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 Abstract

Background: Malaria is a leading cause of death in sub-Sahara Africa including Nigeria. The oxidative stress 
associated with malaria infection may affect the plasma protective proteins and trace elements which par-
ticipate in the antioxidant defensive system. 

Aim: The aim of this study was to assess the Advanced Metallothionein Profile (AMP) of malaria infected 
children in Benin metropolis and determine its association with parasite density. 

Methods: This case-control study had a total of 350 children between 6 months and 11 years with two 
hundred malaria positive children as case and 150 malaria negative children as control. Socio-demographic 
data was obtained through a semi-structured questionnaire. Blood samples were taken from participants 
to determine malaria parasite density using thick film microscopy. Serum Metallothionein (MT), Gluta-
thione (GSH) and Ceruloplasmin (CP) were analyzed using Enzyme linked Immunosorbent assay (ELISA) 
techniques, while copper (Cu) and Zinc (Zn) levels were determined using Atomic Absorption spectro-
metry (AAS). The data were analyzed using appropriate statistical tools. 

Results: The mean values of metallothionein, ceruloplasmin, and glutathione were significantly higher 
(p<0.001) among malaria infected children compared with the control. Zinc was lower though not signifi-
cantly (p>0.05) but copper was significantly lower (p<0.05) in malaria infected children than control. The 
mean parasite density of the malaria infected children was parasites/µL of blood. Ceruloplasmin correla-
ted inversely (r=-0.15, p=0.04) with parasite density, while other parameters showed no association with 
parasite density. The odds of having elevated serum metallothionein 62.67 (95% C.I 30.89-127.15), ceru-
loplasmin 13.58 (95% C.I 7.84-23.21) and glutathione 2.37 (95% C.I 1.48-3.81) were higher in malaria in-
fected children than the control. The area under curve (AUC) shows that metallothionein (AUC=0.98±0.01, 
p<0.05), ceruloplasmin (AUC=0.91±0.02, p<0.05) and glutathione (AUC=0.76±0.03, p<0.05) maybe useful 
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Introduction

 Malaria is a serious disease which is endemic to sub-Saharan Africa. It is responsible for about half 
a million deaths annually in the region [1]. Children under the age of 5 years are the most vulnerable and 
account for about 67% of all the malaria deaths that occurred globally in 2019 [2]. The impact is such 
that in 2018, the child mortality rate in Nigeria stood at 25% [3]. The disease is transmitted by the bites 
of female Anopheles mosquitoes while attempting to take a blood meal from a human host to nurture 
their eggs. Febrile illness occurs when conditions are favourable such as observed in individuals who have 
low immunity against the pathogen such as children and pregnant women. The combined response of the 
host defensive system and the effect of the P. falciparum pathogen usually produce free radicals which are 
mostly Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) which can result in oxidative 
stress due to an imbalance between the free radicals and the plasma antioxidant defence system [4]. The 
host system responds to the infection by releasing pro-inflammatory mediators like Tumour Necrotic Fac-
tor (TNF) and cytokines (IL-6, IL-16, IL-18) which are responsible for symptoms such as fever, vomiting, 
diarrhoea, weakness of the joints and in severe cases anaemia, respiratory distress, and cerebral malaria 
[5]. Certain molecules within the immune system carry out protective functions. The sources of antioxidant 
defences involved in malaria infection are mainly: Host enzyme antioxidants, host non-enzymatic antioxi-
dants such as vitamins and Glutathione (GSH), non-enzymatic antioxidants from the host’s metal chelation 
system such as iron, Copper (Cu), Zinc (Zn), Ceruloplasmin (CP) and metallothionein-chelating proteins, 
and exogenous antioxidants from drugs and food [6]. 

