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Abstract

Introduction: Sickle cell disease, also called sickle cell anemia, is a genotypic
disorder prevalent in the black population; it is characterized by a hemolytic
type anemia and can worsen following a deficiency of copper, zinc and serum
iron. Methods: It was a question of evaluating the plasma status of copper
and zinc by the photometric method, serum iron was measured by spectro-
photometry, and finally ferritin and transferrin were measured by the im-
munoenzymatic method; in subjects with sickle cell disease and healthy sub-
jects of all ages followed at the mixed medicine and sickle cell anemia center
in Kinshasa (CMMASS). Results: A total of 60 subjects participated in this
study. The sex ratio was 1.30; the average age of sickle cell patients was 7.4
years * 3.8 and 27.4 years + 5.1; for the control group, the average age was 8.2
years * 4.2 and 29 years * 6.7. 13.3% of children with sickle cell disease pre-
sented hypocupremia and 13.3% hypercupremia. For adults with sickle cell
disease, 26.7% had hypocupremia and 13% had hypercupremia. Regarding
zincemia, 67% of children and adults with sickle cell disease presented
hypozincemia; 60% of child subjects with sickle cell desease demonstrated
hyposideremia; in adults with sickle cell desease 20% have hyposideremia and
13% have hypersideremia. Conclusion: Our results demonstrate not only the
effective presence of iron overload in adult sickle cell patients, but also an
iron deficiency in controls and sickle cell patients, ignoring hemolysis.
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1. Introduction

Sickle cell disease is an autosomal recessive genetic disease linked to a genetic
anomaly (E6V mutation, ie. a substitution of adenine by Thymine) at the 6th
codon of the short arm of chromosome 11. This genetic anomaly causes the
formation of abnormal hemoglobin called Hemoglobin S having the characteris-
tic of sickling red blood cells (the RBC takes the shape of a sickle) in the pres-
ence of certain conditions such as hypoxia, acidosis and fever [1].

It is the most common “hemoglobinopathy” in Africa, with a prevalence of
20% in DR Congo. It constitutes a real public health problem since recent epi-
demiological data have shown that in the neonatal period, 2% of newborns are
homozygous and approximately 40.000 births of children with sickle cell disease
are estimated each year, while in the adult population, the Homozygous form
affects approximately 2% of individuals [1].

It is characterized by a hemolytic anemia with release of iron into the blood
circulation, also with infectious and inflammatory episodes which can worsen
following a deficiency of copper, zinc, serum iron, etc [2]-[4]. In addition to
hemolysis, blood transfusion constitutes a source of iron intake in sickle cell pa-
tients. Indeed, each transfused erythrocyte concentrate provides approximately
200 mg of iron depending on its volume, thereby causing iron overload in poly-
transfused sickle cell patients [5]. However, the human body lacks a physiologi-
cal mechanism for excreting this excess iron. Consequently, this excess iron ac-
cumulates and is responsible for cardiac, hepatic and endocrine damage making
up a disease called hemochromatosis [6].

The National Heart Lung and Blood Institute’s Sickle Cell Disease Manage-
ment Guide has established a comprehensive program to monitor and treat iron
overload. He also recommends screening for iron overload by analyzing serum
ferritin levels from the start of transfusion therapy, and indicates that overload
probably becomes detectable after twenty transfusions [7].

In addition, homozygous sickle cell patients are exposed to iron deficiency
following a nutritional deficiency during the growth period. As in developing
countries, children, adolescents and pregnant women are particularly vulnerable
(8].

Depending on its role, copper transports iron in the body, contributes to the
proper functioning of the immune system, etc.; High or low iron levels in the
body can lower copper levels in adolescents, pregnant women and people with
genetic diseases such as sickle cell anemia.

Indeed, several authors have reported that zinc deficiency is much more pre-
sent during sickle cell disease and is associated with malnutrition which affects
the immune system, thus exposing sickle cell patients to multiple infections [9]
[10].

This is why our study is based on the dosage of copper, zinc given their essen-
tial roles in the regeneration of red blood cells in the body, especially in sickle

cell patients, and iron considered as a constituent element of hemoglobin [11].
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A study carried out on the contribution of soluble transferrin receptors in the
evaluation of iron status during homozygous sickle cell disease revealed that
17.5% of sickle cell patients and 3.33% of controls (AA) had an increase in iron
levels and the receptor transferrin, which demonstrated a severe iron deficiency
in sickle cell patients [12]. Theoretically with hemolysis the plasma iron level
should be higher.

