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Abstract. Despite concerted efforts by the World Health Organization (WHO) to control malaria, it is still
being diagnosed in patients visiting hospitals in Tropical Countries of the World. Hence, this study
investigated the risk factors responsible for malaria transmission dynamics through a hospital case study.
Data of patients that presented with malaria from June 2019 to December 2020 were acquired from Covenant
University Medical Centre in Ota, South West Nigeria. Descriptive statistical analyses were carried out so as
to examine the factors associated with malaria incidence rate such as age, gender and travel history using the
R programming platform. 14% of the total outpatient visits from June 2019 to December 2020 presented with
malaria. Furthermore, the mean of the ages of those that presented with malaria, was 23.10 whereas the
median of their ages was 22.0. Out of the total malaria cases, 57.7% were males whereas 42.3% were
females. Results also showed that there was a significant positive correlation between malaria and travel. In
conclusion, it is recommended that malaria control policy formulators should focus on the most vulnerable
group of individuals as identified in this study. Further, more efforts should be geared towards curbing
malaria importation as a result of human travel, by the different health authorities across the globe.

Keywords: malaria transmission dynamics, risk factors, hospital, vulnerable group, malaria importation
1 Introduction

Malaria remains a serious public health challenge in Tropical Countries of the World especially
in Sub-Saharan Africa [1, 2]. The malaria disease is being transmitted by a Plasmodium-infected
female Anopheles mosquito, when it comes in contact with the uninfected human host [3,4].
However, the uninfected Anopheles mosquito can also be infected with Plasmodium sppwhen it
comes in contact with a Plasmodium-infected human host and it can retransmit the malaria
disease.to another uninfected human host [5].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
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However, it is not all malaria-suspected cases that are reported in the hospital. Some of the
malaria cases are self-diagnosed and self-treated despite the inherent dangers as reported by the
health authorities across the globe through case studies [6]. On the other hand, some people still
present themselves at public and private clinics for proper diagnosis after showing the known
common symptoms of malaria such as high fever, chills and headache [7].

Further, patients presenting for diagnosis based on malaria symptoms are often tested using the
microscopy malaria diagnostic method which is the gold standard [8]. In line with this, the
microscopy method is advantageous because it can easily be used for more accurate malaria
parasite-load detection by any well-trained Medical Laboratory Scientist compared to other
malaria testing techniques such as the use of Rapid Diagnostic Testing kits [8, 9].

The microscopy malaria testing method is carried out by staining the collected blood sample of
the patient with Giemza for easy identification of the malaria parasite (Plasmodium spp) under
the microscope [8, 9].0n the other hand, the RDT malaria testing technique is used to detect
antigens (HRP2 and pLDH proteins) produced by the malaria parasite, from the collected blood
sample of the patient by following the specific manufacturer’s guide [10].

In tandem with this, patients may be diagnosed using any of the aforementioned malaria testing
techniques to have malaria morbidity [11]. Malaria morbidity is a diseased state that occurs when
the patient is positive to only malaria but negative to any other disease [11]. Also, patients may
be diagnosed to have malaria comorbidity [12]. Malaria comorbidity is the diseased state when a
patient is positive to malaria and one or more other disease(s) [13]. Hence, malaria could be
presented in patients during hospital visits, in morbid or comorbid form as the case may be.

Specifically, malaria could be presented in patients as mild and severe cases, in morbid or co-
morbid form, during hospital visits, based on information about the history of the presenting
complaint, the presenting complaint and the laboratory assessment results [14]. However,
patients presenting with severe malaria are at high risk of death according to reports from the
WHO [2].In 2019, there were 409,000 deaths as a result of severe malaria with Nigeria which is
a country in Sub-Saharan Africa, accounting for the highest death rate of 23% based on global
statistics [2].

In line with this, several malaria control efforts have focused on dissecting the characteristics of
patients presenting with mild and severe malaria cases [15, 16]. The specific characteristics of
interest were often age, gender and travel history of the patients [16, 17]. However, several
bioinformatics approaches have being used to investigate these factors in other recent studies for
different regions but not in the study area of this work[5, 18,19]. Bioinformatics is the
application of statistical, mathematical and computational methodologies and tools to analyze
clinical data of infectious diseases such as malaria among others [20]. Hence, this study
employed the use of descriptive statistical bioinformatics approach to investigate the factors
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responsible for malaria transmission dynamicsin Covenant University through a hospital case
study.

