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Abstract A
Malaria remains a major public health concern in Nigeria, accounting for significant morbidity and mortality,
especially among children. Therefore, this study investigated the prevalence and seasonal variation of malaria
infection in Gwadenye and Angwan Alheri communities within Obi and Keffi Local Government Areas (LGAs) of
Nasarawa state, Nigeria. Blood samples were collected from 879 individuals between March 2023 and February
2024 and tested using Rapid Diagnostic Tests (RDTs). Of the subjects screened, 317 (36%) tested positive out of
the eight hundred and seventy-nine (879) subjects that were screened. A significantly (P < 0.05) higher malaria
prevalence was recorded in wet season (39%) compared to the dry season (31%). Although infection was slightly
higher in males (37%) than females (35%), the difference was not statistically significant (P > 0.05). Across age
groups, children aged 0—10 years had a significantly higher prevalence (10%) than adults aged 21 and above, and
differences varied significantly (P < 0.05). Geographically, Keffi LGA recorded a significantly (P < 0.05) higher
infection rate (23.4%) than Obi LGA (12.3%). Monthly prevalence also varied significantly (P < 0.05), peaking in
August and October and reaching its lowest in April and February in Keffi and Obi, respectively. Malaria remains
an all-year-round public health burden in the study communities as such requires a corresponding all year-round

malaria intervention with focus on seasonality and age.
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Introduction

Mosquitoes are small insect with short lifespans but capable of
wreaking havoc on human lives ranging from their itchy bites
to disease transmission which is sometimes deadly [1]. Malaria
is preventable and curable but life-threatening disease that con-
tinues to be a significant threat to public health in Nigeria [2].
Though the disease is caused by protozoan parasites and mostly
spread through the bites of infected female Anopheles mosqui-
toes, blood transfusion and contaminated needles may transmit
malaria [3, 4]. It is endemic in much of the tropics and remains
a global riddle with nearly half of population, mostly in Sub-Sa-
haran countries, at risk in spite of all effort to control the dis-
ease [5]. Five Plasmodium (P,) species cause human malaria;
P. malariae, P. ovale, P. knowlesi, P. falciparum and P. vivax
[6]. Plasmodium falciparum and P. vivax pose the greatest threat
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to humanity. While Plasmodium falciparum is the deadliest and
the most prevalent on the African continent, Plasmodium vivax
is the dominant malaria parasite in most countries outside of
sub-Saharan Africa [7]. Malaria infection in human results in
significant morbidity and mortality and places a profound bur-
den on human productivity and development [8]. Nigeria has the
highest burden of malaria globally and Nasarawa State accounts
for 1.2% of malaria cases nationwide [9]. The disease is the
leading cause of childhood illness and deaths in most communi-
ties across the state [10]. Prompt and accurate diagnosis is key to
effective disease management and the urgency and importance
of obtaining results quickly from the examination of blood sam-
ples from patients with suspected acute malaria render some of
the more sensitive methods for malaria diagnosis impractical for
routine laboratory use [11].
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Materials and Methods

Description of the Study Area

Nasarawa State is located in the central region of Nigeria, within
the North-Central geopolitical zone [12]. The state has a tropical
climate with distinct wet and dry seasons, the rainy (wet) season
typically lasts from April to October, while the dry season spans
from November to March [13]. Though the State is known as the
"Home of Solid Minerals" due to its rich deposits of minerals,
tin, columbite, limestone, and bauxite, the economy of the State
is primarily driven by agriculture [14]. This work was carried

out in Angwan Alheri, Rimi ward, in Keffi local government
area and Gwadenye electoral ward in Zhemigili district, Obi lo-
cal government area [15]. Keffi is a town located in the west-
ern part of the state and about 58 kilometers (36 miles) away
from Abuja, the Federal Capital Territory and Obi are located in
the southern part with an approximate geographic coordinate of
8.3500° N 8.6000° and 8.8480° N and 7.8730°E, respectively,
as shown in Figure 1. The economy of Keffi is diverse, with
agriculture, trade, and education being the mainstays while ag-
riculture and business are the main economy activities of Obi.
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Figure 1: Map of Nasarawa State Showing the Two Selected Study Areas

Ethical Clearance

Ethical clearance was obtained from Health Research Ethical
Committee (HREC) of Nasarawa State Ministry of Health, La-
fia, with the approval number: HREC Protocol No. 18/06/2017,
and verbal consent obtained from patients for malaria test.