Thus, it was a question of evaluating the plasma status of copper, zinc, iron
(ferritin and transferrin) in the blood of sickle cell patients of all ages followed at
the mixed medicine and sickle cell anemia center of Kinshasa (CMASS).

The interest of this study is to allow clinicians to provide the community as
well as health professionals with useful information that can help them cope

with and prevent vaso-occlusive crises (VOC) and thoracic acute syndrome
(TAS).

2. Population and Methods

It is an analytical—comparative study, the study concerned subjects with sickle
cell disease and controls (non-sickle cell disease) followed at the Mixed Medicine
and Sickle Cell Anemia Center in Kinshasa (CMMASS).

Included in the study, thirty polytransfused sickle cell subjects, not being in a
state of severe vaso-occlusive crises, not having received a transfusion during the
month and thirty non-sickle cell subjects were taken as controls, not recently
having a transfusion. Free and informed consent was obtained, either from the
subject himself for adults, or through the parent or guardian for children.

The sampling applied is of non-probabilistic convenience because the choice
of patients was made according to their attendance at the center and concerned
all subjects with homozygous sickle cell disease (SS) whose hemoglobin status
was proven by the electrophoresis method of the Cellulose acetate hemoglobin.

The control group consisted of AA and AS people attending the same center
and whose hemoglobin status was proven by electrophoresis.

The dosages of mineral elements included:

- Colorimetric determination of copper with dithiocarbamate in an ammonia-
cal medium pH 9.2 in the presence of EDTA [13].

- The dosage of zinc with potassium ferrocyanide which reacts with zinc to
give a colloidal precipitate of zinc ferrocyanide capable of photocolorimetric
dosage [13].

The parameters of the martial assessment included:

- Serum iron dosage with spectrophotometry

- The determination of ferritin and immuno enzyme transferrin.

The following reference values were considered:

- For copper: 12 - 36 pmol/l for children and 11 - 24 umol/l for adults

- For zinc: 9 - 21.5 pmol/l for children, 11.6 - 31.3 umol/l (men), 9.0 - 30.4
umol/l (women)

- For ferritin: 15 - 80 pg/l for children and for adults 30 - 300 pg/l for males
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and 20 - 200 ug/1 for females
- For transferrin: 290 - 830 pg/1

Statistical analysis:

To statistically process our results, we proceeded by calculating the average
and the standard deviation as well as the calculated Z test.

All data were entered and analyzed using SPSS 15.0 software. The different
variables were compared using the chi-square test, the averages were compared
using the Student’s T-test. The significance threshold p retained was less than
0.05.

3. Results

The sample consists of 60 patients including 30 sickle cell patients and 30 AA
controls who consulted CMMASS/Yolo during the work period and who freely
agreed to participate in the study. These results will be presented in the form of

sociodemographic data and mineral element analysis results.

3.1. Sociodemographic Aspect

The study population included a total of 30 children whose ages ranged from 1
to 17 years with an average of 7.4 + 3.8 years for SS subjects and 8.2 + 4.2 years
for AA subjects and a total of 30 adults including | The age varies between 18
and 40 years old. With an average of 27.4 * 5.1 for SS subjects and 29 * 6.7 for
AA subjects.

3.2. Mineral Element Content of Study Subjects

1) Blood copper levels in children and adults

- Referring to the normal value of serum copper which is 12 - 36 umol/l in
children and 11 - 24 umol/l in adults. Of 15 children with sickle cell disease, 2
children had hypocupremia < 12 umol/l, 2 had hypercupremia and 11 had
normal values. Compared to the 15 AA children, 10 were within the normal
range and 5 had hypocupremia.

- Concerning adults with sickle cell disease, 4 adults or 26.7% presented
hypocupremia and 2 subjects presented hypercupremia, 9 subjects had nor-
mal values. Compared to the 15 AA adults, 2 presented hypocupremia, 1 hy-
percupremia and 12 had normal values.

2) Blood zinc levels in children and adults

Based on the normal value of serum zinc which is 9 - 21.5 umol/1 for children;
for adults, 11.6 - 31.3 pmol/l (Male Sex) and 9.0 - 30.4 umol/l (Female Sex). The
results gave:

- In children: 10 sickle cell patients showed hypozincemia, 5 children had
normal zincemia; compared to children without sickle cell disease, 9 have
normal zincemia and 6 have hypozincemia;

- In adults: 10 sickle cell patients have hypozincemia and 5 are within the

normal range. Unlike normal subjects, 10 had normal zincemia and 5 had
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hypozincemia.

