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Cosa Ha Cambiato Lo Screening 
Esteso Per Le Malattie Metaboliche?

Outline
• The ACMG uniform panel

• From WHAT we screen for (how many 

conditions) to HOW WELL we do it

– Performance metrics (MS/MS)

– Clinically defined cutoff values

– The impact of 2nd tier tests

Newborn ScreeningNewborn Screening
A Public Health Program

• Aimed at identification of conditions for which 

early intervention can prevent mortality, 

morbidity, and disabilities

• Performed by analysis of diagnostic markers in 

blood spots collected on filter paper at birth

• Extent of program is chosen (and upgraded) by 

each state independently

Conditions Traditionally Tested for
by Newborn Screening (1960-2000)
Condition

• Sickle cell disease
• Hypothyroidism
• Phenylketonuria
• CAH
• Galactosemia
• Biotinidase
• MSUD
• Homocystinuria

Incidence
1:        400
1:     4,000
1:   12,000
1:   19,000
1:   50,000
1:   70,000
1: 250,000
1: 275,000

States
49/51
51/51
51/51
39/51
50/51
36/51
29/51
35/51

Other Conditions (2000)
• Hearing screening 27/51

• Cystic fibrosis (CO, WI, WY)   3/51

• MCAD (ME, MA, NC) 3/51

• Toxoplasmosis (MA) 2/51

• Tyrosinemia type I (GA, MD) 2/51

• G6PD (DC) 1/51

• HIV (NY) 1/51

Medium-Chain Acyl-CoA 
Dehydrogenase (MCAD) Deficiency

• Defect of mitochondrial fatty acid oxidation
• First report in 1976, defect confirmed in 1982
• Founder effect (common mutation 985A>G)
• Ethnic distribution (Caucasians)
• Incidence: 1:8,000-14,000 live births
• Normal growth and development

• 30-50% mortality (first acute episode)
• Screening method: tandem mass spectrometry
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• Pervasive lack of uniformity in

– Extent of screening panels (~50/50)

– Decision-making (no national process)

– Analytical quality

– Interpretation of results

– Outcome data collection

Status of Newborn Screening (2004)

Expanded
NBS left to
consumer
initiative!

Expanded
NBS left to
consumer
initiative!

Newborn Screening
Left to Consumer Initiative

Department of Health & 

Human Services, 

Maternal and Child 

Health Bureau

Letter sent in July 2004

to every NBS programs 

in the USA

Additionally, I also encourage 

you to facilitate the development  

of educational material that 

inform parents about the option 

to have their babies screened for 

additional conditions that could 

be routinely tested in the 

newborn period but at this time 

are not covered or required by 

your State program.

The HRSA/ACMG Uniform Panel The HRSA/ACMG Uniform Panel

Standardization of Outcomes 
and Guidelines for State 

Newborn Screening Programs
Contract No. 240-01-0038

Contractor
American College of Medical Genetics

Michael S. Watson, PhD, FACMG, Project Director

SPONSOR
Maternal and Child Health Bureau

Genetic Services Branch
Health Resources and Service Administration

Michele A. Lloyd-Puryear, MD, PhD, Chief
Marie Mann, MD, Project Officer

Primary Goals
of HRSA/ACMG Contract

• Developing a uniform panel of newborn 

screening conditions

• Developing a decision-making tool for use 

in NBS program expansion or contraction

– Criteria for assessing conditions for their 

appropriateness for newborn screening
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Uniform Panel Survey Conditions Included in SurveyConditions Included in Survey
– Endocrine disorders (CAH, CH, IDDM) 3
– Infectious diseases (HIV, Toxo, CMV) 3
– Hematologic disorders (Hb-pathies, G6PD) 5
– Genetic conditions (CF, DMD, FX, Wilson) 12
– IEM detectable by MS/MS (AA, AC)

– Amino acid disorders (PKU, MSUD, HCY) 16
– Fatty acid disorders (MCAD, VLCAD) 14
– Organic acid disorders (PA, MMA, IVA, GA-I) 15

– Other IEM  (± detectable by MS/MS)
– Carbohydrate disorders (GALT, CDG) 4
– Lysosomal disorders (Fabry, Krabbe, Pompe) 5
– Others (BIOT, ALD, SLO) 6

