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Abstract 
This study was aimed at evaluating the iron status of multiple blood transfused sickle cell anaemia 
(SCA) patients in Benin City, Nigeria. A total of 86 subjects participated in the study, comprising of 
30 multiple transfused SCA subjects, 30 of rarely transfused SCA subjects and 26 of age and sex 
matched healthy control subjects. Serum ferritin was determined by enzyme linked immuno sor-
bent assay technique. Serum iron and Total iron binding capacity was determined by spectro-
phometric method. The mean serum ferritin concentration was elevated in the sickle cell anaemia 
patients whose multiple transfusions (MT) are more than those who were rarely transfused (RT) 
as compared with the control groups (p < 0.001). There was a positive correlation between the 
serum ferritin and the number of units of blood transfused (r = 0.719, p = 0.000). This study re-
vealed that a high level of serum ferritin, percentage transferrin saturation and a reduction in to-
tal iron binding capacity were observed in sickle cell anaemia patients who received ≥3 units of 
packed cells in one year. 

 
Keywords 
Sickle Cell Anaemia, Multiple Transfusions, Serum Ferritin, Enzyme Linked Immuno Sorbent  
Assay 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/ojpathology
http://dx.doi.org/10.4236/ojpathology.2014.42005
http://dx.doi.org/10.4236/ojpathology.2014.42005
http://www.scirp.org/
mailto:fredleo2547@yahoo.com
http://creativecommons.org/licenses/by/4.0/


A. I. Ikusemoro et al. 
 

 
26 

1. Introduction 
Sickle cell disease (SCD) refers to a group of disorders caused by autosomal recessive inheritance of a pair of 
abnormal haemoglobin genes, including the sickle cell gene. It is characterized by chronic hemolytic anaemia 
and acute episodic clinical events called crisis [1]. Vaso-occlusive (painful) crisis is the most common, and other 
crises are acute hemolytic crisis, sequestration crisis and aplastic crisis [2]. The shortened life span of the sickle 
red cell coupled with other clinical complication often necessitates frequent blood transfusion in order to main-
tain a manageable haematocrit [3] [4]. The sickling factors that precipitate the occurrence of sickle cell crisis 
may be affected by multiple factors such as local tissue hypoxia, dehydration, infections, acidosis, stress and 
cold. In tropical Africa, malaria is the most common cause of anaemia and vaso-occlusive crisis [5]. High levels 
of fetal haemoglobin are known to ameliorate the severity and incidence of sickle cell crisis and other complica-
tions of the disease [6]. This study was aimed at evaluating the iron status of multiple blood transfused sickle 
cell anaemia patients in Benin City, Nigeria. 

2. Materials and Methods 
2.1. Study Area 
The study area was carried out at the University of Benin Teaching Hospital, Benin City. It is a tertiary hospital 
that is concerned with the management of patients.  

A) Subjects 
Sample size 
The sample size was obtained using this formula [7].  

( ) 22N Z P 1 P d= × −   
where: 
N = Minimum sample Size 
D = Desired level of significance (0.05) 
Z = Confidence interval (1.96) 
P = Prevalence rate (2% - 3%) [8] 

B) Subjects 
A total of 86 subjects participated in the study, comprising of 30 multiple transfused SCA subjects, 30 of 

rarely transfused SCA subjects and 26 of age and sex matched healthy control subjects. Ethical approval for this 
study was obtained from the hospital Ethics committee and informed consent was obtained from the test groups 
and the control groups.  

2.2. Inclusion Criteria 
Subjects confirmed to be sickle cell patients by haemoglobin electrophoresis who selected for this study. A his-
tory of blood transfusion was confirmed by checking through their case notes. 

2.3. Exclusion Criteria 
The following subjects were excluded from the study: 

1. Sickle cell patients who were pregnant. 
2. Heterozygous sickle cell disease (HBSC, HBSE). 

2.4. Problems Encountered 
There was a problem with recollection of information especially units of blood received by the patients. This 
was minimized by carefully going through the case notes. 

Blood Sample Collection 
5 ml of venous bloods were taken from the antecubital vein by venapuncture. It was transfer into an anticoagu-
lant free test tube and allows to cloth and subsequently centrifuge at 750 × g from 15 minutes to obtain serum. 
The serum was immediately aliquoted into Eppendorf and stored at −20˚C. 
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2.5. Assessment of Iron Status 
2.5.1. Serum Ferritin 
Enzyme linked immunosorbent assay method used 0.05 ml of fresh unhaemolysed serum was added to each of 
the wells and left overnight at 4˚C. The wells were washed three times with wash solution. Then 0.2 ml of a 
substrate (chromogen) was added to the wells incubated for 30 min. 0.05 ml of hydrochloric acid was added to 
each well to stop the reaction. The absorbance was read using a microplate reader at 450 nm. The colour change 
is proportional to the amount of ferritin in serum [9]. 

2.5.2. Serum Iron 
2.5 ml of an acidic buffer containing hydroxylamine was to four properly labeled test tubes blank, standard, test 
and control containing 0.5 ml of fresh unhaemolysed serum. This addition caused a reduction the Fe3+ to Fe2+. 
0.05 ml of a chromogenic agent was then added which formed a highly colored Fe2+-complex that was measured 
spectrophotometrically at 560 nm [9].  