3) Rates of sideremia in children and adults
With a normal value of 9 - 32 umol/l for the child,

We found 9 children with sickle cell disease, or 60%, presenting hyposidere-
mia, unlike the control children, 8 had hypersideremia and 2 children pre-
sented hyposideremia. No child presented with hypersideremia in sickle cell
patients.

With a normal value of 10.6 - 28.3 umol/l, out of 30 adult subjects in the
study, 3 or 20% of sickle cell patients presented hyposideremia, however no
adult control presented hyposideremia and 2 sickle cell subjects or 13% pre-

sented with hypersideremia.

The different averages of mineral elements are shown in Table 1 and their

comparisons are in Table 3 and Table 4. A significant difference was found for

copper and iron in children with a lower level in sickle cell patients.

Table 1. Average content of mineral elements.

Sickle cell patients n/30 Controls n/30
Parameters
Children Adults Children Adults
Age (/yrs) 7.4 %38 274 +5.1 8.2+4.2 29+6.7
Copper 13.1 £4.9 174 + 4.4 174 £ 5.7 153 +£5.0
Zinc 8.9+1.7 9.7+34 93+1 9.9+1.7
Serum iron 109 £ 8.7 182 +7.6 34.1 +19 225+11

3.3. Plasma Ferritin Content

Ferritin levels in children and adults:

For ferritin and transferrin we used only 40 samples including 20 sickle cell

patients (including 10 children and 10 adults) and 20 homozygous AA adults
(including 10 children and 10 adults).

Of the 10 subjects with sickle cell disease, 100% had normal ferritin levels (15
- 80 ug/l), with an average of 54 pg/l £ 5.4; just like in the control subjects, 10
children or 100% presented a normal ferritin level with an average of 48.3
ug/l +13.4 pg/l.

For ferritinemia in adult sickle cell subjects, we had 10 subjects or 100%
whose results were within the normal range with an average of 48.7 g/l +
15.2 pg/l; just as in the control subjects, 10 adults or 100% are located within
the normal range with an average of 52.7 ug/l + 15 ug/lL

3.4. Plasma Transferrin Content

Transferrin levels in children and adults

For transferrin in children, 1 subject with sickle cell disease, or 10%, pre-
sented hypotransferrinemia and 4 subjects with sickle cell disease presented

hypertransferrinemia; Unlike the controls, 2 subjects or 20% presented hy-
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pertransferrinemia and 1 subject or 10% hypotransferrinemia.

Comparing the results of sickle cell patients and adult controls, 10% of sickle
cell subjects presented hypotransferrinemia compared to control subjects; there
were 40% of control subjects with hypotransferrinemia. And 20% of sickle cell
subjects presented hypertransferrinemia, unlike in control subjects, 1 adult or
10% had hypertransferrinemia.

The averages of ferritin and transferrin are shown in Table 2 and the compar-
ison of averages in Table 3 and Table 4. No difference was observed for the two

groups of subjects.

Table 2. Average ferritin and transferrin contents.

Sickle cell patients n/20 Controls n/20
Parameters
Children Adults Children Adults
Ferritin 54 +£5.2 48.7 £ 14.7 483+ 14 52.7 +£15.8
Transferrin 412 +197.4 467 + 258 397 £310.4 609.8 +270.3

Table 3. Comparison of averages of different study parameters in children.

Sample Calculated Theoretical Za

Parameter Population/enfant . Difference
size tvalue  value (a=0.05)
Sickle cell patients 15 o
Copper -2.22 1.95 Significant
Controls 15
. Sickle cell patients 15 Non
Zinc 0.589 1.95 L
Controls 15 significant
) Sickle cell patients 15 o
Serum iron 4.196 1.95 Significant
Controls 15
. Sickle cell patients 10 Non
Ferritin 1.208 1.95 L
Controls 10 significant
. Sickle cell patients 10 Non
Transferrin 0.129 1.95 o
Controls 10 significant
Table 4. Comparison of means of different parameters in adults.
Sample Calculated Theoretical Za
Parameter Adult Population . P Difference
size tvalue  value (a=0.05)
Sickle cell patients 15 Non
Copper 1.355 1.95 .
Controls 15 significant
. Sickle cell patients 15 Non
Zinc 0.209 1.95 o
Controls 15 significant
. Sickle cell patients 15 Non
Serum iron 1.178 1.95 o
Controls 15 significant
. Sickle cell patients 10 Non
Ferritin 0.586 1.95 L
Controls 10 significant
. Sickle cell patients 10 Non
Transferrin 1.21 1.95 .
Controls 10 significant
DOI: 10.4236/jbm.2024.128001 6 Journal of Biosciences and Medicines
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Table 1 gives the averages and standard deviations of the mineral elements
studied as well as the averages and standard deviations of the ages of the popula-
tion.

