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ABSTRACT

Hemoglobinopathies constitute the most frequent monogenic disorders worldwide and in Greece. In
Greece, carrier frequency is estimated at about 8.0%, resulting in a heavy disease burden in the past.
Therefore, the implementation of a national prevention program of the disease was an urgent neces-
sity. Moreover, due to migration flow from different geographic areas in the last two decades, the
observed spectrum of underlying mutations was expanded, leading to the adaptation of diagnostic
approaches. We report the results of the National Thalassaemia Prevention Programme in Northern
Greece, over a 15-year period (2001-2015). In total 33,837 healthy at-risk individuals (individuals or cou-
ples, 91.0% Greeks) were screened. We have screened 1598 pregnancies in 371 (23.0%) (10.0% non
Greeks), of whom both parents carried gene defects and were offered genetic counseling. Seventy-six
fetuses (23.0%) were predicted to be affected by severe forms of the disease. Following informed par-
ental choices, 73 of the above pregnancies were terminated. Meanwhile, within the study period, 58
new thalassemic babies (five non Greeks) were referred to the Thalassaemia and Sickle Cell Disease
Care Unit of Northern Greece, reflecting mostly parental unawareness, choice or the program failure.
Based on the region’s population, the birth rate and the prevalence of the disease, the anticipated
number of new cases is about 45 annually. According to our data, four thalassemic newborns were
registered annually at a stable rate in the last 15years, reaching a reduction of 90.0% of new affected
births. Overall, the National Thalassaemia Prevention Programme effectively decreased the incidence of
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affected newborns in our region.

Introduction

Hemoglobinopathies, mainly thalassemia and sickle cell
disease, are caused by gene mutations that affect the
synthesis of the normal hemoglobin (Hb) chains or cause
structural changes to the Hb molecule and constitute
the most frequent monogenic disorders worldwide [1,2].
In Greece, a country of approximately 11 million people,
hemoglobinopathies are the most frequent genetic
diseases [3].

B-Thalassemia (B-thal) carrier frequency is about 8.0%,
while 1.5% of the population are carriers of the B° gene
[B6(A3)Glu—Val, HBB: c.20A>T]. The rate of B-thal car-
riers could be as high as 15.0-20.0% in some areas, showing
a totally uneven distribution throughout Greece. The low
altitude areas of Thessaly, Western Epirus and Western
Peloponnesus display frequencies of up to 15.0%, whereas in
high altitude areas and Macedonia (Northern Greece), the
incidence is significantly lower [3-5].

The risk of giving birth to a thalassemic child varies from
one in 24 to one in 150 couples. Moreover, the number of
patients with hemoglobinopathies has increased in many
European countries but accurate data is missing in the
majority of European Union (EU) countries [6-14].

Greece is a pioneering Mediterranean country in the
implementation of both a national hemoglobinopathy pre-
vention program together with a structured patient manage-
ment plan. The National Programme for Prevention of
Thalassaemia was established in 1973 and prenatal diagnosis
(PND) has been provided since 1977 [5,15,16].

It was designed with a holistic view in order to dimin-
ish the affected newborn cases. Through population
screening and PND programs, performed at certain
prevention units throughout the country and coordinated
by the Thalassaemia National Centre at Laiko General
Hospital of Athens, Athens, Greece, indigenous Greeks
and immigrants were screened and counseled using their
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national insurance number. When such a number was not
available, the required low cost was passed on to the
screened individual.

