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ABSTRACT

Introduction: Sickle cell disease (SCD) is the most prevalent genetic disease worldwide and particularly
reaches its highest prevalence in sub-Saharan African countries. In Côte d’Ivoire, the SCD prevalence rate is
12%. Many evidences show that the immune system plays an important role in this inflammatory condition with
secreting inflammatory cytokines.
This work attempts to identify the cytokine pattern displayed by Ivorian patients during the course of disease, as
Th1 cytokines, as well as Th2 cytokines. Furthermore, this study desires to contribute to identify advantages of
chronic transfusion in SCD patients.
Patients and Methods: 49 subjects (4 to 55 years) were prospectively enrolled in the study after an informed
consent. The patients were assigned in 2 groups, patients in steady state and patients in crisis. Serums were
measured in San Diego Biolegend laboratory by using LEGENDplexTM Human Inflammation Panel assays
and ELISA.
Results: Evaluation of serum cytokines in SCD crisis patients revealed an increased level for IL-1β, IL-6 and
IL-10 cytokines. The IFN-γ to IL-4 ratio was 1.92 in crisis subjects and 3.55 in steady state subjects indicating
a trend toward a Th2 bias in crisis patients.
Conclusion: The role of cytokines in role in pathogenesis and progression in SCD is well established. However,
accurate data are lacking for people with SCD in Sub-Saharan Africa where the disease is endemic. This study
reveals a Th2 bias in SCD patients. The reduction in cytokine levels observed in our transfused patients provides
an overview of the definite benefit of chronic transfusion.
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Introduction

Sickle cell disease (SCD) is the most prevalent genetic disease
worldwide and particularly reaches its highest prevalence in subSaharan African countries. Particularly in areas around the equator,
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the prevalence varies between 20% and 30% [1,2]. In Côte d’Ivoire,
the SCD prevalence rate is 12 % [3]. As such, SCD is one of the
greatest public health treat and represent a public health problem.
Sickle cell disease (SCD) is in fact a chronic inflammatory disease
and the permanently activated immunoinflammatory status exhibit
increased levels of proinflammatory cytokines with chronic
hemolysis, frequent infections, recurrent clinical and subclinical
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occlusion of microcirculation and result in tissue injury, chronic
organ damage and failure and ultimately, premature death [4,5].
Classically two clinical profiles are well known, sickle cell steady
state and sickle cell crisis. The steady state is a period during which
the patient feels well but it‘s a precarious situation which can
degenerate into the second profile, the vasoocclusive crisis, at any
time [6]. The mechanisms by which sickle cell crisis are initiated
are complex and multifactorial and involves many factors such as
cytokines [6,7]. Many evidences show that both type I and type
II cytokines are significantly altered in SCD patients. CD4+ and
CD8+ cells are further divided into subsets by their function and
pattern of cytokine secretion. Type 1 (Th1) cells typically produce
IL-2, tumor necrosis factor- β (TNF- β) and interferon α(IFN α),
while type 2 (Th2) cells produce IL-4, IL-5, IL-6, IL-9 and IL10 . A predominance of Th1 cytokines results in the induction of
vigorous mediated immunity while a predominant Th2-biased
response results in stronger humoral immunity [8].
While there are published reports of individual cytokines in
sickle cell disease patients, few studies are really investigating
the relative levels of Th1-type and Th2-type cytokines in black
Africans. This work attempts to identify the cytokine pattern
displayed by these patients during the course of disease, as Th1
cytokines, such as TNF α, IL-1 β, IL-12p70 and IFNγ, as well as
Th2 cytokines, such as IL-4, IL-6 and IL-10. Furthermore, this
study desires to contribute to identify factors that can help for a
better comprehension of the physiopathology and therapeutics of
the disease.