2.5.3. Total Iron Binding Capacity 
Unsaturated iron binding capacity (UIBC) was determined by adding excess fe2+ to serum so that they bind to 
the unsaturated iron binding sites on transferrin. The excess fe2+ was reacted with ferrozine to form a colour 
complex which was measured spectrophotometrically [9].  

2.5.4. Percentage Transferrin Saturation 
The Transferrin saturation is the ratio of the serum iron concentration and the TIBC expressed as a percentage.  

3. Analysis of Data  
All results were presented as mean ± standard deviation and analyzed using one way analysis of variance 
(ANOVA) and Turkey-Kramer Multiple comparison test using SPSS-18.0 statistical program. P values ≤ 0.05 
were considered significant.  

4. Results 
Table 1: The Mean ± Standard Deviation of serum iron concentration, serum ferritin concentration and percen-
tage transferrin saturation was higher in the multi-transfused group as compared to the control subjects, showing 
a significant difference (p < 0.001). Similarly, the mean total iron binding capacity was significantly higher in 
the control subjects as compared to the multi-transfused subjects (p < 0.001). 

Table 2: The Mean ± standard Deviation of serum iron concentration, serum ferritin concentration and per-
centage transferrin saturation between the rarely transfused subjects and the control subjects, there were no sta-
tistically significant differences in their mean values (p > 0.05). However, the mean total iron binding capacity 
was higher in the control subjects than in the rarely transfused subjects (p < 0.001).  

Table 3: The Mean ± Standard Deviation of serum iron concentration, serum ferritin concentration and per-
centage transferrin saturation were higher in the multi-transfused subjects than that observed in the rarely trans-
fused subjects (p < 0.001).  

Figure 1: Depicts a regression analysis graph of serum ferritin and number of units of blood transfused over a 
five year period. A linear relationship was observed between the number of units of blood transfused and the 
serum ferritin level in the multi-transfused subjects. Indicating that serum ferritin rises with increasing transfu-
sion requirements. 

 
Table 1. The mean ± standard deviation of iron status in multi-transfused subjects and controls.                         

PARAMETERS MULTI-TRANSFUSED n = 30 CONTROL n = 26 P value 

Serum Iron (ug/dl) 152.8 ± 23.4 95.1 ± 26.7 <0.001 

Serum Ferritin (ug/dl) 396.4 ± 130.8 107.2 ± 13.0 <0.001 

Total Iron Binding Capacity (ug/dl) 280.2 ± 37.9 366.8 ± 76.4 <0.001 

% Transferrin saturation 55.2 ± 9.9 26.8 ± 8.8 <0.001 
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Table 2. The mean ± standard deviation of iron status in rarely transfused subjects and controls.                        

PARAMETERS RARELY TRANSFUSED n = 30 CONTROL n = 26 P value 

Serum Iron (ug/dl) 96.5 ± 22.2 95.1 ± 26.7 0.84 

Serum Ferritin (ug/dl) 124.9 ± 67.2 107.2 ± 13.0 0.052 

Total Iron Binding Capacity (ug/dl) 248.1 ± 57.0 366.8 ± 76.4 <0.001 

% Transferrin saturation 31.7 ± 11.0 26.8 ± 8.8 0.064 

 
Table 3. The mean ± standard deviation of iron status in multi-transfused and rarely transfused subjects.                  

PARAMETERS MULTI- TRANSFUSED n = 30 RARELY TRANSFUSED n = 30 P value 

Serum Iron (ug/dl) 152.8 ± 23.4 96.5 ± 22.2 <0.001 

Serum Ferritin (ug/dl) 396.4 ± 130.8 124.9 ± 67.2 <0.001 

Total Iron Binding Capacity (ug/dl) 280.2 ± 37.9 248.1 ± 57.0 0.06 

% Transferrin saturation 55.2 ± 9.9 31.7 ± 11.0 <0.001 

 

 
Figure 1. Scatter gram of serum ferritin and Number of units of blood transfused. 

 
Table 3 Shows correlation coefficient for the number of units of blood transfused (POB) and the iron status of 

multi-transfused patients. There was a positive correlation between the serum ferritin and the number of units of 
blood transfused(r = 0.719, p = 0.000). A similar trend was also observed between the percentage transferrin sa-
turation and serum ferritin (r = 0.473, p = 0.002), percentage of transferring saturation and number of units of 
blood transfused (r = 0.407, p = 0.026).whilst the total iron binding capacity show a negative correlation be-
tween number of units of and serum ferritin (r = 0.473, p = 0.002), percentage of transferring saturation and 
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number of units of blood transfused (r = 0.407, p = 0.026).whilst the total iron binding capacity show a negative 
correlation between number of units of blood transfused (r = −0.251, p = 0.180), serum ferritin (r = −0.091, p = 
0.663) and percentage transferrin saturation(r = −0.471, p = 0.009). 

