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Influence of Breast vs. Formula Feeding on Newborn Screening Results  
H.-W. Hsu, I. Sahai, T. Zytkovicz and R. Eaton, New England Newborn Screening Program, Jamaica Plain, 
MA 
 
Abstract 
 
Newborn screening specimens are routinely obtained between age 1 and 2 days in order to optimize 
detection of a variety of disorders.  During this time, while breast milk supply is not yet fully established, 
breast fed infants receive less nutrition than formula fed infants.  We evaluated differences in newborn 
screening results between breastfed and formula fed newborns.  
Methods:  Of 136,875 initial NBS specimens in non-nicu newborns with birth weight >2500g, 67,150 
were exclusively breastfed (BF) and 29,034 were formula fed (FF).  Newborns were classified by feeding 
(breast milk vs. formula), and for each analyte, the % difference between mean values for BF vs. FF 
infants was calculated.     
Results:  The mean birth weight was 3.47 kg for BF and 3.41kg for FF infants.  Mean and median age at 
specimen collection was 2 days.  BF and FF infants had similar results (<10% difference) for the following 
analytes:  T4, 17OHP, C3, C5, leucine, phenyalanine, and citrulline.  The mean total galactose was 84% 
higher in FF infants, and C0 and methionine levels were 15% higher.  Mean levels of the even chain fatty 
acids C8, C10, C14, C16, C16OH and C18:1OH were all 20%-50% higher in BF infants than in FF infants.    
Conclusion:  BF and FF newborns exhibit significant differences in some newborn screening analytes, 
with BF infants having lower levels of galactose and higher levels of even chain fatty acids. These 
findings may be useful in refining our understanding of assay cutoffs.  
 
Presenter:  Roger Eaton, MD, New England Newborn Screening Program, University of Massachusetts 
Medical School, Jamaica Plain, MA, Phone:  617.983.6300, Email:  ho-wen.hsu@umassmed.edu 
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Evaluation of a New Automated Biotinidase Assay for Newborn Screening  
N. Breen and J. Borneo, Indiana Newborn Screening Program, Indianapolis, IN 
 
Abstract 
 
In 2013 the Indiana Newborn Screening Lab evaluated a new GSP Neonatal Biotinidase method as a 
possible replacement for the current method in use. Both methods are intended for semi-quantitative 
in-vitro determination of human biotinidase activity in dried blood spots as an aid in screening newborns 
for biotinidase deficiency. The current method is a manual kit method provided by Perkin Elmer. The 
new method, also provided by Perkin Elmer, is an assay design which combines an enzyme reaction with 
a solid phase time resolved immunofluorescence. The study was conducted as a comparative study by 
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analyzing daily newborn screening samples in parallel with both methods. Retrospective positive 
samples were included throughout the multiple assay runs over 19 testing days. Each run included kit 
controls, in duplicate, and was accepted or rejected based on the kit control value ranges. The precision 
of both methods was analyzed by calculating CV% for the kit controls. Precision results for the GSP 
assay, kit control CV% (n=68) was 6.8% and 6.0% at concentration level 33 and 122 U/dl blood 
respectively. The corresponding values for the current method are 9.1% and 7.9% at 54U and 246U 
respectively. Screening results using routine specimens (n=1988), mean and median values together 
with cutoffs corresponding to the 0.5th, 1.0th and 1.5th percentiles, were calculated for both methods. 
The measured mean biotinidase activity cannot be directly compared as the assays have different units. 
However, the overall agreement percent between both methods with a 95% confidence interval using 
the 0.5%th percentile cutoff, was 99.7%. All confirmed retrospective biotinidase deficiency specimens 
(n=20) were classified as screening positives when using any of the above percentiles.  
 
Presenter:  Nancy Breen, Indiana Newborn Screening Laboratory, Pathology, Indianapolis, IN, Phone:  
317.491.6675, Email:  nbreen@iupui.edu  
 
 
Summary 
 
In 2013 the Indiana Newborn Screening Lab evaluated a new GSP Neonatal Biotinidase method as a 
possible replacement for the current method in use. Both methods are intended for semi-quantitative 
in-vitro determination of human biotinidase activity in dried blood spots as an aid in screening newborns 
for biotinidase deficiency. The current method is a manual kit method provided by Perkin Elmer. The 
new method, also provided by Perkin Elmer, is an assay design which combines an enzyme reaction with 
a solid phase time resolved immunofluorescence. The study was conducted as a comparative study by 
analyzing daily newborn screening samples in parallel with both methods. Retrospective positive 
samples were included throughout the multiple assay runs over 19 testing days.  Each run included kit 
controls, in duplicate, and was accepted or rejected based on the kit control value ranges.  The precision 
of both methods was analyzed by calculating CV% for the kit controls.  Precision results for the GSP 
assay kit control CV% (n=68) was 6.8% and 6.0% at concentration level 33 and 122 U/dl blood 
respectively. The corresponding values for the current method are 9.1% and 7.9% at 54U and 246U 
respectively. Screening results using 1988 routine specimens, mean and median values together with 
cutoffs corresponding to the 0.5th, 1.0th and 1.5th percentiles, were calculated for both methods. The 
measured mean biotinidase activity cannot be directly compared as the assays have different units. 
However, the overall agreement percent between both methods with a 95% confidence interval using 
the 0.5%th percentile cutoff, was 99.7%.  All confirmed retrospective biotinidase deficiency specimens 
(n=20) were classified as screening positives when using any of the above percentiles.           
                                                                         
The distribution of the routine data was plotted as histograms for each method. Because the methods 
have different units, the measured mean biotinidase activity cannot be directly compared.  
Linearity for the GSP Neonatal Biotinidase method was determined in accordance with CLSI guideline 
EP6-A. It has been demonstrated to be linear throughout the measuring range of 14.8 U/dl to 325 U/dl. 
This statement is from the BTD method kit insert and guidelines. 
 
In comparing the two methods for quantitating Biotinidase in dried blood spots, we have determined 
that the interpretational results are the same.  All of the 7 samples with discrepant results were 
repeated in duplicate on both methods the same day. Six were determined to be correct but fell just on 
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either side of the cut-off.  The 7th sample was determined to have had an error in punching on the 
original GSP plate and therefore classified as a laboratory error and not a failure of the method. The GSP 
method exhibits acceptable precision and linearity. The two methods have similar overall time usage 
however the GSP method is automated vs the manual Victor method. Based on these comparison 
results, we made the decision to do a full method validation of the GSP Neonatal Biotinidase kit.  We 
have switched to the GSP Neonatal Biotinidase method for all infants screened in Indiana as of 
September, 2014. 
 
 

P-33 
 
Impact of Seasonal Changes and Kit Lot Changes on Immunoreactive Trypsinogen Values Using the 
ImmuchemTM Blood Spot Trypsin-MW ELISA Kit 
B. Maloney, R. Hamel, M. Caggana and N.P. Tavakoli, Newborn Screening Program, Wadsworth Center, 
New York State Department of Health, Albany, NY 
 
Abstract 
 
Introduction: Cystic Fibrosis (CF) is amongst the most common autosomal recessive genetic disorders in 
Caucasians. Patients generally suffer from recurrent and chronic pulmonary problems and pancreatic 
insufficiency. As a result of the pancreatic problems, babies with CF often have a high blood level of 
immunoreactive trypsinogen (IRT). The NBS program at Wadsworth Center uses an ELISA method to 
measure the level of IRT. Second tier DNA screening is performed on specimens with an elevated IRT 
value (IRT values in the top 5% for the day). Over a six year period the daily mean IRT and the 95th 
percentile values were compared across the seasons and manufacturer kit lot changes to determine the 
effect of these variables on IRT values. 
Methods: From 2006 to 2012 approximately 250,000 babies were screened each year for a total of 1.5 
million over a 6 year period. The kit used for IRT screening was the ImmuchemTM Blood Spot Trypsin-
MW ELISA kit (MP Biomedical). Kit lot changes were made approximately once every 3 months. The 
mean IRT and the 95th percentile values were recorded each day. 
Results: NYS has a humid continental climate. There are large seasonal temperature differences with 
warm to hot and often humid summers and, cold, sometimes severely cold, winters. During the winter 
months the mean IRT values were higher than the mean IRT values during the summer months. The 
difference ranged from 6.0 ng/ml in 2007 to 2.8 ng/ml in 2011 with an average difference of 4.4 ng/ml 
throughout the 6 years of the study. The floating 95% IRT cut-off value was also higher in the winter 
than in the summer. In addition, a variation of +/- 5.5 ng/ml was observed in the mean IRT over the 6 
year time period with the highest mean (34.4 ng/ml) value recorded in the lot that was used at the 
beginning of 2007 and the lowest (23.5 ng/ml) in the summer of 2012. 
Conclusion:  Both seasonal differences and lot change differences affected the mean IRT values and the 
95th percentile cut-off for the day. If lot changes and seasonality are compared, it appears that 
seasonality has a larger difference in the observed variation within a year while lot changes have a 
greater effect overall. There has been a general downhill trend in the IRT values irrespective of the 
season. These factors should be considered when determining cut-off values when screening for IRT. 
 