83 

– Endocrine disorders (CAH, CH, IDDM) 3
– Infectious diseases (HIV, Toxo, CMV) 3
– Hematologic disorders (Hb-pathies, G6PD) 5
– Genetic conditions (CF, DMD, FX, Wilson) 12
– IEM detectable by MS/MS (AA, AC)

– Amino acid disorders (PKU, MSUD, HCY) 16
– Fatty acid disorders (MCAD, VLCAD) 14
– Organic acid disorders (PA, MMA, IVA, GA-I) 15

– Other IEM  (± detectable by MS/MS)
– Carbohydrate disorders (GALT, CDG) 4
– Lysosomal disorders (Fabry, Krabbe, Pompe) 5
– Others (BIOT, ALD, SLO) 6

83 

Criteria and Scoring SystemCriteria and Scoring System
• Incidence of conditions
• Identifiable at birth
• Burden of disease
• Availability of test
• Test characteristics
• Availability of treatment
• Cost of treatment
• Efficacy of treatment
• Benefits to individual
• Benefits to F&S
• Mortality prevention
• Diagnostic confirmation
• Acute management
• Simplicity of therapy

• Conditions scored 3,927

• Individual scores 65,054

Final Results

• Responses 275

• Respondent “profiles” 560

Criteria Scores (MCAD)

MCAD
Scores

PKU
Scores



Survey Scores
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Core panel
Secondary targets
No test
Excluded/deferred

Survey Scores (Sorted) Uniform Screening Panel (2005)
• 29 primary conditions

– 20 detected by MS/MS (AA, FAO, OA)

– 3 Hb-pathies (S/S, S/βThal, S/C)

– 6 others (BIOT, CAH, CF, CH, GALT, HEAR)

• 25 secondary targets

– 22 detected by MS/MS (AA, FAO, OA)

– 1 Hb-pathy (many variants counted as one)

– 2 others (GAL-epimerase, GAL-kinase)



JAMA 2004; 303:2525 Nat Genet 2004; 36:1127 JAMA 2004; 303:2525 Nat Genet 2004; 36:1127

The March of Dimes 
has already urged 
the report's 
recommendations 
be adopted by every 
state. We agree.

20 Primary targets
22 Secondary targets

Phenylketonuria
MSUD
Homocystinuria
Tyrosinemia type I
Argininosuccinic acidemia
Citrullinemia type I

Hyperphenylalaninemia
Tyrosinemia type II
Biopterin defects (Bios)
Tyrosinemia type III
Biopterin (Reg)
Argininemia
Hypermethioninemia
Citrullinemia type II

MCAD deficiency
VLCAD deficiency
LCHAD deficiency
TFP deficiency
Carnitine uptake defect

M/SCHAD deficiency
SCAD deficiency
MCKAT deficiency
CPT-I deficiency
Glutaric acidemia type II
CACT deficiency
Dienoyl red. deficiency
CPT-II deficiency

Isovaleric acidemia
Glutaric acidemia type I
HMG deficiency
3MCC deficiency
BKT deficiency
Multiple carboxylase deficiency
Methylmalonic acidemia (MUT)
Methylmalonic acidemia (Cbl A,B)
Propionic acidemia

Methylmalonic acidemia (Cbl A,B)
2M3HBA deficiency
IBG deficiency
2MBCAD deficiency
Methylglutaconic acidemia
Malonic acidemia
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HRSA/ACMG Uniform Panel (MS/MS)

Unrelated
targets?

Unrelated
targets?

2 “Unrelated” targets

Dienoyl red. deficiency
Malonic acidemia
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2 “Unrelated” targets
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The secondary targets
cannot be separated

from the primary targets 

The ethical debate should be
about the arbitrary suppression
of potentially relevant clinical

information

The ethical debate should be
about the arbitrary suppression
of potentially relevant clinical

information
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What has been
the IMPACT of the 

Uniform Panel? % of
US

births20%
14%63%

TX

NBS by MS/MS in Minnesota
• May 2001 - Program expansion (MS/MS)

• June 2004 - Public-private partnership 
between MDH, UoM, and Mayo Clinic

• April 2005 - Implementation of all 29 
conditions included in HRSA/ACMG 
uniform panel and secondary targets

