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ABSTRACT
Introduction: Despite the recent progress 
in the malaria burden, climatic factors are 
important if the world will achieve the set 
target of its eradication. Hence, this study 
determined the impact of climatic conditions 
on childhood severe malaria in a tertiary 
health facility in northern Nigeria. 
Methodology: This was a retrospective 
descriptive study that involved children 
with severe malaria managed between July 
2016 and August 2017. The diagnosis of 
severe malaria was according to the World 
Health Organization 2015 guidelines. We 
extracted relevant data from case records and 
obtained the weather information from the 
Nigerian Meteorological Agency and www.
worldweatheronline.com. Data were entered 
in Microsoft Excel 2013 and analyzed with 
Statistical Package for the Social Sciences 
version 20. 
Results: A total of 483 cases of children with 
severe malaria were managed. The median 

age was 4.0 (2.5-8.0) years. Males were 261 
(54.0%). In the wet season, 375 (77.6%) cases 
were recorded, while 108 (22.4%) cases occurred 
during the dry season. The odds of malaria 
occurring during the wet season were 2.057 (95% 
CI, 1.613-2.622). Temperature patterns were not 
related to malaria cases. Malaria cases showed 
significant moderate positive cross-correlation at 
2- and 3-months lag for the rainfall pattern (best 
cross-correlation occurred at 3 months lag with a 
coefficient of 0.598, p = 0.045). 
Conclusion: This study demonstrated 
marked seasonality of childhood severe 
malaria infection with 77% of cases during 
the wet season. Malaria was associated with 
only rainfall at a 2 to 3 months lag amongst 
the climatic variables. We recommend the 
urgent implementation of seasonal malaria 
chemoprophylaxis.
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INTRODUCTION
Malaria is a parasitic infection of public health 
significance with some progress in the past few 
decades [1]. In the 2019 malaria reports, an 
estimated 228 million malaria cases occurred 
in 2018 in contrast to 251 million cases in 2010 
[2,3]. This translated to a reduction of malaria 
incidence from 71 cases to 57 cases per thousand 
population between 2010 and 2018. Similarly, 
malaria deaths declined from 585,000 in 2010 
to 405,000 in 2018 [2,3]. At present, the greatest 
burden of malaria is borne by the Africa region 
and account for more than 90% of cases including 
the deaths [4]. To ensure the efforts on global 
eradication of malaria are on track, 11 countries 
including Nigeria were identified for ‘high 
burden to high impact’, a special program jointly 
launched by World Health Organization (WHO) 
and roll back malaria partnership in 2018 [5]. The 
11 countries were responsible for 155 million out 
of the 228 million malaria cases in 2018, with 
Nigeria having the highest-burden (25%) [2]. 
The 2019 malaria report also indicated Nigeria 
had 3.4 million more cases of malaria, making 
the country a top priority in the global effort at 
curtailing malaria [2].

Whereas there are concerted renew global efforts 
towards eradication of malaria across the globe 
as advocated by the WHO, a critical component 
is a role of climatic and weather in malaria in the 
tropical regions [6]. Evidence in the literature 
suggested that temperature, humidity and rainfall 
have varying roles on the mosquitoes’ survival 
and malaria transmission across Africa [7]. The 
changes in the climatic and weather conditions 
also partly account for seasonal variations and 
malaria prevalence across Nigeria. Studies from 
the southern part of Nigeria showed that malaria 
occurred throughout the year with an increased 
prevalence in the rain season [8-11]. There 
are very few studies in Northern Nigeria that 
have explored the role of climatic conditions in 
the seasonal prevalence which were limited to 
uncomplicated malaria [12,13]. Besides, very 
few studies from Northern Nigeria also showed 
heterogeneity in the malaria incidence in northern 
Nigeria. For instance, studies in Maiduguri [13] 
and Kaduna [12] indicated that malaria occurred 
throughout the year, while a study in Kano [14] 

indicated that malaria occurred more in the rain 
season. Besides, most of the studies from Nigeria 
did not consider the time series analysis between 
the different weather conditions and malaria 
incidence [8-11,13,14]. Hence, we determined 
the impact of rainfall, and temperature patterns on 
children with severe malaria in a tertiary health 
facility in Katsina, Northwestern Nigeria.

