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�‡1-2:  13 countries 
�‡3-10:  12 countries 
�‡11-20:   3 countries 
�‡> 20:    6 countries 
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The blind men and the elephant  







Need to  define criteria to  include 
diseases in the panel 
 
Solve ethical problems 
 
Define outcome parameters 



Ensure screening procedures 
and follow- up 
 
Economic planning 
 



Include all disorders 
for which there is a 
therapeutic option 





Rapporto tecnico SIMMESN, 2015 

PROGRAMMI DI SCREENING NEONATALE ATTIVI IN ITALIA 
Anno 2014 

502.596  nati (fonte ISTAT) 



PROGRAMMA N. LABOR. ESAMINATI COPERTURA % DIAGNOSI 

Iper Phe �t PKU 20 518.841 100 182 

Ipotiroidismo cong. 25 515.174 100 461 
Fibrosi cistica 15 455.091 90.5 138 

MME 12 216.809 43.1 71* 
S. Adreno-genitale 4 208.576 41.5 8 

Galattosemia 5 180.272 35.9 2 
Def. Biotinidasi 3 124.376 24.7 15 

MSUD 2 34.564 6.9 -- 

Iper- Met 1 30.445 6.1 1 

Def. G6PD 1 45.705 9.1 169 

Tirosinemia 1 90.635 18.0 -- 

(*) + 31 patologie materne 
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DM come decreto attuativo 
della legge, se si anticipa 
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Articolo 4  
Sistema di screening neonatale 

Il sistema di  �V�F�U�H�H�Q�L�Q�J���Q�H�R�Q�D�W�D�O�H���q���X�Q�¶�R�U�J�D�Q�L�]�]�D�]�L�R�Q�H���D���F�D�U�D�W�W�H�U�H��
�P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�H���G�H�S�X�W�D�W�D���D���J�D�U�D�Q�W�L�U�H���O�¶�L�Q�W�H�U�R���S�H�U�F�R�U�V�R���G�H�O�O�R��
screening neonatale.  
Essa pertanto è basata sui seguenti elementi: 
 

A. Uno o più laboratori di screening neonatale.  
B. Uno o più centri clinici per le malattie metaboliche ereditarie 

oggetto di screening, parte della rete di assistenza per le 
malattie rare. 

C. Uno o più laboratori di riferimento per i test di conferma 
diagnostica. 

D. Un livello di coordinamento regionale/provinciale del sistema 
screening. 



  

ASHG Annual Meeting 
Philadelphia 
October  3-7, 2000 

�>�����‰�Œ���À���v�Ì�]�}�v�����^�‰�Œ�]�u���Œ�]���_�� 
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Developments in the next 10-25 years: 
 

�{molecular pharming 
�{pharmacogenomics 
�{proteomics 
�{disease genes 
�{genes involved in the common complex diseases 

�{selection of children 
           (RG Worton, 2000) 

Le malattie genetiche e il pediatra nel XXI secolo 



One area where I predict intense public interest is in  

selection of children .  
Pre-implantation diagnosis for single- gene diseases is now feasible, involving in 
vitro fertilization with removal of a single cell from the eight cell embryo, for genetic 
testing. With new gene-chip technologies , one can imagine that it will be possible 
to examine each embryo for several hundred genetic characteristics. 
This would allow parents to select children with a particular combination of genetic 
assets and risks while rejecting others with fewer assets or greater risks. Since 
people are generally more concerned about the attributes of their children than they 
are about themselves, it is not unreasonable to suggest that couples with the 
necessary knowledge and resources will seek to optimize their chances for having 
children with superior attributes.     



DNA microarrays 

Pre-implantation diagnosis 

2000 
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NGS    Next Generation Sequencing 
 
NIPD    Non-Invasive Prenatal Diagnosis 
 
CRISPR-Cas9 Genome Editing 

Three acronyms 



Next generation sequencing  

 
�‡Whole genome sequencing 

 
�‡Whole exome sequencing 

 
�‡Targeted exome sequencing 





Non Invasive Prenatal Diagnosis 



January 11, 
2011 

Rossa W K Chiu et al.  



When more sophisticated sequencing protocols and 
bioinformatics algorithms are applied to the analysis of 
maternal plasma DNA, it may be possible to perform a 
genetic and mutational scan across the whole genome of the 
fetus in a non-invasive manner. 
 
Thus, it is likely that maternal plasma DNA sequencing will 
play an increasingly important role in the future 
developments of prenatal screening and diagnosis. 

January 11, 
2011 

Rossa W K Chiu et al.  



Next Generation Sequencing 

Fetal DNA from maternal blood 

2011 



Gene therapy 



Gene therapy 

�‡Gene replacement 
 
 
 

 
�‡Gene repair (editing) 



Genome editing 
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malattie umane (genetiche e non genetiche).  

Genome editing 



Il funzionamento di CRISPR-Cas9 



Sistemi di riparazione del DNA 
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La selezione dei bambini è 
definibile 
come EU-GENETICA? 

�/�¶�R�E�L�H�W�W�L�Y�R���q���O�D���³�H�O�L�P�L�Q�D�]�L�R�Q�H�´���G�L���I�H�W�L���D�I�I�H�W�W�L���G�D��
malattie genetiche non curabili, malformazioni, 
etc? 

 

�2�S�S�X�U�H���O�D���³�H�O�L�P�L�Q�D�]�L�R�Q�H�´���G�L���F�D�U�D�W�W�H�U�L���Q�R�Q���J�U�D�G�L�W�L��
(sesso, caratteristiche somatiche, etc.)? 

 

�2�S�S�X�U�H���O�D���V�H�O�H�]�L�R�Q�H���G�L���F�D�U�D�W�W�H�U�L�����µ�V�X�S�H�U�L�R�U�L�¶�������I�L�V�L�F�L���H���P�H�Q�W�D�O�L�" 
 

�/�D���S�U�H�Y�H�Q�]�L�R�Q�H���S�H�U���³�Q�R�Q���Q�D�V�F�L�W�D�´���q���X�Q�D��
�V�W�U�D�W�H�J�L�D���G�L���S�U�H�Y�H�Q�]�L�R�Q�H���³�S�U�L�P�D�U�L�D�" 
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NBS - Number of  countries per condition 

Hypothyroidism All 

Phenylketonuria All  except Finland, Malta 

Congenital Adrenal Hyperplasia 15 

Cystic Fibrosis 10 

Biotinidase Deficency 10 

Galactosemia 10 

MCADD 13 

Amino Acidemias 6  (many), 6 (some) 

Fatty Acid Oxidation 
Deficiencies 

8 (many), 3 (some) 

Organic acidurias 8  (many), 3 (some) 

Sickle Cell Disease 5 
 

Gluc. 6-Phosph. Deh. Def.             2 
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MME da sottoporre a  SNE 






