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STRATEGIE DIAGNOSTICHE ED ASSISTENZIALI COME 

GARANZIA DI QUALITA’

È sempre corretto
che il neonato diventi paziente?

Cystic Fibrosis newborn 
screening

The magnitude of the health benefits from screening for CF 
is sufficient that states should consider including routine 
newborn screening for CF in conjunction with systems to 
ensure access to high-quality care. (CDC, MMWR, 
Recommendations and Reports  October 15, 2004 / 53(RR13);1-36)

Andersen DH, Am J Dis Child 1938;56:344-399

NBS is designed, by definition, 
to detect newborns who are 
affected by “severe” classical 
CF forms but have no symptoms.
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Screening neonatale in Italia
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<1980: CF NBS conducted with BM test

1983–92:IRT/IRT as pilot study (research protocol)

���� 1989: CFTR discovered on 7th chromosome

1992: DNA analysis  in CF NBS IRT/delF508/IRT 
(in Italy delF508 = 54% of CF alleles)

Since October 1998 IRT/DNA (multi panel mutations)/IRT
(31-33 alleles = 75% of CF alleles)

Screening neonatale per FC –
problematiche attuali

Formazione per gli operatori (neonatologi, pediatri)
Corretta informazione per le famiglie

Protocolli di trattamento dei neonati identificati 
dallo NBS
Possibilità di trials clinici

Livelli di cut off per  b-IRT 
Scelta dei pannelli di mutazioni CFTR (DNA panels)
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• NBS con l’uso di un’estesa analisi genetica
• Conferma diagnostica e riconoscimento dei 

portatori 
– Valori normali di test del sudore <6 mesi

• NBS e counselling: dilemmi diagnostici e forme 
atipiche

• Management delle forme atipiche

È sempre corretto
che il neonato diventi paziente?

Screening neonatale per FC –
problematiche attuali

CYSTIC FIBROSIS DIAGNOSIS

Classical CF :         
sweat test >60 mmol/l

Atypical CF: 
sweat test >30- 60 mmol/l
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PROTEINA CFTR

�g85e �r334w

�r117h

�delf50
8

�n1303k

�d1152
h

�g542x

MOLECULAR CONSEQUENCES OF CFTR 
MUTATIONS
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Genotype-phenotype correlation

from Lap-Chee Tsui

With permission: N Eng J Med 347; 439-442: 2002
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· Classical CF Pancreatic-insufficient (PI).
· Classical CF Pancreatic-sufficient (PS).
· Atypical CF.
· CF other specified.
· CF not otherwise specified.
· Isolated obstructive azoospermia∗.
· Chronic Pancreatitis*.
· Allergic bronchopulmonary aspergillosis (ABPA)*.
· Disseminated bronchiectasis*.
· Diffuse panbronchiolitis*.
· Sclerosing Cholangitis*.
· Neonatal hypertrypsinogenemia.

"Cystic Fibrosis and Related Disorders" :

It is likely that this classification will need further revision in future as our knowledge and 
understanding of these conditions increase.

CF Newborn Screening: [IRT/DNA (multi panel 
mutations)/IRT]

b-IRT 3-5 days<cut off
STOP
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CF Newborn Screening: [IRT/DNA (multi panel 
mutations)/IRT]

b-IRT 3-5 days

> cut off

DNA  analysis
-/-

b-IRT  24-30 d.

<cut off
STOP

STOP

<cut off

Problema: falsi negativi allo screening
-pazienti con FC severa (ileo da meconio)
-pazienti con forma atipica

CF Newborn Screening: [IRT/DNA (multi panel 
mutations)/IRT]

b-IRT 3-5 days

> cut off

DNA  analysis +/+

CF Centre

-/-

b-IRT  24-30 d.

<cut off
STOP

STOP

<cut off Problema: 2 alleli FC, 
ma test sudore <60 mEq/L
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b-IRT 3-5 days

> cut off

DNA  analysis +/+

CF Centre

-/-

b-IRT  24-30 d.

<cut off
STOP

STOP

<cut off > cut off

Sweat test

CF Newborn Screening: [IRT/DNA (multi panel 
mutations)/IRT]

b-IRT 3-5 days

> cut off

DNA  analysis +/+

CF Centre

-/-

b-IRT  24-30 d.

<cut off
STOP

STOP

<cut off > cut off

+/-

Sweat test

CF Newborn Screening: [IRT/DNA (multi panel 
mutations)/IRT]
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“Das Kind stirbt bald 
wieder, 

dessen Stirne bein
küssen salzig schmeckt”

“Morirà presto il 
bambino, stregato,la cui 
fronte sa di sale se 
baciata”

Woe to that child which when kissed 
on the forehead tastes salty. 