 Not much work on the status of metallothionein in children has been done. Advanced 
Metallothionein Profile (AMP) measures not only Metallothionein (MT) but also Zinc (Zn), Copper (Cu), 
free copper, Ceruloplasmin (CP) and Glutathione (GSH) [7], which can be used to monitor the effectiveness 
of detoxification treatments and as a guide for modulating immune deficiencies. Moreover, the report on 
global and regional burden of disease on child mortality, has implicated zinc deficiency in 10% of malaria 
death [8,9]. AMP may be a useful guide for evaluation and modulation of immune status. A study of the AMP 
in children with malaria infection may be of great interest since metallothionein concentrations may be 
influenced by both exogenous and endogenous factors such as environment, diet, gender, age [10] including 
inflammatory conditions like malaria infection. Therefore, monitoring the ensuing immunopathology in 
malaria infected children to know the interplay between oxidative stress, inflammatory response, metal 
regulation, and the levels of immune parameters might enable healthcare professionals to know ways to 
intervene in the course of the disease. It is well established that early diagnosis allows for quick intervention 
that may improve survival rates/outcome. Therefore, the aim of this study was to determine the AMP being 
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antioxidant biomarkers in malaria infection. 

Conclusions: Data from this study indicate that marked changes occurred in the AMP of children with 
malaria infection and its inclusion in routine investigation may enhance management and reduce mortality 
due to malaria infection. 
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a measurable indicator of both antioxidants and immune status among subjects and its correlation with 
malaria infection severity among children with malaria infection.

Material and Methods

Study area/design

 A case control study with quantitative and qualitative data collection from the Military Hospital, 
Central Hospital and Stella Obasanjo Children and Women Hospital, Benin City, Edo State. Nigeria between 
December 2019, and April 2020. 

Clinical and anthropometric measurements 

 The Physical examination was done by the attending physicians while anthropometric measurements 
were done by qualified nurses using standard scales for the height and weight measurements. Other areas 
of special interest that were considered are body temperature, history of any underlying ailment, current 
medication regimen, socioeconomic status of parents or guardians and the parents’ general knowledge 
of malaria preventive measures which were obtained by questionnaire answered by the child’s parent or 
custodian.

Study Population

 A total of 350 subjects attending Outpatient Department of the various clinics within Benin 
metropolis were consecutively recruited for this study. The age range of the participants was between 6 
months and 11 years. They were 184 males and 166 females. After evaluation, those tested positive for 
malaria by thick blood film microscopy were used as cases with mean age 6.51±0.22 years. Children with 
mean age 6.0±0.25 who visited the hospitals for pre-school medical check that tested negative for malaria 
were used as controls. Sample size (n) was determined using the Fischer formula [11].

n=Z²P (1-P)/I² 

Where:

 n = minimum sample size

Z = Standard normal deviate that corresponds to 95% confidence limit (1.96)

I = alpha level of significance (5%)

P = Prevalence

Inclusion and exclusion criteria

 Children with clinical signs/symptoms for malaria between 6 months and 11 years who tested 
positive to malaria by microscopy and have not used anti-malaria drugs in the past 1-2 weeks. Aged matched 
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asymptomatic healthy children that were on routine medical screening who, tested negative for malaria 
were used as controls. Children that were malnourished, known history of sickle cell anaemia, HIV positive 
or any other ailment or disease which may contribute to the oxidative stress level of the participating 
subjects were excluded from the study. Also, those on anti-malaria drugs were excluded.

Ethical consideration

 Ethical approval was obtained from the Ethics and Research Committee, Ministry of Health, Edo 
State with Reference number HA-737/28 dated 27th November 2019. Informed consent was given by the 
parents or guardians of study participants and the socio-demographic and medical history were obtained 
from the medical records or from the parents/guardians using questionnaire.

Sample collection/analysis

 Blood samples (5 mL) were collected from the subjects and dispensed into plain containers. Blood 
samples were allowed to clot and after clot retraction, they were centrifuged at 3000 rpm for 10 min and 
sera were separated and aliquoted into properly labelled tubes and stored at -20˚C prior to analysis of 
metallothionein, ceruloplasmin, glutathione, zinc, and copper. Thick blood films were made immediately 
after the collection of blood on clean slides, allowed to dry, and stained with 10% Giemsa of pH 7.0 for 
15 min. Slides were read microscopically with x100 objective (oil immersion). Parasite density per micro 
litre of blood was estimated from the thick film by assuming the number of white blood cell (WBC) per 
microliter of blood as 8,000 and expressed as follows:

 

 Where N = number of asexual parasitic forms present in as many microscopic fields as possible to 
count 200 leucocytes.

 Parasitaemia was quantified per 200 WBC; where less than 100 parasites were counted, 500 WBC 
was used to calculate parasitaemia. A slide was declared negative after about 100 high power field (HPF) 
were examined without malaria parasite detected.

