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Beta globins gene cluster 

 



 

Alpha and Beta genes clusters 
 



Embryonic to adult globin chains expression 



Mutation leading to sickle hemoglobin 

 An A to T mutation at the sixth codon of the β globin gene 
produces HbS, with a substitution of glutamic acid by 
valine at the 6th amino acid position in the β globin 
polypeptide.  

 Individuals homozygous to HbS gene have only HbS in 
place of Hb A, with concomitant production of Hb F and 
Hb A2.  



Piel F et al. Global epidemiology of sickle haemoglobin in neonates: a contemporary geostatistical model-based map and 

population estimates. Lancet. 2013 Jan 12;381(9861):142-51. 



Rates of sickle cell trait in North Africa and Middle 

East 



Selective advantage of AS 
carriers and falciparum malaria  



In AS heterozygotes P falciparum-infected red cells sickle 

preferentially and are then removed by macrophages  

The clinically relevant consequence of 

this process is to keep parasitemia 

relatively low in AS heterozygotes 



The Spatial Limits of P. falciparum Malaria Risk Defined by P. 
falciparum annual parasite incidence [PfAPI] 

Hay S et al, A world map: Plasmodium falciparum endemicity in 2007. PloS Med 2009 March 6(3) 



 

 

It is concluded that the abnormal erythrocytes of individuals with the sickle-
cell trait are less easily parasitized by P. falciparum than are normal 
erythrocytes. Hence those who are heterozygous for the sickle-cell gene 
will have a selective advantage in regions where malaria is hyperendemic. 
This fact may explain why the sickle-cell gene remains common in these 
areas in spite of the elimination of genes in patients dying of sickle-cell 
anaemia. 



Evidence for both innate and acquired mechanisms of 
protection from Plasmodium falciparum in children with 

sickle cell trait 

A study in Uganda showed that AS heterozygous 
children (age 1–10) are protected from: 

  (i) the establishment of blood-stage infection, 
  (ii) the development of high densities of 

parasites,  
 (iii) the progression of infection to symptomatic 

malaria  

Gong et al. Blood. 2012 119:3808-14  



Consanguinity and autosomal 
recessive diseases 



 



Most frequent sickle cell gene 
associated haplotypes in North 
Africa and Middle East (MENA) 



Sickle cell gene associated haplotypes 

1. Benin (Central West Africa),  
2. Senegal (West Africa),  
3. Bantu (Central, East and Southern Africa),  
4. Cameroon,  
5. Arab-Indian haplotypes (Arabian Peninsula 

and India)  
Arab-Indian and Senegal haplotypes are associated with 

higher Hb F levels and milder clinical presentation in 
homozygous patients. 

 The other three haplotypes are associated with low Hb F 
and more severe clinical phenotypes with the Bantu 
haplotype being the most severe. 



% of the most frequent sickle cell gene associated haplotypes 

MENA 



Origin of SC gene associated haplotypes 

  



Community genetic services 
targeting SCD 



Community genetic Services for SCD 
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Pillars for introduction of services for the prevention and 
care of SCA in low and middle income countries 
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into Primary 
health care 
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 legal, 

religious  
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Main community services for the prevention 
and management of SCD 

 Newborn screening  

 Premarital carrier screening 

 Prenatal diagnosis  

 Genetic counselling 

 Education of the health sector and of the 
public 

 Timely management of affected 

 



Newborn screening (NBS) for SCD 

NBS provides important data on birth rates 
and allowing both the prophylactic 
management of diseased infants and 
counselling for carrier parents  



Prenatal and preimplantation genetic 
diagnosis for SCA 



Prenatal diagnosis 

 Done around the 16th week 
of gestation 

 aspiration of 20 ml of 
amniotic fluid through the 
abdominal wall under 
ultrasound guidance 

Amniocentesis Chorion villus sampling 

 Usually performed at 11-12 
weeks gestation 

 transcervical aspiration of 
chorionic villi under 
ultrasound guidance 



Diversity of opinions regarding the 
selective termination of an affected fetus 

 There are several ethical, legal, social and 
religious implications regarding pregnancy 
termination of an affected fetus.  

 Among Islamic institutions on the issue of 
pregnancy termination, positions range from an 
absolute prohibition of abortion at any time to 
permission for pregnancy termination before the 
120th day of gestation under specific 
circumstances. 



 
Preimplantation genetic diagnosis for SCA 

 



Conclusions 



 Two major phenotypes of SCD can be seen; 
a mild one associated with the Arab-Indian 
and a severe one with the Benin and Bantu 
haplotypes.  



Factors that affect the frequency of 
SCT and SCA 

 Selective advantage of carriers against falciparum 
malaria 

 Large family size with multiple affected children 
 High consanguinity rates 
 General low availability of public health measures 

directed at the care and prevention of these 
disorders 

 Other as yet unknown factors  
 
 



 Public health approaches targeting prevention of 
sickle cell disease include mainly newborn 
screening with early management.  

 Prenatal diagnosis with selective termination of 
affected fetus is debatable. 

 These services are still patchy and inadequate in 
many low and middle income countries 
recommending the upgrade of these services with 
strengthening of the education and training of 
health care providers and raising public 
awareness on the feasibility of prevention and 
care for sickle cell disease.  



Impediments facing prevention and care 
initiatives 

 Low genetic literacy among the health sector  
 Low genetic literacy among the public  
 Lack of awareness about genetic risks and 

possibilities for prevention and timely management  
 Cultural, legal and religious limitations such as the 

legal and religious restrictions to selective abortion 
of an affected fetus 

 


