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Abstract

Sardinia, an Italian island in the Mediterranean sea with a population of 
1,7 millions, has one of the highest incidence of β-thalassemia with 10-12% of 
carriers.

Since 1977 we have been offering a capillary screening program and 
prenatal diagnosis to couples following non-directive genetic counselling.

Thanks to the implementation of new molecular analysis methods, we 
shifted from prenatal diagnosis performed in 2nd trimester of pregnancy to 1st 
trimester. In order to avoid termination of pregnancy in case of affected fetuses 
following prenatal diagnosis we introduced preimplantation genetic testing, thus 
increasing notably the acceptance rate of antenatal screening and diagnosis by 
couples at high risk. 

In this paper, we report the continuous experience of our prenatal centre in 
Sardinia in 9,324 antenatal diagnoses of β-thalassemia, the accuracy and safety 
related to the prenatal procedures we employed, the termination of pregnancy 
rate and the couples’ acceptance of the different approaches as well as analyze 
the screening programs available to the Sardinian population.

Molecular screening by Polymerase Chain Reaction (PCR) based methods, 
prenatal diagnosis by Chorionic Villous Sampling (CVS) with very low fetal 
loss rate (0,3%) and Preimplantation Genetic Diagnosis (PGD) were the most 
common techniques applied in our prenatal centre and they have brought to a 
drastical reduction of newborns affected by β-thalassemia to only 3-5 per year.
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Introduction
β-thalassemia is the most common inherited autosomal recessive 

disease in the world with more than 200,000 million carriers and 
250,000 affected babies are born every year. The disease is widespread 
mostly in the Mediterranean region, North Africa, Middle East, Far 
East and East Asia. However, due to the complex migration trends, 
β-thalassemia is also diffused worldwide [1].

Sardinia, an Italian island in the Mediterranean sea with a 
population of 1,7 millions is at high risk incidence of β-thalassemia, 
with 10-12% of carriers which means that nowadays about 1 of 50 
couples are at risk of genetic transmission of this disorder. In absence 
of prevention by antenatal genetic screening and diagnosis and with 
the progressive denatality in Sardinia, the affected newborns are 
estimated to be about 60-70 per year [2].

People affected by β-thalassemia are characterized by severe 
haemolitic anemia, hepatosplenomegaly and characteristic skeletal 

malformations such as osteoporosis and dysmorphic facies. Without 
prevention and therapy their survival and life quality is highly 
compromised and generally difficult.

Affected people necessitate regular blood transfusion and iron 
chelation. Bone marrow transplantation from an HLA identical 
sibling is the only possibility to cure the disease with a success rate 
of 90% [3]. 

β-thalassemia is characterized by absent to minimal hemoglobin 
A (0-30%), variable hemoglobin A2 (2-5%), and hemoglobin F (95-
70%). More than 200 different molecular defects have been described 
and 95% of them cause β-globin gene joint mutations [4].

In this paper we describe the prevention of β-thalassemia 
performed in our Ob/Gyn Department in Cagliari, Sardinia by 
antenatal molecular screening, prenatal and preimplantation genetic 
diagnosis (PGD) in the last 45 years from 1977 to 2022 using different 
diagnostic approaches.

Identification of Carriers and Molecular 
Screening 

A voluntary β-thalassemia screening program in Sardinia 
was launched in 1974-75 involving mass media, family doctors, 
obstetricians, pediatricians, geneticists, midwives and students of 
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all ages in order to inform the whole population on its transmission 
and prevention and to provide blood testing in order to identify the 
carriers and the molecular mutations [5].

The most commonly identified point mutation (95,7%) in 
Sardinia was c.118C>T [4] (Table 1).

Since parental mutations had to be investigated on fetal material, 
the molecular definition of the parents’ ß-globin genotype was 
necessarily required.

Couples at risk were mostly identified and classified as composed 
of ß-thalassemia carriers on the base of whole blood count and 
haemoglobin electrophoresis.  