2 Materials and Methods

Malaria data from June, 2019 to December, 2020 whose summary was shown in Table 2.1 was
acquired from Covenant University Medical Centre (CUMC). CUMC is a hospital located inside
Covenant University (Latitude 6.671823°N, Longitude 3.158125°E) which is a private University
in Ota, Ogun State of Southwestern Nigeria. It provides outpatient and inpatient clinical services
to people within the academic community and its environs which extend to some parts of Lagos
Statealso in Southwestern Nigeria. The CUMC laboratory currently employs the use of the
microscopy method to test for the presence of malaria parasites in symptomatic and
asymptomatic patients.

Table 1: Summary data of the clinical presentation of malaria at CUMC

Malaria Data Occurrences Severe Malaria Mild Malaria

Malaria Morbidity

v v

Malaria Comorbidity

v v

Descriptive statistical analyses were carried out on the patients that presented with malaria
during the study period at CUMC. Specifically, frequency distribution, percentage distribution,
mean and correlation were the descriptive statistical methods employed in this study. The
aforementioned statistical methods were applied on the malaria data on the R programming
platform using the statistical libraries in R. Further, this study programmatically classified
malaria into severe and mild cases, based on factors shown in Table 2, using the acquired malaria
data from CUMC. The statistical analyses were useful to investigate the factors responsible for
malaria transmission dynamics. Moreover, the factors of interest in this study were age, gender
and travel history.Age was investigated statistically using mean and median whereas gender was
investigated using frequency and percentage distributions. Further, travel was investigated
graphically using the correlation method. This was explicitly achieved by examining the
association between malaria incidences and the academic activities on campus.
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Table 2: Factors for Classifying Malaria into Mild and Severe Cases [21, 22, 23, 24, 25]

Factors Severe Malaria Mild Malaria

Severe anaemia

X

Cerebral Malaria

Renal dysfunction

Hepatic dysfunction

Respiratory distress (Sepsis)

Circulatory collapse

Hyperemesis

Hyperpyrexia

Hyperlactatemia

Hypoglycemia

Hyperglycemia

Hyperparasitemia

ANANENENENENENENENANANAN
M| XXX XXX XX XX

3 Results and Discussion

Table 3 shows the statistical presentation of patient records at CUMC during the study period.
Results showed that 14% out of all the total outpatient visits presented with malaria during the
study period. This suggests that malaria is still very much endemic in Nigeria in line with recent
reports from WHO in 2020.Although, the study area in Nigeria is a low malaria transmission
zone based on the result. Table 4 shows the total malaria prevalence rate across different age
groups. The total malaria prevalence rate was the highest among the Undergraduate Students
whose age range are within fifteen to twenty-two (15 — 22). However, this is because the
Undergraduate Students have the highest population in Covenant University. Table 5 shows the
descriptive statistical presentation of severe and mild malaria. 10.72% out of those that presented
with malaria had the severe variant whereas 89.28% out of those that presented with malaria had
the mild variant. This suggests that 10.72% out of those that presented with malaria are at a
higher risk of death due to the severity of the malaria illness. This statistic further corroborates
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the report about the high risk of death due to severe malaria in Nigeria by the WHO in 2020.
Table 6 shows the severe malaria prevalence across different age groups. The prevalence of
severe malaria was highest among children under the age of five which is in line with reports
from the WHO in 2020. Table 7 shows the mild malaria prevalence across different age groups.

Table 3: Statistical Presentation of Patient Records at CUMC during the study period

Patient Records Frequency Distribution Percentage Distribution (%)
Outpatient Visits 49241 100
Malaria Cases 6779 14

Table 4: Total malaria prevalence across different age groups

Age Groups Malaria Prevalence Prevalence Percentage (%)
<5 1099 16.2
5-14 753 111
15-22 3376 49.8
>22 1551 22.9

Table 5: Statistical Presentation of Severe and Mild Malaria at CUMC

Malaria Types Number of cases Prevalence Percentage (%)

Severe 127 10.72

Mild 6052 89.28
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Table 6: Severe malaria prevalence across different age groups

Age Groups Malaria Prevalence Prevalence Percentage (%)
<5 284 39.0

5-14 136 18.7

15-22 177 24.3
>22 130 18.0

Table 7: Mild malaria prevalence across different age groups

Age Groups Malaria Prevalence Prevalence Percentage (%)
<5 815 13.5

5-14 617 10.2

15-22 3199 52.8

> 22 1421 235

Table 8 showed the total malaria cases to gender statistics. Table 9 showed the severe malaria
cases to gender statistics while Table 10 showed the mild malaria cases to gender statistics.From
the results, the male gender presented with the malaria disease than the female in both mild and
severe cases. Hence, this study identified the male gender to be at a higher risk to be infected
with malaria unlike the female gender. Findings from this study were similar to what was
reported in earlier works [26, 27, 28].

