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1. INTRODUCTION

Inherited disorders of haemoglobin, including the thalassaemlas and sickle cell disease,
constiture a publie health problem in many parts of the worldfl.2), The # thalassaemias
were tha first tople addressed by the WHO Working Group on Communjty Control of Hereditary
Anaemias, because of thelr frequency and severity, our rapidly inecreasing knowledge of their
molecular basis, and the increasing possibilities for treatment and prevention(3),
Understanding of the a thalassaemias has now reached a similar level, so the 5th meeting of
the Working Group, held in Crete in October 1987 in aszociation with the 2nd Mediterranean
Conference on Thalassaemia, was dedicated to a review of the epidemiology, molecular basis,
¢linical features, health burden and possibilities for control of the a thalassasmias.

Glebally, though « thalassaemia is extremely common, it causes serious patholegy only
in parts of South-East Asia and the Eastern Mediterranean Region, and among groups
originating from those areas. Hare the presence of severe a-thalassaemia genes causez HbH
disease, which can be chronically debilitating, and a thalassaemia hydrops fetalis, which
is lethal for the fetus and life-threatening for the mother. Where these diserders
constitute a public health problem, it is desirasble to develop strategies for diagnosing and
inferuing a thalassaemia carriers, providing optimal management for patients with HbH
disease, and making prenatal diagnosis avallable, particularly feor a thalassaemia hydrops
fetalis, Since the severe a thalassaemias occur only in areas where §
haemoglobinopathies are also common, such programmes should be only one component of a
comprehensive haemoglobinopathy contrel Programme.

2, THE ALFHA THALASSAFMIAS

The summary below, and the fuller molecular description in Anmex 1, draws heavily on a
working paper provided for tha meetin§ by Dr D. Higgs. Detailed references may be found in a
published review by the same author(4).

2.1 TIhe vormal « globin gepes

Table 1 summarizes the composition and developmental sequence of the normal human
haemoglobins. All contain four pelypeptide chaing, two coded by the o globin gene cluster,
which ig located at the tip of the short arm of chromoszome 16, and two coded by the 8
globin gene cluster on chromoseme 11, The & globin gene cluster contains three functional
genes (Figure 1): one { gene and twe a genes, a2 and al. Like the genes of the 8-
globin cluster, they are switched on and off =equentially during embryonic development., The
single { gene functions in the early embryo to produce Hb Gower 1 (C2¢3) and Hb
Portland ({pv3), but at flve to six weeks of embryonic life, the ( gene iz switched off
while both a globin genes are switched on. They first produce Hb Gower 2 (wpea), then
haemoglobin F (agvp), and finally haemoglobin & (xp82). Though the saquences of the
twe a genes and their gene groducts are identical, the a2 locus is responsible for about
75% of a globin production(3) .

2.2 The alpha thalasssemias

Alpha thalassaemia means reduced production of a glebin chains. It may be caused by
deletion of one or both of the two a genes on a chromosome, or by point mutatioms that
intexfere with the normal functioning of one or both genes. Some mutations directly reduce
o globin output, others alter the coding sequence to produce & chains that are abnormal
in beth structure and quantity. The known groups of a thalassaemis mutations are
summarised in Table 2.

Despite thelr molecular cemplexity, for practical purposes the a thalassesemias fall
into two broad groups indicated in Table 3. Group 1 includes severe mutations that cause
disease in the homozygous state or when combined with a Group 2 mutation. Group 2 mutations
are mild in both the heterozygous and the homozygous state, and cause clinical problems only
vhen combined with a Group 1 mutation. For clinical and genetic counselling purposes,
accurate diagnesls Ls essential for Group 1 mutatiens, but is really ifmportant for Group 2
mutatiens enly when Group 1 wmutaticens are also present in a pepulation or family.
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The pathology caused by the severe o thalaszsaemlas in the homozygous or compound
heterozygous state is due both to a reduced total haemoglobin content in the red cell, and to
unbalanced synthesis of glebin chains, The deficiency of « chains leaves unpaired non-a
chains which aggregate intc soluble tetramers, v* (= Hb Bart’s) in the fetus and newborn,
and g4 (- Hb H) in adults. Since these abnormal tetramers bind oxygen tightly and do not
Telease it to the tissues, the oxygen-carrying capaclty of the red cells is reduced in
propertion to the concentration of Hb H and Hb Barts. Unpaired non-a chains also
precipitate to form inclusions that can lead to haemolysis and a shortened red cell life-
span, with compensatory marrow hypertrophy. Inclusions are usually removed in the spleen, so
& high level of Hb H or Hb Barts often leads to hypersplenlsm. The clinical consequences of
the cellular pathology are discussed in section 6.

2.3 Classificarion

Up to the late 1970s, the a-thalassaemias could be defined only in terms of their
effect on the blood picture, and the way in which they interact with each other elinically to
produce mild e thalassaemias, Hb H dizease or Hb Bart's hydrops fetalis. The more severe
two-gene deletions were called o thalassaemia 1, the milder one-gene deletions were called
a thalassaemia 2. As the o thalassaemias are now betrter understood, the more =scjentific
clagsification used in Table 2 has been proposed.

Alpha thalassaemias in which there 1s no normal a globin production zre described as
a® thalagsaemias, and those in which o globin output is reduced are described as o
thalassaemias (bringing the classifiecation of o thalassaemias in line with that of the 8
thalassaemlas)., Both the a® and ot thalassaemias are further sub-divided into deletional
and non-deletional types, and information on the precise mutarion invelved can be included
when it is available,

The nermal a-globin haplotype (= the pattern of genes present on & single chromosome)
is written aa, representing the a? and al genes respectively, A normal individual has
the genotype ao/oux.

A deletion invelving one (-a) or both (--) o genes may be further defined by the
size of the deletion (when thisz i= knowvn) written as a superscript; thus -a3:7 indicates a
3.7 kb deletion. Where the size of a deletion has not yet been established, a superseript
describing the geographical or individual origin of the deletion is used; thus --MED
describes the deletion of hoth a-genes, first identified in individuals of Mediterranegn
origin,

Alpha thalassaemias where bhoth genes are intaet (i.e. non-deletional « thalassaemias)
are indicated by axl. When the precisze molecular defect is known (as in Hb Constant
Spring) aal can be replaced by the more informative a®Sa, the superscript being
attached to the a2 or the ol gene as appropriate.

This system provides an useful shorthand for accurately describing various a
thalassaemia genme interactions. For example, the genotype ~~5EA/4CS; denotes Hb H
disease due to an interaction of the Hb Constant Spring mutation with the common south-east
Asian o% defect,

2.4 Mplecu 5

The commonest forms of a thalassaemia involve deletion of one a globin gene from a
chromosome, There are two commeon types of l-gene deletion: deletion of 4.2 kilobases {kb)
of DNA including the o2 gene, leaving a functioning al gene (leftward deletion), or
deletion of 3.7 kb of DNA, usually including most of the al gene, and leaving a
functioning, hybrid but predominantly a2 gene (rightward deletion). Despite the difference
in the normal level of activity of the two a genes, the single gene remaining after both
types of deletion produces about half the normal amount of & globin. Therafore these
mutations have similar effects, and o globin synthesis is decreased by about a quarter in
heterozygotes, and by about a half in homozygotes. They are the mildest common o
thalassaemia mutarions(®).
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Delation of both a globin genes leave no o chain production from that chromosome,
In heterozygotes o globin production is reduced by half, with effects on the red cell
resembling those of 8 thalassaemia trait. In homozygotes o chain production is abolished
altogecther, and this leads to hydrops fetalis. Unlike the one-gene deletions and non-
delational mutations (see helow), two-gene deletions may allow some de-repression of the ¢
gene(7) . This permits homozygous fetuszes te survive throughout most of intrauterine life by
making some Hb Portland (which, unlike Hb Barts, can carry oxygen effectively). Similarly,
traces of { globin may be datected In the red cells of heterozygotes. Twelve types of
deletion invelving both a genes are known to date (see Annex Figure 3), Some of the less
commorl ones delete the [ gene as well as both o genes. In the homozygous state these
mutations cause early spontansous abortion rather than hydrops fetalis, since they permit no
haemoglobin formatien of any kind in the embryo. The commonest two-gene deletions are the
South East Asian and the Mediterranean types, which leave the ¢ gene intact.

About 18 kinds of non-deletional o thalassaemla are known to date (=ee Annex 1), Most
affect the dominant a2 gene and have more severe effeets that the l-gene deletions
described above, because they reduce total a globin preduction from the affected chromesome
by about 75%. They fall roughly inte four groups:

(a) Non-deletional mutations that reduce o chain production by the affected gene.

(b) HNon-deletional mutations that reduce o globin production by both « genes, e.g. the
Saudi Arabian form of non-daletional o thalassaemla allows only about 12% of the normal
amount of a globin productien from the affected chromosome{8). These are particularly
severe,

(¢) Chain termination mutations that produce an abnormally elongated & chain that is
syntheslzed at & reduced rate - e.g. Hb Constant Spring.

(d) BStructural mutations that cause a very unstable a chain.

Correlation of DNA genotype with blood picture shows that in heterozygotes each form of
e thalassaemia has a characteristic effect on the red cell indices (Table 4)(4-9)_ In’
general, single & gens deletions (-e) produce the mildest changes, non-deletion mutations
affecting the dominant o gene cause more marked changes, and deletional mutations invelving
both o genes such as the Mediterranean or South-East Asian forms causze the most marked
effects. Therefore the interactions of two « thalassaemia genes in homozygotes or compound
heterozygotes can produce a continuous spectrum of conditions rvanging from asymptomatic
homozygotes for the common deletional form of at thalassaemia to individuals with Hb H
disease and fetuses with a thalassaemia hydrops fatalis (Table 5).

