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Newborn Screening of Premature Infants: Clinical Trial Data Suggests Gestational Age and 
Chronological Age are Key to Interpretation   
D. Chace, R. Clark, A. Spitzer and A. Kelleher, Pediatrix Medical Group, Sunrise, FL 
 
Abstract 
 
It is well known that newborn screening of premature infants has a much higher false positive rate than 
term infants.  Most of these false results are for CH and disorders detected by tandem mass 
spectrometry (amino acids and acylcarnitines).  We recently completed a study of 995 premature infants 
and examined the influence of gestational and chronological age on amino acid and acylcarnitines 
profiles to better define what represents “normal” for this at risk population of infants.  
Metabolic profiles were obtained using standard newborn screening techniques on inborn infants 
between gestational ages of 23 weeks and 31 weeks. Metabolic profiles were collected within the first 
24 hours after birth, on approximately day seven of life, on day twenty eight of life, and on day forty two 
of life or at discharge, whichever came first. A single, central, contract laboratory was used to analyze 
and manage the samples.  
 
None of the infants enrolled in our study was subsequently diagnosed with an inborn error of 
metabolism. Of the 3579 samples, 7.2% of the alerts were for an abnormal amino acid or acylcarnitines 
profile.   Gestational age and post-birth chronological age significantly influenced the metabolic profile 
such that 29% of infants in the earliest age group (23 to 26 weeks’ gestational age) had an abnormal 
metabolic profile compared to 17 percent of older premature infants (29 to 31 weeks’ gestational age). 
In terms of collection day, 12 percent of the profiles were abnormal when obtained on day 1 as 
compared to 2 percent on day 28 (p<0.01). The highest rate of abnormal values (21%) occurred on day 7 
in the earliest age group of premature infants (23 to 26 weeks’ gestational age).  
 
These results demonstrate the complexity of understanding the impact of immaturity and disease on 
metabolic profiles used to screen for inborn errors of metabolism. Our data provides a reference for 
clinical studies aimed at better understanding metabolism in preterm infants.  It can also be useful in 
defining new interpretation schemes in the newborn screening of premature infants  
 
Presenter:  Donald Chace, PhD, Pediatrix Medical Group, Pediatrix Analytical, Centers for Research, 
Education and Quality, Sunrise, FL, Phone:  954.608.9463, Email:  donald_chace@pediatrix.com  
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IRT Cut-off Levels Related to Age of Sampling  
T. Torresani, C. Rueegg, M. Baumgartner and R. Fingerhut, Swiss Newborn Screening 
Laboratory, Zurich, Switzerland 
 
Abstract 
 
Background:  Newborn screening (NBS) for CF, based on an IRT-DNA-IRT protocol, was introduced in 
Switzerland in 2011. In the DNA panel used, only the seven most common CFTR-mutations of 
Switzerland were analyzed. If IRT was above the cut-off (>50ng/ml) and no mutation was detected, a 
second IRT measurement was requested in order to decide on further investigations. However, so far 
there are no norm data on IRT levels of newborns aged several weeks. We therefore aimed to calculate 
the percentiles for IRT in the first two months of life in relation to the age at sampling. In addition it was 
examined whether these data could be used to discriminate between true- and false-positive screening 
results.  
Methods:  The second IRT specimens were usually collected by the family physician in the 3rd-5thweek 
of life and mailed to the NBS laboratory. IRT was measured with the Neonatal IRT Kit on the GSP 
Instrument, both from PerkinElmer (Turku, Finland). IRT analysis was done on the same day the 
specimen arrived in the laboratory (Monday to Saturday). Babies with an IRT >50 ng/ml were considered 
screening positive and then referred to one of the CF centers for a sweat test (ST). The screening 
negative results were used for the study and divided in four groups according to the age at sampling: 11-
21d, 22-28d, 29-35d and >36d.  
Results:  So far 790 IRT results were collected and assigned to one of the four groups as follows: 383, 
244, 105, and 42, respectively. Mean IRT values of the groups were 25.2, 22.4, 19.3 and 17.6 ng/ml, 
respectively. The 99.9 Percentile for each group was 49.8, 49.0, 37.2, and 29.6 ng/ml.  
Conclusions:  Our results document the significant decrease of IRT levels in healthy babies during the 
first two months of life. When performing NBS for CF using repeated IRT measurements, the decline of 
IRT in relation to the age at time of sampling has to be taken into account when interpreting the IRT 
levels in order to avoid misinterpretation of the results. Furthermore the results show that a second IRT 
measurement, taken in case of sweat test failure, can help in substantiating the CF-suspicion.   
 
