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Second Tier Proficiency Testing for Congenital Adrenal Hyperplasia: Laboratory and Method 
Performance from February 2012 to February 2014  
S. Klass, T. Myers, J. Mei and V. De Jesus, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
Background:  Congenital adrenal hyperplasia (CAH) is caused by inherited defects in the steroid 
biosynthesis pathway. First tier testing for CAH is usually done by measuring17α-hydroxyprogesterone 
(17OHP) in dried blood spots (DBS). A proficiency testing (PT) program, initiated by CDC’s Newborn 
Screening Quality Assurance Program, provides blind-coded, DBS PT panels containing the five 
hormones associated with CAH: 17OHP, 4-androstenedione (4AD), cortisol (CORT), 11-deoxycortisol 
(11D), and 21-deoxycortisol (21D). The materials produced in 2011 were distributed over seven 
quarters, from February 2012 - 2014, to sixteen laboratories that use liquid chromatography tandem 
mass spectrometry (LC-MS/MS) in a second tier assay.  
Methods:  Enriched DBS that represented clinical CAH profiles: true negative, challenge, false positive 
and true positive specimens were distributed to laboratories. The ratio of (17OHP + 4AD)/CORT was 
calculated for each specimen.  CDC used a ratio greater than one to classify outside normal limits (ONL) 
specimens. The true positive specimen was designed to have a ratio (17OHP + 4AD)/CORT >1. 
Quantitative and qualitative results for the hormones in each PT specimen were collected.  
Results:  Over the two year period, the average percent recovery for each analyte was: 17OHP: 118.3%, 
4AD: 101.0%, CORT: 105.8%, 11D: 155.5%, 21D: 82.6%. The false positive and false negative rates were 
1.0% and 0.3% respectively. Of the 96 ONL PT specimens evaluated, only 1 false negative 
misclassification was reported. Of the 384 within normal limits (WNL) PT specimens (true negative, 
challenge, and false positive), 12 false positive misclassifications were reported, with 5 due to a low ratio 
cutoff by one laboratory. 
Conclusions:  These results demonstrate the need for continuous quality monitoring of CAH PT 
specimens to ensure the steroid hormones in DBS have good stability and recoverability over time and 
low false negative and false positive rates over future shipments.  
 
Presenter:  Sarah Klass, BS, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
678.813.1292, Email:  xhb4@cdc.gov 
 
 
Summary 
 
Background:  Congenital adrenal hyperplasia (CAH) is caused by inherited enzymatic deficiencies in the 
steroid biosynthesis pathway.1 CAH due to 21-hydroxylase deficiency accounts for about 95% of all 
cases whereas 11-β-hydroxylase deficiency accounts for around 5%. However, both enzymatic 
deficiencies cause the buildup of 17α-hydroxyprogesterone (17OHP) while reducing the efficiency of 
cortisol synthesis.2 A second tier test for CAH was developed to improve the specificity of testing for 
17OHP. The second tier test for CAH employs liquid chromatography tandem mass spectrometry (LC-

mailto:xhb4@cdc.gov


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

MS/MS) to test for five hormones associated with CAH; 17OHP, 4-androstenedione (4AD), Cortisol 
(CORT), 11-deoxycortisol (11D), and 21-deoxycortisol (21D). A cutoff ratio of (17OHP + 4AD)/CORT is 
used as an indicator of CAH. Quantitation of 11D and 21D were added to the panel to provide insight as 
to which enzymatic deficiency is present.  
 
A proficiency testing (PT) program for Second Tier CAH assays was initiated by NSQAP and provides 
blind-coded, DBS PT panels containing the five hormones associated with CAH. The PT panels were sent 
from February 2012 - 2014, to 16 laboratories using liquid chromatography tandem mass spectrometry 
(LC-MS/MS) in a second tier assay. Participants were asked to report the concentration of each analyte 
clinical assessment based on their cutoff, and the cutoff value.  
Methods:  Enriched DBS that represented clinical CAH profiles: true negative, challenge, false positive 
and true positive specimens were distributed over a two years. The specimens were designed so that 
only the true positive specimens had a (17OHP + 4AD)/CORT ratio greater than 1, which is the CDC’s 
cutoff value. The specimens were made using charcoal stripped serum to minimize endogenous 
hormone concentration. The blood was enriched with various analyte concentrations depending on the 
type of specimen being made (Table 1). 
 
Table 1: Enrichment Concentration (ng/mL serum) of CAH PT Specimens 

 

CAH Clinical Profile    17OHP 4AD CORT 11D 21D Ratio 

Challenge 50 25 100 5 0 0.75 

True Positive 90 40 20 15 10 6.50 

Base 0 0 0 0 0 N/A 

False Positive 80 25 120 5 0 0.88 

True Negative 10 20 40 5 0 0.75 

 
For each specimen, laboratories reported the concentration of each analyte (ng/mL serum) and the ratio 
of (17OHP + 4AD)/CORT. The reported values were compared to the expected analyte concentrations to 
determine the analyte percent agreement (% agreement = reported concentration/expected 
concentration × 100). The expected concentrations were determined by summing the base pool 
endogenous analyte concentration and the enrichment concentration. 
Results:  The average percent agreement across all enriched PT specimens were: 17OHP 118.3%; 4AD 
101.0%; CORT 105.8%; 11D 155.5%; and 21D 82.6% (Table 2). The average percent agreement from PT 
specimens sent between 2006 and 2008, the first two years of PT testing are also compared in Table 2. 
Prior to 2009, specimens enriched with 11D and 21D were not yet available to participants. Agreements 
improved for 4AD and CORT while 17OHP performed worse. The poor percent agreements associated 
with11D and 21D can be attributed to fewer laboratories testing these analytes and the relatively lower 
sensitivity of these analytes using this LC-MS/MS assay.  
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Table 2: Comparison of analyte percent agreement 2006-2008 and 2012-2014 

Analyte % agreement 2006-2008 % agreement 2012-2014 

17OHP 102% 118.3% 

4AD 145.2% 101.0% 

CORT 76.2% 105.8% 

11D N/A 155.5% 

21D N/A 82.6% 

 
Over two years, 480 PT specimens were analyzed by participating laboratories.  Twelve false positive 
misclassifications and one false negative misclassification were reported, giving false positive and false 
negative rates of 3.1% and 1.0% respectively (Table 3). 
 
Table 3: PT Second Tier CAH LC-MS/MS - False Positive and False Negative Rates for Proficiency 
Testing Specimens, 2012-2014 

Total Specimens Analyzed 480 

Positive Specimens 96 

Negative Specimens 384 

False Positive 12 

False negative 1 

FP Rate 3.1% 

FN Rate 1.0% 

 

References: 
[1] Lacey JM, Minutti CZ, Magera MJ, Tauscher AL, Casetta B, McCann M, et al. Improved specificity of newborn 
screening for congenital adrenal hyperplasia by second-tier steroid profiling using tandem mass spectrometry. Clin 
Chem 2004;50:621-625 
[2] Janzen N, Sander S, Terhardt M, Peter M, Sander J. Fast and direct quantification of adrenal steroids by tandem 
mass spectrometry in serum and dried blood spots. J Chromatogr B Analyt Technol Biomed Life Sci 2008;861:117-
122 
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The Newborn Screening Molecular Assessment Program (MAP) for Molecular Screening Quality 
Improvement  
C. Greene, C. Cuthbert and S. Cordovado, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
The Molecular Assessment Program (MAP) is a joint effort of CDC’s Newborn Screening and Molecular 
Biology Branch, APHL, and State Newborn Screening programs to perform laboratory site visits and 
consultation for newborn screening (NBS) molecular testing quality improvement. The introduction of 
molecular tests from dried blood spots has been disruptive due to lack of molecular screening quality 
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assurance guidance.  The MAP site visits assist NBS laboratories improve the quality of laboratory 
practice and test performance through an invited review from state and federal molecular biologists. 
Evaluation criteria are modeled from national and state regulatory requirements and published good 
laboratory practices and guidelines for molecular testing.  MAP guidance covers numerous laboratory 
processes including laboratory documentation, workflow, assay validation and results reporting.  
Feedback of the assessment is provided in an exit discussion and a confidential written report to the 
program. 
 
From the eleven site visits performed to date, common challenges for NBS molecular assays were 
identified.  These include recommendations for modifying workspace for unidirectional workflow, assay 
validation guidelines, definition of molecular-specific quality assurance processes, staff development 
recommendations, and the harmonization of standard operating procedures.  Positive outcomes include 
inter-program collaborations for quality control materials and processes, programs initiating the 
reorganization or addition of laboratory space to accommodate molecular workflow, support for the 
hiring of technical staff with molecular testing experience, improved performance on regulatory 
inspections, and feedback to CDC for molecular quality control material development and training 
needs.  Laboratories that have received a MAP site visit rated them as very valuable especially in 
facilitating infrastructure and personnel changes that ensure the highest quality molecular NBS assays.  
 