3. GENETIC RISES

Disease due to a thalassaemia, and the risk of having children with en a
thalassaemia syndrome 1s assoclated only with severe (e.g., a® and ol 58udly fForpg of o
thalassaemia., The genetic implications of the common severe deletional ¢ thalassaemia
genes are clear, but with non-dealecional forms of « thalassaemia it can still be difficult
te be sure of the muration involved, or of its preeise e¢linfcal implications,

Matings between two carriers of mild a' thalassaemia (-a/aa) have no genetic risk.
Thexe 15 a ene in four chance that esach offspring will have homozygous a¥ thalassaemia
{-a/-a), which causes microcytesis resembling rthat of «® thalassaemia rrair and iz
asymptomatic. Carriers of the common mild ot thalassaesmia have a genetic risk only when
gsevere a® thalassaemia is also present in the population.

Matings between an a® and an a* thalassaemie carrier have a 25% or 50% risk of HbH
disease in the offspring, depending on whether the ot carrier is heterozypgous or homezygous
(-a/oa or -a/-a). If the a+ gene involved is of a non-deletional type e.g.,
al SAUDL op oC , the resulting Hb H diseaze is usually more severe,
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Hatings between two carriers of a® thalassaemia (--/an) have a 25% risk of hydrops
fetalis in the offspring.

People with the common form of Hb H disease (-a/--) are at particularly high genetic
risk. If the partner has:

(a) Hb H disease, there iz a 25% risk of a% hydrops fetalis, and a 50% risk of Hb H
disease in the offspring.

(b) «° thalassaemia trait, there iz a 25% risk of hydrops fetalis and a 25% risk of Hb H
disease in the offspring.

(c) ot thalassaemia trait, there is a 25% risk of Hb H disease in the offspring,

A draft counselling booklet for carriers of one of the above forms of o thalassaemia
is presented in Annex 2. ‘

Carriers of severe non-deletlional « thalassasmias, such as the Saudi Arabian form risk
having children with severe Hb H diseasa: some may be transfusion-dependent. However, more
informarion is needed on the gpectrum and natural history of the diffevent interactions
involving this gene before it will be possible to provide adequate genetic counselling.

4. DIAGROSTS

4.1 Conventional methods

Methods for diagnosing the a-thalassaemias are listed in Table 6(10). Fach method has
its limitations, and even together they rarely allow accurate definition of the genotype. In
the past, this was usually possible only when a family history of a« thalassaemia hydrops
tetalis or Hb H disease unambiguously revealed the types of ¢ thalassaemia mutations
present. In practice DNA studies are often needed to define the genotype accurately enough
for genetic counselling. ' '

Microcytosis is typical for the thalassaemias, However, there Is a continous gradation
between normal red cell indices and thoze associated with a thalassaemia (by contrast with
the situtation in A thalassaemia). Different types of o thalassaemia reduce red cell
size to different degrees, and a large proportion of populations where a thalassaemias are
common have microeytosis, ranging from minimal changes assoclated with o' thalassaemia, to

the sevare microcytosis of Hb H diseasze.

The Hb Ay level is usually normal or low in & thalassaemias. However, mierocytosis
with a normal level of Hb A2 is also found in iron deficiencX ansamia and in some B
thalaggsemias including *normal Hb As" £ thalassaemia trait(l),

Serum iron estimation (or an alternmative method of azgessing iren deficiency) is an
essential tool in the diagnosis of o thalassaemia. A normal serum iron permits the
diagnosis of a thalassaemia on the basis of microcytosis (MCH <25-27pg) alone,

The observation of Hb H inclusions is diagnostic but tedious. Failure to find them does
not eéxclude a thalassaemia, and they are often not seen in milder forms of « thalassaemia
in any case,

Globin biesynthesis studies of the relative rates of synthesis of the « and B chains
can distinguish between a and f thalassaemia, or indicate when the two are present
together. However, the results are not diagnostic for particular forms of o thalassaemia.

A monoclonal anti-¢ antibody can be used to detect the traces of ¢ chain that are
present with the ~-SEA geletion, and this may lead to 2 specific test for population-
screening in South East Asia. However, the method does not pick heterozygotas with the --MED
mutation or severe o thalassaemis trait of the Saudi Arabian type, or that due to deletions
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that Include the { gene. The technique still needs simplifying; and the test needs
evaluation in the field.

Family studies are often eritical for establishing a diagnosis, e.g. the distinetion
between -a/-a and --/eo thalassaemia traits.

The populatien concerned must also be taken into account in interpreting the
haematological findings (see Section 5.2).

For population screening and genetic counselling, it is also necessary to have gimple
screening wmethods suitable for primary health care in developing countries. A 1-tubae
osmotic fragility test detects microcytosis almost as efficiently as an electronic red cell
counter{11) | and so constitutes a useful primary screen, It pleks up a group including
carriers of --/oa and -a/-a, and people with HbH disease, along with g thalassaemia
trait, many heterozygotes and homozygotes for Hb E and some other haematological
abnormalities, to whom definitive laboratory diagnosis can then be offered. The ability of a
one-tube fragility test to detacet the severe Saudi Arabian form of non-deletienal o
thalassaemia, and the level of { chain production in this condition, require further
investigation.

In populations where « thalassaemia is common, It is an lmportant genetic determinant
of the “normal” values for the red cell indices. 1Iron deficiency anaemia is also common in
manyy of the relavant populations, espeeially in Asia and Africa, and it can be difficult to
distinguish the contribution of these two factors to the abnormalities that are detecred with
routine haematoleogical methods. Therefore the first step In setting up an anaemia or
haemoglobinopathy sercening programme is to define the red cell indices characteristic for
the population, and the loecal prevalence of iron-deficieney anaemia.

The approximate prevalence of a thalassaemia in a population can be estimated by using
an automated parricle size analyser to establish the frequency distribution of the red cell
indices (MCH or MCV) in adult males (whe are least likely to have iron deficiency).
Comparizon with the MCH or MCV distribution among males in a population that 1s free from
thalassaemias (e.g. a northern Eurcpean population) as in Figure 2(12) | can give an
approximace indicatjon of the total prevalence of thalassaemias in the population
under study. Hb A; estimation in those with MCH less than 27pg then discriminates between
£ thalassaemia tralt and o thalassaemia tralt or iron defliclency. Since the normal red
cell indices are the same in males and females, cowparing the frequency-distribution of the
MCH or MCY in males and females gives useful puldance on the prevalence of iron-deficiency
among females in the populatiom. This approach also provides a simple and non-invasive
method for monitering the results of public healrh initiatives to control iron deficiency
anaemla.

4.2 Problems in population screening

Sereening for & thalassaemias is already (imevitably) routine in existing thalassaenia
control programmes, and this experience has revealed some important problems both in
populations where severe « thalassaemis mutations occur, and in those where only mild
mitations are found.

In populations where szevere a thalassaemias oceur, it is essential te identify and
warn carrlers who are at genetlc risk,

(a) The commonest and most impertant problem arises from the fact that, using classical
diagnostic¢ methods, it is usually impossible to distingulsh homozygous ot thalassaemia
(-a/-a) from a® thalassaemia trait (--/ma). This is a critically important, since

the first carries only a minimal gemetic risk, while the second poses a potential threat to
the health of female carriers, as well as the risk of hydreps fetslis in their offspring.
This preblem is usually dealt with pragmatically by identifying such individuals as *possible
carriers of a® thalassaemia tralt", and testing their partner in due course. If the

partner ig haematvlogically completely normal, the couple can be told they are not at risk of
having children with a severe a thalasssemia syndrome, with no further investigation
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(though there is in fact a small risk of a child with Hb H diseage, since some at
thalassaemia carriers are haematologically normal). Bur if the partner shows any red cell
abnormality at all, a definitive diagnesis is necessary for both partners. This usually
requires DNA methods, though family studies may prove helpful. The monoclonal anti-¢
antibody may also prove useful, since it detects traces of ¢ globin in newborn and adult
carriers of the south-east Asian type of @ thalassaemia, but not of homozygous o
thalassaemia(7),

(b) Co-ipheritance of o thalassaemia trait and p thalassaemia trait by the same person
is common and causes lmportant diagnostic problems. Since it reduces chain imbalance it
moderates the pathology associated with both conditions.

(i) It leads to larger red cells than expected, and an Hb Ay level at the lower
end of the f-thalassaemia range, and so can cause the diagnosis of 8 thalaszaemia
trait to be missed. '

(ii) The diagnhosis of § thalassaemia trait does not hecessarily exclude co-
incidental a® thalassaemia trait, If one of a couple has f thalassaemia trait and
the other has «® thalassaemia trait, it is possible that they are at risk of having
children with a severe a thalassaemia syndrome, so it iz wise to investigate the g
thalass§2mia carrier further for e thalassaemia by globin biesynthesis or DNA
studiesd, :

(iii) Alpha thalassaemia trait in heterozygotes for the abmormal B haemoglobins
HbS and HbE causes microcytosis and reduces the proportion of abnormal Hb present.

(¢} In some Mediterranean populations, and possibly in some other parts of the world, the
uncommon "nerwal Hb As" £ thalassaemia trait presents the same haematological picture as
a® thalassaemia trait,

Such preblems have been encountered in screening programmes in the Mediterranean area
and in North-West Europe, North and South America, and the Caribbean, where people of South
East Asian or Mediterranean extraction have migrated, They will be particularly important
when screening ls started in South East Asia and the Middle East. DNA analysis allows a
definitive diagnosis in nearly all cases, and so can resolve the above problems,
Fortunately, DNA methods are rapidly becoming more suitable for use in less specialised
laboratories.

