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Patients planning to visit high mountain areas should
have normal haemoglobin levels and should give them-
selves time to acclimatise to higher altitudes. Patients
may therefore consider restricting themselves to heights
not greater than 11,000 feet, or make sure they have 
a transfusion immediately before travelling to higher 
altitudes. Otherwise, there are no restrictions on where 
a patient may travel.  

Marriage and family
Patients with thalassaemia major can certainly marry and
have children. Whether their children will be healthy will
depend on the thalassaemia status of their partner -- i.e.
whether they are healthy, a carrier or a patient them-
selves. If a patient marries another patient with thalas-
saemia all children born will be affected. If a patient
marries a carrier of ‚-thalassaemia 50% of the children
will be affected and 50% wil be carriers. On the other
hand if a patient marries a non-carrier then all (100%)
children born will be just carriers.

In short, patients who comply with recommended treat-
ment regimes can live a near perfectly normal and
happy life. In Cyprus, for example, 83% of thalassaemia
patients have completed higher education, while 25%
have graduated from university. Twenty-two per cent
(22%) of patients are married, 73% of which have 
children -- some of them three or four.
Seventy-nine per cent (79%) of patients in Cyprus 
work - in handicrafts and agriculture, as secretaries and
teachers, and as nurses, medical or paramedical staff. 

Epidemiology and prevention 
of thalassaemia

Epidemiology

Thalassaemia was originally thought to be a disease 
limited to the Mediterranean region, however it is now
known that it occurs widely throughout many parts of
the world. Thalassaemia has been identified across south-
ern Europe from Portugal to Spain, Italy and Greece, 
as well as in a number of central European countries 
and parts of the former Soviet Union. Thalassaemia also
affects the Middle East through to Iran, Pakistan, India,
Bangladesh, Thailand, Malaysia, Indonesia and southern
China, as well as countries along the north coast of
Africa and in South America.  

Thalassaemia is particularly prevalent in areas in which
malaria is or was once endemic (see 12a). The malaria 
parasite is an infectious agent carried by the anopheles
mosquito, enters the human body through a mosquito
bite and causes disease in humans by attacking the red
blood cells (see 12b). It is thought that in areas where 
malaria was endemic, humans underwent a small genetic
adjustment which gave them an advantage over those
in whom this change did not occur. This is because
important changes occurred in the environment of the
red cells following this genetic change that did not allow
the parasite to survive and multiply. This adjustment leads
to ‚-thalassaemia minor or ‚-thalassaemia trait. 

It is believed that as with ·-thalassaemia and sickle cell
disease carriers of the ‚-thalassaemia trait were better
able to survive malaria than healthy individuals, the 
number of carriers increased significantly over the years
in malaria-endemic regions of the world as large numbers
of healthy individuals died as a result of severe malaria
infection. Although malaria eradication programmes in
recent years have led to a steep fall in the incidence of
malaria in many parts of the world, tackling thalassaemia
and other severe haemoglobin disorders nonetheless
remains a considerable challenge. 

Population migration and intermarriage between different

Chapter 12

12a
Countries affected by
malaria before 
establishment of control
programmes

12b Malaria parasides
(trophozoites of 
P. falciparum in red cells

(Photograph of a patient 
with her healthy child 
with permission)
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ethnic groups has introduced thalassaemia in almost
every country of the world, including northern Europe
where thalassaemia did not previously exist and where
now it is becoming a major public health problem. 

While reliable sources estimate that about 1.5% of the
global population -- 80 million-90 million people -- are
carriers of ‚-thalassaemia, with about 60,000 affected

children born annually, the great majority in
the developing world, it is certain that these
figures are gross underestimates: there is 
still little accurate data available on carrier
rates (gene frequencies) in many population
groups, particularly in areas of the world
known or expected to be heavily affected.
According to TIF records, however, only
about 200,000 patients with thalassaemia
major are alive and registered as receiving
treatment around the world -- underlining
the bitter reality that the majority of affect-

ed children, born in developing countries, 
die undiagnosed or misdiagnosed, receiving sub-optimal
treatment or left untreated altogether.  

The map (see 12c) indicates countries affected by ‚-tha-
lassaemia. Together with other severe haemoglobin disor-
ders such as sickle cell and HbE/‚-thalassaemia, about
5% of the world's population is affected by such diseases.