The ß-globin gene defects were detected by:

- Reverse hybridization (Nuclear Laser Medicine, ß-globin test) 
able to identify, in a single step, up to 25 mutations in Mediterranean 
population [6].

- Sanger sequencing of the amplified ß-globin gene,  to identify 
other less common variants.

- Amplification Refractory Mutation System - a primer-specific 
amplification [7].

- Most rarely, Multiplex Ligation Probe Amplification, to find out 
gene deletions and duplications [8].

Since 1994 we performed prenatal diagnosis by Chorionic 
Villous Sampling (CVS) and the villi were carefully cleaned under 
inverted microscope from the maternal decidua and blood clots. 
After a sample incubation at 56°C for 2 hours with a proteinase K 
digestion mix, fetal DNA was isolated using QIAmpDNA mini kit 
(Qiagen) with an automatic system (QiaCube, Qiagen) maternal cell 
contamination on prenatal samples was ruled out by short tandem 
repeat testing (Quantitative Fluorescent Polymerase Chain Reaction 
(QF-PCR)), Compact Devyser v3) [9].

DNA fetal samples were analysed by the same techniques 
described for the carrier study, but using two different procedures to 
limit misdiagnosis.

Molecular Analysis by Preimplantation 
Genetic Diagnosis (PGD)

For PGD analysis of one embryo cell or of more cells from 

blastocysts we used molecular techniques for the detection of 
mutations based on PCR multiple steps to amplify the region of 
β-globin gene [10]. Two nested PCR reactions for producing DNA 
fragments were subsequently used for the analysis. Therefore, by 
minisequencing reaction we identified the β-globin gene mutations. 
Automatic sequencing, mini-sequencing, micro satellites analysis for 
linkage and genotyping by TaqMan analysis were also used [11,12].

Antenatal Diagnosis
In 1977 the first prenatal diagnosis of β-thalassemia in Europe 

was performed in our prenatal centre in Cagliari using Fetal Blood 
Sampling by Placentacentesis and globin chains synthesis analysis in 
the 2nd trimester of pregnancy [13].

Later on, in 1981-82 we performed Fetoscopy and Cordocentesis 
by globin chain analysis [13].

In 1983, following the molecular improvement of PCR-based 
methods and thanks to new invasive procedures we shifted to 
Amniocentesis [14] and in 1984 we performed first trimester CVS. 
In the beginning, we carried out CVS using a transcervical rigid 
biopsy forceps [15]; but, since 1986 till present, CVS has been done 
only transabdominally [16] by free-hand technique under continuous 
ultrasound monitoring and it has been better accepted by patients 
[17].

Due to the strong request by couples, since 2002 we also offered 
PGD [10] by embryo biopsy and later on by blastocyst biopsy, 
only to infertile carrier couples initially and subsequently to fertile 
patients as well. An Italian Law adopted in 2004 prohibited PGD for 
several years but we were enabled to perform it again in 2014 thanks 
to the Italian Constitutional Supreme Court [18]. PGD is a more 
sophisticated method which can be carried out at the earliest stage of 
embyo development and it requires In Vitro Fertilization, transfer of 
non affected embryos and intracytoplasmatic sperm injection.

In Table 2 we report the results of fetal diagnosis in 9015 cases 
using different prenatal invasive techniques. Sampling failure, fetal 
loss rate and misdiagnosis were very low. 

The majority of women (98,2%) decided to interrupt voluntarily 
the pregnancy of affected fetuses following non-directive genetic 
counselling (Table 3).

Mutations %

β -39 (C->T) 95,7

β -6 (-A) 2,2

β -76 6 0,7

β I-110 (G->A) 0,5

β II-745 (C->G) 0,4

β -87 (C->G) 0,2

β I-6 (T->C) 0,2

β 1 (-G) 0,1

β II -1 (G->A) 0,1

β I -1 (G->A) 0,03

Table 1: Frequency of β-thalassemia mutations in Sardinia.