Given the fact that carrier identification is not obligatory,
the main aim of the preventive program is to efficiently
inform and screen the whole population for the genetically
inherited hemoglobinopathies and for the risk of giving birth
to a child affected by a severe disease. Many methods have
been implemented such as educational programs at schools,
in the Armed Forces and through mass media. Moreover
the maternity clinics play a crucial role in directing pregnant
women to the Thalassaemia Prevention Units for carrier
identification. The clinical management of patients is made
at dedicated centers (Thalassaemia and Sickle Cell Disease
Departments) by specialized physicians all over the country.
Currently, the number of registered patients at the care units
in Northern Greece is increasing and this is parallel to the
immigrants flooding our region. They are mainly people of
Albanian, South and East Asian (Kurdistan, Iran, Iraq,
Pakistan, Philippines) and African origin [15]. In all these
areas, the thalassemia carrier rate and incidence of various
hemoglobinopathies are high. Currently, it is estimated that
10.0% of the population in Greece are immigrants, and of
these, most (58.0%) are of Albanian origin, who have
migrated and settled in Greece in the last two decades [7,9].
The aim of this study was to evaluate the efficacy of the
Thalassaemia Prevention Programme in Northern Greece
over a 15-year period (2001-2015) and to identify the
practice and policy gaps with special attention to the
immigration role.

Patients and methods

All referred individuals and couples were screened at
the Thalassaemia Prevention Unit of Hippokration Hospital
of Thessaloniki, Thessaloniki, Greece, from 2001 to 2015.
The hospital acts as a referral center for all the region of
Macedonia and Thrace, and is affiliated with the
Thalassaemia National Centre at Laiko General Hospital of
Athens, Athens, Greece.

Before performing the laboratory tests, a full personal
and family medical history was taken by specialized physi-
cians, while the individuals to be tested were fully informed
beforehand on the nature of the examinations and the
clinical importance of any possible (or negative) findings
on an individual basis. The first line screening panel for
identifying the carriers of abnormal globin genes and
couples at-risk is simple, low cost and similar throughout
the prevention network of the country. A complete blood
count (CBC), together with the peripheral smear micros-
copy, ferritin levels, Hb HPLC (high performance liquid
chromatography) and electrophoresis were carried out for
all subjects of this study, following standard laboratory
operating procedures. The laboratory quality assurance was
provided by the use of internal and external controls for all
the assays at all times, with acceptable intra and inter coef-
ficient of variability.

The hematological analyzer, Coulter ONYX (Beckman
Coulter Inc., Fullerton, CA, USA), was used to determine
the red cell indices [red blood cell (RBC) count, Hb,
hematocrit or packed cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular Hb (MCH), RBC distri-
bution width (RDW)]. The VARIANT™ Hemoglobin
Testing System (Bio-Rad Laboratories, Hercules, CA, USA),
the VARIANT II™ program, an automated cation exchange
HPLC instrument was used for the quantification of Hbs A,
F, A, S, C [B6(A3)Glu—Lys, HBB: c.19G>A] and other
Hbs. Hb A, levels were further quantified by column micro-
chromatography (Hb A,; Helena Biosciences Europe,
Gateshead, Tyne and Wear, UK). Alkaline and acid pH elec-
trophoresis were carried out whenever abnormal Hbs were
detected. Hb H inclusion bodies were identified by incubat-
ing the peripheral blood for 30 min. at 37°C with brilliant
cresyl blue. Serum ferritin levels were measured by a micro-
enzyme-linked immuno-sorbent assay (ELISA) technique
(Abbott Laboratories, Longford, County Westmeath, Ireland)
to exclude iron deficiency and the NESTROFT (Naked
Eye Single Tube Red Cell Osmotic Fragility Test) test was
performed in all samples.

Heterozygotes were informed about the genetic disorder,
and were also provided with an informative leaflet by a
specialized physician. It is noteworthy that no special leaf-
lets were available for the counseling of immigrants. Both
partners of identified at-risk couples were given genetic
counseling in private meetings and PND was offered after
explaining the available diagnostic procedures: chorionic
villus sampling (CVS) transabdominally or transcervically,
or amniocentesis and fetal blood sampling, depending
mainly on the gestation age at the time of the procedure.
In order to avoid red cell alloimmunization and the risk of
hemolytic newborn disease due to the procedure, all preg-
nant women were fully ABO/Rhesus phenotyped before-
hand and screened by the indirect Coombs test. Should
the need arise, Rhesus D negative pregnant women
were given anti D prophylaxis immediately after the
procedure. Characterization of the type of mutation in the
parents was carried out regularly before, or in a few cases,
simultaneously with fetal DNA analysis.

