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Abstract
Background: Sickle Cell Anemia (SCA) is characterized by high levels of oxidative stress markers and low levels of
antioxidant capacity. Antioxidant defence mechanisms against the harmful effects of ROS requires cellular and
extracellular enzymes. These enzymes requires micronutrient for complete activity. Information on micronutrients
such as manganese, cobalt and copper in SCA population was poorly documented in the literature.
Methods: Plasma copper, manganese, cobalt and albumin concentrations determined by atomic absorption
spectrophotometry were compared between two groups of children: 76 with SCA (Hb-SS) and 76 without SCA
(controls). This study was conducted in the Muhona Hospital of Kasumbalesa, which is situated in a rural and low in
resources.
Results: The mean age was 10.0 years (SD = 5.4) in SCA children and 9.2 years (SD = 4.7) in the control group. The
levels of cobalt, manganese, copper and albumin were not different between the two groups (p > 0.05).
Conclusion: In our study, albumin, manganese, cobalt and copper values did not differ between SCA children in
steady state and Hb-AA children. The lack of differences in plasma elemental concentrations between the two
groups in context of increased demands in the SCA group, may represent adequate compensatory intake or
elemental dyshomeostasis in the SCA group.
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Background
Sickle cell anaemia (SCA) remains the most common
genetic diseases and major problem in public health in
the world. The incidence is estimated to range from
30,000 to 40,000 neonates per year in a recent report [1].
The disease is characterized by chronic hemolysis,
chronic inflammation, immune deficiency, a heterogeneous clinical phenotype and organ damage [2–7]. Pathogenic mechanism in sickle cell disease is mainly due to
chronic inflammation with oxidative stress. This situation
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leads to high levels of oxidative stress markers and low
levels of antioxidant capacity in SCA patients. Antioxidant
defence mechanisms against the harmful effects of reactive oxygen species (ROS) requires cellular and extracellular enzymes such as peroxidase, glutathione reductase,
catalase and superoxide dismutase (SOD). These enzymes
require micronutrients for complete activity.
SCA is associated with increased risks of multiple
micronutrient deficiencies but no significant differences
found in the levels of copper and albumin in SCA adults
compared to Hb-AA adults [8]. These nutriments have a
major role in the protection of the red cell membrane
against stress free radical mediated by oxidation in SCA
[9–11]. Children suffering from SCA have significantly
lower serum levels of zinc, magnesium and selenium
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[12]. SOD is a copper and zinc-containing enzyme that
converts superoxide radicals to hydrogen peroxides.
Copper is essential for this enzyme’s catalytic activity
and antioxidant functions; it plays an important role in
the functions of cytochrome c oxidase [13]. A recent
study shows a correlation between the oxidant/antioxidant imbalance and alteration in the serum copper level
in patients suffering from SCA [14]. A copper excess
may contribute to free radical production and oxidative
damage [2].
This study is part of a project to evaluate micronutrients
in sickle-cell anemia in the African environment. A first
study showed that zinc, selenium and magnesium values
were significantly lower in SCA children compared to
children with normal hemoglobin (Hb-AA) [12]. The objective of this second study was to determine the cobalt,
copper, manganese and albumin serum levels among SCA
children in steady state. The findings could be a starting
point for future research in the understanding of the
disease in a context of tropical, malnutrition and in highly
resource-scarce settings environment such as the Democratic Republic of Congo (DRC).

Methods
This study was conducted from January 2014 to June
2014 in the Muhona Hospital of Kasumbalesa, which is
situated in the southeastern part of the DRC. This
hospital receives all SCA children from the health area
of Kasumbalesa which is a rural and low in resources.
We consecutively recruited SCA children (Hb-SS)
between the age of 2 years and 15 years after written informed consent provided by their legal guardians. All SCA
children were in steady state, free of pain for at one month
and had not been hospitalized or transfused for at least
100 days before the study [6]. We excluded subjects (i)
under iron therapy (ii) under chronic transfusion program.
For each case, one control patient (Hb-AA) matched for
age, sex and place of residence were recruited into the
study, and 76 SCA children were compared to 76 Hb-AA
children.
Data collection procedure and blood analysis

Five ml of venous blood sample was drawn from each
study participant into an EDTA tube, used to determine
laboratory parameters.
Five ml of venous blood sample was drawn from each
study participant into an EDTA tube, used to determine
hemoglobin electrophoresis. Sickle cell screening was
performed using isoelectric focusing method.
Cobalt, manganese and copper levels were estimated in
blood samples using a Perkin Elmer Model 2380 Atomic
absorption Spectrophotometer (Norwak, Connecticut,
USA). Albumin was measured in blood samples by the
bromocresol green dye binding method. Trace elements
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were performed at Mineralogy Laboratory of the Société
de Développement Industriel et Minier du Congo (SODIMICO) at Kasumbalesa, in DRC.
Ethics statement