Presenter:  Norma Tavakoli, PhD, Newborn Screening Program, Wadsworth Center, New York State 
Department of Health, Albany, NY, Phone:  518.474.4897, Email:  norma.tavakoli@wadsworth.org   
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Summary 
 
Introduction:  Cystic Fibrosis (CF) is amongst the most common autosomal recessive genetic disorders in 
Caucasians. Patients generally suffer from recurrent and chronic pulmonary problems and pancreatic 
insufficiency. As a result of the pancreatic problems, babies with CF often have a high blood level of 
immunoreactive trypsinogen (IRT). The NBS program at Wadsworth Center uses an ELISA method to 
measure the level of IRT. Second tier DNA screening is performed on specimens with an elevated IRT 
value (IRT values in the top 5% for the day). Over a six year period the daily mean IRT and the 95th 
percentile values were compared across the seasons and manufacturer kit lot changes to determine the 
effect of these variables on IRT values. 
Methods:  From 2006 to 2012 approximately 250,000 babies were screened each year for a total of 1.5 
million over a 6 year period. The kit used for IRT screening was the ImmuChemTM Blood Spot Trypsin-
MW ELISA kit (MP Biomedical). NYS is the only state in the US that used the ImmuChem™ kit to perform 
first tier screening for CF during the time period of this study. The kit is generally less costly than other 
available kits on the market. Kit lot changes were made approximately once every 3 months. The mean 
IRT and the 95th percentile values were recorded each day. An analysis of variance was performed in 
order to determine the variation caused by the change of seasons and that caused by the change in 
manufacturer kit lots. 
Results:  NYS has a humid continental climate. There are large seasonal temperature differences with 
warm to hot and often humid summers and, cold, sometimes severely cold, winters. During the winter 
months the mean IRT values were higher than the mean IRT values during the summer months (Table 1 
and Figure 1). The difference ranged from 6.0 ng/ml in 2007 to 2.8 ng/ml in 2011 with an average 
difference of 4.4 ng/ml throughout the 6 years of the study. The floating 95% IRT cut-off value was also 
higher in the winter than in the summer. In addition, a variation of +/- 5.5 ng/ml was observed in the 
mean IRT over the 6 year time period with the highest mean (34.4 ng/ml) value recorded in the lot that 
was used at the beginning of 2007 and the lowest (23.5 ng/ml) in the summer of 2012 (Table 1). As 
expected the 95th percentile IRT cut-off value was also higher in the winter than in the summer. This 
value fell from a high of 67.4 ng/ml in the winter of 2007 to a low of 45.2 ng/ml in the summer of 2011, 
a difference of 22.2 ng/ml. 
Conclusion:  Both seasonal differences and kit lot change differences affected the mean IRT values and 
the 95th percentile cut-off for the day. If lot changes and seasonality are compared, it appears that 
seasonality has a larger difference in the observed variation within a year while lot changes have a 
greater effect overall (Figure 1). There has been a general downhill trend in the IRT values irrespective of 
the season (Figure 1). These factors should be considered when determining cut-off values when 
screening for IRT. 
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Table 1. Mean IRT values for 3 month time periods (TP) reflecting seasons and lot usage (LU) 
 

 
 
Figure 1. Average daily IRT values from 2007 to 2012 
 

 
 
Note that the cyclical nature of mean IRT values follows the seasons with highest mean IRT values on 
January 22nd and lowest values on July 24th. Also, note the general decline in IRT values with most kit 
lot changes. 
 



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

P-34 
 
Comparison of the ImmuchemTM Blood Spot Trypsin-MW ELISA kit (MP Biomedical) and the 
AutoDELFIA Neonatal IRT Kit (Perkin Elmer) for Measuring Immunoreactive Trypsinogen for the 
Detection of Cystic Fibrosis in Newborns  
R. Hamel, B. Maloney, M. Pearce, L. DeMartino, E. McGrath, M. Caggana and N. Tavakoli, New York State 
Department of Health, Albany, NY 
 
Abstract 
 
Introduction:  Cystic Fibrosis (CF) is a chronic, progressive disease of the mucus glands. CF is 
characterized by severe respiratory problems and pancreatic enzyme deficiencies. Due to pancreatic 
problems, babies with CF often have a high blood level of immunoreactive trypsinogen (IRT). The NBS 
program at Wadsworth Center uses an ELISA method to measure the level of IRT. Second tier DNA 
screening is performed on specimens with an elevated IRT value (IRT values in the top 5% for the day). A 
comparison between 2 IRT screening kits from different manufacturers was made.  
Methods:  Three days a week for 12 weeks, 8 duplicate plates were punched that included 87 patient 
specimens. Each plate also included kit standards and controls as well as an internal control. One set of 
plates were tested using the Immuchem kit on Biotek instruments and one set of plates were tested 
using AutoDELFIA Neonatal IRT kits on AutoDELFIA instruments. A retrospective study was performed 
using proficiency testing and previously characterized specimens from 2013 with 1 mutation, 2 
mutations and elevated IRT, and, specimens from confirmed CF patients. Data from the 2 kits were 
compared and a determination was made whether the use of each kit would produce an IRT result that 
would lead to second tier DNA testing (i.e. whether it would be in the top 5% of IRT values for the day).  
Results:  In general, the AutoDELFIA Neonatal IRT and the Immuchem IRT kits were in good agreement. 
Normal IRT levels were observed with negative PT samples as well as when patient specimens were 
negative. Elevated IRT levels were observed when abnormal PT specimens were tested, and when 1 
mut, 2 mut or diseased specimens were tested. Some exceptions were observed and those are 
discussed.  
Conclusion:  The data indicate that the AutoDELFIA neonatal IRT kit overall runs slightly lower than the 
Immuchem kit and has a greater range of values among daily samples as indicated by the higher daily 
standard deviation. The 5% cut-off is higher, indicating that the specimens with higher IRT are running 
higher and the remaining specimens are running lower. One false negative result was obtained with the 
AutoDELFIA neonatal IRT kit. This specimen was flagged by the Immuchem kit for DNA analysis and was 
referred with one mutation and subsequently the case was closed as a confirmed CF case with elevated 
sweat chloride results.  
 
Presenter:  Norma Tavakoli, PhD, Newborn Screening Program, Wadsworth Center, New York State 
Department of Health, Albany, NY, Phone:  518.474.4897, Email:  norma.tavakoli@wadsworth.org  
 
 
Summary 
 
Introduction:  Cystic Fibrosis (CF) is a chronic, progressive disease of the mucus glands. CF is 
characterized by severe respiratory problems and pancreatic enzyme deficiencies. Due to pancreatic 
problems, babies with CF often have a high blood level of immunoreactive trypsinogen (IRT). The 
Newborn Screening (NBS) program at Wadsworth Center uses an ELISA method to measure the level of 
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IRT. Second tier DNA screening is performed on specimens with an elevated IRT value (IRT values in the 
top 5% for the day). A comparison between 2 IRT screening kits [ImmuChemTM Blood Spot Trypsin-MW 
ELISA kit (MP Biomedical) and AutoDELFIA Neonatal IRT Kit (Perkin Elmer)] from different manufacturers 
was made. 
 
Methods:  Three days a week for 12 weeks, 8 duplicate plates were punched that included 87 patient 
specimens. Each plate also included kit standards and controls as well as an internal control. One set of 
plates were tested using ImmuChemTM kits on Titertek instruments and one set of plates were tested 
using AutoDELFIA Neonatal IRT kits on AutoDELFIA instruments. A retrospective study was also 
performed using proficiency testing (PT) and previously characterized specimens from 2013 with 1 
mutation (1 mut), 2 mutations (2 mut) and elevated IRT, and, specimens from confirmed CF patients.  
 
Table 1. Summary of experiments performed 
 

No. of days parallel assays were run 36 

No. of 96-well plates run 288 

No. of technicians performing assay 4  

No. of instruments used during kit comparison 2 AutoDELFIA, 2 Titertek  

No. of patient specimens tested 24,453 

No. of different PT samples run 15 

No. of abnormal retrospective samples tested 70 

Minimum no. of controls run 504 

 
Data from the 2 kits were compared and a determination was made whether the use of each kit would 
produce an IRT result that would lead to second tier DNA testing (i.e. whether it would be in the top 5% 
of IRT values for the day). 
 
In addition, multiple quality control (QC) specimens were tested in duplicate using both kits on five 
different days to determine the reproducibility of each test. 
 
Results:  In general, the AutoDELFIA Neonatal IRT and the ImmuChemTM IRT kits were in good 
agreement. Normal IRT levels were observed with negative PT samples as well as when patient 
specimens were negative. Elevated IRT levels were observed when abnormal PT specimens were tested, 
and when 1 mut, 2 mut or diseased specimens were tested. Some exceptions were observed and those 
are discussed. 
 
Overall, of the specimens that were duplicate tested, 80 specimens were referred using the 
ImmuChemTM IRT kit and the majority were closed as “no disease carrier”, “CF unlikely”, or “expired”. 
Only 2 cases were closed as “diseased”. Eighteen specimens that were referred based on the 
ImmuChemTM IRT kit as “no disease carrier” would not have been flagged by the AutoDELFIA Neonatal 
IRT kit. Mutation analysis would not have been done and the specimens would not have been referred. 
Since none of these are diseased this would not be an issue. In 62 cases the specimens would have been 
reflexed to DNA just as they were with the ImmuChemTM IRT kit. 
 
The ImmuChemTM IRT kit does not measure values outside the range of its highest and lowest 
standards. The values at the lowest end are reported as the value of its lowest standard (approx. 12 
ng/ml). However, the Perkin Elmer kit extrapolates values for the lower ranges. This will affect the mean 
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value for each set of data. In order to remove the bias we calculated the mean of the top 75% IRT 
values. This removed any data points in the range below the lowest standard for the MP kit. There were 
no values above the value of the highest standard. 
 
Table 2. Comparison of daily mean values and standard deviations between the 2 kits. 
 