The screening methods used for DNA analysis were
denaturating gradient gel electrophoresis (DGGE), allele-spe-
cific oligonucleotide (ASO) analysis, high resolution melting
analysis (HRMA) and other polymerase chain reaction
(PCR) directed methods [amplification refractory mutation
system (ARMS), gap-PCR (PCR amplification across break-
points)] and DNA sequencing. In selected cases, Hb biosyn-
thesis was performed at the Molecular Genetics Laboratory
of the National Thalassaemia Centre, Laiko General Hospital
of Athens, Athens, Greece.

The psychological support of indigenous Greek and
immigrant couples was made by the same doctor, while,
unfortunately, no special social worker was available.
Genetic counseling was also offered by the responsible phys-
ician of the Northern Greece Unit in close collaboration,
where necessary, with the scientific staff of the National
Thalassaemia Centre in Athens.
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Table 1. Hemoglobinopathy  screening, numbers and  percentage Table 2. (A) Combinations of B-globin gene mutations in couples who
results for 15 years. underwent prenatal diagnosis.
Hemoglobin Screening n % Combinations of B-Globin Gene Mutations Number of Cases
B-thal trait 3993 11.80  B°-thal/B-thal® or B°-thal/B*-thal 210
sickle cell trait 541 160  B°-thal/5p-thal 8
o-thal trait 1557 460  B°-thal/SB®" (NG_000007.3: g.63632_71046del) 22
3pB-thal trait/Hb Lepore-Boston-Washington 379 112 B%thal/p’thal + o-thal® 1
Hb H 34 0.10  p°-thal/B°A™P (HBB: c.364G>A) 3
Hb C, Hb O-Arab, Hb D-Punjab, and others 805 238 BO-thal/pOsy Christiansborg (1ypp: ¢ 157G>A) 1
iron deficiency 1353 400  B°-thal/BX"°*°% (HBB: c.82G>T) 1
normal 25,175 7440  B°-thal/BE (HBB: c.79G>A) 1
total 33,837 100.00 BS (HBB: c.20A>T)/[3°—thaI or B*-thal 57
B® (HBB: c.20A>T)/B° (HBB: c.20A>T) 20
B° (HBB: c.20A>T) + o-thal/B° (HBB: c.20A>T) + o-thal 2
Results B° (HBB: c.20A>T)/BPP"20 (HBB: c.364G>C) 1
B° (HBB: c.20A>T)/3p-thal 1
During the 15-year study period, a total of 33,837 at-risk Bst:]Hf/B: tcHZ(I)A>T)/SBLBW (NG_000007.3: 9.63632_71046del) ?
o-thal/o-tha

individuals were screened, either as individuals (30,641)
based on the family history or the investigation of RBC indi-
ces alterations on the CBC count or in couples (3196)
mostly for pre or postnatal purposes at our Thalassaemia
Prevention Unit. As shown (Table 1), 9.9% were found to be
heterozygotes for B-thalassemia (B-thal), 3.8% for o-thalas-
semia (o-thal) and 2.8% carried Hb S, Hb D-Punjab (HBB:
¢.364G>C), Hb O-Arab (HBB: ¢.364G>A), and Hb C.
Tested individuals were mainly female (63.0%) and the
median age of the study group was 34 (14-80) years. In
terms of origin, 91.0% were Greeks, while the others were
mainly Albanians (3.0%), Africans (3.0%) and Middle East
Asians (3.0%).

Within the study population, 1598 couples with ongoing
pregnancies were screened. Of those couples, 91.0% were
indigenous Greeks, while 9.0% were immigrants from
Albania, the Former Yugoslav Republic of Macedonia,
Somalia, Nigeria, Republic of Rwanda and Thailand.