The approval to conduct the study and authorizations
were obtained from the Medical Ethic Committee of the
University of Lubumbashi (UNILU/CEM/048/2015).
Data was used with high confidentiality and no names
were recorded.
Data management and analysis

Results were analyzed using the Epi Info 7.1 (CDC Atlanta,
USA) and they were exported on STATA 12 for further
analysis. Data are represented as means ± standard deviation (SD) when the distribution was normal and median
with range when the distribution was not normal. The analysis of Student’s t-test was used for comparisons of means.
Chi square test was also used to compare the difference
between groups regarding age groups and gender. Statistical
significance level was set at p < 0.05.

Results
A total of 152 children, 76 SCA children and 76 no-SCA
children were recruited into the study over the 6 months.
The mean age of the Hb-SS group was 10.0 (SD = 5.4)
years while that of the Hb-AA group was 9.2 (SD = 4.7)
years. The sex-ratio male to female in the SCA group and
control group was respectively 1:1.8 and 1:1.1 (Table 1).
The Fig. 1 shows that the mean albumin level in Hb-SS
group tended to be lower than in Hb-AA group. However,
there was no statistically difference between the two
groups (43.71 ± 1.10 g/L vs 48.46 ± 2.78 mg/L; p = 0.50).
In the Hb-SS group, the mean value of manganese was
similar to that of the Hb-AA group (0.12 ± 0.04 μg/L vs
0.03 ± 0.01 μg/L; p = 0.057) as shown in the Fig. 1.
In the Hb-SS group, the mean cobalt level tended to
be higher than in the Hb-AA group (0.81 ± 0.13 μg/L vs
0.48 ± 0.10 μg/L; p = 0.065). However, there was no
statistical difference between the two groups (Fig. 1).
Table 1 Demographics characteristics of the two study groups
Variable

Hb-SS group
(n = 76)

Hb-AA group
(n = 76)

p

15 (19.7%)

17 (22.4%)

0.7195

Age
< 5 years
5–9 years

21 (27.6%)

24 (31.6%)

≥ 10 years

40 (52.6%)

35 (46.0%)

Mean ± SD

10.0 ± 5.4

9.2 ± 4.7

0.3324

Female

49 (64.5%)

40 (52.6%)

0.1877

Male

27 (35.5%)

36 (47.4%)

Sex
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Fig. 1 Albumin, manganese, copper and cobalt levels according hemoglobin status. Red line: median; Red cross: means; Line at the furthest
lower of the box: first quartile (25%); Line at the furthest upper of the box: third quartile (75%); Dot: outlier; Line at the furthest lower: lowest
value (minimum) excluding outliers; Line at the furthest upper: highest value (maximum) excluding outliers. Student’s t-test was used to compare
the two groups.

The Fig. 1 shows that the mean copper level did not
vary significantly between the two groups (1.72 ±
0.15 mg/L vs 1.89 ± 0.20 mg/L; p = 0.50).

Discussion
Our study is the first to look at albumin, manganese,
cobalt and copper values in SCA children living in the
Central Africa. Albumin exerts its anti-oxidant effect in
the body by binding copper ions and heme tightly and
iron ions weakly. It thus plays a role in preventing copper and iron from participating in lipid peroxidation. In
our series, there was no significant difference in the
levels of albumin in the SCA patients compared to
controls. Our findings are in consonance with previous
reports from Nigeria and Sudan [4].
Manganese is a trace element that is required as a
cofactor for many antioxidant enzymes such as glutathione peroxidase and superoxide dismutase [5–7]. Thus,
this trace element plays a key role in oxidative damage
without deleterious side effects of Fenton chemistry. In
the SCA group, the mean values of manganese were similar to those of the control group. In his study, Kehinde
et al. in Nigeria reported similar findings [15]. By contrast,
in their Nigerian series, Digban et al. found that manganese level was significantly decreased in sickle cell patients