Sample analysis for MT, CP GSH, Cu, and Zn

 Metallothionein, Ceruloplasmin and Glutathione were measured using ELISA techniques, while 
copper and zinc were analysed using Atomic Absorption Spectrophotometer (AAS).

Principle for ELISA technique

 This assay is based on the sandwich ELISA principle where each well of the supplied microtiter 
plate has been pre-coated with a target specific capture antibody. Standards or samples are added to the 
wells and the target antigen binds to the capture antibody. Unbound Standard or sample is washed away. 
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An avidin-Horseradish Peroxidase (HRP) conjugate is then added which binds specifically to the assayed 
antigen. Unbound avidin-HRP conjugate  is  washed  away.  A  Tetramethyl  benzidine (TMB) substrate is 
then added which reacts with the HRP enzyme resulting in color development. A sulfuric acid stop solution 
is added to terminate  color  development   reaction and then the  Optical  Density (OD) of the well is 
measured at a  wavelength of  450 nm ± 2 nm. An OD standard curve is generated using known antigen 
concentrations; the OD of an unknown sample can then be compared to the standard curve in order to 
determine its antigen concentration.

Principle of atomic absorption spectrometry

 Atomic absorption spectrometry is based on the principle that free atoms in an atomizer can absorb 
radiation at specific wavelength or frequency. Radiation from a hollow cathode lamp (in which the cathode 
is made from the element of interest) is modulated and passed through a flame into which is sprayed the 
solution for analysis. The radiation then passes to a monochromator where the particular resonance line 
required is isolated, and any absorption due to the atomic vapor in the flame is measured by means of 
photomultiplier. The photocurrent is amplified, demodulated and fed either directly to a meter or to a 
Logarithmic Converter. The calibration curve obtained by plotting the response or absorbance of an analyte 
against concentration helps to determine the concentration of analyte in an unknown sample and by 
comparing the unknown to a set of standard samples of known concentration. The correlation coefficients 
of the standards prepared were between 0.95 and 0.999.

 The measurement was taken two times and the average was calculated. Standard solutions were 
prepared in each case before metal concentrations were determined and were used to eliminate sample 
standard matrix indifferences. They were also used to calibrate the AAS instrument for all the analytes and 
also to prepare their calibration curves. The Multi element standards manufactured by Sigma Aldrich were 
used to prepare the standard of various concentrations.

Data analysis

 The SPSS (Statistical package for social sciences) software version 26.0 and Jimovi version 2.3.1 
was used for statistical analysis. Values obtained are expressed as mean ± standard deviation and were 
compared using the student t-test and Analysis of Variance (ANOVA). Pearson correlation coefficient was 
used to correlate the various parameters with parasite density. Receiver Operating Characteristic (ROC) 
was used to determine the diagnostic capability of the assayed parameters. The level of significance used 
was set at P<0.05.

Result

 Table 1: Shows the socio-demographic characteristics of the study population. The mean age of 
the test subjects is 6.51±0.22 years and that of the controls is 6.00±0.23 years. Ninety-six (64.0%) of 
the controls are males, while 44.0% of the test subjects are males with significant statistical difference 
(X2=13.751, p<0.001) between gender in the test and controls. Some 33.3% of the controls are between 



Vol 9: Issue 35: 2131

Page 6

0-4 years, 53.4% are 5-9 years and 13.3% are 10-11 years old of age. Again 30.0% of the test subjects 
are between 0-4 years, 49.0% are 5-9 years and 21% are 10-11 years of age with no significant statistical 
difference (X² =3.093, p=0.213) in age between the groups. Also, among the controls, 26.7% of the parents/ 
guardians are civil servant, 65.3% are into business, 8.0% are unemployed while among subjects, 31.0% 
are civil servants, 68.0% are into business and 1.0% are unemployed with significant statistical difference 
(X2=11.143, p=0.004) in occupation among study group. Also, 70.0% of the control subjects use malaria 
preventive measures, 30.0% do not take malaria preventive measures, while 59.5% of the test subjects 
take malaria preventive measures and 40.5% do not take malaria preventive measures with significant 
statistical difference (X2=4.012, p=0.043) among them as shown on Table 1.