Presenter:  Christopher Greene, PhD, Centers for Disease Control and Prevention, Newborn Screening 
and Molecular Biology Branch, Atlanta, GA, Phone:  770.488.4845, Email:  crg0@cdc.gov 
 
 
Summary 
 
The Newborn Screening Molecular Assessment Program (MAP) is an initiative developed by CDC's 
Newborn Screening and Molecular Biology Branch (NSMBB) in partnership APHL to assist state newborn 
screening (NBS) public health laboratories by providing molecular quality assurance guidance for the 
unique challenges encountered by NBS laboratories.  Each year approximately 4 million newborns in the 
United States have dried blood spot (DBS) specimens tested for markers of inborn errors of metabolism 
and immune function by newborn screening (NBS) laboratories. Widespread molecular testing from DBS 
began with cystic fibrosis using second-tier CFTR mutation genotyping followed by primary screening for 
severe combined immunodeficiency (SCID) testing using quantitative PCR detection of T-Cell Receptor 
Excision Circles (TRECs).  The introduction of molecular techniques in the newborn screening laboratory 
has been disruptive particularity since there is a lack of molecular screening-specific quality assurance 
guidance.   
 
The Molecular Assessment Program (MAP) site visit team is composed of molecular biologists from 
CDC’s Newborn Screening and Molecular Biology Branch and State Newborn Screening programs along 
with an APHL representative to perform a laboratory site visit and consultation specific for newborn 
screening (NBS) molecular testing.  The site visits can fulfill two important needs for molecular newborn 
screening.  First, for ongoing molecular testing, the site visits provide a tool for laboratories to gauge 
current quality assurance practices and identify potential improvements to testing quality or efficiency. 
Secondly, for programs that are preparing for starting molecular testing or expanding their present 
molecular testing capabilities, the MAP team members can provide support for determining how to fit 
molecular testing into the laboratory given existing program resources and application needs. The site 
visits are a non-regulatory program review available to NBS programs at no cost to fulfill the assessment 
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component of the continuous quality improvement cycle and can also serve as a validation tool for 
molecular screening processes. 
 
The evaluation criteria used on a MAP visit were modeled from multiple national and state regulatory 
requirements to address gaps in current regulatory guidelines for molecular screening activities.  The 
source documents include the National Newborn Screening and Genetics Resource Center 
(NNSGRC)Performance Evaluation Assessment Scheme, the American College of Medical Genetics and 
Genomics (ACMG) Standards and Guidelines for Clinical Genetics Laboratories, the College of American 
Pathologists (CAP) Molecular Pathology checklists, New York State Department of Health (NYDOH) 
Laboratory Standards of Practice, CLIA 88 regulations and Clinical Laboratory Standards Institute (CLSI) 
guidelines and other published best laboratory practices for molecular testing.  MAP was also developed 
in cooperation with the NBS Molecular Network Steering Committee, now the APHL NBS Molecular 
subcommittee.  The MAP guidance covers numerous laboratory processes including documentation, 
workflow, assay validation and results reporting.  Feedback from the visit is provided in an exit 
discussion and a confidential written report to the program. 
 
Programs that have hosted a MAP visit typically have requested for a specific focus on additional topics 
which have included an overall evaluation of molecular activities, suggestions for improvements of 
workflow efficiency, strategies to optimize the utilization of existing workspace, input for preparing for 
the implementation of new assays, and preparation for inspections.  From the 12 site visits performed to 
date, several common challenges for NBS molecular assays were identified.  These include 
recommendations for modifying workspace to improve unidirectional workflow, assay validation 
guidelines, definition of molecular-specific quality assurance processes, staff development 
recommendations, and the harmonization of standard operating procedures.   
 
Upon receipt of the final summary report, programs are encouraged to provide an evaluation of the 
MAP visit and some common positive outcomes were identified from the feedback.  Through the site 
visits, several inter-program collaborations were developed to share best practice processes for 
molecular QA and assay validation and share previously unavailable quality control materials. Multiple 
programs were able to use the MAP visit and final report to initiate the reorganization of laboratory 
space or obtain additional laboratory space to accommodate unidirectional molecular workflow.  
Additionally, some of the labs were able to obtain leadership support for the hiring of more senior 
technical staff with molecular testing experience.  Later feedback showed a number of labs having 
improved performance on their regulatory inspections. Also during these visits, CDC was able to gain 
valuable feedback for molecular quality control material development and training needs.  All 
laboratories that have received a MAP site visit rated them as very valuable especially in facilitating 
infrastructure and personnel changes that ensure the highest quality molecular NBS assays making this a 
successful public health support program.  
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New Automation Resources on the NBS Molecular Resource Website  
L. Hancock1, T. Davis2, T. Henry3, J. Isabelle4; M. Nolen5, J. Gerstel-Thompson6, B. Warman7, Heather 
Wood1, R. Degeberg8, J. Ojodu8, C.D. Cuthbert1; 1Centers for Disease Control and Prevention, Atlanta, 
GA, 2Washington State Department of Health, Shoreline, WA, 3State Hygienic Laboratory at the 
University of Iowa, Coralville, IA, 4New York State Department of Health, Albany, NY, 5Texas Department 
of State Health  Services, Austin, TX,  6New England Newborn Screening Program, Jamaica  Plain, MA, 
7Minnesota Department of Health, St. Paul, MN, 8Association of Public Health Laboratories, Silver Spring, 
MD 
 
Abstract 
 
The APHL NBS Molecular Resource Website, implemented in 2012, is an informational resource specific 
to the unique requirements of laboratories engaged in molecular newborn screening using the dried 
blood spot.  This website contains information about the NBS Molecular Assessment Program (MAP), 
detailed information about molecular assays used in NBS public health programs, and presentations 
from molecular webinars and training.  It provides a forum for both expert and novice NBS molecular 
biologists to exchange molecular practices, quality improvements and educational resources to enhance 
laboratory performance.  This website is overseen by APHL’s NBS Molecular Subcommittee and CDC’s 
Newborn Screening and Molecular Biology Branch (NSMBB).  Access to the new automation and the 
assays sections of the NBS Molecular Resources Website are restricted to NBS lab directors and their 
delegates.   
 
The implementation of primary molecular screening with the TREC assay requires varying levels of 
automation to accommodate the daily throughput of samples and often labor-intensive methods.  To 
support this need, the NBS Molecular Resource Website now includes a section specific to automation 
solutions for NBS.  This section provides laboratories with information on automated and semi-
automated liquid handling instruments, as well as method summaries used with each instrument.  The 
descriptions include contact information for further questions, daily sample sizes, as well as descriptions 
of addition and/or removal of buffers, reagents and DNA.  This resource was developed by the 
Laboratory Automation Workgroup composed of CDC and seven NBS laboratorians selected by the 
Molecular Subcommittee.  To further the utility of this resource, all NBS laboratories are encouraged to 
submit their molecular automation solutions to the website in order to provide more comprehensive 
solutions to laboratorians seeking options to fit their unique needs.  
 
Presenter:  Laura Hancock, Centers for Disease Control and Prevention, Newborn Screening and 
Molecular Biology Branch, Atlanta, GA, Phone:  770.488.4617, Email:  lhancock@cdc.gov 
 
 
Summary 
 
The advent of molecular assays into the routine workflow of newborn screening (NBS) laboratories has 
created a need for molecular laboratory support specific to the dried blood spot.  Implemented in 2012, 
the Association of Public Health Laboratories’ (APHL) Molecular Resources Website is an informational 
resource specific for the newborn screening molecular laboratory to coordinate resources, support and 
expertise.  Overseen by APHL’s NBS Molecular Subcommittee, it provides a means to exchange and 
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gather good molecular practices, quality improvements and educational resources to enhance 
laboratory performance.   
 
The NBS Molecular Resources Website is located at www.aphl.org under the program tab for Newborn 
Screening and Genetics.  The website has three distinct subject areas:  1) information and request forms 
for the NBS Molecular Assessment Program (MAP), 2) a summary of ongoing molecular laboratory 
assays; and 3) liquid handling automaton solutions employed by NBS laboratories.   Also, training 
material specific to molecular NBS including lectures and PowerPoints from past training webinars and 
workshops can be found on the Newborn Screening and Genetics website. 
 
The Molecular Assessment Program is an in-depth, on-site visit that evaluates molecular assays within 
the newborn screening laboratory, tailored to the specific needs of that program.  The checklist used by 
the MAP team during their visits can be viewed and printed from the website.  It also contains the MAP 
visit request form.  The Laboratory Assays section can be used by laboratories to research how these 
assays are currently used in NBS and to find the method that fits best into their workflow.  This website 
provides detailed assay information to programs that are considering molecular assays for disorders 
including Cystic Fibrosis, Galactosemia, Hemoglobinopathies, Krabbe, MCAD, MSUD and SCID.  Access to 
the assay description section is restricted to NBS lab directors and their delegates.   
 