when compared with apparent controls [16]. On the other
hand, Kehinde et al. reported that manganese values were
higher in the SCA patients in crisis [15]. We postulate that
the metabolism of manganese and are not influenced by
the presence of sickle cell anemia in steady state.
In the SCA group, the mean values of cobalt were
similar to those of the control group. There is still a lack
of information on cobalt in SCA children in the medical
literature. Cobalt is an essential element, but at high
concentrations, possesses the ability to produce reactive
radicals such as superoxide anion radical and nitric
oxide in biological systems. This oxidative stress contributes to cell toxicity and death [9, 10]. Cobalt is integral
part of vitamin B12, its alone function known in human
physiology. In the SCA group, the median values of cobalt were similar between sickle cell patients and children with Hb-AA. By contrast, in their Nigerian series,
Digban et al. found that cobalt level was significantly decreased in sickle cell patients when compared with apparently controls [16]. There is still a lack of information
on cobalt in SCA children in the medical literature. We
postulate that the metabolism of cobalt are not influenced by the presence of sickle cell anemia or may be
due to normal dietary intake of vitamin, in our series. In
addition, we speculate that environment and genetic
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factors may explain this difference between these two
studies.
In this study, the mean copper level did not vary significantly between the two groups, which is similar to
the findings reported by Alayash et al. in Saudi Arabia,
and by Kehinde et al. in Nigeria [11, 15]. However, our
results are different with the previous worldwide reports
in which they found a significantly higher serum copper in
sickle cell patients compared with controls [2, 14, 17–19].
We therefore speculate that environment and genetic factors may explain this difference between these studies. In
addition, rates of child malnutrition remain very high in
the DRC in general and particularly in the health zone of
Kasumbalesa, which is a rural and low in resources [20].

Conclusion
The first literature on the subject of albumin, manganese, cobalt and copper values in SCA is briefly reported
in Africa. In our study, albumin and these trace elements
did not differ between SCA children in a steady state
and Hb-AA children. The lack of differences in plasma
elemental concentrations between the two groups in
context of increased demands in the SCA group, may
represent adequate compensatory intake or elemental
dyshomeostasis in the SCA group. Further investigations
will focus on data on these trace elements in SCA
children in crisis compared to those in steady state.
Abbreviations
DRC: Democratic Republic of Congo; Hb-AA: Hemoglobin AA; HbSS: Hemoglobin SS; ROS: Reactive oxygen species; SCA: Sickle Cell Anemia;
SD: Standard deviation; SOD: Superoxide dismutase
Acknowledgements
The authors gratefully thank the staff of the laboratories of SODIMICO and
Muhona Hospital. Warm thanks to Doctor Gloria Bundutidi and the Nurse
Team of Saint-Crispin Medical Center as well as all the patients for their
invaluable contribution to the present study.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
OM, JKS, AMM, PMM and ONL conceived, designed, deployed and directed
the study at the Muhona Hospital and at the Faculty of Medicine of
University of Lubumbashi. JKS, PMM and OM carried out patient recruitment
and follow-up, sample collection, storage and transport. OM and MNA wrote
the manuscript. MNA brought some precious corrections. OM, JS, AMM,
PMM, MNA, SOW and ONL analysed data. OM and MNA edited the English
and made corrections. All authors read and approved the final manuscript.
Ethics approval and consent to participate
All of the participants were minors and their legal guardians provided
written consent for them to take part in the study. This consent procedure
and the study were reviewed and approved by the Medical Ethical
Committee of the University of Lubumbashi, Lubumbashi, the DRC (UNILU/
CEM/048/2015), in compliance with the principles of the Helsinki Declaration
II. The aim and the procedures of the study were explained to the
participants. The participants were informed that they could withdraw
anytime without further obligation. The informed written consent to
participate and for the publication of individual clinical details was obtained
from the parent/guardians of the child.

Page 4 of 5

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Research, High Institute of Techniques Medicales,
Lubumbashi, Democratic Republic of Congo. 2Department of Pediatrics,
University Hospital of Lubumbashi University of Lubumbashi, Lubumbashi,
Democratic Republic of Congo. 3School of Public Health, University of
Lubumbashi, Lubumbashi, Democratic Republic of Congo. 4Division of
Hemato-oncology and Nephrology, Department of Paediatrics, University
Hospital of Kinshasa, School of Medicine, University of Kinshasa,, Kinshasa,
Democratic Republic of Congo.
Received: 10 January 2018 Accepted: 27 August 2018

