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Objectives

• Understand current newborn screening
• Traditional vs. Expanded Screening
• Know how to interpret an expanded 

newborn screen
• Know how to organize the confirmatory 

testing
• Know some of the limitations to screening
• Improve your comfort in addressing the 

family's concerns
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Q: Why do Non-selective 
Screening of Newborns?
• These conditions are important public health 

issues
– ‘Reasonable’ prevalence
– Cost to society if not screened or treated

• Monetary
• Resources

• Prevention of  irreversible disease 
manifestations 
– mental retardation, disability or death

• Prompt institution of therapy improves 
outcome
– Treatment is less expensive than the care of the untreated 

individual
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Texas Expansion

• HB 790 - three years ago
– To the ACMG list of 29 (or an equivalent)  

• Started December 2006
• Newer technology
• Now DSHS screens for 27 

disorders
– Hearing screening is at birth institution
– Cystic fibrosis not yet included
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• 3-Methylcrotonyl-CoA carboxylase 
deficiency (3MCC) 

• 3-OH 3-CH3 glutaric aciduria (HMG) 
• Argininosuccinic acidemia (ASA) 
• Beta-ketothiolase deficiency (BKT) 
• Biotinidase deficiency (BIOT) 
• Carnitine uptake defect (CUD) 
• Citrullinemia (CIT) 
• Congenital adrenal hyperplasia 

(CAH) 
• Congenital hypothyroidism 

(HYPOTH) 
• Cystic fibrosis (CF) 
• Galactosemia (GALT) 
• Glucose-6-phosphate 

dehydrogenase deficiency (G6PD) 
• Glutaric acidemia type I (GA I) 
• Hb S/Beta-thalassemia (Hb S/Th) 
• Hb S/C disease (Hb S/C) 

• 3-Methylcrotonyl-CoA carboxylase 
deficiency (3MCC) 

• 3-OH 3-CH3 glutaric aciduria (HMG) 
• Argininosuccinic acidemia (ASA) 
• Beta-ketothiolase deficiency (BKT) 
• Biotinidase deficiency (BIOT) 
• Carnitine uptake defect (CUD) 
• Citrullinemia (CIT) 
•

•
•
• Cystic fibrosis (CF) 
•
• Glucose-6-phosphate 

dehydrogenase deficiency (G6PD) 
• Glutaric acidemia type I (GA I) 
•
•

• Hearing loss 
• Homocystinuria (HCY) 
• Isovaleric academia (IVA) 
• Long-chain L-3-OH acyl-CoA 

dehydrogenase deficiency (LCHAD) 
• Maple syrup urine disease (MSUD) 
• Medium chain acyl-CoA dehydrogenase 

deficiency (MCAD) 
• Methylmalonic acidemia (Cbl A,B) 
• Methylmalonic acidemia (mutase 

deficiency) (MUT) 
• Multiple carboxylase deficiency (MCD) 
• Phenylketonuria (PKU) 
• Propionic acidemia (PROP) 
• Sickle cell anemia (SCA) 
• Trifunctional protein deficiency (TFP) 
• Very long-chain acyl-CoA 

dehydrogenase deficiency (VLCAD)

• Tyrosinemia type I (TYR I) 

• Hearing loss 

• Phenylketonuria (PKU) 

• Sickle cell anemia (SCA) 

ACMG/March of Dimes 
List of 29 Disorders for NBSPrior to 2006 Texas Screened for:
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New Disorder Groupings
• Expanded group of Amino Acid Diseases

– Phenylketonuria
– Argininosuccinic acidemia (ASA) 
– Citrullinemia (CIT) 
– Homocystinuria (HCY) 
– Tyrosinemia type I (TYR I)
– Maple syrup urine disease (MSUD) 

• New group of Organic Acid Disorders
• New group of Fatty Acid Disorders
• New / expanded group of Miscellaneous 

Other Screened Disorders
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Organic acid diseases
• 3-Methylcrotonyl-CoA carboxylase deficiency 