Table 2: Shows the comparison of the mean values of measured parameters between malaria infected and 
control group. The mean values of metallothionein, ceruloplasmin, and glutathione were significantly higher 
(p<0.001) among children infected with malaria parasite than non-malaria infected control subjects. While 
zinc (p>0.05) and copper (p<0.004) in malaria infected children were lower than non-malaria infected 
control subjects. Similarly, the mean MT/GSH, MT/Zn and CP/Cu were significantly higher (p<0.001) while 
Cu/Zn ratio was lower (p<0.003) among malaria infected children than controls. Obviously, the mean 
parasite density of the malaria infected children was 716.75±61.14 cells/µl of blood.

Table 3: Shows the correlation between measured parameters and malaria parasite density. It showed 
that only ceruloplasmin (CP) showed a weak inverse correlation (r=-0.15, p=0.04) with malaria parasite 
density as there is no significant correlation between the other parameters and malaria parasite density in 
this study.

Table 4: Shows the levels of abnormal profile and the odd risk in subjects and controls. The odd of having 
elevated serum metallothionein 62.67 (95% C.I 30.89-127.15), ceruloplasmin 13.58 (95% C.I 7.84-23.21) 
and glutathione 2.37 (95% C.I 1.48-3.81) levels in malaria infected children were statistically significant 
(p<0.001) compared to the controls. In other words, the children with malaria infection are sixty-three 
times more likely to have elevated MT than those without malaria; they are thirteen times more likely 
to have elevated CP than those without malaria and twice more likely to have abnormal GSH than those 
without malaria.

Table 5 and figure 4.1: Show the Area under Curve (AUC) and the potential of measured parameters as 
antioxidant biomarkers in malaria infection. The area under curve of each of the parameters is as follows: 
metallothionein (AUC=0.98±0.01, p<0.05), ceruloplasmin (AUC=0.91±0.02, p<0.05) and glutathione 
(AUC=0.76±0.03, p<0.05), copper (AUC=0.41±0.03, p<0.05) and Zinc (AUC=0.54±0.03, p>0.05). All 
the parameters except Cu and Zn gave acceptable fit (AUC>0.7). The performance is in the order: 
MT>CP>GSH>Zn>Cu. All the AUC were statistically significant except Zn.
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Measured serum parameter Malaria infected.
n=200 (Mean ± S.E)

Non-Malaria infected.
n=150 (Mean± S.E)    t- value p-value

Metallothionein (pg/ml)  (20-41.2) 118±4.54 30.6±0.87 16.51 <0.001

Ceruloplasmin(pg/ml)  (14.2-74.7) 98.2±1.93 44.7±2.45 17.39 <0.001

Glutathione (pg/ml)) (32.4-98.5) 97.7±3.66 65.8±2.75 6.56 <0.001

Zinc (mg/l) (0.64-1.24) 1.15±0.06 1.23±0.11 -0.68 0.49

Copper (mg/l) (0.75-1.53) 1.33±0.03 1.49±0.05 -2.89 0.004

Cu/Zn ratio 1.3±0.05 1.47±0.07 -2.96 0.003

MT/GSH ratio 1.37±0.09 0.54±0.04 10.95 <0.001

MT/Zn ratio 116.1±7.1 31.84±1.8 14.34 <0.001

CP/Cu ratio 81.5±3.6 31.82±2.6 -14.8 <0.001

Parasite density (cells/µl of blood) 716.75±61.14 0.000±0.00 - -

Table 1: Socio-demographic characteristics of the study population.

Table 2: Comparison of mean levels of measured parameters and their ratio in malaria infected non-malaria 
infected children (control).

Parameters Controls (%) n=150 Subjects (%) n=200 X2(p-value)

Gender Male 96(64.0) 88(44.0)
13.751(0.001)

Female 54(36.0) 112(56.0)

Mean age of the children 6.00±0.23 6.51±0.22 0.112

Age group of the children 0-4 years 50(33.3) 60(30.0)
3.093(0.213)5-9 years 80(53.4) 98(49.0)

10-11 years 20(13.3) 42(21.0)

Occupation of the parents Civil Servant
40(26.7) 62(31.0)

11.143(0.004)Business 98(65.3) 136(68.0)

Unemployed 12(8.0) 2(1.0)

