
Proceedings of the 2014 APHL Newborn Screening and Genetic Testing Symposium, Anaheim, CA, 
October 27-30, 2014 
 

QA/QC 2 – Strategies to Reduce False Positives and False Negatives (Part 2) 
 

Tuesday, Oct. 28 – 10:30am-12:00pm 
 
 

Moderators – Patricia Hunt, Texas Department of State Health Services and Bob Currier, 
California Department of Public Health 
 
 
 

Variant MSUD: A Strategy to Increase Detection through Newborn Screening  
S. Weiss, A. Fleishman, J. Thompson and W. Hoffman, Washington State Department of Health, 
Shoreline, WA 
 
Abstract 
 
Background:  The initial newborn screening (NBS) specimen is highly sensitive in its detection of classic 
MSUD.  However, variant forms of MSUD that may also result in intellectual disability or physical 
problems are often missed by a screen collected in the first days of life.  
Objective:  To illustrate that the leucine/alanine (leu/ala) ratio, one of the secondary markers universally 
used by NBS laboratories to detect MSUD, can be extremely valuable in predicting the likelihood that a 
child has a variant form of MSUD.  We will report on three cases of variant MSUD that we detected only 
after a second routine newborn screen.   
Methods:  Retrospective analysis of the three cases of variant MSUD with normal first screening results 
showed that the initial screen provided a previously unrecognized clue: the leu/ala ratio was elevated.  
We compared the MSUD screening values of these true positive cases to false positive and true negative 
cases to determine the utility of the leu/ala ratio.  
Results:  
• Case 1: 1st NBS [LEU=218 and leu/ala=1.16 at 24h], 2nd NBS [LEU=428 at 16d] 
• Case 2: 1st NBS [LEU=173 and leu/ala=1.08 at 27h], 2nd NBS [LEU=386 at 15d]  
• Case 3: 1st NBS [LEU=179 and leu/ala=1.25 at 23h], 2nd NBS [LEU=355 at 11d]  
In 2013, of over 88,000 births, only 23 non-NICU babies had normal leucine levels with leu/ala ratios 
>1.0.  The leu/ala ratio appears to be the strongest secondary screening marker in predicting the 
likelihood of a true positive variant MSUD.  
Discussion/Conclusions:  The leu/ala ratio can be used to alert newborn screening programs of the 
increased likelihood of variant MSUD. We plan to monitor all babies with a leu/ala ratio >1.0 to ensure 
we receive a timely routine second newborn screen.  We believe that this will reduce the chance that 
children with a variant form of MSUD go undetected due to a normal leucine level on an initial NBS.  
 
Presenter:  William Hoffman, BS, Washington State Public Health Laboratories, Newborn Screening 
Program, 1610 NE 150th St., Shoreline, WA 98155, Phone:  206.418.5531, Email:  
john.thompson@doh.wa.gov 
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Summary 
 
Background: The initial newborn screening (NBS) specimen is highly sensitive in its detection of classic 
MSUD.  However, variant forms of MSUD that may also result in intellectual disability or physical 
problems are often missed by a screen collected in the first days of life. They are missed because many 
babies with variant MSUD have normal leucine levels just after birth.  These levels increase dramatically 
over time.  Note: we call the primary marker for MSUD leucine for convenience, but the tandem mass 
spectrometer quantifies leucine, isoleucine and alloisoleucine in one measurement. 
 
Objective:  To illustrate that the leucine/alanine (leu/ala) ratio, one of the secondary markers universally 
used by NBS laboratories to detect MSUD, can be extremely valuable in predicting the likelihood that a 
child has a variant form of MSUD.  We will report on three cases of variant MSUD that we detected only 
after a second routine newborn screen.   
 
Methods:  Retrospective analysis of the three cases of variant MSUD with normal first screening results 
showed that the initial screen provided a previously unrecognized clue: the leu/ala ratio was elevated.  
We compared the MSUD screening values of these true positive cases to false positive and true negative 
cases to determine the utility of the leu/ala ratio.   
 
Results:  The table gives the age at collection and leucine and leucine:alanine ratios for the three babies 
identified with variant MSUD in Washington State in the past ten years. 
 