Determination of Malaria Prevalence in the Study Area
Malaria infection rate among people in the study communities
was determined using Rapid Diagnostic Test Protocol (RDT)
[16]. The test was carried out by taking a drop of blood sample
through pricking a finger of a patient with lancet after cleaning
with alcohol swab. The collected blood was applied to the sam-
ple on the test strip using a pipette and two drops of a buffer
solution were added. Blood-buffer mixture was allowed to flow
for fifteen munities (15 min) along the test strip containing an-
tibodies that are specific to malaria antigen. The results were
read on the appearance of coloured lines on the strip, two lines
(the control line and the test line) indicated positive, presence
of malaria antigens, a single (control) line indicated negative,
no malaria antigens were detected and invalid when control line
did not appear.

Data Analysis

Seasonal, sex and age prevalence of malaria in the two sam-
pling sites were statistically analysed using Chi-square (y%2) and
student T-test at P<0.05 level of significance. Monthly malaria
prevalence was analyzed using One-Way ANOVA and signifi-
cant differences that exist among the means were separated us-
ing Duncan Multiple Range Test at P < 0.05.

Results

Monthly Malaria Prevalence in the Study Areas

In the two study areas, Obi and Keffi, malaria infection occurred
throughout the year and the infection was not uniform across the
months in the study areas (Table 1). In Obi, more infection
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occurred in the month of October ‘(a)’ and least in the month of
January ‘(d)’ and was significantly different (P < 0.05) from oth-
er months (b, be, bed and cd)’. While in Keffi, malaria infection
was more in the month of August and July ‘(a)” and least in the
month of March and April (Table 1). Months with highest infec-
tion was significantly different (P < 0.05) with other months ex-
cept June and October and months with least infection (e)’ was
also significantly different (P < 0.05) with other months except
January, February, May and December ‘(de)’ (Table 1).

Seasonal Malaria Infection Rate in the Study Areas

A total of eight hundred and seventy-nine (879) people were ex-
amined for malaria infection in both dry and rainy seasons, three
hundred and seventeen (317 (36%)) were positive. The disease’s
prevalence in the rainy season was higher (31 and 44 %) than in
the dry season (27 and 35%) in Obi and Keffi, respectively. (Ta-
ble 2). Generally, higher infection (39%) significantly (P <0.05)
occurred in the rainy season than dry season (31%) (Table 2).

Sex and Age Malaria Infection Rate

Prevalence of malaria infection between males and females in
the study areas indicated higher infection in males (30 and 42%)
than females (28 and 41%) in Obi and Keffi, respectively (Table
3). Despite higher males (37%) than females (35%) malaria in-
fection in the study area, there was no singificant difference (P >
0.05) in the infection rate between males and females (Table 3).
Age-related prevalence of malaria infection in the study areas
indicated higher (10%) prevalence in younger age groups (1 - 5
and 6 - 10) followed by age group 11 - 15 (7%) while those
above 15 years of age had lower infection rate (Table 4). The
difference in the prevalence of malaria among the age groups
was significant (P < 0.05).

Prevalence of Malaria Between Obi and Keffi
In the two study areas, Obi and Keffi, malaria infection occurred
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throughout the year (March, 2023 — February, 2024). Though tober and August and least in the months of February and April
more people were infected in Keffi than Obi, infection rate was  in Obi and Keffi, respectively (Figure 2). There was a signifi-
higher in the months of March and April in Obi than Keffi (Fig- cance difference (P < 0.05) in malaria infection between Obi and
ure 2). Highest malaria infections occurred in the months of Oc-  Keffi (Figure 2).

Table 1: Monthly Malaria Infection Rate in Obi and Keffi Local Government Areas of Nasarawa State, Nigeria, between March
2023 and February 2024

Loca- Months
tion

Mar April May June July Aug Sept Oct Nov Dec Jan Feb

Obi 4.00+ | 3.00£1. | 1.33+ 1.67+ | 2.67+1 [ 4.00+ | 11.00+ | 6.33+ | 9.00+ [ 2.67+1. | 1.00+ | 3.33+
0.00° 00P 0.58« | 0.58« .53bed 0.00b 1.73a | 1.53a | 2.00® 53bed 1.00d | 1.15%
Keffi | 1.67+ | 1.67+ 3.67+ | 9.53+ | 10.67+ | 11.00+ [ 7.33+ | 9.00+ | 5.33+ | 3.33+ | 3.00+= | 3.67+
1.15¢ 2.08e 1.15% 1.53® | 2.52a 1.73% 0.58% | 2.00® | 0.58< | 1.15% | 0.00% | 0.58%

abede Mean values followed by different superscript letters are statistically significantly different (p<0.05) probability associated with
the ANOVA test

