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Abstract 

Objective: Oxidative stress plays an important role in the pathogenesis of sickle cell disease 
(SCD) and many other infectious diseases. Antioxidant levels are known to be reduced in SCD 

and in malaria; however, there is no information on the antioxidant status of SCD patients with 

concomitant malaria or bacteremia. The objective of the present study was to determine potential 
effect of acute malaria or invasive bacteremia on selected antioxidant levels in SCD patients. 

Methods: The levels of ascorbic acid (ASC) and reduced glutathione (GSH), and activities of 

glutathione peroxidase (GPx) and superoxide dismutase (SOD) were measured in red blood cell 
pellets of SCD children (n = 70) with (i) culture-proven bacteremia (n = 23), (ii) parasitologically 

confirmed malaria (n = 26) or (iii) steady state (n = 21). The antioxidant levels of SCD children 

were compared with those of non-SCD children (hemoglobin genotype HbAA, n = 51) with (a) 
parasitologically confirmed malaria (n = 26) or (b) non-malarial acute febrile illness (n = 25). 

Selected clinical, demographic and hematological parameters were determined for all recruited 

children.  

Results: The concentrations of ASC and activity of GPx were significantly higher in the SCD 

steady state patients compared with the SCD malaria patients, SCD bacteremia patients or non-

SCD malaria patients. The GSH level was significantly higher in the non-SCD groups, compared 
with the SCD bacteremia patients or the SCD steady state patients. The levels or activities of 

these antioxidants were not increasingly reduced in the SCD patients with bacteremia or malaria. 

Hematological indices were significantly different between the SCD and non-SCD groups, and 
between the SCD malaria or bacteremia groups compared with SCD steady state patients. 

Conclusion: Antioxidant levels in SCD subjects with acute infections were low, but the potential 

effect of malaria or bacteremia was inconsistent, probably reflecting a complex relationship that 
merits further studies. 

© 2014 GESDAV 
 

INTRODUCTION 

Sickle cell disease (SCD) is a common red blood cell 

genetic disorder in malaria endemic areas. The genetic 

defect responsible for sickle cell anemia results from a 

glutamic acid to valine substitution in the beta globin 

chain of the hemoglobin molecule. The mutation results 

in abnormal, low-solubility sickle hemoblobin (HbS) of 

altered iso-electric point. The HbS molecule is unstable 

and promotes sickling under conditions of reduced 

oxygenation reducing erythrocyte deformability and its 

ability to traverse the microcirculation. This may 

increase the propensity of sickle erythrocytes for 

repeated vaso-occlusion, hemolysis, ischemia-

reperfusion injury and chronic inflammation [1]. HbS 

also exhibits a strong membrane binding tendency, thus 

potentially exposing the membrane to activated oxygen 

[2].  

SCD compromises host immune defenses and 

predispose affected individuals to infections. In many 

infectious diseases, neutrophils and activated 

macrophages release reactive radicals in an attempt to 

destroy the invading pathogen and in the process 

releasing oxidants, while consuming cofactors (e.g., 

NADPH) which require continuous replenishment to 

avoid oxidative-reductive imbalance.  

The antioxidant response is a physiological mechanism 

against free radical damage and depends on 

consumption of cellular and systemic antioxidant 

reserves. Examples of endogenous synthesis of these 

antioxidants consists of interrelated/interdependent 

systems that include: (i) synthesis of enzymatic, small 

molecules or metal chelation; (ii) scavenging of 

oxidative species; and (iii) reduced production of free 

radicals. As important antioxidant enzyme systems 

(e.g., glutathione peroxidase, superoxide dismutase, 

and catalase) do not neutralize highly reactive radicals 

(e.g., hydroxyl, perhydryl and peroxynitrite), the body 

uses small molecules (e.g., vitamins A, C and E, uric 

acid, reduced glutathione) as an auxiliary antioxidant 

system. In addition, several proteins (e.g., ferritin, 

transferrin, lactoferrin, ceruloplasmin, albumin and 

metallo-thioneins) also prevent reactive-species 

producing Fenton and Haber-Weiss reactions from 

transition metal binding. 
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SCD patients are susceptible to increased oxidative 