Age 
(hrs) 

LEU leu/ala Age 
(d) 

LEU leu/ala 

24 218 1.16 16 428 2.42 
27 173 1.08 15 386 1.61 
23 179 1.25 11 355 1.57 

 
 
Discussion/Conclusions:  We wondered what would the work load be if we monitored for babies with 
leu/ala ratios >1.0.  During one year of time (approximately 85,000 babies) 37 babies had leu/ala ratios 
>1.0.  They are categorized in the table below into subsets.   
 

subset leu/ala True + 

non-NICU 6 1 
NICU, non-HA/TPN 8 0 

NICU & HA/TPN 23 0 

 
The leu/ala ratio appears to be the strongest secondary screening marker in predicting the likelihood of 
a true positive variant MSUD.  We plan to monitor all babies with a leu/ala ratio >1.0 not on HA/TPN to 
ensure we receive a timely routine second newborn screen.  We will build an action in our computer 
system or design a query we can run regularly to look for babies with normal leucine levels, but with 
elevated leu/ala ratios.  For our birth population, the impact to follow-up will be about one phone call to 
request a timely routine second screen per month.  We believe that this effort will reduce the chance 
that children with a variant form of MSUD go undetected due to a normal leucine level on an initial NBS 
and no routine second NBS. 
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Contact:  Ashleigh Fleischman Ragsdale, MPH, Newborn Screening, Washington State Department of 
Health, Shoreline, WA, Phone:  206.418.5534, Email:  ashleigh.ragsdale@doh.wa.go 
 
 
 

Analysis of False Positive and False Negative MSUD Cases: Using Age Specific Cutoffs to 
Reduce Both  
M. Seeterlin, E. Stanley, M. Kleyn, H. Hawkins and B. Taffe, Michigan Department of Community 
Health, Lansing, MI 
 
Abstract 
 
The Problem:  The challenge of identifying intermediate and variant forms of maple syrup urine disease 
has been reported [1-2]. Michigan has encountered a similar issue and has lowered the Xle (isobaric 
leucines and hydroxyproline) and Xle/Phe cutoffs significantly below the Target Range of the Region 4 
Collaborative Website and those of other laboratories [3].  
Method:  The MSMS profile for a MSUD variant missed in 2011 was analyzed and caused a reevaluation 
of Xle, Xle/Phe, Xle/Ala, Val cutoffs. Retrospective use of the Region 4 Collaborative Post Analytical Tool 
for MSUD indicated that its MSMS profile is not informative for MSUD.  
MSUD False Positive cases from 2009 – 2010 (FP rate 0.006%, 0.008% respectively) were examined 
revealing that the majority had an Age of Collection > 72 hr To determine the exact relationship of Xle 
with age, Xle values for over 322,000 samples were analyzed.  
Results:  Graphical analysis revealed a rapid increase in Xle after 36 hr. The Xle mean and 99.9%ile† for 
samples collected within 36 hours were 108 and 177 μmol/L respectively while the Xle mean and 
99.9%ile†for samples collected after 36 hr were 160 and 310 μmol/L. In 2014 98.1% of Michigan initial 
samples were collected before 36 hr of birth.  
Conclusion:  Michigan implemented Xle and Xle/Phe cutoffs of 175 μmol/L and 4.0 for samples collected 
within 72 hr in June 2012. Since then 182,000 samples have been analyzed with age of collection <72 hr 
No false positive cases for this age group have been incurred (FP rate 0.0%).  
Age specific cutoffs will decrease the False Positive Rate and improve the detection of patients with 
variant forms of MSUD.  
 
† Infants on TPN and in the NICU were excluded from this analysis.  
 
[1] K. Bhattacharya, V. Khalili, V. Wiley, K. Carpenter, B. Wilcken, Newborn screening may fail to identify 

intermediate forms of maple syrup urine disease, J Inherit Metab Dis. 29 (2006) 586–586  
[2] R.L. Puckett, F. Lorey, P. Rinaldo, M.H. Lipson, D. Matern, M.E. Sowa, et al., Maple syrup urine disease: further 
evidence that newborn screening may fail to identify variant forms, Molecular Genetics and Metabolism. 100 
(2010) 136–142  
[3] McHugh DMS, Cameron CA, Abdenur JE, et al. Clinical validation of cutoff target ranges in newborn screening of 
metabolic disorders by tandem mass spectrometry: A worldwide collaborative project. Genet Med 2011;13:230-
254  

 
Presenter:  Mary Seeterlin, PhD, Michigan Department of Community Health, Newborn Screening 
Section, Lansing, MI, Phone:  517.373.9779, Email:  seeterlinm@michigan.gov 
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Summary 
 