In most of the tested pregnancies (97.0%), screening was
of a prospective nature. At-risk couples were identified on
time, early in pregnancy, showing good adherence to the
national prevention program. However, in 13 pregnancies
there was a positive family history and the prevention pro-
cedure was retrospective, performed only after the birth of a
first affected child (eight cases of Greek origin and five
immigrant cases). This approach of prevention covered
2.95% of the total indigenous couples at-risk and 18.5% of
the total immigrant couples. In 371 (23.2%) couples, both
partners (10.0% non Greeks) carried an abnormal globin
gene and genetic counseling was offered.

The gene interactions in 247 pregnancies were related
with risk of B-thal major (B-TM) for the offpring, in 84
newborns with sickle cell disease and in one for a-thal (Hb
Bart’s hydrops fetalis) [Table 2(A)]. The remaining 42 preg-
nancies involved couples who were doubly heterozygous for
mutations that do not cause severe clinical disease and were
exempted from PND [Table 2(B)].

In the study group, fetal samples were obtained by CVS,
performed between 11th and 13th week of gestation
(n=298), or by amniocentesis between the 15th and 18th
week of gestation (n=21). A very few late-comers were
tested by fetal blood sampling (n=5) at 20 weeks of gesta-
tion. There were six twin pregnancies (two monogeneic) and
only four vaginal samplings (Figure 1). The mean time for
results was 5.5 days.

LBW: Hb Lepore-Boston-Washington.

Table 2. (B) Combinations of B- and o-globin gene mutations for which
prenatal diagnosis is not recommended.

Combinations of Globin Gene Mutations Number of Cases

B-thal/a-thal (globin chain biosynthesis or DNA) 30
BE (HBB: c.79G>A)/BE (HBB: c.79G>A)

pEsaskatoon (11pp: ¢ 67G>A)/B° (HBB: C.20A>T)

pESaskateon (11pR: ¢ 67G>A)/B-thal 1
BOAP (HBB: ¢.364G>A)/BC™ " (HBB: c.364G>A)

BO-Puniab (11BB: ¢.364G>C)/ar-thal

BP-Punb (11BB: 364G >C)/B-thal

o (HBA2: c.283G>T)/B° (HBB: c.20A>T)

or*®tf (HBA2: ¢.283G>T)/B-thal

~101(C>T) (HBB: c-151C>T)/~101(C>T) (HBB: c-151C>T)

~101(C>T) (HBB: c.-151C>T)/-87 (HBB: c.-137C>G)

B-thal/o®™99 (HBAT: c.63C>A)

Three pregnancies.

=

RN | [Ny

The DNA analysis of the fetal samples revealed that only
23.0% of the examined fetuses were positive for a clinically
significant hemoglobinopathy. In more detail (Figure 2): 76
(23.0%) fetuses were homozygotes or compound heterozy-
gotes for clinically significant mutations. The couples were
thoroughly informed of all the currently available thera-
peutic approaches for B-TM or sickle cell disease, but the
decision for the termination or continuation of the preg-
nancy was left to parental choice. All the couples except
three, preferred the termination of such a pregnancy. One
hundred and seventy-five (52.0%) fetuses were heterozygotes
(carriers) and, 84 (25.0%) fetuses were normal. In the last
two groups, the pregnancies continued to term as expected.
In two of the six cases of twin pregnancies, selective abor-
tion of the affected fetus was successfully performed. No
cases of misdiagnosed pregnancies with affected newborns
were reported in our study population. Throughout the
study period, although CVS and amniocentesis are both
invasive procedures with approximately 1.0% risk of a mis-
carriage [17], there was only one obstetric complication
(rupture of membranes) that led to a miscarriage in the
studied group. No cases of red cell alloimmunization in
pregnancy attributed to the prenatal invasive procedure were
detected, or a case of induced hemolytic disease of newborn.

Overall, during the study period, every year, on average
15-32 couples underwent PND. It is noteworthy that some
couples had several pregnancies and the pregnant women
willingly underwent the prenatal screening procedure from
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Figure 1. Way of obtaining fetal samples.
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Figure 2. Results of prenatal diagnosis.

two to seven times, in each index pregnancy, in order to
give birth to unaffected children.