stress [3]. This may be due to constant hemolysis, since 

hemoglobin acts as a powerful catalyst for initiating 

peroxidative reactions [4]. The oxidative stress burden 

in SCD results from many processes, including 

excessive free hemoglobin levels (catalysing the Fenton 

and/or Haber-Weiss reactions); recurrent ischemia-

reperfusion injury (promoting xanthine-xanthine 

oxidase system activation); and increased auto-

oxidation of HbS (generating superoxide anion radicals 

and hydrogen peroxide) [4, 5]. The chronic pro-

inflammatory response induced by constant neutrophil 

and monocyte recruitment also plays a role in 

development of complications in SCD [6]. However, 

low plasma antioxidant levels have been shown in SCD 

patients in steady state [3], and implicated in increased 

susceptibility to infections and oxidant damage in SCD 

[7].
 

Furthermore, antioxidant supplementation has 

variable effects on oxidative stress markers in SCD [8].  

In endemic areas, malaria is a major cause of morbidity 

and mortality in SCD patients. Malaria has been 

implicated as a major cause of hospitalizations and 

poor outcome among hospitalized SCD patients [9]. 

Malaria infection generates hydroxyl radicals in the 

liver, and reactive oxygen and nitrogen species play a 

role in the development of complications and are 

associated with oxidative stress in malaria [10, 11]. 

Oxidative stress has also been implicated in the 

pathophysiology of malaria-induced thrombocytopenia 

[12]. While pro-oxidants may be protective against 

murine cerebral malaria infection, antioxidants have 

also been shown to be protective against malaria 

[12, 13].  

Studies have demonstrated reduced levels of 

antioxidant or antioxidant enzymes in either malaria or 

SCD patients [14]. However, there have been no 

reports on the antioxidant status of SCD patients with 

concomitant malaria or bacteremia. In this study, levels 

of selected antioxidants and antioxidant enzymes were 

determined in children with SCD with patent 

bacteremia or acute malaria. The antioxidant levels of 

these two groups of children were also compared with 

those of a group of SCD patients in steady state, and 

with those of non-SCD subjects with malaria, as well as 

non-SCD subjects with non-malarial acute febrile 

illness.  

 

MATERIALS AND METHODS 

Study site and subjects 

The study was conducted at the Department of Child 

Health (DCH), Korle Bu Teaching Hospital (KBTH). 

The KBTH is a 1600 bed tertiary referral hospital in 

Accra, the capital city of Ghana. The study was 

conducted at the Pediatric Emergency Department and 

Pediatric Sickle Cell Clinic of the DCH. The Pediatric 

Sickle Cell clinic is a specialty clinic at the DCH with 

about 5,000 registered SCD patients below 13 years of 

age. The Clinic provides acute and follow up care for 

children with SCD, is held once a week, and has an 

average weekly attendance of about 60 to 70. SCD 

patients with acute conditions are seen at the Pediatric 

Emergency Department 24 h a day, throughout the 

week. 

Study population and criteria for inclusion 

The study was an analytical cross sectional study with 

matched comparison groups. The subjects for the study 

were a subset of patients recruited into a clinical trial of 

antimalarial drugs (artesunate-amodiaquine vs 

artemether-lumefantrine) in SCD vs non-SCD children. 

The full details of the study have been published [15]: 

briefly, SCD and non-SCD children being screened for 

inclusion in the trial were recruited for this sub-study if 

inclusion criteria were fulfilled. Inclusion criteria for 

the SCD children were; child aged between six months 

and 12 years presenting with an acute febrile illness 

(history of fever within the past 72 h or an axillary 

temperature ≥ 37.5°C at presentation), confirmed 

Plasmodium falciparum malaria with parasite density < 

200,000/l; culture-proven bacteremia, and willingness 

of the accompanying parent or guardian to enroll the 

child in the study. SCD children in steady state visiting 

the Clinic for scheduled evaluations and whose blood 

films were negative for malaria parasites on the day of 

visit were recruited as a comparison group. The criteria 

for the non-SCD children were the same as for SCD 

children. The non-SCD children whose blood slides 

were negative for malaria were enrolled as a further 

comparison group. Exclusion criteria were child with 

other known chronic diseases (e.g., congenital 

anomalies, malignancies, metabolic diseases) and those 

with allergies or intolerance to the drugs being 

evaluated.  