Presenter:  Toni Torresani, PhD, Swiss Newborn Screening Laboratory, Zurich, Switzerland, Phone:   
41.79.6804.252, Email: toni@torresani.ch 
 
  
 

A Qualitative Approach for the T cell Receptor Excision Circle (TREC) Assay for the Detection 
of Primary Immune Deficiency Syndromes (PIDS) Demonstrates Better Sensitivity and 
Specificity versus Using a Quantitative Approach 
H. Wood, K. Andruszewski, M. Kleyn, M. Ruehle, C. Burns, H. Hawkins and B. Taffe, Michigan 
Department of Community Health*, Lansing, MI 
 
Abstract 
 
Objective:  To demonstrate a qualitative approach for the TREC assay results in better sensitivity and 
specificity. Since October 1, 2011, there have been five algorithm changes implemented as MI gained 
more experience with the laboratory-developed method with the goal to reduce the number of 
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referrals. It became apparent that the use of a plasmid standard curve to determine TREC quantities 
added too much variability to the assay. Therefore, the last algorithm change occurred Feb 1, 2013 with 
the conversion to the use of the cycle threshold (CT) value from the instrument instead of using a 
quantity extrapolated from the standard curve.  
Methodology:  Michigan (MI) has been screening for SCID since October 1, 2011 with nearly 300,000 
babies screened. The MI method includes an automated DNA extraction from a 3 mm dried blood spot 
(DBS) followed by a duplex real time PCR assay for TREC and beta actin. Since Feb, 1, 2013 MI has been 
using the CT value rather than the extrapolated quantity. Comparisons of the positive predictive value 
(PPV) and false positive rate (FPR) will be presented for the five different algorithms over a 2 year time 
period.  
Results:  The percent of abnormal samples reported out decreased from an average of 0.41% to 0.06% 
when using CT value as the cutoff rather than quantity. Furthermore, the PPV% for all abnormal 
specimens increased and the FPR% decreased.  
Conclusions:  A qualitative approach for the TREC assay leads to better sensitivity and specificity. 
Furthermore by converting to the use of CT value as cutoffs instead of quantity there has been a 
significant reduction in the false positive rate thereby leading to a reduction in undo stress on families 
and less cost to the healthcare system.  
 
Partially funded by Grant Number 1U01EH000936 from CDC/NCEH  

 
Presenter:  Heather Wood, MS, Newborn Screening Program, Michigan Department of Community 
Health, Lansing, MI, Phone:  517.335.9381, Email:  woodH@michigan.gov 
 
 
Summary 
 
Michigan (MI) has been screening for primary immune deficiency syndromes since October 1, 2011 with 
over 320,000 babies screened. A total of 43 primary and secondary primary immunodeficiency cases 
have been identified. Of these cases there have been 5 SCIDs.  
 
The MI method includes an automated DNA extraction from a 3 mm dried blood spot (DBS) followed by 
a duplex real time PCR assay for T cell receptor excision circle (TREC) and beta actin. It has been 
demonstrated that the quantification of T cell receptor excision circles using real time PCR (qPCR) will 
estimate naïve T cells that recently emigrated from the thymus. (1,2,3).This technique can be used to 
determine a reduction in naive T cells regardless of the underlying defect. Therefore any primary 
immune disorders due to the low T cell concentration can be identified. This method made it feasible to 
include severe combined immunodeficiency (SCID) and other primary immune deficiency syndromes 
(PIDs) in the newborn screening panel. Infants with SCID have been shown to have TREC values near 
zero or undetectable. Real time PCR measures the cycle threshold (Ct), an instrument value that can be 
used to determine positive, negative and inconclusive results.  The Ct is the number of DNA 
amplification cycles at which the amplification passes a fixed threshold and is inversely proportional to 
concentration of the target gene. In other words, the lower the Ct value the larger the amount of target 
DNA is present. 
 
