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Newborn ScreeningNewborn Screening

It identifies biochemical or other inherited
conditions that may produce mental

retardation, other disabilities and/or death. 
Babies are screened for these conditions

during the newborn period. 
These conditions are identified using tests on 
blood collected from a heel stick onto filter

paper



Criteria of a screening programme

� The condition being screened for should be an important health problem 
� The natural history of the condition should be well understood 
� There should be a detectable early stage 
� Treatment at an early stage should be of more benefit than at a later stage 
� A suitable test should be devised for the early stage 
� The test should be acceptable 
� Intervals for repeating the test should be determined 
� Adequate health service provision should be made for the extra clinical 

workload resulting from screening 
� The risks, both physical and psychological, should be less than the benefits 
� The costs should be balanced against the benefits

Wilson-Jungner criteria; World Health Organisation 1968





SOME PRINCIPLES OF ITALIAN GUIDELINES FOR NEWBORN S CREENING

1: Lo screening neonatale è oggi considerato unaresponsabilità essenziale del sistema di
salute pubblicaed è ritenuto di importanza critica per migliorare la salute dei bambini affetti.
“ Today newborn screening is considered to be a main responsibility of the public health system.   
It is fundamental to improve the health of affected babies”.

2: La politica di sviluppo dello screening neonatale viene oggi considerataprimariamente
diretta all’interesse dei neonati affettimentre sono secondari gli interessi dei neonati sani,
delle famiglie, degli operatori sanitari e del pubblico.

3: Le raccomandazioni per l’implementazione dello screening neonatale possono oggi essere
esclusivamentebasate sulla evidenza scientifica e sull’opinione degli esperti.

4: Per essere inclusa nel pannello di screening secondo i criteri odierni una condizione deve:
essere identificabile in epoca preclinica, possibilmente entro le 48 ore di vita, deve essere
disponibile un test sensibile e specifico e debbono essere evidenti i benefici di un precoce
intervento, che non si limitano al trattamento efficacema che consistono nel miglioramento
della qualità della vita anche in presenza di sintomi clinici e nel consiglio genetico alla
famiglia.
“… early detection is necessary and it should be, possibly, before the 48 hours of life; there should 
be a simple, safe, precise and validated screening test; the benefits of an early detection have to be 
intended not only to get a resolutive treatment but also to improve the quality of life (even if 
clinical symptoms are present) and to give genetic counseling to the family”.

5.Il programma di screening devecomunque riportare ogni altro eventuale rilievo di
potenziale significato clinico.



* INCREMENT OF LIFE EXPECTANCY

* IMPROVEMENT OF THE QUALITY   
OF LIFE

* POSSIBILITY OF SUITABLE 
GENETIC COUNSELLING

* PRENATAL DIAGNOSIS



NEWBORN SCREENING HISTORY STARTED IN 1961: 
THE GUTHRIE TEST
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GUTHRIE R, SUSI A.
A SIMPLE PHENYLALANINE METHOD FOR DETECTING PHENYLKETONURIA
IN LARGE POPULATIONS OF NEWBORN INFANTS.

Pediatrics. 1963;32:338-43

MACCREADY RA, HUSSEY MG.
NEWBORN PHENYLKETONURIA DETECTION PROGRAM IN MASSACHUSETTS

Am J Public Health Nations Health. 1964;54:2075-81.

Hosp Pract. 1972; 7:93

GUTHRIE R
MASS SCREENING FOR GENETIC DISEASE





DELIBERAZIONE REGIONALE 301 DEL 2/6/1981
“AVVIO DI ATTIVITÀ PER L’ACCERTAMENTO 
DELL’ IPOTIROIDISMO E FENILCHETONURIA….”
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ISTITUZIONE DELLO SCREENING FIBROSI CISTICAISTITUZIONE DELLO SCREENING FIBROSI CISTICA