Parents education level Primary 22(14.7) 18(9.0)

6.331(0.097)
 Secondary 54(36.0) 65(32.5)

 Tertiary 64(42.7) 109(54.5)

 None 10(6.7) 8(4.0)

Prevention measures Yes 105(70.0) 119(59.5)
4.102 (0.043)

No 45(30.0) 81(40.5)

p<0.05: Statistically Significant; p>0.05: Not statistically significant X² : Chi Square; n: Sample Size.
N: Sample Size; P<0.05: Statistically significant; p>0.05: Not statistically significant; MT: Metallothionein; CP:  Ceruloplasmin; 
GSH: Reduced glutathione; Zn: Zinc; Cu: Copper
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Table 3: Association between mea-
sured variables and parasite density 

among malaria infected children.

Correlation 
parameters

       r-value       p-value

MT

Parasite
density

0.03 0.72

CP -0.15 0.04*

GSH 0.05 0.52

Cu -0.01 0.89

Zn 0.03 0.73

MT/GSH -0.09 0.18

MT/Zn 0.005 0.95

CP/Cu 0.04 0.56

Cu/Zn -0.09 0.19

*Correlation is significant at p<0.05; MT: 
Metallothionein, CP: Ceruwloplasmin; GSH: 
Reduced glutathione; Zn: Zinc, Cu:Copper.

Table 4: The unadjusted Odd ratio (95% C.I) of normal and abnormal levels 
of measured parameters among malaria infected children and controls.

 Subjects Control OR (95% C.I) χ2 p

MT

Normal 12(6.0) 120(80.0) 62.67(30.89-127.15) 199.812 <0.001

Abnormal 188(94.0) 30(20.0)

CP

Normal 22(11.0) 94(62.7) 13.58(7.84-23.21)                   103.3 <0.001

Abnormal 178(89.0) 56(37.3)

GSH

Normal 118(59.0) 116(77.3) 2.37(1.48-3.81) 13.002 <0.001

Abnormal 82(41.0) 34(22.7)

Cu

Normal 130(65.0) 94(62.7) 1.11(0.71-1.72) 0.203 0.653

Abnormal 70(35.0) 56(37.3)

Zn

Normal 150(75.0) 106(70.7) 0.80(0.50-1.29) 0.819 0.365

Abnormal 50(25.0) 44(29.3)

Note: Abnormal consists of any value outside reference range. 
OR: Odd Ratio; MT: Metallothionein; CP: Ceruloplasmin; GSH: Reduced Glutathione; Zn: 
Zinc; Cu: Copper; CI:  Confidence Interval; χ2: Chi Square; p<0.05: Statistically Significant; 
p>0.05: Not statistically significant.

Table 5: Potential of measured parameters as antioxidant biomarker in malaria in-
fection using receiver operating characteristics and Area under the curve (AUC).

Parameter AUC SE 95%CI Significance

Metallothionein (pg/ml) 0.98 0.01 0.97-0.99 <0.001

Ceruloplasmin (pg/ml) 0.91 0.02 0.87-0.94 <0.001

Glutathione (pg/ml) 0.76 0.03 0.71-0.81 <0.001

Zinc(mg/l) 0.54 0.03 0.40-0.53 0.174

Copper (mg/l) 0.41 0.03 0.39-0.53 0.006

Auc: Area Under The Curve; Se: Standard Error; Ci: Confidence Interval; 
P<0.05: Statistically Significant, P>0.05: Not Statistically Significant.

Figure 1: Receiver Operating Characteristics (ROC) of measured parame-
ters among malaria infected children. 
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Discussion

 Metallothionein level of children with malaria infection may be different from those without malaria 
infection due to oxidative stress associated with the physiopathology of malaria infection. Data from this 
study indicated that MT concentration was significantly higher (p<0.001) in malaria infected children than 
non-malaria infected subjects but had no correlation with the parasite density. Ruttkay-Nedecky et al. [12] 
opined that MT has the capacity to scavenge hydroxyl radical produced in malaria infection by quickly cap-
turing the -SH group to terminate their oxidative damage property. Recently, MTs have increasingly been 
recognized as a vital component of the immune system, but rarely assayed routinely and the significantly 
higher levels of serum metallothionein observed in this study seem to support its antioxidant functions.