The Problem:  The challenge of identifying intermediate and variant forms of maple syrup urine disease 
has been reported [1-2]. Michigan has encountered a similar issue and has lowered the Xle (isobaric 
leucines and hydroxyproline) and Xle/Phe cutoffs significantly below the Target Range of the Region 4 
Collaborative Website and those of other laboratories [3].  
Method:  The MSMS profile for a MSUD variant missed in 2011 was analyzed and resulted in a 
reevaluation of Xle, Xle/Phe, Xle/Ala, Val cutoffs.  
MSUD False Positive cases from 2009 – 2010 (FP rate 0.006%, 0.008% respectively) were also examined 
and revealed that the majority had an Age of Collection > 72 hrs. This suggested that despite already 
having age dependent cutoffs for Xle, further differentiation of age was necessary.  To determine the 
exact relationship of Xle with age, Xle values for over 322,000 specimens were analyzed.  
Results:  Graphical analysis revealed a rapid increase in Xle after 36 hrs. The Xle mean and 99.9%ile† for 
specimens collected within 36 hours were 108 and 177 μmol/L respectively while the Xle mean and 
99.9%ile†for specimens collected after 36 hrs. were 160 and 310 μmol/L. In 2014 98.1% of Michigan 
initial specimens were collected before 36 hrs. of birth. 
 

 
 
Conclusion:  Michigan implemented Xle and Xle/Phe cutoffs of 175 μmol/L and 4.0 for specimens 
collected within 72 hrs. in June 2012. Since then, 182,000 specimens have been analyzed with age of 
collection <72 hrs. No false positive cases for this age group have been incurred (FP rate 0.0%). 
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Age specific cutoffs will decrease the False Positive Rate and improve the detection of patients with 
variant forms of MSUD.  
 
† Infants on TPN and in the NICU were excluded from this analysis.  
 
[1] K. Bhattacharya, V. Khalili, V. Wiley, K. Carpenter, B. Wilcken, Newborn screening may fail to identify 
intermediate forms of maple syrup urine disease, J Inherit Metab Dis. 29 (2006) 586–586  
[2] R.L. Puckett, F. Lorey, P. Rinaldo, M.H. Lipson, D. Matern, M.E. Sowa, et al., Maple syrup urine disease: further 
evidence that newborn screening may fail to identify variant forms, Molecular Genetics and Metabolism. 100 
(2010) 136–142  
[3] McHugh DMS, Cameron CA, Abdenur JE, et al. Clinical validation of cutoff target ranges in newborn screening of 
metabolic disorders by tandem mass spectrometry: A worldwide collaborative project. Genet Med 2011;13:230-
254 
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Quality Improvement of Follow-up Strategies Using Region 4 Post Analytical Tools to Evaluate 
VLCADD and CACT/CPTII Newborn Screening Results   
A. Wittenauer, Emory University, Decatur, GA 
 
Abstract 
 
The Region 4 Stork (R4S) project has allowed for new avenues of evaluating newborn screening (NBS) 
results in an effort to reduce false positives and provide more guidance in reporting abnormal results to 
primary care providers.  In this project, we examine the accuracy of the R4S results for Georgia newborn 
screening by retrospectively reviewing  the  diagnostic outcomes of children with abnormal screens for 
VLCADD and CACT/CPTII.   
 
We examined the NBS results of 122 children in Georgia with positive screens for VLCADD and 125 
children with positive screens for CACT/CPTII from January 1, 2012 to March 6, 2014.  We entered their 
NBS results into the respective R4S single condition tools and the CACT/CPTII versus C16 and the 
VLCADD versus VLCADD heterozygote dual scatter plot tools.  We recorded the determination from the 
R4S tool as false positive, true positive, uninformative or heterozygote.  We then compared the results 
from R4S to the diagnostic outcome as reported to the NBS follow up program.    
 
All eight cases with a diagnosis of VLCADD were labeled as likely VLCADD or indeterminate (could be 
likely VLCADD or likely carrier) on the R4S dual scatter plot.  All 12 cases diagnosed as VLCADD carriers 
had a R4S determination of something other than likely VLCADD.  The remaining unaffected cases had a 
R4S determination of something other than likely VLCADD.   
 
Of the 125 screens referred for CACT/CPTII, none was diagnosed with CACT or CPTII.  One case was 
determined to be a true positive by the R4S tool for CACT/CPTII versus C16; this case was diagnosed as 
VLCADD and was correctly identified by VLCAD specific tools.  All other cases had a determination of 
false positive or uninformative, consistent with their clinical diagnoses.   
 
