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Community control of hereditary anaemias:
Memorandum from a WHO meeting*

There are at least 240 million heterozygotes for the haemoglobinopathies throughout
the world, and at least 200 000 lethally affected homozygotes are born annually, about half
with thalassaemia and half with sickle cell anaemia. These diseases are already making
important demands on health resources in developing countries, and with further progress
in primary health care, they will become a major public health problem. This has already
happened in the Mediterranean areas where thalassaemias are predominant, and is now
beginning in parts of south-east Asia. Important new developments in the treatment and
community control of the haemoglobinopathies now make it advisable for all countries
where they are endemic, regardless of their present state of development, to evaluate the
present and potential problems presented by these diseases.

Although effective management of thalassaemia major, involving intensive treatment
with blood and iron-chelating agents, is too expensive for most developing countries,
community control by prospective heterozygote detection, education, and fetal diagnosis
has now been successfully applied in some European and Mediterranean areas. Within
three years ofstarting these programmes, the birth rate of infants with thalassaemia major
had fallen by 50-80%. The relatively low cost of setting up and running the control
programmes has already been greatly outweighed by thefinancial and social benefits of the
reduced thalassaemia birth rate. Detailed guidelines are provided for community control
programmes that could be incorporated into the health care service of many developing
countries.

In sickle cell disease, which varies in severity with both genetic and environmental
factors, the commonestproblem is death in early childhoodfrom overwhelming infections.
A major effort should be put into heterozygote screening and neonatal diagnosis to permit
earlier identification and protection of affected individuals. This will also provide a good
basis for a prevention programme if more acceptable methodology, such as first trimester
fetal diagnosis, becomes available. Heterozygote detection and counselling, and education
in management of homozygotes should be integrated into the primary care system of
countries with a high incidence of sickle cell disease.

Of the many inherited disorders of haemoglobin,
only two, sickle cell disease and thalassaemia, are a
major drain on health resources. The haemoglobi-
nopathies are already a serious problem in many
developing countries, and as infant mortality rates
fall with progress in controlling malnutrition and
infection, these genetic diseases will represent an
increasing challenge.

It is now appropriate to discuss the possible ap-
proaches to prevention of the common haemoglobi-
nopathies, for several reasons. First, an increasing
awareness of their existence outside Europe has led to
the acquisition of some remarkable new information
about the high frequency and clinical severity of the
diseases, particularly in south-east Asia. Second, with

* This Memorandum was drafted by the signatories listed on page
79 on the occasion of a meeting of a WHO Working Group in
Geneva on 9-11 November 1981. Requests for reprints of this article
should be addressed to the Division of Noncommunicable Diseases,
World Health Organization, 1211 Geneva 27, Switzerland. A French
translation will appear in a later issue of the Bulletin.

the explosive development of molecular biology and
its application to the haemoglobin disorders, new
diagnostic techniques have been developed. In
particular, it is now possible to characterize accu-
rately the carrier states for all these conditions,
and to perform antenatal diagnosis for most of them.
Pilot studies in Cyprus, Greece, Italy, the United
Kingdom, and the USA have shown that it is possible
to control the thalassaemias by identifying carriers
and by offering antenatal diagnosis with the option of
therapeutic abortion of affected fetuses. Thirdly,
although there is no definitive cure for the haemo-
globinopathies, methods for their clinical manage-
ment have improved considerably over the last few
years. These developments are less dramatic than
those in antenatal diagnosis, but they have an impor-
tant effect on quality of life and life expectancy.
Hence they should be made available on a much wider
scale in areas where they are particularly needed, such
as the developing countries of Africa, the Indian sub-
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continent, and throughout south-east Asia.
AWHO Working Group met in November 1981 to

consider whether some of the new methods could be
applied to larger populations including those in devel-
oping countries, and to discuss whether the tech-
niques could have application to conditions other
than thalassaemia. It was concluded that the time has
come to try to use the new techniques in a major effort
to control the haemoglobinopathies. As its priority
objective, the Group attempted to define a relatively
simple programme that could be integrated into com-
munity health care and might go at least some way
towards reducing the incidence of these crippling
diseases, particularly in the developing countries. If
such a successful programme could be established, it
would provide a model for tackling other genetic
disorders on a global basis. The newer techniques of
molecular genetics have extensive implications for the
prevention and treatment of not only genetic diseases
but disease in general. The introduction of these
methods as part of a haemoglobinopathy control pro-
gramme should help the developing countries to
benefit from future advances in molecular medi-
cine.

DISTRIBUTION AND FREQUENCY

The main advances in our knowledge of the distri-
bution of the relevant genes since the last review by
the World Health Organization (1) are summarized in
Fig. 1 (2-4).
There are insufficient data for accurate estimation

of numbers of affected individuals, except in those
countries such as Greece, Italy, and Thailand, where
detailed mapping has been carried out. For almost all
other communities, the limited surveys that have been
carried out have been confined to particular groups,
and extrapolation to the whole community could be
very misleading. The patchy distribution of the
haemoglobinopathies, the effects of social conven-
tions such as marriage between cousins, and the
migration of populations make calculation of the
birth rate of homozygotes extremely difficult. Never-
theless, there is enough information to indicate the
major problem areas and to define the parts of the
world where further data must be collected. For
example, though information on the incidence of
haemoglobinopathies is still inadequate in some areas

Fig. 1. The world distribution of the major haemoglobinopathies. Hb S is not indigenous in the Americas; in North
America it is mainly a disease of the black minority, it is common in the Caribbean, and in South America.
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of the Mediterranean region, such as Albania,
Portugal, Spain, and western Yugoslavia, it is now
appropriate to draw attention to the possibility that a

thalassaemia problem exists in these communities
and deserves accurate documentation. A preliminary
study could perhaps be carried out by tests on recruits
to the armed forces in the countries where there is con-
scription.
The best available approximations of the numbers

of affected individuals are shown in Tables 1 and 2.
They indicate that hundreds of millions of people are

heterozygous for the major hereditary anaemias, and
that at least 200 000 lethally-affected homozygotes
are born annually, approximately equally divided
between sickle cell anaemia and the thalassaemia
syndromes. The actual incidence of affected births
varies greatly from one area to another; for instance,
the accepted 20-25%7 incidence of heterozygotes for
HbS in parts of tropical Africa suggests that, in many
areas, about 4% of marriages are at risk of producing
an affected child. The high birth rate means that most
of these marriages fulfil that potential, and probably
about 100 000 infants with homozygous sickle cell
disease are born annually in the whole continent.
This compares with about 1500 per year in the USA,
1600 per year in the Caribbean, 140 per year in the
United Kingdom, and probably 4000 per year in South

Table 1. Approximate number of heterozygotes for the
haemoglobinopathies throughout the world (conserva-
tive estimates) a

Haemoglobinopathy No. of heterozygotes

,B-thalassaemia
Asia 60.2x 106
North Africa 2.6 x 106
Europe 4.8 x 106

Subtotal 67.6 x 106

a°-thalassaemia
Asia 29.4x 106

HbE/,B-thalassaemia
Asia 84.3x 106

Subtotal (all thalassaemias) 181.3 x 106

Hb S-trait
Africa 50 x 106
North Africa, South America,
South-West Asia, Caribbean,
India, USA 10x 106

Subtotal 60 x 106

Total (all major hereditary anaemias) 242 x 106

a This, and other tables are based on data from references 1-3,
37, 38, and on unpublished data reported at the meeting.