The new Laboratory Automation section was launched in October of 2014.  The implementation of 
primary molecular methods with the TREC assay requires some sort of automation in most laboratories 
to accommodate the large daily throughput of samples.  The content for this section of the website was 
developed by the Laboratory Automation Workgroup composed of seven NBS laboratorians selected by 
the Molecular Subcommittee.  The workgroup was formed in the in Spring of 2014.  The laboratories 
represented by these workgroup members vary in the type of molecular screening assays being 
performed, daily sample throughput, and have a varied liquid handling solutions from different 
manufacturers including Beckman-Coulter, Perkin-Elmer, Eppendorf, and Thermo-Fisher.  Through the 
collaboration of this diverse workgroup, the automation section was designed for the NBS laboratorian 
to better understand already developed solutions being used in NBS laboratories across the country  and 
how they might be applicable to their own laboratory.     
 
Within the automation section of the website, information on semi-automated instrument and highly 
automated instruments are available, as well as the pros and cons for each system.  The website 
features examples of different instruments along with pictures and overviews of how these instruments 
are used in NBS laboratories. 
 
The website also displays detailed descriptions of three types of molecular automation methods used in 
NBS laboratories including:  1) DNA Extraction where the DNA is extracted in a 96 well plate to be used 
for downstream applications, 2) PCR set up which describes how the extracted DNA and the 
amplification reagents are transferred to either a 96 or 384 well PCR plate and 3) On-card Assay method 
in which the DBS punch is washed in a 96 well plate and the PCR reagents are added directly to the well 
containing the punch.  This section of the website details information including method logistics, 
limitations of the instrument(s), pipette settings for the aspiration of the wash liquid such that the DBS 
punch remains in the well, and laboratorian’s contact information for further discussion and questions.  
NBS programs are also encouraged to upload their own automation methods to provide information to 
help other NBS laboratories in their search for automation solutions.  Access to the automation 
description section is restricted to NBS lab directors and their delegates.  The automation workgroup 
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also has compiled a list of questions that should be asked during the decision-making process based on 
their experience of incorporating automation including topics such as instrument hardware, software, 
maintenance and support provided by the manufacturer.   
 
It is anticipated to expand the automation section of the NBS Molecular Resources Website to provide 
further information on automation programing and liquid handling instruments usage.  The intent of the 
automation section of the NBS Molecular Resources Website is to further enhance this dynamic tool to 
contain relevant information specific for the needs of the molecular NBS laboratory 
 
 

P-64 
 
Next-Generation Sequencing (NGS) Assay for Pompe Disease  
P. Mueller1, G. Kerr1, J. Lyons1, R. Isett2; 1Centers for Disease Control and Prevention, Atlanta, GA, 
2Emory University, Decatur, GA 
 
Abstract 
 
Objective:  Pompe disease has been recommended by the Secretary’s Advisory Committee for universal 
new-born screening (NBS). Pompe disease is caused by mutations in the acid α-glucosidase (GAA) gene 
and an NBS test is available based on low enzymatic activity. Knowledge of specific mutations in GAA 
provides prognostic information on cross-reactive immunologic material (CRIM), identifies 
pseudodeficiency, and distinguishes carriers from those likely to be affected by disease. The goal of this 
study was to develop an NGS assay to reduce sequencing costs and characterize reference materials.  
Methodology:  We designed an NGS assay for GAA after checking primer specificity, overlapping 
amplicons and avoiding primer placement over known mutations and variants. To minimize cost, we 
multiplexed primers and samples using the Fluidigm Access Array to prepare the barcoded library for 
sequencing on the Illumina MiSeq. The resulting data was analyzed using the CLC Genomics Workbench 
with a quality score cutoff of 30.  
Results:  We have sequenced 47 Coriell samples from affected individuals and families with a mean 
coverage of 17,870x; deletions were also tested. We identified two or more known mutations or non-
conserved amino acid changes in all probands except three.  Selected samples were resequenced and 
Sanger sequenced to evaluate reproducibility and confirm mutations. The mean, minimum, and 
maximum coverage for all mutations listed in the Human Gene Mutation Database was 17,740x, 744x, 
and 79,157x, respectively.  
Conclusions:  CRIM negative Pompe patients are likely to develop antibodies to enzyme replacement 
therapy which can be prevented by timely immune tolerance induction. The identification of GAA 
mutations can predict CRIM status and identify false positives. The combination of a microfluidic array 
platform for multiplexing samples and primers with NGS is a feasible, cost effective ($65.19/sample) 
approach to obtaining needed information to initiate appropriate treatment.  
 
Presenter:  Patricia Mueller, PhD, Centers for Disease Control and Prevention, NSMBB, Atlanta, GA, 
Phone:  7707.488.4015, Email:  pwm2@cdc.gov 
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Summary 
 
Background:  Pompe disease, also referred to as maltase deficiency and glycogen storage disease type II, 
is a lysosomal storage disease caused by mutations in acid alpha-glucosidase (GAA) on chromosome 
17q25.2-25.3 which are inherited in an autosomal recessive manner (1,2).  Deficient GAA activity 
resulting from mutations leads to the buildup of glycogen in organs such as muscle, heart, and lungs.   
Without treatment, classic infantile-onset Pompe disease results in death at a median age of 6 to 8.7 
months due to cardiac dysfunction, and fewer than 10% of these infants survive beyond 24 months of 
age (3). Treatment with enzyme replacement therapy (ERT) using recombinant GAA (rhGAA) can be life 
saving for children with infantile Pompe disease (1). The Advisory Committee on Heritable Disorders in 
Newborns and Children has recommended that Pompe disease be included in the Recommended 
Universal Screening Panel (RUSP) for newborn screening in the United States. Genotyping GAA confirms 
Pompe in those with low GAA activity and can distinguish carriers from those likely to be affected by 
disease.  The knowledge of specific mutations can identify false positives due to pseudodeficiency which 
results from low enzymatic activity with test substrates, but does not identify Pompe Disease (4).  The 
knowledge of specific mutations also provides information important for optimal early treatment to 
prevent the buildup of antibodies to rhGAA in infants who produce no GAA protein (5,6).  Therefore, 
GAA sequencing has been recommended in the Pompe disease diagnostic algorithm of the American 
College of Medical Genetics on Diagnostic Confirmation of Lysosomal Storage Diseases (3).  Here we 
present a carefully designed next-generation sequencing assay for GAA and the characterization of 
reference materials for sequencing GAA. 
 

 
 
 
Methods:  Twenty-eight primer pairs were designed to amplify GAA using Primer 3 (Whitehead Institute 
for Biomedical Research). All transcribed exon sequences as well as exon/intron borders including those 
intron sequences containing mutations as identified in the Human Genome Mutation Database (HGMD) 
were targeted for amplification. Primers were designed not to overlap known HGMD mutations, and 
variants found in dbSNP were avoided when possible.  Amplification was tested following the Fluidigm® 
Targeted Sequencing Primer Validation protocol. PCR products were run on the Agilent 2100 Bioanalyzer 
(Agilent Technologies, Santa Clara, CA), and any primer sets that either failed to amplify or had a high 
concentration of primer dimers were redesigned and tested.  The final primer sets all amplified their 
targets with most sets producing concentrations of primer dimers that were less than 25% of total 
amplicon concentration.  All PCR products were subjected to purification by Ampure beads during 
preparation for the MiSeq run, which removed any residual primer dimers prior to sequencing. Samples 
and primers were submitted to the Emory Integrated Genomics Core (EIGC) facility for Fluidigm® 
amplification followed by sequencing on the MiSeq (Illumina Inc, San Diego, CA). Sequencing data was 
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de-multiplexed and returned to the CDC where the reads were uploaded into CLC Bio Genomics 
Workbench, filtered to a quality score of ≥ 30, trimmed of Illumina adapters and barcodes, trimmed of 
Fluidigm® consensus sequences, and trimmed of primer sequences. Trimmed and filtered reads were 
aligned to a reference sequence (GRCh37/hg19, transcript variant 1, ch 17:78074355-78095679) and 
variants present in at least 5% of reads were called for every sample. All mutations in the probands and 
their families either agreed with those listed on the Coriell site, or were confirmed by Sanger 
sequencing. Gross deletions which cannot be detected by this NGS method were confirmed by 
Comparative Genomic Hybridization (CGH) exon array analysis (GeneDx, Gaithersburg, MD). 
 