Prevention

Thalassaemia is a preventable disease -- 
a fact well demonstrated by countries
such as Italy, Greece and Cyprus, which
were amongst the first to establish suc-
cessful national programmes, significantly
reducing the births of affected children, 
in some cases to almost none. By contrast
in the UK, where quality prevention 
programmes have been available for
some time but where there was no
national policy aimed at prevention, 
the rate of births of affected children 
has fallen by only 50% (see 12d).

Key aspects of the most successful prevention 
programmes now form the basis for programmes 
in other affected countries. These are:

ñ Securing government will and commitment
ñ Establishing powerful health education 

campaigns, raising:
- Public and health professional awareness

ñ Establishing quality laboratories for:
- Screening and 
- Prenatal diagnosis and

ñ Promoting genetic and obstetric services 

The importance of prevention 

According to the World Health Organization, the annual
cost of a nationwide prevention programme in most
countries is approximately equal to the cost of treating
one annual birth cohort of patients for one year. Annual
prevention costs are effectively constant while annual
treatment costs rise year-on-year (see fig A), so that the
cost-effectiveness of a prevention programme increases
with every year it is in place. World Health Organization
projections of treatment costs have shown that without
prevention programmes to limit the number of births of
affected children, most countries will be unable to afford
to provide optimal treatment to all patients with thalas-
saemia. An effective prevention programme is therefore
essential in order to meet the cost of treating existing
patients (Fig A).

How thalassaemia is inherited

As mentioned in Chapter 1, the ‚-thalassaemia trait 
is passed from parents to children by an autosomal
recessive pattern of inheritance. When a child is
conceived, it inherits one ‚-globin gene from each
parent. When both parents carry normal or "healthy"
‚-globin genes, the child will inherit two normal 
‚-globin genes, as shown.

When one of the parents carries an affected ‚-globin
gene -- i.e. when he/she is a ‚-thalassaemia carrier --
and the other parent carries a normal healthy ‚-globin
gene, each child born to these parents has a one in two
or a 50% chance of inheriting the affected thalassaemia

Both parents carry
normal or “healthy”

‚-globin genes

healthy children

12c

(From TIF’s “Guidelines 
for the Clinical Management 
of Thalassaemia”)

(WHO/HGN/WG/00.1 2000)

(WHO/HGN/WG/00.1 2000)

12d
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gene from the carrier parent, as shown. These
children are known as: 

(i) carriers of the ‚-thalassaemia trait or 
(ii) individuals heterozygous for ‚-thalassaemia or
(iii) individuals with ‚-thalassaemia minor.

About carriers of the thalassaemia trait 

Carriers of the thalassaemia trait do not have a disease.
They have no physical or mental symptoms and do not
require a special diet or medical treatment. The condi-
tion cannot become a serious disease over time --
indeed, most will be unaware that they are carriers
unless specifically tested. However, some carriers may
experience mild anaemia, which may be inaccurately
diagnosed as iron deficiency anaemia. Laboratory tests
can easily differentiate between the two. Pregnant
women carriers may experience moderate anaemia
which is addressed by prescribing iron supplements 
during pregnancy. 

Why it is important to know 
if you are a carrier 

Although being a carrier of the thalassaemia trait has 
no adverse health effects, if a carrier has a child with
another carrier, there is a one in four or 25% chance
that that child will have thalassaemia major.  

As the figure indicates, when both parents are 
carriers, for every pregnancy there is a one in   
four (25%) chance that the child will be affect-
ed by thalassaemia major, a one in two (50%)
chance that the child will carry the thalas-
saemia trait, and a one in four (25%) chance
that the child will be completely unaffected.

Other "abnormal haemoglobins"
and haemoglobin disorders

A number of other "abnormal" types of adult haemoglo-
bin have been identified, which differ both in structure
and in their clinical outcome. These abnormal haemoglo-
bins are known as structural haemoglobin variants, and
they include mainly haemoglobin S (HbS), haemoglobin E
(HbE), haemoglobin C (HbC), haemoglobin D (HbD) and
haemoglobin Lepore (Hb Lepore). They are inherited in
exactly the same way as described for ‚-thalassaemia.
However, only those that inherit Hb Lepore and HbS from
both parents have clinically significant conditions, with Hb
Lepore resembling ‚-thalassaemia intermedia to major
and HbS causing sickle cell disease -- a severe haemo-
globinopathy different from ‚-thalassaemia major in both
its clinical outcome and medical care. No disease is
associated with traits for the other abnormal haemoglo-
bins -- HbC, HbD or HbE -- from both parents. However,
these variant haemoglobins can combine with the 
‚-thalassaemia trait to produce other related clinically
significant blood disorders.  

