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Alpha and Beta genes clusters
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Embryonic to adult globin chains expression
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Mutation leading to sickle hemoglobin
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An A to T mutation at the sixth codon of the p globin gene

produces HbS, with a substitution of glutamic acid by

valine at the 6th amino acid position in the p globin

polypeptide.

Individuals homozygous to HbS gene have only HbS in
Igc:zof Hb A, with concomitant production of Hb F and



Table 2

Summary of regional annual predicted estimates of HbAS and HbSS neonates

Population- Crude birth rate HbAS neonates/vear HbSS neonates/vear
Mean Median (IQR) % DMean Median (IQR)

WHO regions
AFRO 888 817 00357 3 610 851 (3 408 505-3 704 303) 64-238 083 (224 003-253 047)
AMERO o320 833 o-0162 208 270 2901257358 100-435 Bo4) 76 13708 137104 (11 126-15 606)
EMEO 560 8o3 O-0240 256 643 (190 Bz0-3270873) 57 ﬁ 8230 (Boi2-11 051)
EURD 803 002 o-0123 127404 121 601 (00 414—147 505) 2-6 3653  3271(2408-436A)
SEARO 1780082 o-ozoo 1040033 1020480 (o000 452—-1 154 480) 200 44 132 42 597 (35 022-50 750)
WPRO 1840667 0-0128 2202 1150 (477-2374) 00 4 9 (2-33)
HbS regions
Americas 039 724 o-0162 380 Bo2 386 430 (340 253-425 701) 74 13300 12 Bo2 (10 86g-15210)
Arab-India 1771305 0-0210 1168 Bos 1147477 (1 010 443—-1 290 147) 22-7 48051 46 B26 (30 147-56 000)
Eurasia 1008 104 0-0130 271474 256163 (216 400-310 758) 54 B784 7403 (5019-10000)
Southeast Asia 2215004 0-0133 4854 2535 (1324-5171) o1 8o 21 (7-63)
Sub-Saharan Africa 888 063 0-0365 3579082 3580207(3473117-3 684 718) 64-4 237253 235681 (220 993250 568)

Piel F et al. Global epidemiology of sickle haemoglobin in heonates: 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
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Selective advantage of AS
carriers and falciparum malaria




In AS heterozygotes P falciparum-infected red cells sickle
preferentially and are then removed by macrophages
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The clinically relevant consequence of
this process is to keep parasitemia
relatively low In AS heterozngtes Mediterr J Hematol Infect Dis. 2012; 4(1): £2012065.
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Sickle Cell Anaemia and Malaria

Lucio L uzzatto



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

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



Fes. 6, 1954 SICKLE-CELL TRAIT AND MALARIA i 29]

PROTECTION AFFORDED BY SICKILE-
CELL TRAIT AGAINST SUBTERTIAN
MATLARITAY. INFECTION

BY

A. C. ALLISOAN, D.Phil., B.M.*

(From the Clinical Parhology FLaboratrory, the Radcliffe
Infirmary, Oxford)

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




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




Sickle cell gene associated haplotypes

Benin (Central West Africa),

Senegal (West Africa),

Bantu (Central, East and Southern Africa),
Cameroon,

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
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Origin of SC gene associated haplotypes

Ah‘-ufm L —~ 53 " ". ' ]
il |i\fr|ca_n Continent

T ——

Rt

.-

221 P mmhe fodinn
— e ol ManA
_—a e Yas Pust e -

N

-

r““. "’nc;.n,,. nslan
' ™
l. ~

Argwia

Livyw

ALTONTIC fobmie

eann -

'
. A &
T R

q Iran i e \2
i fom
e _ ! pakistan
= S § )
Porsialfi® Moz 1 tos TR
Gulf © h iBnhm;?\\"“" ./0 = & e
. A == Oman r : i :\'\

‘in.ll / | o 1 -S|
e Al EST Baiiglane

fi

gArabmlndian

Ll ¥

o

India |

Bay of

S : Bengal
5' *3
Rtk ) : Arndai
= Haplotype |
v’ [t WE
Srigaobe
:7 N
I osadhowm




Community genetic services
targeting SCD




Community genetic Services for SCD

Prevention
at the population
level

R —

Primary
Carrier screening
and counselling

Secondary
Prenatal testing

Tertiary
Newborn screening
Management of affected




Pillars for introduction of services for the prevention and
care of SCA in low and middle income countries
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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

Amniocentesis

Done around the 16th week
of gestation

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

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

Hemoglobin. 2011,35(5-6):547-55. doi: 10.3105/03630269.2011.608457. Epub 2011 Sep 12.

Preimplantation genetic diagnosis for hemoglobinopathies.

Kuliev A, Pakhalchuk T, Verlinsky O, Rechitsky 5.
Reproductive Genetics Institute, Chicage, llinoiz 60657, USA. anverkulievi@hotmail. com

Abstract
Hemoglobinopathies are the most frequent indications for preimplantation genetic diagnosis (PGD), allowing couples at-risk of bearing offspring with
thalassemia and sickle cell disease to reproduce without fear of having an affected child. The present experience includes PGD for sickle cell
disease, a- and p-thalassemia (a- and B-thal). We present here the results of the world's largest experience of over 395 PGD cycles for hemoglobin
(Hb) disorders, resulting in the birth of 98 healthy, hemoglobinopathy-free children, with seven pregnancies still ongoing. One-third of these cases
were performed in combination with HLA typing, allowing the birth of unaffected children who were also HLA identical to the affected siblings with
_hem&gluhinupathies in these families, with successful or pending stem cell transplantation in a dozen of them. The results show that PGD is
presently a practical approach for prevention of hemoglobinopathies, gradually also becoming a useful approach to improving access to HLA-
compatible stem cell transplantation for this group of diseases.



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
s’rr'enlg’rhening of the education and training of
health care providers and raising public
awareness oh the feasibility of prevention and
care for sickle cell disease.



Impediments facing prevention and care
initiatives
_ow genetic literacy among the health sector

_ow genetic literacy among the public

_ack 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