Results:  We have sequenced Coriell Pompe samples from 45 affected individuals and 6 family members 
with a mean coverage of 20,207x in two runs; deletions were tested by CGH exon array. We identified 
two or more known mutations or non-conserved amino acid changes in all probands except two.  The 
mean, minimum, and maximum coverage for all identified mutations listed in HGMD for the first run 
was 17,740x, 744x, and 79,157x, respectively, and 16719x, 2,189x, and 28,613x for the second run. Ten 
samples were resequenced to evaluate reproducibility.  In these 10 samples 24 HGMD mutations were 
found and only 1 mutation with a low variant frequency (7.15%) failed to repeat. The low frequency 
mutation that failed to repeat was confirmed by Sanger sequencing.  The NGS assay identified 4 
mutations in 4 samples that were present with a variant frequency of less than 10%. Two of these 
apparent mutations were confirmed by Sanger sequencing, one was confirmed by a second NGS run, 
and one was not detected by Sanger sequencing. Thirty-two normal samples from Coriell were also 
sequenced and 5 carriers of the 2065G>A (Glu689Lys) GAA mutation were found (7.8% of 
chromosomes).  Six copies of this mutation were also detected in the samples from the 45 Pompe 
probands (6.7% of chromosomes). Two examples of the clinically important pseudodeficiency mutation 
were confirmed (GM13138 and GM14045).   
 
Conclusions:  Our next-generation sequencing assay targeted all transcribed exon sequences as well as 
exon/intron borders including those intron sequences containing mutations identified in the Human 
Genome Mutation Database. Primers were designed to avoid known HGMD mutations, and variants 
found in dbSNP were avoided when possible. The assay detected and confirmed 5 types of GAA 
mutations (missense, nonsense, splicing, small deletions, and small insertions) by sequencing with high 
coverage. We detected and confirmed two examples of the pseudodeficiency mutation, 1726G>A 
(Gly576Ser) that is clinically important in predicting disease severity. Since this NGS assay does not 
detect large insertions and deletions, three samples with large deletions by CGH array were analyzed 
and confirmed by GeneDx. Identification of GAA mutations can provide information important for 
optimal early treatment to prevent the buildup of antibodies to rhGAA in infants who produce no GAA 
protein, identify carriers, and identify mutations causing pseudodeficiency.  The combination of a 
microfluidic array platform for multiplexing samples and primers with NGS is a feasible, cost effective 
($65.19/sample) approach to obtaining needed information to initiate appropriate early treatment. 
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Digital PCR in Newborn Screening: A New Methodology to Characterize Calibrators and Reference 
Materials for Quantitative Molecular Assays  
J. Taylor, F. Lee, G. Yazdanpanah and R. Vogt, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
Newborn screening (NBS) for severe combined immunodeficiency (SCID) has been implemented in more 
than 17 states. Various laboratory developed tests are utilized to quantify T-cell receptor excision circles 
(TREC) from dried blood spots (DBS).  The absence of any universal TREC standard has contributed to the 
significant differences in quantitative results among laboratories. Two types of standards are commonly 
used. The first type is plasmids containing the TREC sequence and has assigned values based on 
absorbance measurements. The second type is cord blood DBS that have assigned values based on a 
primary standard made from transformed cell lines with the TREC sequence inserted in the genomic 
DNA. Both types of primary calibrators are DNA moieties that are different than the analyte of interest 
which may or may not affect PCR efficiency. It is highly desirable to have a common reference material 
containing newborn TREC with precise and reliably measured copy numbers by an independent 
quantitative method. In recent years, national standardization institutions have increasingly used digital 
PCR to quantify reference materials. We have used droplet digital PCR (ddPCR) to quantify TREC and a 
reference gene (RNase P) from DNA extracted from umbilical cord blood (UCB) using the QX100 ddPCR 
system. Serial dilutions of the DNA extracts were used as standards to transfer values to other reference 
materials. The UCB DNA extract was determined to contain 871 (± 38) copies of TREC and 150400 (± 
2800) copies of RNase P per µl. The same extract has been sent to collaborative NBS laboratories 
currently screening for SCID for evaluation based on their current standards. The results obtained by the 
individual laboratories will be compiled and presented at the meeting. The UCB DNA extract may serve 
as a common reference material to be used in other NBS laboratories to evaluate their standard curves, 
and possibly used in harmonization of TREC values.  
 
Presenter:  Jennifer L. Taylor, PhD, Centers for Disease Control and Prevention, Newborn Screening and 
Molecular Biology Branch, Atlanta, GA, Phone:  7707.488.7919, Email:  vjf6@cdc.gov 
 

http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/meetings/fifteenth/pompe.pdf
http://www.ncbi.nlm.nih.gov/books/NBK1261/
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Dried Blood Spot Microsatellite Marker Sample Identification Using the QIAxcel  
Z. Detwiler, M. Hendrix, C. Cuthbert and S. Cordovado, Centers for Disease Control and Prevention, 
Atlanta, GA 
 
Abstract 
 
Objective:   To develop a rapid, cost effective method for newborn screening (NBS) public health 
laboratories to confirm identity of dried blood spot (DBS) samples. 
Background:  A microsatellite is a variable region of DNA that contains short tandem repeats that can be 
used for sample identification. NBS public health laboratories are often required to perform repeat 
testing on multiple DBS samples collected from the same newborn. The repeat specimen is usually 
collected several days to weeks after the first sample. If NBS results are discrepant between the two DBS 
specimens, the identity of each sample can be confirmed to resolve a potential sample mix-up. 
Commercial microsatellite kits are available; however, they are costly and require specialized 
equipment.  
Methods:  A multiplex assay was developed to characterize five highly polymorphic microsatellite 
markers and the Amelogenin sex marker.  For each sample, two Polymerase Chain Reactions (PCR) are 
performed.  The first contains three markers and the Amelogenin marker and the second contains two 
additional markers. The two PCR products are run on the QIAxcel capillary electrophoresis instrument 
along with specific allelic ladders to accurately identify the sizes of each marker allele.  Data is analyzed 
using Qiagen’s ScreenGel software, which calculates the DNA fragment sizes of each marker to generate 
automatic allele calls for each sample. 
Results:  DBS samples previously characterized with a commercial assay were analyzed using the QIAxcel 
method. The results from the ScreenGel Software were concordant with commercial methods. 
Conclusion:  The QIAxcel microsatellite fragment analysis method can be used to confirm sample 
identity between multiple samples from a newborn to avoid sample mix-ups. The cost of this method 
and associated instrumentation is significantly less than traditional fluorescent microsatellite analysis, 
making it an ideal choice for NBS public health laboratories.  
 
Presenter:  Zachary Detwiler, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
770.488.0420, Email:  wtp4@cdc.gov 
 
 
Summary 
 
Microsatellites are short segments of DNA with repetitive sequences of variable length that occur across 
the human genome and are highly polymorphic in human populations. Each microsatellite region has a 
variable number of repeat units, and each specific number of repeat units represents a separate allele.  
Since these regions are highly polymorphic, the combination of multiple microsatellite alleles can be 
used as molecular markers to determine sample identification. Newborn screening (NBS) public health 
laboratories are often required to perform repeat testing on multiple dried blood spot (DBS) samples 
collected from the same newborn. Often, these samples are collected several days to weeks apart from 
the last sample. If NBS test results are discrepant between two or more DBS samples from the same 
baby, a test can be used to determine if there has been a sample mix-up. Microsatellite testing is a 
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commercially available method. However, kits are costly and require specialized equipment, such as a 
capillary DNA fragment analyzer. 
 
The CDC’s Newborn Screening and Molecular Biology Branch’s Molecular Quality Improvement Program  
has developed a more cost effective microsatellite testing method alternative to commercial 
microsatellite kits. The method involves a multiplex PCR assay that characterizes five highly variable 
microsatellite markers and an Amelogenin sex marker located on the X and Y chromosomes. PCR 
primers are used to amplify across each repeat region (4 nucleotides per repeat) of the D16S539, 
D7S820, CSF1PO, D2S1338, and D3S1358, along with the Amelogenin marker in two separate reactions.  
The initial version of the assay utilizes fluorescently-labeled primers for analysis on a 3730 DNA Analyzer 
(Life Technologies).  Here we describe the development of a complementary assay where non-labeled 
PCR products are evaluated on a QIAxcel capillary electrophoresis instrument.   
 
The allelic ladders, which contain PCR products representing the unique alleles for each microsatellite, 
were created from 26 single donor DNA samples.  The allelic ladder is used to set the appropriate size 
ranges for each marker allele in the Qiagen ScreenGel software. The allelic ladder peaks were compared 
to a standard DNA marker of known size on the QIAxcel, and the alleles of each marker was determined 
to a size range of ~±1 base pair. These size ranges are used by the software to determine the allele calls 
for the samples being tested. The QIAxcel was able to discern differences in the fragment length 
between every allele. 
 