 Ceruloplasmin (CP) levels of malaria infected children in this study was observed to be significantly 
higher (p<0.001) than the control group and correlated inversely (r=-0.15; p=0.04) with parasite density. 
This finding aligned with the previous study [13], a significantly higher CP level (p<0.001) in adult patients 
with P.falciparum infection was reported when compared with healthy individuals. The rupturing of blood 
cells by the malaria parasite causes the release of its iron contents which in its ferrous state is harmful to 
the body [14]. Ceruloplasmin through its ferroxidase activity detoxifies them from the system by binding to 
the free ferrous iron in circulation to get rid of them. Therefore, the high concentrations of CP seen in the 
malaria infected children in this study may not be unusual as they try to mop up excess free iron in circula-
tion.

 Glutathione (GSH) levels in malaria infected children was significantly higher (p<0.001) than those 
of the non-malaria infected children but had no correlation with parasite density. GSH is hydrophilic which 
enables it to permeate easily almost all cell types and would be readily available in any oxidative stress 
conditions as found in malaria infection. In Katsina northwestern. Nigeria, glutathione was reported to 
be significantly lower among children of the same age group who were infected with P. falciparum [15]. 
Malaria parasites are known to possess powerful and host-independent mechanisms which spontaneously 
synthesize or regenerate reduced glutathione (GSH) from oxidized glutathione (GSSG) to protect the para-
sites from oxidative damage particularly at the trophozoite stage in human erythrocytes [16]. The oxidized 
glutathione (GSSG) produced from the intact infected cell is said to be more than 60-fold higher than the 
rate observed in normal erythrocytes, and part of the GSSG that is expelled from the parasite is reduced to 
GSH in the host cell [17], which in addition to the pool of glutathione in the system may be responsible for 
the high levels seen in this study.

 Some studies have shown that plasma concentrations of micronutrients are altered during acute in-
fections or inflammatory stress, but the direction and level of change may be conflicting. In this study, it was 
observed that the serum zinc level in malaria infected children was not significantly different when com-
pared to the non-malaria infected children and had no correlation with parasite density. Some authors have 
shown that malaria infection may reduce the availability of micronutrients by inducing loss of appetite with 
associated decreased intake of nutrients [18,19]. The infection may also result in a state of malabsorption 
or alter the body’s metabolism and increase demand for nutrients [20] which may be responsible for the 
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low values observed in this study.

 Similarly in this study, serum copper levels in malaria infected children were significantly lower 
(p=0.004) than the non-malaria infected children and had no correlation with parasite density. Otitoju [21], 
reported that children with acute malaria infection are reported to have very low plasma copper concentra-
tion which is inversely related to the C-reactive acute phase proteins which may not be unconnected to its 
functions as copper stimulates the immune system to fight infection, repair injured tissues, and promote 
healing [22]. Bjorkland [23], stated that increased expression of metallothionein in the liver due to host 
cytokine release in malaria infection, leads to poor mobilization of micronutrients from the liver to other 
organs hence their low concentrations in blood was observed in this study.

Conclusion

 Advanced Metallothionein Profile (AMP) levels of children with malaria parasite are altered by the 
infection, and therefore different from those without the infection. Metallothionein, Ceruloplasmin (CP) 
and Glutathione (GSH) were observed to be significantly higher (p<0.001) in children with malaria infection 
compared to their control group. Zinc and Copper were observed to be low with copper being significantly 
lower (p=0.004) in the malaria infected subjects than the control group. There was no correlation between 
the parameters and parasite density except ceruloplasmin which showed a weak significant inverse asso-
ciation. MT, CP and GSH possess the ability to be used as antioxidant biomarkers for malaria infection as the 
area under the receiver operating characteristics curve (AUC) for each was greater than 0.7. Also, the odds 
of having elevated values of these parameters were higher in the malaria infected subjects than the control 
group. If we must stem the tide of malaria mortality in children, strategies that are directed towards early 
and accurate diagnosis of malaria infection in endemic areas should adopted. This study reveals that we 
can leverage on obvious and specific changes within the immune system which can serve as early warning 
signs in predicting dangerous outcomes during malaria infection especially in children. Advanced metal-
lothionein profile can be added as a routine investigation to assess the immune and antioxidant status of 
children with malaria infection.
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