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Prenatal diagnosis of thalassaemia
A recent report from the World Health Organisation suggests
that there are over 200 million carriers for inherited disorders
of haemoglobin in the world and that between 200 000 and
300 000 severely affected homozygotes or compound hetero-
zygotes are born each year.1 The most important of these
conditions are a and 3 thalassaemia and sickle cell anaemia.
Symptomatic treatment of these disorders is expensive and
unsatisfactory, so their prevention is a major public health
goal in many countries. Uncertainty about the clinical course
of sickle cell anaemia has limited enthusiasm for developing
large scale programmes for its detection in utero. On the other
hand, few doubt the value of setting up genetic counselling and
prenatal diagnosis services for families with thalassaemia.
Indeed, because carriers are easily identified and so much is
known about the molecular changes thalassaemia has become
the model for applying the new forms of direct gene analysis
to prenatal diagnosis of single gene disorders.
The prenatal diagnosis of thalassaemias may be approached

in several ways. Fetal blood sampling and measurement of
globin chain synthesis by radiolabelling have been used
successfully in many countries.2 Though this technique has
the advantage of directly measuring the products ofthe mutant
globin genes, it cannot be used until about the 18th week of
pregnancy-which means a long wait for the mother, and, if
indicated, a comparatively difficult termination of pregnancy.
The recently developed techniques of direct gene analysis3
allow the diagnosis of some forms of thalassaemia from fetal
deoxyribonucleic acid (DNA) isolated from amniotic fluid
cells.4 6 It is not always possible, however, to obtain enough
cells to make DNA without first growing them in culture for
several weeks, so again this implies a late diagnosis. By
contrast, the newly developed methods for obtaining fetal
DNA from biopsy specimens of trophoblastic villi in the
first trimester of pregnancy7 have allowed the prenatal
diagnosis of thalassaemia and sickle cell anaemia much
earlier.8 9 Insufficient experience has been accumulated to
know whether trophoblastic biopsy causes an unacceptable
rate of fetal loss or whether it has any deleterious long term
effects on the child. Answers to these questions may take
several years.

If we are going to move from the well tried method of
fetal blood sampling to fetal DNA analysis for the prenatal
diagnosis of the thalassaemias the underlying scientific basis
needs to be clearly understood. Work over the past few years
has shown that the thalassaemias are caused by many different
mutations. In some cases there are major gene deletions or
rearrangements, but in most the molecular lesions are more
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subtle-usually point mutations which interfere with pro-
cessing or translating globin messenger ribonucleic acid
(mRNA).10 Direct gene analysis entails cutting up DNA with
restriction enzymes, separating the fragments on gels, and
looking for the appropriate genes with radioactive gene probes.3
This method can identify major gene deletions or rearrange-
ments, but unless a restriction enzyme site is altered by the
mutation it is not able to identify the single base changes
which underlie many types of thalassaemia.
These problems may sometimes be circumvented. Scattered

throughout human DNA every few hundred bases or so there
are single base changes which produce either new restriction
enzyme sites or remove previously existing ones.1' These
harmless polymorphisms, which are inherited in a simple
mendelian way, provide a wealth of genetic markers which
(with appropriate gene probes) may be identified easily by
gene mapping. A restriction fragment length polymorphism
of this type which is close enough to a globin gene so that the
two are not separated during meiosis may provide the basis
for a linkage study to determine which chromosomes carry
the thalassaemia mutation in a particular family. If so, one
may then determine whether or not a fetus has received
two f thalassaemia genes even though the abnormal globin
genes cannot be identified directly by DNA analysis.6 8 The
snag with this method is that it requires a previously born
child or a large family to establish such a linkage; a recent
study suggests that in Britain this approach will be feasible
in about two fifths of Cypriot and four fifths ofAsian families.'2
Another new technique may soon make it easier to identify

