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INTRODUCTION AND ATIM OF WORK

Since the original description of the first ab-
normal haemoglobin variant {Hb-S) in 19101 and its
genetic, bicchemical and clinical basis, many studies
have been carried out all over the world winich have

led to diascovery of ssveral haemoglobin variants.

It ig only in the last two decades that we have
Legun to appreclate just how common haemoglobincpathies
are and what a considerable public health provlem they
pose, particularly in countries where medical resources
are limited. As, the hasemogiooinopathies are inherited
digorders, the prognosis for severely affected indivi-
duals remaina oad. HResearch on the distribution of
abnormal haecioglobln variants, an understanding of the
genetics oi the disoerder can lmprove the clinical manage-

ment of these poventially disabling conditions.

The study of haemocgleobin variants and their dis-
tribution can aiso pe used as an anthropological marker
for ethnic groups which have desen exposed to population
migration. The introduction of sickle cell haemoglobin
to the inhabitants of the Middle East countries from
the importaticn of slaves from Africa 1s an excelleat

examnple of tais.
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The Arabian peninsula is one of the Middle East
arsas wiich has been influenced by African slave trade
many centuries ago. It was thought desirable, therefore,
to study the freguency of haemoglobin wvariants in Hajjd
area (Central province) and compare findings with those

reported from the other different parts of the country.
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HISTORICAL BACKGROUND

The story of the growtk of knowledge of the Hb
variants provides a fascinating picture illustrating
the value of the pursuit of knowledge for its own
sake, It reveéls the fruits that can be gained if
curiogity is aroused and an answer sought to gquestions
that may at the time geem to be of no practical impor-

tance.

In 1510, James Herrickl reported peculiar,
elongated, sickle-shaped red cell in a case of severe
enaemia in a Hegro boy. The sicxle cells he thought,
were freakish poikilocytes and sugsested that they
were a manifestation of a specific chemical or physical

conditicon.

In 1917, Emme1,2 cbserved the transformation of
the biconcave disc to the sickle form in vitro. He also
noted that sickling cccured both ia perscns witi severe
anaemia and in others who were apparently healthy, thus
recognising both sickle cell angemia and sickle cell

3 delineated the con-

trait. In 1927 Hahn and Gillespie
ditions affecting sickling process in vitro, including
pi, temperature, fixatives and tomicity. Among the

most important of their cobservations was ithat exclusion
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of oxygen was a prerequisite to sickling and that the
phencmena could be reversed on re-exposure to the
gasg, they postulated that similar effects of oxygen
could occur in vivo. Later, Hahn4 applied the term
"gickle cell trait"™ to the asympiomatic condition

aggociated with in vitro sicgling.

Parazlleling these events was the report of Cooley

and Lee in 1925,°

who separated from the complex of
disorders of infancy and childhood that had been khown
as Von Jaksch's anaemia a syndrome characterised by
chronic, progressive anaemia commencing early in life,
with erythrooblastosis in the blood, a characteristic
facles, splenomegaly and a familial incidence. The
obgservation that these patients were of Mediterranean

background led to the introduction of the name

"thalassemia" derived from the Greek word for sea.

A&t this time and in the following years, descrip-
tions appeared in the Italian literature6 of a milder
disorder, encountered in adults as well as children,
which was marked by morphologic abnormalities in the

red cells and evidence of increased haemolysis.

In 1938, camino-PetrosT

noted that the parents of
a child suffering from severe thalassemia had diminished

red cell osmotic fragility.
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In 1940 Wintrobe and his associates8 deacribed
what was considered to be a mild form of Cooley's
angemia. These investigators also showed that the
manifestaticns of this disorder were present in both

parents of a child with classic Cooley's anaemia.

Subsegquent genetic studies established that
Cooley's anaemia is the homozygous state for a partially
dominant autosomal gene. The patients described by
Riettil and by Wintrobe and their co-workers representing
the heterozygous state. In 1940 Sherman’® confirmed the
observations of Hahn and Gillespie regarding the influence
of oxygen on sickling process, also he found that the
cells in the sickle cell disease were birefringent, an
observation which was remained unexplained for nearly a

decade.