Techniques No Years
Gestational

Age 
(weeks)

Failure
(No)

Fetal 
loss 
(%)

Misdiagnosis

Placentacentesis 981 1977-83 18-24 10 5,2 2

Fetoscopy 67 1983-85 18-24 2 5,6 -

Cordocentesis 120 1984-85 18-24 1 2,1 -
Hepatic Vein 
Puncture 3 1984-86 18-24 - - -

Cardiocentesis 3 1984-86 18-24 - - -

Amniocentesis 203 1982-83 16-18 62 2,6 -
Transcervical 
CVS1 572 1983-86 9-13 12 4,2 1

Transabdominal 
CVS1 7066 1986-22 6-24 - 0,4 -

Table 2: Continuous invasive fetal diagnoses of ß-thalassemia in Sardinia in 
9015 cases (1977-2022).

1Chorionic Villus Sampling
2 Due to DNA failure and completed by Fetal Blood Sampling in 1984



Monni G Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com Ann Hematol Oncol 9(5): id1410 (2022)  - Page - 03

The results of 309 PGD procedures are reported in (Table 4).

All couples at high risk for β-thalassemia received informative 
genetic counselling based on the ethical principle of respect for 
authonomy. Informed written consent about initiating and managing 
the pregnancy was also obtained by the couples.

Discussion
Our continuous experience in applying β-thalassemia prevention 

programs in the high-risk population of Sardinia demonstrates 
their substential and permanent efficacy and safety as well as the 
high acceptance rate of the various diagnostic approaches offered 
to couples. The prevention programs adopted in Sardinia have 
contributed considerably to the decrease of the birth rate percentage 
of affected newborns [4].

In the 70’s, with 15,000-18,000 deliveries per year in Sardinia, 
about 120-130 newborns were affected by β-thalassemia. Nowadays, 
with natality of about 9,000-10,000 deliveries yearly and if prevention 

programs and prenatal and preimplantation genetic diagnosis were 
not available, the estimated birth percentage of affected newborns 
would be 60-70 per year. However, by applying efficient screening 
strategies, fetal diagnosis and PGD, only 3-5 children are born [19].

Since 1986, the only invasive diagnosis offered to carrier couples 
has been transabdominal CVS (TA-CVS) with the strong reduction 
of fetal loss related to the procedure (0,3%). TA-CVS was increasingly 
preferred to the other invasive techniques available; also, compared to 
transcervical CVS it is less traumatic and has less infections, less fetal 
loss rate and is generally better accepted by women (17). To those 
women who were referred to our prenatal centre after 13 weeks of 
gestation, we also offered 2nd trimester TA-CVS that has proven to 
be very safe and efficient [20].

PGD has also led to the strong acceptance of TA-CVS by the 
population, mostly in couples that have already had a termination of 
pregnancy (TOP) for an affected fetus [21] (Table 5).

Several experimental treatments were performed in the past by 
in utero hematopoietic stem cell transplantation, but the results were 
not satisfying [22,23].

Using CD45+ cells with lentoviral-delivered β-globins in utero 
gene therapy demonstrated an improvement of blood transfusion 
results in children [24] but gene treatment in the postnatal period is 
still only at an experimental stage  [25].

New “omics” studies of the placenta and the amniotic fluid 
could explain several metabolomic mechanisms involved in early 
phenotype prediction [26].

First trimester TA-CVS with very low fetal loss rate related to the 
procedure [17,27] and without misdiagnosis since 1986, significantly 
increased the number of couples requesting invasive techniques [28] 
as reported in Table 6.

Certainly, the high request (98,2%) of a traumatic experience 
such as TOP of an affected fetus chosen by women after non-directive 
genetic counselling was a major ethical issue. It was only partially 
overcome by offering PGD as an option to all couples [29].