5. Discussion 
Sickle cell anaemia is a chronic debilitating hematological condition often requiring frequent blood transfusions 
in order to maintain a manageable haematocrit and also increase the possibility of eliminating the most compli-
cations of the disease, which includes alloimmunization, iron overload and transfusion of microbial agents 
which are significant risk factors that limit the use of blood transfusions in the management of severe complica-
tions. In this study, the mean serum ferritin concentration was elevated in the sickle cell anaemia patients who 
had multiple blood transfusions ≥ 3 units of blood per year than those who were rarely transfused (RT) as com-
pared with the control groups, (p < 0.001) Tables 1-3. The mean serum ferritin level was found to be greater 
than 300 µg/dl in the multi-transfused (MT) patients. This is not surprising because as iron accumulates, the se-
rum ferritin concentration rises and values above 300 µg/dl signify an increase in iron stores. This agrees with 
these finding. Elevated levels of serum ferritin are seen in hyper transfused sickle cell anaemia patients 10. The 
mean total iron binding capacity (TIBC) in this study was found to be 280.2 µg/dl ± 37.9 µg/dl for the mul-
ti-transfused SCA patients. Although this is within the expected range (200 - 400 µg/dl), it is still low when 
compared with the levels of 366.8 µg/dl ± 76.4 µg/dl for the control subjects. This is not surprising because an 
increase in iron stores in the multi-transfused subjects reflects the amount of transferrin in circulation. It is often 
decreased with an increase in iron stores. The mean total iron binding capacity observed in the rarely transfused 
(248.1 µg/dl ± 57.0 µg/dl) is lower than that of the control subjects (366.8 µg/dl ± 76.4 µg/dl) despite the fact 
that there is no significant difference in their mean serum iron concentrations (96.5 µg/dl ± 22.2 µg/dl and 95.1 
µg/dl ± 26.7 µ/dl) respectively, it shows that there is a low serum iron level together with a reduction in total 
iron binding capacity in the rarely transfused SCA subjects which are consistent with the findings in anaemia of 
chronic inflammation. It is not unexpected as sickle cell anaemia patients are predisposed to recurrent infections. 
The early stages of iron accumulation are detectable by an increase in serum iron, a decreased total iron binding 
capacity and increased transferrin saturation [10]. 

This study shows a positive correlation between serum ferritin and number of units of blood transfused (r = 
0.719, p = 0.000) as seen in Table 4 and Figure 1, this is in accordance with these findings. The ferritin values 
correlate with the number of blood transfused [11]. A linear increase in serum ferritin level is seen in cumulative 
transfusion cases [12]. A higher mean serum ferritin values in sickle cell anaemia patients who had multiple 
transfusions is established [13]-[15]. Blood transfusion is not the only contributory factor to increase in serum 
ferritin levels [16]-[18]. However, in health serum ferritin concentration correlates with iron stores [19]-[21], 
ferritin synthesis is influenced by factors such as inflammatory conditions where ferritin behaves as an acute 
phase reactant [20]. 

The percentage of Transferrin saturation found in the multi-transfused sickle cell anaemia patients was greater 
than 50% with a mean value of 55.2%, the transferrin saturation is the ratio of the serum iron concentration and 
the total iron binding capacity expressed in percentage. The finding in this study is not unexpected because ele- 
 
Table 4. Correlation between Numbers of units of blood transfused and Iron Status in Multi-transfused subjects.            

 POB SI SF TIBC STR 

POB   r 
P value 

1 0.227 
0.228 

0.719 
0.000 

−0.251 
0.180 

0.407 
0.026 

SI      r 
P value 

0.227 
0.228 

1 0.420 
0.021 

0.317 
0.087 

0.682 
0.000 

SF     r 
P value 

0.719 
0.000 

0.420 
0.021 

1 
−0.091 
0.633 

0.473 
0.008 

TIBC    r 
P value 

−0.251 
0.180 

0.317 
0.087 

−0.091 
0.633 

1 
−0.471 
0.009 

STR     r 
P value 

0.407 
0.026 

0.682 
0.000 

0.473 
0.002 

−0.471 
0.009 

1 

Key: r—Pearson Correlation Co-efficient, POB—Number of units of blood transfuse, SI—Serum iron. SF—Serum ferritin, TIBC—Total iron binding 
capacity, STR—Percentage serum transferrin saturation. 
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vated transferrin saturation is indicative of an early detection of iron overload, this in line with these finding. 
One third of the adult sickle cell disease patients on regular blood transfusions had percentage transferrin satura-
tion greater than 50% [22]. 

6. Conclusion and Recommendations 
This study revealed that a high level of serum ferritin, percentage transferrin saturation and a reduction in total 
iron binding capacity were observed in sickle cell anaemia patients who received 3≥ units of packed cells per 
year, suggesting an increase in iron stores and are at risk of developing iron overload. Serum ferritin should be 
routinely assayed for patients with HBSS requiring frequent blood transfusions for early detection of iron over-
load and the need for iron chelating agent to be incorporation into the management of sickle cell anaemia pa-
tients, particularly those requiring multiple blood transfusions is advocated. 
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