Children of known SCD status registered at the 

Pediatric Sickle Cell Clinic as well as non-SCD 

children presenting with acute febrile illness were 

referred to the study team. A study physician examined 

the child and recruited the subjects if study criteria 

were fulfilled and after obtaining written, informed 

consent from the accompanying parent or guardian. 

Selected clinical and demographic characteristics of 

recruited children were recorded on a case record form. 

After completion of initial study procedures, venous 

blood was taken for routine hematological and 

microbiological investigations. Appropriate treatment 

was immediately initiated based on the results of the 

initial clinical evaluation and any available 

investigation results. Children with confirmed malaria 

were treated with standard weight-adjusted doses of 

artesunate-amodiaquine or artemether-lumefantrine, 
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according to national guidelines and the study protocol. 

Empirical antibiotics were started on admission based 

clinical presentation and assessment according to 

guidelines. The antibiotic regimens were subsequently 

modified based on the results of the blood culture as 

necessary. All other supportive treatment (intravenous 

fluids, antipyretics, analgesics, oxygen therapy) were 

administered in accordance with clinical state and 

relevant institutional and national guidelines. SCD 

patients are routinely given daily doses of vitamin C 

and folic acid as per local standard practice guidelines. 

The routine clinical laboratory tests done from the 

collected blood samples are described below. In 

addition, erythrocyte pellets was prepared by 

centrifugation of whole blood and used for the 

antioxidant testing described below.  

Bacterial culture 

Approximately 1-3 ml of blood taken from a vein was 

inoculated into blood culture bottles (Becton Dickinson 

(BD) BACTEC Peds Plus™/F) and incubated, using an 

automated BACTEC 9050 Blood Culture system (BD, 

Franklin Lakes, NJ, USA) for five days or until 

positive. For bacterial identification, all positive blood 

cultures were examined directly by Gram stain 

microscopy and sub-cultured on standard media. 

Identification of the organisms was obtained by 

biochemical and serological tests. Isolates of non-

pathogenic microorganisms or skin flora (e.g., 

coagulase negative Staphylococci, Propionibacterium 

species and Bacillus species) were considered 

contaminants.  

Hematological and parasitological testing 

The total white blood cell (WBC) and differential 

counts were measured by means of an automated 

hematology analyzer (Sysmex KX-21N, Sysmex Inc, 

Chicago, IL, USA).  

Malaria parasitemia (expressed as parasites per µl of 

whole blood) was determined in Giemsa-stained thick 

blood films. Parasite density was determined by 

counting the number of asexual stage parasites relative 

to 200 WBCs and multiplied by the measured WBC 

count. Each slide was read independently by two 

microscopists and reported as the average count.  

Antioxidant levels 

Reduced glutathione (GSH) 

GSH was measured using the improved 5,5’-dithiobis-

(2-nitrobenzoic acid) (DTNB) method as recommended 

by the manufacturer of the assay kit (QuantiChrom
TM

 

Glutathione Assay Kit DIGT-250, BioAssay systems, 

Hayward, CA, USA) [16]. Briefly, the procedure 

involved mixing the DTNB reagent with the prepared 

sample, removing protein precipitates for proteinaceous 

samples, adding a second reagent, and reading the 

optical density at 412 nm. DTNB reacts with reduced 

glutathione to form a yellow product. The optical 

density was measured on a microplate reader 

(HumaReader HS


 2014, HUMAN GmbH, Wiesbaden, 

Germany). The optical density (OD) is directly 

proportional to glutathione concentration in the sample 

and converted using a standard calibration curve.  

Glutathione peroxidase (GPx) 

The procedure was followed for the EnzyChrom
TM

 

Glutathione Peroxidase Assay Kit (EGPX-100) [17]. 

Briefly, the assay measures NADPH consumption 

directly in the enzyme coupled reactions. The measured 

decrease in OD at 340 nm on the HumaReader HS 

microplate reader is directly proportional to the enzyme 

activity in the sample.  

Superoxide dismutase (SOD) 

The procedure was followed for the EnzyChrom
TM

 

Superoxide Dismutase Assay Kit (ESOD-100) [18]. 