The birefringence was called to the attention of
10

the physical chemist, Linus Pauling.
In 1949 Pauling conceived the possibility that
interaction between abnormal haemogloblin molecules
might ezplain this phencmenon, with Itanc, he disco=-
vered that the haemoglobin of patients with sickle-cell

anaemia differed from that of normal people. Pauling
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discovery was the first step in a series of investi-
gatione which greatly increased our understanding of
the genetics, chemistry and physical properties of

normal and abnormal haemoglobings.

As it was explained, the concept of melecular
disease was formulated by Pauling wino discoverea the
presence of abnormal haemoglobin in patisnts with
sickle-cell anaemia, tnis haemoglobin was ifound to
be electrophoretically slower than the normal haemo-
glaobin, "Hb-A" and it was called "Hb=-3", thus Eb=5

was the first discovered abnormal haemoglobin.

In the same year thnat Pauling made his discovery,
Heelll published a report of geuetic studies establish-
ing that sickle cell trait was the neterozygous and
sickle cell anaemia, the nomozygous state for the sams

gene.

Year after year discoveries were going on, and
more than 326 pathological haemogleouln wvariants are
known at the present time,12 amang them only, Ffour
haemogloblons, S. C, D Punjao, and %, often are called
the Ycommon haemoglobins" because each affects miliions

of individuals. It soon became clearly evident that
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the freguency cof the abnormal haemoglobin varies consgi-
derably with geographiec location and racial group, e.g.

the maximum prevalence of thalassemia is around the Medi-
terranean littoral and in Scuth-east Asia, on the other
hand Hb-5 and Hb=C are prevalent in tropical Afriea and
also seen among immigrani Negro populations in the New
World. Hereditary disorders of haemoglobin are lesgs com-
mon among people of Northern Buropean origin, but ne ethnic

group is totally spared.

Haemoglobin § is by far, the most common of all ab-
normal haemoglobins, it is found particularly in equatorial

Africa in a broad zone extending from coast to coast.{Fig.l)

Figure 1, Geographical distributicn of the clinically im-
portant naemoglobln varlanis.

L

; Evidence for a-Thatassaemig . ::7 B -Thalassaemia
B s = Hb-D Puneb
M Hp-C Nk HB-E

*# In Western Africa, Hb-g is found,in addition to Hb-S, as
indicated in the map.l
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The gene for sickle-cell haemoglobin (Hb-3) is
transmitted as an autcsomal dominant, if a single gene
is inherited from one parent the relatively benign
heterozygous sickle-cell trait results, on the other
hand the inheritance of two genes, one from esach parent,

produces the severe homozygous sickle-cell anaemia.

The sickle-cell gene may alsc be assoclaied with
a gene for another structural haemoglobin variant or
with one of the thalassemia genes. Some studies in

14 showed that homozygous sickle-cell disease

sdfrica
wag rare in spite of a nigh tnough variable incidence
of the sickle-cell trait and it seemed surprising that
the disease was commoner in the American Hegro.l5
It was soon realized however that in Africa the
mortality rate of homozygous sickie-cell disease in
garly childhood is so high that not many cases reach
adulthood fzisifying its actual incidence as sxpected
from genetic theory.l6 In spite of loss of genes al
each generation i%4s incidence remains nigh aad it does
not appear that the spontanecus mutation rate 1s great

enough to account for this.l4

It is suggested wtnat individuals with the trait

are endowed with some advantage o that they reproduce
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more efficiently than thoge without it, a "balanced

17

polymorphism"., A likely advantage is that hetero-

z¥gotes enjoy a relative immunity te Palciparum mala-
ria.18
The "malaria hypothesis" also c¢an be applied
to the other types of the common haemoglobin as well
as thalassemia and G&PD deficiency. It was found that
the geographic distributions of Falciparum malaria and
Hb~-5 can coincide remarkably and the frequency of
sickle trait is correlated with the endemicity of ma-~
laria in many tribes, furthermore a lower rate of para-
gitization of the blood is found in subjects with sickle
trait, even when they are deliberately inoculated with
the parasite, and the mortality rate from cereoral mala-
ria is much lower in children with the trait +than in
those free of Hb-S.l9
The mechanism of malarial resistance has not been
gstablished, but the most likely hypothesis is that the
invaded cells adhere to vessel walls where they become
deoxyzgenated and assume the sickled shape, which in
turn leads to their destructicon by phagocytosis. When
red cells are used inin vitro culture systems, growih

geccurs as well in Ho-S cells as in normal cells.l8
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