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60 Years of Newborn Screening 

in a Nutshell

Dietrich Matern, MD, PhD, FACMG
Professor of Laboratory Medicine,
Medical Genetics, and Pediatrics
Biochemical Genetics Laboratory

matern@mayo.edu

Learning Objectives

• Demonstrate a basic understanding of newborn 

screening (NBS)

• Identify some differences between NBS programs

• Recall available tools to react appropriately to 

abnormal NBS results
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Newborn Screening

A public health program:

 Aimed at identification of conditions for which early 
intervention can prevent

• mortality

• morbidity

• disabilities

 Performed by analysis of diagnostic markers in blood 
spots collected on filter paper on the second day of life 
(exception: hearing loss and congenital cyanotic heart disease)

Newborn Screening Pioneers

Horst Bickel
1918-2000

Robert Guthrie
1916-1995
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Newborn Screening: The Early Years

1958: Bacterial inhibition assay 
(BIA) for PKU

1961: Newborn screening for PKU 

History of Newborn Screening
 1962

 1963

JFK promotes a 20-state trial of the “Guthrie test”

- Massachusetts mandates NBS for PKU

- Oregon adds Galactosemia to NBS for PKU
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 One marker Phe

 One cut-off (N/Abn) 4 mg/dL

BIA One test

PKU One disease

The Traditional NBS Model:  BIA

History of Newborn Screening
 1962

 1963

 from 1963

JFK promotes a 20-state trial of the “Guthrie test”

MA mandates NBS for PKU; OR adds Galactosemia

NBS extends to all 50 states and includes metabolic 
and non-metabolic disorders

7

8



5/16/2023

5

Newborn Screening Implementation in the USA

35

1965

1983

1966

adapted from: Therrell BL, Adams J. J Inherit Metab Dis. 2007; 30: 447-65 with addtl info from Kathryn Tullis (DE) and Sydney Williamson-White (VT).

1967

19631973

1979

DC
(1980)

History of Newborn Screening
 1962

 1963

 from 1963

 1967

JFK promotes a 20-state trial of the “Guthrie test”

MA mandates NBS for PKU; OR adds Galactosemia

NBS extends to all 50 states and includes metabolic 
and non-metabolic disorders

Massachusetts begins urine NBS using paper 
chromatography; stopped in 1991. Quebec began 1971, 
continues (in Sherbrooke)
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History of Newborn Screening
 1962

 1963

 from 1964

 1967

 1989

JFK promotes a 20-state trial of the “Guthrie test”

MA mandates NBS for PKU; OR adds Galactosemia

NBS extends to all 50 states and includes metabolic 
and non-metabolic disorders

Massachusetts begins urine NBS using paper 
chromatography; stopped in 1991. Quebec began 1971, 
continues (in Sherbrooke)

McCabe* et al describe molecular genetic analysis as a 
2nd tier test for sickle cell disease screening 

*Baylor College of Medicine, Houston, TX

First described by Kolvraa et al in 1982

Incidence: ~1 : 10,000 live births

Gene: ACADM (1p31) (common mutation 985A G)

Symptoms: - Hypoketotic hypoglycemia

- Reye-like syndrome 

- Sudden unexpected death

Treatment: Avoidance of fasting, IV glucose during stress

Prognosis: - Excellent when treated before onset of symptoms

- 30-50% of mortality during first acute episode

Diagnosis: Acylcarnitine profile by tandem mass spectrometry (MS/MS)

MCAD Deficiency
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History of Newborn Screening
 1962

 1963

 from 1964

 1967

 1989

 1993

JFK promotes a 20-state trial of the “Guthrie test”

MA mandates NBS for PKU; OR adds Galactosemia

NBS extends to all 50 states and includes metabolic 
and non-metabolic disorders

Massachusetts begins urine NBS using paper 
chromatography; stopped in 1991. Quebec began 1971, 
continues (in Sherbrooke)

McCabe* et al describe molecular genetic analysis as a 
2nd tier test for sickle cell disease screening 

Chace et al describe NBS for PKU using MS/MS

2 MS/MS systems
~120,000 samples/yr

Tandem Mass Spectrometry Systems 
(MS/MS)
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 Primary screening (multiplex platform)

• Acylcarnitines, amino acids, succinylacetone, creatine*, 
creatinine*, guanidinoacetate*

• Lysosomal enzyme activities, lysophophatidylcholines^ 

• (Bile acohols for Cerebrotendinous xantomathosis, bile 
acids for Niemann-Pick C disease, hemoglobin for 
Hemoglobinopathies)