Patients and Methods

Study population
This is a prospective study with 49 SCD patients from 4 to 55
years old followed at the transfusion therapeutic unit located in
National blood Transfusion Center in Abidjan, Côte d’Ivoire. It
was conducted between from October 2016 to February 2017 after
approval from the national ethics board and informed consent was
obtained from the patients’ parents.
Each subject was prospectively enrolled in the study after an
informed consent was obtained. Patients were assigned in 2 groups:
patients in steady state (no acute illness, no crisis or infection
during the previous 3 months) for the first group and patients
admitted for anemia, infection, and crisis for the second group.
Documentation of homozygous or heterogynous sickle cell patients
had been determined by hemoglobin electrophoresis on cellulose
acetate strips (PH 9.2). The vaso-occlusive crisis (VOC) patients
were admitted to the unit and those who were non-symptomatic,
steady state sickle cell patients coming at the unit for routine
check-ups.
Vaso-occlusive crisis (VOC) was defined as an episode of diffuse
acute pain occurring in the abdomen, back, chest, bone, joint, or
multiple sites of pain, necessitating hospital admission and or
analgesic administration. Clinical investigations were assessed by
hematology specialist.
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Steady-state SCD control patients were matched with crisis SCD
patients according to sex, gender, hemoglobin type, hemoglobin
level, body mass index (BMI) and chronic transfusion. All subjects
were coming most from Côte d’Ivoire and West African countries
(Nigeria, Togo, Ghana, Mali, and Guinea).
Cytokines assays
Blood sample were collected by veinopuncture in EDTA for the
determination of the basic hematological indices and for the cytokine
assay. Complete blood counts were obtained with an electronic
cell counter (Sysmex XN 550 Hematology analyzer). The plasma
was separated from the tube sample at 1,000g at 4°C for 10 min,
aliquoted and stored at -30°C for cytokine assays. Prior to use, the
samples were thawed completely, mixed and centrifuged. Serums
were measured by using BioLegend’s LEGENDplexTM Human
Inflammation Panel assays which is bead-based immunoassays,
using fluorescence encoded beads and The BioLegend LEGEND
MAX™ Human IL-4 ELISA Kit. These panels allow simultaneous
quantification of many human inflammatory cytokines and
chemokines, but we had focused on Th1 cytokines (IFN γ, IL-1β,
TNF α, IL-12 p70) and Th2 cytokines (IL-4, IL-6, IL-10). The
assay was performing using ELISA for IL-4 and a filter plate for
the others cytokines in Biolegend laboratory in San Diego, US. A
minimum of 3000 positive beads for these cytokines was acquired
with a cytometer type BD FACSCalibur™. The BioLegend
LEGEND MAX™ Human IL-4 ELISA Kit, Sandwich EnzymeLinked Immunosorbent Assay (ELISA) with a 96-well strip plate
that is pre-coated with a capture antibody was used to detect
IL-4. All samples were run and analyzed on the same day after
being thawed completely. Manufactured supplied controls were
used to monitor coefficients of variation, which were <10%. The
minimum detectable concentration for Th1 and Th2 cytokines
were respectively IFN γ: 1.5pg/ml, IL-1β: 0.9pg/ml, TNF α: 1.0
pg/ml, IL-12 p70: 0.6pg/ml, IL-4: 0.6 pg/ml, IL-6: 1pg/ml, IL-10:
0.8pg/ml. Data analysis was done using LEGENDplexTM Data
Analysis Software when data acquisition is completed.
Statistical analysis
All results are expressed as mean+/- SD. Data were analyzed using
the SPSS, version 15, for Windows. Statistical significance was
calculated using Student’s unpaired t test, the Mann-Witney U test,
Chi-square and Fisher’s exact test. Statistical test results with a P
value ≤0.05 were considered to be significant.

Results

Demographic characteristics in the sickle cell patients
Fourty nine patients with a diagnosis of sickle cell disease (SCD),
comprising 26 males (53.06%) and 23 females (46.94 %), were
recruited.
The mean age for all SCD patients were respectively, 27.82 ±
13.77 years (min/max= 4/50 years) for crisis group and 20 ± 13.74
(min/max= 4/55 years) for the steady state group. There was no
significant difference in the age range between group 1 and group
2 (p value= 0.09) and the sex ratio was 1 and 1.3 (in favor of men)
respectively in group 1 and 2 (Table 1).
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Parameters

%

Crisis

Steady state

p value

Sex ratio (men/female)

1,0

1,3

Age (years)

27,82 ± 13,77
(4-55)

20 ± 13,74
(4-50)

0,09

Transfusion program %

19,2

45

0,03

BMI (body mass index)

20,89 ± 3,12
(13,67-26,15)

19, 90 ± 5,14
(7,56-27,34)

0,4

Type
hemoglobin

Blood group
ABO %

RH
phenotype
%

SSFA2

53,06

57,14

47,62

SFA2

24,49

28,57

19,05

SC

16,33

7,14

28,57

AFA2

6,12

7,14

4,76

A+

20,41

20,00

21,05

B+

14,29

20,00

5,26

O+

46,94

46,67

47,37

AB+

10,2

10,00

10,53

O-

8,16

3,33

15,79

ccdeek

6,12

0

14,29

ccDeek

65,31

64,29

66,67

ccDEek

6,12

10,71

0

ccDeeK+

2,04

3,57

0

CcDeek

16,33

14,29

19,05

CcDEek

2,04

3,57

0

Ccdeek

2,04

Haemoglobin(g/l)