Newborn Screening 2006
Disorders screened for in North America

MNMN

5454

“The newborn screening 
leaders in the US are 

Mississippi, Iowa and 
South Dakota”

(Associated Press, 2004

March of Dimes, 2005)

Outline
• The ACMG uniform panel

• From WHAT we screen for (how many 

conditions) to HOW WELL we do it

– Performance metrics

From COUNTING to QUALITYFrom COUNTING to QUALITY



Regional Genetics and Newborn Screening Collaboratives
(HRSA-04-085)

A Regional Approach to Improve the Health of 
Children and Families with Heritable Disorders in 
Illinois, Indiana, Kentucky, Michigan, Minnesota, 

Ohio, and Wisconsin (Region 4)

Cynthia A. Cameron, PhD
Program Director

Goals of Regional Collaborative
• Implement universal screening and confirmatory 

testing of newborns for inborn errors of amino 

acid, organic acid, and fatty acid metabolism

• Reduce inequities in access to genetic services

• Utilize a regional approach to improve public 

health infrastructure for supporting optimal 

diagnosis, follow up and management of children 

with heritable disorders and birth defects

Objectives of Project 1
• Achieve uniformity of testing panel by 

MS/MS to maximize detection of affected 
newborns within the region

• Improve overall analytical performance

Performance Metrics TARGETS*
(Full MS/MS Panel)

Detection rate

FPR

PPV

1:3,000

<0.30%

>20%

* Period & Volume MUST be specified

Period

Volume

Detection rate

False Pos. Rate

Pos. Pred. Value

Jul 04 - Aug 06

213,126

1:1,791

0.08%

42%

Performance Metrics in MN



Very nice, but that is Minnesota.  

This is __________ (State’s name) 

and our lab is DIFFERENT

Conventional Wisdom
(“Different” we stand)

• Results obtained using different procedures 

are not comparable

• Even instruments in the same labs are to be 

considered separately (different cut-offs)

• Every lab must develop own cutoffs based 

on local (normal) population

• Inter-laboratory comparison is not possible

What Are the Differences?

Size of punch 

Me-
OH

Et-
OH

other

Extraction

C4H9

CH3

none

Derivatization 

Me-
OH C4H9 both

270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

130 140 150 160 170 180 190 200 210 220 230 240 250 260

270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

130 140 150 160 170 180 190 200 210 220 230 240 250 260

* * * *

*

*

*

*
* ** * *

*

* * * *

*

*

*

*
* ** * *

*

p85
NL102

MRM

both

MS/MS 

54 possible
combinations

The Sky of Newborn Screening by MS/MS

SAME diseasesSAME diseases

SAME spotsSAME spots

SAME babiesSAME babies

270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

130 140 150 160 170 180 190 200 210 220 230 240 250 260

270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

130 140 150 160 170 180 190 200 210 220 230 240 250 260

* * * *

*

*

*

*
* ** * *

*

* * * *

*

*

*

*
* ** * *

*

“Different” methods“Different” methods

The Land of Newborn Screening by MS/MS Can We Compare Something Like This?

YES, if…..



Avoid Unrealistic Expectations

Seek Clinical Significance

….and have no fear of comparison

Do We Need
Inter-Laboratory Comparison?

The “independence” of state 

NBS laboratories has created a 

situation of increasing loss of 

consideration for the clinical 

significance of test results

Outline
• The ACMG uniform panel

• From WHAT we screen for (how many 

conditions) to HOW WELL we do it

– Performance metrics

– Clinically defined cutoff values

Selection of Cut-Off Values
• Based on either fixed %ile or (SD)n above 

mean of NORMAL population

• Arbitrary adjustments driven by

– Noise (false positives)

– Missed cases (false negatives)

• Disconnected from clinical significance

90%ile

10%ile
Median

*

* *

highest, lowest value

Normal Population

?? Cut-off ??