Application of MS/MS to NBS

*for creatine deficiency disorders
^for X-adrenoleukodystrophy (ALD)

NBS by MS/MS
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 Many markers (AA, AC)n

 Many cut offs 0.1-1,000 µM

MS/MS One test

(IEM)n Many conditions

A New NBS Model:  MS/MS

History of Newborn Screening
1962: JFK promotes a 20-state trial of the “Guthrie test”

1963: MA mandates NBS for PKU; OR adds Galactosemia

from1964: NBS extends to all 50 states

1967: MA begins urine NBS, stops in 1991

1989: McCabe* et al describe molecular genetic analysis as a 2nd

tier test for sickle cell disease screening 

1993: Chace et al describe NBS for PKU using MS/MS

1994: Molecular genetic analysis applied to CF screening (2nd tier test)

1996: Naylor starts using MS/MS for NBS in a private lab (Neogen)
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Number of Conditions included in NBS Programs

2001

35

3

4

5

21

34
6

adapted from: http://genes-r-us.uthscsa.edu/ (accessed sometime in 2001)
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Expansion of Newborn Screening:
Uniform Screening Panel
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Newborn Screening Criteria

 Clinical characteristics 
(e.g., incidence, burden of disease 
if not treated, phenotype in the 
newborn)

 Analytical characteristics of the 
screening test (e.g., availability, 
features of the platform)

 Diagnosis, treatment and 
management of the condition in 
both acute and chronic forms 
(includes the availability of health 
professionals experienced in 
diagnosis, treatment, and 
management)

2006 – ACMG Criteria1968 – WHO (Wilson & Jungner)

 Treatable illness

 Detectable in newborn period

 Presymptomatic initiation of 
treatment is beneficial

 Available resources for 
diagnosis/treatment/follow-up

 Availability of a simple method for 
sample collection

 Evidence of substantial public 
benefit & acceptance

 Suitable and simple test methods

 Acceptable costs

29
Primary Targets 25

Secondary
Targets

ACMG Panel: Final Scoring

not yet 
appropriate

500
ADA

Pompe

MPS I

ALD

Krabbe

2006

GAMT
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ACMG’s Recommended NBS Panel

Watson MS et al. Genet Med. 2006; 8(5, Suppl 1): 1S-252S

29 Core Conditions 25 Secondary Targets

History of Newborn Screening
1962: JFK promotes a 20-state trial of the “Guthrie test”

1963: MA mandates NBS for PKU; OR adds Galactosemia

from1964: NBS extends to all 50 states

1967: MA begins urine NBS, stops in 1991

1989: McCabe* et al describe molecular genetic analysis as a 2nd

tier test for sickle cell disease screening 

1993: Chace et al describe NBS for PKU using MS/MS

1994: Molecular genetic analysis applied to CF screening (2nd tier test)

1996: Naylor starts using MS/MS for NBS in a private lab (Neogen)
2005: ACHDNC recommends adoption of ACMG recommended 

screening panel

2010: HHS Secretary adopts ACMG recommendation as 
“Recommended Uniform Screening Panel” (RUSP)
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35

DC
40-49

50-52

54

30-39

5357

Newborn Screening in the USA in 2010

Nearly all states are screening for 29 Core Conditions

HRSA’s ACHDNC
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Vote

Process for Addition of  New 
Conditions to the RUSP

Nomination 
Form

ACHDNC
Advisory 

Committee

Evidence Review 
Group
(9 mo) 

Nomination
declined

Recommendation 
to the HHS Secretary

ACHDNC Nomination
& Prioritization

Workgroup

Vote

Nomination
ACCEPTEDRUSP

(120 days to respond)

09/2007: SCID → added to RUSP: 5/2010
10/2007: Pompe disease
12/2007: Niemann-Pick A/B disease
12/2007: Fabry disease
01/2008: Krabbe disease
06/2008: Spinal muscular atrophy (SMA)
04/2009: Hemoglobin H disease
07/2008: Hyperbilirubinemia/Kernicterus
10/2009: Critical Congenital Heart Disease → added to RUSP: 9/2011
01/2011: 22q11 deletion syndrome
02/2012: Pompe disease → added to RUSP: 3/2015
02/2012: MPS I → added to RUSP: 2/2016
02/2012: X-Adrenoleukodystrophy
09/2013: X-Adrenoleukodystrophy → added to RUSP: 2/2016
05/2016: Guanidinoacetate Me-Transferase (GAMT) deficiency
02/2017: SMA → added to RUSP: 7/2018
05/2021: MPS II → added to RUSP: 8/2022
08/2021: GAMT → added to RUSP: 1/2023
08/2021: Krabbe disease → again NOT added to RUSP: 2/2023
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Recommended Uniform Screening Panel

https://www.hrsa.gov/advisory-committees/heritable-disorders/rusp (last accessed: 4/2/2023)

37
Core

Conditions

Recommended Uniform Screening Panel

https://www.hrsa.gov/advisory-committees/heritable-disorders/rusp (last accessed: 4/2/2023)

26+
Secondary Conditions

37
Core

Conditions

….
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Newborn 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 on the second day of life 
(exception: hearing loss and congenital cyanotic heart disease).

