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Abstract: Sickle cell disease has a great variability of clinical and biological expression that depends on modulatory and 
environmental genetic factors. This variability in clinical and biological expression encourages us to look for predictors of 
severity. Hemoglobin F and its genetic determinants are influencing prognostic factors. The objectives of this study were to: 
determine the prevalence of the Senegal haplotype in homozygous sickle cell patients, study the relationship between this 
haplotype and the hemoglobin F level and evaluate its influence on the complications of the disease. This is a cross-sectional 
prospective study that included 100 homozygous sickle cell patients aged over 15 years. A questionnaire was used to collect 
epidemiological, clinical and biological variables. The hemoglobin F level was measured by capillary method and the analysis 
of point mutations by restriction fragment length polymorphism (RFLP). These data were collected and analyzed with the 
software Epi-info 7.2. A value p ≤ 0.05 was considered significant. The Senegal haplotype was found in 90% of patients, of 
whom 58% were homozygous for this mutation and 32% were heterozygous. The hemoglobin F level averaged 9.5% ± 8.3% 
and correlated statistically significantly with the allelic frequency. However, only bilary lithiasis correlated with the Senegal 
haplotype (p <0.005). This study confirms the homogeneity of the Senegal haplotype in the Senegalese sickle cell population 
and its influence on the synthesis of hemoglobin F. On the other hand, it revealed the existence of a relationship between the 
Senegal haplotype and bilary lithiasis suggesting the role of this haplotype in the protection against polymerization and 
hemolysis globally. 
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1. Introduction 

Although the mutation is unique (GAG GTG) at the 6 codon 
of the β-globin gene), the clinical and biological expression of 
sickle cell disease varies considerably depending on the 
geographical region. These differences are largely related to 
environmental factors (climate, social level, pathologies, etc.) 
but also to other genetic factors that have not been fully 
elucidated. Thus, based on analyzes of point mutations 
resulting in the restriction fragment length polymorphism 
(RFLP) whose association determines the haplotype, five main 
foci of sickle cell disease have been described that confirm the 
multicentric origin of the mutation: the Arabo-Indian 
haplotype, Benin, Cameroon, Bantu or Central African and 
Senegal which respectively correspond to specific 
geographical areas [1]. A relationship between haplotype and 
hemoglobin F (HbF) has been demonstrated. In fact, in carriers 
of the Senegal and Indian haplotype, a higher hemoglobin F 
level was observed (Lai et al [2] Neonato et al [3]). On the 
other hand, a relationship between these haplotypes and a 
lower frequency of the main complications remain 
controversial Labie et al, [4] Figueiredo et al [5]. 

Few data in the literature address genetic modulatory 
factors of sickle cell disease. Therefore, our objectives are: to 
study the prevalence of Senegal haplotype in homozygous 
sickle cell patients, to establish the relationship of this 
haplotype on the rate of production of hemoglobin F and its 
influence on the complications of disease. 

2. Patients and methods 

A prospective study was conducted from September 2015 to 
February 2016 looking at 100 homozygous sickle cell patients 
over the age of 15 years in the stationary phase regularly 
followed in this center. The stationary phase is defined by the 
absence of complication and acute manifestation of sickle cell 
disease within 15 days prior to recruitment. An EDTA sampling 
tube was collected from all patients for a blood count and 
molecular study by PCR / RFLP (Polymerase Chain Reaction / 
Restriction Fragment Lenght Polymorphism) was done for the 
detection of point mutations resulting in the polymorphism of a 
restriction site whose association determines the haplotype. This 
was a simple random sampling on a population of 1400 sickle 
cell regularly monitored in this center. 

2.1. Inclusion Criteria 

The inclusion criteria were as follows: 
a 15 years old and over 
b Agreement to participate in the study by written 

informed consent and signed by the patient 
c No signs or symptoms of acute complications of sickle 

cell disease within 15 days prior to recruitment 
d Electrophoretic profile confirmed by electrophoresis of 

hemoglobin 

2.2. Exclusion Criteria 

Patients with other chronic diseases were excluded from 
this study, including those whose clinical records were 
unusable because they lacked essential epidemiological data. 

2.3. Ethical Considerations 

Free and informed consent (verbal or written) of all 
persons included in this study was obtained beforehand. 

