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Abstract                                                                                                                                                  

Background: Sickle cell anaemia (SCA) is a common inherited disorder of haemoglobin, and 

in Sudan is the most common haemoglobinopathy associated with anaemia. The level of fetal 

haemoglobin (Hb-F) influence the severity of sickle cell anaemia, due to its ability to inhibit HbS 

polymerization. HbS is mainly responsible for all clinical manifestations such as vaso-

occlusives, acute painful episodes, slow growth, and pneumonia. 

Objective: To investigate the effect of fetal hemoglobin and disease severity in Sudanese sickle 

cell anaemia patients. 

Materials and methods: This was across-sectional observational study investigating 70 

Sudanese patients  with sickle cell anaemia (HbSS). Patients under hydroxyurea and those with a 

history of blood transfusion for at least three months were excluded. The questionnaire was filled 

by demographic, heamatological and clinical data for each patient. 

Results: The mean Hb-F levels for the 70 patients with sickle cell anaemia (HbSS) was 

9.77±6.77. In general, 90% of patients were with complications and 10 % were without 

complications. Mean levels of HbF for patients with complications (9.06±6.03) and for patients 

without complications (16.17±9.88) were in a statistically significant correlation (p = 0.007)                                                                                                                                        

Conclusion: Hb-F level in Sudanese patients with sickle cell anaemia has a significant 

correlation with the disease severity and complications.  
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Introduction 
 

Sickle cell aneamia is one of the most common disorders of haemoglobin in Africa; nearly 67% 

of this disease takes place in Africa. Sickle cell aneamia is an inherited blood disorder caused by 

the point mutation adenine (A) to thymine (T), leading to the substitution of valine to glutamic 

acid at the sixth position of the beta chain of haemoglobin. This mutation leads to production 

hemoglobin S (HbS)1.                                                                                                                                   

This disease has a significant morbidity and mortality among patients. Studies indicate that the 

mortality rates for those under age 5 years range from 50% to 80% in Africa. In Sudan, high 

consanguinity rates and malaria endemicity are strongly related factors with the sickle cell 

anaemia. Another factor influences the severity of SCA is fetal haemoglobin (Hb-F) level. Fetal  
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haemoglobin interferes with the polymerization of HbS which usually occurs at low oxygen 

tension. Patients with SCA and RBCs that have greater Hb-F level may survive longer2.                     

The very low level of  Hb-F may lead to the severity and complications of SCA, i.e. vaso-

occlusive crisis, acute painful episodes, acute chest syndrome, and osteonecrosis. HbF levels 

vary among patients with SCA and it is influenced by a genetic factor, environment, and  

haplotype. Therefore, HbF levels and the β-S globin haplotypes influence the clinical 

presentation of sickle cell disease3.                                                                                                               

In sickle cell anemia (SCA), beta S-globin haplotypes represent the ethnic group or geographic 

region from which patients originated. The haplotypes include Senegal (SEN), Benin (BEN), 

Bantu or Central African Republic (CAR), Cameroon (CAM) and Arab-Indian (ARAB). In 

Sudan, the most frequent haplotypes were the Cameroon followed by the Benin4.                               

This study aimed to determine Hb-F levels in Sudanese patients with SCA and to examine the 

association between Hb-F level and disease severity.  

Materials and methods  

This was a cross sectional, observational study investigating Sudanese patients with sickle cell 

anaemia (Hb SS) and attending Ahmad Qassem Teaching Hospital (Khartoum, Sudan). The 

study was conducted in 2017.  Patients under hydroxyurea and those with a history of blood 

transfusion for at least three months were excluded. This study was approved by the Research 

Board of Al Neelain University (Khartoum). Informed consent was taken from each participant 

before sample collection. For children, the consent was taken from their parents. Demographic 

data and clinical history (age, gender, number of transfusions, hospitalizations, and pain crisis in 

the past year, complications) were extracted from parents and medical files. Confidentiality of 

information obtained from participants investigated was maintained. Laboratory results were 

handed to all participants included in the study. Permission to collect the specimens was obtained 

from Ahmad Qassem Teaching Hospital.                                                                                                                

The venous blood specimens were collected from all patients in EDTA blood tubes. Complete 

blood count (CBC) was performed by the automated haematology analyzer (Sysmex KX21N, 

Japan), and Hb F level was measured by the automated capillary electrophoresis machine (Sebia 

Minicap, France). All demographic, clinical, and laboratory data were analyzed by the Statistical 

Package for Social Sciences (SPSS), version 22.0. 