Table 2: Seasonal Malaria Infection Rate in Obi and Keffi LGAs, Nasarawa State

Season | Locations
Obi LGA Keffi LGA Total
No Exam No Inf (%) No Exam No Inf (%) No Exam No Inf (%)
Dry (Nov. - March) 168 45 (27) 146 51 (35) 314 96 (31)
Rainy (April - Oct.) 205 63 (31) 360 158 (44) 565 221 (39)
Total 373 108 (29) 506 209 (41) 879 317 (36)

No. Exam. = Number Examined, No. Inf. = Number infected and % = percentage prevalence. %2 calculated = 6.7; %2 tabulated =
3.84;df=1

Table 3: Prevalence of Malaria Infection by Sex in Obi and Keffi LGAs, Nasarawa State

Sex | Locations
Obi LGA Keffi LGA Total
No Exam No Inf (%) No Exam No Inf (%) No Exam No Inf (%)
Male 150 45(30) 218 92 (42) 368 137 (37)
Female 223 63(28) 288 117 (41) 511 180 (35)
Total 373 108(29) 506 209 (41) 879 317 (36)
No. Exam. = Number Examined, No. Inf. = Number infected and % = percentage prevalence. Note: y2 cal = 0.38; 2 tab = 3.84;

df=1

Table 4: Prevalence of Malaria Parasite Infection by Age in Obi and Keffi LGAs

Age (Years) | Locations
Obi LGA Keffi LGA Total
No Exam No Inf (%) No Exam No Inf (%) No Exam No Inf (%)
0-5 94 29 (8) 146 60(12) 240 89(10)
6-10 85 31 (8) 126 59(12) 211 90(10)
11-15 70 27 (7) 78 37(7) 148 64(7)
16-20 41 9(2) 58 25(5) 99 34(4)
21-25 31 4(1) 33 13(3) 64 17(2)
26-30 20 1(0.3) 43 9(2) 63 10(1)
>31 32 7(2) 22 6(1) 54 13(1)
Total 373 108 (29) 506 209(41) 879 317(36)

Age Grp= Age group, No. Exam. = Number Examined, No. Inf.= Number infected and % = percentage prevalence. x2 cal = 25.8;
¥2 tab=12.6; df =6
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Figure 2: Comparison of Malaria Prevalence Between Obi and Keffi LGAs, Nasarawa State

Discussion

Malaria infection occurred throughout the year in this study and
its prevalence significantly varied across months. Peak of ma-
laria prevalence occurred in the months of August, and October
while least infection occurred in the months of April and Feb-
ruary in Keffi and Obi LGAs, respectively. This agrees with the
report that malaria prevalence differed across different months
among febrile patients attending a healthcare facility, more in-
fection occurred in the rainy season especially the month of Au-
gust [17]. Differences in the prevalence of malaria in different
months could be as a result of variations in monthly weather
conditions majorly being temperature, rainfall, and humidity,
which together influences mosquito breeding and survival rates
as well as the life cycle of the malaria parasite. However, the
occurrence of malaria throughout the year and relatively higher
in some months in the dry season could be as a result of agricul-
tural practices and water storage system which create favourable
conditions for mosquito breeding thereby affecting the seasonal
abundance of mosquito populations and hence sustaining rela-
tively similar malaria transmission trends throughout the year
[18].

The result of this study shows that out of 879 people examined
for malaria infection, 317 (36%) persons were positive. Findings
from different research reported higher and lower prevalence of
malaria in different localities in Nasarawa State compared to the
result of this study [19, 20]. The difference in malaria prevalence
with report of other studies could be as a result of diagnostic
methods, intervention such as insecticide treated net (ITN) dis-
tribution and usage and awareness of malaria by the study popu-
lation [21]. Malaria prevalence is significantly (p< 0.05) higher
(39%) during the rainy season (April - October) than dry sea-
son (31%) (November —March). Differences in seasonal malaria
prevalence (higher prevalence in rainy than in dry season) was
also reported in Northern and South Eastern Nigeria [22, 23].
Higher rainy season malaria prevalence in this study could be as
a result of favourable environmental conditions such as rainfall
and higher relative humidity which enhance mosquito breeding,
survival, biting rates and development of the Plasmodium par-
asite. Surge in mosquito population and consequent increase in
outdoor and evening activities among humans enhance mosqui-
to-human interactions, facilitating the spread of malaria [24, 25].