The colorimetric assay is for quantitative determination 

of SOD enzyme activity in biological samples. In the 

assay, the superoxide anion (O2•
-
) is provided by the 

xanthine oxidase (XO) catalyzed reaction. O2•
-
 reacts 

with a WST-1 dye to form a colored product. SOD 

scavenges the O2•
-
, thus less O2•

-
 is available for the 

chromogenic reaction. The color intensity (OD 440 nm) 

was used to determine the SOD activity in a sample on 

the HumaReader HS microplate reader. 

Ascorbic acid (ASC) 

The procedure was followed for the EnzyChrom
TM

 

Ascorbic Acid Assay Kit (EASC-100). Briefly, 

ascorbic acid is oxidized by ascorbate oxidase resulting 

in production of hydrogen peroxide (H2O2) which 

reacts with a specific dye to form a pink colored 

product [19]. The color intensity at 570 nm is directly 

proportional to the ascorbic acid concentration in the 

sample. The optical density was read on the 

HumaReader HS microplate reader. 

Statistical analysis 

Statistical analysis was carried out using the SPSS 

software version 16 (SPSS Inc, Chicago, IL, USA). 

One-way analysis of variance (ANOVA) with Tukey’s 

post-hoc testing was used for comparison of the means 

of the antioxidants between the various groups. P 

values less than 0.05 were considered significant. 

Pearson product moment correlation coefficient (r) was 

used to establish correlation between selected 

parameters. 

Ethical considerations 

Ethical approval for the study was granted by the 

Ethical and Protocol Review Committee, University of 

Ghana Medical School. Written, informed consent was 

obtained from the parent or guardian of all enrolled 

children. 
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RESULTS 

A total of 121 children (SCD, n = 70; non-SCD, 

n = 51) were included in the study. Among the SCD 

subjects were; (a) children with parasitologically 

confirmed acute malaria (n = 21), (b) children with 

culture-positive bacteremia (n = 23) and (c) children in 

steady state (n = 21). The profile of isolated organisms 

among SCD subjects with bacteremia, was, Salmonella 

spp (n = 7), Staphylococcus aureus (n = 5), 

Enterococcus faecalis (n = 5), Streptococcus 

pneumonia (n = 2), Pseudomonas aeruginosa (n = 1), 

Klebsiella spp (n = 1), Acinetobacter (n = 1) and 

Citrobacter freundii (n = 1).  

Among the SCD patients with acute illness, admission 

clinical features apart from fever were mostly vaso-

occlusive complex or hemolytic crises related. The 

proportion of patients with bone, joint or chest pain was 

85% (n = 22) vs 70% (n = 16) in the SCD-malaria 

positive and SCD-bacteremia patients, respectively. 

The corresponding proportion of patients who 

presented with jaundice was 85% (n = 22) vs 30% 

(n = 7) and those who presented with dark urine was 

42% (n = 11) vs 13% (n = 3) in the two groups. 

The parasite density of SCD subjects with malaria was 

significantly lower (p<0.01) than the non-SCD malaria 

subjects. The mean age of the SCD subjects with 

malaria was significantly higher (P<0.05) than the other 

groups. The mean haemoglobin of the non-SCD groups 

was higher than the SCD groups, and the mean WBC 

and platelet counts of the SCD groups were higher than 

the non-SCD groups (Table 1). 

Antioxidant status in the various groups 

Glutathione peroxidase activity 

The GPx activity was similar in uninfected children 

with and without SCD. Both malaria and bacteremia 

resulted in a significant reduction in GPx activity 

compared with uninfected controls, and this difference 

was present in SCD as well as non-SCD patients. Of 

particular interest, malaria infection caused a 

significantly greater reduction in GPx in patients with 

the HbAA genotype than in patients with SCD 

(Table 2).  

