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Beta-thalassemia in Mediterranean countries.
Findings and outlook

Beta-talasemia en los paises mediterrdneos. Adquisiciones y perspectivas

Gil Bellis!”
Alain Parant?

Abstract

Beta-thalassemia is one of the most common genetic disorders among humans. It occurs in many
world regions, but the highest levels are recorded in the Mediterranean countries. This study reviews
the epidemiology of B-thalassemia in these countries, as well as their resources for fighting the disease,
and establishes an outlook on the trends in the pathology between now and 2050. The epidemiological
parameters are based on information from specialised databases, while the outlook is derived from the
global population forecasts of the United Nations. With an incidence rate at birth of 15.9 cases per
100,000 newborns, the Northern coast of the Mediterranean is the least impacted and has significant
health infrastructures; the number of newborns concerned could decrease by 2050. The incidence rate on
the Eastern Mediterranean coast, where numerous prevention programmes are available, is twice as high,
at 31.4 per 100,000 newborns; over the next 30 years, the number of new cases at birth could increase.
The incidence rate on the Southern Mediterranean coast is highest, at 36.8 per 100,000 newborns, and
the region continues to suffer from a shortage of health infrastructures; the number of new cases at birth
could increase considerably in the region between now and 2050. These long-term projections are based
on population growth in the Mediterranean countries and will be changed only by the widespread use of
antenatal practices against -thalassemia. The findings of this study could enable the countries concerned
to adapt their healthcare policies.

Keywords: Mediterranean countries; beta-thalassemia; incidence; prevalence; demographic outlook.

Resumen

La beta-talasemia es una de las enfermedades genéticas mas comunes en el género humano; estd
presente en casi todo el mundo pero alcanza sus niveles mas altos en los paises mediterraneos. Los ob-
jetivos de este estudio son realizar un balance de la epidemiologia de la enfermedad en dichos paises, de
los medios de control de que disponen, para luego realizar perspectivas de la evolucion de esta patologia
de aqui al afio 2050. Los parametros epidemioldgicos se construyeron a partir de informacion obtenida
de bases de datos especializadas; las perspectivas se establecen a partir de las previsiones de la poblacion
mundial elaboradas por las Naciones Unidas. Con una tasa de incidencia al nacimiento de 15,9 casos
por 100.000 recién nacidos, los paises del norte del Mediterrdaneo son los menos afectados y disponen
de infraestructuras sanitarias importantes; el niamero de recién nacidos enfermos podria disminuir para
2050. Los paises del este del Mediterraneo estan afectados casi dos veces mas (31,4 por 100.000) pero
cuentan con numerosos programas de prevencion; en los proximos 30 anos, el niumero de casos nuevos
al nacer podria aumentar. Los paises del sur son los mas afectados (36,8 por 100.000) y siguen estando

1 Institut national d’études démographiques, France. bellis@ined.fr. * Corresponding author
2 Futuribles International, France. aparant@futuribles.com

Received: 02/17/2021. Accepted: 07/29/2021. Published in press: 10/21/2021.
This work is published under a license Creative Commons Attribution 4.0 International License.

© Gil Bellis, Alain Parant


https://www.investigacionesgeograficas.com/user/setLocale/en_US?source=/index
https://iig.ua.es/en
http://iig.ua.es/
https://www.ua.es/en
https://doi.org/10.14198/INGEO.19079
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8879-8605
mailto:bellis@ined.fr
mailto:aparant@futuribles.com

Bellis, G. and Parant, A.

mal equipados en infraestructuras sanitarias; el niamero de nuevos casos al nacer podria aumentar signi-
ficativamente hasta 2050. Estas perspectivas a largo plazo estan ligadas al crecimiento demografico de la
cuenca mediterranea y solo se verian modificadas por la generalizacion de las practicas antinatales contra
la B-talasemia. Los resultados de este estudio podrian permitir a los Estados implicados llevar a cabo las
acciones de salud adecuadas.

Palabras clave: Paises mediterraneos; beta-talasemia; incidencia; prevalencia; prevision demografica.

1. Introduction

Thalassemias are genetic diseases characterized by a deficit in the production of hemoglobin, the
protein contained in red blood cells that transports oxygen in the bloodstream. The disease is qualified as
a-thalassemia or B-thalassemia depending on whether the anomaly results from a defect in the synthesis
of the alpha (o) chains or beta (B) chains making up the protein. This study will focus solely on the latter,
owing to its frequency and severity.