Data from the Michigan Newborn Screening Program (MI NBS) show a qualitative approach for the TREC 
assay results in better sensitivity and specificity. Since October 1, 2011, there have been five algorithm 
changes implemented as MI gained more experience with the laboratory-developed method with the 
goal to reduce the number of referrals. It became apparent that the use of a plasmid standard curve to 
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determine TREC quantities added too much variability to the assay. Therefore, the last algorithm change 
occurred Feb 1, 2013 with the conversion to the use of the cycle threshold (Ct) value from the 
instrument instead of using a quantity extrapolated from the standard curve. For the MI newborn 
population a TREC Ct value greater than 36.3 is considered a positive result. The positive predictive value 
(PPV) went from an average of 12.42% for the quantitative algorithms to 25.97% with the qualitative 
algorithm. The false positive rate (FPR) went from an average of 0.39% with the quantitative algorithm 
down to 0.03 with the qualitative algorithm.  
 
A qualitative approach for the TREC assay leads to better sensitivity and specificity. Furthermore by 
converting to the use of CT value as cutoffs instead of quantity there has been a significant reduction in 
the false positive rate thereby leading to a reduction in undo stress on families and less cost to the 
healthcare system.  
 
*Partially funded by Grant Number 1U01EH000936 from CDC/NCEH 

 
References:   
1. Douek, DC et al, Nature 1998; 396, 690-695 2. Geenen V. et al, Journal of 3. Hazenberg MD et al, J Mol Med. 
2001. 79: 631-640. 

 
 
 

Multiplex Mass Spectrometric Newborn Screening and Diagnosis of Lysosomal Storage 
Diseases 
M. Barcenas1, N. Chennamaneni1, S. Masi1, C. R. Scott1, F. Turecek, M. H. Gelb1, J. Cournoyer2, 
A. Portier2, C. S. Elbin2, M. Schermer2; 1University of Washington, Seattle, WA, 2PerkinElmer Life 
Sciences, Waltham, MA 
 
Abstract 
 
We have developed tandem mass spectrometry (MS/MS) assays for lysosomal enzymes that are used 
and being evaluated worldwide for newborn screening enzyme activities associated with Pompe, Fabry, 
Niemann-Pick-A/B, Krabbe, Mucopolysaccharidosis-I (MPS-I), and Gaucher diseaes.  We now disclose a 
new 6-plex assay that uses a single dried blood spot punch, a single assay cocktail, a simple pre-MS/MS 
workup and flow injection MS/MS analysis using instruments available in newborn screening 
laboratories to quantify enzymatic activities.  The MS/MS 6-plex assay greatly out-performs all reported 
fluorimetric assays in terms of differentiation between healthy and disease-affected newborns.  The 
new 6-plex assay is being commercialized by Perkin Elmer Life Sciences in order to provide a stable 
source of assay reagents.  Fluorimetric assays of Niemann-Pick-A/B disease are problematic due to the 
prevalence of a mutation in the population that leads to a false-negative assay result.  We show that this 
is not a problem with the MS/MS assay.  
 
We have also developed flow injection MS/MS assays for MPS-II, IVA, and VI that have greatly improved 
enzyme detection sensitivity compared to previous MS/MS assays and fluorimetric assays.  These assays 
are currently being made available to diagnostic labs and are suitable for newborn screening.  We also 
are developing MS/MS assays for additional lysosomal enzymes including lysosomal acid lipase, MPS-
IIIA, MPS-IIIB, and acid ceramidase. A MS/MS for the diagnosis and newborn screening of 
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metachromatic leukodystrophy is being developed using a method that does not suffer from the well-
known pseudodeficiency problem.  
 