 ImmuChemTM Kit (MP 
Biomedical) 

AutoDELFIA Neonatal IRT Kit 
(PE) 

Daily mean 26.5 ng/ml 24.4 ng/ml 

Daily SD 12.8 15.8 

Daily mean of top 75% values 
for IRT 

29.9 28.4 

Mean 5% cut-off 47.7 ng/ml 51.4 ng/ml 

5% cut off agreement 63.5% (range: 78.8% to 48.6%) 

 
On day 263 a specimen had an IRT value in the top 5% using the ImmuChemTM IRT kit and therefore 
mutation screening was performed. However, it was not in the top 5% for the AutoDELFIA Neonatal IRT 
kit. When mutation analysis was performed, 1 mutation (1717-1G>A) was detected and therefore the 
baby was referred. The Specialty Care Center confirmed CF after performing the sweat test and 
obtaining elevated sweat chloride results. The specimen was retested using the AutoDELFIA Neonatal 
IRT kit and again the IRT value did not reach the top 5% for the day. This would have been a false 
negative result had this kit been used for screening purposes. 
 
There was one other specimen during the 12 week time period of the study that was referred and was a 
confirmed positive CF case. This specimen was flagged in the top 5% by both kits and according to DNA 
analysis it was homozygous for delta F508.  
 
In addition, 15 PT specimens from the CDC were correctly identified by both kits. Reproducibility of both 
kits were similar as was determined by testing multiple CDC QC specimens in duplicate on five different 
days. 
 
Conclusion:  The data indicate that the AutoDELFIA neonatal IRT kit overall runs slightly lower than the 
ImmuChemTM kit and has a greater range of values among daily samples as indicated by the higher 
daily standard deviation. The 5% cut-off is higher, indicating that the specimens with higher IRT are 
running higher and the remaining specimens are running lower. One false negative result was obtained 
with the AutoDELFIA neonatal IRT kit. This specimen was flagged by the ImmuChemTM kit for DNA 
analysis and was referred with one mutation (1717-1G>A) and subsequently the case was closed as a 
confirmed CF case with elevated sweat chloride results. Notwithstanding the one false negative result, 
both kits overall gave similar results for other known positive specimens including those from confirmed 
CF cases and positive PTs as well as known negative cases and negative PTs. The reproducibility of the 2 
kits was also similar. 
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Expression of GALC Activity in Common Screening Referral Haplotypes in NYS 
C. Saavedra-Matiz, P. Luzi, M. Nichols, J. Orsini, D. Wenger and M. Caggana, New York State Department 
of Health, Albany, NY 
 
Abstract 
 
Objective: To evaluate the effect of known, commonly detected GALC haplotypes on enzyme activity 
and clinical outcomes 
Introduction: Globoid-cell leukodystrophy (GLD) or Krabbe disease is caused by deficiency of 
galactocerebrosidase, a lysosomal enzyme that hydrolyzes myelin galactolipids. The infantile form of 
Krabbe is fatal within 2 years of age. Later-onset forms are heterogeneous with slow progression of 
clinical signs. Since 2006 NYS has screened more than 2 million newborns by tandem mass spectrometry 
on dried blood spots. Very low GALC activity samples are sent to the DNA laboratory for GALC gene 
mutation analysis. 
Methodology: g.DNA extracted from DBS with GALC enzyme activity < 12% of the daily mean is used for 
PCR amplification across the breakpoint of the common g.30Kb deletion and the promoter, all 17 exons 
and intron/exon boundaries of the GALC gene. Parental g.DNA is used to linkage-phase alleles. The 50 
most commonly identified variants and haplotypes were prepared by site-directed mutagenesis into a 
pcDNA3 vector (kindly provided by Dr. David Wenger) containing normal GALC cDNA. GALC activity 
produced in pcDNA3 transduced COS-1 cells was measured and expressed as percent of the normal 
construct activity. 
Results: Different haplotypes and mutations alone produced enzyme activities that ranged from 0 to 
100% of the normal construct. The presence of polymorphisms on these haplotypes reduced enzyme 
activity further. 
Conclusion: GALC expression studies of common haplotypes identified in screened newborns may help 
clinicians better interpret DNA sequence data when evaluating babies at risk for Krabbe disease. 
Residual GALC activity from different haplotypes in compound heterozygous infants might explain low to 
no-risk enzyme activity results obtained after confirmatory testing of screen positive babies.  
Haplotype/GALC expression/phenotype correlations may help to understand the complexities of Krabbe 
disease and impact on diagnosis, treatment and prognosis. 
 
Presenter:  Carlos Saavedra-Matiz, MD, New York State Department of Health, Wadsworth Center, 
Albany, NY, Phone: 518.486.1641, Email:  carlos.saavedra@health.ny.gov 
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A Review of Plans to Improve Specimen Transit Time for Hospitals in New York State 
B. Vogel, M. Caggana, M. Graziano, J. Orsini and K. Fiato, New York State Department of Health, Albany 
NY 
 
Abstract 
 
Objectives:  To improve newborn screening specimen transit times in New York State.  
Methods:  A letter was sent to the Chief Executive Officer at each birthing facility in New York State 
requesting a plan to improve the timeliness of submission of newborn bloodspot specimens to the NBS 
Program, along with the facility’s data from 2013 Q4. NBS Program staff also met with the contracted 
carrier to address shipments delayed beyond 24 hours and new package tracking software options.  
Results:  In 2013, 41% of newborn screening samples from New York hospitals arrived at the NBS 
Program more than 48 hours after collection and 5% of samples arrived at 5 days or more after 
collection.  Turnaround time plans were received from 112 of 130 hospitals (86% Response Rate) by 
March 31, 2014.  Measures to improve turnaround time included altering carrier pick-up schedule or 
collection time (N=33 hospitals), staffing changes or training (N=17 hospitals), implementing new 
tracking procedures (N=16) and addressing delays from outpatient laboratories (N=2).    
Conclusions:  The timeliness of submission of newborn screening bloodspots remained essentially 
unchanged during 2014 Q1 with 39.6% of samples received at greater than 2 days after collection and 
3.5% of samples received at greater than 5 days after collection.  Many hospitals did not implement 
their plans until March 2014.  Continued monitoring of turnaround times to determine if the 
interventions were effective is ongoing.  Results collected from Q2 and Q3 will be presented.  
 
Presenter:  Beth Vogel, MS, New York State Department of Health, Wadsworth Center, Newborn 
Screening, Albany, NY, Phone:  518.474.7945, Email:  bmh06@health.state.ny.us 
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A High-throughput Multiplex Newborn Screening Assay for Six Lysosomal Storage Disorders (LSDs) 
using Dried Blood Spots and UPLC-Tandem Mass Spectrometry  
K. Basheeruddin1, R. Shao1, M. Gelb2, P. Gardley1; 1Illinois Department of Public Health, Chicago, IL, 
2University of Washington, Seattle, WA 
 
Abstract 
 
The current state of technology has generated interest in public health laboratory newborn screening 
for LSDs. In this method, we optimized an incubation followed by a simplified, high-throughput multiplex 
assay capable of evaluating the six enzymes involved with Mucopolysaccharidosis I, Fabry, Pompe, 
Niemann-Pick A/B, Krabbe and Gaucher diseases.  
 
Dried blood spots (DBSs) in 96-well plates were incubated for 3 hours in 30 µL of solution containing 
ammonium formate buffer (pH 4.4), detergent, inhibitors, and individual substrates and internal 
standards. Proteins were precipitated with acetonitrile, processed, and directly subjected to LC analysis 
using a 50 mm UPLC column with a column guard followed by positive-mode MS/MS analysis. Other 
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parameters such as substrate-induced in-source fragmentation, ion suppression, and diverting column 
eluate of salt, phospholipids, and detergent to waste were optimized. Under these conditions, the UPLC 
column can withstand over 15K injections.  
 
Several analytical parameters were evaluated: correlation coefficients ≥0.98 for incubation times of 3 
and 17 hours for quality control DBSs; S/N ratio >15 for DBSs containing 5% normal activity; coefficient 
of variation for six enzymes ranging from 3-22%. Evaluation of data from more than 18K random DBS, 
known positives, and comparing results for low-enzyme-activity specimens with CLIA-certified 
laboratory results demonstrated that floating cut-offs should be used to identify presumptive positives 
for LSDs. The developed multiplex assay provides distinct advantages over other available assay 
procedures: multiplexing six enzymes, same-day incubation, and elimination of pre-analytical clean-up 
steps. This assay is suitable for high-throughput newborn screening and can provide results of the first 
screen within 24 hours.  
 