single base changes in fetal DNA. The gene probes in current
use are exact copies of the whole or a large part of the genes
which they are designed to look for. They bind, or hybridise,
to these genes only ifthey have long stretches ofbase sequences
in common. This is why they cannot recognise a single base
change. The new idea is to construct very short gene probes
consisting of about 20 bases and so able to recognise single
base changes.'3 If these oligonucleotide probes reliably
identify particular thalassaemia mutations in carrier parents,
it should be possible to use them to see if a fetus has received
a thalassaemia gene from both parents. This may be done by
direct gene mapping of fetal DNA without having to go
through a complicated linkage analysis. Nevertheless, because
of the molecular heterogeneity of thalassaemia, it will be a
while before we know how many probes will be needed,
and whether they are equally reliable. Some 90% of Cypriots
with severe forms of 3 thalassaemia are homozygous for the
same molecular defect'4; the figure is similar for Sardinia
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(Professor A Cao, personal communication). Thus one
oligonucleotide probe would be sufficient to carry out prenatal
diagnosis on most families "at risk" in these populations.
Things will almost certainly be more complicated, however,
for the mainland populations of Europe and South East Asia.
With technical change so rapid what is the best approach

for setting up a new prenatal diagnosis service in populations
where thalassaemia is common ? The first step must be educa-
tion of the population (and its doctors, politicians, and
religious leaders) about the disease and why a programme of
prevention is important. If, in the long term, the aim is early
diagnosis in the first trimester screening programmes may be
necessary for school leavers or massive publicity will need to
be mounted to encourage women to present early in pregnancy
-self evidently, early diagnosis is possible only if women
are seen early.

Until we know more about the safety of trophoblastic
biopsy and the technical problems of oligonucleotide probe
analysis it may be wiser not to start out with these new
methods. The simplest approach is to choose the technique
which is most appropriate for the skill and clinical requirements
of the individual centre. Fetal blood sampling is relatively safe
and of proved value. In laboratories with the appropriate
technical skills DNA obtained from amniotic fluid cells may be
used to make a prenatal diagnosis, either by restriction frag-
ment length polymorphism linkage or by direct gene analysis
if the molecular defect happens to be amenable. Once the
service is running well it should be fairly easy to change to
first trimester diagnosis if and when the methods have been
proved to be safe and effective and the population has been
educated about reporting early in pregnancy.
A good example of this general strategy is described on

page 1327. Throughout South East Asia fetal hydrops is
commonly due to the homozygous inheritance of a form of
a thalassaemia which results from a deletion of both a globin
genes.15 16 This condition causes fetal death late in pregnancy
or at term and is associated with serious obstetric complica-
tions. The Hong Kong group have shown that they can make
the diagnosis by direct analysis of the a globin genes in fetal
DNA obtained from amniotic fluid cells without culture.
The defect is easy to identify by gene mapping, and the
widespread use of this approach should cut short many
difficult pregnancies in South East Asian populations.
Over the next few years it should be possible to simplify

the techniques of trophoblast biopsy and direct gene analysis
using oligonucleotide probes so that they may be carried out
in many laboratories. These exciting advances have implica-
tions far beyond the diagnosis of thalassaemia. Recently,
several other medically important genes have been isolated
and gene probes constructed,'7-19 and restriction fragment
length polymorphism linkages have been obtained for disorders
in which the biochemical basis is as yet unknown, such as
Huntington's chorea20 and Duchenne muscular dystrophy.2'
The encouraging progress made in the prenatal diagnosis of
thalassaemia suggests that it will not be long before direct
gene analysis is feasible for the detection of carriers and pre-
natal diagnosis of many single gene disorders. Whether the
medical services in the developed countries, let alone the
Third World, will be able to cope with the organisational
problems these advances will bring remains to be seen.
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Marathon medicine
The modern cult of marathon running owes more to Robert
Browning and his Victorian romanticism than to any recog-
nisable historical fact.1 2 The marathon was not an event in
the classic ancient Olympic games, but the poet's licence with
the story of the Greek messenger Pheidippides's heroic run,
garnished with his death as he gave the message, led to the
modern Olympic marathon and some 70 years later to the
mass marathon phenomenon.
The myth of the runner's death is still perpetuated as a

medical fact by Northcote, who advocates routine exercise
electrocardiography on all novice runners over 40, and even
some of 35-40.3 Indeed, the Victorian image of the marathon
runner, close to death, is widely accepted and has been helped
along by journalists. First came the collapse of Dorando
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