In populations where severe o thalassaemia Eenes are not found, e.g., in sub-Saharan
Africa and the Indian sub-continent, there is no indication for screening for o
thalassaemia. However, the very high prevalence of both mild a+ thalasssemis and iroen
deficiency anasemla increases the expense and decreases the efficiency of conventional methods
of screening for £ thalassaemiaz, Most screening programmes start with measuring the red
cell indices and electrophoresis as a primary screen, and only samples with an MCH of less
than 27 pg are investigated further for thalassaemia. In most European and Mediterranean
populations the approach is very efficlent, as from 5 to 20% of samples fall inte this
category, and a high proportion of these prove to have g thalassaemis trait (see Figure
2b). By contrast, in many Asian populations, especially vhen pregnant females are screened,
around 50Z of samples have an MCH of less than 27pg but only 6 to 122 of these finally prove
to represent f thalassaemis trait (see Figure 2¢ and d)., In populations such as that of
Thailand where Hb E also contributes to the high frequency of microcytosis, the situation is
even more complicated.

The importance of iron deficiency anaemia as = public health problem in many such
populations means that haemoglobinopathy screening programmes in these areas must include

1 Coincidental o thalassaemia can moderate the clinical picture of homozygous g%, but
not usually of A% thalassaemia; the extent of moderation being proportional to the
reduction ¢f « globin synthesis,
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appropriately cheap and simple methods for diagnosing iron defleiency, and should be
conceived as part of a comprehensive anaemia prevention programme.

4.3 DNA dizgnosis

Methods for DNA diagnosisflasIS) continue te develop in terms of precision, simplicity
and feasibility, and require decreasing time, aquipment and radioactivity. Nevertheless,
they should always be practised under the supervision of experts, because of possible
pitfalls in interpreting the findings and the importance of other factors such as clinieal
observations and the family history, for genatic counselling.

The following methods are now used for dlagnosing the & thalassaemfas,

Southarn blotting is used to fdentify deletional and zome non-deletiomal forms. DNA is
extracted from the sample under study and digested with a restriction enzyme (endonuclease)
that cuts the DNA only at specific sequences in its coding or non-coding gections. The
resulting fragments are separated according to siza by electrophoresis, the shortest rurming
fastest. The run is then exposed to a sclution of & radicactive (P32 labelled) DNA probe
complementary te the DNA sequence being sought - in the case of o thalassaemia, « gene
probes, or both o and { gene probes, are used, The probe binds to the (or C)
gene, and the position of the band carrying the gene iz recorded by autoradiographing and
photographing the preparation. This method reveals the presence or absence of the gene, and
the lengrh of the fragment carrying it, which In turn indicates the distance apart of the two
nearest restricrlon sites cut by that enzyme.

The restrictlion enzymes most often used to locate the genes of the o globin gene
¢luster are Bam HY and Bgl IT. Table 7 shows the lengths (and therefore the relative
mobilicy) of the characteristic fragments detected with o and ¢ probes in normals and in
deletional forms of o thalassaemia. After Sam HI digestion fragments run in characteristic
pesitions, but one of the fragments produced by digestion with Bgl II includes the { gene
together with the Inter-{ hypervariable region, and so may run in a glightly differenc
position in different individuals. The two common l-gene deletions produce characteristic
changes in the position of the band detectable with an a probe, and so are easily
identified. Deletion of both genes gives no visible band, but characteristically alters the
mobility of the band carrying the { gene. Therefore, when probing for a® thalassaemia it
is necessary to use both an o and a { gene probe, because in heterozygotes the a probe
reveals only the normal « gene band, but the { probe reveals a band characterisitic for
a® thalassaemia, In homozygotes the { probe confirms that the absence of an a signal
is not due to failure of DNA digestion,

Some non-deletional mutations (indicated in Annex Table 1) either abolish a restriction-
enzyme site or create a new one, and so have a characteristic effect on the mobility of the
a- containing fragment. These can be identified directly by digestion with the relevant
enzyme followed by Southern blotting.

Other mutations can be detected using oligonucleotide probes{16).  These are short
synthetic probes, usually about 19 base-pairs long, ‘matched either with the normal or the
mutated sequence that is being sought. Initially they were used on Southern blots to detect
non-deletional thalasgaemia mutations after rastriction enzyme digestion. Genes containing
such mutations run in the normal position, but bind only the matching oligonucleotide probe,
A Southern blot is expesed to both the normal and the mutant probe either in parallel
preparations, or in the same preparation sequentlally. Homozygous normal DNA binds only the
normal probe, homozygous mutant DNA binds only the specific mutant probe, and heterozyogous
DNA binds both probas.

These methods have been greatly simplified by the introduction of the polymerase chain
reaction (PCR). This essentially simple method for selectively producing a large amount of
the segment of DNA under study(1 }, requires preclse knowledge of the szequence arcund this
segment. Oligonucleotide probes complementary to sequences on either side of this segment
are added to the DNA heing examined, and anmeal approximately, “bracketing” the DNA segment
to be amplified., Thay are then used as primers for DNA synthesis. The enzyme DNA polymerase
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and the appropriate nucleotides are added, and cyclical heating and cooling is applied to
separate and reanneal the DNA sequences. This leads to doubling of the bracketed DNA =segment
in each cycle, Automated methods now exist for repeating the eycle as often as necessary.
Twenty te 30 cycles, easily executed in a few hours, can amplify the tatget sequence te up to
10-30% of the entire DNA sample. The sequence can then be examined by traditional chemical
methods. This approach has disadvantages, €.g.. it is exquisitly sensitive toe contaminatien,
but has the following important advantages,

(a) aAmplification can be done without the labour-intensive DNA extraction and purification
that has been necessary hitherto.

(b) P32 labelled radiocactive probes are uneccessary if the asbnormality sought changes the
position of the bands in a characteristic way. The amplified bands can be =imply located
using DNA stains, or, as DNA fluoresces after stalning with ethidium bromide, they can be
visualised with ultraviclet light and photographed.

{¢) Southerm blotting is often unecessary. The amplified DNA sample can be dot-blotted
directly onto filter paper(18), Radiocactive oligonucleotide probes show whather the
corresponding sequence iz present or not, and can alsoe indicate doszage of the gene.

(d) Non-radicactive, (e.g., biotin-labelled) probes are becoming available(138)

(e} Amplified DNA can be run in a denaturing 531(19) to simultanecusly reveal the presence
of a point mutation and to identify ir. If a double-stranded DNA fragment differs by only
one nucleotide from normal, it will denature (i.e., the complementary strands will separate)
at a slightly different concentration of denaturing agents from normal. If double-stranded
fragments e.g. of amplified normal « or § gene DNA, are electrophoresed in a gel

containing a gradient of a denaturing agent, they will start to denature at a given position,
and thelr migration is then effectively stopped. Fragments that differ by as little as one
nucleotide pair denature at slightly different concentrations, and therefore migrate
different distances in the gel; and each mutation may end at a different and characteriscic
position. Such methods hold out the possibility of very efficient DNA diagnosis even for
abnermalities like the g thalassaemias, that have proved to be very heterogenous at the DNa
level.

(£) If the specific mutation present is not identified by the zbove methods, or is a new
mutation, the amplified DNA can be directly 'sequenced to define the abnormality present.

These developments now make it realistic to start Introducing DNA methods into
developing countries where the haemoglobinopathies are such an important preblem. A study of
the forms of ¢ thalassaemia present in a population is often a useful first step in
introducing DNA methods, because the a thalasssemias are genetically rather simpler than
the £ thalasszaemias,

5. GEOGRAPHICAL DISTRIBUTION
5.1 efinin o emia Ons 1ulat

Investigation in the newborn by cord-blood electrophoresis, and measuring the percent of
Hb Bart’s present (see Table 5), is the classical approach for investigating the birth
incidence of carriers of o-thalassaemia in a population. Hb Barts (g“) is more stable
than Hb H (8*), so the detectable excess of { chains in the fetus is greater than the
excess of # chains in the adult. Thus mild o thalassaemias in which no Hb H is
detectable in adults can often be ldentified by the presence of Hb Bart's in the newborn.

However, the level of Hb Bart’'s detected in the cord-blood depends on the mutation
involved and the methods used, and the results can sometimes be confusing. A very high
level (»80%) is unambipguous and indicates o thalassaemia hydrops fetaliz (no functioning
o genes). A level of 5-40% indicates HbH disease (effectively, one functioning o
gene). A level of around 3-5% indicates 2 functioning a genes, i.e., either o®
thalassaemia trait (--/ea) or homozygous a' thalassaemia (-a/-a). Lower levels of Hb
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Bart’s (>1%) indicate three functioning genes. Methods must be good toe detect low levels
reliably, especially as normal infants wmay have up te 0.5% of Hb Bart’'s. In addition, many
newborns with -a3-7 thalassaemia trair have no detectable Hb Bart’s. Hence DNA-based
studias practically always reveal a higher than previously suspected incidence of ot
thalazsaemia trait in a population.

In regions where severe o thalassaemia genes occur (a® or ol Saudl .r.y 4
convenient strategy for defining the types and relative frequenmcies of the a® and ot
mutations present, is to study DNA from fetuses with hydrops fetalis, and from patients with
Hb H disease. In these cases there are no normal chromosomes, and when deletional o
thalassaemia is prasent on one chromosome, the type of a thalazsaemia genme present on the
other chromosome should become clear., The results of one such study from China are
summarized in Figure 3. This strategy has revealed the presence of non-deletfional forms of
severe o thalassaemis In Greece and Saudi Arabla, and the abgsence of non-delerional =
thalassaemias (other than Hb Constant Spring) from Thailand. However, it does not give clear
information on the preavalence of the mutations in the population.

In areag or populations where o thalasssemia hydrops fetalis or HbH disease do mot
occur, severe a thalassaemia genes may be assumed to be very rare or absent. In this caze,
most individuals with the typical blood picture of o thalassaemia trait (marked
microcytosis, normal or low Hb Ay level, normal serum iron) will in fact have homozygous ot
thalassaemia. An efficlent strategy for defining the forms of at thalassaemia present in
these populations is therefore tc analyse DNA from such individuals.