2.4. Complete Blood Count (CBC) (by Coulter ABX Pentra 

Nexus DX Machelen, Belgium) 

A venous blood sample was drawn from participants on an 
empty stomach, at rest and by venipuncture at the bend of the 
elbow. The blood was collected in tubes containing EDTA as 
anticoagulant. 

a The blood count was performed using an automatic 
ABT Coulter AB Pentra. 

b The electrophoretic profile of hemoglobin was 
confirmed by capillary technique using the SEBIA 
Minicap Flex Piercing on fresh blood collected on 
EDTA tube or stored at 2-7°C for less than seven days. 
We have selected the following decision criteria. 

c Anemia was defined as hemoglobin (Hb) ˂ 11g / dl and 
categorized according to the mean corpuscular volume 
(MCV): in macrocytic anemia (MCV ˃ 95 fl), 
normocytic (80 ≤ MCV ≤95fl) and microcytic (MCV ˂ 
80fl). It is considered severe if Hb was ˂ 7g / dl, 
moderate if 7g / dl ≤ Hb ≤ 9g / dl and light if 9g / dl ≤ 
Hb ≤ 11g / dl. According to the mean hemoglobin 
content (MCT), ranging from 27 to 31 pg, hypochromic 
anemias (MCT˂27pg) and normochromic anemias (27 
˂ MCT ˂ 31pg) are distinguished. 

d the normal platelet count is between 200000 and 
400000 / mm3. 

e the normal rate of white blood cells between 40000 to 
10 000 / mm3. 

2.5. Molecular Study 

2.5.1. DNA Extraction by the Qiagen kit (Qiagen, 

http://www.qiagen.com) 

The use of this kit allowed us to extract the DNA from a 
small volume of blood (200µl). After lysis of the red blood 
cells, 2 ml of the "FG2" buffer and 20 µl of "Qiagen 
Protease" are added to the white blood cell pellet. The 
mixture is vortexed 3 to 4 times for 5 seconds and then 
incubated for 10 min at 65°C. Protein digestion gave the 
mixture a green color. 2 volumes of absolute ethanol are then 
added to the mixture, which is then centrifuged for 3 minutes 
at 2000 rpm. The precipitated DNA is recovered, washed 
with 5 ml of 70% ethanol, dried and finally dissolved in the 
"FG3" buffer for 1 h at 65°C. 

2.5.2. Control of the Purity of the DNA Extracted by 

Agarose Gel Electrophoresis 

To evaluate the quality of the DNA, we carried out 
electrophoresis on a 3% agarose gel in 0.5x TBE buffer (4.45mM 
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Tris, 4.45mM Boric acid, 0.1mM EDTA: pH = 8). 5 µl of DNA 
are added to 1 µl of the following blue mixture (0.25% of 
Xylenecyanol, 0.25% of bromophenol blue and 30% of glycerol). 
After migration and visualization under UV, a "smear" shows 
degraded DNA. On the other hand, a sharp band of high intensity 
attests to a non-degraded state of the nucleic acid. 

2.5.3. Quantification of DNA by Spectrophotometry 

After DNA extraction, quantification was performed with 
the Thermo Scientific NanoDrop™ 330Fluorospectrometer 
(Wilmington, USA), which automatically measures the 
nucleic acid concentration. 

The maximum absorption of the nucleic acids is 260 nm. 
Proteins, the main contaminant of nucleic acids, also absorb 
at 260 nm, but with an absorption maximum of 280 nm 
because of the aromatic amino acids. Thus, the ratio R = 
A260nm / A280nm makes it possible to assess whether the 
DNA preparation is contaminated with proteins or 
ribonucleic acids. 

a pure DNA: 1.8 <R <2 
b DNA contaminated with proteins: R <1,7 
c DNA contaminated with RNA: R> 2 

2.5.4. Determination of Haplotype by Polymerase Chain 

Reaction-Restriction Fragment Length Polymorphism 

(PCR-RFLP) 

This research was done using the classical PCR / RFLP 

method to determine haplotypes related to the HbS mutation 
by looking for polymorphisms that create or abolish the 
restriction site of one of the 5 enzymes used here: XmnI, 
HindIII, HincII, AvaII and HinfI. 

The PCR reaction was performed in a Whatman Biométra 
thermal cycler. 

In our protocol, we used a final volume of 20µl containing 
1 µl of genomic DNA 5 µl of each of the two primers 
(supplied by Inqaba Biotech), 10 µl on Taq a mixture 
comprising dNTP, Mgcl2, Taq polymerase (supplied by 
Inqaba Biotech) and 4 µl of bi-distilled water. The reactions 
are carried out according to a program of 35 cycles. Each 
cycle comprises 30 seconds of denaturation at 95°C, 20 
seconds of hybridization at 54°C and 45 seconds of extension 
at 72°C. A last cycle at 72°C for 5 min fixes the end of the 
elongation and thus completes the PCR reaction. 