Table 2 gives the averages and standard deviations of ferritin and transferrin
for all subjects who participated in the study.

The comparison of the averages of different parameters were carried out in
children and adults in order to determine the significance threshold for each
element studied, thus Table 3 and Table 4 give the differences found for each
group of subjects.

For Table 3, The Student’s t test with two independent samples shows that
there is a significant difference between the average concentration of copper and
serum iron in children with sickle cell disease and that of control children. Chil-
dren with sickle cell disease have on average a lower concentration of copper and
iron than control children.

Table 4 shows that for all parameters measured in adults there were no signif-

icant differences between the two groups.

4. Discussion

Mineral elements play an important role in the immune system in humans; their
deficiency would favor certain biological variations, notably the occurrence of
infections. However, our sickle cell patients are subject to multiple infections,
hence the interest in the dosage of certain mineral elements in our study and the
dosage of ferritin which is an iron storage protein for good guidance in the
management of crises in sickle cell patients.

Our study consists of 60 patients including 30 sickle cell patients and 30 con-
trols who consulted CMMASS/Yolo during the period of our study and who
agreed to participate in it after informed consent. For the children, their parents
freely agreed to have them participate.

The male gender is in the majority at 56.6% with a sex ratio of 1.30. This pre-
dominance is also found in other studies in the DR Congo [14] [15]. In Africa,
other studies report the same observation [16] [17]. Finally, others see no pre-
dominance between the two sexes [18] [19]. This is the case of Thuilliez and
Dreux. These differences would be related to the demographic data of each
country because the transmission of sickle cell disease is not linked to sex.

The age of polytransfused sickle cell patients varies between 1 and 40 years.
The average is 7.4 years for children and 27.4 for adults. These data seem to cor-
roborate the study of Ilunga K. K. A. et al. [1].

The study was limited to the dosages of three mineral elements among others:
copper, iron and zinc and another parameter which is ferritin.

Regarding copper, out of 15 children with sickle cell disease, 4 children had
abnormal cupraemia, including 2 with hypocupraemia < 12 pumol/l. 2 had hy-
percupremia and 11 had normal values. Compared to the 15 control children, 10

were within the normal range and 5 had hypocupremia. Concerning adults with

DOI: 10.4236/jbm.2024.128001

7 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128001

M. M. Nicole et al.

sickle cell disease, 4 adults, 2 of whom had hypocupremia < 11 umol/l and 2
others hypercupremia and 9 had normal values. Compared to the 15 adult con-
trols, 2 presented hypocupremia, 1 hypercupremia and 12 had normal values.
Copper deficiency can worsen anemia and neurological complications in a sickle
cell patient, requiring regular monitoring and supplementation if necessary. And
excess copper can lead to liver toxicities and other complications, requiring a
reduction in copper intake [20].

Copper is an anti-infectious and anti-allergic, it plays several roles in the body,
among other things, it is essential for the production of melanin and stimulates
the immune system while having an anti-inflammatory effect. In addition, this
trace element contributes to strengthening the immune system and promotes
healing and slows the development of bacteria and viruses [20].

Based on the normal value of serum zinc, out of the 15 sickle cell patients
evaluated, 10 subjects or 67% of sickle cell patients showed hypozincemia, 5
subjects or 33.3% presented normal zincemia; compared to children without
sickle cell disease, 9 subjects or 60% have normal zincemia and 6 subjects or 40%
have hypozincemia.

67% of sickle cell patients presented with hypozincemia and 33.3% were
within the normal range. Unlike the control subjects, 10 had normal zincemia
and 5 had hypozincemia. Zinc deficiency is linked to factors such as increased
urinary zinc elimination and chronic intravascular hemolysis [21] [22]. A study
confirms that there is a zinc deficiency which is a factor in malnutrition in sickle
cell patients [23].

There is also a close correlation between zinc deficiency and impaired im-
mune functions. According to the literature, zinc is an essential trace element
that is involved in numerous physiological functions and plays a role in the
body’s immunity. A sufficient supply of zinc is therefore essential for better pro-
tection of sickle cell patients who are prone to multiple infections [20] [24].

