGA, Ekiti South West LGA while it is poorly 

represented in Oye LGA and in Ekiti East LGAs. Also, there are no clear trends in the 

reported cases of the malaria disease in Ijero, Ado and Ekiti South West LGAs where the 

levels of the infections are virtually the same throughout the study period. However, the 

positive trend recorded in Ekiti East LGA is lower than that seen in Oye LGA where the 

infections increase strongly through the years from 2005 to 2011 (Fig. 3b). The overall result 

shows that the malaria is very low in Ekiti South West LGA while the highest magnitude is 

seen in Ado LGA. In comparison with the male cases, the malaria disease is generally low in 

Ekiti East LGA and in Ekiti South West LGA where the smallest amounts of infections are 

recorded in both male and female groups while the highest magnitude reported in the highly 
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populated Ado LGA is far more than the high value from Ijero LGA (Fig. 3a, b). The lowest 

values from the male and female populations are 813 and 907 respectively; both occurred in 

2006 from Ekiti South West LGA while the overall highest cases from male and female are 

respectively 6701 and 6209 in 2010 from Ado LGA. 

 

B.  The Relationship between the Malaria Infections and Rainfall Patterns 

The total malaria cases (obtained by adding the reported cases from youth, male and 

female infections) are compared with the observed rainfall patterns from the study areas so as 

to understand the impacts of rainfall distribution on the spread of the disease in each LGA 

(Figs. 4a, b, c). The outcome in Ado LGA shows good agreement between the rainfall 

intensity and the total malaria which is shaped by the high magnitude of the infections 

observed among the youth population in the LGA (Fig. 4a). Also, such close agreement is 

seen in Ijero LGA while the early good phase relationships observed in Ekiti South West 

LGA (Fig. 4b) and Oye LGA (Fig. 4c) are later reversed and ended in 2011 with opposite 

trends between the malaria infections and the precipitation. On the other hand, Ekiti East 

LGA revealed an initial out of phase relationship between the observed malaria and the 

rainfall which later matches slightly (Fig. 4c). The overall results suggest that an increase in 

the intensity of the rainfall will lead to more malaria infections in almost all the LGAs. 
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Figure 4. Comparisons between the total malaria cases and rainfall patterns from (a) Ado LGA, (b) 

Ijero and Ekiti South West LGAs and (c) Oye and Ekiti East LGAs of Ekiti State. Note that the high 

magnitudes of malaria from Ado LGA are plotted on different primary scale. Also, the full lines and 

their symbols represent the total malaria cases (as used in Figures 2 and 3) while the broken  

lines stand for the rainfall. 

 

 

The disease will tend to rise during rainy season due to more mosquito bites since many 

inhabitants of Ekiti are farmers who engaged in various farming activities that sometimes 

involve working in villages surrounded by mosquito infested bushes, shrubs and water-logged 

areas. However, there might be contributions from other factors like presence or absence of 

health facilities, availability or non-availability of malaria drugs, changes in levels of 

awareness about how to control the disease, changes in temperature pattern, population, 

personal sanitation and lots more. Investigation into the impacts of temperature on the malaria 

show that the average temperatures are initially out of phase with the rainfall and with the 

overall malaria patterns in four LGAs with exception of Ekiti East; however, the curves are 

afterward inconsistent with the changes in the temperatures which are generally high between 

2009 to 2011 (not shown). 

 

C. The Correlation Coefficients 

The correlation coefficient is examined to further establish the relationships between the 

average temperature, rainfall and the malaria occurrences. In favour of the inconsistency 

observed in the temperature patterns (not shown), the positive and negative correlation 

coefficients obtained between the average temperature and the malaria (youth, male, female) 

across the LGAs are generally poor with few exceptions. The finding suggests that the malaria 

prevalence is not strongly influenced by the temperature distribution in the study area. It 

however indicates that the disease will be reduced as temperature rises above a threshold 

value below which the malaria disease will spread more. This is expected since temperature is 

lowered under the cloudy sky that accompanies a rainfall event while increase in the breeding 

of mosquito that comes with intense precipitation will be reversed under a dry condition and 

also impossible at extremely low temperature. 

On the other hand, the correlation coefficients between the malaria and the rainfall 

generally revealed positive values in most cases (youth, male, female); the correlations are 
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strong in some of the LGAs, thus suggesting that the malaria will rise with increased rainfall. 

