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Abstract 

Background: Zinc, copper and selenium are known important trace elements playing a vital role as cofactors 

of enzymes such as superoxide dismutase and glutathione peroxide. They form part of the first line antioxidants 

enzymes in red blood cells and plasma. The study aimed at determining the serum levels of zinc, copper and 

selenium in asymptomatic sickle-cell anaemia patients.  

Methods: This was a case control study conducted from the specialist Haematology and Oncology Clinic 4 at 

the University Teaching Hospital, Lusaka, Zambia. 5mls of whole blood was collected from 46 sickle-cell 

anaemia patients and 46 healthy controls from Out-Patient Department after consent. Using Atomic Absorption 

Spectrometry, serum levels of zinc, copper and selenium was determined. Independent t-test was used to 

compare the means and a binary logistic regression for the likelihood of developing a sickling crisis, using 

SPSS version 20. 

Results: The mean serum levels of zinc in patients were lower 86.92±20.46mg/L against 91.33±43.23mg/L; 

p<0.028 of controls. Copper mean levels were 149.85±54.82mg/L against 134.32±54.16mg/L; p<0.191 of 

controls. Selenium mean levels were 0.100±0.041mg/L against 0.081±0.032mg/L; p<0.380 in patients 

compared to controls. The odds of developing one sickling crises in the past year given the levels of zinc, 

copper and selenium was [B = -.340, zinc Exp(B) =1.011, copper Exp(B) = 1.008, selenium Exp(B) = .000, DF 

= 1]. 

Conclusion: Zinc is reduced in sickle-cell anaemia patients. The probability of developing a sickling crisis is 

lower in patients with higher serum levels of zinc and copper by 1.1% and 0.8% respectively. 
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INTRODUCTION  
Sickle-Cell Anaemia (SCA) is one of 

the commonly inherited monogenic disorder in 

Arabian Gulf countries, India, the Caribbean 

and Africa [1]. In Africa, prevalence of the 

sickle-cell trait stands at around 5% to 30% [2]. 

In Zambia, the prevalence of the sickle-cell trait 

is 6% to 27% of the population [3]. Sickle-cell 

anaemia is characterised by the inheritance of a 

mutated β-globin chain at position 6 where 

Valine is substituted for Glutamic acid there by 

changing the biochemical properties of the beta 

chain with devastating consequences [4]. These 

changes lead to instability of the generated 
haemoglobin or to globin chain imbalance, 

impacting on the oxidative environment both 

intracellular and extracellular. The ensuing 

oxidative stress and the inability of the body to 

adequately overcome it are responsible for the 

pathophysiology of the disease [5]. Reactive 

Oxygen Species can be grossly amplified in 

response to a variety of pathophysiological 

conditions such as hypoxia, inflammation, 

infection, dehydration and deficiency in trace 

minerals and antioxidant vitamins [6]. 

Zinc, copper and selenium are trace 

elements vital in blood as components of first 

line antioxidant enzymes such as superoxide 

dismutase, glutathione peroxidase and catalase 

[7] [8] [9, 10]. Deficiency of zinc, copper and 

selenium in sickle-cell anaemia is documented 

in parts of west and central Africa [11] [12]. 

However, no similar studies have been 

conducted and published on the levels of these 

trace elements in Zambia in particular, in sickle-

cell anaemia patients. This study further tries to 

find a likelihood of developing one sickling 

crises per year given the serum levels of zinc, 

copper and selenium in sickle-cell anaemia 

patients. 
METHODS AND MATERIALS  

This study was conducted on known 

patients with homozygous sickle-cell anaemia 

(HbSS), diagnosed by physicians using Hb 

electrophoresis. The study patients and controls 

had the similar socio-economic status and dietary 

habits. The study was a case control study with 

sequential recruitment of study participants with 

sickle-cell anaemia and those without the disease.  