This complex prevention was made possible in Sardinia thanks 
to capillary educational and informative healthcare programs, using 
haematological and molecular screening of carriers. The shift to 
offering prenatal and preimplantation genetic diagnosis in an earlier 
gestational period and the multidisciplinary collaboration efforts 
among obstetricians, hematologists, geneticists, pediatricians and 
molecular biologists have also facilitated this trend. The importance of 
the teamwork among all program components and the fundamental 
contribution of each of them, the timely exchange of data and 
expertise must be particularly underlied.

The possibility of carrying out diagnosis by sampling of fetal 
cells in circulation in  maternal peripheral blood, will still lead to still 
greater acceptability by the couples at high risk for β-thalassemia but, 
as reported by the experience of our centre, the use of this technique 
is not yet diagnostic and, at present, it is not applicable in the routine 
clinical practice [30]. Using next generation sequencing on cell-
free DNA will be a promising method for new approaches for non-
invasive antenatal assesment of β-thalassemia [31].

No

Women 9015

Normal fetuses 2247

Health carriers 4523

Affected fetuses 22451

Table 3:  Fetal diagnosis of β-thalassemia 1977-2022.

198,2% women opted for termination of pregnancy following non-directive genetic 
counselling

No

Women 309

Cycles 342

Stage of biopsy 3 (blastomere) 195

Stage of biopsy 5 (blastocysts) 114

Miscarriages 9

Clinical pregnancies 67

Table 4: Pre-implantation Genetic Diagnosis in Sardinia.

Group No. Women
Experience Accepting PGD

PD TOP No. Women % YES

1 60 YES YES 60 100

2 60 YES NO 18 30

3 60 NO NO 15 25

Table 5: Acceptability of PGD versus Prenatal Diagnosis by CVS.

Palomba ML. Hum Reprod 1994
CVS – Chorionic Villous Sampling
PD – Prenatal Diagnosis
PGD – Preimplantation Genetic Diagnosis
TOP – Termination of Pregnancy

Technique Acceptance (%)

Fetal blood sampling 93.2

Amniocentesis 96.4

Chorionic villus sampling 99.3

Table 6: Acceptance of prenatal diagnosis of β-thalassemia in Sardinia according 
to the invasive procedures.

Cao A. Prenat Diagn 1987



Monni G Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com Ann Hematol Oncol 9(5): id1410 (2022)  - Page - 04

References
1. Weatherall DJ. The inherited diseases of hemoglobin are an emerging global 

health burden. Blood. 2010; 115: 4331-4336. 

2. Cossu A, Casula M, Cesaraccio R, Lissia A, Colombino M, Sini MC, et al. 
Epidemiology and genetic susceptibility of malignant melanoma in North 
Sardinia, Italy. European Journal of Cancer Prevention. 2017; 26: 263-267. 

3. Lucarelli G, Galimberti M, Polchi P, Angelucci E, Baronciani D,Giardini C, et 
al. Bone marrow transplantation in patients with thalassemia. N Engl J Med. 
1990; 322: 417–21.

4. Cao A, Rosatelli MC, Monni G, Galanello R. Screening for thalassemia: a 
model of success. Obstetrics and gynecology clinics of North America. 2002; 
29: 305-328. 

5. Rosatelli MC, Tuveri T, Scalas MT, Leoni GB, Sardu R, Faa V, et al. Molecular 
screening and fetal diagnosis of β-thalassemia in the Italian population. 
Human Genetics. 2004; 89: 585-589. 

6. Kan YW, Chang JC. Molecular diagnosis of hemoglobinopathies and 
thalassemia. Prenatal Diagnosis. 2010; 30: 608-610. 

7. Rosatelli MC, Saba L. Prenatal Diagnosis of β-Thalassemias and 
Hemoglobinopathies. Mediterranean Journal of Hematology and Infectious 
Diseases. 2009; 1. 