Table 2. Annual number of births of homozygotes or compound heterozygotes for the major haemoglobinopathies
(conservative estimates)

ca°a° HbE/,B- HbS/3-
Area (hydrops fetalis) ,3-thalassaemia thalassaemia thalassaemia Hb SS and CS Total

Africa
(Sub-Saharan) NAa_ NA 100 000 100 000

North Africa - 850 300 100 1 250

Eastern
Mediterranean - 1 650 - 530 3 100 5 280

Asia 10 000 16 950 16 100 200 4 000 47 250

Europe - 2 350 - 100 100 2 550

North America
and Caribbean - > 100 NA 200 2 300 2 600

South America - 90 - 500 4 100 4 690

Oceania NA NA NA -

Total (minimum) 10 000 21 990 16 100 1 830 113 700 163 620

Probable total b 20 000 42 000 32 200 3 600 120 000 217 800

° NA = data not available.
b Allowing for (1) effects of 'pocket' distribution with areas of high frequency; (2) effects of consanguineous marriage, which is

very common in many parts of Asia; (3) effects of population movement increasing the mixing of Hb E with 3-thalassaemia in
Asia.
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America (5). A similar total figure is derived for
births of homozygous a0-thalassaemia, homozygous
13-thalassaemia and HbE/,B-thalassaemia in North
Africa, Asia, and Europe. It should be noted that,
as the haemoglobinopathies are characteristically
associated with underdeveloped areas in which
malaria was (or still is) endemic, and about 50070 of
the population in these regions is under 15 years of
age, the aggregate of affected births can be expected
to double in the next two decades.
The meaning of these data in terms of disease

prevalence and health burden can be evaluated only in
relation to the possibilities for, and availability of,
treatment, which in turn depends on the degree of
development of the community concerned. The
recent developments in treatment methods have been
discussed in a previous article (6).

HEALTH BURDEN

The scale of the health problem posed by the
hereditary anaemias arises from the fact that they are
both common and chronic.

Sickle cell disease

The health burden of sickle cell disease is difficult
to quantify because its natural history is so dependent
on social conditions. If affected children are diag-
nosed early, their prognosis is greatly improved by
attention to nutrition and avoidance or treatment of
infection, and so depends on the prevailing level of
primary medical care. In Africa, the health burden is
not great at present because of high early mortality.
Surveillance can be incorporated into the primary
health care system and should produce good results,
but the prevalence of homozygotes will increase pro-
portionally with the success of the approach. Their
needs will become progressively more important and,
on average, 1-2 hospital admissions may be required
per patient per year, as is currently the case in the
United Kingdom and the USA, where survival rates
are high. The need for health care provision should be
closely monitored, especially in Africa, as the preva-
lence of sickle cell disease rises.

The thalassaemias
The problem posed by the thalassaemias can be

quantified more easily. The burden they present for a
community can be illustrated with data from five
countries about which we are well informed-
Cyprus, where full treatment is provided; Greece,
Sardinia, and the United Kingdom, where the finan-
cial consequences of introducing fetal diagnosis have
been assessed; and Thailand, where only minimal
treatment is provided.

In Cyprus (population 600 000), 17%7o of the popu-
lation carry ,B-thalassaemia trait, 1 in 35 marriages is
at risk, and the theoretical birth rate of homozygotes
is 1 in 138 (7). As modern treatment is now available,
a reasonably reliable forward projection can be made
of the cost of treatment and the need for blood, based
on the assumption that increased survival rates could
cause the prevalence to rise from the present 1 in 1000
to 1 in 138 in about 50 years' time. The consequences
for the community in terms of medical resources
required (in the absence of a simple cure in the near
future) are shown in Fig. 2. Within 20 years, more
than 40(0o of all possible blood donors might have to
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Fig. 2. Projected costs and estimated requirements for
blood for the treatment of all thalassaemic patients in
Cyprus in the absence of a programme of prevention:
a - cost of blood transfusion alone (mean life expect-
ancy, 17 years); b-cost of blood transfusion and
subcutaneous infusion of deferoxamine (mean life
expectancy, 50 years).
The estimate of the units of blood required is a

minimum figure, assuming 67 new births per year and a
life expectancy of 50 years; it does not allow for the
growth of the patients.
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give blood annually for the treatment of thalassaemia
alone, and the total medical budget could be doubled.
Because of a similar projection by a WHO consultant
(8), the Government of Cyprus in 1977 arranged
training for an antenatal diagnosis team (now func-
tioning), and simultaneously undertook to attempt
optimal care for the existing patients. This pro-
gramme is now working very well. The annual cost of
running the entire prevention programme is equiva-
lent to the cost of five weeks of treatment for the
existing 605 patients (7).

In Sardinia (population 1.4 million), 1307o of the
population carry f3-thalassaemia trait, 1 in 60 couples
is at risk and the homozygous birth rate is 1 in 238. A
prevention programme was started in the southern
part of the island in 1977, and within 3 years the
homozygous birth rate had fallen by two-thirds (9). A
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sensitive cost-benefit analysis of this programme (10)
is summarized in Fig. 3. Using the existing situation in
Sardinia as a base, the results of taking no preventive
action (do-nothing situation) are compared with the
effects of prevention programmes operating at three
possible levels of efficiency-5007o, 80%/o, and
90'Vo -over the next 50 years. The life expectancy of
homozygotes increases steadily with improved treat-
ment. The survival rate of well treated patients in the
United Kingdom (11) justifies the assumption used
here of a median life-span of 25 years.
The actual costs of treatment and prevention in

1980 in Cagliari were: treatment (401 patients),
US$ 978 000/year; prevention, US$ 284 000/year.
This represented 7% of the regional health budget.
The financial requirements of a full prevention

programme include:
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1. Public education: this is not a large item if done
through existing institutions such as schools, with
voluntary help.

2. Blood testing: initially, up to 25 000 tests per
year will be necessary to diagnose the entire Sardinian
population of reproductive age, but once the backlog
has been completed (5-10 years), the annual need for
testing will equal the birth rate, i.e., about 15 000 per
year.

3. Genetic counselling and antenatal diagnosis:
starting with the 600 couples identified retrospectively
because they have produced an affected child, and
progressing to prospective diagnosis, all 1400-1800
couples at risk will be identified. The projected
requirement for fetal diagnosis assumes 1.5 healthy
children per couple at risk.

4. Follow-up, evaluation, and quality control: this
is essential but relatively inexpensive.
The main cost of the programme is divided almost

equally between points 2 and 3 above.

The effectiveness of fetal diagnosis in reducing the
birth rate of homozygotes depends on the energy with
which the programme is prosecuted, and its degree of
acceptance by the population. Fig. 3 shows the effect
of the programme, working at three possible levels of
efficiency, on the following measurable criteria.