The few exceptions to this observation is prominent in Ekiti South West LGA (see Fig. 4b) 

where the observed correlations are generally poor and negative. For instance, the correlation 

coefficient obtained between the total (or average) malaria cases from each LGA is 0.51 

(Ado), 0.56 (Ijero), 0.33 (Ekiti East), 0.11 (Oye) and -0.09 (Ekiti South West). These results 

are in agreement with the rainfall patterns shown in Fig. 4(b, c) where the matches between 

the rainfall and malaria cases are poor in Oye and Ekiti South West LGAs when compared 

with other LGAs. These observed cases with low or negative correlation coefficients might be 

associated with reduction in the breeding of mosquitoes under an intense rainfall and the 

resulting fast moving water bodies that tend to wash the mosquitoes away. Similarly, the 

above correlation coefficients suggest that more factors (beside rainfall intensity) are 

contributing to the malaria spread. Also, the values of the correlation coefficients obtained 

between the malaria and rainfall are higher than the very low magnitudes involving the 

malaria and the average temperature, thus suggesting that rainfall has more impacts on the 

spread of the malaria in the regions than temperature. 

 

 

4.  SUMMARY AND CONCLUSIONS 
 

This study investigates the regional variations in malaria distribution from the Central, 

Eastern, Northern, Western and Southern parts of Ekiti State as represented by Ado, Ekiti 

East, Oye, Ekiti South West and Ijero LGAs respectively. Since data covering the whole state 

is not available at the time of this research, the selected LGAs are thus used as representatives 

of the above regions based on the available data. The overall results indicate that the total 

number of malaria cases between 2001-2011 in Ado, Ekiti East, Oye, Ekiti South West and 

Ijero LGAs is 207033, 67890, 80827, 55986 and 87521 respectively. The results further show 

that the malaria disease is most rampant among the youths in all the LGAs while the observed 

cases within the female populations are slightly higher than the mean infections recorded in 

the male group from the LGAs (Fig. 5). These results indicate that children are the most 

vulnerable when compared to the adults with well-developed immunity.  

 

 

Figure 5. The mean malaria cases among the different age groups in all the LGAs. 
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The results compared well with other studies where it has been established that children 

under five years have the highest risk of getting the malaria disease [7,10,23]. Also, the higher 

cases among female adults than in male adults could be attributed to more visit of the women 

to the hospital, especially the pregnant women who are at risk because of reduced immunity 

while self-medication which is mostly practiced by male adults might also be an additional 

reason [10]. Furthermore, the overall results show a rise in the rainfall intensity will increase 

the incidents of the malaria disease; this is supported by the positive correlation coefficients 

between the mean rainfall and the total (or average) malaria from the LGAs. Also, the 

findings suggest that the spread of the disease depends on the population of an area with the 

highest seen in the highly populated Ado LGA (Fig. 5). This is followed by the next densely 

populated Ijero LGA; it is low in Ekiti East LGA while the least is seen in Ekiti South West 

LGA. The current increase in the malaria disease in Oye LGA might be connected with 

possible rise in the population associated with a currently established university in the region. 

Thus the high infections among the youths could be due to the greater probability of 

occurrence in that age group which has the highest population in all the groups.  

The malaria disease could be reduced through improved personal hygiene, better 

sanitation, sleeping under insecticide treated mosquito nets, spraying of suitable insecticides, 

access to good and affordable medical treatments and lots more. Applications of these 

guidelines might be part of the reasons for the reduction in the malaria cases in Ekiti South 

West LGA. In addition, the use of prescribed drugs to prevent malaria is very important while 

good drainage system will help in reducing the breeding places for mosquitoes which will 

consequently lower the amount of mosquito bites and the resulting infections. Though some 

inconsistencies in the results could be due to errors in the recorded data, the ideal total 

numbers of malaria cases in each age group could be above the observed values used in this 

work. This might be due to unreported cases caused by self medication and other reasons 

while the high records in urban areas like Ado LGA may possibly be due to more visits to 

health centres unlike remote areas that lack good health facilities. In general, a well–designed 

immunization system for children and other age groups based on our current understanding of 

rainfall and climate induced changes in malaria spread will be a good way of curbing the 

disease. However, there are ongoing efforts to have good understanding of the impacts of 

climate on the malaria distribution across the whole Ekiti State by extending the analysis to 

every LGA as long data becomes available. 
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