A total of 46 sickle-cell anaemia patients (mean 

age 18.11±9.253yrs) (Figure 1) and a sex 

distribution of 26.06 males and 73.91 females 

(Figure 2). A total of 46 healthy controls (mean 

age 18.52±9.254yrs) (Figure 3) and a sex 

distribution of 23.91 males and 76.09 females 

(Figure 4) were recruited for this study from the 

University Teaching Hospital, Haematology¬¬ 

and Oncology clinic 4, Lusaka province after 

obtaining ethical clearance from the University of 

Zambia Biomedical and Research Ethics 

Committee (UNZABREC) and appropriate 

informed consent from the subjects as well as 

their parents/guardian. The recruited participants 

were matched for age and sex. 5mls of venous 

blood samples were collected from each 

participant into a plain container. The labelled 

samples were spun in a bucket centrifuge at a 

speed of 4000 rpm for 3 minutes to separate serum 

from red blood cells. The serum obtained was 

stored in a chest freezer at a temperature of -20o 

C until the day of testing. Serum trace element 

levels were determined by atomic absorption 

spectrophotometer (Contra AA700® ANELYTIK 

JENA, Germany) using the technique as 

described by Al-Assaf [13]. Analytical reagent 

grade chemicals, standards were used. Water used 

for washing laboratory apparatus and for 

preparing solutions and standards was purified by 

deionization of distilled water using Milli-Q 

system (Millipore, Bedford, USA). Statistical 

analysis was performed by using SPSS version 

20.0 for windows. Firstly, we plotted the data on 

the Q-Q plot and tested them for normality. The 

results suggested that the distribution of our data 

sets was normally distributed thus, the results 

were expressed as mean ± SD and a P value of 

<0.05 was considered significant. Binary logistic 

regression was used to find the likelihood of 

developing one sickling crises in the past year 

given the levels of zinc, copper and selenium in 

sickle cell anaemia patients 

 
RESULTS 

Serum levels of zinc were significantly 

lower in sickle-cell anaemia compared to healthy 

individuals (Figure 5), Serum copper levels 

though elevated and selenium levels though lower 

were not statistically significant between 

asymptomatic sickle-cell anaemia patients and 

healthy normal individuals (Figure 6), (Table 1). 

The odds of developing a sickling crisis was lower 

in sickle cell anaemia patients with higher serum 

levels of zinc and copper by 1.1% and 0.8% 

respectively in the previous year (Table 2). 
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Figure 1: Sex distribution of sickle cell anaemia 

patients 

 
Figure 2: Age distribution of health control 

individuals 

 
 

 
Figure 3: Shows the serum mean levels of Zinc and Copper and Standard Deviation
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Figure 4: Shows the serum mean level Selenium and Standard Deviation 
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DISCUSSION  
In our study the age distribution of sickle 

cell anaemia patients shared a mean age of 

(18.11±9.2yrs) and the healthy controls mean age 

was (18.52±9.6yrs). This is inconsistent with data 

reported by Barclay et al. [14] who reported the 

mean age in Zambian sickle cell anaemia patients 

to be below 13 years. This increase in mean age in 

sickle cell anaemia patients can be attributed to 

improved patient management and health 

education in sickle cell anaemia patients over the 

years. With regards to sex distribution, 26.09% of 

sickle cell anaemia patients were male compared 

to 73.91% females. 