1. Social effect, as measured by the number of
selective abortions in families at risk (Fig. 3a). It
should be borne in mind that, in the absence of a
fetal diagnosis programme, many couples with one
affected child would abort subsequent pregnancies
indiscriminately (12); however, when fetal diagnosis
is available, only 28%o of pregnancies at risk are
terminated (2507o homozygotes and 3%o fetal losses
as a result of fetal blood sampling). In addition,
since uncertainty about the diagnosis in the aborted
fetus is removed, the associated social problems
are diminished.

2. Morbidity, measured in terms of the number of
homozygotes treated per year (Fig. 3b), assuming a
life expectancy of 25 years. In the absence of a preven-
tion programme, the number of patients undergoing
treatment would double in the next 13 years, and then
stabilize as the number of deaths balanced the number
of births. With intensive prevention the curve rises
slightly but then drops steadily over the next 25 years
to 1007o of the figure for the do-nothing situation.

3. Mortality. At present, deaths from thalassaemia
major represent 1507o of all those from natural causes
in the 1-24-year age group. Without prevention this
figure will rise to 3007o; with intensive prevention it
will fall to 5%o. However, mortality can be expressed
most meaningfully as the potential years of life lost
after birth (PYLL), derived from the annual number
of deaths and the age at death. A mean life expectancy

of 61 years is assumed. At present the annual PYLL is
low, as young patients are benefiting from recent
advances in treatment. In a do-nothing situation, the
PYLL will settle at a maximum of about 2000 per
year, but with intensive prevention it will settle at 200
per year (Fig. 3c).

4. Monetary cost. Fig. 3d compares the monetary
cost of a do-nothing policy (which would rise steadily
to reach a plateau after about 25 years) with the cost
of combined treatment and prevention. Initially, the
latter is higher than the cost of treatment alone, but
the effect of reducing the number of homozygote
births is seen relatively quickly. With highly effective
prevention, the total cost will fall below that of a do-
nothing policy within six years of starting the pro-
gramme, and will settle at one-fifth of the do-nothing
level after about 25 years. Even if only 50%o of
homozygote births are avoided, the total cost will fall
below the do-nothing level within 10 years.

It is only in the field of preventive medicine that
moderate investment can produce such rapid and
wide-ranging benefits.

In the United Kingdom (population 50 million),
only about 16 infants with ,B-thalassaemia major are
born each year and optimal care is provided. No
organized population screening policy has been
implemented in the country.
A national fetal diagnosis programme was set up in

1980 and Fig. 4 shows the stabilizing effect of its intro-
duction on the escalating costs of treatment. The total
investment needed to set up and run the service was
trivial compared with the projected costs of treat-
ment: the entire service can be run for a year for
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Fig. 4. Actual and projected costs of treating thalas-
saemic patients in the United Kingdom, without a fetal
diagnosis service and with services that are 50% and
100% effective.
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approximately US$ 76 000, while the projected cost
of treating a single patient over 20 years can be as
much as US$ 150 000. Thus it is not only high-inci-
dence communities that should seriously consider
such a control programme.

Similar results have been obtained in Greece, where
the cost of treating one patient for a year is approxi-
mately US$ 5000, about 200 cases are born in the
country each year, and the total annual cost of
the prevention programme is approximately
US$ I 000 000. The high effectiveness of the pro-
gramme is obvious since the total cost of prevention is
equivalent to the cost of treating the newly born
patients for one year, and the life expectancy for
almost all patients in Greece now exceeds 25 years.

In Thailand (population 48 million), with great
recent advances in health care and the consequent
reduction in both infant mortality and birth rate, the
thalassaemias are now emerging as a major problem
that must be attacked at the public health level. The
prevalent types and respective frequencies are:
a-thalassaemia (trait), 20%o in Bangkok and 30%0 in
northern Thailand; Hb Constant Spring, at least 407o;
,3'-thalassaemia (trait), 3-9%o; and Hb E (trait), up to
53% in some parts of the country. These genes, in
different combinations, result in more than 60 thalas-
saemia syndromes presenting a wide spectrum of
severity from no symptoms to death in utero or in the
first few years of life. The incidence of the four most
common diseases is given in Table 3 (13, 14).

It appears that at least 4007o of the population
carries one of the thalassaemia traits,a and that in
about 64% of marriages one or both partners carry a
thalassaemia gene deserving diagnosis and genetic

a Including Hb E trait.

counselling. Altogether, 5.60%o of all married couples
are at risk of producing a homozygote for a major
haemoglobinopathy (excluding the homozygous
states for a + -thalassaemia, Hb Constant Spring, and
Hb E), 0.5%o of all conceptions end in intrauterine or

neonatal death (homozygous cx°-thalassaemia), 0.4%
of all live-born infants have a chronic fatal disease of
childhood (13-thalassaemia major or HbE/03-thalas-
saemia), and 0.5%7o of all live births have a condition
requiring diagnosis and subsequent medical care
(Hb H disease).
The infant mortality in Thailand (deaths of live-

born infants under one year of age) has fallen to less
than 3(0o. This figure excludes deaths from the thalas-
saemia syndromes that cause stillbirth or death in
childhood, and their aggregate is equivalent to half
the infant mortality. Thus, even when no treatment is
offered, the thalassaemia syndromes already repre-
sent a heavy load on the primary health care system.
Hydrops fetalis is an important cause of maternal
morbidity and possibly mortality; children with
haemoglobin H disease often have haemolytic crises
and are misdiagnosed and mistreated when accurate
diagnosis would save resources; and the parents of
children with j3-thalassaemia major and HbE/,3-
thalassaemia often visit several doctors in a fruitless
search for correct diagnosis, prognosis, and treat-
ment. Homozygous f3-thalassaemia leads to death at
2-6 years of age; however, the chronicity of HbE/,B-
thalassaemia, with a mean life expectancy of about 20
years, creates an even more distressing problem.
Blood supplies are insufficient for the large number

of patients, and the high price of deferoxamine makes
it unavailable to the vast majority. Many patients
develop severe iron overload from gastrointestinal
over-absorption as well as from blood transfusion,

Table 3. Occurrence of the haemoglobinopathies in Thailand

Incidence Annual no. Mean life No. of
Incidence of Major Marriages of affected of affected expectancy living

Trait trait 1%) condition at risk births births (years) patients

a°-thalassaemia 10-15 Hydrops fetalis 1 in 50 1 in 200 5600 0 0

a -thalassaemia
orHbCSa 10-15 Hb H disease plus

ao-thalassaemia 1 in 50 1 in 200 5600 60 336 000

,3-thalassaemia
3-thalassaemia 3-9 major 1 in 220 1 in 885 1260 5b 6 330

HbE 15-50 HbE/f°0-
thalassaemia 1 in 74 1 in 295 3800 20 76 000

Total 1 in 18 1 in 70 16 260

a Hb Constant Spring.
b Coincidental inheritance of an ca-thalassaemia gene often moderates the disease and prolongs life expectancy.
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and finally die from infections. Both types of patients
often need splenectomy and subsequent long-term
treatment with antimalarials and antibiotics; they
may also develop post-splenectomy complications
such as pulmonary microembolism with platelet
aggregates, requiring long-term treatment with
dipyridamole. Though the less severe cases do not
need transfusion, they do need good counselling, but
medical personnel are often too preoccupied with
acute medical problems to be able to provide a good
service for the chronic sick. Management of the less
severe cases of HbE/,B-thalassaemia could be
incorporated into primary health care but specialist
care is needed for the remainder and it will never be
possible to organize a service adequate to cope with
the increasing number of new cases that will present,
as health care continues to improve. Prevention is
therefore the only resort.