Both males and females were infected with malaria but the prev-
alence of the disease was higher in males (30% and 42%) than
in females (28% and 41%) in Obi and Keffi LGAs, respectively.
Though the disease prevalence was higher (37%) in males than
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females (35%) possibly due to predisposing risk factors which
could be attributed to outdoor activities: men engaging more in
social activities outside the home during peak mosquito biting
times, twilight and nighttime (dusk and dawn) and may sleep
outdoors or in poorly protected structures, making them more
susceptible to mosquito bites. Farming, one of the major occu-
pations of the people in the study communities, mostly involved
outdoor labour which can increase male exposure to infective
bites of Anopheles vector thereby increasing their chances of
malaria infection. Gender differences in immunity may be re-
sponsible for the higher malaria infection in males than females.
Inherent biological differences in immune responses between
males and females such as hormonal differences can influence
the immune response to malaria infection, hormones such as
testosterone in males suppresses typel response while estrogen
and progesterone in females enhance type2 response making
females to develop more robust immune responses than males
[26, 27]. Our finding is in line with the report of Eke et al. who
reported higher prevalence of malaria among males than females
in Nasarawa state. Similarly, Omoruyi and Awosolu reported
higher prevalence of malaria in males than females in Edo and
Ibadan, Oyo states, respectively [28-30]. Contrastingly, Musa
et al. reported higher prevalence among females than males in
Nasarawa State [31].

Though malaria infection occurred among all ages, the disease’s
prevalence was higher (10%) among younger age groups (0 - 5
and 6 - 10 years) than older age group (21 and above). The high
prevalence of malaria infection amongst children in this study
clearly shows the need for more attention as well as intervention
towards them all year round. Related findings of higher prev-
alence of malaria among younger age group were reported in
South West and Northern Nigeria [32, 33]. This study’s result
however contrasts the findings of Ali et al. who reported higher
malaria infection rate in older than younger males in Akwanga
LGA of Nasarawa state, Nigeria. Higher prevalence of malaria
among younger age groups could be due to lack of acquired im-
munity [34-36]. Young children, especially infants and toddlers,
have limited exposure to malaria compared to adults and over
time, repeated exposure to malaria parasites makes adults devel-
op partial immunity thereby reducing the frequency and severity
of infections in adults. Also, young children rely on adults for
protection against mosquito and are more likely than adults to be
bitten by mosquitoes because of little or no knowledge of malar-
ia transmission mode leading to inconsistent use of preventive
measures.
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The high significant variation of malaria infection in Keffi LGA
over Obi LGA possibly suggests a greater number of malaria
vectors breeding sites as well as favourable and more suitable
environmental conditions in the area. Also, differences could
be as a result of health seeking behaviour of the people in the
study areas as well movement of people from high-transmission
areas to low-transmission areas. Keffi is more of an urban area
and mostly made up of civil servants and traders than Obi as a
result people migrate into Keffi town for businesses. People in
urban areas tend to seek medical care at slightest symptoms of il
health than rural population. Similarly, NMEP reported dissimi-
lar prevalence of malaria in different geopolitical zones in Nige-
ria. Dissimilar prevalence was also reported in three (3) senato-
rial zones different localities within Akwanga, Nasarawa State.

Conclusion

Malaria infection occurred throughout the year though the dis-
ease’s prevalence was not uniform across different months and
also, more infection occurred in the rainy season than dry sea-
son in the two study localities. All age groups, most especially
younger individuals, were susceptible to malaria infection which
was higher among males than females. Keffi LGA, an urban
area, had malaria prevalence that was almost twice the rate re-
corded in Obi LGA of Nasarawa state. Malaria vectors breeding
grounds in the two LGAs should be cleared all year round and
people should take advantage of sleeping under the ITNs given
to them so as to prevent human-vectors contact thereby limiting
malaria transmission.
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