These results show utility for NBS labs and short term follow up programs to use the results from the 
R4S dual scatter plot tools.  Follow up programs can safely reduce repeat screens or diagnostic testing 
recommended by eliminating follow up for children determined to be likely heterozygotes or 
uninformative by the R4S dual scatter plot tool.  Screening labs could incorporate this information by 
issuing a normal report for VLCADD for this same group.  This is likely the same for CACT/CPTII.  To date, 
none of our cases has confirmed with the disorder, however the one case of VLCADD did show up as 
likely affected on the CACT/CPTII tool.  
 
Presenter:  Angela Wittenauer, BSN, Emory University, Human Genetics, Decatur, GA, Phone:  
404.778.8489, Email:  alwitte@emory.edu 
 
 
Summary 
 
The Region 4 Stork (R4S) project has allowed for new avenues of evaluating newborn screening (NBS) 
results in an effort to reduce false positives and provide more guidance in reporting abnormal results to 
primary care providers.  In this project, we examine the accuracy of the R4S results for Georgia newborn 
screening by retrospectively reviewing the diagnostic outcomes of children with abnormal screens for 
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very long chain acyl-CoA dehydrogenase deficiency (VLCADD), carnitine-acylcarnitine translocase 
deficiency (CACT) and carnitine palmitoyltransferase II (CPTII) deficiency. 
 
We examined the NBS results of 122 children in Georgia with positive screens for VLCADD and 125 
children with positive screens for CACT/CPTII from January 1, 2012 to March 6, 2014.  Of these VLCADD 
screens, nine children were diagnosed with VLCADD and 14 were diagnosed identified as carriers.  There 
were no true positive cases of CACT deficiency or CPTII deficiency. 
 
We also did a brief examination of the time required to perform follow up on these cases.  Using a 
subset of the cases under investigation, we found that on average the follow up team spends 38.5 
minutes reporting new VLCADD results and 71.9 minutes reporting new CACT/CPTII results.  In total, 
approximately 78.2 hours were spent reporting VLCADD and 149.7 hours reporting CACT/CPTII results to 
providers.  Over the entire period of this study, approximately one full day per month was spent on 
initial notifications for these conditions.  This does not account for the time used coordinating with 
geneticists, repeat calls to the provider or coordinating appointments with the metabolic clinic.  Given 
the large numbers of false positives and the attendant time required , we are seeking alternative means 
to evaluate raw data from the newborn screen results to eliminate many of these false positive screens 
before they are reported. 
 
We evaluated the usefulness of the R4S VLCADD versus VLCADD heterozygote and the CACT/CPTII 
versus C16 dual scatter plot tools in addition to the single condition tools for each condition.  We 
recorded the determination from the R4S tool as likely true positive, indeterminate, likely false positive, 
and likely heterozygote for the VLCADD tool.  We then compared the results from R4S to the diagnostic 
outcome as reported to the NBS follow up program by the metabolic clinic.  All nine cases with a 
diagnosis of VLCADD were labeled as likely VLCADD or indeterminate (could be likely VLCADD or likely 
carrier) on the R4S dual scatter plot.   
 
Of the 125 screens referred for CACT/CPTII, there were no true positives.  One case plotted asa true 
positive by the dual scatter plotfor CACT/CPTII versus C16, however this case was diagnosed as VLCADD 
and was correctly identified by VLCADD specific tools, as well as the VLCAD vs CACT/CPTII dual scatter 
plot.  All other cases had a determination of false positive or uninformative, consistent with their 
outcomes.   
 
These results show utility for NBS labs and short term follow up programs to use the R4S tools.  The 
combination of single condition tools and dual scatter plots to account for common false positive 
profiles is the most powerful algorithm.  Follow up programs could safely reduce repeat screens or 
diagnostic testing for children determined to be likely heterozygotes or uninformative by the R4S dual 
scatter plot tool.  Screening labs could incorporate this information by issuing a normal report for these 
profiles.  The challenge for screening programs will be how to effectively incorporate the use of these 
tools into their systems.  For follow up, this could reduce the amount of testing or repeat screens 
recommended, but the amount of time spent working on the initial reporting of these cases is not likely 
to be significantly reduced.  For screening labs, the question remains how to incorporate a data transfer 
from a state lab to the R4S tool quickly and then incorporate those results into the lab report.  Finding a 
smooth and semi-automated workflow is the challenge and obvious next step for labs to use this tool in 
order to reduce false positive reporting. 
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Retrospective Analysis of the Region 4 Post Analytical Tool and Confirmatory Testing for Long 
Chain Fatty Acid Oxidation Disorders Screened in the State of Iowa  
A. Serrano Russi1, O. Shchelochkov1, S. Berberich2; 1University of Iowa Hospitals and Clinics, 
Iowa City, IA, 2State Hygienic Laboratory at the University of Iowa, Coralville, IA 
 