8. Harteveld CL, Voskamp A, Phylipsen M, Akkermans N, Dunnen JTD, White 
SJ, et al. Nine unknown rearrangements in 16p13.3 and 11p15.4 causing 
α- and β-thalassaemia characterised by high resolution multiplex ligation-
dependent probe amplification. Journal of Medical Genetics. 2005; 42: 922-
931. 

9. UK Best Practice Guidelines, 2012.  http://www.cytogenetics.org.uk/prof_
standards/acc.cmgs_qfpcr_bp_jan2012_3.01.pdf

10. Chamayou S, Guglielmino A, Giambona A, Siciliano S, Stefano GD, Scibilia 
G, et al. Attitude of potential users in Sicily towards preimplantation genetic 
diagnosis for beta-thalassaemia and aneuploidies. Human Reproduction. 
1998; 13: 1936-1944. 

11. Kumar A, Ryan A, Kitzman JO, Wemmer N, Snyder MW, Sigurjonsson S, et 
al. Whole genome prediction for preimplantation genetic diagnosis. Genome 
Medicine. 2015; 7. 

12. Harper JC, Bui T. Pre-implantation genetic diagnosis. Best Practice &amp; 
Research Clinical Obstetrics &amp; Gynaecology. 2002; 16: 659-670. 

13. Cao A, Falchi AM, Tuveri T, Scalas MT, Monni G, Rosatelli C. Prenatal 
diagnosis of thalassemia major by fetal blood analysis: Experience with 1000 
cases. Prenatal Diagnosis. 1986; 6: 159-167. 

14. Rosatelli C, Tuveri T, Tucci AD, Falchi AM, Scalas MT, Monni G, et 
al. PRENATAL DIAGNOSIS OF BETA-THALASSAEMIA WITH THE 
SYNTHETIC-OLIGOMER TECHNIQUE. The Lancet. 1985; 325: 241-243. 

15. Monni G, Ibba RM, Olla G, Rosatelli C, Cao A. Chorionic villus sampling 
by rigid forceps: experience with 300 cases at risk for thalassemia major. 
American journal of obstetrics and gynecology. 1987; 156: 912-914. 

16. Monni G, Ibba RM, Lai R, Cau G, Mura S, Olla G, et al. Early transabdominal 
chorionic villus sampling in couples at high genetic risk. American journal of 
obstetrics and gynecology. 1993; 168: 170-173. 

17. Monni G, Olla G, Cao A. Patient’s choice between transcervical and 
transabdominal chorionic villus sampling. Lancet 1988; 7: 1057.

18. Benagiano G, Gianaroli L. The new Italian IVF legislation. Reproductive 
biomedicine online. 2004; 9: 117-125. 

19. Monni G, Peddes C, Iuculano A, Ibba RM. From Prenatal to Preimplantation 
Genetic Diagnosis of β-Thalassemia. Prevention Model in 8748 Cases: 40 
Years of Single Center Experience. Journal of Clinical Medicine. 2018; 7: 35. 

20. Monni G, Ibba RM, Olla G, Rosatelli C, Cao A. Prenatal diagnosis of beta-
thalassaemia by second-trimester chorionic villus sampling. Prenatal 
diagnosis. 1988; 8: 447-51.

21. Palomba ML, Monni G, Lai R, Cau G, Olla G, Cao A. Psychological implications 
and acceptability of preimplantation diagnosis. Human reproduction. 1994; 9: 
360-362. 

22. Huisman THJ, Carver MFH, Baysal EA. Syllabus of thalassemia mutation. 
Augusta, GA, USA: The Sickle Cell Anemia Foundation; 1997: 1–309.

23. Monni G, Ibba RM, Zoppi MA, Floris M. In utero stem cell transplantation. 
Croat Med J. 1998; 39: 220–3.

24. Derderian SC, Jeanty C, Walters MC, Vichinsky E, MacKenzie TC. In utero 
hematopoietic cell transplantation for hemoglobinopathies. Frontiers in 
Pharmacology. 2015; 5. 