Reduced glutathione level 

The level of GSH was higher in the non-SCD groups 

(HbAA malaria positive, HbAA malaria negative) than 

the SCD groups (SCD steady state, SCD malaria 

positive, SCD bacteremia). Within SCD-positive and 

SCD-negative patients, infections did not appear to 

affect the GSH level. The trend of GSH level in 

decreasing order of magnitude was;  

HbAA malaria positive > HbAA malaria negative > 

SCD malaria positive > SCD bacteremia >  

SCD steady state (Table 2) 

 

Table 1. Selected demographic and admission characteristics of subjects in various groups 

 
SCD Malaria  

(n = 26) 

SCD Bacteremia  

(n = 23) 

SCD Steady State  

(n = 21) 

HbAA Malaria  

(n = 26) 

HbAA Non-Malaria  

(n = 25) 

Male/Female 11/15 14/9 14/7 10/16 15/10 

Age (Years) 9.64  3 6.02  4 6.31  4 7.75  2 5.96  3 

Temperature (ºC) 37.8  1 37.8  1 36.7  11 38.7  1 37.4  3 

Hemoglobin (g/dl) 6.71  2 7.75  2 7.71  2 10.08  1 10.9  1 

Total WBC (103/l) 22.9  13 19.05  8 17.64  8 8.88  3 10.94  7 

Platelets (109/l) 310  150 347  176 319  151 166  134 308  92 

Parasite density (/l) 3318  7993 - - 29900  37568 - 

Data are means ( standard deviation); SCD malaria = sickle cell disease with malaria; SCD bacteremia = sickle cell disease with bacteremia; 

SCD steady state = sickle cell disease in steady state; HbAA-malaria = non-sickle cell disease with malaria; HbAA-non-malaria = non-sickle cell 

disease without malaria; WBC = white blood cell  

 

Table 2. Antioxidant concentration or enzyme activity in red blood cell pellets among children with discrete syndromes 

 SOD (U/ml) GPx (U/ml) GSH (U/ml) ASC (mol/l) 

SCD Malaria (n = 26) 18.5  6 92.6  61 79.4  6 13.6  5.6 

SCD Bacteremia (n = 23) 22.7  13 79.3  63 54.9  21 13.9  4.8 

SCD Steady State (n = 21) 25.9  8 259  82 44.7  16 53.3  2 

HbAA Malaria (n = 26) 24  7 7.1  9 117  9 14.2  3.7 

HbAA Non-Malaria (n = 25) 27.6  3 298  14.9 108  8 20.2  4.7 

Data are means  SD; SOD, superoxide dismutase; GPx, glutathione peroxidase; GSH, reduced glutathione; ASC, ascorbic acid; SCD malaria, 

sickle cell disease with malaria; SCD bacteremia, sickle cell disease with bacteremia; SCD steady state, sickle cell disease in steady state; HbAA 

malaria, non-sickle cell disease with malaria; HbAA non malaria, non sickle cell disease malaria negative. P < 0.05: SCD steady state vs all other 

groups, SCD-steady state vs other groups, except HbAA non malaria group; SCD steady state vs HbAA malaria positive or HbAA malaria 

negative; in addition, P < 0.05 for SCD bacteremia vs HbAA malaria positive or HbAA malaria negative; all comparisons. 
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Ascorbic acid concentrations 

The SCD patients in steady state had higher levels of 

ASC. In contrast, the non-SCD uninfected children had 

relatively low ASC levels. The lowest concentrations of 

ASC were measured in the groups with acute patent 

infections (SCD malaria positive; SCD bacteremia); 

and the levels of this antioxidant varied significantly 

from the groups without patent infections (Table 2). 

The trend of ASC in decreasing order of magnitude 

was;  

SCD steady state > HbAA malaria negative >  

HbAA malaria positive > SCD bacteremia >  

SCD malaria positive 

Superoxide dismutase activity 

The mean SOD activity overlapped in all groups and no 

statistically significant differences could be found 

(Table 2).  

Post-hoc analysis 

Using Tukey’s post-hoc analysis to compare mean 

differences in the various groups after ANOVA testing 

showed that the mean concentration of ASC and GPx 

enzymatic activity of the SCD steady state group 

consistently differed statistically from all the other 

groups. GSH differed between specific groups but the 

differences were not consistent. The levels of SOD did 

not show any consistent difference between groups. 

Correlation between parasite density and antioxidant 

levels 

There was a borderline significant correlation between 

GPx and parasite density (P = 0.06) but the correlation 

could account for only 3% of the variation (r = 0.18, 

r
2
 = 0.03). Parasite densities did not correlate with GSH 

(r = 0.09, P = 0.3), SOD (r = 0.01, P = 0.9) and ASC 

(r = 0.7, P = 0.4). 