After amplification, the products obtained are digested 
with the preceding enzymes. The digestion of the 
amplification product is carried out in a final volume of 20 µl 
comprising: 7 µl of amplification product (PCR) 2.5 µl of the 
specific enzyme buffer 0.5 µl of enzyme 10 µl of water bi-
distilled. Enzymatic incubation is done at 37°C for 16 hours 
for XmnI and 3 to 5h for the other 4 enzymes. Table 1 shows 
the sequence of primers and enzymes used in the 
determination of haplotypes related to the βS mutation. 

Table 1. Conditions used when genotyping haplotypes by PCR/RFLP. 

Régions Primers amplicon size (pb) Restriction Enzyme Wild phenotype Mutation 

5’ Gγ 
AAC TGT TGC TTT ATA GGA TTT T 
AGG AGC TTA TTG ATA ACC TCA GAC 

657 XmnI 657 455, 202 

Gγ 
TGC TGC TAA TGC TTC ATT ACA A 
AAG TGT GGA GTG TGC ACA TGA 

782 Hind III 782 438,344 

Aγ 
TGC TGC TAA TGC TTC ATT ACA A 
TAA ATG AGG AGC ATG CAC ACA C 

780 HindIII 780 436,344 

Ψβ 
GAA CAG AAG TTG AGA TAG AGA 
ACT CAG TGG TCT TGT GGG CT 

701 HincII 701 361,340 

3’ ψβ 
TCT GCA TTT GAC TCT GTT AGC 

614 HincII 614 499,115 
GGA CCC TAA CTG ATA TAA CTA 

3’ δ 
TGG ATT CTG CCT AAT AAA A 
GGG CCT ATG ACA GGG TAA T 

738 Hinf I 738 
341, 243,154/243, 
213, 154,128 

β 
GCT GAG GGT TTG AAG TCC AA 
CAC TGA TGC AAT CAT TCG TC 

803 AvaII 803 
475,328/475, 
214,114 

 

2.6. Data Collection and Statistical Analysis 

For each patient, the epidemiological, clinical, 
hematological and molecular data were collected on a 
survey card which was entered into a computer and 
analyzed using the CDC (Centre for Disease Control and 
Prevention) Epi-info 7.0 software, Atlanta, USA. The 
STUDENT t-test was used for the comparison of the means 
of the quantitative variables and the chi-2 test for the 
qualitative variables. The significance threshold for 
statistical tests was set at p ˂0.05. 
 

 

 

3. Results 

3.1. Epidemiological Data 

In total we collected 100 homozygous sickle cell patients 
during this period. There were 43 boys and 57 girls, a sex 
ratio of 0.75. The age of the patients ranged from 15 years to 
75 years with an average age of 28 years. The age group 
most represented was the one whose ages ranged between 15 
and 25 years (52 cases or 52% of the population). 

3.2. Clinical Data 

The complications were dominated by vaso-occlusive 
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seizures 47 patients (47%) of the study population of which 
38 had two seizures. Table 2 summarizes these complications. 

Table 2. Distribution of patients according to observed complications. 

Clinical Complications 
Absolute 

Frequency 

Relative 

Frequency 

Vaso-occlusive attack 47 47% 
Anemia 28 28% 
Proteinuria 17 17% 
Biliary lithiasis 09 09% 
Pneumonia 09 09% 
Osteonecrosis (hip/shoulder) 08 08% 
Priapism 07 07% 
Leg ulcer 07 07% 
Acute Thoracic Syndrome 06 06% 
Stroke 04 04% 
Sepsis 2 02% 
Ostéomyelitis 1 01% 

3.3. Biological Data 

3.3.1. Hematological 

The average leukocytosis was of 12345 ± 6900 / mm3 with 
extremes ranging from 3500 to 49000 / mm3. 
Hyperleukocytosis was observed in 53% of patients. The 
average platelet count was 439000 ± 139330 / mm3 with 
extremes ranging from 180000 to 828 000 / mm3. 47% had 
thrombocytosis. Mean hemoglobin fractions were 87.78% for 
hemoglobin S ± 8.19%, 2.72 ± 1.04% for hemoglobin A2 and 
9.50 ± 8.34% for hemoglobin F, respectively. The degree of 
anemia was variable, 18% had severe anemia, 48% had 
moderate anemia and 34% had minor anemia. Table 3 reports 
the average values of the hematological parameters of the 
patients. 