Presenter:  Khaja Basheeruddin, PhD, Illinois Department of Public Health, Laboratories, Chicago, IL, 
Phone:  312.793.1712, Email:  khaja.basheeruddin@illinois.gov 
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Evaluation of a New Automated Assay to Measure Total Galactose for Newborn Screening  
S. Shone1, L. Nayak1, E. Leachko1, S. Patel1, D. McCourt1, P. Furu2; 1New Jersey Department of Health, 
Trenton, NJ, 2PerkinElmer, Turku, Finland 
 
Abstract 
 
Background:  The objective of the study was to evaluate the new GSP® Neonatal Total Galactose (3309-
001U) kit, used for the quantitative determination of human total galactose (galactose and galactose-1-
phosphate; TGAL) concentrations in dried blood spot specimens as an aid in newborn screening (NBS) 
for galactosemia.  
Methods:  The evaluation was conducted as a comparative study by analysing leftover NBS specimens in 
singlicate using two methods: GSP Neonatal TGAL Kit and manual Neonatal TGAL kit by the same 
provider (PerkinElmer). Retrospective positive specimens were included throughout multiple runs over 
23 days.  All kit controls were included in duplicate in each assay’s respective runs. Controls produced by 
the Centers for Disease Control and Prevention (CDC) were also evaluated. The precision of both kits 
were analysed by calculating coefficient of variation (CV%) for all controls assayed. Range, mean, 
median, and cutoff values corresponding to 99.5%, 99.3%, 99%, and 95% were calculated for both kits.  
Results: 
Precision  
For the GSP assay, the kit control (n=62) CV% were 9.3% and 8.5% at concentration levels of 3.9 and 
12.9 mg/dL blood, respectively. The corresponding values for the manual method were 18.3% and 
16.7% at 4.0 and 9.6 mg/dL blood, respectively.  
For the GSP assay, the CDC control (n=31) CV% were 12.7% and 9.2% at calculated concentration levels 
of 10.7 and 34.8 mg/dL blood, respectively. The corresponding values for the manual method were 
26.8% and 13.1% at calculated concentrations of 10.3 and 27.3 mg/dL blood, respectively.  
Screening  

mailto:khaja.basheeruddin@illinois.gov


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

The relative difference between the measured mean of TGAL concentrations from routine NBS 
specimens (n=2159) was -13%. However, within the clinically relevant range, the relative difference was 
8.5%.  The overall agreement between both methods using the 99.5% cutoff was 99.3%.  All confirmed 
positive retrospective specimens (n=6) were classified as screen positives when using any of the 
percentiles mentioned above.  
Conclusions:  The variation of the kit controls was found to be lower in the GSP kit than in the manual 
kit.  Screening performance, measured by classifying the results as screen negative or screen positive, 
showed equivalency in that both methods classified all of the 6 confirmed galactosemia positive NBS 
specimens as screen positive with all cutoff options.  
 
Presenter:  Scott Shone, PhD, New Jersey Department of Health, Newborn Screening Laboratory, Ewing 
NJ, Phone:  609.530.8361, Email:  scott.shone@doh.state.nj.us 
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Modification of an On-Card Quantitative PCR Assay for T-cell Receptor Excision Circles (TREC) to 
Screen Newborns for Severe Combined Immune Deficiency (SCID)  
S. O’Leary1, R. Mathes1, E. Leachko1, L. Misiakowski1, J. Taylor2, L. Hancock2, G. Yazdanpanah2, F. Lee2,  
R. Vogt2, S. Shone1; 1New Jersey Department of Health, Ewing, NJ, 2Centers for Disease Control and 
Prevention, Atlanta, GA 
 
Abstract 
 
Newborn screening (NBS) for severe combined immunodeficiency deficiency (SCID) was added to the US 
HHS Recommended Uniform Screening Panel in 2010.  SCID is detected by measuring T-cell Receptor 
Excision Circles (TRECs) in newborn dried blood spots (DBS). In the process of adding SCID to the State’s 
NBS panel, the New Jersey NBS Laboratory investigated various methods for the measurement of TRECs 
in DBS. The Program selected the on-card Quantitative PCR (qPCR) procedure that was developed by the 
Centers for Disease Control and Prevention (CDC).  Laboratory personnel from the NJ NBS Laboratory 
attended a laboratory workshop at CDC to train on the on-card method and to develop DBS reference 
material.  Due to differences in equipment, the assay required refinement for use in the NJ NBS 
Laboratory. These differences included the use of a 1.5mm DBS punch rather than a 2.0mm DBS punch 
and an automated liquid handler.  The NJ NBS Laboratory has concluded its method validation, including 
a 10,000 patient pilot study, and demonstrated that the modifications to the CDC-developed assay are 
effective, efficient, require minimal specimen handling, and work well in a mid-volume, high-throughput 
NBS Laboratory.  The TREC results generated are similar to those from other NBS Programs.  Moreover, 
at the time of the Symposium, data from the first 4 months of screening for SCID in NJ will be presented.  
 
Presenter:  Shawn O'Leary, New Jersey Department of Health, Newborn Screening Laboratory, Ewing NJ, 
Phone:  609.530.8371, Email:  shawn.oleary@doh.state.nj.us 
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Summary 
 
Abstract 
Newborn screening (NBS) for severe combined immunodeficiency deficiency (SCID) was added to the US 
HHS Recommended Uniform Screening Panel in 2010.  SCID is detected by measuring T-cell Receptor 
Excision Circles (TRECs) in newborn dried blood spots (DBS). In the process of adding SCID to the State’s 
NBS panel, the New Jersey NBS Laboratory investigated various methods for the measurement of TRECs 
in DBS. The Program selected the on-card Quantitative PCR (qPCR) procedure that was developed by the 
Centers for Disease Control and Prevention (CDC).  Laboratory personnel from the NJ NBS Laboratory 
attended a laboratory workshop at CDC to train on the on-card method and to develop DBS reference 
material.  Due to differences in equipment, the assay required refinement for use in the NJ NBS 
Laboratory. These differences included the use of a 1.5mm DBS punch rather than a 2.0mm DBS punch 
and an automated liquid handler.  The NJ NBS Laboratory has concluded its method validation, including 
a 10,000 patient pilot study, and demonstrated that the modifications to the CDC-developed assay are 
effective, efficient, require minimal specimen handling, and work well in a mid-volume, high-throughput 
NBS Laboratory.  The TREC results generated are comparable to those from other NBS Programs.   
 
Introduction 
Newborn screening programs have adopted an assay to measure T-cell receptor excision circles (TRECs) 
as an indicator of SCID or other T-cell lymphopenias. The presence of TRECs in dried blood spots is 
measured by a quantitative real-time PCR assay that utilizes TaqMan® Chemistry. Two targets of interest 
are amplified in each SCID reaction; TREC and an RNaseP amplification control. The TREC TaqMan probe 
is labeled with a 5’-FAM reporter dye and the RNaseP probe is labeled with a 5’-HEX reporter dye. Each 
probe has a 3’ quencher dye. The assay is run and the number of cycles it takes for the fluorescent signal 
to reach a given threshold (cycle threshold – Ct) is ascertained. 
 
The NJDOH NBS Laboratory selected an “on-card” TREC detection method developed by the CDC 
Newborn Screening and Molecular Biology Branch.  Differences in available instrumentation required 
modifications to the CDC method, including use of a different punch size (1.5mm) and different 
automated pipetting system (PerkinElmer Janus). Challenges that will be discussed include ensuring the 
dried blood spots are being punched in the designated location, adequate elution mixing and wash time 
using an automated liquid handler, removal of the elution buffer, and master mix addition. The results 
of the method validation and initial stages of screening are also presented. 
 
Methods 
Modifications to CDC Method 
The chart listed below shows issues faced utilizing the 1.5 mm spot and the troubleshooting solutions 
used to correct: 
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Assay Validation 
The reproducibility of the assay was determined by replicate testing of calibrator and control materials 
by different operators, on different plates, on different days. Each operator ran 6 plates over 2 days (3 
plates per day) for 4 different days. The average, standard deviation, and coefficient of variation (CV) 
were calculated. Thirty-three (33) patient samples were also tested for inter-assay reproducibility by 
running each sample in three (3) independent runs. 
 
To establish the limit of detection (LOD) for the TREC assay, replicates of the CDC-provided assay 
calibrators and the SCID control (for limit of blank - LOB) were evaluated. 
 
The assay’s goal is to detect newborns with SCID through the detection of an absence of TRECs. There is 
the potential for false negative results due to carryover of genetic material from one specimen to the 
next through the use of automated punching instruments. Thus, to measure any potential for carryover 
the following assays were performed: 

1. a blank filter punch, followed by 7 normal specimen punches, followed by 3 SCID specimens, 
followed by a blank punch. The average TREC Cts for the SCID specimen following the 7 normal 
punches was compared to the average TREC Cts for third SCID punch to determine if any genetic 
material transferred and could cause false reduction of the specimen’s Ct. 

2. a blank filter punch, followed by 9 normal specimen punches, followed by 2 blank punches. The 
average TREC Cts for the blank punch following the 9 normal punches was compared to the 
average TREC Cts for first blank punch to determine if any genetic material transferred and 
could cause false reduction of the specimen’s Ct. 

 
To evaluate accuracy, the NJ NBS Laboratory participated in the 2nd quarter SCID proficiency test (PT) 
challenge administered by the Centers for Disease Control and Prevention. In addition, a sample 
exchange was performed with both the New York State and Delaware Newborn Screening Programs to 
evaluate blinded specimens. 
 
To establish the assay’s reference range, a total of 13,331 initial specimens were screened over 7 weeks.  
11,800 were categorized as full-term (≥37 gestational age) and 1,531 were categorized as pre-term (<37 
weeks gestational age). 
 
Results 
Assay precision for replicate runs of calibrator and control material ranged from 2.1 to 6.0%. Replicate 
runs on patient samples yielded a %CV of no more than 3.5% 

Issue Solution

Copper plate holder to discharge the plastic PCR plate

Voltage adjustment to PerkinElmer Panthera 9 ionizator 

Revised cleaning proceure for the punch head chute 

Ensure punches at bottom of well before addition of elution solution

Add elution solution at top of well 

Moderate “tip-touch” to remove any droplets 

Reduce the mixing volume and number of mixes of elution solution 

Reduce the rate of mixing and height of the mix 

Ensure all plates have the same elution time by adding timers

Ensure no bubble under the blood spot high addition of elution solution

Two-step wash removal process: high/fast then low/slow

1.5 mm punches not detected by instrument, miss 

punched, or falling in the incorrect well.

Addition of elution solution would result in 1.5mm 

punches adhering to tips resulting in inadequate 

elution or removal of the spot altogether

During wash step dried blood spot was either 

disintegrating or insufficiently cleaned

Removing the residual wash caused many of the 

washed spots to be pulled from the well
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No clinically-significant punching carryover from normal patients to SCID patients or from normal 
specimens to blank filter paper was detected. 
 