The synthesis of the 8 chains of human hemoglobin is controlled by a gene located on chromosome 11,
mutations of which make it defective and non-functional (Cao and Galanello, 2010). The transmission of
the gene corresponds to arecessive hereditary mode leading to one of three situations: the two chromosome
11s of an individual's genome both contain a non-mutated gene, in which case the individual is not
affected (healthy homozygous); one of the two chromosomes contains a mutated gene, in which case the
individual is not ill but a carrier (healthy heterozygous); or both chromosomes contain a mutated gene,
in which the individual has B-thalassemia (diseased homozygous).

B-thalassemia is one of the most common genetic disorders among humans. It mainly occurs in the
Mediterranean countries but is also found in the Middle East, West Africa, India, and South-East Asia.
The total number of individuals with B-thalassemia is unknown. This lack of knowledge can be attributed
to the existence in some countries merely of patient registers and, above all, to early mortality occurring
before the disease is diagnosed among children with the most severe cases, the number of children born

with B-thalassemia every year having been estimated at 60,000 worldwide (Angastiniotis and Lobitz,
2019).

Symptoms vary among individuals. Those with major and intermediate forms of B-thalassemia suffer
from severe anaemia (Cooley’s anaemia), growth disorders and febrile illnesses occurring from the first
year of life. To offset the lack of hemoglobin, bone-marrow activity is overstimulated, leading gradually
to an enlargement of the liver (hepatomegaly) and the spleen (splenomegaly). If these symptoms go
untreated, they generally result in death before the age of five (Galanello and Origa, 2010). Various
treatments are available according to the patient’s age and the severity of the disorder. These include
regular blood transfusions in the most common cases; the removal of the spleen (splenectomy) where
transfusion requirements become excessive; bone-marrow transplants, which have lasting therapeutic
effects but require grafts by experienced medical specialists from a non-affected and compatible family
member (Higgs, Engel and Stamatoyannopoulos, 2012; Weatherall and Clegg, 2001). Despite their efficacy,
repeated blood transfusions lead to an excessive accumulation of iron, though this may be addressed
through regular doses of iron chelators (Ceci, et al., 2006). Substantial resources are harnessed to treat
B-thalassemia, a UK study having estimated that the cost of complete life-long treatment is between
€210,000 and €250,000 (Karnon, et al., 1999).

The persistence of what is a lethal disease can be explained by two factors (De Sanctis, et al., 2017).
The first is the positive selection of heterozygous individuals against malaria. The slight decrease in the
globulin levels of these patients (microcytosis) lends them a certain degree of resistance against the de-
struction of red blood cells caused by the malaria parasite, plasmodium (Allison, 2009; Flint, Harding,
Boyce and Clegg, 1998). It has been established that the clearing of forests and savanna starting in the
Neolithic period for the purposes of agriculture and livestock farming created ecological conditions fa-
vourable to the proliferation of plasmodium. In response to this environmental pressure, natural selection
retained the genetic variations ensuring reproductive advantages to certain individuals. This gradually
led to today’s situation, whereby in malaria-impacted areas heterozygous individuals survive but, in the
event of union with another heterozygous individual, have a 25% risk on each conception of giving birth
to a diseased homozygous child. The second factor is the consanguinity corresponding to the reproduc-
tion in a population of couples in which both members share one or more common ancestors. These
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unions are based on cultural traditions and concern around 20% of the world population, the highest
consanguinity rates being observed in North Africa and the Middle East, where the proportion of con-
sanguine marriages stands at 30% to 40% in rural or disadvantaged areas (Bener and Mohammad, 2017,
Bittles, Mason, Greene and Rao, 1991; Tadmouri, et al., 2009). Consanguinity doubles the risk of genetic
anomalies, from 2% to 3% for non-related individuals to 4% to 5% for a couple of first cousins. The re-
cessive hereditary mode alone is related to the increase in this risk. A genetic mutation that is rare among
a population has a high probability of existing in two parents where they have one or more common an-
cestors, and the child of such a couple may be homozygous diseased as a result of inheriting two copies
of the same ancestral mutation.