 Extent of program is determined by each state 
independently.

Number of Conditions included in NBS Programs

2023

35
DC

40-49

33

50-59

60-68

68

68

adapted from: https://nbstrn.org/tools/nbs-vr (last accessed: 4/1/2023)
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Number of Conditions included in NBS Programs

2023

35
DC

33

58

46
68

68
62

5145

46

49

62

adapted from: https://nbstrn.org/tools/nbs-vr (last accessed: 4/1/2023)

CME still available:
https://www.mountainstatesgenetics.org/singh2022/

Newborn 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 on the second day of life     
(exception: hearing loss and congenital cyanotic heart disease).

 Extent of program determined by each state independently.

 Administered by each state but testing may be out of state
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“Regionalized” NBS in 2023

35

DC

65k

124k

70k
69k

108k

215k

74k

based on: Vital Statistics Rapid Release Report; No. 8. 2020: “Births: Provisional Data for 2019”

“Regionalized” NBS in 2023

35

DC

35
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NBS for Lysosomal Disorders
2023

35

DC

2

7
6

1

3

2/15/2016

5

Data from: www.newsteps.org & www.azdhs.gov (accessed 5/16/2023)

4

• Infantile Krabbe disease (IKD) presents in first 12 months:

 Extreme irritability

 Spasticity

 Developmental regression

 Median survival: <2 yrs of age

• Late Infantile KD (LIKD):

 onset of irreversible and progressive symptoms between 1-3 yrs

 Median survival: 7 yrs

• Juvenile KD (JKD): progressive symptoms as of 4-17 yrs

• Adult KD (AKD): progressive symptoms as of 18 or more yrs

• JKD and LKD can present with weakness, spasticity, ataxia, vision 
loss, and/or as neuropsychiatric disease in adults

Krabbe Disease

Krabbe K. Brain, 1916; 39: 74-114
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Why NBS for Krabbe Disease

Screening test available
Treatment available but 
requires early initiation 

to be beneficial

Mayo Clinic’s Supplemental NBS
for Kentucky 

• Public/private partnership after law to add Krabbe disease to KY NBS 

panel became effective on 6/24/2015.

• KY NBS Lab started sending DBS to Mayo (MN) for screening for Krabbe 

disease, Pompe disease and MPS I on 2/15/16; ALD was added on 7/9/18.

• DBS are separated in KY & shipped to Mayo; demographic data 

transmitted electronically.

• KY operates 6 days a week, Mayo operates 7 days a week.

• Samples received are analyzed overnight; results reported next day.

• Leftover DBS are returned to KY every other week.
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10-plex
Assay*

CLIR for
KD, MPS I,
PD, ALD

NO
Informative

Score

INFORMATIVE
Score for KD

INFORMATIVE
Score for PD

INFORMATIVE
Score for MPS I

INFORMATIVE
Score for ALD

Screening
NEGATIVE

Mayo 
Clinic’s 
NBS for

*6 enzymes + 4 lysophosphatidylcholines by FIA-MS/MS

Screening
NEGATIVE

10-plex
Assay

CLIR for
KD, MPS I,
PD, ALD

NO
Informative

Score

INFORMATIVE
Score for KD

INFORMATIVE
Score for PD

INFORMATIVE
Score for MPS I

INFORMATIVE
Score for ALD

Second

Tier

Test

Screening
NEGATIVE

Mayo 
Clinic’s 
NBS for

41
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What are 2nd Tier Tests?
• A cost effective approach to reduce false positive results 

when normal population and disease range overlap (poor 
specificity)

• After primary screen

• Same specimen, no additional patient contact

• Normal 2nd tier test result overrules primary screen

 reduction of false positive results

• Examples: - biochemical (CAH, MSUD, PA, MMA, RMD, HCU,

SCAD, GA I, GA II, Pompe, Krabbe, MPS I, MPS II), 
- molecular (CF)