Meanwhile, within the study period, 58 affected newborns
were registered at the local Thalassaemia and Sickle Cell
Department, First Department of Paediatrics, Aristotle
University of Thessaloniki, Thessaloniki, Greece. Apart from
the three cases mentioned above, in which the parents chose
not to have an abortion, there were 28 new cases with
B-TM, 14 cases with B-thal intermedia (B-TI), and 16 cases
with sickle cell disease (compound heterozygotes for Hb
S-B-thal). All but five newborns were of Greek origin. The
reason for the majority of these births (46.0%) was the inad-
equate information provided to the couples who did not
undergo any prenatal tests for hemoglobinopathies. For the

T
amnionic fhuid fetal blood
sampling

reasons
o™ screening test-lack of
information

[gWrong screening test
interpretation

[Blcouples degrade test results

[Bcouples choice

Bisboratory error

anr

Figure 3. Reasons for new affected births.

remaining cases, in 22.0%, the test was wrongly evaluated
due to obstetrician malpractice, in 15.0%, the couples chose
not to consider cautiously the information given, in 10.0% it
was a matter of personal way of thinking or religious beliefs.
In 5.0%, a laboratory error was identified, either in first line
screening or through molecular PND, the analysis and
coordination of which, interestingly enough, took place in
the private sector, whereas in 2.0%, the reason for the failure
to detect an affected fetus was the lack of gamete donors’
screening, in cases of in vitro fertilization (Figure 3).

Based on our region’s population, the birth rate and the
local prevalence of carriers of hemoblobinopathies, the
anticipated rate of new cases in Northern Greece is around
45 per year [18,19]. In our registries, a stable rate of about
four thalassemic newborns was registered annually, the last
15years reaching a reduction of 90.0% in new
affected births.



Discussion

Population carrier screening programs (voluntary or manda-
tory) are conducted throughout the world and universally have
successfully reduced the incidence of B-TM and sickle cell dis-
ease birth rates, especially in countries with a high frequency
of thalassemia [16,20]. The Greek National Thalassaemia
Prevention Programme started as (and still is) a nationwide
government-sponsored program [6]. It offers a voluntary and
prospective prevention of hemoglobinopathies, before a first
affected offspring is born, mainly preconception or early in
pregnancy. In our series prenatal counseling and diagnosis was
entirely performed always at the same sites Thalassaemia
Prevention Unit at Hippokration Hospital of Thessaloniki,
Aristotle University Departments of Obstetrics and the Genetic
Laboratory of the National Thalassaemia Centre) for 15years
and all couples had at least one healthy offspring. Of utmost
importance, as in all genetic diseases, it is the fact that counsel-
ing parents at-risk of an affected birth requires extreme sensi-
tivity and involves both parents in the whole process [21].
Counseling should be offered before the first pregnancy in
order to give the couple time to make informed reproductive
choice. The availability of prenatal genetic diagnostic facilities
together with consistency of all component parts involved, had
significantly influenced, in our opinion, good compliance.

With regard to specific genotype-phenotype correlations,
there were revealed a few uncertainties that were managed
on an individualized basis. In detail, concerning the geno-
type B°-thal/Hb Osu Christiansborg (HBB: c.157G>A) [22]
(both B-globin gene mutations), PND was performed, as
parents decided to reconsider their choices following the
PND result due to unavailability of data about the predicted
clinical phenotype of this combination. Fortunately, the
result of the PND was compatible with a heterozygous fetus
for Hb Osu Christiansborg. As far as the three cases of B°-
thal/Hb O-Arab (HBB: c.364G>A), there is uncertainty
regarding the phenotypic severity in the affected proband,
which may vary from mild to severe disease [23]). As men-
tioned previously, PND was not carried out in 42 pregnan-
cies, because it was not indicated [24-27].

According to the data of this study, it appears that
most couples requesting PND opted for medical abortion
when the fetus was predicted to be affected. The fact that
all but three couples decided on medical abortion, shows
that pregnancy termination in such cases has been
ethically accepted in Greece, and more specifically, in the
geographical provinces of Macedonia, Thessaly and Thrace,
that are covered by our Unit.