Similar problems prevail in Burma, southern

China, Democratic Kampuchea, and the Lao
People's Democratic Republic, and to a lesser extent
in Indonesia, Malaysia, and the Philippines. There
could not be a clearer example of the need to develop
some element of forward planning for the genetic
problems that will be revealed by improved health
care in developing countries. In the absence of such
planning, the evolution of the health services could be
completely blocked by the need to treat large numbers
of patients with chronic genetic disease.

In many countries in Asia, treatment has been
started without taking account of these logistic
factors. It is important for every community where
thalassaemias are prevalent to estimate future
requirements for treatment and prevention and to
plan its policy accordingly. These are the considera-
tions that put (3-thalassaemia in a totally different
bracket from sickle cell disease and tip the balance
firmly in favour of prevention.

COMMUNITY CONTROL OF HEREDITARY ANAEMIAS

Community control of thalassaemia by fetal diag-
nosis has already been established in some areas,
while the use of this approach to sickle cell disease is
still in its early stages.

FETAL DIAGNOSIS

The possibility of a prevention programme follows
from the development of fetal diagnosis. This
depends on the fact that the human fetus synthesizes
approximately 7% of adult haemoglobin from before
8 weeks' gestation so that abnormal ,8-chains are
detectable in fetuses at risk for structural variants,
while reduced (3-chain synthesis is found in ,B-thalas-
saemic fetuses. Most of the haemoglobinopathies can
now be diagnosed during pregnancy from samples of
fetal blood obtained at 18-20 weeks' gestation by
blind placental needling (placentacentesis), or by
fetoscopy. The initial haematological and obstetric
approaches were developed in the USA in 1972-4 but
were rapidly transferred to Europe in 1974-7 when
pilot programmes were started in high-risk popu-
lations in Athens, London (among British Cypriots),
and Sardinia. All the programmes demonstrated that
there is a very high demand for the service among
Mediterranean populations at risk and the bio-
chemical diagnosis can be 98-990/o accurate (15-17).
The obstetric procedures initially carried a 10% risk
of fetal loss, either by intrauterine death or spon-
taneous abortion, and, in the case of fetoscopy, an

increased risk of prematurity. The average risk of
fetal loss has now fallen to 7%o (Fetoscopy meeting,
Athens, unpublished data, 1981) and, in the case of
fetoscopy, the risk can be as low as 3%o with an
experienced operator. We do not know of any fetal
abnormalities attributable to this procedure.

Direct DNA studies on samples of amniotic fluid
can now diagnose fetuses at risk for sickle cell disease
(18, 19) and a limited number of those at risk for
thalassaemia (20, 21). DNA studies can diagnose
many a-thalassaemia disorders, but are probably
unjustified since the important lethal a-thalassaemia
syndrome, hydrops fetalis, can be diagnosed non-
invasively in the second trimester by ultrasound alone
(22; M. Angastiniotis, unpublished observations,
1979).

Despite the fact that the only practical action
possible, following a positive diagnosis, is termi-
nation of the affected pregnancy at about 20 weeks'
gestation, all the European programmes have been
very effective in reducing the birth rate of affected
children.

PROSPECTIVE DIAGNOSIS OF
HETEROZYGOTES FOR THALASSAEMIA

Although fetal diagnosis is now feasible for many
inherited diseases, prospective heterozygote diagnosis
is still not possible for the majority of such condi-
tions. Thus fetal diagnosis can generally be offered
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only to at-risk couples identified retrospectively
because they have produced an affected child. When
the final family size is small, as in most developed
communities, this means that only 18% of all
pregnancies at risk are available for diagnosis, so
though fetal diagnosis can be critical for individual
families, it has little effect on the number of sick
children in the community. However, where families
are large and homozygote life expectancy is short, as
in Asia for example, diagnosis can have a much
greater effect on prevalence.
The situation as regards the haemoglobinopathies

is completely different, since heterozygotes can be
detected prospectively and genetic counselling and
fetal diagnosis can be offered before the start of
reproduction. By 1974, Kaback had already demon-
strated the important difference that prospective
heterozygote diagnosis could make to the birth rate of
homozygotes for Tay-Sachs disease, in certain
communities in the USA (23). The problems involved
in setting up a programme of prospective diagnosis
are completely different from those involved in retro-
spective diagnosis because the condition must be
approached through the whole community, while
retrospective diagnosis can be handled within the
medical establishment.
An optimal preventive programme designed to

control f3-thalassaemia major would include retro-
spective and prospective approaches supported by
fetal diagnosis. Retrospective diagnosis has been used
in the initial stages of most preventive programmes,
followed by the introduction of prospective diagnosis
as a distinct second stage.

Testing strategy

The strategy to be adopted in heterozygote testing
depends on the haemoglobinopathies that are most
prevalent in the community. Many communities
where thalassaemias are common also include indivi-
duals with a significant abnormal haemoglobin (Hb S
or Hb E) trait; groups where Hb S predominates
often include either Hb C or ,B-thalassaemia or both;
and groups where Hb E predominates also include ao_
and 3-thalassaemia. All screening programmes,
therefore, should include simple preliminary testing
for at least two, if not all five of the major haemo-
globinopathies. Prospective diagnosis has such
important implications for the individual's reproduc-
tive life that concordant results by two independent
test methods are desirable, when practicable (e.g.,
raised Hb A2 plus typical microcytosis to diagnose ,B-
thalassaemia trait). The methods of choice differ with
the facilities available. Relatively sophisticated
methods are already in use in developed countries;
their deployment will be described first followed by a
discussion of the possible approaches that could be
adopted in developing countries.

Developed countries. In screening for Hb S, Hb C,
and Hb E traits, cellulose acetate electrophoresis
must be used. In screening for ,B-thalassaemia trait,
measurement of the Hb A2 is the most sensitive diag-
nostic test, but also the most labour-intensive and
expensive method. As a preliminary screening test,
measurement of mean corpuscular haemoglobin
(MCH) or increased osmotic resistance is valuable:
firstly, to pick up ao-thalassaemia trait which also
requires genetic counselling; and secondly, to reduce
the number of Hb A2 estimations to a manageable
figure.

Three possible approaches to screening can be used
depending on the frequency of the haemoglobi-
nopathies in the community and the target group
being screened.