 

DISCUSSION 

This study reports data on levels of selected antioxidant 

and antioxidant enzymatic activities in pediatric SCD 

patients with discrete infectious diseases known to be 

associated with oxidative stress. The data showed lower 

levels of GPx activity and ASC levels in acute malaria 

of both SCD and non-SCD subjects, as well as in SCD 

subjects with bacteremia. Notably, the antioxidant 

status was not significantly different between SCD 

subjects with malaria or bacteremia, but showed 

significant differences between SCD-steady state 

subjects and SCD subjects with acute bacterial 

infection or malaria. Other markers of antioxidant 

activity, the SOD and GSH were, however, not 

consistently affected, indicating that there was no clear 

pattern of antioxidant activity in the measured enzymes 

of SCD patients with concomitant infections in this 

study. 

The oxidative stress response in SCD is complex: 

oxidative stress in SCD results from the underlying red 

cell abnormalities but also, increased resting oxygen 

consumption [19], while other studies suggest an 

increased production of oxidative-stress-related 

hemolysis markers after antioxidant supplementation in 

SCD patients [20].  

The antioxidant enzyme, glutathione plays an important 

role in detoxification and protection against oxidative 

stress. In the red blood cell, the reduced form is 

important in the maintenance of hemoglobin in a 

reduced state, thus, protecting from oxidative damage. 

Glutathione also, by converting oxidized glutathione to 

reduced glutathione (and concomitant oxidation of 

NADPH to NADP), stimulates the pentose phosphate 

pathway and also acts as a substrate for GPx among 

others. The lower GSH levels observed in the SCD 

groups may possibly thus reflect the fast-oxidizing HbS 

characteristic.  

ASC is an important antioxidant that plays a vital role 

in the protection against oxidative stress. However, it 

may also act as an oxidant under certain conditions. It 

has been shown that serum ascorbic acid levels may 

reflect recent dietary intake rather than body ascorbic 

acid stores [21]. As SCD patients are routinely given 

vitamin C supplementation at the Clinic, the trend of 

highest ASC levels were measured in the SCD steady 

state subjects in this study; this may reflect their intake, 

while the lower ASC levels in other groups with acute 

illness is possibly a reflection of the depletive effect of 

the respective disease state on ASC.  

The generally low levels of ASC in the study 

populations were surprising, considering the relatively 

easy access to fruit in the community and the 

multivitamin supplementation including vitamin C that 

SCD patients routinely receive at the Clinic. A recent 

study from Brazil showed a similar trend in SCD 

patients [21]. However, our steady state SCD patients, 

in contrast to the Brazilian cohort, had normal vitamin 

C levels. The reduced ASC in SCD patients with 

malaria and bacteremia might be explained by a greater 

demand for antioxidants during acute infection. It could 

thus be proposed to supplement SCD patients with 

additional ASC during acute infection. In the Brazilian 

study, ASC given to SCD patients in steady state did 

improve vitamin C levels but at the same time this led 

to an increase in markers of hemolysis. This potential 

deleterious effect should be borne in mind when 

prescribing vitamin supplementation to SCD patients; 

therefore, further studies on this subject are indicated. 

The data showed expected differences in selected 

hematological parameters between SCD and non-SCD 

subjects. These differences (thrombocyto-penia in 

malaria; anemia, leucocytosis, and thrombocytosis in 

SCD) are consistent with changes in malarial disease 
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and with SCD, respectively, and are expected from the 

shorter red blood cell lifespan that is a consequence of 

the pathophysiology of SCD. In conclusion, levels of 

ASC and GPx were significantly higher in SCD steady 

state children compared with SCD children with 

bacteremia or malaria and GPX activity was similar in 

uninfected children with and without SCD. However, 

antioxidant levels were not consistently or increasingly 

reduced in SCD subjects with bacteria or malaria co-

infections. The findings reflect the complex 

relationship between infection and oxidative stress in 

subjects predisposed to both conditions. The practical 

application of antioxidant therapy is further 

complicated by the fact that certain antimalarial drugs 

specifically act via induction of oxidative stress. This 

calls for further detailed studies of other antioxidants in 

these conditions, especially to determine the direction 

of causality. 
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