Table 3. Variations in hematological parameters. 

Hematologic Parameters Mean ± standard deviation Extreme Values 

Basal Hb (g/dl) 8.2 ± 1.4 05 -12 
Hb F (g/dl) 9.5 ± 8.3 00 -37.5 
Hb S (%) 87.79 ± 8.2 60.1 -98.8 
Hb A2 (%) 2.7 ± 1.04 1 -3 
VGM (fl) 83.2 ± 3.5 75 -96 
CCMH (%) 35.28 ± 3.4 25.9 -45.5 
TCMH (pg) 31.18 ± 4.1 21.5 -41.4 
White Blood Cells (mm3) 12352 ± 6.900 3590 -49100 
Platelets (mm3) 439000 ± 139000 128000 -828000 
CRP (mg/l) 12.9 ± 219 0.29 - 149.26 

 

 

Figure 1. Size of fragments after amplification of region 5’Gγ. 

 

Figure 2. Size of fragments after XmnI digestion. 

3.3.2. Molecular 

The C T polymorphism in -158 of Gγ which creates a 
restriction site for XmnI, a characteristic of Senegal 
haplotypes, was found in 90% of patients, 58% of whom 
were homozygous for this mutation and 32% heterozygous. 
The absence of this C T polymorphism in -158 of Gγ and 
thus the inactivation of the digestion of the PCR product by 
XmnI was only found in 8 of the 100 patients participating in 
the study. The Benin haplotype was found only in one patient. 
It turned out after verification that this patient was from 
Benin and whose parents were naturalized Senegalese 
thereafter. Figures 1 and 2 illustrate the products obtained by 
PCR of the 5'Gγ region and after digestion with XmnI. 

 

Figure 3. Normal patient without mutation (-158T)/ (-158T). 
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To confirm the above results, the presence or absence of 
Gγ -158 polymorphism C was sought by direct DNA 
sequencing of 10 different genotype individuals for this 
polymorphism. The results obtained confirmed the profiles 
obtained by RFLP (Figures 3, 4, 5). 

 

Figure 4. Heterozygous patient for mutation (-158C)/ (-158T). 

 

Figure 5. Homozygous patient for mutation (-158C)/ (-158C). 

 
Figure 6. Variation of (HbF, Hb base) according to the allélik frequency. 

The bivariate analysis between the presence of this 
polymorphism and the hemoglobin F level, the basic 

hemoglobin, shows that these two parameters are correlated 
statistically significantly with the allelic frequency (p <0.001) 
(Figure 6). 

The comparative analysis between the presence or absence 
of the polymorphism and the main complications of the 
disease revealed that the bilary lithiasis correlated with this 
mutation p <0.001 (Table 4). 

Table 4. Influence of Senegal haplotype on the complications of the disease. 

Complications Normal (%) Mutations (%) P 

Vaso-occlusives attacks (46.34%) (50.84%) 0.747 
Infections (22.2%) (13.47) 0.321 
Acute anemia (33.3%) (57.11) 0.846 
Bilary lithiasis 2(22.2%) (8.8%) 0.0001* 
Acute thoracik (11.1%) (11.42) 0.07 

(*) meaning significant result. 

4. Discussion 

The clinical and biological expression of sickle cell disease 
varies considerably by geographical region. These 
differences are largely related to environmental factors 
(climate, social level, pathologies etc ...) but also to other 
genetic factors not fully understood. The objectives of this 
study were to: determine the prevalence of haplotypes linked 
to the βS mutation in Senegalese homozygous sickle cell 
patients, establish the relationship between these haplotypes 
and the hemoglobin F level; and finally to study their 
influence on the main complications of the disease. 

Our population consisted of 100 homozygous sickle cell 
patients; 43 (43%) male and 57 (57%) female. Spigorelli et al. 
[6] in a study on the measurement of pain in adult sickle cell 
found a female predominance of 59.6%. The median age was 
28 years comparable to that found by Ngo Sack et al. [7] who 
had found an average age of 27 years in his population of 129 
sickle cell patients. 