Eighty four unique DBS samples, previously characterized with an in-house-developed fluorescent 
fragment analysis assay, were analyzed using the QIAxcel microsatellite method. Sample DNA was 

used in each PCR reaction. The QIAxcel data was analyzed using the Qiagen ScreenGel software, which 
calculates the DNA fragment sizes of each marker to generate automatic allele calls for each sample. 
This new method showed 100% concordance with the in-house fluorescent fragment analysis method. 
Notably, each of the 84 samples had a unique microsatellite marker profile that could be used to identify 
any potential sample mix ups. 
 
A budget analysis using list prices was also performed to determine the cost of running ten DBS samples 
at a time. For 10 samples, the QIAxcel method would cost $7.52 per sample while the in-house-
developed fluorescent fragment analysis assay would cost $10.01 per sample.  For comparison, the 
commercially available microsatellite assay that utilizes similar microsatellites, the AmpFlSTR® 
MiniFiler™ PCR Amplification Kit, costs $113.91 per sample. The rationale for our cost calculation for 10 
samples per assay is that it is anticipated NBS public health laboratories would perform this test for only 
a limited number of samples at a time. For a larger number of samples, the AmpFlSTR® MiniFiler™ PCR 
Amplification Kit consistently costs approximately 10 times more per sample than the QIAxcel method. 
For larger numbers of samples, the cost of the in-house-developed fluorescent fragment analysis assay 
decreases more per sample relative to the QIAxcel method.  
 
When the cost of the equipment is taken into consideration, however, we find that the QIAxcel method 
is a cost effective alternative to the in-house fluorescent fragment analysis assay.  The list cost of a 
QIAxcel instrument is $35,954.00 whereas the cost of a DNA fragment analyzer is between $113,300 and 
$276,200.00. Thus, the QIAxcel method is not only quick and efficient, but is also more cost effective 
than the in-house-developed fluorescent fragment analysis assay and the AmpFlSTR® MiniFiler™ PCR 
Amplification Kit. 
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In summary, the QIAxcel microsatellite fragment analysis method uses microsatellites as molecular 
markers to identify sample mix ups when collecting multiple samples from a newborn. The cost of this 
method and associated instrumentation is significantly lower than traditional fluorescent microsatellite 
analysis, making it a viable choice for NBS public health laboratories.  Moving forward, we will 
determine the minimum amount of DNA required for detection and will optimize the assay to allow 
testing of crude DNA extraction methods. In addition, we will explore the possibility of replacing the 
laboratory-developed allelic ladder with a standard DNA marker to further simplify the assay.   
 
 

P-67 
 
Using Epstein-Barr Virus to Transform B-Lymphocytes for the Creation of Molecular Quality Assurance 
Materials  
T. Gilliland, S. Foster, S. Nikolova, C.D. Cuthbert, S.K. Cordovado, Centers for Disease Control and 
Prevention, Atlanta, GA 
 
Abstract 
 
Objective:  Develop an in-house method to transform B-lymphocytes containing causative mutations for 
newborn disorders for use in lab-created dried blood spots (DBS) for quality assurance.  
Background: Comprehensive molecular quality assurance (QA) materials are necessary to ensure quality 
newborn screening laboratory testing.  CDC’s Newborn Screening Quality Assurance Program provides 
QA materials for mutation detection of Cystic Fibrosis. Some mutations in current screening panels are 
rare and difficult to obtain. In order to expand this program, CDC began collecting blood for cell 
transformation from families with rare CFTR mutations to produce lab-created DBS using transformed 
lymphocytes. Epstein-Barr virus (EBV) has long been used as a method to transform B-lymphocytes into 
immortalized lymphoblast cell lines; however, methods developed had varying time efficiency. Since it is 
important to minimize cell growth time to avoid chromosomal rearrangements, CDC has tested and 
optimized an efficient transformation protocol. 
Method: Cells were isolated from whole blood and transformed with EBV into proliferating lymphoblast 
cell lines using either the immunosuppressant cyclosporine A or the T-cell mitogen phytohemagluttinin 
(PHA). Cell growth was tracked through a 10-fold increase (5x107 total cells) using a hemocytometer and 
then cryopreserved. Thawed cell lines were tested again for cell growth. 
Results: Growth curves from the two methods showed that both could produce transformed cell lines; 
however, the method using PHA grew more efficiently than cyclosporine A. After cryopreservation, the 
cell lines using PHA were also more robust, growing faster than the cyclosporine A-supplemented cells.   
Conclusion: Cell transformation using PHA is a more efficient method to reach transformation success 
and will allow CDC to provide expanded QA materials for molecular testing of rare mutations in newborn 
screening laboratories.    
 
Presenter:  Travis Gilliland, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
770.488.4373, Email:  xic5@cdc.gov 
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Evaluation of Hologic Inplex® CF Molecular Test Performance Using Two DNA Extraction Methods for 
Dried Blood Spots  
S. Foster, S. Nikolova, C. Cuthbert, S. Codovado, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
There are currently 42 domestic newborn screening (NBS) programs that use a second-tier molecular 
test to detect mutations that can result in cystic fibrosis (CF). To ensure high-quality screening, CDC’s 
Newborn Screening Quality Assurance Program provides quality assurance materials which allow 
laboratories to monitor the performance of their assays. The majority of the domestic programs use 
Inplex® CF Molecular technology from Hologic, Inc.  There are two commonly used dried blood spot DNA 
extraction methods:  a commercial Generation lysis prep from QIAGEN and a home brew boil prep. Since 
the DNA purity from these two extractions is very different, it is important to ensure that both DNA 
extraction methods work well using Hologic’s Inplex® technology on DNA extracted from dried blood 
spots.  These dried blood spots are made from donor blood from adult CF patients and family members 
and are used for CDC’s proficiency testing.  DNA was extracted from a 3-mm dried blood spot punch 
using QIAGEN lysis solutions 1 and 2 (including three washes and a boil elution) or using a home brew 
boil prep (no washes followed by a boil elution).  The Inplex® CF 40 assay was run on all samples and 
sample failures were noted, after which a titration was performed on a subset of samples to determine 
whether inhibition played a role in sample failure.  This characterization is essential for providing the 
most useful quality assurance materials for newborn screening programs.  
 
Presenter:  Stephanie Foster, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
770.488.7348, Email:  xji4@cdc.gov 
 
 
Summary 
 
Cystic Fibrosis (CF) is an autosomal recessive genetic disorder that thickens mucus due to the 
malfunction of a chloride ion channel, leading most commonly to breathing problems and infections in 
the lungs as well as digestive problems due to pancreatic insufficiency, thereby resulting in a shortened 
life expectancy.  Early detection and treatment greatly improve prognosis, and thus CF is part of the 
recommended universal screening panel for newborn screening (NBS). Because the biochemical marker 
immunoreactive trypsinogen (IRT) can be elevated for reasons other than CF, many NBS laboratories 
have added a second-tier DNA mutation detection test for CF-causing mutations in the CFTR gene on 
chromosome 7. 
 
While the CF-causing mutation F508del is the most common mutation seen in CF overall, there have 
been many CF-causing mutations identified which vary in frequency across different ethnicities; 
therefore, NBS programs select mutation panels according to the needs defined by their pulmonologists. 
CDC’s Newborn Screening Quality Assurance Program provides quality assurance materials which allow 
laboratories to monitor the performance of their assays.  This study evaluated the performance of the 
most commonly used DNA extraction and mutation detection methods for CF mutation detection, as 
well as possible causes of sample failure, using CDC’s CF DNA mutation quality assurance samples. 
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In order to screen for cystic fibrosis mutations, DNA must first be extracted from the dried blood spots 
(DBS) collected for newborn screening.  The two commonly used DBS DNA extraction methods among 
domestic NBS labs are QIAGEN’s lysis method using Generation Solutions 1 and 2 and an in-house-
developed boil prep.  The DNA purity and yield from these two methods is very different, so it is 
important to ensure that both work well for the commonly-used mutation detection methods.  The 
QIAGEN lysis method involves three wash steps and a boil elution, while the in-house-developed boil 
prep method involves a boil elution with no washes. 
 
The majority of the domestic NBS programs use either Inplex® CF molecular technology from Hologic, 
Inc. or the xTAG® Cystic Fibrosis kit from Luminex Corporation for CF mutation detection.  The Inplex® CF 
technology uses fluorescently-labeled complementary probes to detect CF mutations or variants, while 
the Luminex xTAG® system hybridizes primer extensions to dye-labeled microspheres to detect 
mutations or variants. 
 
CDC’s quality assurance materials are dried blood spots made from donor blood from adult CF patients 
and family members containing mutations of interest.  DNA was extracted from 80 unique samples using 
both the QIAGEN lysis and in-house-developed boil prep methods, and the Inplex® CF 40+4 and Luminex 
xTAG® Cystic Fibrosis 60 assays were run on all samples.  Mutation detection results were compared to 
Sanger sequencing data.  Titrations were performed on a subset of samples for each mutation detection 
assay to define a limit of detection as well as determine the issues that played a role in any sample 
failures.  DNA was quantified using a real-time PCR quantification method, and a subset of the lowest, 
middle, and highest concentrations was chosen for titration.  All samples were normalized to the lowest 
concentration and then serially diluted by half and run on both the Inplex® and xTAG® assays until most 
alleles failed to give an adequate signal. 
 