References
1. Piel FB, Hay SI, Gupta S, Weatherall DJ, Williams TN. Global burden of sickle
cell anaemia in children under five, 2010-2050: modelling based on
demographics, excess mortality, and interventions. PLoS Med. 2013;10(7):
e1001484. https://doi.org/10.1371/journal.pmed.1001484.
2. Hasanato RM. Zinc and antioxidant vitamin deficiency in patients with
severe sickle cell anemia. Ann Saudi Med. 2006;26(1):17–21.
3. Ballas SK. More definitions in sickle cell disease: steady state v base line
data. Am J Hematol. 2012;87:338. https://doi.org/10.1002/ajh.22259.
4. Yahaya IA. Biochemical features of hepatic dysfunction in Nigerians with
sickle cell anaemia. Niger Postgrad Med J. 2012 Dec;19(4):204–7.
5. Parmalee NL, Aschner M. Manganese and aging. Neurotoxicology. 2016 Sep;
56:262–8. https://doi.org/10.1016/j.neuro.2016.06.006.
6. Takada Y, Hachiya M, Park SH, Osawa Y, Ozawa T, Akashi M. Role of
reactive oxygen species in cells overexpressing manganese superoxide
dismutase: mechanism for induction of radioresistance. Mol Cancer Res.
2002 Dec;1(2):137–46.
7. Aguirre JD, Culotta VC. Battles with iron: manganese in oxidative stress
protection. J Biol Chem. 2012 Apr 20;287(17):13541–8. https://doi.org/10.
1074/jbc.R111.312181.
8. Arinola OG, Olaniyi JA, Akiibinu MO. Evaluation of antioxidant levels and
trace element status in Nigerian sickle cell disease patients with
Plasmodium parasitaemia. Pak J Nutr. 2008;7:766–9.
9. Battaglia V, Compagnone A, Bandino A, Bragadin M, Rossi CA, Zanetti F,
Colombatto S, Grillo MA, Toninello A. Cobalt induces oxidative stress in
isolated liver mitochondria responsible for permeability transition and
intrinsic apoptosis in hepatocyte primary cultures. Int J Biochem Cell Biol.
2009 Mar;41(3):586–94. https://doi.org/10.1016/j.biocel.2008.07.012.
10. Jomova K, Valko M. Advances in metal-induced oxidative stress and human
disease. Toxicology. 2011 May 10;283(2–3):65–87. https://doi.org/10.1016/j.
tox.2011.03.001.
11. Alayash AI, Dafallah A, Al-Quorain A, et al. Zinc and copper status in
patients with sickle cell anemia. Acta Haematol. 1987;77:87–9.
12. Sungu JK, Mukuku O, Mutombo AM, Mawaw P, Aloni MN, Luboya ON. Trace
elements in children suffering from sickle cell anemia: a case-control study.
J Clin Lab Anal. 2017 Feb 15; https://doi.org/10.1002/jcla.22160.
13. Osredkar J, Sustar N. Copper and zinc, biological role and significance of
copper/zinc imbalance. J Clinic Toxicol. 2011;S3:001. https://doi.org/10.4172/
2161-0495.S3-001.
14. Al-Naama LM, Hassan MK, Mehdi JK. Association of erythrocytes antioxidant
enzymes and their cofactors with markers of oxidative stress in patients
with sickle cell anemia. Qatar Med J. 2016 Jan 20;2015(2):14. https://doi.org/
10.5339/qmj.2015.14.
15. Kehinde MO, Jaja SI, Adewumi OM, Adeniyi IM, Nezianya MO, Ayinla EO.
Liver enzymes and trace elements in the acute phase of sickle cell anaemia.
West Afr J Med. 2010 Jul-Aug;29(4):244–8.

Mukuku et al. BMC Hematology (2018) 18:23

16. Digban AK, Okogun GRA, Adu M, Jemikalajah JD. Evaluation of some
micronutrients in sickle cell disease. International Journal of Innovative
Research and Development. 2016;5:309–13.
17. Akenami FO, Aken'Ova YA, Osifo BO. Serum zinc, copper and
magnesium in sickle cell disease at Ibadan. South western Nigeria Afr J
Med Sci. 1999;28:137–9.
18. Pellegrini Braga JA, Kerbauy J, Fisberg M. Zinc, copper and iron and their
interrelations in the growth of sickle cell patients. Arch Latinoam Nutr.
1995;45:198–203.
19. Bashir NA. Serum zinc and copper levels in sickle cell anaemia and betathalassaemia in North Jordan. Ann Trop Paediatr. 1995;15:291–3.
20. Kandala NB, Madungu TP, Emina JB, Nzita KP, Cappuccio FP.
Malnutrition among children under the age of five in the Democratic
Republic of Congo (DRC): does geographic location matter? BMC Public
Health. 2011 Apr 25;11:261.

Page 5 of 5

