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ARTICLE INFO ABSTRACT

Article History This study investigated hepatic dysfunctions in children courtesy of
Received: 22/4/2025 malaria infection. Liver function parameters of the infected and non-infected
Accepted: 21/7/2025  individuals were determined and compared. Serum alanine transaminase
Available:25/7/2025 (ALT) and aspartate transaminase (AST) were determined by the method
described by Reitman and Frankel. Biuret method was used to estimate the

Keywords: serum total protein (TP) and Bromocresol green method was used to estimate
Malaria, the serum albumin (ALB). The concentrations of both AST and ALT of the
Plasmodium, test subjects were significantly higher (p<0.05) when compared with the
Plasmodium control groups. There were also some differences between the concentrations

falciparum, liver of both AST and ALT of female and male patients. The results of the study
function parameters, further show that children between the ages of 0-5 years were more impacted
Africa. and children compared to those at the ages .of 6-12 years. There were low levels.of total
’ " protein and albumin in the infected children compared to non-infected
children. The study reveals that malaria parasites were shown to make some
damages to the liver cells of the infected individuals by increasing the plasma
concentrations of ALT and AST and decreasing the hepatic synthesis of
proteins and albumin. Findings of this study may be used to make effective
intervention and elimination against malaria parasites especially in children

living in malaria endemic regions.

INTRODUCTION

Malaria is a disease affecting almost all African and some Asian countries. Malaria
1s very common in tropical areas of Asia, Central and South America, killing millions of people
(De Castro et al., 2004; Bomblies et al., 2008; Cohen et al., 2009). Malaria is a disease caused
by female Anopheles mosquitoes, killing millions of people worldwide. However, the majority
of people dying from malaria are sub-Saharan Africans, especially children under five years,
with Plasmodium falciparum being the deadliest and most common in Africa (Snow et al.,
2017; WHO, 2023). Each year, millions of people contract malaria leading to estimated deaths
of 1 to 2.7 million people (Gallup and Sachs, 2001). Around 90% of people dying from this
estimated figure are sub-Sahara Africans, mostly children under five years (Sherman, 1998;
Philip, 2011). For instance, in 2019, globally, around 229 million people were infected with
malaria with over 409,000 deaths. However, children under the age of 5 years were the most
vulnerable group from these deaths (WHO, 2021). Malaria is caused by a protozoon, called
Plasmodium.
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Plasmodium  species  comprises
Plasmodium falciparum, Plasmodium vivax,
Plasmodium ovale, Plasmodium malariae
and Plasmodium knowlesi (Walker et al.,
2017). Among these species, P. falciparum is
the most lethal and common among African
patients. As parasites of malaria are found in
red blood cells, the disease can also be
transmitted when a contaminated blood is
donated to another person, the sharing of used
needles or syringes, or through organ
transplant (Kileen et al., 2006). The release of
malaria parasite materials into the host leads
to triggering of host’s responses thereby
causing various clinical symptoms such as
fever, back pain, chills, and headache
(Dondorp et al., 2009).

Due to its increasing morbidity and
mortality rates, and challenges of antimalarial
resistance in most developing countries,
malaria remains a public health concern (Jain
et al., 2016). Malaria infection has been
reported to have multi-organ complications
(Dondorp et al., 2004). Although reported to
have multi-organ complications, liver is the
major affected organ during malaria parasite
invasion. The infection can lead to
compromised hepatic functions through the
effects of malaria parasites on synthesis of
some important biochemical compounds
produced by the liver. Malaria parasites can
also cause Kupffer cell hyperplasia, hemozoin
loading, and  monocytic infiltration
(McCarthy et al., 2017). Even though some
abnormalities in liver function parameters as
aresult of malaria parasites invasion had been
investigated, to the best of our knowledge, no
study was performed on the impact of malaria
parasites on important parameters such as
alanine transaminase (ALT), and aspartate
transaminase (AST), total protein, and
albumin on the liver of malaria infected
children. This study is therefore aimed at
investigating the hepatic dysfunction in
malaria-infected children in Sub-Saharan
Africa.