(a) MCH determination, using electronically
measured red cell indices (with Coulter S or Coulter
ZF apparatusb). The normal MCH is 26-33 pg
(26-33 x 10- 12 g); in typical thalassaemia trait it is
17-23 pg. Individuals found positive by this test are
investigated fully as outlined in Fig. 5: those with a
negative result are not investigated further for thalas-
saemia. This approach has now been rigorously tested
in several populations and its specific problems are
well understood. It is highly suitable for use in
developed communities where laboratory haema-
tology is automated and the prevalence of the thalas-
saemias is low. Its most important limitation arises
from the fact that populations where the 3-haemo-
globinopathies are common usually also have a
significant incidence of a-thalassaemia. Coincidental
x-thalassaemia trait reduces the discrimination
between f-thalassaemia trait and "normal", because
a + -thalassaemia trait brings the lower limit of the
MCH "normal" range down to 23-25 pg, while the
coincidence of cx°- or homozygous ca+ -thalassaemia
trait with ,B-thalassaemia trait can raise the MCH to as
much as 25 pg. In addition, the MCH is often
relatively high (up to 26 pg) in some rarer forms of f3-
thalassaemia trait. If a high cut-off point is used to
choose subjects for further investigation, e.g., MCH
less than 27 pg, most heterozygotes for Hb E would
also be detected. However, if this criterion were
applied to a whole population, it would greatly
increase the number of Hb A2 estimations required.
This would be inappropriate in populations with a
low prevalence of ,B-thalassaemia. Hence, usually
only samples with an MCH of less than 25 pg are
investigated further. To minimize errors, the spouses
of subjects shown to carry ,B-thalassaemia trait should
be investigated by more rigorous criteria, as in (c)
below. IfMCH alone is used in preliminary screening
for ,B-thalassaemia, it should be combined with a

b Coulter Electronics Ltd., North Well Drive, Luton, Bedford-
shire, England.
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Fig. 5. Flow-chart for screening for haemoglobinopathies in Sardinia. Where microcytosis alone or osmotic fragility
alone is used as a front-line screen, it is necessary to add a further simple test, such as the sickledex test for Hb S, or
an instability test for Hb E (9).

simple test for any abnormal haemoglobin that occurs
to a significant extent in that particular community
(e.g., the sickledex test for Hb S).

(b) MCHdetermination and cellulose acetate elec-
trophoresis at alkaline pH. As before, all individuals
with microcytosis are investigated fully. The addition
of electrophoresis permits positive identification of
all ,3-thalassaemia carriers with an elevated Hb F
(e.g., 6,-thalassaemia trait) and also Hb Lepore and
the significant abnormal haemoglobins, though some
,3-thalassaemia carriers with a relatively high MCH
may be missed. This is the method usually used in
testing adolescents or young couples in communities
with a high incidence of thalassaemia or Hb S trait.

(c) MCHand electrophoresis and Hb A2 quantifi-
cation. This is the ideal test combination because only
the truly silent ,B-thalassaemia trait (normal A2 (type
2) j3-thalassaemia trait) will be missed and this is prob-
ably unimportant. Such testing is expensive, but
appropriate for communities with a high prevalence
of thalassaemia (e.g., in Cyprus, with 17%o ,3-thalas-
saemia trait). If a cheap method for Hb A2 estimation
could be developed, e.g., immunoelectrophoresis
using a monoclonal antibody, this would be the
approach of choice in all communities.

False negatives can occur in any programme. In
order to reduce their importance, emphasis is placed
on couple-testing, i.e., if one member of a couple has
a typical haemoglobinopathy trait, the other is
examined according to more rigorous criteria. Globin
biosynthesis may be necessary from time to time to
resolve difficult problems.

There are only a few places, such as islands, where
all heterozygote testing can be carried out in a single
expert centre. The more widespread the programme,
the more the general haematology services have to be
involved and the greater the possibility of serious
error. It is therefore of the utmost importance that
laboratories screening for haemoglobinopathies
should participate in a regular quality control pro-
gramme, as organized by the International Society of
Haematology, and should be in contact with a desig-
nated expert centre for referral of difficult cases.
When prospective population screening is planned,

a careful study of each population at risk is needed to
establish the frequency of carriers and the prevalent
types of haemoglobinopathies. This knowledge is
essential in planning laboratory strategy for maxi-
mum efficiency while avoiding an unnecessary work-
load. A decision must be made about whether to
screen the whole population or selected groups such
as pregnant women or engaged couples.
When the whole population is to be screened, or

when the incidence in the community is low, a simple
and inexpensive method (such as MCH estimation or
an osmotic fragility test) is adequate for initial screen-
ing, provided that the partners of all positive subjects
are studied carefully. However, most prevention pro-
grammes operate by screening a selected population
of couples of reproductive age. For instance, in
Greece the emphasis is on premarital testing, in
Sardinia on the testing of young married couples, and
in Cyprus and the United Kingdom pregnant women
are screened in the antenatal clinics. When a selected
high-risk group is screened, the diagnosis must be as
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accurate as possible. Though the diagnosis of most
heterozygotes is quite simple, achieving accurate
diagnosis in all cases may be exceedingly difficult and
globin biosynthesis studies may be necessary. If only
one member of each couple is tested in the first
instance for reasons of economy, neither false nega-
tives nor false positives can be accepted so the most
rigorous approach must be applied from the start.
Fig. 5 summarizes the ideal strategy for use in
developed communities.

Developing countries. Thalassaemia screening
programmes in developing countries should start
with retrospective diagnosis of couples who have
already produced an affected child, as this permits
clarification of diagnostic problems in obligate
heterozygotes. The results can then be extended pros-
pectively to the whole community. Retrospective
identification depends on the correct diagnosis of
homozygotes. Homozygotes for 3-thalassaemia and
HbE/3-thalassaemia can be diagnosed clinically by
failure to thrive, with hepatosplenomegaly, dark
urine, and increased osmotic resistance of the red cells
in both parents (or only one in the case of HbE/,-
thalassaemia). The urinary pigments are dipyrroles,
and a simple test for their detection would be useful.
The diagnosis could be confirmed by finding HbF-
containing cells in a Kleihauer-Betke preparation
(24). Women carrying a hydropic fetus might also be
identified by the onset of pre-eclampsia and by the
demonstration of increased osmotic resistance in the
red cells of both parents.
The conditions prevailing in many developing

countries mean that iron deficiency may be the most
common cause of severe microcytosis. Prospective
heterozygote diagnosis in these areas should therefore
be associated with screening for nutritional and para-
sitic anaemias. Prospectively, most heterozygotes for
i3-thalassaemia and ao-thalassaemia can be identified
by a one-tube osmotic fragility test (25), a cheap and
simple method that may well be suitable for use in
developing countries. In Ferrara, a uniformly ,B° area
with a low incidence of a-thalassaemia trait, no ,B-
thalassaemia heterozygotes were missed in an
extremely simple test in which one drop of blood was
aspirated into the bulb of a haematological pipette
containing 3.5 g/litre sodium chloride solution, and
examination of a blood film under the microscope (C.
Vullo, personal communication, 1982); however, 4Wo
false negatives were found using this technique in
Greece (26).
The glycerol lysis time, a slightly more sophisti-

cated form of osmotic fragility test, might prove more
accurate (27, 28). This also picks up ac-thalassaemia
trait, about 70% of people with Hb E trait, and
many cases of iron deficiency, all of which need
further investigation. The method should now be

tested in the field and on specific groups known to
cause problems in diagnosis by MCH estimation,
particularly those with a possibility of aoi,-thalas-
saemia trait coincidences. It may also be useful
in screening for Hb C trait. Hb E heterozygotes may
be detectable by a simple haemoglobin instability
test (29), and Hb S by a simple sickling test.

Errors can be minimized by screening both mem-
bers of a couple: where both results are positive or
dubious, blood samples should then be investigated
further at a specialist centre. The importance of
quality control for all diagnostic methods cannot be
over-emphasized.