MATERIALS AND METHODS
This was a retrospective descriptive study that 
involved children with severe malaria managed 
between July 2016 and August 2017 in a tertiary 
health facility in northern Nigeria. The hospital 
is the only tertiary health facility in the state 
(Katsina) with an estimated population of 8 
million people including children in 2018 [15]. 
The facility receives referrals within the state and 
parts of the adjoining states. Katsina is one of the 
states in the Northwestern part of Nigeria with a 
semi-arid climate that spanned part of the Sahel, 
Sudan, and northern savanna zones [16]. The 
state lies within 11o08ʹ North and 13o22ʹ North 
and longitude 6o52ʹ East and 9o20ʹ East with a 
landmass of about 23,983 km2 [16]. The typical 
climatic condition is that of tropical wet and dry 
season [17]. The wet season is characterized by 
rainfall that spans May to September with a peak 
in August. The dry season spans from late October 
to April with a harmattan period in December and 
January [17]. The annual average rainfall ranges 
from 550 to 700 mm with a significant variation 
and occasional drought [18]. The annual daily 
temperature also varies with a peak of 39oC-
40oC in the months of April and May and least 
temperature of 16oC-18oC observed in the months 
of December and January [18].

This study included children with severe malaria 
based on WHO Malaria Treatment Guidelines, 
2015 [19]. The WHO definition includes positive 
parasitological confirmation and one or more of 
the following features-Impaired consciousness 
(a Glasgow score of less than 11 or Blantyre 
coma score less than 3 for younger children); 
Prostration (generalized weakness so that the 
person is unable to sit, stand or walk without 
assistance; Multiple convulsion (more than two 
episodes within 24 hours); Acidosis (a base 
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deficit of >8 mEq/l or if not available, a plasma 
bicarbonate level of <15 mmol/l or venous 
plasma lactate of ≥5 mmol/l, and severe acidosis 
manifests clinically as respiratory distress-rapid, 
deep, labored breathing); Hypoglycemia (blood or 
plasma glucose <2.2 mmol or 40 mg/dl); Severe 
malarial anemia (hemoglobin concentration 
less than or equal 5 g/dl or hematocrit of ≤15% 
in children <12 years of age (<7 g/dl and 20%, 
respectively, in adults) with a parasite count 
>10,000/µl; Renal impairment (plasma or serum 
creatinine >265 umol/l or 3 mg/dl or blood urea 
>20 mmol/l; Jaundice (plasma or serum bilirubin 
>50 umol/l or 3 mg/dl with a parasite count 
>100,000/Ul; Pulmonary edema (radiologically 
confirmed or oxygen saturation <92% on room 
air with a respiratory rate >30/minute, often with 
chest indrawing and crepitations on auscultation; 
Significant bleeding (including recurrent or 
prolonged bleeding from the nose, gums or 
venipuncture sites; hematemesis or melena; Shock 
(compensated shock is defined as capillary refill 
greater or equal 3 seconds or temperature gradient 
on leg [mid to proximal limb] but no hypotension, 
and decompensated shock is defined as systolic 
blood pressure <70 mm Hg in children or <80 mm 
Hg in adults, with evidence of impaired perfusion 
(cool peripheries or prolonged capillary refill]). 
Hyperparasitemia (Plasmodium falciparum 
parasitemia >10%) [19]. The parasitological 
evidence of malaria was based on a positive 
rapid diagnostic test for malaria using malaria P. 
falciparum histidine-rich protein (CareStartTM, 
Access Bio, USA) and or malaria microscopy. 

We retrieved the case records of children aged 
14 years and below admitted between July 2016 
and August 2017. Children with other diagnoses 
were excluded from the study. We extracted the 
demographics and other relevant information 
from the case records. Weather data were obtained 
from Nigerian Meteorological Agency and www.
worldweatheronline.com [20]. We classified the 
weather into two seasons; ‘wet season’ from May 
to September and the ‘dry season’ from October to 
April [17]. The number of malaria cases admitted 
daily were noted and collated to generate the 
monthly malaria cases.

We analyzed using the IBM Statistical Package 
for the Social Sciences® software and r studio. 

The age of the children was summarized as median 
with interquartile range (not normally distributed). 
The monthly malaria cases, monthly temperature 
patterns and rainfall were depicted using charts. 
The relationship between the mean rainfall, 
minimum temperature, maximum temperature, 
mean temperature, diurnal temperature variation 
and monthly malaria cases were evaluated using 
cross-correlation. A p-value of less than 0.05 was 
taken as the level of statistically significant.

The ethical review committee of the Federal 
Medical Centre, Katsina approved this study and 
being a retrospective one, the committee waived 
the informed consents with anonymity of the data 
including absolute confidentiality in the handling 
of the data.