The Luminex xTAG® Cystic Fibrosis 60 assay was able to identify all mutations expected based on Sanger 
sequencing data without incident for both DNA extraction methods for all 80 samples.  Nine boil prep 
samples, three each from the low, medium and high concentration categories, were normalized to 0.036 
ng/µl to match the sample of lowest concentration.  All passed at this concentration, which was far 
below the manufacturer-cited limit of 2 ng/µl.  Serial dilutions by half resulted in an increase in number 
of failed alleles, but catastrophic failure in which mutations could not be identified did not occur until 
0.0045 ng/µl.   
 
All expected mutations were identified for QIAGEN lysis-extracted samples using the Inplex® CF 40+4 
assay from Hologic, but four of the 80 in-house-developed boil prep samples had persisting low signals 
for one or more alleles after two independent runs.  While these four samples had low DNA 
concentrations, calls were correctly made on other samples with DNA concentrations in the same range.  
Titration of nine boil prep samples (not including the failed samples) resulted in six out of nine samples 
having low signal problems at the initial normalized concentration of 0.036 ng/µl.  Interestingly, dilution 
of the QIAGEN lysis extracts for the same samples to 0.036 ng/µl resulted in universal sample failure, 
showing that the boil prep samples have detectable DNA at much lower concentrations.  
 
Characterization of CDC’s quality assurance materials is essential for providing useful materials to NBS 
programs.  This study identified the lower limit of DNA concentrations for both the in-house-developed 
boil prep and the Qiagen lysis DNA extraction methods for the Hologic Inplex® and Luminex xTAG® CF 
mutation detection assays. These findings will allow CDC to better serve the newborn screening 
community performing CF DNA mutation detection analysis. 
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Examining Factors that Influence Blood Absorption Time on Newborn Screening Blood Collection 
Devices  
E. Hall, W.H. Hannon and V. De Jesus, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
Background:  For over 30 years, the CDC’s Newborn Screening Quality Assurance Program (NSQAP) has 
voluntarily evaluated new lots of filter paper (FP) from FDA-approved manufacturers. Through a series 
of carefully quality-controlled procedures, each unprinted lot of paper is assessed for blood absorption 
time, dried-blood spot (DBS) diameter, per-punch serum absorption volume, and homogeneity of serum 
absorption. Higher absorption times—believed to contribute to incomplete saturation of FP—have 
recently become a hot topic and NSQAP has been called on to investigate reported problems.  
Methods:  We followed the process outlined in the CLSI standard, NBS01-A6: Blood Collection on Filter 
Paper, Approved Standard—Sixth Edition using a single pool of washed red blood cells divided into 
hematocrit-adjusted portions. Each pool was applied to FP in 100 µL aliquots and timed for absorption. 
In a separate study, absorption times of venous blood¬ collected in EDTA and capillary blood from 
finger-sticks were compared.  
Results:  A 15% increase in hematocrit resulted in an almost 2.5 fold increase in absorption time for a 
100 µL aliquot. A 10% increase in hematocrit as much as doubled absorption times. No differences in 
absorption times were observed between capillary and venous blood. The mean absorption time for the 
most recent 20 lots from two FP sources was 11.4±2.4 s.  
Conclusions:  In some cases, increased blood absorption times may be attributable to a patient’s high 
hematocrit. Fresh capillary blood, applied directly from finger-stick, showed no extended absorption 
times.  Factors affecting blood absorption time include: baby’s clotting time; hematocrit level; quality of 
heelstick and bleed; static electricity on the surface of the specimen collection device (card); and 
printing process of the specimen collection device (card). Understanding and minimizing the impact of 
variables associated with absorption time is critical to the collection of high-quality specimens.  
 
Presenter:  Victor De Jesus, PhD, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
770.488.7853, Email:  erm5@cdc.gov (Elizabeth Hall) 
 
 
Summary 
 
For over 30 years, the CDC’s Newborn Screening Quality Assurance Program (NSQAP) has voluntarily 
evaluated new lots of filter paper (FP) from FDA-approved manufacturers. Through a series of carefully 
quality-controlled procedures, each unprinted lot of paper is assessed—using 55% hematocrit blood in 
100 µL per-spot aliquots—for blood absorption time, dried-blood spot (DBS) diameter, per-punch serum 
absorption volume, and homogeneity of serum absorption. Higher absorption times—believed to 
contribute to incomplete saturation of FP—have recently become a hot topic and NSQAP has been 
called on to investigate reported problems. 
 
We followed the process outlined in the CLSI standard, NBS01-A6: Blood Collection on Filter Paper, 
Approved Standard—Sixth Edition using a single pool of washed red blood cells divided into hematocrit-
adjusted portions. Each pool was applied to three different lots of FP in 100 µL aliquots and timed for 
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absorption. In a separate study, absorption times of venous blood¬ collected in EDTA and capillary blood 
from finger-sticks were compared. 
 
The 15% increase in hematocrit from 45% to 60% resulted in an average 2.6X increase in absorption 
time. The absorption time for a 60% hematocrit aliquot was double that for 50% hematocrit blood. No 
differences in absorption times were observed between capillary and venous blood. The mean 
absorption time—using 100 µL aliquots of 55% hematocrit blood—for the most recent 20 lots from the 
two FDA-approved FP sources was 11.4±2.4 s. Mean absorption time for 55% hematocrit blood in the 
study presented here was 13.1±1.9 s (n = 15). NBS01-A6 states that the acceptable range for absorption 
of 100 µL of 55% hematocrit blood is 5 to 30 seconds. While blood with higher hematocrits did show 
increased absorption times, none of the blood we tested exceeded this range.      
 
In some cases, increased blood absorption times may be attributable to a patient’s high hematocrit. 
Fresh capillary blood, applied directly from finger-stick, showed no extended absorption times.  Factors 
affecting blood absorption time include: baby’s clotting time; hematocrit level; quality of heelstick and 
bleed; static electricity on the surface of the specimen collection device (card); and printing process of 
the specimen collection device (card). Understanding and minimizing the impact of variables associated 
with absorption time is critical to the collection of high-quality specimens. 
 

 
Figure 1: Absorption times of 100 µL aliquots on three lots of filter paper. Results shown are for 5 
aliquots on each lot at each hematocrit. Error bars represent ±1 SD. 
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Figure 2. Absorption Time Ratios. Absorption times for 100 µL blood aliquots at the indicated 
hematocrits were compared. 
 
Reference:  
CLSI, Blood Collection on Filter Paper for Newborn Screening Programs; Approved Standard—Sixth Edition. 2013, 
CLSI: Wayne, PA. 
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Pilot Distribution of Galactose-1-Phosphate Uridyltransferase Quality Control Dried Blood Spot 
Materials  
S. Flores, B. Adam, C. Cuthbert and V. De Jesus, Centers for Disease Control and Prevention, Atlanta, GA 
 
Abstract 
 
Background:  Galactosemia, caused by galactose-1-phosphate uridyltransferase (GALT) deficiency, is one 
of 31 core disorders on the Recommended Uniform Screening Panel. The primary newborn screening 
test detects GALT activity in dried-blood-spots (DBS). The Newborn Screening Quality Assurance 
Program (NSQAP) developed candidate GALT quality control (QC) DBS materials which were analyzed by 
a selection of participating newborn screening laboratories to determine performance among various 
methods.  
Methods:  Heat inactivation was used to reduce normal GALT activity to the deficient range in half of a 
single blood pool. Intact, five-level, (set A) and lysed, seven-level (set B) candidate dose-response pools 
were formulated by combining specific portions of GALT-normal and GALT-deficient blood. Pilot QC 
panels included twelve dose-response specimens, GALT-normal and deficient donor specimens and a 
GALT-normal proficiency testing specimen. Panels were distributed to 26 laboratories and analyzed by 
five GALT methods to determine performance and among-lab specimen classification. Laboratories 
classified all specimens as either “within normal limits” (WNL) or “outside normal limits” (ONL).  
Results:  All participants classified presumptive GALT-normal specimens as WNL. 25 of 26 participants 
classified the presumptive GALT-deficient specimen in set A as ONL; all classified the matched specimen 
in set B as ONL. Equal numbers of participants classified a specimen in set A as WNL and ONL; the 
matched specimen in set B was classified as WNL by 14 participants and ONL by 12.  
Conclusions:  Designations of WNL and ONL were almost evenly divided in one specimen, in each set. 
We postulated that these specimens were closest to participant cut-off values and thus optimal 

Hematocrits Compared: 50% to 60% 45% to 60% 

Lot A 2.13 2.47 

Lot B 1.93 2.53 

Lot C 2.01 2.78 

Average 2.02 2.60 
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candidate specimens for borderline QC materials. We developed and externally evaluated three-level 
GALT QC materials that will be routinely distributed to participating laboratories as a component of the 
NSQAP QC program.  
 