Given the prevalence and severity of B-thalassemia and the cost of treatment, the World Health
Organization (WHO) recommends a prevention-based approach (WHO, 2005). Aimed at preventing the
birth of diseased children, this strategy combines several methods (Godard, Kate, Evers-Kiebooms and
Aymé, 2003), including genetic advice, to inform heterozygous couples of the risks for their offspring;
prenatal diagnoses, to identify the genetic anomaly at the foetal stage and enable the voluntary termination
of the pregnancy; and pre-implantation diagnoses, to detect the genetic anomaly in the embryonic stage
and enable the elimination of the affected embryos. Prevention has proven effective in Mediterranean
countries strongly impacted by the disorder and which have opted for the approach, among them Cyprus,
Greece, and Italy (Cao, Rosatelli, Monni and Galanello, 2002).

Addressing the multiple aspects of B-thalassemia and the health and socio-economic difficulties in-
volved for the countries concerned, this study focuses on one of the most affected geographical regions,
the countries on the Mediterranean coast. Our aim is to review, on the basis of carrier prevalence, the
incidence rates of the disorder in these countries and the medical resources at their disposal. We then
draw on a comparative approach to establish a long-term outlook on the possible trends in the disease
consistent with population growth in the Mediterranean Basin. The aim with our findings is to direct the
attention of the health authorities to a number of public health challenges likely to be posed in the future.

2. Methodology

The countries included in the study have a Mediterranean coastline. They belong to three groups:
the European coast (or Northern coast), comprising Spain, France, Italy, Malta, Slovenia, Croatia, Bos-
nia and Herzegovina, Montenegro, Albania, and Greece; the Asian coast (Eastern coast), composed of
Turkey, Cyprus, Syria, Lebanon, Israel, and the State of Palestine; and the African coast (Southern coast),
comprising Egypt, Libya, Tunisia, Algeria, and Morocco. Gibraltar and Monaco (Northern coast) and
the autonomous Spanish cities of Ceuta and Melilla (Southern coast) have been excluded for reasons of
statistical consistency.

For each country, the data on the epidemiology of B-thalassemia (prevalence and incidence), health
services and monitoring tools (special medical centres, availability of blood transfusion and iron chelators,
existence of patient registers) and prevention systems (existence of national or regional programmes)
come from specialized databases: IthaGenes (Kountouris, et al., 2014), the data of which, published
internationally on the genetics, clinical trials and epidemiology of haemoglobinopathies, are regularly
archived by an expert curator groups’; and CTGA database (Tadmouri, Al Ali, Al Haj Ali and Al Khaja,
2006), the genetic, clinical and epidemiological data of which concern the Arab world more specifically.
These data were cross-referenced and checked with data from journal articles (Al-Gazali, Hamamy and
Al-Arrayad, 2006; Alwan and Modell, 2003; Modell and Darlison, 2008). Missing data (incidence rates
unavailable for some countries) were supplemented through the assumption of equivalent epidemiological
rates with the closest countries on the same coast. The demographic data (population, crude birth rates)
come from the latest forecasts of the United Nations Population Division (United Nations, 2019). To
annualize all these data, the crude birth rates, initially provided per five-year period, were smoothed in a
linear manner to obtain the most regular variations possible.

For each country, an epidemiological parameter and an estimated margin of error for the parameter
were determined on the basis of previous data (number of new cases, average population size exposed):

3 The IthaGenes haemoglobinopathology collection method is uniform and systematic for all countries.

Investigaciones Geograficas, in press. 3



Bellis, G. and Parant, A.

- the incidence rate at birth on an annual basis, equal to the ratio of diseased newborns to the total
newborns in a given year:

77 = Nm
N
- the 95% confidence interval of the incidence rate at birth:

N
IC 95% = [TI — 1,96 X SD; TI + 1,96 x SD] where SD = N—T;l
For each country, a projection of the sub-population of diseased newborns was derived from the ave-
rage variant of the United Nations forecast. The process consisted in applying, for each year, the incidence
rate at birth of 2020 to the annual number of births forecast by the United Nations through 2050:

Nmyg = Tlyoz0 X N, Va € [2020;2050]

The forecasts thus established for each country can be used to estimate the proportion of diseased
newborns out of the total number of births, taking account solely of the demographic trends likely to
occur through to the end of the period under review.

For reasons of statistical significance, the comparisons concerned the country groups (European, Asian
and African coasts) and their incidence rates at birth with 95% confidence intervals in 2020 and 2050.

3. Results
3.1. A review of B-thalassemia in the Mediterranean in 2020.

In 2020, the population of the 21 Mediterranean countries under consideration in this paper was
522 million. The African coast is the most populous, accounting for 38.7% of the total, followed by the
European coast (37.6%) and Asian coast (23.7%).