…nei primi giorni di vita, ancora in ospedale, il b imbo viene sottoposto al cosiddetto 
"screening neonatale", una serie di esami che perme ttono di individuare 
precocemente alcune malattie congenite (cioè present i alla nascita), ma che si 
manifestano in genere più tardivamente. Grazie a que sto test, che deve essere 
eseguito dopo quarantotto ore di vita , è possibile individuare e curare precocemente 
queste malattie, che possono, altrimenti, avere gra vi conseguenze sullo sviluppo 
psicomotorio e sull'accrescimento del bambino. Dal 1992 (legge-quadro n. 104 del 5-
5-1992) questo esame deve essere eseguito su tutti i neonati italiani (la prima legge 
che ne ha sancito l'importanza e quella della regio ne Liguria del 17-8 -1973). 
Lo "screening neonatale" viene effettuato per ident ificare alcuni disturbi molto seri, 

che se vengono individuati precocemente possono ess ere curati con ottimi risultati. 
Queste malattie sono congenite, presenti cioè già dal la nascita, ma nei primi giorni 
di vita non si manifestano e, se non viene eseguito  il test, possono essere 
individuate solo più tardi. I disturbi individuabili con questo esame sono tre: la 
fenilchetonuria , una malattia ereditaria che provoca problemi nell'a ssimilazione di 
una sostanza, la fenilalanina (monitorando il dosagg io di quest'ultima); l' 
ipotiroidismo congenito , un problema della tiroide, le ghiandola che regola lo 
sviluppo e la crescita (in base al dosaggio del TSH  o ormone tireotropo) e la fibrosi 
cistica , una malattia respiratoria molto seria (verificata  tramite la concentrazione di 
un enzima la tripsina).

ITALIAN LAW N. 104/1992ITALIAN LAW N. 104/1992

IN ITALY THE SCREENING IS MANDATORY ONLY for PKU, CH T, CF



SCREENING NEWBORN USING LC-MS/MS
(1990-3)

J. Inher. Metab. Dis. 13: 321-324; 1990



Che cosa è?

Quali sono le sue applicazioni?

Quali sono i vantaggi?



Che cosa è?

E’ una tecnica di analisi e 

di rivelazione 

quali-quantitativa delle molecole (ioni)



Principali campi di applicazioni
Chimica farmaceutica e farmacologia: caratterizzazione di farmaci 
e loro impurezze, metabolismo, farmacocinetica e farmacodinamica, 
etc.
Biochimica clinica: determinazione quantitativa di sostanze 
endogene ed esogene

Biotecnologie: monitoraggio on-line di processi di fermentazione, 
caratterizzazione dei relativi prodotti etc.

Chimica agroalimentare: analisi di alimenti, di componenti residui, 
caratterizzazione e determinazione di additivi legali ed illegali

Chimica ambientale: identificazione, caratterizzazione e 
determinazione quantitativa di inquinanti idrici polari, di pesticidi, 
tensioattivi etc., e/o di loro metaboliti e prodotti di degradazione.

Chimica Organica e Organometallica: caratterizzazione strutturale 
di prodotti e intermedi di sintesi, controllo dei prodotti di partenza 
etc.



-VERSATILITA’

-VELOCITA’

-SENSIBILITA’

-SELETTIVITA’

-NON FACILE UTILIZZO

-COSTI ELEVATI

VANTAGGI

SVANTAGGI



Quantità da 
rilevare

Peso (g) Numero di 
molecole

Tecnica analitica 
chimico-fisica

Milligrammo (mg)

Zeptogrammo (zg)

Attogrammo (ag)

Microgrammo (µg)

Nanogrammo (ng)

Picogrammo (pg)

Femtogrammo (fg)

10-3

10-6

10-9

10-12

10-15

10-18

10-21

1018

1015

1012

109

106

103

100

Titolazione, NMR

Spettrofotometria

Cromatografie 

MS

MS

MS

?

+



NBS (Test di Guthrie) 
(Un Test-Un Difetto)

NBS mediante MS/MS
(Multiplex Testing)



01/10/2001-31/10/2004

in 

Florence, Prato and Pistoia areas

PILOT PROJECT

42371 screened



35000 
newborns/year

Regional Legislative Action no. 800 
(3/8/2004):

since 01/11/2004
“….. the program must screen all babies born in Tuscany starting 

from November 2004(approximately 35000/year) for selected 
acylcarnitines and amino acids....

…”



since 01/01/2010

Florence has performed the expanded
newborn screening also for Umbria 

Region

8000 
newborns/year



… the program must screen all babies born in Tuscany starting fromNovember 2004(approximately 
40000/year) for selected acylcarnitines and amino acids....