HbE/‚-thalassaemia
HbE is one of the most common abnormal haemoglobins,
particularly amongst people of southeast Asian ancestry,
such as Cambodians, Vietnamese and Thais. 

If one parent carries the ‚-thalassaemia trait
and the other parent carries the HbE trait,
there is a 25% chance in each pregnancy that
the child will be born with HbE/‚-thalassaemia. 

HbE/‚-thalassaemia is a moderately severe
anaemia whose symptoms are usually similar 
to those seen in ‚-thalassaemia intermedia, 
but which may be as severe as those seen in 
thalassaemia major.  The clinical outcome and 
medical care of HbE/‚-thalassaemia is covered 
in this book. 

Hb Lepore/‚-thalassaemia
A combination of Hb Lepore with ‚-thalassaemia results
in a severe clinical condition resembling ‚-thalassaemia
major and is inherited in the same way as the one
described above for HbE/‚-thalassaemia.

One of the parents carries
an affected ‚-globin gene

he/she is a
‚-thalassaemia carrier

50%
beta thal

trait

50%
healthy

Both parents
carry the

beta thalassaemia trait

50%
beta thal

trait

25%
healthy

25% with
thalassaemia

One parent carries
 the beta thalassaemia trait
and the other parent carries

the HbE trait

25%
beta thal

trait

25%
healthy

25% with
HbE/‚-

thalassaemia
25%

HbE trait
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HbS/‚-thalassaemia
If one parent carries the ‚-thalassaemia trait
and the other parent carries the HbS trait, there
is a 25% chance in each pregnancy that the
child will be born with HbS/‚-thalassaemia.  

HbS is commonly found in people of African 
or Mediterranean ancestry. The severity of the
condition varies according to the amount of
normal ‚-globin produced by the ‚-gene. When

no ‚-globin is produced by the ‚-gene, the condition 
is almost identical to sickle cell disease. When some 
‚-globin is produced by the ‚-gene, the condition may
be less severe. The information contained in this book
does not apply to this condition. More information 
is available on WHO web sites.

Other combinations of haemoglobin variants may 
be inherited, such as ‰‚/Hb Lepore and HbO Arab/‚ 
both resembling thalassaemia intermedia, and HbS/HbC,
HbS/HbD Punjab and HbS/HbO Arab, all of which 
resemble sickle cell disease of variable severity.

·-thalassaemia

Normal alpha      Chromosome Chromosome       silent carrier
globin genes      ·-thalassaemia ·-thalassaemia

chromosomes 16 minor minor
on the same     on opposite

chromosome chromosomes   

·-thalassaemia is very different from ‚-thalassaemia; 
the information contained in this book does not apply 
to individuals who carry ·-thalassaemia. More information
about a-thalassaemia is available on the WHO website.
However, some basic information, on its epidemiology
and ways of inheritance are given on the next page.

One parent carries
 the beta thalassaemia trait
and the other parent carries

the HbS trait

25%
beta thal

trait

25%
healthy

25% with
HbS/‚-

thalassaemia
25%

HbS trait

There are over 260 million carriers of 
·-thalassaemia in the world, with the highest 
incidence in India, southeast Asia and Africa 
and, to a much lesser extent, in the
Mediterranean region; it is very rare in northern
Europe.

By contrast to ‚-globin, ·-globin is made 
up of four genes, two on each strand of 
chromosome 16.

The ·-thalassaemia traits combine in different
ways to produce blood disorders that range
from mild to severe.
Hb Bart’s hydrops foetalis sydrome (see ii) - is
the most severe a-thalassaemia, the homozy-
gous state for ao-thalassaemia: All four a-globin
genes are not functioning and no a-chains are
produced. The condition causes severe anaemia
leading to the death of the foetus. 
Although with a wide variation in clinical 
outcome, individuals with HbH disease (see iii)
are in the majority of cases healthy. The only 
severe form of HbH disease is HbH hydrops
foetalis, a quite rare disease.