RESULTS
Out of 1,733 children admitted over the study 
period, 483 cases were severe malaria, giving a 
prevalence of 27.9% (95% CI 25.8-30.1%). The 
median age (interquartile range) of the children 
admitted with severe malaria was 4.0 (2.5-8.0 
years) with a range of 5 months to 14 years. 
Children less than 5 years were 263 (54.5%) and 
the males were 261 (54.0%).

Based on the index of severity, of 483 cases of 
severe malaria, cerebral malaria (169; 35.0%) was 
the most common, followed by prostration (102; 
21.2%) and multiple convulsion (90; 18.6%) 
while acute kidney injury was the least common 
(2; 0.4%). Further details are shown in Figure 1.

Out of 483 cases of severe malaria, 375 (77.6%) 
were recorded during the wet season, while 108 
(22.4%) cases occurred during the dry season 
(Figure 2).

The prevalence of malaria was significantly 
higher during the wet season 32.3%; (375/1160) 
compared with the dry season of 18.8%; 
(108/573), χ2 = 34.665, p = <0.001 (Table 1). The 
odds of malaria occurring during the wet season 
were 2.057 (95% CI 1.613-2.622) as shown in 
Table 1.

Out of 108 cases during the dry season, 89 cases 
(82.4%) occurred in the month of October. Further 
breakdown showed that the highest prevalence of 

http://www.worldweatheronline.com
http://www.worldweatheronline.com
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60% (165/277) was in the month of September, 
followed by October with 52.0% (89/171) while 
zero cases were observed in February (0/56) and 
April (0/92) as shown in Figure 3.

During the study period, the annual rainfall was 
889.1 mm, with the least rainfall of 76.3 mm in 

September and peak rainfall of 317.2 mm in the 
month of August (Figure 3). Figure 3 shows that 
from October 2016 to March 2017, there was no 
rainfall observed in the state. Also, the number of 
severe malaria cases declined from 95 in October 
2016 to 2 in December 2016, 3 in January 2017, 0 
in February 2017 and 3 in March 2017.

Figure 1. Components of severe malaria in the study children.

Figure 2. Monthly distribution of severe malaria.



SUDANESE JOURNAL OF  PAEDIATRICS 2021; Vol 21, Issue No. 2

177http://www.sudanjp.org
https://www/sudanjp.com

During the study period, the maximum daily 
temperature was 40oC in the month of April and 
May, while the least temperature of 23oC was 

recorded in January and February. The average 
daily temperature fluctuates between 15oC in 
January and February to 28oC in May and June 

Table 1. Comparison of the malaria based on the season of the year.

Season
Malaria

n (%)
Non-malaria

n (%)
χ2 OR 95% CI p

Wet (May to September)
(N) = 1,160

375 (32.3%) 785 (67.7%) 34.665 2.057 1.613 to 2.622 <0.001

Dry season (October to April)
(N) = 573

108 (18.8%) 465 (81.2%)

Total (N) = 1,733 483 1,250
CI, confidence interval; n, number; N, total number; OR, odds ratio.

Figure 3. Monthly rainfall and malaria prevalence.

Figure 4. Monthly temperature and severe malaria prevalence.
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(Figure 4). Diurnal temperature (the differences 
between the maximum and minimum temperature) 
fluctuate between 4oC in July to 11oC in February 
and March.

Although the pattern of malaria cases correlated 
with the monthly temperature patterns and 
monthly rainfall (Table 2), it was only the rainfall 
pattern that was significantly associated with 
malaria cases. The number of malaria cases 
showed a significant moderate cross-correlation 
at 2- and 3-months lag for the rainfall pattern. 
The best cross-correlation occurred at 3 months 
lag with a coefficient of 0.598 (p = 0.045).

DISCUSSION
Malaria remains a disease of public health 
significance despite the recent progress which 
makes some factors including the climatic 
conditions important if the world will achieve 
eradication. Our study showed that the malaria 
occurred twice in the wet seasons with a peak 
prevalence of 60% in the month of September. This 
finding contrasts the observation in Maiduguri, 
northeast Nigeria where more malaria occurred 
throughout the year, although with a peak during 
the wet season [13]. A study in Benin, south-
south Nigeria did not observe any difference in 

the prevalence of malaria during the wet and dry 
seasons [9], while a similar study in Port Harcourt 
also reported malaria cases throughout the year 
with a peak of 75% in the months of June and 
July [10]. The observations of a distinct pattern 
of malaria in Katsina further reinforced the 
earlier observation that there is heterogeneity in 
incidence of malaria in Africa inclusive of Nigeria 
and further called for a locally generated approach 
that takes into consideration the uniqueness of a 
geographical area in the global effort to curtail 
and eradicate malaria [7].