Presenter:  Michael Gelb, PhD, University of Washington, Chemistry and Biochemistry, Seattle, WA, 
Phone:  206.543.7142, Email:  gelb@chem.washington.edu 
 
 
Summary 
 
We have developed tandem mass spectrometry (MS/MS) assays for lysosomal enzymes that are used 
and being evaluated worldwide for newborn screening enzyme activities associated with Pompe, Fabry, 
Niemann-Pick-A/B, Krabbe, Mucopolysaccharidosis-I (MPS-I), and Gaucher diseaes.  We now disclose a 
new 6-plex assay that uses a single dried blood spot (DBS) punch, a single assay cocktail, a simple pre-
MS/MS workup and flow injection MS/MS analysis using instruments available in newborn screening 
laboratories to quantify enzymatic activities.  The MS/MS 6-plex assay greatly out-performs all reported 
fluorimetric assays in terms of differentiation between healthy and disease-affected newborns. Recent 
large scale pilot studies show that the MS/MS greatly outperforms the digital microfluidics fluorimetric 
method in terms of the number of false positive rates.  The new 6-plex assay is being commercialized by 
Perkin Elmer Life Sciences including FDA registration in order to provide a stable source of assay 
reagents.   
 
Historical Developments and Current Assay Design.  Ten years ago we reported a multiplex analysis of 6 
lysosomal enzymes using flow injection MS/MS.  The method was modified by workers at Genzyme to 
make it more compatible with newborn screening laboratories.  Reagents were synthesized by Genzyme 
and distributed to labs worldwide by the CDC.  The CDC also developed quality control DBS samples.  In 
the last few years we have optimized the assay further:  1)  We have redesigned the reagents for MPS-I, 
Krabbe, and Gaucher diseases to make them more solubility in assay buffer, to improve product 
detection sensitivity in the MS/MS, and to modify the internal standards so that they are chemically 
identical to the products but isotopically distinguished; 2)  We have developed a highly optimized assay 
buffer that allows all 6 enzymes to be analyzed using a single 3 mm DBS punch; 3) We have replaced the 
solid-phase extraction step with a liquid-liquid extraction step to facilitate pre-MS/MS sample 
preparation. 
 
Improved Performance of the New 6-Plex.  The new 6-plex assay (Fabry, Gaucher, Pompe, MPS-I, 
Krabbe, Niemann-Pick-A/B) shows dramatic performance improvement compared to our earlier assays 
and compared to all known fluorimetric assays done by standard techniques and by digital microfluidics.  
Table 1 summarizes assay performance parameters for the new MS/MS 6-plex and for the digital 
microfluidics fluorimetric method. The percent coefficient of variation for multiple punches from the 
same DBS with high and low CDC quality control DBS standards are similar or slightly better for the 
MS/MS method.  A key feature of the MS/MS method is that the ratio of mean activity of non-affected 
DBS to that of lysosomal storage disease-affected DBS is much higher compared to the ratio with digital 
microfluidics fluorimetry.  The difference is more than an order-of-magnitude for the assays except for 
Fabry where the difference is 4.5-fold (Table 1).  This improvement in assay dynamic range is expected 
to lead to a much lower false positive rate using the MS/MS method, and this is now established by pilot 
studies summarized below. 
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Table 1.  Reproducibility and non-affected/affected ratio data for MS/MS and digital microfluidics 

fluorimetry assays of LSD enzymes. 
 

 % Coefficient of 
Variation 
CDC High/Low Quality 
Control Samples1 

 

(Mean normal activity)/ 
(Mean LSD-affected 
activity) 
 

(Mean  normal 
activity)/(Mean 
activity of the 
no blood 
control) 

 MS/MS2 Digital 
microfluidics3 

MS/MS2 Digital 
microfluidics3 

MS/MS2 

Fabry 6/16 9/12 28 6.1 109 

Gaucher 12/14 8/12 67 3.7 216 

MPS-I 9/11 9/17 168 7.4 230 

MPS-II 6/8 21/12 60 3.9 90 

Pompe 9/10 6.0/13.2 63 5.0 367  

Krabbe 7/12 no data 27 no data 85  

Niemann-
Pick-A/B 

11/11 no data 26 no data 104 

 
 
Additional analysis shows that the pre-instrumentation sample preparation steps for MS/MS and digital 
microfluidics (liquid transfers, etc.) are similar as are the space requirements and costs including 
instrumentation purchase, installation, and maintenance. 
 
