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[1]. In Nigeria, statistics show that malaria accounts for 25% of under five mortality, 30 % of childhood
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morbidity from malaria [3,4]. Zinc (Zn) and copper (Cu) are involved in numerous aspects of cellular

metabolism [5]. They are required for the catalytic function of several enzymes, play essential roles in

immune function, and act as antioxidants [6,7]. Zn also plays a role in wound healing [7], protein

synthesis, DNA synthesis and cell division [8]. It supports normal growth in childhood [9]. Maintaining

a proper balance of copper and zinc is important as excess Zn impairs Cu absorption [10]. The ratio of

Cu to Zn is clinically more important than the concentration of either of them [11]. Copper is essential

also for maintaining the strength of the skin, blood vessels, epithelial and connective tissues. It plays a

role in production of haemoglobin, myelin, and melanin [10].,
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interactions. Zn is required for each step of cell cycle in microorganisms [12]. Cu is an essential

component of cuprozinc superoxide dismutase; an enzyme in the erythrocytes essential for host

defense as well as parasite growth [13]. ,
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clusters [14] and possibly zinc and copper, this may lead to deficiency of these nutrients in the host.
Zn and Cu deficiencies are associated with changes in cellular function, changes in growth motor

development, behaviour and cognitive functions [15]. These alterations in cellular and humoral

functions may increase host susceptibility to P. falciparum [16,17],
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developing countries. Chimah et al, 2012 [21] in a study in Benin city, South- South Nigeria reported

that patients with severe malaria presenting with hyperpyrexia and hyperparasitaemia tended to have

4



108 | lower levels of serum zinc. The authors also reported a negative trend between parasite density and
109 | serum zinc levels. Muller et al, 2001[22] reported that zinc supplementation has no effect on morbidity
110 | from falciparum malaria in children in rural West Africa. In Tanzania, Hofs et al, 2011[23] concluded

111 | that supplementing young Tanzania children with zinc either alone or with other multi-nutrients does
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114 | supplementation appears to reduce malaria morbidity; we determined the baseline serum zinc and
115 | copper levels of children with or without malaria in Jos, Nigeria. This is essential because its result
116 | will give us a proper insight whether there is a need for a further study on zinc supplementation in

117 | these patients or not. We also determined the serum albumin and globulin levels of these children; to

118 | ascertain the effect of malaria on aloumin since it is the Zn carrier protein. ,
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144 | and others. (4) Children without any history of treatment with anti-malaria drugs in the past 1 to 2

145 | weeks and (5) Children aged 0 to18years old. The coverage of the total age range (0-18 years) for
146 | biological definition of a child (UNESCO) [24] gives this study a relative edge over several studies that

147 | limit similar studies to under five years. Children with positive blood slides for malaria parasite were
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was collected both from case and control groups into metal-free plain tubes and EDTA anti-
coagulated tubes for analysis of the biochemical parameters and malaria diagnosis respectively. The
samples collected in plain tubes were centrifuged for 5minutes at 3000rpm using bench centrifuge,
serum was obtained and preserved at 2-8°C in sterile deionised plain vials. Analysis of the

biochemical parameters was carried out within 7 days of sample collection by experienced clinical

biochemists.
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immersion) objective by an experienced medical microbiologist in the Paediatrics Research
Laboratory of the University who was involved in the study. This served as the internal quality control.
The slides were also cross-read by an experienced microscopist who was not otherwise involved in
the study (independent reader) this served as the external quality control. The degree of variation in
the results was determined and subjected to statistical analysis at 95% confidence limit to test for
significance using SPSS version 17, 2008(www.spss.com ). Malaria diagnosis was based on

identification of asexual stages of Plasmodium falciparum on the thick blood smears. Film was
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relationships between parasite density and serum levels of the minerals. Binary logistic regression
was used to show the effects of temperature, serum zinc and copper level on malaria. A p-value of

5% as a test of significance was adopted. The results were expressed as means, standard deviation
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Table 1 shows the malaria infection by age according to the various hospitals. The overall
prevalence of childhood malaria was 51% while that of congenital and neonatal malaria were 2.0%

(13/600) and 1.5% (9/600) respectively.