3,57

0

8,09 ± 1,79
(4,8-12,50)

9,44 ± 2,40
(5,6-14,30)

TH1
cytokines

0,72
TH2
cytokines

0,29

TH1/TH2
balance

Crisis

Steady state

p value

IFN-γ

6.64 ± 8.20

7,27 ±11,30

0,8

TNF-α

4,05 ± 9,73

2,10± 4,46

0,2

IL-1β

41,65 ± 183,26

7,05 ± 12,26

0,3

IL-12p70

4,23 ± 9,14

1,30 ± 2,14

0,1

IL-4

3,45 ±6,07

2,05 ±1,65

0,4

IL-6

50,52 ± 113.32

83,51 ± 198,64

0,3
0,1

IL10

13,45 ±22,18

6,45 ±7,94

IFN-γ/IL-4

1.92

3,55

TNF-α/IL-6

0,08

0,03

Table 2: Levels of cytokines in SCD patients.

0,06

0,03

Table 1: Demographics characteristics of SCD patients in Côte d'Ivoire.

Of the SCD patients, 21 (42.86 %) were in steady state and
represented our stable controls (group 1), while 28 (57.14%) were
in crisis (group 2). Regarding hemoglobin type, 24 were HbSS
homozygous type (53.06%), 14 were Sβ+ Thal heterozygous
type (24.49%), 8 HbSC (16.33%) and 3 βThal homozygous type
(6.12%).
The patients were phenotyped in ABO and Rh Kell. In ABO
system, the frequency of blood group were as followed: A Rh D
(20.41%), B Rh D ((14.29%), O Rh D (46.94%), AB Rh D (10.2%),
O Rh D negative (8.16%) (Table1). In Rh Kell system, the ccDeeK
phenotype was the most prevalent in both two groups (66.67% for
group 1 and 64.29% for group 2).
Sickle cell disease was associated with lower level of hemoglobin
in steady state and crisis group (respectively 9.44 ± 2.40 and 8.09
± 1.79 g/l), showing a significant variation (p=0.03).
Plasma levels of cytokines
The median concentrations for Th1 and Th2 cytokines measured
are shown in Table 2.
The data in table 2 show the levels of IFN-γ, TNF a, Il-1β and IL12 p70 (Th1 cytokines) in the sera of patients with crisis compared
to those in steady-state. The mean level of these Th1 cytokines in
the sera of crisis subjects were respectively 6.64 ± 8.20 pg/ml, 4.05
± 9.73 pg/ml, 41.65 ± 183.26 pg/ml, 4.23 ± 9.14 pg/ml while levels
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in steady state subjects were respectively 7.27 ± 11.30 pg/ml, 2.10
± 4.46 pg/ml , 7.05 ± 12.26 pg/ml, 1.30 ± 2.14 pg/ml. There were
no significant differences in the 2 groups (Table 2).

The data in table 2 show also the levels of IL-4, IL-6 and IL-10
(Th2 cytokines) in the sera of patients with crisis compared to
those in steady-state. The mean level of these Th2 cytokines in the
sera of crisis subjects were respectively 3.45 ± 6.07 pg/ml , 50.52
± 113.32 pg/ml, 13.45 ± 22.18 pg/ml, while levels in steady state
subjects were respectively 2.05 ± 1.65 pg/ml, 83.51 ± 198.64 pg/
ml , 6.45 ± 7.94 pg/ml. There were no significant differences in the
2 groups (Table 2).
Chronic transfusion was done in 45% of patients in steady state
versus 19.2% in crisis patients (p=0.03). According to their
belonging to chronic transfusion program, the mean level of IL1β
and IL-6 was lower in patients receiving chronic transfusion. (8.16
± 12.78pg/ml versus 33.55 ± 161.78pg/ml for IL1β and 28.15 ±
38.16pg/ml versus 78.35 ± 179.37pg/ml). No significant variation
was noted (Table 3).
Chronic transfusion program
IFN-γ
TH1
cytokines

Th2
cytokines
Balance
TH1/TH2

Yes (n=12)