5.2 Distribution of o* and o® thalassaemia

Table 8 gives astimates for the probabla global numbars of carriers of a
thalassaemias. ’

The severe mutations determine the distribution of pathology due to a thalassaemia,
but the background mild mutations affect the extent, fraquency and severity of the pathology
caused by the severe mutations. Migrations of populations carrying severe mutations, as from
south-east Asia, are particularly significant in the spread of disease due to a ‘
thalaszgsaemia,

Because of the limitations of the classical diagnostic methods mentioned above, it is
difficult to be sure of the distribution and true frequency of the mild ot thalassaemia
traits. It is however clear that they are extremely common in tropical areas, being carried
by 30-50% of the population of sub-Saharan Africa, India and South-East Asia., In a few
isolated areas the incidence of heterozygzotes may be as high as 801¢(20), Howevaer, relativaly
few studles so far are based on DNA analysis, so the distribution indicated in Figure 4 is
necessarily impressionistic, The map is intended only Lo previde a basis for further
investigation. Though at thalassaemia is globally the commonast gene for a hereditary
enaemia, outnumbering both the j haemoglobinopathy traits and G6FD deficiency, it cauzes
pathology only when combined with a severe a thalaszsaemia trait, so In most areas it must
be considered as a simple polymorphism. People of Indian or African origin with the
haematological picture of o thalassaemia trait, nearly always have homozygous at
thalassaemia are are not at risk of offspring with severe thalassaemia syndromes. This is
important in genetic counselling,

The distribution of the severe forms of o thalassaemla is both more limited and better
known. Alpha-zero thalassaemia is common in South-East Asia, as indicated in Figure 5. In
the absence of definitive differentiation between homozygous at and «° thalassaemia
traits, the true frequency of o® thalassaemia can only be establiched by DNA analysis, or
calculated from the birth incidence of fetuses with hydrops fetalis; but the latter approach
requires good epidemiclogy and necnatal pathology. These approaches have shown that the
incidence of @ thalassaemia trait in people originating from southern China {Guangdong)
and resident in the USA, UK, Singapore or Hong Kong is 3-3,52{2l), The inecidence i{g similar
in Thailand around Bangkok but higher in north-west Thailand{22), and reaches 6% in the
Guangxl province of China(23), 1t iz about 1.5% in C§prus and parts of Greece(24) . The
Saudi Arabisn form of non-deletional a thalassaemia(8 is found in 1-3¥%¥ of the population
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of Eastern Saudi Arabia and Bahrain, and presumably oceurs in other parts of the Middle East,
but the limits of its range are unknown, '

A given prevalence of o® thalassaemia rrait creates most patholegy in populations
where a" thalassaemia is very common. For example, Table 9 shows that though the incjidence
of a® thalassaemia trait is similar in Singapore and Bangkek, the much higher loeal
prevalence of at thalassaemia trait in Bangkok leads to an five times higher prevalence of

Hb H disease,

Consanguineous marriage, very commen in many parts of the world, increases the chance
that partners will both inherit the same mutation from a common ancestor, and so would
inerease the birth incidence of homozygotes with o® hydrops fetalis or af Saudi up g
disesse for a given heterozygote frequency. However, it would have little effect on the
frequency of -a/-- Hb H disease, which is caused by interaction of two different genes.

Table 10 summarizes present knowledge about the incidence of a-thalassaemiz in South-
East Asia. Since we still have inadequate Information for more than half the populations of
the region, the estimated incidence of affected births is an sbsolute minimum, In this area
at least 3,500 infantz are borm annually with a thalassaemia hydrops fetalis, so about
14,000 women a year must run rhe risk of obstetric complications due to this condition (see
below). At least 13,000-16,000 infants are born annuwally with Hb H disease, and because of
their long life-expectancy, HbH disease is the most prevalent major haemoglobinopathy in some
areas, Allowing for a mean survival is about 50 years, there may be nearly a quarter of a
million living individuals with Hb H disease in South-East Asia.

6. CLINICAL. FEATURES AND HEALTH BURDEN

The clinical result of inheriting two « thalassaemia genes depends on the extent to
which they suppress normal e globin synthesis.

6.1 Asymptomatic combinstions

The hemozyogus state for the mild a thalassaemla deletions is usually asympromatic,
but examination of pure homozygotes for different mutations shows that the non-deletional
mutations which reduce the expression of the dominant a2 gene have more marked effects than
the o* daletions, which only reduce o chain synthesls by half.

Homozygotes (-a/-a) for the common deletional form of ot thalassaemia are
asymptomatic, and clinlcally indistinguishable from individuals with a® thalassaemia trait
(==/aa}, '

Homozygotes for the common chain-termination mutant Hb Constant Spring
(aSa/aCSa) show more noticeable effects, Most are anaemic with thalassaemic red
cell changes, raticuloeytosis, and often prominent basophilie stippling of the red cells.
They may have mild jaundice and some hepatosplenomegaly, but in general they are clinically
well

A single Sardinian patient homozygous for the o«'¢° non-deletional mutation has mild
Hb H disease. This suggests that there is a thresheld level of a« chain synthesis below
which the syndrome of Hb H disease occurs, and that the Constant Spring mutation permits
marginally more, and the «N°® mutstion marginally less, than this critical amount of e
chain synthesis,

Of course compound heterozygotes with one of the above mutations and one of another have
an intermediate bleood picture, allowing for a continuous gradation in the clinical picture of
Hb H disease. :

6.2 Hb H disease

Hb H disease is defined as an anzemia in which HbH is seen on electrophoresis. It most
frequently results from the interaction of ot and «® thalassaemia, and is predominantly
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found in south-east Asiz (commonly "-5EA/.42.7) and the Mediterranean basin (commonly
--MED/.43.7) where both forms of a thalassaemia are common, It may also result from the
Interaction of non-deletion mutations affecting the predomlnant a2 globin gene (al®%a,
aal SAUDT o _,T 3.71Ty

The haematological features are variable. Haemoglobin levels ranging from 2,6 - 12.4
E/dl have been recorded, with reticulocytosis and typlcal thalassaemic red cell indices. The
haemoglobin consists of Hb A with 2-40% of Hb H and sometimes Hb Barts. When peripharal
blood is incubated with redox dyes, the Hb H level is reflected in the number of cells that
contajin typical Hb H inclusiens,

The clinjcal pilcture of HbH disease ranges From mild anaemia to transfusion dependency
("a thalassaemia major"), but the commonest picture is a thalassaemia Intermedia with
hypochromic microcytic anaemia, jaundice and hepatosplenomegaly. Since the main mechanism of
anaemia is haemolysis rather than ineffective erythropoiesis, only 35% of patients have
marked bone-marrow expansion. Most patients with Hb H disease have an Hb level of 8-10 g/dl,
Jaundice and splencmegaly are mild and physical development is normal. In the steady stata,
most can function normally, but their life-long or intermittent jaundice iz a major cause of
anxiery, and often leads to a mis-diagnosis and inappropriate treatment(25) | Correct
diagnosis and information is therefore extremely important.

The commonest complications of Hb H dissase are:

(a) Develvpment of hypersplenism, which exacerbates the chronic anaemia, and can maka some
patients rransfusion-dependent, At present there are no statistics on the incidence, age at
onset or causes of this complication, and no accepted criteria for its dlagnesis or

for splenectomy. Data from Thailand suggest that it is particularly commen in Hb Constant
Spring Hb H disease (--/a®5a), and that when the previous clinical status has been good

and the spleen iz very large (>6 em), splenectomy may relieve most patients from transfusion-
dependency(zs). The decision to remove the spleen must be taken very carefully, as
thrombotic complications mey follow in some cases.

(b) Acute anaemisa due to haemolytic or aplastic episodes. Acute haemolytic crizes are also
particularly common in the --/a%%a form of HbH disease.

Other complications include infection, leg ulcers, gallstones and relative folate
deficiency, but iron overload of gastro-intestinal origin is uncommon.

The severity of Hb H disease appears to be directly related to the extent of suppression
of & globin synthesis, which, of course, varias with different combinations of mutations.
However, there have as yet been few systematic attempts to correlate genotype with phenotypa.
Table 11, from a recent study in Greece(?7), i{llustrates the wide elinical range and shows
that in general, patientz with a non-deletion defect (affecting the pradominant a2 gense)
intexacting with an a® thalassaemia determinant (--/oel or --/aCSa) have higher
levels of Hb H, a lower haemoglobin and a more severe clinical picture than patients with the
more commeon --/-a genotype. In both Greece and Thailand even cases with the same molecular
bagis ("HED/-u3-7, or "SEA/-a3-7) may have a different c¢linical course, indicating
that other genetic and envirommental factors play an important role in clinical variation,
and three infants with severe Hb H disease associated with hydrops fetalis have baen
deseribed. Obviously defining the a thalassaemia genotype is very important for genetic
counselling, as couples at risk of the more severe syndromes (e.g., --/al Saudigy may
wish for prenatal diagnosis.

The natural history of the more severe Saudi Arablan form of HbH disease has not been
fully defined, but it appears that some affected infants may be born with anaemia and
hypersplenism, and rthat some are transfusion-dependent,

6.3 Haemoglobin Bart's hydrops fetalis

In the vast majority of cases this syndrome 1s due to homozygosity for o
thalassaemia and it i{s seen almost exclusively in patients of gouth-east Asian (commonly
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"SEA/'”SEA) or Mediterranean (commonly "MED/"HED) originl. Affected infants die either in
uterc between 20 and 40 weeks of gestation, or soon after birth. The long-term follew-up of
two affected infants that were delivered allve in North America at 28 and 32 weeks and were
transfused and Intensively nursed(28,29) jg auaired with interest. The usual clinical
picture is of a pale ocedematous infant with cardiac failure and signs of prolonged
intrauvterine hypoxie. The liver and spleen are grossly enlarged and there may be other
congenital abnormalities. The haemoglobin level ranges from 3-10 g/dl, and the blood film
shows large hypochromic lrregular-shaped red cells, many of which are nucleated, The
haemoglobin con=istz of about 207 Hb Barts, the remainder being haemoglobins H and Portland,
Only Hb Pertland is efficient in transporting oxygen; hence the severe fetal hypoxia.