PREVALENCE 1:1750 166 DIAGNOSES

293,900 newborns

PILOT PROJECT

01/01/2002-31/10/2004

3 provinces of Tuscany = 13,500/year3 provinces of Tuscany = 13,500/year

42,371 newborns

REGIONAL LEGISLATIVE ACTION
No. 800 (3/8/2004)



PREANALYTICAL PHASE

THE DRAWING OF THE BLOOD
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THE LAW REQUIRES THAT 

THE DRAW OF THE BLOOD 

MUST BE COLLECTED 

BETWEEN 48 AND 72 HOURS 

OF LIFE 
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BETWEEN 48 AND 72 HOURS 

OF LIFE 



Pick-up time: between 16-17 
P.M from 39 nurseries

Delivery to the NS centre: 
before 9 A.M

DBSs ARE SENT TO THE LAB BY 
COURIER (from MONDAY TO 
SATURDAY) 



ANALYTICAL PHASE

FROM ANALYSIS TO RESULT 

ANALYTICAL PHASE

FROM ANALYSIS TO RESULT 



100 µL of
hydrazine 3mmol/L        

25 min 37°C

100 100 µµL ofL of

hydrazinehydrazine 3mmol/L        3mmol/L        

25 min 3725 min 37°°CC

,

dried blood spot (DBS)

Evaporation
under  

nitrogen flow 
45°C

Derivatization: + Butanol-
HCl 3N

65°C-25 minutes

200 µL of MeOH +
labelled internal
standards andand

ACN/Water +0.05% formic acids 70:30 
Flow Injection Analysis (LC-MS/MS)

Diameter of 
circle 3.2 mm

Evaporation
under nitrogen

flow 55°C

METHOD METHOD 
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Acylcarnitines Aminoacids

ββββ-oxidation of fatty acids defects

Aminoacidopathies

Organic acidurias
-Propionic Aciduria
-Methylmalonic Acidurias
-Isovaleric Aciduria
-Methylcrotonil-CoA Carboxilase Deficiency
-Holocarboxylase Synthetase Deficiency
-Glutaric Acidurias type I
-3-OH-3-Methylglutaryl-CoA Liase Deficiency
-ββββ-Ketotiolasi Deficiency

-HyperPhenylalaninaemias
-Tyrosinaemia type I and II
-Leucinosis
-Non ketotic Hyperglycinaemia
-Citrullinaemia type I and II
-Argininsuccinic aciduria
-Argininaemia
-Homocistinuria

-HyperOrnithinemias

-Short Chain Acyl-CoA Dehydrogenase Deficiency (SCAD)
-Medium Chain Acyl-CoA Dehydrogenase Deficiency (MCAD)

-Multiple Acyl-CoA Dehydrogenase Deficiency (MADD)

-Long Chain 3-OH-Acyl-CoA Dehydrogenase Deficiency (LCHAD)/

Mithocondrial Trifunctional Protein Defect

-Carnitine Palmitoil Trasferase Deficiency (CPT I and II)

-Carnitine Transporter Defect

-Carnitine-Acylcarnitine Translocase Deficiency

-Very Long Chain Acyl-CoA Dehydrogenase Deficiency (VLCAD)



Our panel contains 22 primary targets and 22 secondary targets

J Inherit Metab Dis. 2008 Oct 27



Aminoacidopathies



58 HYPERPHENYLALANINEMIAS
Prevalence   1:5000

13 classical PKU Prevalence 1:22000
1 DHPR Defect 

AMINOACIDOPHATIES

5 Citrullinemias type I

2 Citrullinemias type II

2 MAT III

4 Hyperhydroxyprolinemias

1 OCT

2 Tyrosinemia type I 

1 Argininosuccinic acidemia



PHENYLKETONURIA 

(Occurrence 1:15000)

Phenylalanine Hydroxilase (PKU)

or co-factor BH4 Defect

Toxic accumulation of Phenylalanine
(SNC)

Mental retardation, epilepsy, 
depigmentation



Hyperphenylalaninaemia



Classical PKU

Hyperphenylalaninaemia

Normal



6

H.L

Phe= 846 µM

Phe= 51 µM

Tyr= 43µM

Tyr= 32µM



49 ORGANIC ACIDURIAS
3 Propionic Acidemias

1 Glutarico Aciduria tipo I

3 3-Me-Crotonyl Glycinurias (maternal trasmission)