Results                                                                                                                           
 

Overall, 70 patients with sickle cell anaemia (HbSS) were enrolled in this study. 39 (56%) of the 

patients were males and 31(44%) were females. Patients' ages ranged from 1-22 years (Mean ± 

SD: 7.16 ± 4.61). Thirty patients (42.9%) were preschool children (1-5 years), 23 (32.9%) were 

children aged 6-10 years, and 17 (24.2%) were adolescents (>10 years). Anaemia was severe in 

41(59%) patients and moderate in 29 (41%) patients. The  study showed that 32 (45.7%) patients    

had received  a blood transfusion at least one time and 38 (54%) had never received blood 

transfusion during the last 12 months. 63 (90%) patients presented with complications and                        

7 (10%) patients were without complications. Hb-F complications encountered were pain 

episodes, slow growth, pneumonia, hand-foot syndrome, hepatosplenomegaly, infection,                                
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cerebrovascular  accidents, vision problems, jaundice, constipation, epistaxis, inability to speak 

suddenly, hearing problems, migraines, skin infection, and auto-splenectomy.  
The Fetal  haemoglobin levels  ranged between 0.47% to 35.7% (Mean ± SD 9.8% ± 6.8). The 

mean haemoglobin F levels in male patients (8.98 ± 6.83) were lower than females levels    

(10.74 ± 6.66). This difference was insignificant (p = 0.283). Also, the mean of Hb-F levels in 

patients aged 1-5 years was (11.43 ± 8.28), in patients aged 6-10 years was (9.31± 4.66), and in 

adolescents was (7.42 ± 5.64). Thus the mean HbF level across the age groups decreased with 

age and this correlation was statistically significantly negative (r = - 0.296, p = 0.013).                                                  

The mean HbF level in patients receiving blood  transfusion (9.03 ± 5.59) was lower than that of 

patients never received blood transfusion (10.31 ± 7.38). However, this correlation was 

statistically insignificant (p = 0.434).                                                                                                           

Patients with complications were found to have a significant lower Hb-F levels than those 

without complications (Mean ± SD : 9.06 ± 6.03 and 16.17 ± 9.88 respectively; p = 0.007).    

Pain episodes were the most common complication (60%) among the patients investigated. 

Patients with pain episodes had lower Hb-F levels than those without pain episodes. The 

correlation of this difference was statistically insignificant (Mean ± SD : 8.1 ± 5.3 and 12.3 ± 8.0 

respectively; p = 0.07). There were statistically insignificant difference correlation in mean Hb 

concentration, haematocrit, red blood cells disorders, and red cells indices, when compared in 

patients with and without complications (Table1). 

Table (1): Correlation of anaemia parameters in patients                                                                                      

with and without Hb-F complications 

 

Parameters 
Without Complication 

(Mean±SD) 

With Complication 

(Mean±SD) 

 

p-value 

Hb-F (%) 16.17±9.88 9.06±6.03 0.007 

Hb (g/dl) 7.01±0.69 6.51±1.28 0.311 

HCT (%) 20.44±2.39 19.27±3.72 0.279 

RBC (µL) 2.57±0.39 2.32±0.59 0.263 

MCV (fL) 79.41±3.29 82.21±11.34 0.521 

MCH (g) 27.36±1.99 29.06±5.42 0.110 
 

As shown in Table (2), anaemia was severe in 41(59%) patients and moderate in 29 (41%) 

patients. None of the patients had mild anaemia. Patients with severe anaemia were found to 

have lower Hb-F level than those with moderate anaemia. The correlation of this difference was 

statistically insignificant (Mean ± SD: 8.97 ± 6.10 and 10.89 ± 7.58 respectively; p = 0.245).  