Published information on the natural histery of a thalassaemia hydrops fetalis is
quite limited(390) . ar Siriraj Hospital in Bangkok there are about 20,000 deliveries a year,
All still-births or neonatal births are examined by a patholegist, and when hydreps is
present, a blood sample is sent to the haematology laboratory for definitive diagnosis,
About 60% of hydrepic fetuses prove to have a thalassaemia hydrops feralis, and the
incidence of Hb Bart’s hydrops fetalls is 0.3/1,000, corresponding to 3% heterozygote
frequency.

Of 65 affected infants examined(3l), 25% died in utero, 18% died during delivery, and
54% died at from 1-40 minutes after birth. Forty eight per cent required "assisted delivery”
(Table 12). Contrary to expectation the diagnosls was not always obvious during pregnancy or
even after delivery. Only a few mothers had pelyhydramnios, and though many infants were
premature, their maturity was over-estimated because of oedema, and the diagnesis of hydrops
fetalis was not always made. Complications during pregnancy included severe pre-eclampsia in
44% of mothers, mild pre-eclampsia in 32%, eclampsia in 2%, severe antepartum haemorrhage in
9%, and severe post-partum haemorrhage in 2%, From the pathology observed, it seems
reasonable to guess that when obstetric assistance is unavallable, 20-50% of mothers with a
hydropic fetus might suffer lethal complications.

Pathological findings in the fetuses included gross enlargement of the heart, liver and
spleen, as expected, and severe hypoplasia of the lungs, which no doubr accounts for death so
soon after birth. One of the most remarksble findings was severe ratardation in brain
Browth: many brains were only about 60% of the expected weight. However, the severity of
pathological changes varies, and a few infants reached birth with less severe abnormalities.

7.  ALPHA THALASSAEMIAS AND NATURAL SELECTION

It is thought that the a thalassaemias are so common, and their distribution overlaps
that of the 8 haemoglobinopathies so closely, because both groups of mutation confer
protection against the more severe consequences of falciparum malaria, the degree of
protection probably being proportional to the degree of red cell microcytosis. Alpha
thalassaemias can co-exist at high frequency with the § chain haemoglobinopathies because
they do not interact to cause pathology (the effect being, if anything, the opposite).

The prevalence of the severe haemoglobinopathies (f thalassaemia, HbS and a®
thalassaemia) is determined by a balance between their selectrive advantage, which increases
the number of these genes in a population, and the death of homozygotes, which cauges Zenes
to leave the population. By contrast, mild forms of thalasssemia are almost harmless in
the homozygous state and se can reach a very high frequency., It therefore secems surprising
that their frequency has not risen te 100% in populations expesed te malaria.

1 However, there have recently been reports of hydrops fetalis with a very low level of
@ chain synthesis in three Greek and one Southeast Asian infants, resulting from
interaction of a® thalassaemia with non-deletion mutations (ea¥). The latter were not
characterized, but they probably resemble the aal S#udl gefect, The Greek mutation has
been called eal Karditsa {Annex Table 1), A recent survey in China revealed some hydropic
bables with n¢ o chain preduction and a non-daletion mutation, identifying a new type of
aal disorder.
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There are several possible explanarions. For example, homozygotes may have a selective
disadvantage due to mild anaemia; or populations may derive most effective protection from
maintaining the widest possible range of variation in red cell characteristics, so that the
malarla parasite cannot adapt, Alpha and 8 thalassaemias, abnormal hzaemoglobins, GGPD
deficiency and iron deficiency anaemia probably all combine to glve a populatien eptimal
protection. The relatively small populations with more than 50% of ot thalassaemia
carriers (e.g., Oman, some South Indian tribes, Vamiatu) may have reached this high frequency
by genetlc drift superimposed on natural selection(20),

Though a® thalassaemia trait is probably as preotective to heterozygotes as §
thalassaemia trait, it is much less common, This may be because, in addition to its
lethality in homozygotes, a® thalassaemia tralt comstitutes a threat to the life of female
heterozypotes (due to the obstetric complications of hydrops fetalisz), This risk is
Proportional to their risk of marrying another carrier, i.e., to the square of the gene
frequency. There is also a risk of relatively unfit offspring with HbH disease, proportional
to the frequency of o% thalassaemia in the population concerned. The great selective
disadvantage of the a® thalassaemin gene would be expected to hold it at a lower frequency
than A thalagsaemia in a given enviromment, and this appears to be generally true, but in
north-west Thailand and southern China the prevalence of o thalassaemia exceeds that of
f# thalazzaemia,

The practice of consanguineous marriage, by increasing the fraquency of matings between
carriers of «® thalassaemia trait, increases both the diszadvantapge due to intrauterine
death of homozygotes, and that due to maternal mortality and morbhidity. Therefore, a®
thalassaemfa should be almost completely excluded from areas where consanguineous marriage is
commaty, and this appears to be the case in India and the Middle East.

8. CONCLUSIONS AND RECOMMENDATIONS

The a-thalassaemias are globally very common and cause much pathology, especially in
Asia where the severas o thalassaepmia gene is common. In the homozyogouzs form this leads
to @ thalassaemia hydrops fetalis. Affected infants always die in utero or immediately
after birth, and the mother may suffer severe complications during pregnancy and delivery,
The combination of a severe with a mild a* thalassaemia gene leads to Hb H disease, which
can be debilitating, and often causes anxiaty and misdiapgnosis: but most people with HbH
disease can lead an essentially normal life. It is necessary to develop strategies for
diagnosis, information, and optimal management for the a thalassaemias, and for prenatal
diagnosis when Indicataed.

Carrier detection and the offer of prenatal diagnosisz and selective abortion is
indicared for a® thalassaemia hydrops fetalis, for both obstetric and genetic reasens. The
desirability of prenatal diagnosisz for HbH dissase is much less clear, Probably most couples
at risk for the common deletional form would prafer neonstal diagnosis and protection of
children with HbH disease, but. couples at risk for the more severs Saudi Arabian type might
be more interested in prenatal diagnosis. Parental cholce is likely to be influenced by the
severity of the mutations involved, their previous history (e.g., two or three previous
children with HbH disease) and the soeciety in which-they live,

Scraening and genetic counselling for a thalassaemia is automatic whereaver there is a
A-thalassaemia control programme, as in Europe and the Mediterranean arsa. However, in
south-east Asia where a® thalassaemia really is a public health burden, and in the Middle
East vhere it forms part of a particularly complex plcture of haemoglobinoparhies, no
haemoglobinopathy control programmes yet exist.

For HbH disease, 1t 1s necessary to define the natural history in relation to thae types
of o thalasssemia gene present; define the role of hyperplenism in its pathophysiclogy:
identify appropriate treatment: provide correct diagnosis, genetic counselling and
assistance with social Integration; and generate information for the community.

For a® thalassaemis, it 1= necessary to develop methods for carrier screening and
genetic counselling, especially during pregnancy, becausa of its direct relevance for the
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health of the pregnant women. If it becomes possible to ldentify ecarriers by a specifie
seyreening test, this could be a convenient First step to population-screening for
haemoglobinepathies in parts of Asia.

For severe o' thalassaemia it is necessary to define the distribution, interactions
and elinical picture in order to provide a basisz for accurate genetle counselling in the
future,

Fortunately the DNA methods that are essential for accurate diagnosis are becoming

simplified to such an extent that it realistie to introduce them into the developing
countries where the haemoglobinopathies are such an important problem.

An a-thalassaemia control programme cannot be developed on its owni, but should be an
integral part of a comprehensive anaemia control Programme.
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FIG. 1

Diagram (low resolution) of the «-globin gene cluster.,
Functional globin genes are shown as black boxes.
Non-functional “pseudo-genes” with sequences homologous
te the functioning genes, but with numerous defects
that prohibit functioning, are shown as empty boxes.
Their significance is not known. The Thera (e) gene

is probably not a globin gene, and it is uncertain
whether it produces a protein transcript or not.
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FIG, 2

THE MCH DISTRIBUTION IN DIFFERENT POPULATION GROUPS
IS INFLUENCED BY THE PREVALENCE OF a@ AND b
THALASSAEMIA AND [RON DEFICIENCY
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In males, the shift in MCH distribution below 27 pg is
mainly due to the presence of a+ thalassaemia in the
populatien. In female Asians, it is due to both iron
deficiency and « thalassaemia. Comparing the distribution
of the MCH in males and females allows an evaluation of
the prevalence of iron deficiency among females.
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TABLE 2
Reco [+ a-tha o
HAPLOTYPE HETEROZYGOTE
Notmal e aex /oy
a® thalassaemias (no a chain produced)
Deletjonal
both a genes deleted (12 types) -- - = fax
Non-deletional
l o gene deleted, 1 non-functional
{2 types) cla) -(a) fon
at thalazsaemias (reduced a chain
production)
Reletiona)
a 1 deleted (laftward) -ah-2 -aa'z/aa
al/a2 hybrid (usually) (rightward) ~a3-7 -a3'7/nu
other ~a-3 -ad-3 fan
Hop-deletional (o genes intact)
Murarion reduces a glebin production
by 1 gene, e.g., anCol, u“cola/aa
Mutation reduces a globin production
by both genes, &.g., al SAUDI, al SAUDL, /o,
Chain termination mutation
e.g., Hb Constant Spring abSy ncsn/aa