Abstract 
 
Background:  Newborn screening is an effective tool to detect long chain fatty acid oxidation disorders, 
such as very long chain acyl-CoA dehydrogenase (VLCAD)deficiency; carnitine palmitoyl transferase 
(CPTII) deficiency and carnitine acyl-CoA transferase(CACT) deficiency.  Confirmatory tests include fatty 
acid oxidation analysis on skin fibroblasts and DNA testing with long turnaround time leading to 
significant psychological and financial burden on parents of potentially affected newborns. In this study, 
we compared confirmatory testing with the Region 4 laboratory tool to categorize cases ascertained 
through the Iowa Expanded Newborn Screen.  
Methods:  This was a single State, retrospective analysis of data collected between May of 2008 and 
December of 2013 of newborns with increased  C12, C14, C14:1, C16, C18 and C18:1. Tandem mass 
spectrometry data was analyzed using the Region 4 post analytical tool and the newborn screen 
database was reviewed for final diagnostic results and clinical outcomes followed by performance 
analysis of the Regions 4 tool and cost analysis.  
Results:  Ninety three infants had increased long chain acylcarnitine markers out of 219,369 screened 
individuals. Thirty five presented with elevated C14:1, twenty one with elevated C16, nine with elevated 
C18:1 and twenty eight with C16 and C18:1 elevations. Final diagnoses included (VLCAD deficiency=3, 
CPT1 deficiency=2, Non-specific=1).  No known instances of morbidity or mortality have been reported. 
The average diagnostic workup per infant was $3,200.  
Using the results of confirmatory testing and clinical data as reference (“gold standard”), Region 4 had a 
sensitivity of 50%; a specificity of 47%; a positive predictive value of 6% and a negative predictive value 
of 93%.  
Conclusions:  The Region 4 tool retrospectively showed a favorable negative predictive value that can 
translate into cost savings of $44,000 in fatty acid oxidation analysis and $166,760 in DNA testing 
without adversely affecting the clinical outcome and sparing the families of the psychological burden of 
a possibly affected child at risk of clinical complications.  
 
Presenter:  Alvaro Serrano Russi, MD, University of Iowa Hospitals and Clinics, Pediatrics, Iowa City, IA, 
Phone:  319.356.2674, Email:  alvaro-serranorussi@uiowa.edu 
 
 
Summary 
 
Long chain fatty acid oxidation disorders are hereditary conditions that impair the metabolism of long 
chain fatty acids during periods of fasting and physiologic stress.  
 
Clinical presentation of fatty acid oxidation disorders include somnolence, vomiting, lethargy, myopathy, 
cardiomyopathy, liver disease culminating in coma and death.  
 
Occasionally, these disorders may remain asymptomatic with the clinical manifestations becoming 
evident in periods of prolonged fasting or physiologic stress such as acute infection, fever or trauma.  
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By the time the clinical presentation and ketotic hypoglycemia are evident, the patient may already be 
comatose with severe liver dysfunction.  
 
The purpose of the newborn screening is to detect potential cases that may be at high risk of death or 
disability from any of these disorders. Timely intervention with intravenous dextrose with high glucose 
infusion rate will reverse the catabolic state and suppress fatty acid oxidation preventing the severe 
clinical complications. 
 
The protocol followed by the newborn screening program in Iowa involves monitoring for elevation of 
long chain acyl-carnitines on dry blood spots along with secondary markers and ratios.  
 
Since laboratory anomalies can correct in the well fed state, confirmatory testing include fatty acid 
oxidation analysis on cultured tissue being skin fibroblasts the most accessible. 
 
Skin fibroblasts analysis and DNA testing have a long turnaround time leading to significant 
psychological and financial burden on parents of potentially affected newborns. False positive results 
lead to increased unnecessary health care costs and increased health risks for the unaffected newborns. 
 
In the last decade, it has been advocated to use profile oriented analysis of the data obtained from dry 
blood spot samples instead of isolated cut offs.  
 
One of the tools developed is the Laboratory Quality Improvement tool developed by Mayo Clinic. 
(Region 4s tool) 
 
Using the post analytical tool; Microsoft Excel files containing the data from all the tandem mass 
spectrometry analytes for each patient can be uploaded. 
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This is an example of a positive profile showing a suggestive flag corresponding to a specific metabolic 
condition.  
 
A graphical plot of the analytes and a numerical score is given to each case suggesting the likelihood for 
the presence of the target condition.  
 