MATERIALS AND METHODS
1-Study Design/Study Site:

The study was carried out in Federal

Medical Centre Gusau. The Medical Centre is
located in Gusau, headquarters of Zamfara
state, Northwestern Nigeria. Gusau has three
(3) seasons, dry, wet (rain), and harmattan.
The dry season is partially cloudy and hot
throughout, while the wet (rain) is cloudy and
rainy. The dry season starts from February to
May; the rain season starts from June to
October. The harmattan season starts from
November to January. Gusau has an area of
3,364 km (2,090 mi)* and a population of
383,162 as of the 2006 census, with
temperatures ranging from 30°C to 34°C.
The study was carried out between May and
December, 2024. Two hundred (0-12)
children were considered in this study. The
hospital is visited by almost everyone
regardless of their identity. The second phase
of the study, testing of liver marker enzymes
was done at Biochemistry Laboratory,
Federal University Gusau, Zamfara State.
2-Blood Sample Collection and Malaria
Parasite Screening:

At federal medical centre Gusau, left
over blood samples of two (2) groups of
people (0-5 and 6-12 years) were collected;
fifty (50) female and fifty (50) male patients
tested positive for malaria. A total of 100
hundred individuals were used for control
subjects. The collected samples were
analyzed for malaria parasites at hematology
laboratory of the health center by a
technologist after which the samples were
obtained for the analyses.
3-Laboratory Analyses:

3.1 Liver Function Test:

Samples for liver function test were
obtained from EDTA anti coagulated blood
after centrifugation for 3 minutes at 1000
revolution per minute. The plasma was
transferred into clean plain tubes. The
samples were frozen at-20 C and batches were
run weekly. The analysis was performed
using Selectra Pro S Chemistry (ELITech
Group Company, Germany). Samples were
thawed and placed in paediatric cups. Results
displayed on the monitor of this equipment
included: ALT, AST, total protein (TP), and
albumin (ALB).
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RESULTS

3.1 Demographic characteristics of the
participating subjects

Table 1 below shows the demographic
characteristics of the participating subjects.
Volunteers were both males and females. A
total of 100 hundred individuals were used for
control subjects. This comprises fifty (50)

healthy male volunteers and fifty (50) healthy
female volunteers. The infected subjects were
also fifty (50) males and fifty (50) females.
With regards to the ages of the participants,
50 were between 0-5 years and 50 were
between 6-12 years in the control groups.
Also, 50 were between 0-5 years and 50 were
between 6-12 years in the infected group.

Table 1: The Demographic characteristics of the participating subjects.

Features |

Number

Total number of test groups

Female patients

50

Male patients

50

Total number of control groups

Female patients

50

Male patients

50

Age ranges

0-5 years

50

6-12 years

50

Table showing number of participating individuals: 50 female patients; 50 male patients; 50 male controls; and

50 female controls; age range: 0-5 and 6-12 years old.

3.2 Liver Enzymes and Protein Levels of
Infected Female Children:

The liver enzymes of the infected
female subjects showed some levels of
derangement from the control group.
Generally, the values of biochemical
parameters such as AST and ALT were
significantly increased (p < 0.05) among the

children infected with malaria compared with
the control (Table 2). However, the levels of
Albumin (ALB) and total protein (TP) were
significantly decreased (p > 0.05) in malaria
infected children than values recorded in
control, all these observations were made in
the female children’s participants.

Table 2: Liver enzymes and proteins levels of infected female children.

Subjects AST (U/L) ALT (U/L) ALB (g/L) TP (g/L)
Control Females | 8.50+0.4772 | 6.00+0.894* | 29.53+2.46% 75.256+2.131*
No=50
Infected Females | 14.36+1.39® | 10.71+0.801° | 16.920+1.718" | 50.63+£1.473"
No=50

Values are mean+SEM. Values with different superscripts down the columns are significantly different at
(p<0.05). AST-Aspartateaminotransferase, ALT-Alanineaminotransferase, ALB-Albumin, TP-Total Protein.