NBS
Laboratory

Birthing
Place

N
O
R
M
A
L

Primary Screen

NORMALNORMAL
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Primary Screen

ABNORMAL

NBS
Laboratory

Birthing
Place

R
E
P
E
A
T

Confirmatory
Testing

Primary Screen

ABNORMAL

NBS
Laboratory

Birthing
Place

2nd Tier Test
for specific analytes

NORMAL
(>90%)

N
O
R
M
A
L
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Primary Screen

ABNORMAL

NBS
Laboratory

Birthing
Place

A
B
N
O
R
M
A
L

Confirmatory
Testing 2nd Tier Test

for specific analytes

ABNORMAL

Krabbe MPS I Pompe

+ MPS  II

+ MPS III

+ GAMT

+ AGAT

+ CRTR

(+ DMD)  
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10-plex
Assay*

CLIR for
KD, MPS I,
PD, ALD

NO
Informative

Score

INFORMATIVE
Score for KD

INFORMATIVE
Score for PD

INFORMATIVE
Score for MPS I

INFORMATIVE
Score for ALD

Psychosine^

(Cr/Cre)/GAA

Dermatan S,
Heparan S^

C26-LPC^

Psychosine ↑

Dermatan S ↑
Heparan S ↑

C26-LPC ↑

NORMAL 2TT

Screening
POSITIVE

Screening
NEGATIVE

Mayo 
Clinic’s 
NBS for

*6 enzymes + 4 lysophoshatidylcholines by FIA-MS/MS                           ^by LC-MS/MS

2nd Tier Test

INFORMATIVE
Score for PD

Newborns screened:      379,507 (2/15/2016 – 2/28/2023)*

Final Diagnosis
Positive 

Predictive 
Value

False 
Positive 

Rate

False
Positive 

(FP)

True 
Positive 

(TP)

2nd Tier 
TestCondition

Infantile KD100%0%02
116

(0.031%)Krabbe

Late onset PD63%0.004%1424
188

(0.049%)Pompe

MPS I
Hurler/Scheie

59%0.002%710
149

(0.039%)MPS I

6 ALD,
2 Zellweger

100%0%08
1,368*

(0.556%*)ALD*

68%0.006%2144TOTAL

Kentucky Status

*Newborns screened for ALD (7/9/2018 – 2/28/2023):  246,137

False Positive Rate: (FP/Total)X100%;  Positive Predictive Value:  (TP/[TP+FP])X100%
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Patient 
admitted at 

Duke

DBS
arrives at 

Mayo

DBS 
arrives 
in KY 
Lab

NBS 
collected

HSCTDiagnosis
confirmed 

by:

GALC in 
WBC

PSY in DBS 
and CSF

Genotype:
1 MUT

+ 1 VUS
+ 2 Pseudo

GALC in WBC, 
PSY, 

Parental DNA,
HLA typing,
Neurologic 

exam,
MRI brain with 

DTI,  BAER, 
VEP, EEG, NCV,   
Neurocognitive 

testing,  CSF 
protein,

Psy in CSF

GALC 
PSY 

30kbDel -/-


initiate follow 
up,

initiate GALC 
sequencing

Informative
for Krabbe

 initiate rpt
+ 2TTs (PSY & 

30kbDel)

Sample prep 
and 

incubation

24th

DOL
9th

DOL
7th

DOL
6th

DOL
5th

DOL
4th

DOL
3rd DOL2nd

DOL

A Case of Krabbe Disease from KY

Sat MonSun

 PSY not normalized 

(at least not by 2 y/o)

 Sitting, but not 

walking

 Non-verbal, but 

expressive

 recurrent 

autoimmune 

hemolytic anemia
4 years old2 yrs old

1st KY Case with Krabbe Disease

51
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 Many markers AA, AC, TSH, GALT, etc.

 Pattern recognition 
(disease risk) Bioinformatics

(no cut offs)

MS/MS, etc. Many tests

(IEM, etc.)n Many conditions

The Newest NBS Model

 Many markers AA, AC, TSH, GALT, etc.

 Pattern recognition 
(disease risk) Bioinformatics

(no cut offs)

MS/MS, etc. Many tests

(IEM, etc.)n Many conditions

The Newest NBS Model
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Newborn 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 on the second day of life     
(exception: hearing loss and congenital cyanotic heart disease).

 Extent of program determined by each state independently.

 Administered by each state but testing may be out of state

 States may screen twice: by 2 days old + 1-2 weeks old

“Two Screen” States in 2023

35

DC
Why?

• Presumably to save children - but no 
compelling evidence supports it!

• Are all babies getting second screen at 
2 weeks old? → Equity?

• Fiscal responsibility? – more logistics, 
personnel, equipment, space!