They are bewitched and soon will die

Sweat test
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Sweat test: chloride values in non CF subjects (b-IRT-ve) 
and 

in b-IRT+ve infants (∆∆∆∆F508 carriers, CF, ∆∆∆∆F508 negative)
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Non CF subjects CF patients DeltaF508 carriers DeltaF508 negative

Nel primo anno di vita il valore NORMALE 
di cloro nel sudore è inferiore ai 30 mEq/L
� 14.8 + 4.6 (97.5° centile = 24 mEq/L)
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Test del sudore nei primi mesi di vita 

15.5 + 6.2IRT+ 
F508del  carriers 

J Ped 2000Massie J 
(Australia)

14.9 + 8.4IRT+ 
F508del  carriers

NEJM 1996Farrell P
(USA)

16.1 + 7.06IRT +veADCFN 2004Taccetti 
(Firenze)

15.0 + 5.4IRT + ve
No F508del

““

14.8 + 4.6IRT –ve 
No F508del

IJP 1996Corbetta
(Milano)

10.5 + 5.3 mmol/L Cl-IRT + ve
No F508del 

NEJM 1996Farrell P
(USA)

In our region (N-W Italy).
all newborns undergo 

a CF screening procedure 

At the  moment, 
the incidence of atypical forms of CF 

is unknown

Aim of our study was to investigate the 
capacity  of  the NS to recognize CF atypical 

forms and to clarify their incidence
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2002: 89,108 screened newborns

1201 (1,35%) neo IRT+ve
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TEST DEL SUDORE

CONSULENZA GENETICA AI GENITORI

Test normale
< 30 mEq/L cloro

B.no portatore, 
no follow up, 
� PLS

Test patologico 
>60 mEq/L cloro

B.no FC, 

�Al Centro 
specialistico

Test borderline 
> 30 mEq/L cloro

Ripete TS
E/o analisi genetica
di II livello

b-IRT +ve, DNA: +/-

With CF symptoms
R553X /R117H-5T*
P5L/H199R (PI)*
�F508/ D1152H*
�F508/ D1152H*
1717-1G-A/ D1152H*
3849+10KbC-->T/ 711+5G->A*
R117H-7T/ unknown*
G542X/unknown (met. alkalosis)

* Recurrent respiratory infection

Without symptoms
�F508/ 5T
�F508/ 5T
G542X/ 5T
�F508/ 5T
2789+5G->A / 5T
�F508/ 5T
�F508/ - carrier
G542X/ - carrier
�F508/ - lost to follow up
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CF incidence in 2002

27 classical CF (11 M.I.)
1:3,300 (27/89,108; IC 95% 1:2273-1:5006). 

15 atypical CF
1:5,940 (15/89,108; IC 95% 1:3,593-1:10,608).

False negatives:  ° meconium ileus (delF508/delF508) 121 mEq/l Cl-; 

*prenatal diagnosis  (2789+5G����A/Y89C) <30 mEq/L Cl-;

��""�' �(����� �������)������(���������
"�������������������"��(�����*�����"���

!9 +�����������������	�����EE����'& ������
F��	������6�(

�9 * 	����� ,�	���������GG���6�����'? > > $��? B �C
��
����E��	�(�

�9� H ������������������������	����	E��,�	������
���������
�	�����


�9� H �����E��	������& ���������& �	���

'0� �������� ��	��������(

�9� �;��������'��+* 
�I(���6�����E��	��
& ���������,���������������E��	�����	�.��������
��	��& ��������������



16

�9�
�����& �	��E��	� ����	��	���������������6�

�9�
������������������	�����������������	��

�9�H �����E��	����������00���	E���������	E�����
	����������00���	E���������	E�����
�	�����	���

 9���6�����E��	����������

��""�' �(����� �������)������(���������
"�������������������"��(�����*�����"���

Studio della funzione della proteina CFTR: 
differenza di potenziale nasale

Pradal U. et al: AJRCCM 1998

Delmarco A. et al: ERJ 1997
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Bush A, Wallis C: 
Time to think again: cystic fibrosis is not an "all or 

none" disease.
Pediatr Pulmonol. 2000 Aug;30(2):139 -44
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Migliorare la qualità del programma di NBS: 
interventi per gli Ospedali periferici 

e i pediatri curanti

Migliorare la conoscenza delle attuali procedure di 
NBS � incontri per neonatologi, infermieri, 
chirurghi pediatrici e pediatri 

STRATEGIE DIAGNOSTICHE ED ASSISTENZIALI COME 
GARANZIA DI QUALITA’

Raccomandazioni per migliorare l’esecuzione e la 
valutazione del test del sudore � diffusione 

informazioni sui limiti di normalità.
Centralizzazione del test del sudore per i carriers. 

Dr. Carlo Corbetta, 
Laboratorio di Riferimento Regionale per lo Screening Neonatale

AO Istituti Clinici di Perfezionamento, Milano

Dr.ssa Manuela Seia, 
Laboratorio Genetica Molecolare, 

Fondazione Ospedale Maggiore , Mangiagalli e Regina Elena

Prof.ssa Anna Bossi, 
Istituto di Statistica Medica e Biometria, 

Università degli Studi di Milano
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Prof. L.D.Notarangelo
Dipartimento di Pediatria,

Università di Brescia