In this study, we compared confirmatory testing with the Region 4 laboratory tool to categorize cases 
ascertained through the Iowa Expanded Newborn Screen.  
 
Data was collected between May of 2008 and December of 2013 of newborns with increased C12, C14, 
C14:1, C16, C18 and C18:1. Tandem mass spectrometry data was analyzed using the Region 4 post 
analytical tool and the newborn screen database was reviewed for final diagnostic results and clinical 
outcomes followed by performance analysis of the Regions 4 tool and cost analysis. C0 anomalies were 
excluded since there is an increased variability with low or high values and the increased variability in 
preterm infants.  
 
 Ninety three infants had increased long chain acyl-carnitine markers out of 219,369 screened 
individuals. 68% were males; 32% were females. Average birth weight was 3242 gr (median of 3256 gr); 
Average gestational age of 38.7 weeks (median of 39 weeks) All orally fed at the time of collection.  
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Thirty five presented with elevated C14:1, twenty one with elevated C16, nine with elevated C18:1 and 
twenty eight with C16 and C18:1 elevations. Final diagnoses included (VLCAD deficiency=3, CPT1 
deficiency=2, Non-specific=1).   
 
Most of the Region 4 all conditions display showed VLCADD at the highest probability followed by 
VLCADD/GAII and Maternal Vitamin B12 deficiency/Methylmalonic acidemia Mut A or B/Cobalamin 
complementation disorder C/D.  
 
Fifty three of the ninety three subjects had fatty acid oxidation analysis on skin fibroblasts.  
 
Forty four of the ninety three subjects had a negative all conditions display on the Region 4s post 
analytical tool.  
 
Of these forty four, twenty eight had fatty acid oxidation analysis; eighteen of the twenty eight were 
negative, nine showed Short chain acyl CoA dehydrogenase deficiency and one with a non-specific 
result. Short chain acyl CoA dehydrogenase deficiency was excluded as a true positive due to the 
discussion of whether this constitutes a pathological condition on its own.  
 
Two particular cases showed deficiency of CPT1 by enzyme analysis. Enzyme analysis for CPT1 is done in 
conjunction with CPT2 enzyme analysis so the finding of the deficiency is an incidental finding. Enzyme 
analyses have produced inconsistent results in the past leading for our program to abandon the method 
in favor of functional studies (Acyl-carnitine profile from cultured fibroblasts) 
 
No known instances of morbidity or mortality have been reported. The average diagnostic workup per 
infant was $3,200.  
 
Using the results of confirmatory testing and clinical data as reference (“gold standard”), Region 4 had a 
sensitivity of 50%; a specificity of 47%; a positive predictive value of 6% and a negative predictive value 
of 93%.  
 
 The Region 4 tool retrospectively showed a favorable negative predictive value that can translate into 
cost savings of $44,000 in fatty acid oxidation analysis and $166,760 in DNA testing without adversely 
affecting the clinical outcome and sparing the families of the psychological burden of a possibly affected 
child at risk of clinical complications.  
 
Weaknesses of this study include the inconsistency of the final confirmatory methods, example being 
CPT1 enzyme deficiency found on patients suspected to have CPT2 or VLCAD deficiency which would 
produce a completely different acyl-carnitine profiles. Some cases did not have confirmatory testing 
completed and/or were lost to follow up making it impossible to determine if they had clinical disease or 
not. 
 
Recommendations for future studies include comparison of our data with programs with larger 
populations with a wider array of conditions. This effort could be incorporated in the ongoing IBEMC 
collaborative study. 
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The Compelling Benefits of Routine Second Newborn Screens: A Fifteen-Year Review in 
Washington State  
C. Nucup-Villaruz and S. Shaunak, Washington State Department of Health, Shoreline, WA 
 
Abstract 
 
Background:  The benefits of a routine second newborn screen for all infants have been debated for 
decades.  We will share our state’s experience and data for the past 15 years of newborn screening.  
Objective:  To demonstrate the benefits of two routine screens by showing the improved sensitivity of 
different testing platforms and biomarkers used to screen disorders, as well as passive resolution of 
false positive and equivocal results.  To mitigate the issues of false negative cases by improving 
detection of disorders on the second newborn screens.  
Methods:  Data of confirmed cases and abnormal results from January 1, 2000 to June 30, 2014 will be 
collected and analyzed.  We will also include an estimate of the positive predictive value of disorders 
improved through the utility of second newborn screens and evaluate the length of time from report of 
positive results to confirmation of diagnosis.  
Results/Discussion:  We will share data of confirmed cases categorized by type of disorder detected 
through the second newborn screens as well report the total number of false positive cases, unsuitable 
and interfering substances, and refused cases but later tested resolved through second newborn 
screens.  We will highlight the compelling benefits of second newborn screens and address the issue of 
false negatives, delayed diagnosis and impact of these on the laboratory and follow-up staff.  
Conclusion:  The summary will highlight our assertion that second newborn screens are beneficial in: (1) 
reducing false negative cases by improving the sensitivity of primary and secondary markers, and (2) 
increasing the positive predictive value of screening results, all of which promote favorable outcomes 
for children with treatable congenital disorders.  
 