Overall, all the hospitals recorded the highest rate of malaria infection among the 29days to
11.9months age group with the exception of Bukuru Express PHC which recorded it at 1-5 years age

group. It was only Bukuru Central- and Bukuru Rayfield PHCs that had participants of 0-7 day’'s age

group. The prevalence of congenital and neonatal malaria in Bukuru Central were 2.5% while in
Bukuru Rayfield PHC they were 7.0% and 1.6% respectively, this center also had the lowest
prevalence of malaria (1.5% at 1-5 years age group) while JUTH had the highest (21.9% at 29 days
to 11.9months age group).

Malaria infection by sex in the various hospitals had been reported in our previous study [31].

Table 2 shows the serum zinc and copper levels by gender of all the subjects. Both Zn and Cu were

significantly higher in males (p<0.05).

A comparison of the serum zinc and copper levels of the case and control subjects is
shown in Table 3. Serum zinc and copper levels were relatively higher in children with malaria though,

this was not significant. The Cu/Zn ratio of the patients and controls were 0.56 and 0.57 respectively.
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Serum levels of zinc and copper as well as temperature had no significant effect on malaria

(p=0.485, 0.471 and 0.067 respectively). These were not predictors of malaria (p>0.05).

The relationship between parasite density and serum levels of zinc and copper is shown in
Table 5. There was a significant positive relationship between parasite density, and serum zinc and
copper levels (p<0.05). The relationship was stronger between parasite density and zinc (beta=0.101)
than it was with copper (beta=0.042).

Serum albumin level was relatively lower in children with malaria, though, this was not

significant (p>0.05) (Table6).
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Zinc and copper are ubiquitous essential traceetés found in almost all body
tissues and fluids. They are necessary for theialrof all forms of life [33].Plasmodium
falciparum parasite thrives and multiplies using nutrientsrfrthe host (Adeleke, 2007) [34].
In view of this, one would expect the serum lewvalzinc and copper to be low in children
with malaria compared with the uninfected groupedémicronutrients were rather found to
be higher in children with malaria. This findingutd be explained from the fact that the
liver is the point of call in the early stage o&giodium infection (Adeleke, 2007)[34]. The
liver is the site for synthesis of body’s carriepolacules such as albumin, ceruloplasmin.
Therefore, the infection of the liver by the patasiould lead to decrease activity of the liver
cells thereby resulting in reduced synthesis of¢hearrier molecules (Adeleke, 2007) [34].
This may be the reason for the relatively low alburpncentration obtained in this study
among children with malaria. In addition, illnessegh as malaria may result in increased
catabolism of albumin, ceruloplasmin and otherogign containing molecules thereby
leading to nitrogen loss as was earlier noted belék,2007,[34]. With the resultant
decrease in the synthesis of these carrier mole@and possible increased catabolism, some
of the zinc and copper in circulation will be unbded and be in the free state, thereby

leading to increased levels of these free eleméusleke, 2007)[34].

Furthermore, in order to manage and regulate trmuatrof trace metals circulating in
blood and stored in tissues, the body performsifft homeostatic measures which include
incorporating into the blood from cellular storédlood levels are depleted [11]. Thus, the
slightly increased zinc and copper levels obtairedhis study among malaria infected
children may also, be due to body’s homeostatitesysnobilizing from the cellular stores of
zinc and copper, into peripheral circulation inartb make up for the possibly marginal zinc

and copper depletion resulting from parasite usagestablish infection and by the host cells
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to fight infection (Shanker & Prasad,1998)[35]. $hin order to compensate for this possibly
low levels, the system draws from body stores ef¢helements into the circulation, thereby
leading to the slightly increased levels of thefebements in plasma of patients.

These micronutrients in their free state may ermgeirthe virulence of pathogens
(Beales 1991)[36]. Parasitaemia was found to diganitly increase as zinc and copper levels
increased. This implies that increase in free zind copper levels in children with malaria
may increase the risk of multiplication of the sit@ and intensity of malaria . This is similar
to the findings by Bojker et al, 2006[37], who rejed that increase in the intensity of
exposure tdPlasmodium falciparum leads to an increase in the infection. This sutggesat
there is a need for prompt; correct diagnosis amshagement of children with malaria
infection to avoid the eminent morbidity and mdtialassociated withPlasmodium
falciparum infection due to increasing parasitaemia, derangénmelevels of biochemical

parameters and the resultant complications.

Finally, zinc being in higher concentration in timales may be a physiologic means

for the body’s readiness for proper developmergemfondary sexual characters since zinc is

needful in prostate functions.
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