Comparing the results of sickle cell children and controls for serum iron, 60%
of sickle cell children presented hyposideremia; Unlike the control children,
53.3% had hypersideremia and 13.3% had hyposideremia. A significant differ-
ence was found in children. Sickle cell patients presented a low level of serum
iron compared to controls as shown in Table 3. However, the diagnosis of iron
deficiency in sickle cell subjects is not yet well established, due to the lack of spe-
cific tests to define their martial condition [25]. Iron deficiency was found in
17.5% of children with sickle cell disease and 20% presented hypersideremia,
3.33% hypersideremia was found in the control group [12].

In adults, 33.3% with sickle cell disease presented hyposideremia, also 13.3%
of control adults presented hyposideremia. On the other hand, 2 controls pre-
sented hypersideremia.

For transferrin in children, according to the analysis results, 4 sickle cell pa-
tients or 40% present hypotransferrinemia and 10% present hypertransfer-
rinemia. Unlike the controls, 2 subjects or 20% presented hypertransferrinemia

and 10% of children presented hypotransferrinemia.
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In adults, 2 sickle cell subjects, or 20%, presented hyposideremia and 10% hy-
pertransferrinemia, unlike in the controls, 4 adults, or 40%, presented hyper-
sideremia and 10% hypotransferrinemia.

For the level of ferritinemia, 100% of subjects with sickle cell disease and con-
trols have normal ferritinemia, compared to ironemia which increases in 53.3%
of control children; and transferrinemia which decreases in 20% of control chil-
dren and in 40% of children with sickle cell disease. In relation to sideremia, 20%
of sickle cell patients presented hyposideremia in adults and 60% hyposideremia
in children. 27% of adult controls presented hypersideremia. Thus, the hemo-
chromatosis mentioned by the latter could not be confirmed by the ferritinemia
which was normal for all subjects (100%), rather by the transferrinemia which
decreased in the controls and increased in the sickle cell patients, which would
mean an iron deficiency. The normal values of ferritinemia, with the hypo-
sideremia of iron deficiency anemia, would be related to the disturbances linked
to infection and inflammation [26]. Because of chronic hemolysis, which char-
acterizes certain hemoglobinopathies such as sickle cell anemia and thalassemia,
is not in itself a cause of iron overload [25]. These results illustrate the limits of
the usual parameters in the diagnosis of mineral elements in sickle cell disease.

The reduction in transferrin, specific to hypersideremia, is only noted in 20%
of controls, a phenomenon which could be explained by a reduction in its syn-
thesis in favor of ferritin in the inflammatory context and its increase could re-
flect a tissue deficiency. In iron, no sign of infection or anemia was observed,
especially since these receptors are considered an indicator of incipient tissue
iron deficiency which has not yet caused anemia [27]-[29] and hyposideremia in
60% of children with sickle cell disease and 20% in adults, due to chronic he-
molysis of sickle cell disease, would be at the origin of the correlation between
hemoglobin and soluble receptors, since it results in a normal compensatory in-
crease in erythropoietic activity to which the receptors are sensitive[30].

To this end, patients with sickle cell disease should have regular assessments
of their copper, zinc and iron levels to detect and treat deficiencies or excesses

quickly depending on age and adapted to the specific needs of each patient.

5. Conclusions

This work focused on the evaluation of the plasma status of mineral elements
such as copper, zinc and iron (ferritin and transferrin) in sickle cell patients. The
study was carried out on 60 samples of mixed sex and age, including 30 sickle
cell subjects and 30 control subjects followed at the SS mixed medicine and
anemia center in Kinshasa.

Our results demonstrate not only the effective presence of hemochromatosis
but also an iron deficiency in controls and in sickle cell patients, ignoring he-
molysis; this leads us to say, despite the chronic hemolysis that sickle cell pa-
tients experience, ferritin is normally compared to other parameters where there

have been significant variations following diet and sickle cell disease. Also the
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study reveals that sickle cell patients have copper and zinc deficiencies which can
have harmful consequences on their health. These results highlight the im-
portance of adequate screening and management of mineral deficiencies in sick-
le cell patients.

These observations show that sickle cell disease gives rise to multiple biologi-
cal variations of which our studied parameters are one of them. This demon-
strates the benefit of regular, effective medical monitoring leading not only to
reducing crises but also to good care.

Thus, we suggest that sickle cell patients eat foods rich in mineral elements to
avoid certain deficiencies which would lead to repeated crises.

In perception, this study can be continued on several parameters such as Hb,
RBC, WBC, TfR, VGM and TCMH, CRP, stools to provide clinicians with a

characteristic hematological and biochemical profile during sickle cell disease.
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