Presenter:  Santosh Shaunak/Caroline Nucup-Villaruz, MD, Newborn Screening, Washington State 
Department of Health, Washington State Department of Health, Shoreline, WA, Phone:  206.418.5549, 
Email:  caroline.nucup-villaruz@doh.wa.gov 
 
 
Summary 
 
Background:  Washington is one of the 14 states in the U.S. that routinely does two screens.  We 
recommend that the first specimen be collected between 18-48 hours, followed by a repeat NBS 
between 7-14 days, to maximize detection of several disorders. Our laboratory achieves about 95% 
compliance in obtaining second NBS even though this has not been mandated by our legislature.  Our 
data and presentation highlighted the benefits derived from obtaining a second NBS and the impact of 
routine second NBS to the NBS laboratory and follow-up staff.  
Methodology:  To accomplish our objectives: (1) we covered and reviewed dried blood spot specimens 
received from January 1, 2000 until June 30, 2014.  Hemoglobin trait cases were excluded from this 
project as traits and other hemoglobinopathies are consistently detected on the first NBS. (2) The total 
number of true positive cases, their prevalence rates and positive predictive values were calculated 
based on the number of referred cases.  The number of known false negative cases were also reported. 
(3) The number of cases detected on second NBS was also reported to determine the increase in 
sensitivity as well as the median age at diagnosis and treatment and (4) the total number of false 
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positive, unsuitable and refused cases that were resolved by second NBS without active follow-up were 
also included in this paper.  
Results:  Upon review of 15 years of newborn screening, we have confirmed a total of 1,279 true 
positive cases, 326 of which were detected on second NBS equating to 26% increase in sensitivity 
particularly for CH, CAH, CF, PKU, MCADD, MSUD and Homocystinuria (see Table 1).  The endocrine 
disorders composed of 33% of CAH and 28% of CH ranked first and second, respectively, in reaping the 
highest benefit of performing second NBS translating to a proportional increase in prevalence rates.  We 
have an overall positive predictive value (PPV) of 68.5% for the seven above-mentioned disorders that 
are detected on the second NBS based on the total number of cases referred for confirmatory tests (see 
Table 2).  Detection of these disorders on the second NBS allows prompt diagnosis and treatment of 
affected infants, with a median age of diagnosis and treatment of 18 days (see Table 3).  During the data 
collection process, an incidental finding of a Galactosemia case came about due to an elevated 
phenylalanine flagged on a second NBS prior to GALT screening in 2002.    
Second newborn screens have tremendous and positive impact in resolving false positive cases, 
unsuitable specimens and refused cases. Fifty-six percent (56%) of our false positive cases were resolved 
with routine second NBS without any active follow-up, reducing the workload for disorder follow-up 
staff (see Table 4).   Our laboratory tests unsuitable specimens and flags any abnormal results.  
Fortunately 41% of these unsuitable specimens do get resolved by routine second NBS as well as 51% of 
refused cases get tested later when their specimens show up as part of second NBS (see Table 5). A total 
of 112 true positive cases (see Table 5 for breakdown of disorders) had at least one unsuitable 
specimen~ a number of these were identified by testing unsuitable specimens. 
 
Table 1- True Positive cases on 2nd NBS correlating to Increase in Sensitivity 
 

DISORDER # True Positive Detected on 2
nd

 NBS Severe/Classic MILD Increase in Sensitivity 

CH 945 268 182 86 28.4% 

CAH 91 30 9 21 33.0% 

CF 142 7 6 1 5.0% 

PKU 57 15 0 15 26.3% 

MCADD 36 3 2 1 8.3% 

MSUD 7 3 0 3 43.0% 

HCYS 1 1 1 0 100% 

T O T A L 1279 327 200 (61%) 127 (39%) 25.5% 

 