2 Isovaleric Acidurias

1 Methylglutaconic aciduria

12 Isobutyric Acidurias

9 Formimino Trasferase defects

18 Methylmalonic Acidurias (3 maternal; mothers were 
vegetarian)



23 ββββ-OX FATTY ACIDS DEFECTS

10 MCAD (1:26600)

7 SCAD

2 VLCAD

4 CARNITINE DEFICIENCIES (2 maternal)



ββββ-oxidation of fatty
acids defects



MITOCHONDRIAL CARNITINE PATHWAY



MCADD: Medium-Chain Acyl CoA

Dehydrogenase Deficiency

AUTOSOMAL RECESSIVE

Estimated occurrence ~1:15000 
Caucasian births



β−oxidation of long, medium and short chain
fatty acids



I.S

I.S

C8-carnitine

C10-carnitineC6-carnitine

I.S

NORMAL

MCAD AFFECTED

I.SI.S

I.S

I.S
I.S

I.S

G.D.

G.la Marca et al, Rapid Comm Mass Spectrom, 17, 2003



C8-carnitine

344.4

344.4

MCAD DIAGNOSIS

11 hours post diagnosis

24 hours post diagnosis

36 hours post diagnosis

C8-carnitine

C10-carnitine
C6-carnitine



344.4

MCAD 1 month after diagnosis

normal



POSTPOST--SYMPTOMATIC DIAGNOSIS (120 SYMPTOMATIC DIAGNOSIS (120 patientspatients.).)
Coma                                            84%Coma                                            84%
ResidualResidual neurologicneurologic damagedamage 40%40%
MortalityMortality 20%20%

Coma              0%

Mental Retardation 0%

Mortality 0%

Coma              0%

Mental Retardation 0%

Mortality 0%

NEWBORN SCREENING
by LC-MS/MS

Muntau 1999-2003

MCAD DEFICIENCYMCAD DEFICIENCY

PRE-SYMPTOMATIC DIAGNOSIS (62 pat.)

C8-carnitine

Soggetto sano

MCAD

C10-carnitineC6-carnitine

I.S
I.S

I.S

I.S

I.S
I.S

I.S

I.S

I.S

- hypoketotic hypoglycaemia
- Liver failure
- Reye like manifestations

-After 8-16 hours fasting
-During ordinary illness
-After surgery



ASPETTI POSITIVI CRITICITÀ



POSITIVE ASPECTSPOSITIVE ASPECTS

SCREENING BY MS/MSSCREENING BY MS/MS

CRITICISMSCRITICISMS

•EXPANDED SCREENING
•PRECLINICAL DIAGNOSIS
•EARLY THERAPY
•BEST PROGNOSIS
•QUANTITATIVE RESULTS
•MONITORING 
DURING THERAPY

•FALSE POSITIVES, 
NEGATIVES
•ASYMPTOMATHIC FORM
•NO RESOLUTIVE THERAPY   
IN SOME CASES
•FAMILIAR STRESS
•COSTS

COSTS and BENEFITS



PARENTAL STRESS

LARGE NUMBER OF FALSE POSITIVE TESTS

ELEVATED NUMBER OF RECALLSELEVATED NUMBER OF RECALLS

RECALL RATERECALL RATE

2001-2 2003 2004 2005 2006 2007 2008

1.33%

1.47%
0.83 %

0.58 %
0.45 %

Pilot Project

01/01/2004
DLR n. 500 CutOff

Adjustment/ 
Protocols

SUAC;     
� cutoff Tyr

2nd Tier 
Test (C3)

2nd

Tier 
Test 

(MSUD

2010

0.25 %

0.27 %
Oct 2010

0.31 %

2009



Padova/
Verona

Genova

Roma

Milano

Napoli

Catania/
Palermo

Italy has 
32 

newborn 
screening 

centers

Firenze



Newborn screening for
Severe Combined

Immunodeficiencies

Newborn screening for
Lysosomal Storage Disorders

FUTURE PERSPECTIVES



A pilot project for ADA SCID

has started January 1st 2011

NEXT FUTURE PERSPECTIVES OF 

NEWBORN SCREENING IN TUSCANY

Newborn Screening for Severe 
Combined Immunodeficiency

Newborn Screening for Severe 
Combined Immunodeficiency



Immune system

Adaptive 
immune system

Innate 
immune system

NK Cells

Monocytes

Granulocytes

Cell-mediated 
immunity

Humoral
immunity 

T 
lymphocytes

B
lymphocytes

Non-specialized
No memory 

Specialized
Memory 

Among all immunodeficiencies,  
Severe Combined ImmunoDeficiencies (SCID)

are undoubtedly the most severe

Children with SCID lack 

all adaptive 
immune responses 



A prompt diagnosis in the first days of life
allows to plan and start 

the correct therapy

IMMEDIATELY

Therapy

Antibiotics
Antiviral
Immunoglobulins e.v.