The number of B-thalassemia heterozygous individuals, i.e. those at risk of giving birth to diseased
homozygous individuals, is 17.1 million, for a carrier prevalence of 3.3%. For the entire geographic
region under review, prevalence is distributed according to a gradient (Figure 1), where the proportion
of carriers is 3.0% on the European coast (the highest being in Albania (5.0%), Italy (6.0%) and Greece
(8.1%)), 3.2% on the Asian coast (the highest rates being in Syria (5.0%), Israel (6.0%) and Cyprus (a
full 12.0%)), and 3.6% on the African coast (the highest proportion being observed in Egypt, at 5.3%).

Figure 1. Prevalence of B-thalassemia carriers in the countries on the Mediterranean coast, in 2020 (%)
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Overall, the B-thalassemia incidence rate at birth for Mediterranean countries is 31.0 per 100,000
newborns. But the epidemiological data, along with the distribution of health services and surveillance
instruments, vary considerably from one country to the next (Table 1 and Figure 2).

On the European coast, the incidence rate at birth is 15.9 per 100,000, ranging from 1.4 in France to
56.9 in Albania. Five of the ten countries on the Northern coast are relatively well equipped in terms of
B-thalassemia infrastructure: Spain (which lacks special medical centres or prevention programmes but
where the incidence rate is just 1.6), France, Italy (an incidence rate of 52.0 and a targeted prevention
programme at the regional level in Sardinia), Malta (no blood transfusions or iron chelators despite an
incidence rate of 23.3) and Greece. Besides Greece, the countries on the Northern coast lacking special
infrastructure are in the Balkans region.

The incidence rate at birth on the Asian coast (31.4 per 100,000 newborns) is nearly twice as high as
on the European coast, varying from 3.0 in Israel to 458.3 in Cyprus. The six countries on the Eastern
coast have prevention programmes, all of them national excluding the State of Palestine, which has a re-
gional programme in the Gaza Strip. Israel and Cyprus are the only countries with special medical centres,
blood transfusions and iron chelators, as well as national patient registers. The healthcare offering and
epidemiological surveillance instruments are less substantial in Turkey, Lebanon, Syria and, above all, the
State of Palestine, where the incidence rate is 42.5 per 100,000.

The African coast is the most affected, with an incidence rate at birth of 36.8 per 100,000. The South-
ern coast is also the least well equipped in infrastructure terms. Egypt (with an incidence rate of 58.9) has
special medical centres at regional level together with a prevention programme, and Morocco (incidence
rate of 8.0) has regional medical centres and blood transfusions and iron chelators at national level, but
Libya, Tunisia and Algeria do not have p-thalassemia infrastructure.

Table 1. B-thalassemia incidence rate at birth and special infrastructure in the countries on the Mediterranean coast, in 2020

Incidence Availability
C - Special medical of blood . . Prevention
ountry rate at birth fusi 4 | Patient registers
(ver 100,000) centres transfusions an programmes
P ’ iron chelators

Spain 1.6 - National National -
France 1.4 National National National National
Italy 52.0 National National National Regional
Malta 233 National - National National
Slovenia 5.4% - - - -
Croatia 2.9 - - - -
Bosnia and

. 4.1 - - - -
Herzegovina
Montenegro 14.1* - - - -
Albania 56.9 - - - -
Greece 13.9 National National National National
Turkey 13.8 - National National National
Cyprus 458.3 National National National National
Syria 90.7 National - - National
Lebanon 16.9 National National - National
Israel 3.0 National National National National
State of Palestine 42.5 - - - Regional
Egypt 58.9 Regional - - National
Libya 7.8 - - - -
Tunisia 11.0 - - - -
Algeria 6.8 - - - -
Morocco 8.0 Regional National - -

* The annual number of new cases for Slovenia and Montenegro (missing incidence data) was determined as 1, the same as in Croatia
and Bosnia and Herzegovina.

Own elaboration

Investigaciones Geograficas, in press. 5



Bellis, G. and Parant, A.

Figure 2. Incidence rate at birth of p-thalassemia in the countries on the Mediterranean coast, in 2020 (per 100,000)
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3.2. B-thalassemia in the Mediterranean in 2050. Population outlook

According to the average variants of the United Nations forecasts, the number of newborns affected
each year by B-thalassemia in the countries of the Mediterranean Basin will increase from 2,479 in 2020
to 2,899 in 2050, for annual average growth of 0.5% over 30 years. The three coasts will contribute

differently to this trend (Figure 3).