No (n=37)

p value

8,53 ± 10,04

6,07 ± 9,37

0,4

TNF-α

2,39 ± 4,80

3,44 ± 8,78

0,6

IL-1β

8,16 ± 12,78

33,55 ± 161,78

0,5

IL-12p70

1,75 ± 2,93

3,37 ± 8,1

0,4

IL-4

2,8 ± 3,00

3,11 ± 5,19

0,6

IL-6

28,15 ± 38,16

78,35 ± 179,37

0,1

IL10

12,78 ± 16,10

9,32 ± 18,28

0,6

IFN-γ/IL-4

3,05

1,95

TNF-α/IL-6

0,08

0,04

Table 3: Levels of cytokines in SCD patients according to chronic
transfusion program.

TH1/TH2 balance
We calculated the ratios of the Th1 to Th2 cytokines in the plasma
in view of the fact that the ratios of Th1 to Th2 cytokines are more
relevant and pertinent than the levels of these cytokines alone.
The IFN-γ to IL-4 ratio is 1.92 in crisis subjects and 3. 55 in steady
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state subjects indicating a trend toward a Th2 bias in crisis patients
(Table 2). The TNF a to IL-6 ratio is 0.08 in crisis compared to
0.03 in steady state patients and show also a Th2 bias in crisis
patients.