 Table 2- PPV of True Positive cases based on number of referrals 

DISORDER # True Positive 
Detected on 2

nd
 

NBS 
Severe/Classic Mild # Referrals PPV based on # Referrals 

CH 945 268 182 86 1193 79.24% 

CAH 91 30 9 21 144 6320% 

CF 142 7 6 1 311 4570% 

PKU 57 15 0 15 114 50.0% 

MCADD 36 3 2 1 55 65.5% 

MSUD 7 3 0 3 19 36.8% 

HCYS 1 1 1 0 32 3.1% 

T O T A L 1279 327 200 (61%) 127 (39%) 1868 68.5% 
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Table 3 - True Positive cases on Second NBS: Age at diagnosis and treatment 

DISORDER Detected on 2
nd

 NBS Severe/Classic Mild Median Age @ Dx Median Age @ Tx 

CH 268 182 86 15 17 

CAH 30 9 21 21 22 

CF 7 6 1 11 16 

PKU 15 0 15 31 20* 

MCADD 3 2 1 (18,73, 86) (26) 

MSUD 3 0 3 22 25 

HCYS 1 1 0 28 48 

T O T A L 327 (25%) 200 (61%) 127 (39%) 18 18 

*Only 1 of these 15 patients with hyperphenyalaninemia was treated at 20 days of age. 

Table 4 - False Positive cases resolved by second NBS without active follow-up 

DISORDER # False Positive # Resolved by 2
nd

 NBS No Active Follow-up 

CH 5454 3783 69% 

CAH 3376 2154 64% 

CF 5264 1857 35% 

BIO 446 229 51% 

GALT 434 276 64% 

PKU 237 142 60% 

Amino Acid 569 319 56% 

Fatty Acid Oxidation 1459 800 55% 

Organic Acid 1198 697 58% 

SCID 33 6 18% 

T O T A L 18,470 10,263 56% 

 

Table 5 - Unsuitable Specimens and Refused Cases which were Tested and Resolved  

 Total # unsuitable 
specimens 

# Hemoglobin Traits Confirmed Cases Resolved on 2
nd

 NBS w/o FU No FU (%) 

51,114 414 112 20,967 41% 

Breakdown of True Positive cases detected on unsuitable specimens 

Endocrine SCD/Hemoglobinopathy CF PKU/MSMS GALT 

76 17 10 8 1 (DG) 

Total # refusals # Hemoglobin Traits Confirmed Cases Refused but later tested RBLT (%) 

2699 14 0 1376 51% 

 

Conclusions:  The practice of routine second NBS increased detection rate (sensitivity) by 26%.  Our 
state has a PPV of 68.5% for true positive cases listed in Table 2 based on the number of referrals with 
abnormal results detected on second NBS.  Affected infants that were missed on the first NBS and 
detected on the second or subsequent NBS were diagnosed between 15-30 days and treated between 
16-48 days.  
More than half of false positive cases, 56% were resolved by routine second NBS without active follow-
up.  About 41% of unsuitable specimens were also resolved by second NBS without active follow-up and 
51% of refused cases eventually do get screened when their specimens show up in our laboratory as 
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part of second NBS.  An average of eight cases per year had at least one unsuitable specimen based on 
112 confirmed cases.   
 
All the above-mentioned benefits of second NBS were a product of quality improvements we have 
implemented in our NBS program such as: (1) Cut-offs, protocols and algorithms are modified 
periodically to increase sensitivity and reduce false negative rates; (2) Monitoring for steroid use for CAH 
screening to minimize false negative cases; (3) Application of second tier threshold algorithm for CF 
increases detection on second NBS and most recently (4) Monitoring leucine to alanine ratios increases 
detection of MSUD on second NBS.  
 
The bottom line is --- there are compelling benefits in performing routine second NBS.  Our data shows 
that second NBS: (1) Improves timely testing at our NBS laboratory, (2) Allows prompt diagnosis and 
treatment of affected infants which (3) Ultimately prevents death and disability for affected infants. 
Routine second NBS also reduces staff workload to resolve abnormal (false positive) and unsuitable 
specimens and increases probability of screening for refused cases. 
 
Based on the above-mentioned benefits, we conclude that routine second newborn screens prove to be 
an effective and important public health program for our state by: (1) increasing sensitivity, (2) reducing 
false negative cases, (3) facilitating timely diagnosis and treatment of both severe and mild forms of 
several disorders, (4) reducing workload to staff in resolving false positive cases, unsuitable specimens 
and (5) increasing the chances of screening for refused cases.  All these benefits are compelling enough 
to give us reasons to maintain routine second NBS as part of standard of care in our state, ensuring the 
best quality of health care for newborns and promoting favorable outcomes for children with treatable 
congenital disorders.   
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