Figure 3. Trend in the number of newborns affected by B-thalassemia from 2020 to 2050 in the Mediterranean Basin

Number of cases
3.000 -
2.750

2.500
2.250
2.000
1.750

L

L

L

1.500
1.250
1.000
750
500 -

L

L

L

250

0 —
2020

T

2025

e Northern coast

L — T T T T T T T T

2030 2035 2040 2045 2050

Eastern coast ~ === Southern coast === Mediterranean Basin

Own elaboration

The countries on the European coast have the lowest level of cases, from 269 diseased newborns in
2020 to an expected 246 in 2050, for negative annual average growth of -0.3%. The headcount mainly
results from Italy, with 220 new cases in 2020 (81.8% of Northern coast cases) and 206 new cases in 2050

(83.7%).

The countries on the Asian coast have an intermediate level, with the number of new B-thalassemia
cases expected to increase from 646 in 2020 to 734 in 2050, for annual average growth of 0.4%. The
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largest proportion of new cases is in Syria, totaling 338 in 2020 (52.3% of Asian coast cases) and expected
to increase to 445 in 2050 (60.6%).

The countries on the African coast have the highest level of cases, with the number of affected new-
borns expected to rise from 1,564 in 2020 to 1,919 in 2050, for average annual growth of 0.7%. Egypt
accounts for almost all of the new cases, from 1,423 diseased newborns in 2020 (91.0% of Southern coast
cases) to an expected 1,781 new cases in 2050 (92.8%).

Figure 4 shows the trend in incidence rates at birth with 95% confidence intervals in 2020 and 2050
for the three coasts.

For the European coast, the rate is expected to fall from 15.9 [14.0; 17.8] per 100,000 in 2020 to 15.4
[13.5; 17.3] 30 years later, the slight decrease being non-significant as demonstrated by the confidence
intervals.

Incidence rates at birth are considerably higher on the Eastern and Southern coasts (p < 0.05) and are
expected to trend substantially upwards in the future. From 31.4 [29.0; 33.8] per 100,000 in 2020, the
rate is expected to reach 36.2 [33.6; 38.9] in 2050. Incidence rates on the African coast are predicted to
rise from 36.8 [35.0; 38.7] per 100,000 to 39.8 [38.0; 41.6] between 2020 and 2050. It should be noted
that the differences estimated for the rates of the Eastern and Southern coasts between 2020 and 2050 are
at the limit of statistical significance.

Figure 4. B-thalassemia incidence rates at birth in 2020 and 2050 in the Mediterranean Basin (per 100,000)
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4. Discussion

The B-thalassemia incidence rate is highly contrasted between different Mediterranean countries and
regions. The European coast is the least impacted, with an incidence rate at birth of 15.9 per 100,000 new-
borns, and five out of the ten constituent countries have consequential health infrastructures. By 2050,
the number of diseased newborns could decrease slightly, by 0.3% a year, for an incidence rate of 15.4
per 100,000. The incidence rate at birth in the six countries on the Asian coast is nearly twice as high, at
31.4 per 100,000. These countries are characterized primarily by the existence of prevention programmes.
In the next 30 years, the number of new cases at birth could increase in this region, by 0.4% a year, for
an incidence rate of 36.2 per 100,000. The five countries on the African coast are more affected (with an
incidence rate of 36.8 per 100,000) and less equipped in terms of special infrastructure. In addition, the
incidence rate at birth in this region is expected to increase the most between 2020 and 2050, by 0.7% a
year, for an incidence rate of 39.8 per 100,000. These results suggest that, failing adapted prevention mea-
sures, the health authorities could be faced with an increasing number of individuals with B-thalassemia.

While large-scale demographic forecasts are common, those on sub-populations of diseased individuals
are rare. To our knowledge, this study is the first attempt to estimate a future number of newborns with
B-thalassemia in the countries of the Mediterranean Basin. The review and long-term outlook proposed
in this paper could help decision-makers relative to future needs for health and education services (Al-
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Sabbabh, et al., 2017). Given the health equipment, economic resources and specialized staff resources of
the countries, future trends can be drawn on when deciding between curative measures and preventive
approaches in health policies and programmes. The relative insufficiency in the healthcare offering and
the growing weight of the disorder have led Egypt, for example, to implement a strategy combining
genetic advice, prenatal diagnoses, and voluntary pregnancy terminations. To gain the approval of the
population, this prevention programme is accompanied by medical and religious considerations as part
of in-depth discussions with couples at risk of having children with p-thalassemia (El-Beshlawy, et al.,
2012).