Discussion

Studies of cellular immunity and humoral factors have yielded
conflicting results in sickle cell disease. Furthermore, most reports
of the roles and pattern of cytokines have focused mainly on non
African patients. In this study, we want to give our contribution
on how the immune system plays an important role in SCD
in Ivorians patients. Many evidences show that the chronic
inflammatory state characterizes this disease, in both crisis and
steady state conditions. In addition to an activated endothelium
and leukocytosis, the inflammatory phenotype of sickle cell disease
is further characterized by rise levels of acute phase proteins
and cytokines [9]. Several cell types secrete pro-inflammatory
cytokines that contribute to the occurrence of common cyclical
events in SCD patients [10].
Plasma levels of some Th1 and Th2 cytokines were evaluated in
SCD steady state and crisis groups in order to estimate the role
of these cytokines in SCD and the inflammatory profile of the
patients.
Evaluation of serum cytokines in SCD crisis patients in the present
study revealed an increased level for IL-1β and IL-10 cytokines
in crisis group. IL-6 was higher in steady state group (83.51pg/ml
versus 50.52pg/ml) with no significant variation and only IL-6 was
higher in this group (Table 2).
In a similar study [11] detectable levels of IL-1β ( crisis: 3.26 pg/
ml; steady state: 3.19 pg/ml) and IL-6 (crisis :14.18 pg/ml, steady
state: 6.78 pg/ml) were found in the serum of patients in the
steady-state condition and crisis although this was not statistically
significant.
On the other hand, other authors showed that the mean serum
IL-1β and IL-6 were respectively and significantly increased in
the both group steady state (44.36 pg/ml/137.62 pg/ml) and crisis
(42.59 pg/ml/175.7 pg/ml) [6]. Thus, contradictory findings are
reported by multiples studies and may be due to the low number
of SCD patients, the selection criteria and SCD phenotype and
genetic polymorphism of the cytokine [11-14].
No significant detectable levels of IFNγ, TNFα, and IL-12p70
were found in the sera of either group of patients although a slight
increase was noted for TNFα and IL-12 in crisis group. Others
authors show higher levels in both groups [12,13,15].
In our study, detectable levels of IL-12 were observed in crisis
without significant difference as shown by Taylor et al. [16]. IL12 is composed of p35 and p40 subunits, which, when combined
together form the bioactive IL-12p70 [17]. IL-12 is predominantly
proinflammatory and prostimulatory cytokines and a major
function is the induction of IFN-γ produced by NK cells, T cells,
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B cells, and even antigen-presenting cells [16]. Recently, the
involvement of IL-12, in inflammatory responses in SCA patients
has been described and thus appears to be the main cytokine
that regulates Th1 differentiation [10,17,18]. In addition, IL-12
antagonizes Th2 differentiation and the production of IL-4 and is
inhibited by IL-10 [10].
Levels of IL-4 are low in steady-state (2.05 ± 1.65pg/ml) and crisis
(3.45 ± 6.07pg/ml) SCD patients in this study and did not differ
significantly (p=0.4). The role of IL-4 is controversial. While some
studies have reported that IL-4 levels increase during VOC, other
studies have demonstrated that IL-4 levels are higher during the
steady-state [8,19]. An investigation of the Th2 cytokine revealed
that plasma IL-4 levels were significantly higher among steadystate HbSS patients than HbAA and HbAS individuals and may
differ between children in developed countries and children in
developing countries [20] due to undernutrition.
In our SCD patients, a trend toward higher IL-10 levels in
patients in crisis than in steady state was found with no significant
variation. Conflicting reports are reported on the role of IL-10 in
SCD patients. Sarray [21] demonstrated that changes in IL-10
serum levels is predicting VOC in SCD patients and his results
clearly demonstrated a significant association between reduced IL10 levels and the development of VOC and its severity. Patients
undergoing Hydroxyurea therapy had high levels of IL-10 [10]. IL10 has a protective effect against the occurrence of severe malaria
in patients with sickle cell trait and confirm the contribution of this
cytokine to the regulation cellular iron status [10].
Th1-type cytokines activate anti-microbial functions in phagocytes
which determine protection against intracellular bacteria and
protozoa while Th2-type cytokines, activate B cells and induce
antibody production, a function that is vital to the neutralisation
of microbial toxins and certain viruses. The ratios of Th1 to
Th2 cytokines are more relevant and pertinent than the levels of
these cytokines alone. As IFN-γ inhibits the expression of Th2
cytokines such as IL- 4, and vice versa, the IFN- γ /IL-4 cytokine
ratio is considered to be a simple and direct indicator of Th1/Th2
balance. The IFNγ to IL-4 ratio in plasma indicates a Th2 bias in
SCD patients [8,20]. Our observations support the same trend by
showing a Th2 pattern.
With advances now reducing the side effects of transfusion over
the last decade clearly defining the efficacy for decreasing sickle
cell morbidity, the indications for transfusion have increased
[22,23]. Chronic transfusion lead to a significant improvement
in quality of life and is indicated for the prevention of primary
and secondary stroke, acute cerebrovascular accidents and severe
acute chest syndrome. A way to decrease HbS level without
raising hematocrit is to associate phlebotomy and transfusion,
which defines exchange transfusion. Patients receive RBC
transfusions via simple transfusion, partial exchange transfusion or
erythrocytapheresis, every 4-5 weeks, depending on quantitative
hemoglobin S concentration. It may be performed manually,
exchanging patient’s whole blood with packed red cells, or using a
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cell separator, with reinfusion of the patient’s plasma [24].
In our study, Th1 and Th2 cytokines levels were lower in chronic
transfused patients compared to non transfused SCD patients but
the variation was not significant (Table 3). Leukocyte-reduced units
have beneficial effects in reducing alloimmunization, transfusion
reactions, platelet refractoriness, and infection transmission [25]
but in our area, they are little used because of lack of materials.
The low levels of cytokines in our SCD patients should offers
insight into the mechanism of the protective effect of transfusion
[26].
Patients who are compliant with blood transfusion are rarely
hospitalized for painful crises [22]. Kalechman demonstrate in
his study that 2 weeks after blood transfusion, a sharp decrease
was observed in the generation of some cytokines. A decrease
of about 70% was observed in interleukin-2, tumor necrosis
factor, and gamma-interferon secretion. Actually, apheresis can
remove pathogens and mediators that contribute to pathogenic
inflammatory responses in diseases and should be introduced in
local management of our patients [27].
Our study has some limitations. First, the results are based on
data from small number of samples and a multi-center study was
required to be performed to validate the results. Second, a small
increase in circulating cytokine levels may reflect a significant
increase in cytokine concentration at the tissue level. As Tam et
al. [28], the systemic measures in our study may underestimate
the concentrations at a local level. Therefore our results should
also be interpreted with finesse and further studies should take in
consideration both local and systemic aspects. Third, In Africa and
particularly, in Ivory Coast, undernutrition is prevalent. 15-20% of
the population suffers from Under nutrition. In general, this figure is
associated with poor immune function and is consequently regarded
as the most common cause of immunodeficiency worldwide [29].
This may have strong impact on cytokine secretion.

Conclusion

The present study demonstrates a Th2 driven immune response
SCD patients. Understanding the roles of different cytokines in
the pathology of SCD is essential for the development of effective
therapies for this disease. The reduction in cytokine levels observed
in our transfused patients provides an overview of the definite
benefit of chronic transfusion but apheresis in this area is still little
used and even absent in transfusion protocols. Research including
more subjects and more research should be carried out in the future
for further exploring and reducing morbidity and mortality.
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