3.3 Liver Enzymes and Protein Levels of
Infected Male Children:

The liver enzymes of the infected
male subjects displayed some degree of
disparity compared with the control groups.
The biochemical indices, AST and ALT were
significantly raised (p < 0.05) in the male

children infected with malaria when
compared with normal group (Table 3).
Meanwhile, the values of ALB and TP were
significantly decreased in male children
infected with malaria. The results of both test
subjects and control groups of all the
parameters are shown in the table below.
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Table 3: The liver enzymes and proteins levels of infected male children

Subjects AST (IU/L) | ALT(U/L) | ALB (g/L) TP (g/L)
Control Males | 8.50+1.716* | 8.40+0.933* | 39.40+2.062 75.95+3.53°
No=50
Infected Males | 15.564+1.200° | 11.56£1.010° | 18.27 + 1.082° | 52.53+1.42
No=50

Values are mean+SEM. Values with different superscripts down the columns are significantly different at
(p<0.05). AST-Aspartateaminotransferase, ALT-Alanineaminotransferase, ALB-Albumin, TP-Total Protein.

3.4 Liver Enzymes and Protein Levels of
Infected Children Aggregated by Age:

The liver enzymes of the infected
subjects of both age groups showed some
derangements from the control groups. There
were significant differences in liver enzymes
of AST and ALT in the infected subjects of

both groups of 0-5 years and 6-12 year-
participants compared to the control groups
(Table 4). For other parameters of albumin
and total protein, there is a wide difference
between the control groups and the test
subjects (Table 4).

Table 4: Liver enzymes and protein levels of infected children aggregated by age.
Subject | AST (IU/L) | ALT (IU/L) | ALB (g/L) TP (g/L)

Control 9.70+£0.6202 5.60+0.535* 34.45+1.93* | 75.601+2.00°
(No=100)

0-Syears 17.40+1.189° | 13.80+1.21° 17.44+1.29° | 51.98+1.31°
(No=50)

6-12years 16.92+1.406° | 12.67+1.04° 18.075+1.56" | 51.22+1.70°
(No=50)

Values are mean+SEM. Values with different superscripts down the columns are significantly different at
(p<0.05). AST-Aspartateaminotransferase, ALT-Alanineaminotransferase, ALB-Albumin, TP-Total Protein.

3.5 Liver Enzymes and Protein Levels of
Infected Children Aggregated by Sex:

The liver enzymes of the infected
subjects of both male and female groups
showed some derangements from the control
group. There were significant differences in

liver enzymes of AST and ALT in the infected
subjects of male and female compared to the
control groups (Table 5). The same is true in
other parameters of albumin and total protein,
where there is a wide difference between the
control group and the test subjects (Table 5).

Table S: Liver enzymes and protein levels of infected children aggregated by sex.

Subjects AST (IU/L) | ALT (IU/L) ALB (g/L) TP (g/L)
Control Females | 8.50+0.4772 | 6.00+0.894* | 29.53+2.462 75.256+2.131°
No=50
Infected Females | 14.36+1.39° | 10.71+0.801° | 16.920+1.718" | 50.63+1.473
No=50
Control Males 8.50+1.716* | 8.40+0.933* |39.40+2.062 75.95+3.53°
No=50
Infected Males 15.56+1.200° | 11.56+1.010° | 18.27 + 1.082" | 52.53+1.42°
No=50

Values are mean+SEM. Values with different superscripts down the columns are significantly different at
(p<0.05). AST-Aspartateaminotransferase, ALT-Alanineaminotransferase, ALB-Albumin, TP-Total Protein.
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DISCUSSION

Malaria is a disease affecting many
developing countries including sub-Sahara
African countries, killing hundreds of
millions of people especially small children,
although caused by many species of
Plasmodium (Walker et. al., 2017), the most
lethal and prominent in Africa is Plasmodium
falciparum. In humans, invasion of malaria
parasites leads to compromised hepatic
functions (Anand and Puri, 2005). Therefore,
assessment of hepatic functions especially
during severe malarial attacks can play an
important role in effective intervention and
elimination of malaria infection. In this study,
the activities of important liver enzymes such
as AST and ALT as well as total protein and
albumin among patients with malaria and
those without malaria were assessed. The
results of the study indicated that the
concentrations of both aspartate transaminase
(AST) and alanine transaminase (ALT) were
significantly higher (p<0.05) when compared
with the control groups (Tables 2 and 3) with
some slight differences in the concentrations
of both AST and ALT between female and
male patients.