Approach to the target population

The strategy for prospective control of thalas-
saemia major should be planned on three levels:
(1) sensitization and involvement of the population
(health education); (2) identification of the couples
at risk; and (3) counselling. The effectiveness of
campaigns for the control of thalassaemia should be
monitored by thorough follow-up of heterozygote
couples and careful recording of the residual homo-
zygote birth rate.

Sensitization and involvement of the population
It is essential to refrain from publicizing a prospec-

tive control programme before adequate facilities are
available to meet the demand for screening and
antenatal diagnosis. Any expansion of the edu-
cational programme requires careful calculation of
the increased workload and the required expansion of
laboratory facilities.
The educational programme should include the

following:
(a) Consultation with, or formation of, parents'

associations and other voluntary organizations,
which are extremely useful in community education
and informal genetic counselling.

(b) Meetings with community leaders to inform
them of the nature of the programme, enlist their co-
operation, and receive their advice.

(c) Meetings with physicians, particularly paedia-
tricians and obstetricians, family planning associ-
ations, nurses, and social workers to discuss the best
possible approaches.

(d) Introduction of formal education on the
inherited anaemias into the school curriculum.

(e) Presentation of the programme to the general
public by means of television, radio, newspapers,
information booklets, and posters. Intensive pub-
licity campaigns are appropriate in high-incidence
areas, but a lower profile should be adopted where the
diseases are less common.

(,f) Information leaflets on where and how to
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report for examination should be made available to
prospective couples, e.g., at marriage registry offices,
general practitioners' offices, and family planning
clinics. It is essential to specify the groups that are
eligible for screening to avoid overburdening the
service and disappointing people who request, but do
not obtain, testing.

Clearly, all these components must be adjusted to
the cultural values and religion of the population.
Primary health care workers and paramedical staff
have a major role to play in the realization of the
programme. Simple leaflets should be made available
to all health care workers, emphasizing three main
points:

(a) heterozygotes are at no disadvantage;
(b) the homozygous state is chronic, expensive,

and painful to treat and may eventually be fatal
(depending on the treatment facilities available);

(c) the homozygous state can be prevented without
danger to the mother.

In most genetic conditions, a major source of
suffering is misinformation of individuals by un-
educated health workers. For this reason, global
education of all medical and paramedical staff should
be attempted.

Identification of couples at risk and counselling
The target group should be primarily prospective

parents, as they constitute the population at immedi-
ate risk. There is no single optimal way of encour-
aging them to seek testing, since circumstances differ
so much between communities. So far, the com-
munity approach has been studied only in high-inci-
dence areas of Europe and the Mediterranean. All the
above approaches to informing the general popu-
lation have been used, so as to allow individuals or
couples to request testing when they are best prepared
to absorb the information, e.g., at marriage or when
planning a family. In the United Kingdom and
Cyprus, emphasis has hitherto been placed on testing
pregnant women, though this is recognized as un-
desirably late. In Greece and Italy, young couples are
encouraged to request screening prior to marriage or
conception, while in the north of Cyprus, engaged
couples are required by law to produce a certificate of
testing before they can be married. This has so far
caused no problems since enactment of the law was
preceeded by an educational campaign, the results of
testing are confidential, no pressure is put on couples
of heterozygotes not to marry, and fetal diagnosis is
available. Ultimately it may prove desirable to offer
testing at an earlier age, for instance to adolescent
schoolchildren. Inductive screening (of relatives of
affected children) is also an efficient way of identi-
fying carriers and could be of particular value in

developing countries and areas where there is a con-
vention of marriage between cousins. Screening of
army personnel has not proved very successful as the
examinees are rarely in the frame of mind to absorb
and use the information; however, it has been noted
that young single women were markedly more recep-
tive than young single men.

All mandatory measures directed towards preven-
tion of thalassaemia by restricting the freedom of
choice of individuals should be discouraged as they
produce negative results (7). Blood samples for test-
ing should be taken efficiently, under clean
conditions and in the most convenient way for the
subject, e.g., at evening clinics or during holidays. In
rural areas, mobile units visiting small communities
are extremely valuable in reaching as many couples as
possible. Expert counselling for couples with the
common genotypes of thalassaemia can be given by
trained social workers, as the explanation of the
genetics is simple. However, when the subject is
already pregnant, or in the case of rare genotypes or
complex combinations, an expert member of the staff
must be directly involved. Counselling should be non-
directive and should include all available options
(birth control, fetal testing, adoption, and artificial
insemination by donor). Information about antenatal
diagnosis should be as complete as possible and
should cover the procedure and the associated risks;
an explanatory leaflet with pictures is very helpful.

Results ofprevention programmes

Earlier attempts to control thalassaemia were not
effective, since they tried to decrease the birth rate of
homozygotes by altering the marriage behaviour of
heterozygotes. No screening programme has ever
been shown to modify marriage patterns. However,
the introduction of fetal diagnosis provided a new
solution because it allowed conventional marriage
behaviour with the possibility of modifying reproduc-
tive behaviour. The pilot studies in European and
Mediterranean centres have shown that this form of
control can be highly effective. For instance, the
number of newborns with thalassaemia major has
decreased by about 60%7 in the Cypriot, and 2007o in
the Asian, communities in the United Kingdom; by
6007o in southern Sardinia (9) and by 9007o in Ferrara
in Italy (30); by about 50%1o in Greece (31) and by 70%o
in Cyprus (7); these data are summarized in Table 4.
In addition, no adverse effects such as stigmatization
or abnormal psychological reactions have been
observed among the heterozygotes after proper coun-
selling, while couples at risk have resumed reproduc-
tive behaviour which had previously been constrained
(12). These data are examined in more detail below.

Table 5 summarizes the effects of introducing
genetic counselling followed by fetal diagnosis in the
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Table 4. Changes in the incidence of thalassaemia major
in newborns, associated with the introduction of pre-
vention programmes in Cyprus and Italy

Incidence of thalassaemia (per 1000 births)

Southern Ferrara Southern
Year Sardinia region Cyprus

1970 - 1.56 -

1971 - 1.79 -

1972 - 1.42 -

1973 - 1,04 -

1974 - 1.02 5.94

1975 - 1.14 5.85
1976 4.69 0.99 3.66

1977 3.89 1.05 3.70

1978 3.59 0.56 2.18

1979 1.57 0.0 1.74

1980a 1.05 0.33 1.25

a Figures for 1980 are estimates because the total number of
births is not yet available.

Ferrara region of north-east Italy (30), and illustrates
three important points.

(1) When contraception was not freely available
(1970-71), genetic counselling had no influence on the
affected birth rate.

(2) In line with the introduction or more wide-
spread use of contraception, there was a 390o drop in
the general birth rate from 1972 to 1979, as in the rest

of Italy. There was an additional 34%7o fall in the
thalassaemia major birth rate, as people acquired the
means to respond to genetic counselling by limiting
reproduction.

(3) The introduction of antenatal diagnosis was
associated with near disappearance of the disease.