25. Frangoul H, Altshuler D, Cappellini MD, Chen Y, Domm J, Eustace BK, et al. 
CRISPR-Cas9 Gene Editing for Sickle Cell Disease and β-Thalassemia. The 
New England journal of medicine. 2020; 384: 252-260. 

26. Monni G, Murgia F, Corda V, Peddes C, Iuculano A, Tronci L, et al. 
Metabolomic Investigation of β-Thalassemia in Chorionic Villi Samples. 
Journal of Clinical Medicine. 2019; 8: 798. 

27. Salomon L, Sotiriadis A, Wulff CB, Odibo A, Akolekar R. Risk of Miscarriage 
Following Amniocentesis or Chorionic Villus Sampling: Systematic Review of 
Literature and Updated Meta-analysis. Obstetrical & Gynecological Survey. 
2020; 75: 152-154. 

28. Cao A, Cossu P, Monni G, Rosatelli MC. Chorionic villus sampling and 
acceptance rate of prenatal diagnosis. Prenatal Diagnosis. 1987; 7: 531-533. 

29. Corda V, Murgia F, Dessolis F, Murru S, Chervenak FA, McCullough LB, 
et al. Professionally responsible management of the ethical and social 
challenges of antenatal screening and diagnosis of β-thalassemia in a high-
risk population. Journal of Perinatal Medicine. 2021; 49: 847-852. 

30. Saba L, Masala M, Capponi V, Marceddu G, Massidda M, Rosatelli MC. 
Non-invasive prenatal diagnosis of beta-thalassemia by semiconductor 
sequencing: a feasibility study in the sardinian population. European Journal 
of Human Genetics. 2017; 25: 600-607. 

31. Xiong L, Barrett AN, Hua R, Tan TZ, Ho SSY, Chan JKY, et al. Non-invasive 
prenatal diagnostic testing for β-thalassaemia using cell-free fetal DNA and 
next generation sequencing. Prenatal Diagnosis. 2014; 35: 258-265.