The NJ algorithm matched both states for normal interpretations; however, the NJ algorithm flagged 
more specimens as abnormal. The results indicated NJ’s conservative cutoffs required a review going 
forward. 
 
The statistical analysis of the validation of 13,331 patient specimens, patients are broken down by < 37 
weeks (1,531) and > 37 weeks (11,800) gestational age. The results are displayed in the table below:  
 

 
 
Additional statistical analysis was performed for the first 21,784 patients screened after official 
implementation. The results are displayed in the table below: 
 

 
 
These results indicated a need to adjust assay cutoffs to reduce a substantial number of false positive 
results. Cutoff values for TREC Ct of 34.0 Borderline / 35.4 Presumptive were adjusted to  
34.5 Borderline / 35.8 Presumptive. This change resulted in a reduction of referrals from 30 to 9 out of 
19,468 babies.  
 
Conclusion 
The NJDOH modifications to the on-card method for the detection of SCID maintained the original 
assay’s accuracy, precision, specificity, and sensitivity. Cycle threshold is a stable value for SCID 
screening and has proven to be reproducible between analytical runs. Efficiency of the method has been 
proven with minimal waste of costly reagents and lower retest rates due to reevaluation of previously 
set conservative abnormal cut-offs and by automated protocol optimization. Automation requires 
detailed protocol modifications during initial setup and importation into a LIMS system may require 
modification of instrument output data. 
 
 

 

Gest Age All <37 ≥37 All <37 ≥37

count 13331 1531 11800 13331 1531 11800

mean 31.3 31.9 31.2 24.4 24.8 24.3

median 31.1 31.6 31.1 24.0 24.4 24.0

SD 1.17 1.50 1.10 2.0 2.24 2.02

TREC Ct RNaseP Ct

ALL <37 ≥37 NP

21784 1999 19468 317

32.3 33.2 32.2 32.2

31.4 32 31.4 31.2

1 1.4 0.9 0.9

34 98.94 92.74 99.57

34.5 99.31 94.49 99.79

35.4 99.72 97.64 99.93

35.8 99.78 98.04 99.96

TREC Ct
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Equivocals on the Move  
T. Ahmad, F. Santos, S. Karabin and I. Margolin, New Jersey Department of Health, Trenton, NJ 
 
Abstract 
 
The New Jersey Newborn Screening & Genetic Services Program has been working to improve the health 
of newborns for 50 years.  Lab and Follow Up protocols are always being reviewed for quality 
improvements.   
 
In 2003 there was a significant expansion in the number of analytes examined due to the addition of 
Tandem Mass Spectrometry instrumentation, but some of the detectable disorders were not yet on the 
official state mandated testing panel.  At that time the result category of ‘Equivocal’ was created to 
include borderline abnormal results for these non-mandated disorders.  The Lab notified the responsible 
physicians via mailed report.  No active follow-up was carried out. This Equivocal category persisted 
even after the non-mandated disorders were added to the official state panel in 2009.  
 
Lab staff would find that some of these Equivocal results would never get repeat samples.   In joint 
discussions with the Lab and Follow Up, it was decided to recategorize the Equivocal results as 
Borderline results.  Borderline results are sent to the Follow Up  side for an increased number of 
contacts to the responsible physician and the parent.  This was predicted to increase the percentage of 
results which were successfully repeated.  This change was made effective on February 12, 2014. 
For the period of January 1-30, 2014 the Lab identified 47 Equivocal results and received 42 repeats for a 
response rate of 89.4%.  For the period of February 12-March 12, 2014, the Follow Up program sent 
notices on 46 Equivocal results and received 44 repeats for a response rate of 95.7%.   
 
This data shows that the additional activities performed by the Follow Up program resulted in an 
increased number of successfully repeated samples and therefore these types of results will continue to 
be delegated to the Follow Up program for handling. More data will be collected over a longer period of 
time and findings will be presented at APHL symposium in October 2014.  
 
Presenter:  Tariq Ahmad, MBBS, MPH, Newborn Screening & Genetic Services, New Jersey Department 
of Health, Trenton, NJ, Phone:  609.292.1582, Email:  tariq.ahmad@doh.state.nj.us  
 
 
Summary 
 
The New Jersey Newborn Screening & Genetic Services Program has been working to improve the health 
of newborns for 50 years. Lab and Follow Up protocols are always being reviewed for quality 
improvements.  All newborn screening services are within the New Jersey Department of Health. The 
Newborn Screening Laboratory is located within the Division of Public Health Infrastructure, 
Laboratories and Emergency Preparedness while the Follow- up program is located within the Division of 
Family Health Services under Special Child and Early Intervention Services. 
 
In 2003 there was a significant expansion in the number of analytes examined due to the addition of 
Tandem Mass Spectrometry instrumentation, but some of the detectable disorders were not yet on the 
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official state mandated testing panel. At that time the result category of “Equivocal” was created to 
include borderline abnormal results for these non-mandated disorders. This Equivocal category 
persisted even after the non-mandated disorders were added to the official state panel in 2009. 
 
It was discovered during a data analysis that for some Equivocal results the Lab never received a repeat 
sample.  After discussions between the Newborn Screening Lab and Newborn Screening Follow Up staff, 
it was decided that the Equivocal results would be re-categorized as “Borderline” results.  Borderline 
results are sent from the NBS lab to the Follow-Up Program for an increased number of contacts to the 
responsible physician and parents [see diagram 1]. 
 

 
 
This change became effective on February 12, 2014. By making this change of transferring Equivocal/ 
Borderline results from the Lab to Follow Up, it was predicted to increase the percentage of results 
which were successfully repeated and therefore reduce the risk of infants who could potentially have a 
newborn screening disorder not receiving appropriate care.  Our data support this prediction, showing 
that for the two study periods, 85.32% of Equivocal samples in 2013 received repeats [32 out of 218 
cases did not], and 96.67% of (now known as) Borderline samples in 2014 received repeats [6 out of 180 
cases did not].  We examined results over the same time periods in both years to control for possible 
seasonal effects. 
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For cases in which a sample was received, the time to repeat collection was similar between the two 
study periods as seen in the chart below: 
 

Time from notice of abnormal results to 
repeat sample collection 

Lab Equivocals, 
2/12/2013-7/30/2013 

Follow Up Borderlines, 
2/12/2014-7/30/2014 

Up to 0 days [collection prior to notice] 20.43% 23.26% 

Up to 3 days 30.65% 38.37% 

Up to 7 days 66.13% 68.60% 

Up to 14 days 87.63% 89.53% 

Up to 21 days 93.55% 93.02% 

 
We observed Equivocals/Borderlines in these analyte categories: 

 

 
3MCC/HMG/3MGA CPT1A CPT2/CACT CUD GA1 GA2 IVA/2MBG M/SCHAD 

2013 28 6 9 10 19 3 18 34 

2014 28 14 21 9 2 0 12 23 

         

 MAL MCAD MCD MCKAT PA/MMA SCAD/IBD VLCAD  

2013 8 8 1 16 36 36 2   

2014 0 5 0 5 25 45 4  

 

Both years had similar outcomes for the repeats that were received: 
 

Outcome of Repeat Sample Lab Equivocals, 
2/12/2013-7/30/2013 

Follow Up Borderlines, 
2/12/2014-7/30/2014 

Unsatisfactory 3.85% 5.18% 

Within Acceptable Limits 73.08% 77.20% 

Repeat Abnormal 7.26% 7.25% 

 
We also noticed that SCAD/IBD is the analyte most likely to be abnormal, and 3MCC/HMG/3MGA is the 
analyte most likely to have a repeat abnormal result. 
 
 

P-41 
 
Iowa SCID Newborn Screening Pilot – Follow-up Perspective  
E. Phillips1, M.B. Fasano1, P. Ferguson1, C. Johnson1, N. Dennler1, T. Hatland1, C. Kremer1, S. Rumelhart1, 
K. Piper2;  1University of Iowa Hospitals and Clinics, Pediatrics, Iowa City, IA, 2Iowa Department of Public 
Health, Des Moines, IA 
 
Abstract 
 
The State of Iowa initiated an implementation pilot for SCID newborn screening on June 3, 2013.  Two 
years prior to the pilot start date communication was underway to develop a follow up plan for 
abnormal SCID newborn screening results.  These discussions lead to seven different protocols devoted 
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entirely to SCID newborn screening.  Two mock drills were held to bring together the entire follow up 
community and assist in protocol development.  The Iowa State Hygienic Lab has reported out 92 
abnormal SCID newborn screening results including presumptive positives, indeterminate, 
indeterminate due to prematurity and indeterminate with a previous normal result.  Short term follow 
up procedures include everything from repeating the newborn screen for indeterminate results to strict 
infection prevention measures with flow cytometry second tier testing for presumptive positive results.  
Short term follow up staff members also collect clinical information on presumptive positive cases 
including family history, congenital anomalies, lab results, imaging results and surgical history.  To date 
13 presumptive positive cases have been reported.  Flow cytometry samples recommended on 
presumptive positive cases are sent via a newborn screening courier to the University of Iowa for a 
specific SCID flow cytometry panel.  Three flow cytometry results have come back concerning for 
clinically significant T cell lymphopenia and required additional immunological evaluation.  All patients 
requiring an immune evaluation are seen at the University of Iowa Hospitals and Clinics.  One patient is 
still under evaluation and pending whole exome sequencing to determine the cause of the patient’s 
lymphopenia after a hospital admission for neonatal sepsis.  This patient has no evidence of SCID and 
normal T cell function.  One patient was diagnosed with T cell lymphopenia due to congenital heart 
disease while the third patient had transient lymphopenia and requires no further follow up.  As of July 
1, 2014 SCID was officially added to the Iowa newborn screen.  Our newborn screening fee was 
increased $10 to facilitate the associated cost of adding SCID to our newborn screening panel.  
 