Table 6 shows corresponding figures for Cyprus.
The 20%o reduction in the homozygote birth rate
found in the years 1974 and 1975 was no doubt due to
the fact that Cypriot couples, once having delivered a
thalassaemic child and having been advised of the 1 in
4 risk of having another in each subsequent preg-
nancy, almost ceased further reproduction. Prospec-
tive heterozygote screening and genetic counselling of
pregnant women were started in 1976, and in 1977
couples at risk began to be sent to the United
Kingdom for fetal diagnosis. This counselling, with
the promise of future help, led to a 5007o reduction in
the birth rate of homozygotes. Many of the women
who were already pregnant terminated the pregnancy,
and many postponed conception until the fetal diag-
nosis service would be available in Cyprus. Initially,
restraint in reproduction made the greater contri-
bution to the fall in the birth rate of affected children
and, though by 1979 the contribution of fetal diag-
nosis was rising, it still did not equal the effect of
restraint in reproducing. It will be interesting to
follow the trends since the introduction of fetal
diagnosis in Cyprus in May 1981.

Antenatal diagnostic centres for haemoglobi-
nopathies now exist in Australia, Cyprus, France, the
Federal Republic of Germany, Greece, Israel, Italy,
the United Kingdom, and the USA, and similar
results have been observed in all these countries,

Table 5. Effects of screening, counselling and fetal diagnosis on the incidence of thalassaemia major in Ferrara,
northern Italy'

Thalassaemia major births
Phase Years No. of births

No. expected No. found % reduction

Screening and counselling: 1970-72 15 035 24 24 0
no contraception

Screening and contraception: 1973-76 18 057 29 19 34
no fetal diagnosis

Introduction of fetal diagnosisb 1977-78 7 341 12 6 50

Screening, contraception, and
established fetal diagnosis 1979-80 6 118c 10 1d 90
service

aTaken from Barrai & Vullo (30).
bUntil October 1980, fetal diagnosis was available only by going to London or Munich.
cEstimated figure.
d The mother of this child had refused fetal diagnosis.
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Table 6. Effects of counselling and fetal diagnosis on the incidence of thalassaemia major in Cyprusa

Thalassaemia major births Homozygous fetuses aborted

Phase Year No. of births No. expected No. found % reduction No. % of expected
affected births

1974 8 594 64 51 20 0

1975 8 039 59 47 20 0

Prospective
genetic counsel- 1976 9 295 69 34 50 0
ling started

Fetal diagnosis 1977 9 188 68 34 50 3 4
startedb

1978 9 644 71 21 70 6 9

1979 10 372 77 18 77 18 23

Taken from Angastiniotis & Hadjiminas (7).
b Until May 1981, fetal diagnosis was available only by going to Athens, Jerusalem or London.

regardless of official, religious, or cultural attitudes.
Further studies are needed of the psychological and
social effects of these programmes.

Future perspectives in fetal diagnosis
A simplification of existing obstetric methods is

needed. Replacement of fetoscopy by the simpler
amniocentesis, with diagnosis by restriction-enzyme
analysis of fetal DNA, would be an important ad-
vance for developing communities because it would
greatly increase the number of obstetricians able to
perform fetal sampling. Unfortunately, amniotic
fluid cell culture is often required before a diagnosis
can be made in this way. However, it is possible that
mid-trimester diagnosis may be replaced in the near
future by first-trimester diagnosis using DNA
methods combined with early trophoblast sampling.
This approach, which is under development in China,
the United Kingdom, USA, and USSR (32-36) would
be a major advance in making diagnosis and early
termination of affected pregnancies feasible and
acceptable for large numbers of people in developing
countries. Nevertheless, one specialist centre in each
region should have the facilities to apply all available
methods, because some diagnoses will not be possible
by DNA techniques, and some patients will present
too late for anything but fetal blood sampling.

SICKLE CELL ANAEMIA PROGRAMME

It is debatable whether much effort should be

deployed on sickle cell anaemia prevention pro-

grammes when relatively simple measures can lead to
great improvement in the survival and quality of life
of homozygotes. The approach adopted will vary
according to the degree of advancement and the cul-
tural attitudes of the community concerned. For
instance, in Africa the family unit is of the first impor-
tance, large families are the norm, the population is
predominantly rural, and many have religious or
cultural objections to termination of pregnancy.
Therefore, a simple approach to treatment is likely to
be preferable to advanced methods of prevention
culminating in mid-trimester abortion of affected
fetuses. Fetal diagnosis is likely to be introduced in-
itially into African university centres on a pilot basis
so that its future usefulness in Africa can be assessed.

Diagnosis and basic care for homozygous children
should be incorporated into the developing medical
programmes. Ideally this should be based on prospec-
tive identification of couples at risk of producing
homozygous children, so that a neonatal diagnosis
can be made and optimal care offered from the out-
set. This may be the most important component of a
programme since much evidence points to high
mortality in the first two years of life. Given the exist-
ing situation, the following three approaches to this
strategy are possible, and all three should be imple-
mented and monitored simultaneously:

(1) Through rural health centres. One of the most
important tasks of the small rural health units is
screening for anaemia. A test for sickle cell hetero-
zygotes should be incorporated into the routine so
that each centre acquires a picture of the distribution
of heterozygotes in its district; simple genetic counsel-
ling should be given by trained staff. The social
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effects of transmitting such knowledge in the pre-
vailing cultural conditions should be carefully
observed. Reliable information should be given in
schools and in all health education courses. While
each country should decide its own policy, consider-
ation should be given to determining the best way
of providing the necessary public education, e.g.,
through leaflets, video tapes, and films, and to en-
couraging the formation of patient and parent organ-
izations where heterozygous individuals can learn
about the implications associated with the homo-
zygous state, as this is the only way to avoid unneces-
sary anxiety and misunderstanding.

(2) In pregnancy. A majority of African women are
not seen by a doctor during pregnancy, but it is hoped
that this situation will change gradually. There are
strong indications for blood tests for anaemia in preg-
nancy, and a sickle test should always be incor-
porated. When an AS woman is detected, the
husband should also be tested if possible, and in every
case the neonate should be tested. The main compo-
nent of the programme would be aimed at providing
adequate and accurate diagnostic facilities and
counselling.

(3) Through family-spacing clinics. At present,
only a minority of the African population avail them-
selves of family-spacing clinics. This is the obvious
place to provide genetic screening and counselling
before conception and an attempt should be made to
incorporate them into their routine services.

Finally, at least one fetal diagnosis pilot scheme
should be set up in a developing country where it
might now be socially acceptable, for instance in the
Caribbean region. This is especially desirable in view
of the probability of first trimester fetal diagnosis in
the near future. When an acceptable approach is
found, it can probably eventually be applied in
Africa.
The same recommendations on management hold

for south-west Asia, the United Kingdom, the USA,
and the West Indies. In developed communities, pri-
mary emphasis should be on providing optimum
control of the disease with no cost to the patient, and
on educating affected individuals and the community
at large on the meaning of the heterozygous and
homozygous states so that stigmatization is avoided.
This type of education demands the formation of
associations of heterozygotes and homozygotes con-
cerned with caring for the interests of their group. In
advanced countries, couples at risk should be offered
a complete choice of options including fetal diagnosis
by whatever technique is currently available. In order
to have time to consider these options properly, it is
preferable that they should learn of their hetero-
zygous status before entering marriage or starting
reproduction.