The present study indicated a reduction 

in mean serum zinc in sickle-cell anaemia patients 

compared to healthy individuals. Sickle-cell 

anaemia patients despite having a normal diet 

have inadequate zinc intake due to chronic pain, 

haemolysis and reduced appetite. These patients 

have increased demand and consumption for zinc 

which may result in zinc deficiency. Further 

reason for zinc deficiency is increased urinary 

excretion due to impaired renal function and 

hypoxanthinuria which is common in sickle cell 

anaemia patients [15, 16]. Our findings may 

suggest an imbalanced redox internal 

environment and increased oxidative stress which 

may complicate the severity of the sickling crises 

[17]. Our findings agree with several other studies 

[18]. A study by Hasanato [19] involving 25 sickle 

cell anaemia patients and 25 controls found 

reduced levels of zinc and antioxidant vitamins A, 

C and E. The present study showed that patients 

with higher serum zinc had reduced the odds of 

having a sickling crisis by 1.1%. This is because 

zinc is important in the maturation and function of 

B and T lymphocytes and in the normal function 

of natural killer cells and neutrophils [20]. Zinc is 

needed for DNA synthesis and RNA transcription, 

cell division and cell activation and forms part of 

the first line antioxidant defense enzymes 

superoxide dismutase (SOD). With these 

functions, Zinc deficiency adversely affects the 

secretion and functions of cytokines, the basic 

messengers of the immune system [20]. Though 

no evidence link zinc directly to the sickling crises, 

its function does and this may explain why 

increased zinc levels lowers the odds of 

developing a sickle cell crisis. 

Mean copper serum levels in the present 

study were elevated in sickle cell anaemia patients 

compared to healthy individuals though there was 

no statistical difference between the two groups. 

Copper is part of the enzyme Superoxide 

Dismutase (Cu/ZnSOD) and play an important 

role in Ceruloplasmin which helps in Iron 

metabolism and haemopoiesis [21]. Though it 

plays many physiological roles it has been found 

to be significantly raised in many other conditions 

such as chronic obstructive pulmonary disease 

(COPD), malignancy and psychosis [22]. This is 

because copper is a pro-oxidant metal sometimes 

known for producing unpaired electrons and 

increased levels lead to increased oxidative stress 

and this may further increase the severity of a 

sickling process [8]. Zinc competes with copper 

for binding sites on proteins thus, increased 

copper levels previously observed is a result of 

zinc deficiency observed in sickle-cell anaemia 

patients [21, 23]. A study conducted in Sudan 

showed an increase in copper levels in 

homozygous sickle-cell patients which affirms 

our results [12]. Another study by Hasanato had 

similar significantly raised copper serum levels 

[19]. The present study shows that patients with 

higher serum copper had reduced odds of 

developing a sickling crisis by 0.8%.  

In the present study there was no 

statistical difference between the two groups in 

mean serum selenium. Selenium is an important 

microelement in the antioxidant enzymes like 

glutathione peroxidase [24]. This enzyme is 

cardinal as it helps reduce the increased oxidative 

stress observed in sickle-cell anaemia patients due 

to excessive oxygen radicals. Our logistic model 

showed zero probability of selenium reducing 

chances of developing a sickling crisis and this 

may be due to variability of our data sets. A study 

done Sudan involving 70 sickle cell anaemia and 

30 controls showed a significant reduction in the 

serum levels of selenium in sickle-cell anaemia 

patients compared to controls while another study 

done in India showed significant reduction of 

Selenium in oesophageal carcinoma [12, 22].  
 
CONCLUSION  

Our study showed a markedly reduced 

zinc concentration in sickle-cell anaemia patients 

compared to health normal individuals. In 

contrast we observed a relatively high mean 

serum copper in our sickle cell anaemia patients 

than controls. These results tend to indicate that 

the probability of our sickle cell anaemia patients 

developing a sickle cell crisis was 1.1% for mean 

zinc levels and 0.8% for mean copper levels 

observed. Selenium serum concentration did not 

contribute to the development of sickle cell crisis.  

What is already know on this topic 

• Zinc is increased in sickle-cell anaemia 
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• Increased serum copper and reduced 

serum selenium in sickle-cell anaemia  

• Precipitating factors for a sickling crisis 

What this study adds 

• Serum levels of zinc, copper and 

selenium in Zambian sickle-cell anaemia patients 

• Likelihood/odds of developing a sickling 

crisis in sickle cell anaemia patients given the 

serum levels of zinc, copper and selenium. 
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