Discussion                                                                                                                                
 

Hematological characteristics and clinical severity of sickle cell aneamia are variable and are 

influenced by Hb-F level. The objective of this study was to investigate the association between 

fetal Hb level and clinical severity of the disease among Sudanese patients with sickle cell 

aneamia. The mean Hb-F levels in this study was (9.77 ± 6.77) which is similar  to studies in   

Nimer, et al., 2019: Vol 4 (7) 

http://ajmsc.info/


4 
 

African Journal of Medical Sciences                      http://ajmsc.info 

 

Table(2): Comparison of anaemia parameters in sickle cell patients                                                                      

with normal ranges  according to World Health Organization 

Aneamia 

parameters 

Moderate 

(Mean±SD) 

Sever 

(Mean±SD) 

 

p-value 

Hb-F (%) 10.89±7.58 8.97±6.10 0.245 

Hb (g/dl) 7.64±0.63 5.50±1.57 0.0001 

HCT (%) 22.29±2.44 17.34±2.83 0.0001 

RBC (µL) 2.73±0.49 2.07±0.46 0.0001 

MCV (fL) 79.89±13.65 83.37±8.17 0.188 

MCH (g) 29.82±7.07 28.23±3.24 0.209 

MCHC (g/dl ) 34.46±1.88 33.44±2.32 0.048 

 

Uganda (9.9%) and  Nigeria (9%)2, 5.                                                                                                      

It was greater than Hb-F mean levels reported in Northern Brazil (5.2%), and Congo (7.2%)7, 8 , 

and lower than in Southern Iraq (19.65%) and in Saudi Arabia (15.6 ± 5)9, 10. This discrepancy 

may be due to age incidence and receipt of hydroxyurea treatment that is known to induce Hb-F 

synthesis. 

The Hb F levels were higher in females (10.74 ± 6.66) as compared to males (8.98 ± 6.83). 

Correlation of this difference was statistically insignificant (p = 0.283). While the mean age in 

this study was (7.16 ± 4.61) years, and  Hb-F levels were significantly negative with age in both 

males and females (r−0.296, p = 0.013). This study finding agreed with the findings reported in 

Nigeria and Uganda5, 6.                                                                                                                                

On other hand, 54.2% of patients had never received a blood transfusion during the last year 

preceding this study. This ratio was higher than the ratio reported in Nigeria (32%), and lower 

than the ratio reported in Senegal (70%)2, 11.                                                                                               

This difference may be due to the high malaria prevalence in Sudan and the increased rate Hb-F 

complications. Also, in this study patients receiving blood for at least three months were 

excluded . In the present study patients with Hb-F complications were found to have 

significantly lower Hb-F levels (9.06 ± 6.03) as compared with those patients without 

complications (16.17 ± 9.88; p = 0.007). 63 (90%) patients presented in this study with 

complications and 7 (10%) patients without complications. In the present study, pain episode 

was the most common complication (60%). In Nigeria, about 85 % of children had experienced 

at least one significant pain episode6. In Iraq acute painful crisis was the most common cause of 

hospitalization (73.84%)9. In some countries such as Britain and Saudi Arabia the frequency rate 

of pain and admissions had reduced12, 13.                                                                                                                                  

These differences may be due to the effect of various factors that influence fetal haemoglobin 

production in SCA individuals. One of the factors is beta gene haplotype of the disease             

(βS haplotypes), whereas the haplotypes commonly encountered in Sudan are the Cameroon and 

Benin haplotypes which are similar to those in Nigeria and Iraq .The Benin and Cameroon 

haplotypes are associated with the severity of sickle cell anemia. Another major factor that 

affects fetal haemoglobin levels is hydroxyurea where all patients selected in this study did not  
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receive hydroxyurea treatment that is used widely in developed countries to reduce the frequency 

rate of pain and admissions turnover14.                                                                                               

In this study, severe anaemia was diagnosed in 59% of patients and moderate anaemia in 41% of 

patients.  In contrast, in Morocco, 50% of patients were reported to have severe anaemia, 24% of 

patients to have moderate anaemia, and 26% of patients to have mild anemia15.                                              

This difference between our study findings and Morocco study findings arises from differences 

in environmental factors, genetic factors, age incidence, and the number of female patients in 

both studies.                                                                                                                                                               

Recommendation: From this study it may be recommended that efforts should be made in 

determining the Hb-F levels in patients with SCA in early age and to study the genetic 

polymorphisms in patients with  sickle cell aneamia to monitor the disease complications. Also, 

it is wise to use disease modifying agents such as hydroxyurea and genetic therapy for patients 

with SCA.                                                                                                                                                      

Conclusion: Hb-F level in Sudanese patients with sickle cell anaemia has a significant 

correlation with the disease severity and complications.                                                                  
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