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Abstract 

This study assessed the serum ferritin levels in plasma samples from children (4 – 74 months 
old) admitted for malaria at the Adeoyo Maternity Hospital (Beere) Ibadan, Oyo State, using a 
sandwich-ELISA. These values were compared with malaria parasitemia, MSP-1 antibody titre 
and packed cell volume values previously obtained through standard methods. Statistical 
analyses were carried out using SPSS, Excel and Epi-Calc software.  Results showed that the 
serum ferritin level in the population ranged in from 363ng/ml to 1000ng/ml, with a mean value 
of 630ng/ml. There was a negative correlation between serum ferritin levels and the packed cell 
volume, and malaria parasitemia in the children; while the serum ferritin levels increased with 
increasing malaria antibodies. There was no significant difference in the mean levels of ferritin 
in anaemic and non-anaemic children. Serum ferritin concentration decreased with increasing 
age in children with malaria. Gender was found to have no significant association with serum 
ferritin levels in children with malaria anaemia. 
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INTRODUCTION 
 
Ferritin is an iron- containing spherical rhombic 
dodecahedron protein shell of 24 repeating 
subunits with a molecular weight of 
approximately 460 KDa and an iron core of 
ferric-oxide phosphate. When fully saturated, it 
may be over 20% iron by weight1. Serum 
ferritin, an acute phase reactant, rises with any 
inflammatory process from infection, through 
chronic disease, like malaria2. Serum ferritin 
concentrations of less than 12 µg/L are highly 
predictive of iron deficiency, defined by the 
absence of iron stores3. 
 
Alteration in serum ferritin levels are important 
not only in the classical diseases of iron 
acquisition, transport, and haemochromatosis, 
but also in diseases characterized by 
inflammation, infection, injury and repair e.g. 
malaria, worm infestation4. Anumudu et al.5 
showed that the most common clinical 
manifestation of acute severe malaria in 
southwestern Nigeria is anaemia. Pathogenic 
mechanisms such as haemolysis, impaired 
erythropoiesis6, and possibly iron sequestration 
and iron deficiency7 could contribute to the 
anaemia, and serum ferritin levels have been 
shown to increase with increasing malaria 
density8,9. 
 
Studies have shown that in holoendemic areas, 
children below 5 years of age are the most 
vulnerable to severe and complicated malaria, 
since their immunity to malaria is still very 
poor10-12. Studies on serum ferritin levels in 
Nigeria were carried out on children older than 5 
years of age and adults9,13. In this study, we 
determined the serum ferritin levels in children 
below 5 years of age with malaria anaemia. 
 
MATERIALS AND METHODS 
 
Study design 
Blood samples were collected from 228 children 
below 5 years of age with clinical suspicion of 
malaria and those admitted for severe malaria, 
with PCV less than 15% in the Adeoyo State 
Maternity Hospital, Ibadan. Blood smears were 
stained by Giemsa for parasite density, and 
plasma samples were analyzed by sandwich-

ELISA to measure the serum ferritin levels in all 
the subjects. 
 
Detection of ferritin levels by sandwich-
ELISA 
A sandwich-ELISA in which the serum ferritin 
was trapped between two monoclonal antibodies 
developed in rabbits (Sigma MO, USA) was 
used to determine serum ferritin levels. 
Polystyrene plates were coated with 100�l/well 
anti–human ferritin monoclonal antibody (Mab) 
diluted 1:500 in carbonate buffer, and incubated 
overnight at 4ºC. Plates were washed three times 
with PBS/Tween20 buffer and then blocked with 
200µl/ well of blocking buffer (1% 
BSA/Tween20), incubated for one hour at 37ºC. 
Serum was added at 1:50 dilution in blocking 
buffer (100µl/well) and incubated at 37ºC for 
one hour and washed. Then, anti-human ferritin 
Monoclonal antibody (Mab) was added at 1:500 
dilution in blocking buffer and incubated at 37ºC 
for one hour. The excess was poured off and 
plate washed three times with PBS/Tween20. 
Goat anti rabbit antibody conjugated to 
horseradish peroxidase was added at 1:2000 
dilution in blocking buffer (100µl/well) and 
incubated at 37ºC for one hour. The excess was 
poured off and plate washed three times with 
PBS/Tween20. Finally, for colour development, 
peroxidase substrate; 2,2-Azino-Bis(3-ethyl-
benthiazoline)sulphate VI, (ABTS) and 
peroxidase substrate solution B in ratio 1:1, was 
added at 100µl/well and incubated at 37ºC for 
30minutes. Plates were read at A405nm, with an 
ELISA microplate reader (Molecular devices, 
USA).  
 