The importance of ·-thalassaemia 
in the clinical course of ‚-thalassaemia
The presence of the ·-thalassaemia trait 
is important in patients with homozygous 
‚-thalassaemia, as it can reduce the imbalance
between the ·- and ‚-chains and so produce 
a milder clinical outcome of ‚-thalassaemia.

Finding out whether you are a carrier

Genetic counselling
In most cases, simple laboratory tests can identify whether
a person carries the thalassaemia trait. However, before
any laboratory tests are carried out, it is important that
individuals receive genetic counselling where possible, 
providing them with information, advice and guidance 
on why they should be tested, and what the results of
the test will mean for them. Otherwise provision of this
information should rely on a good health education pro-
gramme. A genetic counsellor will be specially trained,
able to discuss important aspects of prevention, but also
of the disease itself, including:  

Both parents carry
 alpha thalassaemia minor

in which the two abnormal genes
of each parent are on
opposite chromosomes

alpha
thalassaemia

minor

Both parents
carry alpha

thalassaemia minor
with two abnormal

alpha globin genes on
the same chromosome

alpha
thal trait
(cis type)

normal
haemoglobin

hydrops
fetalis

(alpha thal
major)

One parent
has alpha

thalassaemia
minor with two

abnormal
alpha globin

genes on
the same

chromosome

alpha
thal
trait

normal
haemo-
globin

haemo-
globin

H disease

& the other
parent
has the silent
carrier state
with a single
abnormal
alpha globin
gene on one
chromosome

alpha
thal

silent
carrier

(ii)

(iii)

(i)
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ñ Where to be tested

ñ How to interpret test results

ñ What it means to be a carrier, including options 

available to two carriers planning to have children, 
or who have already conceived -- i.e. at-risk couples 

ñ The nature and treatment of thalassaemia major or 

of any other haemoglobin disorder or genetic disease. 

ñ A counsellor should provide information to individuals 

and couples, allowing them to decide for themselves 
how they wish to proceed. However, the advice 
offered by a counsellor and the decision taken by at-
risk couple is often influenced by religious and cultural 
beliefs. TIF's publication "Prevention of Thalassaemias 
and other Haemoglobin disorders" Volume I, may offer 
the reader more expert information on these issues.

Laboratory testing to establish whether one 
is a carrier of the ‚-thalassaemia trait

Laboratory tests for thalassaemia include a routine blood
test known as a Complete Blood Count (CBC), which
includes measuring the level of haemoglobin and other
parameters related to the number and volume of red
blood cells, known as Mean corpuscular Volume (MCV)
and Mean Corpuscular Haemoglobin (MCH). For example, 

in adults, an MCV
of less than 75
may be indica-
tive of a carrier
state (alterna-
tively, it may
indicate iron
deficiency -- a
further test will
establish which 
is the case). MCV
levels may be
lower in children
and vary accord-
ing to age. Red

blood cells are also examined under a microscope in order
to examine their size and shape. The red blood cells of 
a thalassaemia carrier will be a paler shade of red and
be various shapes (poikitocytosis), (see 12f) compared to
normal red blood cells which are a darker red and round
and concave in shape (see 12e).

If further laboratory tests (such as Total iron binding
capacity (TIBC) and ferritin) exclude iron deficiency, as 
the cause of a lower MCV, additional tests are carried
out to confirm the presence of the thalassaemia trait
and to determine its type.  Tests to determine the pres-
ence of the ‚-trait include a process known as haemo-
globin electrophoresis, which enables quantitative meas-
urement of HbA and HbA2, the main and minor compo-
nents of adult haemoglobin respectively. Other haemo-
globins normally present in adult red blood cells such 
as foetal haemoglobin (HbF) may also be measured by
electrophoresis. In most cases, the above tests are 
sufficient to determine whether an individual is a carrier.