Unstable haemoglobins, a.g._, Hb Quang Sze -
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TABLE 3

GROUF T

Lethal or potentially lethal a® thalassaemias

in homozygotes: compound

heterozygotes with a group ' severe at thalazsaemias
group II gene have Hb H disease ' e.g. aSAUDI

GROUP II

Homozypotes ave healthy mild a* thalassaemias
Compound heterozygotes with (e.g. deletional forms)

& group I gene have Hb H disease
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TABLE 7
Lengths of restriction fragments produced in
different forms of « -thalassaemia, by the
enzymes Bam HI and Bgl 11, detected by
a« and T probes.
a-probe [ probe
Haplotype  ---eeemuao e
Bam HI Bpl Il Bam Hi Bgl I

oo 14 126 80 105, 59 12.6,,110*"
3] 10.5 16.0 10.5. 59 16,0, 11.0°
-2 10.0 B.O 105, 59 8.0, 11.0°
-.SEA . . ~20, 5.9 10.5, 10.5"
..MED

------------------------------------------------
______

band size may vary due to the presence of the interzeta hypervariabie region

Underiined fragments are the same fragments identified by either o or ! probes.
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ANNEX 1

MOLECULAR BASIS FOR THE ALPHA THALASSAEMIAS

The g-plobin pene clusteyx

Figure 1 shows that each a-gene iz located within a region of homology approximately 4
kb long, interrupted Ly two short non-homelegous regions. The homologous regions probably
arese from an ancient duplication event, and subsequently became divided by insertions and
deletions, leaving thrae large homologous subsegments (the X, Y and 2 "boxes"). The
hemologous Z boxes are 3.7 kb apart, but the greater length of the non-homologous segment in
the a2 domain causes the X boxes to be 4.2 kb apart. Within the a globin gene cluster
there are two hypervariable regions (see Fig. 1 in main text). They lead to considerable
variation in the structure of the a-glebin gene complex in normal individuals, with no
apparent effect on the expression of the a-globin genes.

Although most non-thalassaemic individuals have four a-glebin genes (aw/aa), about
two percent of individuals ln most populations have five a genes (ana/aa). Individuals
with five or even six a genes may preduce excess a globin, but their haematological
picture is essentially normal. It is not known whether the triple a gene has a selective
advantage, but certainly its relatively common sccurrence indicates a high general frequency
of unequal crossing over between the 2 a-gene loci.

Mutations of both nen-deletional and deletional types that cause decreased function of
the a-globin genes, i.e., o-thalassaemias, are very common. Deletions seem to have
occurred particularly frequently through unequal cross-over events due to misaligned pairing
of the two a genes.

ha-plus ia dua o

The mechanism by which the o* thalaszsaemia deletions ocour is determined by the
molecular structure of the a-globin gene complex. Misalignment and crossing-over between
the "wrong" Z and X boxes at meiosis can give rise to chromosomes with either single (-a)
or triplicated (awa) o globin gemes (Fig. 2). Crossing-over between misaligned Z boxes
usually invelves exchange between the a2 and al gemes. It deletes 3,7 kb of DNA and
leaves a single 2 or al{az tybrid gene on the chromosome, This is referred to as a
rightward deletion, -o3-/. Crossing-over between misaligned X boxes does not invelve
exchange between the al and o2 genes. It deletes 4.2 kb of DNA, and leaves a single ol
gene on the chremosoma. Thisz is referred to as a leftward deletion -aa-?. éThe
corresponding triplicated &« gene arrangements are maa®Ptl 3.7 and qaeantl 4.2y These
deletlons can be identified relatively easily since they remove some restriction-enzyme
sites, and so cause DNA restriction fragments carrying delecional e-thalassaemia genes to
have characteristic lengths, and to travel in characteristic positions on electrophorecis,
where they can be located by using a-gene probes.

Rearrangements involve the longer 2 box more often than the shorter X region. Recently
it has been possible to subdivide the common Z box rearrangements into three subtypes
(-a3-71, -a3-711, -a3-7111, (fig. 3) depending on the position of the c¢ross-over site
relative to three restriction enzyme sites that differ batween the o2 and al Z boxes. In
general the frequency of these subtypes and -a®-2 geem to be simply related to the length
of homolegy within each subsegment, suggesting that crossing over is equally likely to sccur
at any polnt within the DNA segment. Y box e¢rossing-over has not yet been identified. an
unexpected -a>-2 deletion has recently been found in an Asian Indian patient,

Determination of the sequence of this breakpoint will shew if it invelves a homologous (as in
the -a2-7 and -aa*-2) or an illegitimate recowbination event,

The level of expression of the single remaining a gene (-a) can be assessed by the
effect on the blood picture (see text Table 3), and mere directly b{ measuring the production
of a-specific mRNA from such chromosomes. All five deletions (-a3- , —a3-711 0
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&3'7111, -a®-2, -u3-5) reduce a chain preduction from the affected chromoseme to a
similar extent, the remaining & gene being expressed at a level intermediate between that
of s normal el and a2 gene. The red cell characteristics of homozygotes for the —at
determinant, in whom only al genes are present, and homozygotes for the -a3-

determinant, in whom only a2 genes remain, are also very similar. This suggests that
removal of the more active a? gene results in a partial, compensatory increase in the
expression of the remaining al gene on the -o%-2 chromosome.

- alassaemia du.

Te date, 12 deletlons have been described that involve both a genes and thereby
abolish & chain production from the affected chromosome (Fig., 4). Most are large (5.2 kb
te 62 kb) and the mechanism by which they have been generated is poorly understood. Detailed
analysls suggests geveral peneral principles. Firstly, sevaral 3’ breakpoints fall within a
6-8 kb region at the 3' end of the alpha globin complax, suggesting a breakpoint cluster
reglon similar te these observed in the chromosomal translecatiens associated with certain
malignant diseases. In a subset of the deletions (--MEP __SEA __ 0-5, --SA, --ERIT) the 5’
breakpoints are staggered at approximately the same distance apart, and in the same order
along the chromosome, as their respective 3’ breakpeints, resembling a group of deletions in
the A globin gene-cluster. Such staggered deletions may result from illegitimate ‘
recombinatien events that delete an integral number of chromatin loops during DNA
replication.

One deletion (--HED) involves a more complex rearrangement that intreduces a new piece
of DNA between the two breakpoints in the & gene cluster, The new DNA originates from
upstream of the o cluster and has been replicated into the junction in a marmer suggesting
that the upstream segment of DNA also lies at the base of a replication loop - which may lie
close to the bases of the proposed replication loops involved in the group of clustered
deletions described above, Saquence analysis shows that members of the dispersed family of
Alu repeats are often found at or near the breakpoints of these deletions, and in one case
(aa®t) the deletion resulted from simple hemologous recombination between two Alu repeats
that are normally 62 kb apart. Possibly Alu family repeats will be found to play a part
in gimilar recomblnation events elsewhere in the genome. ‘

Some { gene activity persists when the a genes are deleted, ag in a®-thalassaemia
hydrops fetalis, where a significant proportion of Hb Portland is found together with Hb
Barts (vy4) at birth. Traces of { gene product may also be found in heterozygotes for
a® thalassaemia, indicating that this deletion allows some derepression of the ¢ locus.

Deletional a® thalagsaemia gives no band with an a-probe but a {-gene probe may be
used to confirm that DNA digestion has occurred correctly. ‘,

By contrast with the -a3-7 and -o®-2 defects, the a® deletions have a limited
geographical distribution, and there is evidence that each one has ariszen only once during
evolution.

on- - 2.

Analysis of DNA from patients with non-deletiomal a thalassaemias reveals no gross
abnormality, Present information on the location and nature of these mutations is summarised
in figure 5. Most are due to single or cligonucleotide mutations at repions of the a-gene
sequence that are critical for normal expression. Similar mutations in the B-globin gene
are much more common.

Most of the known non-deletional mutants affect the a2 gene, possibly because the a2
gene is the more active of the two, so its mutatiens have more effect on red cell
charaeteristics and presumably a greater selective advantage. It is possible that mild forms
of non-deletional ot thalassaemia affecting the less active al gene and causing minimal
microeytosis and no detectable §4 in the newborn, are common but have =o far evaded
detection, By contrast with deletional defects, expression of the zl gene is not increased
vhen the a? gene is inactivated by a point mutation.
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Like the deletions that cause &® thalassaemia, molecular lesions leading to the non-
deletional a thalassaemias have arisen relatively infrequently and each one seems to be
quite limited in its geographical distribution. As with the f thalassaemias they are
classified according te the level of gene expression that they permic,

Iwo non-deletion mutants that affect processing of the primary mRNA transeript have been
identified, One is a penranucleotide delation involving the invariant GT donor splicing
sequence (GGT GCT) of IVS I of the &2 globin Eene (aHPha% which prevents the normal
removal of IVS I during processing. The second, ael SAU i, involves the poly (A) addition
signal (AATAAA-AATAAG) of the a? gene and interferes with 3’ end-processing and possibly,
with termination of transcription. Apparently failure to correctly terminate transeription
of the a2 gene also down-regulates the linked ay gene, causing a particularly zevere ot
thalassaenmia.

A second group of mutations exert their effect by interfering with the tramslation of
mature mRNA, In one case (aN®%a) the initiation codon is completely Inactivated by a
T=C transition (CATGG-CACGG), amd in another the efficiency of initiation is reduced by a
dinucleotide deletion in the consensus sequence around the start signal (CACCATG~CCGGATG).
Four mutations specifically change the termination codon (TAA) and prevent normal termination
of translation, each giving rise to elongated abnotmal a-globin chains: Hb Constant Spring
(acsu), Hb Icaria (ela), Hb Koya Dora (a™Va), and Hb Seal Rock (a%a),
Another mutation identified in a Black patient from Mississippi (aM5a), causes premature
termination of translation bg changing codon 116 in Exon III to an in-phase terminator
(CAG-UAG). Hb Quong Sze (a%a), Hb Suan Dok (aaSP), Hb Patah Tikvah (aafT) and Hb
Evanston are structural mutations that cause a-thalassaemia by giving rise to highly
unstable a-globin chains.