Clinically, vaso-occlusive attacks were the most common 
complication followed by anemia. These results are 
consistent with those of Diagne et al. [8] where vaso-
occlusive attacks were the most common clinical 
manifestation in terms of frequency (67%). In addition to 
their high frequency, vaso-occlusive attacks are the most 
severe manifestations in adults because they are due to the 
obstruction of microvessels by stiffened falciform 
erythrocytes [9] 

The hemogram of the sickle cell patients showed a 
constant anemia (8.2 g / dl) during the stationary phases, this 
is comparable to that observed by Sall-Lopez et al. [10] and 
confirms the constancy of anemia during homozygous sickle 
cell disease. This anemia is often normochromic and 
normocytic with mean levels of MCV and MCT, respectively 
83.2 ± 3.5 fl and 31 ± 4.1pg as other authors have described 
[11, 12]. There is also leukocytosis and a tendency of 
thrombocytosis. Leukocytosis is consistently observed in 
homozygous sickle cell patients in the absence of any 
bacterial infection [13]. The mechanism underlying this 
increase of leucocytes is little known. It seems that this is 
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related to the chronic inflammation that characterizes sickle 
cell disease, inflammation fostered by adhesive interactions 
between different cells and pro-inflammatory cytokines. 
Among the factors that stimulate leukocyte production, a 
good correlation has been observed between the plasma level 
of GMCSF (Granulocyte Monocyte Colony Stimulating 
Factor) and the total number of leucocytes [14]. In this study, 
the elevation of CRP favors inflammation since it correlates 
statistically significantly with leukocytosis (r = 0.72, p ˂ 
0.01). 

The hemoglobin F observed in our series of homozygous 
sickle cell patients corresponds to the values described in 
sickle cell populations carrying the Senegal haplotype [15, 
16]. Hemoglobin F has the property of inhibiting the 
polymerization of hemoglobin S by interposing itself in the 
deoxyhemoglobin S polymer, thereby inhibiting the 
progression of the formation of hemoglobin S fibers and 
thereby decreasing cell stiffness [7]. A recent study has 
shown that an increase in hemoglobin F in SS patients with 
sickle cell disease was associated with a decrease in 
inflammation and lipid peroxidation, demonstrating the 
beneficial and protective role of fetal hemoglobin [17]. 

The molecular study made it possible to determine the 
nature and the frequency of haplotypes related to the 
mutation of hemoglobin S in the Senegalese population. 
This study, carried out by PCR / RFLP, showed that the 
Senegal haplotype was homogeneous in the Senegalese 
sickle cell population. These results confirm those of a 
previous study carried out on the Senegalese population 
[15]. In this study we noted a difference in allelic frequency 
and correlation with hemoglobin F. Thus, in patients 
homozygous for this mutation, the rate was relatively 
higher than that of heterozygous patients and those without 
the mutation. This difference being statistically significant 
(p <0.001). Similar results have been found in several 
African studies [16, 17]. The baseline hemoglobin level was 
also correlated with the allele frequency difference (p 
<0.001). In patients homozygous for the mutation, the 
baseline hemoglobin level was higher than the heterozygous 
and non-mutation patients. These results confirm the 
beneficial role of hemoglobin F in decreasing sickling and 
overall hemolysis. Many studies suggest that the haplotype 
may be a factor in the phenotypic heterogeneity of sickle 
cell patients [18, 19]. Indeed, some haplotypes are 
associated with more severe forms, this is the case of the 
Bantu haplotype. The most moderate form is associated 
with the Senegal and Arab-Indian haplotype [19]. In this 
study, only bilary lithiasis was statistically significantly 
correlated with the Senegal haplotype (p <0.001) suggesting 
the role of the haplotype in reducing overall hemolysis and 
sickling. This result is important because of the frequent 
association between homozygous sickle cell disease and 
bilary lithiasis. According to several authors, the prevalence 
of gallstones among homozygotes varies from one country 
to another, 34 to 70% in the United States, 29% in Jamaica, 
4 to 25% in Africa and 8% in Saudi Arabia [20, 21]. 
However, due to our low sample size, a longitudinal study 

with a larger sample size is necessary to better appreciate 
the influence of this haplotype on the main complications 
overall and particularly on the bilary lithiasis. 

5. Conclusion 

This study confirms the homogeneity of the Senegal 
haplotype in the Senegalese sickle cell population and its 
influence on the synthesis of hemoglobin F. The haplotypes of 
beta globin associated with the hemoglobin F level lead to a 
hemolytic or vaso-occlusive profile. Their influence in a given 
population depends on their frequency and the rate of 
correlation with hemoglobin F. These genetic factors can make 
it possible to predict early the type of expression of sickle cell 
disease and to adapt the follow-up and the treatment. 
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