(3MCC) 
• 3-hydroxy-3-methylglutaric aciduria (HMG) 
• Beta-ketothiolase deficiency (BKT) 
• Glutaric acidemia type I (GA I)
• Isovaleric acidemia (IVA) 
• Methylmalonic acidemia (Cbl A,B) 
• Methylmalonic acidemia (mutase deficiency) 

(MUT) 
• Multiple carboxylase deficiency (MCD) 
• Propionic acidemia (PROP)
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Fatty Acid Oxidation 
Disorders

• Carnitine uptake defect (CUD)
• Long-chain L-3-OH acyl-CoA 

dehydrogenase deficiency (LCHAD) 
• Medium chain acyl-CoA dehydrogenase 

deficiency (MCAD) 
• Trifunctional protein deficiency (TFP) 
• Very long-chain acyl-CoA dehydrogenase 

deficiency (VLCAD)
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New Technology
• Tandem Mass Spectrometry (MS/MS)

– Two mass spectrometers in line
– Separates and quantitates compounds
– Detects mass(es) of their ionic fragments

• Rapid multiple analytes from a single 
machine
– Often 2-4 min/specimen
– Easily automated

• Low false negative rate
• Not a 1:1 match of analyte to disease

– Elevated C5-OH carnitine seen in seven disorders
• Beta-ketothiolase d., Biotinidase d., Holocarboxylase d., HMG-CoA lyase d., 
• 2Me3Hydroxybutyric acidemia, 3MeGlutaconic acidemia, 3MeCrotonyl carboxylase d.
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New Disorders = New 
Jargon

• Acylcarnitines
– Fatty acid or fatty acid-like molecule
– Linked to an amino acid derivative
– Usually referred to by the carbon chain length

• C3 = propionyl
• C14:1 = tetradecaneyl

– Used to denote metabolites found in the 
chromatogram

– Are the first clue to abnormalities which may 
represent disease 
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Interpreting a NBS 
report

• Added sections
• Amino acids

– Normal or named elevations
– Possible disorder listed

• Acylcarnitine profile
– Identify the abnormal chemical species
– Possible disorders listed
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Normal Results

• First Screen Normal
– Do the second screen

• First AND Second Screen Normal
– Document in your record and let family know 

that the required screening was normal
• But……….
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The Abnormal  Screen

• What is the abnormality?
– Endocrine: Refer appropriately

• Some are emergencies
– Hematologic: Refer appropriately
– Metabolic: Evaluate the patient now
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What to do

• Algorithmic approach
• Even a short delay may harm an 

infant
• Follow the ACT sheet and algorithm

– Find the patient
– Evaluate the patient
– Obtain labs
– Speak with a metabolic geneticist
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What Analyte

PCP’s Actions

Diagnostic
Evaluations

Clinical 
Snapshot

More 
Information

DSHS
ACT Sheets
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Flow Diagram format

Algorithms

Actions
in shaded boxes

Results 
in Unshaded box

Plasma AC (C8) – high
Urine OA – Normal/high dicarboxylic acids

Urine AG – high hexanoylglycine

MCAD Deficiency

http://www.acmg.net/resources/policies/ACT/condition-analyte-links.htm
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Newborn Screening Directory 
1-800-252-8023

• Case Management Extensions
• General Information 2129
• Congenital Adrenal Hyperplasia (CAH) 2819
• Congenital Hypothyroidism 3666
• Galactosemia 6827
• Hemoglobinopathies 6832
• Phenylketonuria (PKU) 6827
• Biotinidase Deficiency 2071
• Fatty Acid Disorders, Organic Acid Disorders, 

Amino Acid Disorders 7715
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Admission or Confirmatory 
Testing

• Some NBS values will be very high
– Metabolic Emergencies requiring immediate 

admission
• Intravenous fluids
• May require specialized medications

• Many values will require repeat testing, or
– Acylcarnitine profile
– Urine organic acids
– Plasma amino acids
– Ammonia
– Urine Orotic Acid
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Who is going to become 
ill?

• Timing: days, weeks or never
• If days, then rapid turn-around and 

diagnosis needed
• If weeks, consistent with model of 

screening from PKU
• If never, can we select those who 

may ever get ill?
– What criteria?
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Now What Do I Do?

• Infant looks well
– Information to parents

• Confirmatory testing results back
– Normal results?