The presence of the ·-thalassaemia trait is usually identi-
fied by a process of exclusion or deduction: people who
have low MCV (not due to iron deficiency), a normal
haemoglobin electrophoresis that does not identify the 
‚-thalassaemia trait, and who are of the appropriate
ethnic origin are presumed to be ·-thalassaemia carriers.
In some circumstances, DNA tests need to be carried out
in order to determine the presence or absence of the 
‚- or ·-thalassaemia trait. Such genetic tests are beginning
to be more widely used to test for the thalassaemia
trait.

Who should have a blood test

Given the importance of preventing thalassaemia and
the fact that the disease occurs in virtually every part 

Haematological Values commonly found in non carriers (normal) and

carriers of ‚-thalassaemia minor (trait) 

Non-carrier (normal) Carrier of ‚-thalassaemia

Hb: 13.5 g/dl Hb: 14.2 g/dl

HCT: 42% HCT: 42.5%

MCV: 88.8 FL MCV: 61.2 FL

MCH: 28.5 pg MCH: 20.5 pg

MCHC: 32.1 g/dl MCHC: 33.4 g/dl

RDW-CV: 13.1% RDW-CV: 15.9%

A2: 5.3%

12e
Blood film from a 
non-carrier (normal)

12f
Blood film from a 
‚-thalassaemia carrier 

(Proceedings from a conference,
MA Nov. 14, 1996)
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of the world, screening for the thalassaemia trait 
should ideally be incorporated into a national prevention 
programme starting at an early age but certainly before
marriage or pregnancy, in order to give individuals the
greatest choice. At the very least screening should 
be considered:

a) when a relative is known to be a carrier 
or a thalassaemia patient and/or

b) in countries or when coming from countries known 
to have a high frequency of thalassaemia

Consanguinity

Consanguineous means having similar blood -- so, for
example, a marriage between close relatives is referred
to as a consanguineous marriage. In many parts of the
world, such marriages are encouraged and practised.
However, the closer the relation between the parents,
the greater the risk that any children they have may 
be born with a congenital disorder such as thalassaemia.

An unrelated couple has about a 98% chance of having
a healthy child. Couples who are first cousins have about
a 96% chance of having a healthy child. First cousins
and first cousins whose parents and/or grandparents are
also close relatives have about a 94% chance of having
a healthy child. 
Similarly, the additional risk of having an affected child
falls sharply the more distant the relationship between
the parents. About 2-3 children in every 1,000 born to
unrelated parents have a recessive disorder. From 2-20
children in 1,000 born to related parents have a recessive
disorder, depending on how closely the parents are related.

The choices available for an "at-risk" couple

Prenatal testing 
Where a woman carrying the ‚-thalassaemia trait is con-
sidering having a child or is already pregnant, her partner
(if not aware of his carrier status) should be tested at once
to find out if he also has the thalassaemia trait. If they
are both carriers, the couple may decide to proceed with
planning a family or, if already pregnant, may consider
continue the pregnancy and where this is possible, to
proceed with testing the foetus for thalassaemia, possibly
deciding to terminate pregnancy if the foetus is affected.
Other choices considered by "at-risk" couples include 
separation, adopting, proceeding to invitro fertilization

with foreign healthy sperm or ova. Or parents mainly due
to religious beliefs may decide not to find out the status
of the child and continue with the pregnancy.

Testing a foetus for thalassaemia

There are three types of tests that can determine
whether an unborn child has thalassaemia: 

(i)  Amniocentesis:
Amniocentesis is performed in the second trimester 
of pregnancy, after about 15 (18-22) weeks' gestation.
Using ultrasound as a guide, a trained obstetrician 
inserts a very thin needle through the mother's 
abdomen to withdraw 2-3 tablespoons of amniotic 
fluid. The foetal cells (cells from the unborn child) 
present in the fluid are then analysed in the labora-
tory to determine whether the foetus has thalassaemia.

This test is used when the pregnancy is far advanced.
It poses no significant risk to the mother. However, 
the test may cause a miscarriage -- from a few days
to a few weeks after the test.  

(ii) Cordocentesis
Under ultrasound guidance, a fine needle is inserted 
through the abdomen into the foetal unbilical cord. 
About 2-3 ml of blood is aspirated and foetal blood 
is separated out in the laboratory. In skilled hands 
100% pure foetal cells are obtained from the first 
attempt in the majority of cases. Causes of failure in 
obtaining pure foetal blood include early gestational 
age, less than 18 weeks, maternal obesity and poste
rior placenta. Early gestational age is also the most 
important cause of occurance of serious complications
in cordocentesis.