Presenter:  Sharon Flores, MS, Centers for Disease Control and Prevention, Atlanta, GA, Phone:  
770.488.4182, Email:  fil4@cdc.gov 
 
 
Summary 
 
Background:  Galactosemia is one of 31 core disorders on the Recommended Uniform Screening Panel 
and is most commonly caused by galactose-1-phosphate uridyltransferase (GALT) deficiency.  The 
primary newborn screening test detects GALT activity in dried-blood-spots (DBS).  The Newborn 
Screening Quality Assurance Program (NSQAP) provides GALT proficiency testing (PT) materials to more 
than 100 laboratories; however, quality control (QC) materials were previously not offered due to 
limited supply of GALT-deficient blood. We adapted a GALT heat inactivation method and prepared 
candidate GALT QC DBS materials in the form of two sets of dose-response pools. These materials were 
analyzed by a selection of domestic newborn screening laboratories to identify a suitable blood matrix 
for GALT QC materials, to evaluate among-method classification of candidate specimens, and to 
determine the optimal concentration of GALT-deficient, borderline and normal QC DBS materials. 
 
Methods:  Heat inactivation was used to reduce normal GALT activity to the deficient range in half of a 
single blood pool. An intact red cell, dose-response pool (Set A) was prepared by combining GALT-
normal blood in concentrations of 100%, 50%, 40% 30% and 0% with GALT-deficient blood. To prepare 
Set B, the remaining portions of GALT-normal and GALT-deficient blood were hemolysed and dose-
response pools were prepared in similar concentrations with additional 20% and 10% GALT-normal 
pools. The materials were characterized in-house using the Perkin Elmer Neonatal GALT kit.  Pilot QC 
panels were assembled and included a total of 15 specimens: one specimen each from Sets A and B, a 
GALT-normal donor specimen, a GALT-deficient donor specimen, and a previously distributed GALT-
normal PT specimen from the NSQAP inventory.  Identical panels were distributed to 26 participant 
laboratories and were analyzed by five different GALT screening methods.  Laboratories assigned 
qualitative designations of “within normal limits” (WNL) or “outside normal limits” (ONL) to all 
specimens; quantitative values were reported in four different units. 
 
Results:  Heat inactivation was effective in reducing GALT activity from the normal to deficient range.  
In-house characterization showed GALT activity to be homogenous in each intact red cell dose-response 
pool.  Average GALT activity in each dose-response pool reflected the concentration of GALT-normal 
blood used to prepare it, although GALT activity in DBS made from lysed whole blood was reduced by 
10% compared to intact pools.  Participant data also reflected approximately 10% average reduced GALT 
activity in presumptive GALT-normal and GALT-deficient specimens in set B when compared to intact 
counterparts in set A.  All participants classified presumptive GALT-normal dose-response specimens, A1 
and B7 as WNL.  Twenty-five of 26 participants classified presumptive GALT-deficient specimen A5 as 
ONL; all classified GALT-deficient specimen, B13, as ONL. Classification of specimen A4 was equally 
divided between WNL and ONL. 12 of 26 participants classified specimen B9 as ONL. 
 
Conclusion:  Typically, the NSQAP prepares QC materials from a lysed, whole blood matrix to reduce 
variability in homogeneity. However, in this case, red cell lysis was consistent with reduced GALT 

mailto:fil4@cdc.gov


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

activity. Since dose-response pools made from intact cells were homogenous and showed higher GALT 
activity than their lysed counterparts we determined GALT QC materials would be prepared using an 
intact blood matrix.  All laboratories, except one, classified the presumptive GALT-normal and deficient 
specimens as WNL and ONL respectively. The laboratory that classified the presumptive GALT-deficient 
specimen as WNL used a qualitative method.  Designations of WNL and ONL were almost evenly divided 
in the intact red cell, 30% GALT-normal specimen (A4) and the lysed red cell, 40% GALT-normal 
specimen (B9).  The discrepancy between GALT-normal concentrations can be attributed to reduced 
GALT activity in DBS prepared from lysed whole blood.  We postulated that these specimens had GALT 
activity closest to participant cut-off values and had suitable concentrations for a borderline QC 
specimen. Based on data reported by participating laboratories we conclude that the materials prepared 
are suitable for use with domestic GALT screening tests and the intact red cell, presumptive GALT-
normal, presumptive GALT-deficient and the 30% GALT-normal specimens represent optimum 
preparations of three levels of GALT QC materials. 
 
Table1. Reported Clinical Assessments of Pilot Dose-Response QC DBS Materials 
 

Specimen Number Set A. Intact Whole Blood Specimens 
Clinical Assessment 

 WNL* ONL** 

A1   100%  GALT-normal 26 0 

A2    50%  GALT-normal 23 3 

A3   40%  GALT-normal 17 9 

A4   30%  GALT-normal 13 13 

A5    0%   GALT-normal 1 25 

  Set B. Lysed Whole Blood Specimens     

B7 100% GALT-normal 26 0 

B8 50%  GALT-normal 17 9 

B9 40%  GALT-normal 14 12 

  B10 30%  GALT-normal 8 18 

  B11 20%  GALT-normal 4 22 

  B12 10%  GALT-normal 1 25 

  B13  0%   GALT-normal 0 26 

Controls 

6 NSQAP GALT-Deficient Donor Specimen 0 26 

14 GALT-Normal Proficiency Testing Specimen 26 0 

15 NSQAP GALT-Normal Donor Specimen 26 0 

 
*WNL- within normal limits **ONL-outside normal limits 
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Conjoint Survey of Parental Preferences to Receive Incidental Information from Genetic Testing  
M. Lewis, A. Stine, C. Mansfield, K. Isenberg, T. Fitzgerald, R. Moultrie, C. Rini, M. Roche, and D. Bailey, 
RTI International, Research Triangle Park, NC 
 
Abstract 
 
Purpose:  One of the goals of the North Carolina Newborn Exome Sequencing as Universal Screening (NC 
NEXUS) grant is to assess parent choices with regard to incidental genetic findings about their newborn, 
the reasons for their choices, factors associated with variation in choices, and how they respond to the 
information gained. To support parent choices we will develop a decision aid that helps them decide 
what type of incidental findings they want to receive.   
Methods:  We are using a multi-method approach to develop the decision aid including formative 
interviews with parents, a simulation study, and an experimental conjoint survey. For this presentation 
we will report the findings of the conjoint survey implemented with 300 mothers and 300 fathers. 
Parents will be drawn from an online survey panel.  Inclusion criteria are having a newborn or child age 
five or under, English speaking, and parental age of 18-45 years.  The conjoint survey will measure 
attitudes about genetic screening, health literacy, and socio-demographic variables. In addition, parents 
will be randomly assigned to 10 different choice conditions that vary characteristics of health conditions 
implied by potential incidental information. The characteristics varied across the choice conditions 
include:  1) the age of onset; 2) rate of disease progression; 3) the likelihood a health condition would 
occur; 4) risk of death; 5) treatment options; and 6) the child’s quality of life if a health condition occurs. 
The dependent variable is a parent’s preference to choose one variation of these characteristics over 
another variation of these characteristics. Across the sample of 600 parents, approximately 1200 choices 
will be made.  
Results:  We will analyze the 1200 choices using Sawtooth, a program designed specifically to analyze 
stated preference conjoint surveys. The analyses will reveal which characteristics of potential incidental 
information are most influential in parental choices. That is, what characteristics parents weigh more in 
making choices to receive incidental information.  
Implications:  The implications of the conjoint survey will be discussed as it relates to the development 
of our decision aid, and for understanding parent preferences for receiving incidental information more 
generally.  
 
Presenter:  Megan Lewis, PhD, RTI International, Research Triangle Park NC, Phone:  919.541.6834, 
Email: melewis@rti.org 
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The Implementation of a Sebia CAPILLARYS 2 Neonat Fast as a First Line Screening Method for Sickle 
Cell Disease in a United Kingdom Newborn Screening Centre  
S. Brown and D. Hawden, Epsom and St Helier University Hospitals NHS Trust, Surrey, England 
 
Abstract 
 
The objective of the newborn screening programme, in the UK, is to detect infants at risk of sickle cell 
disease (SCD) within the neonatal period, in order to allow early diagnosis and to improve outcomes 
through early treatment and care. It is essential that infants with these conditions are reliably diagnosed 
and reported as having a SCD and that the necessary clinical follow up is arranged in a timely manner. 
Newborn sickle cell screening is offered to all babies born in England and is also being adopted in other 
UK countries. The screening is offered at 5-8 days of age as part of the newborn dried blood spot 
screening programme.  
 