THE ROLE OF COMMUNITY INVOLVEMENT

Associations of parents and patients are
particularly important in genetic diseases. All the
existing thalassaemia control teams have found that
parents' associations are capable of mobilizing sub-
stantial reserves to assist the programme, either by
producing and distributing information, raising
funds, organizing appeals for blood donors, exerting
political pressure, or acting as an information and
informal genetic counselling network. Many people
who have been diagnosed as thalassaemia hetero-
zygotes contact the local parents' association for
more information and are often glad to offer assis-
tance when they can. Any population with a high inci-
dence of hereditary anaemia therefore contains a
large resource of potential voluntary assistance which
can be tapped through an association of patients'
families.

Parents' associations are a product of optimism-
they arise when it becomes apparent that there is
realistic hope for their children. Thus the first step in
harnessing community help is to try to raise the chil-
dren's quality of life by improving the transfusion
scheme. Thalassaemia associations in Cyprus have
had great success in increasing voluntary blood
donation, providing not only all the blood required
for optimal care of thalassaemic patients but contri-
buting to the needs of the rest of the community as
well. The second step is to hold out some long-term
hope by attempting to introduce effective iron che-
lation therapy, and other positive treatment. If fetal
diagnosis is initiated simultaneously, it becomes
easier to adopt aggressive treatment because the final
number of patients will be limited. There are thus
many strong indications for integrating treatment and
prevention into thalassaemia control programmes.

EFFECTS ON THE GENERAL MEDICAL SERVICE

In addition to decreasing mortality and morbidity
due to the haemoglobinopathies, a well organized
hereditary anaemia programme can reinforce existing
approaches to basic health care in many ways. In
general, the diagnosis and treatment of all kinds
of anaemia, including nutritional and parasitic
anaemias, is improved; the associated health edu-
cation leads to improvement in infant nutrition, ante-
natal care, and family planning; rationalization of the
blood transfusion service increases its efficiency and
makes more blood available for other conditions,
while the formation of family associations recruits a
major non-medical resource into the primary health
care system. Finally, the introduction of molecular
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biology techniques into developing countries will
open the way to their exploitation in other fields.

THE ROLE OF INTERNATIONAL COLLABORATION

Like other aspects of public health, national heredi-
tary anaemia prevention programmes should be
designed as a comprehensive government service
equally available to all, regardless of income or social
class. There are strong reasons why international
collaboration is needed. The programme depends on
the introduction of advanced technology into devel-
oping countries and so staff must be trained to a high
level and given regular opportunities to update their
approach. Both prospective heterozygote detection
and fetal diagnosis require a consistently high stan-
dard of practice; the consequences of misdiagnosis of
heterozygotes or of homozygous fetuses are poten-
tially so serious that all groups need the support of an
international system of quality control.
Many of the resources needed for public education

such as films, booklets, and video tapes could usefully
be shared. A final high priority is regular contact
between the working groups themselves for exchange
of information on new methods, consultation on
difficult problems, and to provide the stimulation
necessary to maintain an effective programme.

It is therefore proposed that a network of collab-
orating research and training centres should be estab-
lished, with the following objectives:
- To define the geographical areas where heredi-

tary anaemia may represent a priority health problem

and to assist in setting up the relevant prevention and
treatment programmes;
- To monitor the results of such programmes;
- To develop new approaches and disseminate

information on scientific and technical advances in
the field, including those suitable for use in develop-
ing countries, particularly in the fields of collecting
population data and defining different types of genes
and the importance of genetic interactions in modify-
ing the diseases; increasing the effectiveness of
voluntary blood donation programmes; development
of drugs for sickle cell disease and iron overload;
simplification of methods of antenatal diagnosis;
encouraging the centralized production and distri-
bution of specialized equipment and materials;
- To coordinate the production and dissemi-

nation of leaflets, video tapes, films, etc., for public
education;
- To organize a quality control programme;
- To offer training in appropriate methods of

treatment and control.

Hereditary anaemia programmes initiated with the
assistance of this network should interact with estab-
lished primary health care systems and should:
(1) establish an association of affected families, in
order to integrate the programme into the com-
munity; (2) treat patients; (3) educate the patient
and family, auxiliary staff, the general public,
and physicians; (4) organize population screening;
(5) carry out fetal diagnosis, when appropriate;
(6) establish contacts with other centres (both more
and less developed); and (7) identify suitable areas for
extension of the programme and promote increased
awareness of the problem in these areas.

RECOMMENDATIONS

In view of the considerable and growing health
burden of hereditary anaemias on a global level, the
existence of new diagnostic techniques for the detec-
tion of gene carriers and fetal monitoring, and recent
advances in management of the diseases, it is recom-
mended that a haemoglobinopathy control pro-
gramme should be considered as an integral compo-
nent of national health strategy wherever the diseases
are prevalent. Further data on the occurrence of these
diseases should be collected in many parts of the
world, including some areas of the Mediterranean
and South America.

Further information on the natural history of sickle
cell disease in various communities and environments
is needed to provide a firm basis for adapting manage-

ment strategy to ensure the best prognosis. Screening
of groups at risk should be integrated with routine
checks for nutritional and other anaemias at the
primary health care level or during pregnancy, and an
effort should be made to provide early neonatal
diagnosis and protection of homozygotes from the
outset. In view of the lack of data on the effect of
environmental modification on the course of sickle
cell disease, and the limitations of existing methods of
fetal diagnosis, a widespread programme aimed at
prevention of sickle cell anaemia is not yet considered
appropriate.

In contrast, the costs of running a prevention pro-
gramme for the thalassaemias are trivial compared
with the financial and social implications of a high
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incidence of the diseases. Therefore, in all com-
munities where thalassaemias are prevalent, preven-
tion by fetal diagnosis should be organized in parallel
with treatment and integrated into health services.

In initiating a strategy to control the thalassaemias,
fetal diagnosis should be offered first to retrospec-
tively detected couples. A community programme of
prospective heterozygote diagnosis and counselling
should follow a successful retrospective approach as a
distinct second phase.
The recommended laboratory strategy for popu-

lation screening should be adapted to local conditions
on the basis of an initial study of carrier frequency
and the prevalent types of haemoglobinopathy. A
simple osmotic fragility test is suitable for initial mass
screening for thalassaemia, and should be followed
by definitive diagnosis of positive cases. Regular
quality control is needed both for implementing and
evaluating the programme.

Popular education programmes and community
involvement are a key priority in the implemen-
tation of hereditary anaemia control programmes,
particularly in developing countries. The approach to
prospective heterozygote detection in the target
population will necessarily differ according to local
cultural factors. It may be conducted through public
education, local marriage registries, and family
planning clinics. It is essential not to publicize hetero-
zygote screening programmes until facilities are
adequate to meet the demand for screening and fetal
diagnosis.

Further research is strongly indicated for the devel-
opment of techniques for first trimester fetal diag-
nosis of haemoglobin disorders, and for understand-
ing the social aspects of population screening and
fetal diagnosis.
As haemoglobinopathy control programmes repre-

sent a new type of public health initiative, they should
be centrally coordinated through an international
working group and a network of collaborating re-
search and training centres, to provide necessary guid-

ance and assistance in formulation, implementation,
quality control, and evaluation of results.
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