Presenter:  Emily Phillips, BSN, University of Iowa Hospitals and Clinics, Pediatrics, Iowa City, IA, Phone:  
319.356.7970, Email:  emily-phillips@uiowa.edu 
 
 
Summary 
 
Preparations for the Iowa SCID Pilot 
Two years prior to Iowa’s implementation pilot for severe combined immune deficiency (SCID) 
communication was underway to develop a follow-up plan for abnormal SCID newborn screening (NBS) 
results.  NBS follow up staff worked with numerous groups to assist them in developing protocols for 
SCID NBS.  These discussions lead to seven different protocols devoted entirely to SCID NBS in Iowa.  
After protocols were drafted the NBS Program held two different mock drills where patient scenarios 
were discussed involving patients with abnormal SCID NBS results.   
 
This opportunity allowed all parties involved in the NBS follow up process to experience firsthand the 
complexities involved in each SCID NBS case.  This experience also highlighted areas needing 
improvement in our current protocols.  One benefit of the mock drills was that we identified the need 
for electronic medical record order sets for SCID patients identified through NBS.   
 
Pilot Results from June 3, 2013 – June 30, 2014 
All samples received by the SHL during our pilot period were tested for SCID.  There were no changes 
requested for NBS collection procedures during our SCID pilot.  There were no fee changes during the 
pilot period.  The Iowa NBS Program paid for second tier testing recommended during the SCID pilot. 
The SHL reported 92 abnormal SCID newborn screening results out of 43,930 births during our pilot 
phase.   All SCID newborn screen results during the pilot were reported out over the phone and via fax 
by newborn screening follow up staff.  SCID newborn screen results were not reported on final reports 
from the SHL.   
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SCID newborn screen protocols do not differ for samples collected prior to 24 hours of age or samples 
collected after infant receives a transfusion.  It is recommended that all repeat samples collected for 
abnormal SCID results are collected via a heel stick since heparin does alter newborn screening testing 
methods.  
 
There were two protocol changes implemented by The SHL during our pilot phase.  The first 
modification occurred a month into our pilot and included raising the TREC cutoffs to be more 
consistent with other states screening for SCID. The second protocol change which occurred in February 
of 2014 adapted a new lab algorithm.  The new algorithm included a soft and hard TREC cutoff.  Both 
protocol changes were proposed by the lab and implemented after review with state medical 
consultants.  All other SCID NBS protocols were modified as needed to reflect these changes. 
 
Follow Up Protocols for Abnormal SCID NBS Results  
Indeterminate 
Indeterminate results – recommendation was to repeat the newborn screen within the next 10 days.  If 
no repeat sample was obtained within 10 days the infant’s primary care provider was contacted and if 
needed a certified letter was mailed to birth mother. 
 
We had a greater than expected number of indeterminate cases that were closed as against medical 
advice (AMA) during our pilot phase.  These cases included parents or providers who chose not to follow 
recommendations to obtain a repeat NBS as recommended by the NBS program.  Twenty five percent of 
the indeterminate results were AMA during our pilot for SCID compared to 0.97% of our metabolic 
cases, 0.3% of our congenital adrenal hyperplasia cases and 3.1% of our poor quality cases during the 
same time period.  For future implementation pilots we would hope to include our pilot results right 
alongside other newborn screening results on our final reports in hopes that we could decrease the 
number of cases closed AMA.  
 
We modified our SCID follow-up protocol eight months into our pilot to recommend flow cytometry 
collection after two indeterminate results for SCID. This prevented infants from undergoing multiple 
heel-sticks with continued indeterminate results.  This decreased our percentage of AMA cases from 
29% to 8% after the protocol change. 
 
Indeterminate due to Prematurity 
Indeterminate result due to prematurity – Infants 36 gestational weeks or less at birth were screened 
using the same protocols and cut off values as full-term infants.  When results return indeterminate on 
this group of premature babies recommendations included repeating the newborn screen two weeks 
from the last newborn screen collection.  If no repeat sample was obtained within 3 weeks the infant’s 
primary care provider was contacted to request the repeat again.  
 
We continued to obtain repeat newborn screens every two weeks until a normal SCID result or infant 
reached 37 weeks gestation.  If infant still had indeterminate SCID results at 37 weeks gestation 
recommendation was to obtain a flow cytometry sample.   
 
Fifty-three percent of our premature infants with abnormal SCID newborn screen results had repeat 
newborn screens submitted two weeks later with a normal SCID NBS result.  This group of premature 
infants ranged from 23-36 weeks gestation and weight 279-4800 grams according to the clinical 
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information provided on the dried blood spot card.  Their newborn screens were collected anywhere 
between 53 minutes of life and 10 days of life.  Fifty-six percent of the premature infants with an 
abnormal SCID result had a normal SCID result after a repeat screen was submitted two weeks later.  
Only one premature infant required flow cytometry testing after all seven newborn screens submitted 
were indeterminate due to prematurity for SCID. 
 
Presumptive Positive 
Presumptive positive result – infant’s primary care provider was called and faxed with recommendations 
including infection prevention measures.  
 
Flow cytometry collection at local laboratory, transported via newborn screening courier and processed 
at the Flow Cytometry Lab at UIHC.  Sample consisted of 0.5 ml whole blood in an EDTA capillary micro 
tube.  Sample collaboration was coordinated with newborn screening staff to ensure sample was picked 
up along with the requisition by newborn screening courier and processed within 24 hours of collection 
 
Clinical information was obtained by newborn screening follow up staff for medical consultants to 
interpret flow results.  Clinical information included- surgical history, family history of primary 
immunodeficiency, CBC with differential results, x- ray results and prenatal ultrasound results 
 
Flow cytometry results were faxed directly to newborn screening staff and medical consultants.  If 
necessary infants were admitted locally or transferred to UIHC neonatal intensive care unit.  Other 
patients required an outpatient evaluation at UIHC Pediatric Specialty Clinic for an immune evaluation.   
 
Newborn screening follow-up staff faxed flow cytometry results along with a new recommendation 
letter to infant’s primary care provider.   
 
Fifty-four percent of the presumptive positive results fell into the first month of screening.  This initiated 
our cutoff change in July of 2013.  With a larger than expected number of presumptive positive cases 
short term and long term follow up teams were quickly able to identify areas of improvement in our 
protocols.  We identified the need for an alternate means of delivering flow cytometry samples to our 
lab.  We eliminated the request for a repeat newborn screen sample on presumptive positive results.  
The request of this repeat NBS sample caused some confusion since the dried blood spot card required 
drying time while the flow cytometry sample needed sent as soon as possible.   
 
Conclusions 
As of July 1, 2014 SCID was officially added to the Iowa newborn screen.  The Iowa newborn screening 
fee increased $10 to facilitate the associated cost of adding SCID to the newborn screening panel.  The 
Iowa SCID newborn screening implementation pilot was a success in that we were able to identify and 
follow up on infants born in the state of Iowa with an increased risk for developing SCID.  The lessons 
learned from this pilot were invaluable and allowed for a smooth transition to screening for SCID in the 
state of Iowa.   
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Developing a Robust TREC Assay with a Low False Positive Rate  
T. Davis, J. Thompson, M. Glass, S. Weiss and S. Shaunak, Washington State Department of Health, 
Shoreline, WA 
 
Abstract 
 
Background:  With such a wide spectrum of SCID screening strategies, each state is faced with the 
challenge of integrating a method that is cost effective, simple, and produces a low false positive rate.  
Washington State has developed a TREC assay that combines elements of current state protocols to 
optimize sensitivity and reproducibility.   
Results/Discussion:  Key components of developing a robust TREC assay include optimizing an 
extraction method, choosing a master mix, and optimizing probe/primer efficiencies for TREC.  During 
our validation we settled on using Qiagen Elution Solution (S2) only, Quanta’s PerfeCTa qPCR ToughMix 
with UNG/Low ROX, and increased the forward and reverse primers to 900nM in a 10µl reaction.  
Between January 2014 and mid-May 2014 we have screened approximately 30,000 newborns for SCID.  
Of 21 babies with abnormal TREC results seven babies were referred for diagnostic testing and each had 
positive flow cytometry results.  We detected one baby with classic SCID (the only baby with abnormal 
TREC results who was not in a NICU at time of reporting!) The remaining six infants have non-SCID T-cell 
lymphopenias.  Our poster will include updated screening results for the intervening time of screening.  
Conclusion:  The SCID screening protocols in Washington State have successfully detected SCID and 
other severe T-cell lymphopenias with a very small false positive rate (0.04%).  We thank our colleagues 
already screening for SCID for their help during our protocol development.  This assistance was critical in 
our ability to bring a sensitive and specific SCID assay to our mandated panel.  
 
Presenter:  Santosh Shaunak, Newborn Screening, Washington State Department of Health, Shoreline, 
WA, Phone:  206.291.4778, Email:  tim.davis@doh.wa.gov 
 
 
Summary 
 
With such a wide spectrum of SCID screening strategies, each newborn screening program is faced with 
the challenge of integrating a method that is cost effective and produces reliable results with a low false 
positive rate.  Factors like extraction method, punch size, choice of master mix, reaction volume, 
template volume, concentration of probes/primers, thermocyclers, liquid handlers, and standard curve 
all have an impact on assay performance.  Washington State has implemented a TREC assay that 
combines elements of current state protocols to optimize sensitivity and reproducibility.  Our poster 
highlights key points that when brought together make our method unique in the newborn screening 
community. 
 