Pilot studies.    The new 6-plex is being piloted in the WA newborn screening lab to reach 100,000 DBS.  
Preliminary data out to about 10,000 samples will be presented at the APHL conference.  Pilot studies 
from the IL newborn screening lab will also be presented.  We have completed a 3-plex pilot study of 
100,000 newborn DBS in the WA state newborn screening lab for MPS-I, Fabry and Pompe disease (J. 
Pediatr. 2013, 163, 498-503).  The screen cutoff values, number of screen positive DBS samples, and 
DNA sequence-confirmed positives are as follows: Fabry (19% cutoff, 15 positives, 6 confirmed); Pompe 
(15% cutoff, 14 positives, 4 positives); MPS-I (32% cutoff, 7 positives, 3 positives).  These values show 
the validity of newborn screening for lysosomal storage diseases using flow injection-MS/MS.  The 
number of cases where second tier analyses are needed (screen positives) is very manageable.  In 
contrast the number of screen positives using digital microfluidics fluorimetry in the MO newborn 
screening lab is >5-fold higher.  These large scale pilot studies establish that the much higher dynamic 
range of the MS/MS assay compared to fluorimetric assays leads to a much more manageable number 
of screen positives. The states IL, NJ, NY and the country Taiwan have already committed to MS/MS-
based newborn screening of lysosomal storage diseases. 
 
Commercialization.  A kit for the new 6-plex is under development at Perkin Elmer Life Sciences, with 
FDA registration and launching expected in  < 1.5 years.  This kit will provide a stable and reliable source 
of assay reagents, and the Genzyme/CDC reagents will not be available once the kit is launched. 
Commercialization of these reagents is essential as homebrew methods cannot be employed for 
newborn screening because the necessary substrates and internal standards are made by multiple-step 
organic synthesis and are not generally available from standard suppliers.  Thus, the situation with 
lysosomal storage diseases is different than, for example, amino acid analysis, where deuterated 
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internal standards have been available for multiple applications well before their use in newborn 
screening. 
 
 

A 5 Minute Extraction Protocol for MSMS: STAT Reporting of Medical Emergency MSMS 
Profiles  
M. Seeterlin, E. Stanley and S. Moloney, Michigan Department of Community Health, Lansing, 
MI 
 
Abstract 
 
Objective:  The Michigan Newborn Screening Program strives to minimize factors that delay turnaround 
time from specimen collection to reporting results. Efforts include: recommending a 24-30 hour sample 
collection age (2014: 98.1% collected before 36 hr.), monitoring hospital collection to send-out times, 
courier delivery before 7:00 a.m., (2014: 96.1% specimens received within 3 days of collection) and 
Saturday laboratory operations.   
 
Despite these efforts, we have experienced cases where an infant has become symptomatic before 
results were reported for MSMS diseases.  
 
We are now focusing efforts on processing of MSMS plates earlier, allowing the majority of results to be 
reviewed by the end of the workday. A STAT MSMS method to verify both disease profile and sample 
identity was developed to expedite reporting MSMS profiles suggestive of a medical emergency.  
Method:  While the PerkinElmer NeoBase method involves a 45-minute extraction, extremely short (3-5 
minute online elution) extraction times have been demonstrated [1]. Known positive cases of MMA, 
ASA, MCD, MSUD, MCAD, LCHAD and VLCAD, as well as CDC and NeoBase controls were analyzed using 
the PE NeoBase Kit using a 5-minute extraction protocol.  
Results:  Extraction efficiencies between 60-85% were achieved with the 5 minute extraction method 
(relative to a 45-minute extraction) for all MSMS analytes. Samples with a disease profile were clearly 
identifiable.  
Conclusion:  Same day MSMS disease identification, confirmation and reporting allows for an 
improvement in turn-around-time of 18 hours on a weekday and 42 hours on a Saturday. Earlier 
intervention may improve the outcome for affected infants.  
 
[1] Direct Analysis of Acylcarnitines and Amino Acids in Dried Blood Spots Without Punching or Derivatization Using 
an Autosampler; David Millington, 2011 APHL Newborn Screening and Genetics Testing Symposium, November 7-
10, 2011  

 
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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