Among the many non-deletion a thalassaemia mutations that remain to be characterized,
those associated with the Hb Bart's hydrops fetaliz syndrome are particularly interesting.
They may turn out to be due to a Saudl Arabian type defect, or may be even more severe.

Acguirad ns of t ~¢lobin

Hb H disease can occasionally be acquired by previously completely normal individuals
who develop a myeloproliferative syndrome, The structure of the a-globin gene complex
appears to be normal, but production of a-specific mRRA and a-globin chains is severely
reduced., There seems te be an acquired defect in transcription of the a-genes, although
the precise molecular mechanism and its relationship to the hematological malignancy is not
yet lmown. This form of o thalasssemia is more frequent in males than females.

A second unusual type of o thalassaemia is associated with mental retardation. Fawmily
studies show that neither parent carries a severe a thalassaemia determinant, but in every
case at least one chromosome 16 of the patient has been affected by a new mutation that
causes o thalassaemia, and is alse associated with wental retardation (1Q Tange <50 - 76)
and other developmental abmormalities including microcephaly, hypogonadism, hypotonia,
telocanthus, and mild skeletal abnormalities. Cytogenetic analysis has revealed no gross
abnormality of chromosome 16 in any of these cases, - In two cases a de nove deletion
extending for at least 27 kb and involving the entire a gene complex has been found, butr in
other cases there is no detectable rearrangement arcund the a-gene complex. In cases where
the a genes are deleted, other critical neighbouring genes may also be removed, giving rise
to the associated developmental abnormalities. In cases where the & gene complex appears
te be intact, expression of the a-genes may be affactad by deletions of neighbouring genes
that do not extend into the o-complex. Other well-documented large deletions of the a
and f globin gene complexes apparently affect omly globin gene expression, so in this
syndrome we might expect very large deletions indeed.
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Direction of translation

1

Exon III

Vs 2

Exon I

V51

Exon I

a2

/ AATAA — AATAG

Termination
/ codon 142

|
: Polyadenylation signal
|
1

FIG. 5

The & thalaszsaemia genes:; location
of non-deletional mucacions causing
o thalassaemia.

Hb lcaria Hb Seal Rock
AA.'?Q (Lys) GAA (Giu)
+30xx +
~ e 30ao
—_——— —UAA — — — —
ol T,
CAA (Glu) UCA (Ser)
+30ckcx +300x0x
Hb Constant Spring Hb Koya Dora

~=— Codon 110 {Ala -= Asp)} Hb Petah Tikyah

7’

? ~+— Codon 125 (Leu-=Pro) HbQuuong Sze

/ =— Codon 116 GAC —UAG: premature termination codon
7 =— Codon 109 (Leu - Arg) Hb Suan Dok

/ 5 nucleotide delation at IUSI & splice site

V CCATGG — CCGTGGE (Black)
7 :.:Start codontCCATGG -= CCACGG (Mediterranean)
4 2 nucieotide deletion in concensus sequence around start codon (N. African)
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ANNEX 2

duca al Boolc Genet sel Thala ait

Producing educational materials is a difficult task requiring collaboration between
doctors and specialists in ‘health education. It iz necessary for doctors to write the
infermation that should be conveyed, and for specialist health educators to adapt it for the
general public, with reference to local needs.

The drafr that follows represents stage one of this process and 1s intended only as a
basis for further work by local health educators,




WHO /HDP /WG
8
page 45 /RA/RT.S




WHO/HDP /WG /HA/87 . 5
page 46

Dear Reader,

Thera ave several kinds of thalassaemia. This booklet is for people who have had a
blood test that shows they carry alpha thalasssemja trait (this is usually written
c thalassaemia tralt).

@ thalassaemia trait iz not an illness, and will not affect your health.

It is not the same as beta thalassaemla tralt (written as g thalassaemia trait),

There are twe kinds of a thalassaemia trait:

(a) Alpha-plus (o*) thalassaemia trait is very common, and is almost always

harmless,

(b) Alpha-zero (o®) thalassaemis trait is uncommon, and could be a problem for your

children. Se if you have o thalassaemia trait it is important to know which type.
This booklet gives information about both types.

Do not forget that you carry e-thalassaemia trait., Keep the blood test repert or
thalassaemla card permanently with your medical record,

If you want more information after you have read this booklet, ask your doctor to
arrange a visit to a genetic ecounseller.

Take this booklet with you if you go to see your doctor about your a-thalassasemia
trait, ' .

WHAT IS5 “THALASSAEMIA“?

Thalasgaemia is a peculiarity of the bleod that is common among people originating from
the Mediterranean area, the Middle East, or Asia. It is rare in North Europeans,

There are two main forms of thalassaemia: alpha thalassaemia and beta thalassaemia
{a thalassaemia and # thalaszsaemia),

When people talk about thalassaemiz, they usually mean § thalassaemia, because it
causes problems more often than a thalassaemia. You can obtain a separate booklet about
p thalassaemia - "Educational Materials on Thalassaemia” (WHO/HDP/EMT/90.1), availabla
free of charge in English (Arabic, Chinese, French, Russian and Spanish translations will be
available in autumn 1990) from the Heraditary Diszeases Programme, Division of Nencommunicable
Diseages and Health Technology, World Health Organization, 1211 Geneva 27, Switzerland.

When a person carries ¢ thalassaemia, they are said to carry g thalassaemja trait.

There are two types of o thalassaemia trait:

(a) Alpha plus (a%) thalassaemia trajt is extremely common, and nearly always

completely harmless.

It is carried by about

- one third of people originacing from africa.

- half the people of India and Pakistan.

- many people from the Mediterranean area, particularly Cyprus, Sardinia, Greece
or South Italy.

- many pecple from the Middle East.
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(b) Alpha gero (a9) thalassgemia trajt is quite uncommon,

It does no harm to the people who earry it, but it could affect the health of their
children.

It is carried by abour

- one in thirty people originating from south-east Asia (south China, Hong Kong,
Singapore and Thailand).
- ona in a hundred people originating from Cyprus or parts of Greece.

One of the problems with o thalassaemia is that it can be quite difficult to
distinguish o+ and a® thalassaemia trait,

HOW CAN I BE SURE IF I HAVE o OR ot THALASSAFMIA?

If you, or your ancestors, come from Africa, India or Pakistan, you will have at
thalassaemia. You are extremely unlikely to have a° thalaszaemia, and you have nothing to
worry about.

But if you have o thalasssemia and you or your ancestors come from Cyprus, Greece, the
Middle East, south-east Asia (Thailand, Vietnam, Kampuchea, Laos), South China or Singapore,
you gould have a° thalassaemia trait. This would not do you any harm, but it could affect
your children. You may be advised to bring your partner for a test before you have children.
1f your partner does not have any type of o thalassaemia, there will be no risk for your
children, and you have nothing to worry about. But if your partner’s blood test result shows
any peculiarity, you should see an expert in haemoglobin disorders for further testing, and
advice.

1f you are in any doubt about the type of & thalassaemla you carry and you need to

find cut, go to see your doctor, and take this hooklet with you,

BLOOD AND ANAEMIA

To explain about thalassaemia, we nead to talk a little about normal bleod and about
anaemia. '

What 1z blood made of?

Blood is made up of a lot of red blood cells in a clear, slightly yellow liquid called
plasma. Blood is red because the red blood cells contain a substance called haemoglobin.
Haemoglobin 1= very important because it carries oxygen from your lungs to wherever it is
needed in your body. It contains a lot of iren. In fact, the main reason why people need
iron in their food iz to make haemoglobin.

What iz anaemia?

Some people have too little haemoglobin in their blood. These people have anaemia.
There are many different kinds of anaemia. The most common kind is [ron deficienay apsemia.
This happens when people are not eating enough of the foods that contain iron. Some people
who carry thalassaemia have a very mild anaemia, but it has nothing to do with the amount of
iron you are getting from yeur feod. It is inherited,

WHAT DOES ALFPHA THALASSAEMIA TRAIT MEAN FOR ME?
People with & thalassaemiz trait are perfectly healthy: only a few have a slight

anaemia. That is why most people with o thalassaemia trait do not know they have it. They
only discover it through having a szpecial blood tesr,
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The red blood cells of people with o thalassaemia trait are smaller than the usual
kind of red cells. In a* thalassaemia the red-cells are about three-quarters the usual
size, in a® thalassaemia they are about two-thirds the usual size.

OO OO0
O 000 OOOOOOO
O OO Oo o

Usual red cells {*thalassaemia red cells a” thalassaemia red colls

a thalassaemia trait is present in the fetus before birth, it remainzs tha same
throughout 1life, and can be handed from parents to children. That is, it is inherited.

WHY DO YOU NEED TO KNOW IF YOU CAREY o THALASSAEMIA TRAIT?

Sometimes people with a® thalassaemia trait can have babies born with a VETY severe
anaemia. If you have g® thalassaemia rrajc it is important to know about this risk.

A very few people with o* thalassaemia trait can have children with a milder anaemia

called Hb H disease. 1f you have ot thalassaemia trait, you have s verv small pisk of
having children with anaemia.

15 A THALASSAEMIA CARRIER T1LL7

No, so there is no need for any medical treatment.

ARE THERE ANY OTHER FROBLEMS?

No. Thalassaemia carriers are not more likely to get any other illnesses, nor are they
weak in any way, or limited in their choice of job.

CAN ANY TREATMENT CHANGE o THALASSAEMIA TRAIT?