Amplifying DNA extracted from dried blood spots can be problematic because it is difficult to efficiently 
separate pure DNA from blood components that interfere with PCR.  It is also challenging to conduct the 
extraction cost effectively with minimal steps.  Our lab manually extracts DNA without using liquid 
handling robotics despite an average sample volume of 700 specimens per day.  DNA is extracted from 
3.2mm dried blood spots by only using Qiagen DNA Elution Solution (S2).  Using an 8-channel pipettor, 
150µl of S2 is added to each dried blood spot in a 96-well polypropylene round bottom microtiter plate.  
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The plate is centrifuged for 5 minutes at 3700RPM.  Next, the plate is shaken at 800RPM on a microplate 
shaker for 15 minutes.  S2 is then completely removed using a stainless steel 8-channel vacuum 
manifold.  40µl of S2 is then added to each well and the plate is foil sealed and placed in a Vortemp 56 
to heat/shake at 99°C for 35 minutes.  We’ve found that the stainless steel 8-channel manifold more 
effectively removes the S2 along with interfering blood components from the first wash step better than 
disposable pipette tips.   Potential TREC carryover from using the manifold is monitored by placing two 
separate punches, without blood, in 2 wells in column 12 of the 96-well plate.  TREC carryover is not 
detected in these punches.   
 
Our reaction volume is 10µl in a 384-well format on Life Technology ViiA 7 thermocyclers.   The template 
volume is 4µl.  Each reaction is multiplexed using β-Actin as the reference gene.  The master mix that 
provides optimal results for this assay is PerfeCTa® qPCR ToughMix, UNG, Low ROX™ from Quanta.  We 
determined that the TREC forward and reverse primer concentration should be set to 900nM and the 
TREC probe should be 150nM.  The β-Actin forward primer is set at 60nM and the reverse is set to 
150nM.  And finally, the β-Actin probe concentration is set at 120nM. 
 
We use a 7-point TREC plasmid standard curve that is run in triplicate on each 384-well plate.  Standard 
copy numbers are 20000, 4000, 2000, 1000, 400, 100, and 20 TREC/4µl.  Standards are prepared in 3-
month batches and stored frozen in single use 8-channel PCR strips.  We’ve dedicated a VERSA 10 liquid 
handler to distribute standards to minimize the risk of cross contamination.  On average, our curve slope 
is -3.29 and the y-intercept is 40.26.  Based on validation studies our lower limit of detection was 
determined to be 51 TREC/µl blood. 
 
Our presumptive positive range is 0 to 60, borderline is 61 to 80, and normal is greater than 80 TREC/µl 
blood.  Presumptive or borderline TREC values with the β-Actin Cq greater than 28.0 are considered 
inconclusive.  Follow-up for borderline results is to ensure collection of a subsequent newborn screen 
for TREC analysis.  For persistent abnormal TREC results and for presumptive results, the baby is referred 
for flow cytometry (and DNA analysis if needed) at the Seattle Children’s Hospital laboratory.   
The following table displays the percentiles calculated based on >60,000 newborns screened.    
 

Percentile TREC/µl blood TREC Cq β-Actin Cq Percentile 

99%ile 3,752 30.07 22.84 1%ile 

90%ile 2,303 30.81 23.46 10%ile 

50%ile 1,183 31.80 24.19 50%ile 

10%ile 529 32.98 25.08 90%ile 

1%ile 232 34.14 26.13 99%ile 

 
Between January 2, 2014 and September 12, 2014 we screened 69,216 newborns for SCID.  Of these, 
two were identified with classic SCID and both had zero TREC levels.  These two were the only 
abnormals detected that were not in the NICU at the time of reporting.  In total, there were 21 
newborns reported with abnormal TREC results and 13 were determined to have non-SCID 
lymphopenias each with positive flow cytometry results.  Thus, in this cohort, the positive predictive 
value for classic SCID was 10% and the PPV for any T-cell lymphopenias was 71%.  The remaining six with 
abnormal TREC results were false positives.  Therefore, out of 69,197 true negatives the false positive 
rate was 0.009 percent. 
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Based on these data and low false positive rate our method has proven to be robust and effectively 
detects newborns with SCID.  We are grateful to our colleagues already screening for SCID for their help 
during our protocol development.  Their assistance was critical in our ability to bring a sensitive and 
specific SCID assay to our mandated screening panel.   
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Analysis of Sulfatides in Dried Blood and Urine Spots: Toward a Method for Newborn Screening of 
Metachromatic Leukodystrophy  
Z. Spacil1, M. Barcenas1, C.R. Scott1, F. Turecek1, C. Auray-Blais2, M.H. Gelb1; 1University of Washington, 
Seattle, WA, 2Centre de recherche du CHUS, Sherbrooke, Quebec, Canada 
 
Abstract 
 
Newborn screening of metachromatic leukodystrophy (MLD) by measuring the activity of the relevant 
enzyme arylsulfatase A, or its abundance, is not likely to be feasible because of a severe 
pseudodeficiency problem.  Prior to our work, several labs reported that sulfatides, the substrates for 
arylsulfatase A, are elevated in urine from MLD patients.  Since urine is not collected for newborn 
screening in the United States, we have analyzed the sulfatides in dried blood spots using liquid 
chromatography/mass spectrometry and compared the results to sulfatide levels in dried urine spots.  
We analyzed samples from MLD and non-MLD individuals.  
 
Sulfatides occur as a set of different molecular species owing to variation in the structure of the fatty 
acyl chain attached to the sphingosine amino group.  In order to simply the analysis of sulfatides and to 
make the method more sensitive, we have developed a novel strategy to convert all sulfatide molecular 
species into a single species that can be quantified either by liquid chromatography/tandem mass 
spectrometry or by flow injection tandem mass spectrometry.  This sets the stage for a large scale pilot 
study to explore sulfatides asa biomarker in dried blood and urine spots for newborn screening of MLD.  
Such efforts seem timely because of recent progress in the development of therapy to treat this 
disorder.  
 
Presenter:  Michael Gelb, PhD, University of Washington, Chemistry and Biochemistry, Seattle WA, 
Phone:  206.543.7142, Email:  gelb@chem.washington.edu 
 
 
Summary 
 
Metachromatic leukodystrophy (MLD) is caused by deficiency of the enzyme aryl sulfatase A (ASA) that 
removes sulfate from sulfatide lipid.  Detection of MLD by ASA enzyme activity and enzyme abundance 
analyses is problematic because people with as little as 1-2% of normal activity/protein do not develop 
MLD, and  pseudodeficiencies are common in the population.  It is now clear that a biomarker analysis 
of MLD is needed.  The best biomarker seems to be sulfatide since levels of this lipid accumulate in MLD 
individuals.  Several groups including ours showed that sulfatides are much higher in dried urine spots 
(DUS) from MLD individuals, whereas non-MLD individuals have no detectable sulfatide in urine.  We 
also looked at sulfatide levels in dried blood spots (DBS) and found that although sulfatides were 
elevated in MLD DBS compared to non-MLD DBS, non-MLD DBS displayed detectable levels of sulfatides.  
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For newborn screening, DBS is preferable to DUS in the United States since DBS is routinely collected, 
whereas DUS is collected only in the province of Quebec as part of a mass screening program for 
inherited metabolic disorders of amino acids and organic acids.  This poster will present our initial work 
on quantification of sulfatide levels in DBS and DUS using LC-MS/MS as a preparation for parallel large 
scale pilot studies in the WA state newborn screening lab and at the screening lab in Sherbrooke, 
Quebec. 
 
To date we have measured sulfatide molecular species by LC/MSMS using 50-100 DBS and DUS from 
non-MLD individuals and DBS and DUS from 13 MLD-affected children.  We have optimized sulfatide 
extraction from DBS and DUS.  We have also prepared deuterated sulfatide internal standards for more 
reliable quantification of sulfatides by LC/MSMS.  Results show significant elevation in sulfatides in all of 
the MLD patients compared to controls.  The level of sulfatide accumulation increases with the severity 
of the disease in DBS but not in DUS probably because DUS data was not correct for physiological urine 
dilution.  These preliminary data have allowed us to gear up for large scale pilot studies, which we 
propose to initiate in early 2015.  Up to 200,000 newborn DBS and 200,000 newborn DUS will be 
analyzed for sulfatides by LC/MSMS, with DBS coming from the WA newborn screening lab and the DUS 
coming from Quebec.  These studies should give us the most accurate MLD disease frequency reported 
to date and determine the feasibility of newborn screening for this disease using either DBS, DUS or 
both.  These studies are timely given the recent progress in the development of novel therapies to treat 
MLD. 
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Evaluating Awareness, Understanding, and Utilization of Good Laboratory Practices in Biochemical 
Genetic Testing and Newborn Screening for Inherited Metabolic Diseases  
B. Su1, K. Breckenridge1, B. Chen2, J. Ojodu1; 1Association of Public Health Laboratories, Silver Spring, 
MD, 2Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
Objective:  In 2013, APHL was funded a cooperative agreement to evaluate the impact of the good 
laboratory practice recommendations for biochemical genetic testing (BGT) and newborn screening 
(NBS) published by CDC in a 2012 Morbidity and Mortality Weekly Report (MMWR) publication. This 
study was conducted to assess the awareness and use of the recommendations in BGT and NBS 
laboratories.  
Method:  Two facilitated discussion groups of NBS and BGT laboratory professionals, respectively, were 
convened in December 2013, in Atlanta, GA.  
Results:  All participants were aware of the MMWR document and considered the recommendations 
scientifically sound. Many viewed the document as a summation of existing regulatory, accreditation 
and voluntary standards that were operational in their laboratories. The identified most useful 
recommendations included factors to consider before introducing new tests, test performance 
establishment procedures, and personnel qualifications.  Some participants used or planned to use the 
document in training fellows and new staff, but not one was aware that continuing education (CE) 
activity and CE credits were available. Concern was expressed regarding the difficulty to use the 
document due to its format and the combined recommendations for NBS and BGT. Clarification was 
requested for several recommendations, including the request of a second NBS specimen when 
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indicated, BGT report elements, reflex testing, competency assessment, and samples to include for test 
performance establishment for rare diseases. Participants suggested development of supporting 
materials and specific training efforts to improve dissemination and understanding of the 
recommendations.  
Conclusions:  APHL is forming taskforces composed of NBS and BGT professionals to identify and 
prioritize training needs in the public health and clinical laboratories. Future training will be tailored to 
different audience groups and delivered in user-friendly ways to facilitate learning.  
 