55
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Newborn Screening

What do screening laboratories

like to do on Friday afternoons?

Inform you of a presumptive positive 

result on one of your

newborn patients!

What to do when you get a call about an 

abnormal ”PKU test”?
A. I tell myself not to panic!

B. I take the necessary information but make sure they mean 
an elevated Phe, not an abnormal NBS for Pompe disease 
or something else.

C. I ask around if any of my colleagues knows what to do.

D. I call the colleague who did not fall asleep during Dr. 
Matern’s presentation.

E. I’m self-sufficient and Google for ideas.

F. I’m self-sufficient and go to the NCCRCG or ACMG website.
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• Geneticists, other specialists and primary care 
providers involved in NBS for endocrine, 
hematologic, genetic and metabolic diseases

• ACT sheets and diagnostic algorithms

• ACT sheets include:
 Information about the analytes and their clinical significance

 Links to informational resources, if needed

 Links to websites that allow identification of regional 
subspecialists for consultation and referral if desired

The ACMG Newborn Screening

Diagnosis & Follow-up Work Group

59
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From: Michael Watson, PhD; American College of Medical Genetics and National Coordinating 
Center for Regional Genetics and Newborn Screening Collaboratives; May 7, 2007

From: Michael Watson, PhD; American College of Medical Genetics and National Coordinating 
Center for Regional Genetics and Newborn Screening Collaboratives; May 7, 2007
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From: Michael Watson, PhD; American College of Medical Genetics and National Coordinating 
Center for Regional Genetics and Newborn Screening Collaboratives; May 7, 2007

From: Michael Watson, PhD; American College of Medical Genetics and National Coordinating 
Center for Regional Genetics and Newborn Screening Collaboratives; May 7, 2007
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Newborn Screening Going Forward

2005

65

66



5/16/2023

34

2013

Also identified one patient with:
- nonsyndromic hearing loss

- nonclassic CAH

- partial Biotinidase deficiency.

NBS was normal in all 3 infants.

67

68



5/16/2023

35

69

70



5/16/2023

36

• Who should do this? Public Health NBS Labs? Contracted academic or 

private labs? Partnership: NBS lab does test, consultant or AI interprets 

results?

• What to report?

– Actionable genotype* for disease with onset in infancy only?

– Actionable genotype* for disease with onset at any age (e.g. cancer 

predisposition, pharmacogenomics)?

– Any ‘pathogenic’ genotype* for a disease treatable or not?

– Any genotype (pathogenic vs. variants of uncertain significance)?

• What platform or reagent to use (performance not uniform)?

Genomic Newborn Screening?

*likely not equitable for most genes and for several more years!

 Conditions nominated/added to the RUSP and the relevant screening 

strategies will be (better) defined, also paying attention to equity.

 Conditions could be added to RUSP at a pace of 1 – 2 per year (<20 by 2032) 

facilitated by grouping ‘like’ conditions (e.g. Mucopolysaccharidoses), but 

current ACHDNC voting members seem to put the brakes on.

 More (gene) therapies will become available, but at moderate pace.

 Genetic/genomic testing will become more commonplace in NBS, but 

biochemical testing will not be replaced.

 Rational (!) regionalization of NBS in the US, despite advantages, will not 

happen.

Realistic NBS Forecast to the 2030s
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72



5/16/2023

37

 Conditions nominated/added to the RUSP and the relevant screening 

strategies will be (better) defined, also paying attention to equity.

 Conditions could be added to RUSP at a pace of 1 – 2 per year (<20 by 2032) 

facilitated by grouping ‘like’ conditions (e.g. Mucopolysaccharidoses), but 

current ACHDNC voting members seem to put the brakes on.

 More (gene) therapies will become available, but at moderate pace

 Genetic/genomic testing will become more commonplace in NBS, but 

biochemical testing will not be replaced.

 Rational (!) regionalization of NBS in the US, despite advantages, will not 

happen.

Realistic NBS Forecast to the 2030s

But remember: addition to RUSP  ≠  state implementation

• Newborn screening is one of the most successful public health programs.

• In the US, mechanisms are in place to expand the RUSP based on evidence 

(although evidence usually emerges only once screening has started).

• The most efficient and effective approach to newborn screening relies 

primarily on biochemical genetic assays – for 1st and 2nd tier testing.

• Molecular genetic testing/genomics for newborn screening is currently of 

limited value given high cost, time to complete analysis, and the frequency 

of genotypes of uncertain significance.

• The biggest limitation to expansion of newborn screening is not laboratory 

testing and result interpretation but the lack of treatment options. 

SUMMARY
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