Differences in the concentrations of
AST and ALT of the test subjects and the
control groups might be connected to the
increased leakages of these liver marker
enzymes into the systemic circulation as a
result of the damage caused by malaria
parasites. Malaria parasites are reported to
cause increase in these liver marker enzymes
depending on the density of the parasites in
the blood (Elnoman ef al., 2012). Invasion of
hepatocytes by the malaria parasites can lead
to sinusoidal blockage, organ congestion, and
cellular inflammation which in turn caused
the leakage of AST, alkaline phosphatase, and
ALT (Burtis et al., 2001; Jarike et al., 2002).
From our findings, both AST and ALT of the
infected individuals were found to be higher
compared to non-infected individuals. This
finding agrees with other studies carried out
by Enemchukwu et al, (2014) and [19]
Mieebi et al, (2020). In both studies,
increased levels of ALT and AST in patients

with untreated malaria parasites reported by
Mosab et al., (2008) and Guthrow et al.,
(2007) also corroborated these findings.

Also, the results of the study show
that children between the ages of 0-5 years
were more impacted compared to those at the
ages of 6-12 years (Table 4). The issue of age-
specific immunity against malaria in malaria
endemic regions has been previously reported
(Zuk and McKean, 1996; Klein, 2004;
Roberts et al, 2001). Vulnerability of
children under 0-5 years compared to those at
the ages of 6-12 years may be connected to
their low level of immunity against pathogens
especially in malaria endemic regions. The
results of the study also show that male
patients were more impacted than their female
counterparts (Table 5). Generally, biological
sex has been reported to have an effect on
responses against pathogens (Fish, 2008;
Nhamoyebonde and Leslie, 2014; Bernin and
Lotter, 2014; Fischer et al, 2015). Higher
occurrence of malaria in male patients
compared to female patients had been
reported by (Camargo et al., 1996, Abdalla et
al., 2007; Mulu et al., 2013). According to the
authors, the difference may be due to
difference in the exposure between males and
females. Our findings also correlate with
Briggs e. al, (2020), who also reported a
higher prevalence of malaria in males
compared to females. According to the
authors, the difference was not as a result of
lower rates of infections in females, but rather
as aresult of faster clearance of asymptomatic
infections.

Many important blood plasma
proteins such as albumin are synthesized by
the liver. Albumin among many other
functions plays a role in transporting
vitamins, drugs, and steroid hormones, as
well as tissue growth and healing. Lower than
normal levels of albumin and total protein
required by the body may signal damage
caused to the liver (AFP, 2005). Our study
shows low levels of total protein and albumin
in the infected children compared to non-
infected children. The concentrations of total
protein and albumin were significantly lower
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in the infected subjects (p<0.05) when
compared with those of the control groups
(Tables 2 and 3). This finding is corroborated
by Kayode et al., 2011; Ebrahim et al., 2019;
Balogun et al., 2021, who reported a decrease
albumin levels in malaria patients. Decrease
in albumin levels and total proteins in our
study may indicate damage to the liver as the
blood level of albumin is an indication of liver
functions and is ultimately used to assess the
degree of severity of many health conditions
such as renal diseases (Friedman and Fadem,
2010; Wiedermann et al, 2017) and
cardiovascular disease (Chien et al, 2017,
Arques, 2020). Therefore, liver being the site
of malaria parasite multiplication could have
its functions for the synthesis of total albumin
and other proteins hampered as such the
relationship between malaria and albumin.
CONCLUSION

In this study, malaria infection in
children was shown to disrupt liver cells
thereby increasing the plasma concentrations
of ALT and AST. However, the hepatic
synthesis of proteins and albumin was
reduced, indicating some levels of damage to
the liver, courtesy of malaria parasites. The
severity of both cases is higher in male
patients compared to female patients and
more pronounced in children under the ages
of 0-5 years compared to those at the ages of
6-12 years. Hence, this study provides
information about the effects of malaria on
liver parameters as this will help to
differentiate the characteristics pattern of
complications from that of viral hepatitis as
well as providing effective intervention and
elimination of malaria infection especially in
children living in malaria endemic areas.
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