• Good except for some Fatty Acid Oxidation 
Defects as normalization can occur

– Abnormal … But not the same as the NBS
– Abnormal and the same as the NBS

• May need repeat or additional testing 
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Incomplete Evaluations

• Very Long Chain Acyl-CoA Dehydrogenase
– Second screen is normal
– But 2 known mutations found

• 1 of 2 recommended tests obtained
– Miss a diagnosis

• Lab does not look for a metabolite
– Know what the reference lab detects

• Succinylacetone in Tyrosinemia, type I
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Incomplete Evaluations 2

• Lab can do the test
– Their reference ranges are non-neonatal
– “Book” reference ranges
– Limited numbers of neonates
– Preterm vs. term infants
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Information without 
Answers

• Abnormal screen: elevated tyrosine
– Repeat screen - same result

• DDX: 
– Tyrosinemia, type I
– Tyrosinemia, Type II or III
– Transient tyrosinemia of the neonate
– Liver disease including hyperbilirubinemia
– Feeding practices (excessive protein intake)
– Other
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Elevated Tyrosine

• Exclude other causes of liver damage
• Get urine for succinylacetone
• Tyrosine level as plasma amino acids
• If succinylacetone is negative, may 

take weeks to resolve the issue

• There may be no disease!
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Clinical Judgment vs. 
NBS

• NBS will detect
– most of the severe or moderate cases of 

screened disorders
• NBS will not detect

– non-screened disorders
– all mild cases of a disorder (later 

presentations)
• NBS may not give an answer until after the 

infant is ill
– critical window of time

• Physicians must still recognize and treat the 
infant with an IEM
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Timing of Samples
• Preterm infants

– Transfusions alter results
• Galactosemia
• Biotinidase

– Nutrition
• TPN and Carnitine

–Carnitine palmitoyl transferase type I
• Fed or fasted

– Need protein intake for metabolites to 
accumulate in some disorders

– 48hr vs 24hr of age samples
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Resources for You and 
Parents

• Screening Technology and Research in Genetics:  
STAR-G
– HRSA funded multi-state consortium with 

consumer input

• http://www.newbornscreening.info/index.html

• Description of newborn screening process
• ‘Parent fact’ sheets for each disorder
• Overview of Genetics/Genes/Inheritance
• Glossary of screening terms, amino acid, etc.
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10-11 pages

Covers the same points
for each disorder

Printable form

Written for parents

Cause
Problems 
Treatment
Inheritance
Testing
More Information
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NBS Brochure
Texas DSHS

Version of 22 May 2007
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State Materials 
in Spanish 

Fact Sheets and NBS Brochures
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March of Dimes 
Resources

• A Parents Guide to Newborn  Screening
– 5 minutes long DVD  (English and Spanish)  
– Also as streaming video from the 

Pregnancy/Newborn section
– www.marchofdimes.com
– www.nacersano.org

• Or from DSHS 
http://www.dshs.state.tx.us/newborn/expandparent.shtm
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Starting a discussion with parents:
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Help for Brief Discussions:

1. Screening is required
2. Infant is generally healthy 

at birth
3. Serious consequences
4. Tested at 1-2 and 7-14 D
5. Blood sample from the heel
6. Results go to MD and birth 

hospital
7. Retesting may be needed
8. For more information: call 

your PCP or Department of 
State Health Services 
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Resources for the MD
• New information on the DSHS website

– www.dshs.state.tx.us/newborn/default.shtm
– ACT and FACT sheets
– CME for an education module

• http://txhealthsteps.com/

• AAP
– www.medicalhomeinfo.org/screening/newborn.html
– Link to an overview of many of the disorders

www.dshs.state.tx.us/newborn/pdf/AAPFactSheets.pdf

• National Newborn Screening and Genetic 
Resource Center
– http://genes-r-us.uthscsa.edu/
– Links to states NBS programs & to the ACT sheets
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Summation

• More disorders: individually rare
• New methods – same specimens
• New information
• New potential problems
• Resources available on line and in print
• Texas DSHS Site:

– www.dshs.state.tx.us/newborn/default.shtm
– Consultants
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