Globin chain separation with gel electrophoresis is 
the usual laboratory method of detection. Early and 
specific diagnosis by molecular methods has almost 
completely replaced cordocentesis which is now 
mainly indicated only in pregnant patients who report
late, in those in whom CVS is inconclusive and when 
previous studies of at risk couples are not available.

(iii) Chorionic Villus Sampling (CVS)
CVS can be performed somewhat earlier than 
amniocentesis, at about 10-11 weeks' gestation. Using 
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ultrasound as a guide, the specialist obstetrician 
removes a small sample of the chorionic villi -- cells 
that contain the same genetic information as the 
foetus and which will eventually form the placenta. 
The cells are removed either by a thin needle insert-
ed through the mother's abdomen (transabdominal) or
a thin catheter inserted through the vagina (transcer-
vical). The cells are then analysed and a diagnosis 
made.  

As with amniocentesis CVS poses no significant risk 
to the mother. However, there is again a small risk 
of a miscarriage. If a miscarriage does occur, it can 
be difficult to know whether it was due to CVS, 
because many miscarriages happen naturally at 
around 12 weeks of pregnancy.

There may be an increased risk of the baby's limbs 
being malformed if CVS is done very early in preg-
nancy - i.e. before the 8th week after the last 
menstrual period.  However, there is no evidence of 
an increased risk of any malformation when CVS is 
carried out after the beginning of the 9th week after
the last menstrual period. This is why the procedure 
is generally carried out after the beginning of the 
10th week after the last period.

How genetic testing works
Amniocentesis and CVS are both based on DNA testing
and involve identifiying or excluding the genetic abnor-
mality (mutation) present in parents -- the most accurate
means of diagnosing inherited diseases. However, as with
all tests, there is a possibility of error, albeit a very small
one.  

The genes for the characteristics we inherit, including
haemoglobin, are made of DNA. Every tissue in the body,
including a baby's placenta, contains a person's entire
DNA pattern. In the case of CVS, for example, laboratory
scientists study the haemoglobin genes contained in the
DNA of cells from the chorionic villi to see if the baby
will be normal, a thalassaemia carrier or will have thalas-
saemia major. Analysis of the sample usually takes about
a week.

Termination of pregnancy 
If the test shows that the baby is affected, the couple
may decide to end the pregnancy. The role of the
genetic councellor and the obstetrician in these cases is
extremely important. Even at this stages decisions have
been taken by the couple to continue with the preg-
nancy accepting the lifelong treatment of the affected
child. If pregnancy termination is the choice, however, 
this is done in one of the two ways, depending on the
stage of the pregnancy.

Early termination
Early terminations can be carried out when a woman 
is less than 14 weeks pregnant. The couple should be
informed that termination does not reduce the woman's
chance of having another baby. However, it should also
be explained that each pregnancy conceived by an 
at-risk couple carries the same risk of producing an
affected child. If the couple wishes to know whether 
any subsequent babies conceived carry thalassaemia,
prenatal diagnosis will have to be carried out again.

Late termination
The procedure for terminating a pregnancy at over 14
weeks involves inducing labour by introducing hormones
(prostaglandin) into the womb. The labour may last for
several hours and the procedure is much more upsetting
for the woman than an early termination. Again, this
type of termination does not affect the woman's ability
to become pregnant again. 

Other approaches
Prenatal diagnosis and the termination of pregnancy are
controversial. Unfortunately, however, prevention cannot
rely on the identification of carriers alone and screening
cannot be effective and successful in the absence of
prenatal diagnosis and pregnancy termination. Other
methods of prevention are being developed, such as
analysis of foetal cells in the mother's blood. This howev-
er has limitations and cannot offer to-date a reliable
alternative to classical prenatal testing. Another tech-
nique is pre-implantation genetic diagnosis (PGD), which
involves the use of DNA technology to select a healthy
egg from a woman carrier to be fertilised in the labora-
tory and then introduced into the womb. PGD may
prove more acceptable to those populations opposed 
to the termination of pregnancy, and may thus become
more widely used once the technique becomes less
costly and less technologically demanding.

           