Enzyme therapy i.m.

SEVERE 
COMPLICATIONS

CAN BE PREVENTED



How was up to now diagnosis performed?

When a clinical suspicion was
present…
toxic metabolites of ADA or PNP 
were evaluated in urine samples

Both methods are 
late and expensive

or ADA activity was
evaluated on blood
samples



The idea….

Including diagnosis of 
ADA and PNP SCID in the 
newborn screening panel

Looking for toxic metabolites
of ADA (adenosine and deoxyadenosine)                 
or PNP (deoxyinosine, deoxyguanosine,  guanosine)  
at birth on dried blood spots



Adenosine-deaminase (ADA-SCID) or
Purine-nucleoside phosphorilase (PNP-SCID)

Features of SCIDs due to deficiency of 

…are those considered
as necessary criteria to
include that diagnosis
in a screening program

Availability of diagnostic tests

Availability of specific therapies

Clinical improvement if early diagnosis is performed

Low cost per test



ADA affected Control 

Acylcarnitines profile Acylcarnitines profile 

Aminoacids profile Aminoacids profile 

Ado Ado

Ado-I.S Ado-I.S

DeoxyAdo-I.S DeoxyAdo-I.S

DeoxyAdo DeoxyAdo
Succ.Ac Succ.Ac

Succ.Ac- I.S
Succ.Ac- I.S



The experiments….

Sensitivity

Analysis of dried blood spots taken at 
birth from 4 newborns with confirmed
(genetic) diagnosis of ADA 

Specificity

Analysis of dried blood spots taken at 
birth from 15000 helthy newborns



ADA affected Control 

Acylcarnitines profile Acylcarnitines profile 

Aminoacids profile Aminoacids profile 

Ado Ado

Ado-I.S Ado-I.S

DeoxyAdo-I.S DeoxyAdo-I.S

DeoxyAdo DeoxyAdo
Succ.Ac Succ.Ac

Succ.Ac- I.S
Succ.Ac- I.S



Set-up of 2° tier test

but

No false positive found in 5000 tests



The results ….

Sensitivity

1



The results ….

Sensitivity

2



The results ….

Sensitivity

3



ADA-SCID
patient

ADA-SCID
patient

ADA-SCID
patient

Healthy
control

1.65 cps

4.32 cps 4.35 cps

2.05 cps



Adenosine Deoxy-
Adenosine

Adenosine

Deoxy-
Adenosine

DBS from a control DBS from ADA patient



WASHINGTON – January 27, 2010 

In a historic vote on January 21, 2010, the Secretary's 
Advisory Committee for Heritable Disorders in 

Newborns and Children (ACHDNC) 

unanimously agreed
to recommend the addition of Severe Combined

Immunodeficiency (SCID) to the 
uniform newborn screening panel.

(Cost per test: not <10-15$)



The cost ….

The cost per test is below 0.05 €

No extra-equipment is required

A commercial kit 
could be
distributed in all
countries were
neonatal
screening are 
performed



The cost ….

The frequency of ADA-SCID is now
hypothesized around 1:1,000,000. 

It is largely underestimated because of deaths
in the first year of life due to severe infections
before diagnosis of SCID

The frequency of other metabolic diseases included
in the screening is in a similar range

Preliminary data from Tuscany
suggest an incidence of more 

than 1:50,000





NEW 
PERSPECTIVES 
FOR THE NEXT 

FUTURE

NEW 
PERSPECTIVES 
FOR THE NEXT 

FUTURE



The inclusion of
additional SCIDs

in NS panels

(PNP, Bruton etc)

The inclusion of
additional SCIDs

in NS panels

(PNP, Bruton etc)



THIS IS MATTEO LA MARCA,

WHO NEVER SLEEPS 
(UNFORTUNATELY)

THANK YOU!