Presenter:  Bertina Su, Association of Public Health Laboratories, Silver Spring, MD, Phone:  
240.485.2729, Email:  bertina.su@aphl.org 
 
 
Summary 
 
Background 
In 2013, APHL was awarded a cooperative agreement to evaluate the impact of the “Good Laboratory 
Practices for Biochemical Genetic Testing and Newborn Screening for Inherited Metabolic Disorders” 
published by CDC in a 2012 Morbidity and Mortality Weekly Report (MMWR) Recommendations and 
Reports publication (1). The good laboratory practice recommendations were developed based on the 
recommendations from Clinical Laboratory Improvement Advisory Committee (CLIAC) as a result of 
evaluating and considering existing regulatory, accreditation, and voluntary laboratory standards. 
Additional input from two federal advisory committees (the Secretary’s Advisory Committee on 
Genetics, Health, and Society and the Secretary’s Advisory Committee on Heritable Disorders in 
Newborns and Children) and the laboratory community was also considered and incorporated into the 
recommendations.  Due to limited data on awareness and use of the recommendations in the laboratory 
community, APHL and CDC decided to convene small discussion groups to collect information related to 
the dissemination of the MMWR document and the factors that might encourage or impede the use or 
implementation of the recommended practices in different laboratory settings.   
 
Methods   

 2 facilitated discussion groups were convened in December 2013, in Atlanta, GA 

 Director-level individuals from biochemical genetic testing (BGT) and newborn screening (NBS) 
laboratories who were anticipated to have knowledge of the CDC document were invited to 
participate; some invitees were unable to attend due to schedule conflicts. 

 BGT group (N=8): 
o Private genetics laboratories (N=4) 
o University-affiliated genetics laboratories (N=2) 
o Hospital-affiliated genetics laboratories (N=2) 

 NBS group (N=5): 
o Public health NBS laboratory programs serving multiple states (N=2) 
o State public health NBS programs with 100,000-400,000 annual births  (N=2) 
o Hospital-affiliated laboratory performing contractual NBS testing (N=1) 

 A 12-question discussion guide was used by the facilitator at both group discussions; audio-
recordings, together with notes and observations from the facilitator, the note-taker and the 
observers from APHL and CDC were used to analyze results.   
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Results 
Feedback and findings from the two discussion groups are organized into five major topic areas and 
summarized below. 
 

Topic NBS Group BGT Group 

1.  Awareness  All participants were aware of the MMWR document and considered the 

recommendations scientifically sound. 

Some were informed during the process 

of developing the recommendations 

Some were consulted during the process 

of developing the recommendations 

2.  Knowledge, 

understanding and 

perception of the 

recommended practices 

 Acknowledged the document as a good summary of accepted good laboratory 

practices and overall quality systems  

 Most useful recommendations included test performance establishment (test 

validation) and recommended personnel qualifications 

 Lacks specific quality control (QC) 

procedures compared to accreditation 

checklist 

 Misinterpretation of the wording of a 

few recommendations (results 

reporting, requesting second 

specimen)  

 Misinterpretation of the wording of a 

few recommendations (recommended 

test report elements, reflex testing, 

personnel competency assessment and 

samples for establishing test 

performance for rare disease testing) 

3.  Use and implementation 

of the recommended 

practices 

 Most recommended practices were already implemented 

 No one was aware of the continuing education (CE) activity or the available CE 

credits  

 Useful for training materials and 

resource justification 

 Useful for development of 

procedures for establishing 

performance specifications of new 

tests 

 Useful for orienting fellows and new 

staff 

 Useful for justifying personnel 

qualifications, developing quality 

improvement plans, introducing new 

test platform, and validating new 

tests 

4.  Format/presentation   Challenging to read due to document length and structure 

 Differing opinions for providing 

recommendations for NBS and BGT 

in one document  

 Mixed opinions on combining BGT 

and NBS in one document, most 

thought it was useful  

5.  Suggestions for 

improvements and future 

efforts 

 Develop supporting materials and specific training efforts to improve 

dissemination and understanding of the recommendations. 

 Use the document for personnel competency assessment 

 Share the document  internationally 

 Use the document as educational material for laboratory surveyors and 

inspectors 

 Include participants from smaller laboratories in future discussion groups 
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 Make available companion 

documents that include only 

recommendations for NBS 

 Provide clarifications for differences 

in state and CLIA requirements 

 Need better engagement of NBS 

community to vet content of 

recommendations 

 Provide guidance for additional areas 

(eg, screening tests not requiring 

samples, interacting with public and 

media, and improving consistency in 

performance reporting from different 

states)  

 Consider providing samples for 

additional proficiency testing 

programs  

 Provide guidance and clarification 

for: 

o Recommendations relating to 

informed consent  

o QC practices for multi-analyte 

testing  

o Test validation and QC practices 

for rare disease testing and tests 

using invasive samples  

o Recommended test report 

elements   

o Recommendations regarding 

reflex testing 

*These results reflect the direct feedback from the two discussion groups and have not been verified 
through any on-site observation or inspection process.  
 
Discussion and Lessons Learned 

 Feedback from the discussion groups revealed helpful insights about the current status of 
awareness, understanding and use of the recommended practices. 

 Although all discussion group participants were aware of the CDC recommendations, various 
degrees of understanding of the intent of the document and many areas of the 
recommendations were evident. 

 The MMWR document provides a comprehensive guide for quality laboratory practices; it is also 
time-demanding and not sufficiently easy to use for many laboratory professionals. 

 Identifying areas that need clarification or guidance is important to improving understanding 
and application of the recommended practices. 

 Describing the connection of BGT and NBS laboratories in contributing to screening, diagnosis 
and management of heritable metabolic disorders would be useful for members of both 
communities. 

 Providing opportunities for members of the NBS and BGT laboratory communities to participate 
in the process of developing practice recommendations and provide feedback should increase 
acceptance and use of the recommendations. 

 
Next Steps 
Based on the input from the discussion groups, major next steps of the project will include: 

 Convene taskforces of NBS and BGT professionals in various laboratory capacities to obtain 
input on training needs and evaluation approaches (Note: The taskforces have met and have 
offered suggestions for developing training/education tools and measuring impact of the good 
laboratory practice recommendations). 

 Marketing the MMWR and its related continuing education credits through flyers and journal 
advertisements to encourage use. 
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 Conduct case studies to obtain in-depth information about whether or how the 
recommendations or the document have been used in specific settings.   

 Develop supplemental materials, training tools, webinars and other products to meet the 
competency improvement needs of the laboratory community and stakeholders and to facilitate 
the use of the good laboratory practice recommendations in practice.  

 Develop evaluation tools to assess the improvements in understanding and use of the 
recommended practices as a result of the training and marketing efforts.  
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Newborn Screening and Hemoglobin Barts (HbBarts)  
S. Carlisle, E. Lam, D. Holstein and C. Simmons, University of Colorado Hospital and Colorado Center for 
Laboratory Sciences, Aurora, CO 
 
Abstract 
 
Objective:  The presence of alpha thalassemia is marked by the presence of HbBarts at birth.  Some 
state newborn screening NBS programs notify submitters about the presence of HbBarts based on a 
threshold quantity as detected by isoelectric focusing (IEF) and high pressure liquid chromatography 
(HPLC).  An HPLC platform is available where a threshold of 24% has been validated by subsequent DNA 
analysis to be associated with possible HbH disease.  
Study Design:   Densitometry quantification by IEF was obtained from 172 first and 79 second NBS 
samples from 178 infants in Colorado from August 2012 through December 2013.  This was compared to 
results from HPLC using the validated platform.  
Results:  Variable and inconsistent for both techniques – values went up on second sample (biologically 
implausible).  46% of the samples measured by IEF increased with an average increase of 5.2%.  Of the 
results measured by HPLC, 59% increased, with an average increase of 1.6%.  
Four infants during this time period were >24% by HPLC, the mean percentage by IEF on first screen was 
15.1. The lowest IEF on first NBS was 9.2. This makes determining a threshold that does not miss 
possible HbH cases while not overcalling HbBart’s difficult.  
Of those with >24%, >20%, and >15% by IEF, the mean HbBarts by HPLC was 17%, 18.9% and 12.7% 
respectively. None of the infants were thought to have HbH in follow up.  
Conclusion:  Use of a quantitative threshold for reporting HbBarts by IEF may result in significant over 
and under calling when compared to a validated HPLC technique. Of the 8 children we obtained CBC’s 
on all had microcytosis and no anemia.  The average IEF on the group was 12.8 on first NBS and 8.97 on 
second NBS. The average HPLC was 16.55. 5 of these children had an IEF on first NBS of  > 12.8% and an 
HPLC of  <24%.Obtaining a greater number of CBC results on infants identified with Bart’s hemoglobin 
would perhaps make the lower threshold clearer.  
 
Presenter:  Scot Carlisle, BS, University of Colorado Hospital and Colorado Center for Laboratory 
Sciences, Aurora, CO, Phone:  480.734.6386, Email:  scarlis1@msudenver.edu 
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