Goal is to define the gap 
between NORMAL & 

DISEASE ranges
(CUT-OFF RANGE)

5%ile disease range
99%ile normal population

*

• 2,213 confirmed cases (as 10/10/06)

– 32 US states (sorted by region)

– 18 International participants

– Published reports (8%)

• Anonymized data

• Collection 0-7 days

• Only first specimens (no repeats)

Cumulative Disease Ranges

19 Active Participants (USA) Imminent Additions (USA)

ND

AL
OK TN

UT

61% of 2007 US births61% of 2007 US births

International
Participants

• Argentina
• Australia (1 state)

• Canada (3 provinces)

• Germany (2 labs)

• Italy (2 labs)

• Japan (1 lab)

• Saudi Arabia

Imminent
Additions

• China (1 lab)

• Bulgaria
• Portugal
• Singapore
• Switzerland (1 lab)

A Tool for OBJECTIVE COMPARISON
of Performance Metrics



Contributions & Progression

from 500 to 2,000
in 12 months

from 500 to 2,000
in 12 months

CASI
ITALIANI?

13 
(0.6%)

Goal is to collect
at least 50 cases

for each condition

Goal is to collect
at least 50 cases

for each condition

No. of Cases (10/10/2006)

MCAD PKU SCAD
H-PHE 3MCC 2MBG
MMA VLCAD LCHAD
MSUD GA1 IVA

Number of cases
200 or more
100 or more

50 or more

AA Ratios (7)
AA
(9)

AC
(25)

AC
Ratios

(20)



State screening
by MS/MS

Data true
positives

Data normal
population

Conference
calls

Workgroup
meetings

Comparison &
harmonization

Revised
cutoff values

2nd tier tests
(MMA,SUAC)

Web
site

Marker
%iles

Disease
ranges

CUTOFF
RANGES

Outline
• The ACMG uniform panel

• From WHAT we screen for (how many 

conditions) to HOW WELL we do it

– Performance metrics

– Clinically defined cutoff values

– The impact of 2nd tier tests

Second Tier Tests
• Steroids (CAH)

– Lacey JM, Clin Chem 2004;50:621

– Minutti CZ, J Clin Endocrinol Metab 2004;89:3687

• Succinylacetone (Tyrosine)

– Magera MJ, Mol Genet Metab 2006;88:16

• Methylmalonic acid (C3)

• Homocysteine (Methionine, C3)

Why a 2nd Tier Tests for C3?

Abnormal Results per
10,000 Newborns

C3

Testing Algorithm for C3
C3 Acylcarnitine

< 5.25 µmol/L 5.25 - 10 µmol/L >10 µmol/L

YES

YES

REPORTED
NEGATIVE

C3/C16 >2.0

NO

Screening
NEGATIVE

NO

C3/C2 >0.2



Testing Algorithm for C3
C3 Acylcarnitine

< 5.25 µmol/L 5.25 - 10 µmol/L >10 µmol/L

YES

MMA
>5 µmol/L

YES
C3/C16 >2.0

NO

Screening
NEGATIVE

NO

C3/C2 >0.2

NO Screening
POSITIVE

YES

Revised Report

1/1/05 - 9/30/05

78,065

726

12

5 (1:15,613)

Period 7/1/04 - 12/31/04

Test volume 46,715

Abnormal C3 109

Reported abnormal 22

True positives 1

False positives 21 (0.045%)

Pos. predict. Value 5%

AC only w/ 2nd Tier

42%

7 (0.009%)

Impact of 2nd Tier test for MMA
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Abnormal Results/10,000 Newborns
Jul 2004 – Dec 2004

AC only
Jan – Sep 2005

w/ 2nd Tier

8.3

State screening
by MS/MS

Data true
positives

Data normal
population

Conference
calls

Workgroup
meetings

Comparison &
harmonization

Revised
cutoff values

2nd tier tests
(SUAC, MMA)

Web
site

Marker
%iles

Disease
ranges

CUTOFF
RANGES

PERFORMANCE
METRICS

Participation in 
Collaborative Project

• Participation is based on monthly 
submission of data:
– Percentiles of normal population (cumulative)

– Performance metrics (period, volume)

– Cutoff values (willingness to explore new ones)

– All data (AA, AC) of true positive cases

• Everyone is very welcome to join in, 
everybody is needed!

Conclusions
• Newborn screening is undergoing major 

changes

– Number of conditions, uniformity

– Awareness of performance metrics

– Collaborative effort is critical

• 2nd tier tests reduce false positive rates 
without compromising sensitivity

• How do we measure success?