https://dx.doi.org/10.1182/blood-2010-01-251348
https://dx.doi.org/10.1182/blood-2010-01-251348
https://pubmed.ncbi.nlm.nih.gov/2598483
https://pubmed.ncbi.nlm.nih.gov/2598483
https://pubmed.ncbi.nlm.nih.gov/2598483
https://pubmed.ncbi.nlm.nih.gov/2300104/
https://pubmed.ncbi.nlm.nih.gov/2300104/
https://pubmed.ncbi.nlm.nih.gov/2300104/
https://dx.doi.org/10.1016/S0889-8545(01)00006-7
https://dx.doi.org/10.1016/S0889-8545(01)00006-7
https://dx.doi.org/10.1016/S0889-8545(01)00006-7
https://dx.doi.org/10.1007/BF00221942
https://dx.doi.org/10.1007/BF00221942
https://dx.doi.org/10.1007/BF00221942
https://dx.doi.org/10.1002/pd.2479
https://dx.doi.org/10.1002/pd.2479
https://dx.doi.org/10.4084/MJHID.2009.011
https://dx.doi.org/10.4084/MJHID.2009.011
https://dx.doi.org/10.4084/MJHID.2009.011
https://dx.doi.org/10.1136/jmg.2005.033597
https://dx.doi.org/10.1136/jmg.2005.033597
https://dx.doi.org/10.1136/jmg.2005.033597
https://dx.doi.org/10.1136/jmg.2005.033597
https://dx.doi.org/10.1136/jmg.2005.033597
https://pubmed.ncbi.nlm.nih.gov/15614915
https://pubmed.ncbi.nlm.nih.gov/15614915
https://pubmed.ncbi.nlm.nih.gov/15614915
https://pubmed.ncbi.nlm.nih.gov/15614915
https://dx.doi.org/10.1186/s13073-015-0160-4
https://dx.doi.org/10.1186/s13073-015-0160-4
https://dx.doi.org/10.1186/s13073-015-0160-4
https://dx.doi.org/10.1053/beog.2002.0314
https://dx.doi.org/10.1053/beog.2002.0314
https://dx.doi.org/10.1002/pd.1970060302
https://dx.doi.org/10.1002/pd.1970060302
https://dx.doi.org/10.1002/pd.1970060302
https://dx.doi.org/10.1016/S0140-6736(85)91026-8
https://dx.doi.org/10.1016/S0140-6736(85)91026-8
https://dx.doi.org/10.1016/S0140-6736(85)91026-8
https://dx.doi.org/10.1016/0002-9378(87)90352-8
https://dx.doi.org/10.1016/0002-9378(87)90352-8
https://dx.doi.org/10.1016/0002-9378(87)90352-8
https://dx.doi.org/10.1016/S0002-9378(12)90908-4
https://dx.doi.org/10.1016/S0002-9378(12)90908-4
https://dx.doi.org/10.1016/S0002-9378(12)90908-4
https://pubmed.ncbi.nlm.nih.gov/2896901/
https://pubmed.ncbi.nlm.nih.gov/2896901/
https://dx.doi.org/10.1016/S1472-6483(10)62118-9
https://dx.doi.org/10.1016/S1472-6483(10)62118-9
https://dx.doi.org/10.3390/jcm7020035
https://dx.doi.org/10.3390/jcm7020035
https://dx.doi.org/10.3390/jcm7020035
https://pubmed.ncbi.nlm.nih.gov/3211846
https://pubmed.ncbi.nlm.nih.gov/3211846
https://pubmed.ncbi.nlm.nih.gov/3211846
https://dx.doi.org/10.1093/OXFORDJOURNALS.HUMREP.A138508
https://dx.doi.org/10.1093/OXFORDJOURNALS.HUMREP.A138508
https://dx.doi.org/10.1093/OXFORDJOURNALS.HUMREP.A138508
https://dx.doi.org/10.3389/fphar.2014.00278
https://dx.doi.org/10.3389/fphar.2014.00278
https://dx.doi.org/10.3389/fphar.2014.00278
https://dx.doi.org/10.1056/NEJMoa2031054
https://dx.doi.org/10.1056/NEJMoa2031054
https://dx.doi.org/10.1056/NEJMoa2031054
https://dx.doi.org/10.3390/jcm8060798
https://dx.doi.org/10.3390/jcm8060798
https://dx.doi.org/10.3390/jcm8060798
https://dx.doi.org/10.1097/01.ogx.0000657368.92433.c2
https://dx.doi.org/10.1097/01.ogx.0000657368.92433.c2
https://dx.doi.org/10.1097/01.ogx.0000657368.92433.c2
https://dx.doi.org/10.1097/01.ogx.0000657368.92433.c2
https://dx.doi.org/10.1002/PD.1970070710
https://dx.doi.org/10.1002/PD.1970070710
https://dx.doi.org/10.1515/jpm-2021-0021
https://dx.doi.org/10.1515/jpm-2021-0021
https://dx.doi.org/10.1515/jpm-2021-0021
https://dx.doi.org/10.1515/jpm-2021-0021
https://dx.doi.org/10.1038/ejhg.2017.26
https://dx.doi.org/10.1038/ejhg.2017.26
https://dx.doi.org/10.1038/ejhg.2017.26
https://dx.doi.org/10.1038/ejhg.2017.26
https://dx.doi.org/10.1002/pd.4536
https://dx.doi.org/10.1002/pd.4536
https://dx.doi.org/10.1002/pd.4536

	Title
	Abstract
	Abbreviations
	Introduction
	Identification of Carriers and Molecular Screening 
	Molecular Analysis by Preimplantation Genetic Diagnosis (PGD)
	Antenatal Diagnosis

	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