Despite the fact that Greece for many decades in the past
has suffered from a population drain toward countries with
increased demand in work force, lately, the country is expe-
riencing a new era in terms of migration flows. On the one
hand, Greece has become a reception country for thousands
of immigrants as well as refugees, from at least 120 different
countries of the world, and on the other hand, the ‘brain
drain’ of highly trained Greeks is increasing due to the
financial recession. In view of all these recent geopolitical
and economical changes, which resulted in migration altera-
tions, it is probable that both the incidences of

HEMOGLOBIN @ 5

hemoglobinopathies as well as the profile of the screened
population would be significantly affected.

The spectrum of mutations was influenced by the number
of immigrants from different geographic areas and muta-
tions not previously reported, as is the case of a new B°-thal
mutation codon 7 (G>T) [GAG(Glu)-TAG(stop codon)],
which was reported for the first time in a male from
Albania [28]. Interesting combinations appear to be due to
migration, while genetic counseling is based on previously
reported data concerning such rare cases. Although there are
no official minorities in Greece, there are certain popula-
tions such as the Muslim community of Western Thrace
and the Romanies who form special groups in the Greek
state. In our data within the last 15years, apart from the
Greek couples who participated in the PND procedure, there
were also three couples from the Muslin community of
Western Thrace, one Romany couple permanently situated
in our region, 14 immigrant couples who, in total, had taken
part in the PND procedure 27 times (8.3%). It is remarkable
that in general terms, the immigrants efficiently used the
public health services, even though most of them did not
speak the Greek language, were not informed about the pre-
vention of hemoglobinopathies by translated leaflets, and no
special policy for the prevention of hemoglobinopathies in
immigrants exists. This is mainly accomplished by the Greek
National Health Service outpatient maternity clinics that ask
all pregnant women to have the hemoglobinopathy screening
test. All the salaried immigrants, the asylum seekers, the
Romanies and the Thrace Muslim citizens had insurance
coverage except for one couple from Nigeria. There were
also two couples from the Former Yugoslav Republic of
Macedonia and two couples from Albania who came to
Greece in order to benefit from the medical prevention pro-
gram that was not available in their home countries.

Another interesting finding was that out of the 58
affected newborns registered in our region, only five were
immigrants. As shown in Figure 4, the main cause of failure
to predict the fetus status was that the screening test was
not performed at the Public Prevention Unit. Immigrants,
probably due to economical and other reasons, showed bet-
ter compliance and preferred the National Prevention
Program as a unique alternative for them. It is of extreme
importance for each couple to seek advice and medical care
from accredited centers (public or private) and highly
specialized professionals in the field, as PND is a complex
process involving more than one specialist [29].

In terms of national and personal cost, it is generally
accepted that the prevention programs have a significant
financial impact and the cost to benefit analysis is in favor
of the prevention programs in both developing and devel-
oped countries [30,31]. Moreover, the cost of treatment
including blood transfusions, iron chelation, treatment of
complications and stem cell transplantation, could not be
affordable for a large number of patients and mainly for
the government.

In conclusion, it is evident that the National Prevention
Programme has effectively decreased the incidence of B-TM
and sickle cell disease in our region within the last 15years



6 S. THEODORIDOUA ET AL.

(2001-2015), yet there is still room for further improvement.
This comprises both the informed attitudes of the Greek
population as well as the practices followed by physicians,
scientists and other health professionals involved in the
field. Although the forced financial migration and the
refugee situation pose a large challenge for many countries
and require rapid adaptations by the Health Services,
immigrants had a low impact on the new cases affected by
hemoglobinopathies in our region for the study period.
However, the tremendous increase of refugee numbers in
our country for the years 2014 and 2015 and on, are some
totally new situations that have to be thoroughly studied
through the scope of the National Prevention Programme
for Haemoglobinopathies. Finally, the constant evaluation of
the National Prevention Programme is extremely useful in
order to diminish possible new events of severely diseased
people with implementation of improvements and adapta-
tions to current needs.
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