Antibody Response to MSP-1 19 

An enzyme linked immunosorbent assay 
(ELISA) was used to determine the levels of 
antibodies to MSP-119   as earlier reported14. 
96-well polystyrene microtitre plates 
(Dynatech USA) were coated with 50 �g/ml 
MSP-119  in 0.1M carbonate coating buffer, 
pH 9.6 and incubated overnight at 4oC.  
Plates were then washed 3 times with 
washing buffer (0.05% Tween 20 in 
phosphate buffered saline). The wells of the 
plate were filled with blocking buffer (1% PBS / 
0.5% Tween 20/ 1% Bovine serum albumin, pH 
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7.4) and incubated for 1hour at 37oC.  Plasma 
samples were diluted serially 1:50 – 1:6400 in 
blocking buffer (50�l/well) and incubated for 
1hour at 37oC, after which plates were washed 3 
times with washing buffer.  Bound antibodies 
were subsequently detected with 1:2000 
horseradish peroxidase conjugated to rabbit lgG 
(Kirkegaard and Perry Labs, USA) and the 
reaction developed with ABTS/hydrogen 
peroxide substrate solution.  A microplate 
absorbance reader (Molecular Devices, USA) 
was used to read the plates at optical density of 
650nm.  The end point titre was the highest 
serum dilution that had an absorbance value 
above that of the negative control at 1:50 
dilution. The MSP119 antibody titre was 
expressed as the log reciprocal of the serum 
dilution. 
 
PCV determination 
Haemoglobin estimation was done by the 
cyanomethemoglobin method15. The PCV was 
determined by spinning the samples in capillary 
tubes at 12,000g for 10 minutes. PCV values 
were then read off the microhaematocrit�reader. 
The samples were analyzed in duplicate and the 
mean values recorded. 
 
Statistical Analyses  
The data were entered with Excel software. 
Correlation analyses between serum ferritin 
values and age, sex, PCV, anti–MSP1 antibodies 
and parasitaemia were carried out using the 
SPSS, EPI- calc and Excel Packages. ANOVA 
was also used to estimate the correlation 
between the children age groups and serum 
ferritin level. 
 
RESULTS 
 
A total of 228 serum samples from children 
between the ages of 4-74 months were analyzed. 
The serum ferritin levels were quantified with a 
sandwich ELISA developed in the laboratory 
and a ferritin standard curve. The optical density 
(OD) value of the serum ferritin level in the 
population ranged from 0.65 to 2.22, with a 
mean of 1.33.  About 40% (91/228) of the serum 
samples analyzed with ELISA had their OD 
values (0.65-1.20) extrapolated into ng/ml from 
the ferritin standard curve available. The serum 
ferritin values ranged from 363ng/ml to 

1000ng/ml (mean, 630ng/ml).The anaemic 
(PCV < 25%) and non-anaemic (PCV>25%) 
patients had serum ferritin concentration ranged 
from 363 to 1000ng/ml and 363 to 530ng/ml 
respectively. 
 
Parasite density ranged between 80-100,000 
parasites/µl blood. Packed Cell Volume (PCV) 
values ranged from 8 to 45% in the sample 
population. The results showed that the serum 
ferritin concentration increased with decreasing 
packed cell volume, r = -0.2 (Figure 1) and there 
was no statistically significant difference 
between the mean serum ferritin concentrations 
in anaemic and non-anaemic subjects (p = 0.57).  
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Figure 1: Correlation between serum ferritin 
concentration (ng/ml) and packed cell volume    (r = 
-0.20). Serum ferritin concentration (ng/ml) 
increases with decreasing packed cell volume 
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Figure 2: Correlation between serum ferritin and 
parasitaemia in children 
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There was a negative correlation between the 
parasite density and serum ferritin levels, r =       
-0.53 (Figure 2). Serum ferritin levels decreased 
with increasing parasitaemia in the children. 
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Figure 3: Serum ferritin levels are highest in 
children 12-24 months old. 

 
There was an increase in the serum ferritin 
levels in children aged less than 24 months and a 
decrease in children older than 24 months 
(Figure 3). Gender had no influence on the 
levels of serum ferritin in children with malaria 
anaemia (p = 0.13). 
 
DISCUSSION 
 
Anaemia did not alter the serum ferritin levels in 
the children as there was no statistically 
significant difference between the mean serum 
ferritin concentrations of the anaemic and the 
non-anaemic children, which is in contrast with 
the work of Stoltzfus et al16 and Phillips et al.17 
They found that the destruction of red blood 
cells during malaria and suppression of 
erythropoiesis resulting in profound anaemia, 
would shift iron out of heme towards storage 
form; and as long as heme is effectively 
recycled, the total body stores of iron would not 
be altered, although iron status indicators like 
serum ferritin will certainly be altered. It was 
also in contrast a study18 which found higher 
plasma ferritin concentrations in anaemia 
patients than in the control children. 
 

The serum ferritin levels in the children 
decreased with increasing parasitemia. We do 
not know the precise mechanism for this result. 
However several studies reported an increased 
serum transferrin receptor concentration and 
decreased serum ferritin in persons with 
symptomatic and mildly symptomatic 
falciparum malaria8,19,20,21. Also, acute 
erythropoietin deficiency22 or suppression of 
marrow response to erythropoietin could lead to 
decreased erythropoiesis and thus low serum 
ferritin concentrations.   

The observed high mean serum ferritin in age 
groups of less than 24 months and decline in 
levels in the age group older than 24 months 
could be explained by the fact that iron stores 
are known to rapidly decline during and after 
infancy, as a result of growth and associated 
haemodilution23. This is consistent with a study8 
in which children less than 30 months old had 
increased serum ferritin with increasing malaria 
density, while in children older than 30 months 
old, serum ferritin was not associated with 
malaria parasite density.  In a study with adults 
in Lagos13, it was found that all haematological 
parameters measured were similar in both 
elderly males and females, except ferritin, 
haematocrit and haemoglobin, which were 
significantly higher in males. In our study, we 
could ascribe no differences in serum ferritin 
levels to gender. 
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