Furthermore, the malaria prevalence in this study 
showed ‘marked seasonality’ (75% of cases within 
6 months) [21] with 78% cases observed in the wet 
seasons.  This called for the urgent implementation 
of seasonal malaria chemoprophylaxis adopted 
by the country [22]. Studies had shown that the 
periodic administration anti-malaria in areas 
where at least 60% of malaria cases occurred over 
4 months could lead to a substantial decline in the 
burden of childhood malaria [23,24].

Our study also showed a positive moderate 
correlation between malaria cases and rainfall 
and the cases lagged behind the rainfall by 2 to 
3 months. This finding is similar to the study in 
Ethiopia, where malaria cases lagged behind 
rainfall by 2 to 4 months [25]. Similarly, in Ghana, 

Table 2. Cross correlation of number of malaria cases per month with mean monthly rainfall and 
temperature parameters.

Lag 
(month)

Mean rainfall
Diurnal  

temperature
Minimum  

temperature
Maximum  

temperature
Mean  

temperature

Cross  
correlation

p
Cross 

correlation
p

Cross  
correlation

p
Cross  

correlation
p

Cross  
correlation

p

-5 -0.520 0.898 0.206 0.307 0.071 0.431 0.179 0.331 -0.029 0.528

-4 -0.220 0.720 0.357 0.172 0.193 0.305 0.382 0.156 0.091 0.405

-3 0.598 0.045 -0.082 0.592 0.138 0.348 0.102 0.387 0.128 0.359

-2 0.553 0.046 -0.483 0.926 -0.169 0.694 -0.421 0.897 -0.088 0.604

-1 0.142 0.327 -0.419 0.908 -0.265 0.799 -0.489 0.939 -0.069 0.586

0 -0.156 0.697 -0.290 0.832 0.151 0.308 0.010 0.487 0.244 0.209

1 -0.190 0.726 0.030 0.462 0.438 0.083 0.471 0.068 0.452 0.076

2 -0.133 0.655 0.218 0.257 0.165 0.310 0.283 0.198 0.133 0.345

3 -0.059 0.567 0.058 0.434 -0.274 0.780 -0.255 0.765 -0.372 0.853

4 -0.002 0.502 0.116 0.379 -0.740 0.975 -0.712 0.970 -0.771 0.979

5 -0.001 0.500 0.538 0.094 -0.700 0.957 -0.456 0.868 -0.676 0.951
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there was a weak correlation between malaria 
cases and rainfall and the peak of malaria cases 
lagged by 2 to 4 months with rainfall [26]. A 
retrospective study in Sri Lanka between malaria 
and rainfall also showed a lagged period of 1 to 
3 months [27]. We could not compare further 
with the other Nigerian studies that evaluated 
the relationship between the malaria cases and 
rainfall due to the fact they did not consider time 
series in their analysis [8-11]. The lagging behind 
of malaria cases observed is not unexpected 
since the rainfall is necessary for the collection 
of pockets of water that will serve as breeding 
sites for mosquitoes, the vector for transmission 
of malaria parasite [28]. Furthermore, the 
developments of mosquitoes in the water take 
a couple of weeks, hence the lagging behind of 
malaria cases compared with rainfall [28].

This study did not observe any significant 
relationship between the maximum daily 
temperature, minimum daily temperature, mean 
daily temperature, daily diurnal temperature 
variation and monthly malaria. In contrast, in 
Swaziland, the warmer temperature was found to 
be associated with malaria cases at zero lag [29]. 
In Ghana, only the mean monthly maximum 
temperature was found to be related to malaria 
cases at 0 to 4 months lag [26], while in Ethiopia 
both the mean monthly maximum and minimum 
were related to malaria cases at a lag of 0 to 4 
months [25]. The inability to find the relationship 
between the patterns of temperature and cases of 
malaria in this study may be due to extreme of 
temperature that tends to occur in the early and 
late part of the year. Extreme temperature with 
very high and low temperature has been found 
not to support mosquitoes survival as the best 
temperature for the mosquito to thrive is usually 
25oC to 28oC [30].

In conclusion, this study demonstrated marked 
seasonality of childhood severe malaria in 
Katsina, Northwestern Nigeria with 77% of 
cases occurring between May and September 
(wet season). Malaria was associated with 
only rainfall at 2 to 3 months lag amongst 
the climatic variables. We recommend the 
urgent implementation of seasonal malaria 
chemoprophylaxis, using WHO recommended 

combination drugs (sulfadoxine-pyrimethamine 
and amodiaquine) for children less than 5 years.
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