Table 8: Total Malaria Cases to Gender Statistics

Prevalence of malaria cases Gender Gender Percentage (%)

3914 Male 57.7

2865 Female 42.3
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Table 9: Severe Malaria Cases to Gender Statistics

Prevalence of severe malaria cases Gender Gender Percentage (%)
389 Male 53.51
338 Female 46.49

Table 10: Mild Malaria Cases to Gender Statistics

Frequency of mild malaria cases Gender Gender Percentage (%)
3525 Male 58.25
2527 Female 41.75

Table 11 showed the mean and median of the ages of the patients within the study period.
Results showed that the mean of the ages of those that presented with mild malaria was 29.48
whereas that of those that presented with severe malaria was 16.72. Results showed that the
median of the ages of those that presented with mild malaria was 32.32 whereas that of those that
presented with severe malaria was 1.68. The result of the median showed that most patients that
presented with malaria, were children which is in line with the WHO report of 2020. Also, the
mean and median of the ages of those that presented with severe and mild malaria were 23.10
and 22.0, respectively. The results about the mean and median of the ages of those that presented
with mild and severe malaria correspond with the ages of most students in the University which
are Undergraduates.

Table 11: Malaria Cases to Age Statistics

Malaria Cases Median of their AgesMean of their Ages

Mild MalariaCases 32.32 29.48
Severe Malaria Cases 1.68 16.72

All Malaria Cases 22.0 23.10

Figure 1 showed the malaria peak periods during the study period. The resumption of academic
activities on campus is an important factor responsible for high rate of travel into campus. From
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the results, there was evidence of malaria importation into campus during resumption which was
during the month of September in 2019. Those that imported malaria retransmitted the infection
which made the number of cases in the following months (October and November 2019) to be
higher. Similar scenario played out in the following year in the monthsof September, October
and November.Results from this study corroborated the findings which showed that there was a
positive correlation between malaria and travel [29].

1400

1200 -

800
B Malaria Frequency
600 -
400
200
0 1] 1] 1] . 1] 1] 1

September, October, November, September, October, November,
2019 2019 2018 2020 2020 2020

|

Figure 1: Malaria Peak Incidences at CUMC and the evidence of malaria importation as a
result of travel using the academic calendar data
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4  Conclusion

This work investigated the factors responsible for malaria transmission dynamics through a
private hospital case-study in Nigeria. It identified the male gender to be more vulnerable to
malaria than the female gender similar to some other studies. Severe malaria was more prevalent
in children under the age of five similar to reports from the WHO. Also, there was significant
evidence of malaria importation as a result of travel. This is evident as the malaria incidence
peaks occurred during periods where there were high rate of travel into the study area which was
similar to some other studies.

Hence, this study recommended that malaria control policy formulators should focus on the most
vulnerable group of individuals as identified in this study. Further, more efforts should be geared
towards curbing malaria importation as a result of human travel, by the different health
authorities across the globe such as the Nigeria Centre for Disease Control, Nigerian Institute of
Medical Research, Centre for Disease Control and Prevention, and the WHO..

This study is limited because it is a case study and there was no control study to validate its
outputs. Specifically, the significance of age as a factor can be investigated through a control
study where the hospital where the data will be acquired, will be located outside an academic
environment. This study did not investigate the effect of environmental conditions such as
rainfall, temperature, relative humidity and wind on malaria transmission dynamics in the study
area which is an open research question in further studies. The comorbidity rate of other
infectious diseases with malaria was not investigated in the study area which is also an open
research problem.

In line with this, this study only used descriptive statistical approach to investigate the factors
responsible for malaria transmission dynamics. Further studies could employ other
bioinformatics approaches such as inferential statistics, mathematical modelling and machine
learning approaches to further investigate the epidemiological factors responsible for malaria
transmission dynamics in the study area as enunciated in this work.
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