Ne. If you are born with thalasssemia trait, you will always have it,

CAN o THALASSAEMIA TRAIT TURN INTO A SEVERE FORM OF THALASSAFMTA?

No. It cannot.

X} @ THALASSAEMIA CARRIERS EVER NEED IRON?

Yes, they gometimes do, but it is important that you only have jron medicine if Yyou
really need it. The best way to be sure a thalassaemia carrier needs iron is by a blood test

e
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to measure the amount of iren in your blood. If you do not have this test, the doctor may
think that you are short of iron simply becguse you have small red blood cells and a slight
anaemia, and may advise you to keep taking extra iron even when you do not need it. This
will do you no good, and in the long-run it could be harmful,

WHAT ABOUT FREGNANT WOMEN?

Pregnant women with thalassaemia trait need extra iron just as much as other pregnant
WOEn ,

WHY IS o THALASSAFMIA TRAIT FOUND IN CERTAIN COUNTRIES?

Feoaple with o thalassaemia trait are less likely to die if they cateh malaria. In the
past, in countries where malaria was common, o thalazsaemisa trait was an important
advantage because people with a thalasssemia trait survived malaria where other people died
of it. These people passed the trait on to their children, so as time passed, it became more
common in malarial parts of the world, But now we can usually cure or prevent malaria and
thalasgaemla trait is no lenger an advantage. As it is inherited, it does not go away from a
population when malaria disappears.

In every country where malaria is or was common a large number of people have o
thalassaemia trait.

OTHER FORMS OF THALASSAEMTA TRAIT

This booklet is about a thalassaemia trait. It is important not to get it mixed up
with other forms of thalassaemia. .

Beta thalas a t is common in many of the places where o thalassaemia
trait occurs. It has a similar effect on the people who carry it, but it causes rather more
rigk for their children. It is described in a separate beoklet “Everything you need to know
about thalassaemia trait®,l

Delta-beca-(§8)-thalassaemia trait and haepoplobin Lepore trait are both forms of B

thalassaemia trait.

There are also four main types of abnormal haemoglohins. These are:

- Hbs
- HbC
- HbD
- HLE

If zomeone has & thalassaemia trait and chooses = partner who has A thalassaenia
trait, §f thalassaemis trait, haemoglcbin Lepore trait, or haemoglobin &, C, D or E, there
is no risk that their children could have a severe anaemia. This problem can enly ever arise
if one a thalassaemia carrier chooses another a thalassaemia carrier as = partner. FEven
then, problems are not very common.

1 See WHO information booklet on educational materials on thalassaemia, WHO unpublished
docupment WHO/HDP/EMT/90.1, pages 2-9. Available free of charge in English {Arabiec, Chinese,
French, Russian and Spanish translations will be available in the aurymn of 1990} from the
Hereditary Diseases Programme, Division of Noncommunicable Diseases and Health Technology,
Woxrld Health Organization, 1211 Geneva 27, Switzerland.
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WHAT COULD MY o THALASSAFMTA MEAN FOR MY CHTLDREN?

The risk is quite different for carriers of o' and a® thalassaemia tralt. Most
problems can arise for carriers of «? thalassaemia trait, so we will discuss this first.

WHAT ARE THE POSSIBLE RISKS FOR CAFRIERS OF o THALASSAEMIA TBAIT?

To answer this question, we must see how a thalassaemia is passed on from parents to
their children. Let uz consider three sorts of couples,

1. If a carrier of «° thalassaemia trait chooses a partner who carries no a
thalassaemia at all, on average half the children will carry a® thalassaemia trait and half
will have the usual typa of blood None of them will be i1l wluh an important m
thalassaemia. ro ; 0 alaggaemls oo : ;

garrjer.
Partner with | Partner with no
oPthalassaemia trait o thalassaemia
@ ? ‘\‘
b ¢

Half the children will carry o”thalassaemia,

and haif will not. All are healthy,
2. Sometimes a person with «® thalassaemia trait chooses a partner with a* thalassaemia

tralt. Most of their children will be completely healthy (half will carry ¢* thalassaemia
and a2 quarter will not carry any type of thalassaemia). But a quarter (25%) will inherir
a® thalassaemia from one parent and at thalassaemia from the other. This leads to

a type of anaemia called "haemoglobip H disease".
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Parther with
a' thalassaemia trait

Parther with
a? thalassaemia trait

One out of 4 children (on average) may inherit o thalassaemia
fromone parent and o' thalassaemia from the other.

This child will have haemoglobin H disease.

All the others are healthy,

What is haemopiobin H disesse?

Children with HbH disease are anaemic: they have a haemoglobin level of 8-9% grams per
decilitre (B-9 g/dl). The normal level iz about 11-14 grams per decilitre (11-14 g/diy. So
their haemoglobin level is lower than normal. :

But people with haemoglobin H disease are usually quite well, and can work and have
children like other people.

Once couples whe could have children with HbH diszease understand the situation, they are
not really worried.

They usually ask to have the baby tested as soon as it is born, so that they can know
the situwation.

If the baby does have haemoglobin H disease, the parents are advised to atrend a regular
paediatric clinie a few times a year, just to check that the baby is developing well, and te
make sure that there are no problems.

3. If by chance (rarely) a carrier of o thalasgaemia trait chooses =a partner who also
carries o thalassaemia trait, most of their children will be healthy. (They may carry
a® thalassaemia trait, or they may have completely normal blood). But a quarter (25%)
will inherit of thalassaemia from both parents. They will have o thalassaemia major.
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Parnner with | l I Partner with
o thalassaemia trait aPthalassaemia trait

j .
—

One out of 4 children {on average) may tnherit ?thalassaemia
from bath parents.

This tetus wilt be affected by »%thalassaemia hydrops fetalis.
All the other children will be healthy.

there is a one in four (25%) chance that the child will have normal
blood and two in four (50%) chance that the child will have a© thalassaemia crait, There
5 ) 1151 [1€ p - [ ave ﬂ cl@ LIS SASINIE MAIOT .

WHAT IS o THALASSAEMIA MAJOR?

Another name for o® thalassaemia major is @ thalassaemia hydrops fetalis.

Thi=s is a very serious anaemia that develops in the fetus. It can only happen when both ‘
parents carry a% thalazgaemis trait,

The fetus cannot make enough haemoglobin, because its bone marrow camnot preduce enough
red blood cells. The red blood cells that are produced are nearly empty. As a resulr, the
fetus becomes very ansemic and weak and its heart is not sble to punp bleod around properly.

The pregnancy seems to go normally up to gbout five months, sometimes for longer, but
then the baby stops growing normally, and the mother may develop high bleod pressure. An
ultrasound examination may be done. This usually shows that the baby iz "oodematemous® -
vhich means that it iz puffed up, with too much water in it,

Usually the mother starts labour early, between 28 and 36 weeks of pregunancy, and the
baby is dead or dying when it is delivered.

There is one in four (25%) chance of the same thing happening in any further
pregnancies, go this is one condition that people are very eager to avoid.

This iz why it is so important for people to know if they have «® thalassaemia trait,
and whether their partner also carries it, before they decide to have a family.
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CAN o THALASSAEMIA MAJOR BE TREATED?

There is no treatment for «° thalassaemia major.

CAN o THALASSAEMIA MAJTOR BE PREVENTED?

When both partners carry a® thalassaemia trait, there are several ways to avoid having
a stillborn baby. It is possible to tell very early on indeed in a pregnancy whether the
fetus will be healthy, or suffers from a® thalassaemia major. Most couples who both carry
@ thalassaemia trait ask the doctors to test. each pregnancy to find out if the baby has a’
thalasssemia major. This test can be done any time after 8 weeks after the lasr period.
Whent the fetus is affected, it has no hope of a normal life, soc parents usually wish te have
the pregnancy terminated, Then they start again with another pregnancy, hoping to have g
healthy child next time. Remember, there iz a three guarters {75%) chance of a healthy child
in each pregnancy!

There are several other ways to avoid having children with a thalassaemis major. To
find out more, ask your doctor to arrange for you to visit 2 genetic counsellor.

EISKS FOR CARRIERS OF ot THALASSAEMTA TRAIT

The most important risk for carriers of o thalasssemia trait is the risk of a
wistake. They could be told they carry a thalassaemia, and then people might think it is
the severe form of o® thalassaemia.

There is a very small risk indeed that a carrier.of o* thalasssemia trait will have
children with anaemia. Let us consider several situations,

1. & cartier of o* thalassaemia chooses a partner whe does not carry any form of
thalassaemia. On average half the children carry a' thalassaemia and half will not, and
none should suffer from a severe inherited anaemia.

A A carrier of a* thalassaemia chooses a partmer who alze carries o' thalassaemia. In

this case, a quarter (25%) of the children will inherit a* thalassaemia from both PATents,
However, a* thalassaemia is so mild, this simply leads to slightly smaller red blood cells,
and the person is still perfectly healthy.
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“Partner with
o thalassaemia trait

Partner with
o thalassaemia trait

One out of 4 children (on average) may inherit " thatassaemia
trom both parents. This child will be perfectly healthy.
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3. Rarely a person with a* thalassaemia trait chooses & partner who has «® thalassaemia
trait. Most of their children will be completely healthy (half will carry a* thalassaemia
and a quarter will not carry any type of thalassaemisa). But a quarter (25%) will inherit
«® thalassaemia from one parent and ot thalassaemia from the other. This leads to a

type of anaemia called “"haemoglobin H dizeage" (see pages 50-52).

S0 in conclusion, most people who carry at thalassaemla trait have no need to wOTTy.
They should think of themselves as normal in every way.

Partner with
a” thalassaemia trait

Partnar with
o* thalassaemia trait
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One out of 4 children (on average} may inherit o~ thalassaemia
from one parent and «"thalassaemia from the other.

This child will have haemoglobin H disease.
All the others are haalthy.
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