The average variant of the UN projections, from which the outlook for diseased newborns was deri-
ved, demonstrates a few notable characteristics in the Mediterranean countries. The European coast has
completed its demographic transition. The average number of children per woman, which in 2015-2020
stood at 1.9 in France (which currently has the highest fertility rate) and as low as 1.3 in Spain, Italy,
Bosnia and Herzegovina, and Greece, is expected to remain at these levels between now and 2050. The
natural growth rate (equal to the difference between the gross birth and death rates) was low in 2020
and could become negative by 2050 in all the countries on the Northern coast (from -1.3%o in France
to =7.2%o in Croatia). The situation is different on the Eastern and Southern coasts, which have yet to
complete their demographic transitions. On the Asian coast, the total fertility rate, ranging today from
1.3 children per woman (in Cyprus) to 3.4 (in the State of Palestine), is expected to trend downwards be-
tween now and 2050, with rates for the same two countries of between 1.5 and 2.5. Despite this decrease
in fertility, the natural growth rate on the Eastern coast will remain high, trending in the State of Palestine,
for example, from 23.7%o to 14.6%o0 between 2015-2020 and 2045-2050. The demographic situation is
similar on the African coast. The average number of children per woman, ranging in 2015-2020 from 2.1
(in Tunisia) to 3.3 (in Egypt), could stand at between 1.9 and 2.5 by 2050. But the natural growth rate
on the Southern coast could remain high, in Egypt decreasing from 17.9%o in 2015-2020 to 12.6%o in
2045-2050.

B-thalassemia incidence rates at birth, based on the birth rates in the countries on the Mediterra-
nean coast, are influenced by the trend in fertility* as well as the age pyramid of the population and, in
particular, the number of women of child-bearing age. Barring a gradual, though unlikely, change in the
headcount of this population category, the incidence rate at birth could be influenced by the widespread
implementation of antinatal practices against the disease. As things stand, uncertainty over the epidemio-
logical data was corrected in this study, both for 2020 and 2050, by 95% confidence intervals on incidence
rates. A more precise approach would have consisted in having exhaustive patient registers for each coun-
try. This would help to measure the intensity of inflows (new diseased individuals by age, reappearance
of missing individuals in monitoring) and outflows (deaths by age, missing individuals in monitoring)
contributing to the predictable trend in the number of diseased individuals year after year, as is the case
for cystic fibrosis in Europe between 2010 and 2025 (Burgel, et al., 2015).

The heterogeneity observed in special infrastructure (special medical centres, availability of blood
transfusions and iron chelators, prevention programmes) results from several factors, at least two of
which may be mentioned here:

- the economic situation of the countries, which is extremely uneven. In 2019, gross national product
per inhabitant averaged USD 33,400 for the countries on the European coast, USD 31,100 for those
on the Asian coast (excluding the State of Palestine, for which data are not available), and USD
11,640 for those on the African coast (The World Bank, 2019);

- the major crises, such as conflicts and wars, having occurred in the Balkans and which could weigh
on health policies on a lasting basis.

5. Conclusions

An overview of pB-thalassemia epidemiology and currently available medical resources, as well as data
on the potential trend in affected children in the coming decades, could help to mobilize the countries

4 With a lower fertility rate (low UN variant), the effect of which would be seen in the number of women at child-bearing age and in the
number of births, B-thalassemia incidence rates at birth would be lower; with a higher fertility rate (high variant), incidence rates would,
for opposing reasons, be higher.
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concerned as regards healthcare initiatives and strategies. Depending on the national situation, these ac-
tions could address forecasts on the allocation of resources, the development of medical centres and sur-
veillance systems, and the implementation of prevention programmes. At supranational level, transfers of
knowledge and biomedical techniques for prenatal diagnoses could also be envisioned.

The analysis carried out for B-thalassemia on the diversity of peoples living on the Mediterranean
coast must not be isolated. To the benefit of public health, the same approach could be implemented for
other genetic hemoglobin diseases (for example, sickle cell anemia in Africa, the Middle East and India),
since these monogenic diseases are the most widespread in the world, the number of heterozygous carri-
ers accounting for a full 7% of the world population.
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