At Epsom and St Helier University Hospitals NHS Trust we screen in excess of 53,000 babies per year for 
the South Thames region of London and the Home counties. We started screening for SCD back in 1998 
and used Bio-Rad HPLC technology for first line screening with confirmation being done by IEF. We went 
live with the screening on the Sebia CAPILARYS 2 Neonat Fast automated analyser in May 2011. This was 
agreed after an extensive evaluation of the technology.  
 
A direct comparison of the Sebia Capillary Electrophoresis (CE) analyser against the Bio-Rad HPLC Vnbs 
was undertaken. 886 samples were run alongside the HPLC analyser. Out of these, 60 samples with 
variant haemoglobins were detected. All variant haemoglobins were confirmed by IEF at the second line 
screening laboratory, with one discrepancy. This was a HbG Philadelphia carrier which had been 
identified on HPLC as HbD but confirmed as HbG Philadelphia on IEF. Sebia CE identified this as HbG 
Philadelphia on first line screening.  
 
Staff in the laboratory favour the CAPILLARYS 2 Neonat Fast analyser for ease of use, minimal daily and 
weekly maintenance, minimal reagent waste, clear easy to interpret profiles, fast identification of 
abnormal plots and no re-punching of spots due to instrument failure. A quicker analysis time (48 
samples/h on CE Vs. 19 samples/h on Bio-Rad HPLC Vnbs) has led to a significant improvement in our 
result turnaround times and true positive ID is a big improvement for quality purposes.  
The laboratory participates in a national external quality assessment scheme and, to date, there have 
been no exceptions on results obtained.  
 
Presenter:  Sarah Brown, Fellowship of IBMS, Epsom and St Helier University Hospitals NHS Trust, Blood 
Sciences (Haematology), Surrey, England, Phone:  44.208.296.2812, Email:  sarah.brown@esth.nhs.uk 
 
 
Summary 
 
The objective of the newborn screening programme, in the UK, is to detect infants at risk of sickle cell 
disease (SCD) within the neonatal period, in order to allow early diagnosis and to improve outcomes 
through early treatment and care. It is essential that infants with these conditions are reliably diagnosed 
and reported as having a SCD and that the necessary clinical follow up is arranged in a timely manner. 
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Newborn sickle cell screening is offered to all babies born in England and is also being adopted in other 
UK countries. The screening is offered at 5-8 days of age as part of the newborn dried blood spot 
screening programme.  
 
At St. Helier Hospital we screen in excess of 53,000 babies per year for the South Thames region of 
London and the Home counties. We started screening for SCD back in 1998 and used Bio-Rad HPLC 
technology for first line screening with confirmation being done by IEF. We went live with the screening 
on the Sebia CAPILARYS 2 Neonat Fast automated analyser in May 2011. This was agreed after an 
extensive evaluation of the technology. 
 
A direct comparison of the Sebia Capillary Electrophoresis (CE) analyser against the Bio-Rad HPLC Vnbs 
was undertaken. 886 samples were run alongside the HPLC analyser. Out of these, 60 samples with 
variant haemoglobins were detected. All variant haemoglobins were confirmed by IEF at the second line 
screening laboratory, with one discrepancy. This was a HbG Philadelphia carrier which had been 
identified on HPLC as HbD but confirmed as HbG Philadelphia on IEF. Sebia CE identified this as HbG 
Philadelphia on first line screening. 
 
Staff working in the laboratory favour the CAPILLARYS 2 Neonat Fast analyser for ease of use and 
minimal daily and weekly maintenance, which take 30 minutes and 80 minutes respectively. There is 
minimal reagent waste as it is possible to change and/or top up reagents mid run, if necessary. The 
profiles are clear and easy to interpret (see figures 1, 2 and 3) and the profile mosaic is useful as it 
highlights pathological samples in red, enabling fast identification of abnormal plots (see figure 4). 
 
Figure 1 – Normal Newborn profile 
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Figure 2 – Sickle Cell Carrier 
 

 
 
Figure 3 – Sickle Cell Disease 
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Figure 4 – Mosaic with pathological samples highlighted in red 
 

 
 
Punched spots can be kept in a damp chamber for up to 48 hrs, so, in the event of an instrument failure, 
re-punching is rarely required. The introduction of a sonicator has led to quicker elution times, which 
together with a faster analysis time (48 samples/h on CE Vs. 19 samples/h on Bio-Rad HPLC Vnbs) has 
led to runs being completed in the routine working day rather than running over night. This frees up 
staff, at the end of the day, to perform other tasks in the laboratory. True positive ID is a big 
improvement for quality purposes. 
 
The laboratory participate in a national external quality assessment scheme and, to date, after a total of  
38 surveys and 114 samples analysed, there have been no exceptions on consensus results obtained. 
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The Feasibility of Using an MSMS-based Method with Perkin Elmer Lysosomal Storage Disease (LSD) 
Reagents to Implement a Newborn Screening Test for Six LSD 
S. Stark, M. Fietz, E. Ranieri, Women's & Children's Hospital, Adelaide, SA, Australia 
 
Abstract 
 
A study was undertaken to determine the feasibility of an MSMS based method with PerkinElmer (PE) 
MSMS lysosomal storage disease (LSD) reagents to determine the activity of six LSD enzymes in dried 
blood spots (DBS): galactocerebroside β-galactosidase (Krabbe disease), acid α-galactosidase A (Fabry 
disease), acid sphingomyelinase (Niemann Pick A/B disease), acid α-glucosidase (Pompe disease), α-L-
iduronidase (mucopolysaccharidosis type I) and acid β-glucocerebrosidase (Gaucher disease). De-
identified DBS were sourced from the South Australian newborn population (n=1,000) and confirmed 
positive LSD cases (n=75) from the National Referral Laboratory (NRL).  
 
The PE LSD reagents make use of optimised substrates and unique stable isotopes for each of the 6 
enzyme reactions. All 6 assays are performed in a single incubation reaction buffer from one 3mm DBS 
in a 96 well microtitre plate format. The activity of each enzyme is determined by stable isotope dilution 
MSMS using flow injection analysis. Following the enzyme reaction, a single organic solvent extraction 
and reconstitution in acetonitrile/water carrier buffer is performed, followed by flow-injection into an 
API5000 MSMS. Each multiple reaction mode (MRM) pair for the 6 LSD substrates/products was 
optimised on the API5000 MSMS using the following parameters: IS voltage 5000, DP 95, CE 55 and CXP 
15, at a flow rate of 80 µl/min using an Agilent 1200 HPLC and autosampler, Reference ranges for each 
enzyme were determined from the analysis of 1,000 DBS from a normal newborn population. In 
addition, enzyme activities in DBS from patients affected by Krabbe disease, Fabry disease, Niemann 
Pick disease A/B, MPS I, Pompe disease or Gaucher disease were used to develop action limits for each 
respective LSD. The linearity and sensitivity of each of the 6 LSD assays was determined using leukocyte 
preparations from normal and affected LSD cases. Analysis of the 6 relevant enzyme activities was also 
compared between the PE LSD reagents and the current flurometric substrates routinely used by the 
NRL for the diagnosis of LSD.  
 
The results of this study will be presented indicating the feasibility of using the PE LSD MSMS reagents.  
 
Presenter:  Enzo Ranieri, SA Pathology, Women's & Children's Hospital, Genetics & Molecular Pathology, 
Biochemical Genetics, Adelaide, Australia, Phone:  61.8.161.6739, Email:  enzo.ranieri@health.sa.gov.au 
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An Experience of 4 Years in a First Step Strategy on the CAPILLARYS 2 Neonat Fast for Sickle Cell 
Disease  
J.M. Perini, V. Huin and G. Renom, Lille University Hospital, Lille, France 
 
Abstract 
 
Our laboratory, located at the University Hospital of Lille (France) is one of the four accredited French 
Centers for SCD neonatal screening. Around 150 babies at risk of SCD are detected by our laboratory 
every year. The first line screening is performed on dried blood spots with Sebia CAPILLARYS 2 Neonat 
Fast automated system while the Bio-Rad Vnbs HPLC system is used as a confirmatory method. 
Throughput:  Actually, 125000 newborn babies are tested per year and at the end of 2014, half a million 
babies will have been screened using this technique. Thus, two CAPILLARYS 2 Neonat Fast are required. 
The full capacity of one apparatus is around 500 samples per day. 
Robustness:  Our laboratory has to analyze samples coming from remote regions such as French Guiana. 
Some Guthrie cards might be kept for 2–3 weeks in a tropical atmosphere before sending. Even though 
we can notice a baseline drift on the CE profiles for these old samples due to the presence of degraded 
hemoglobin, variants are always well detected. 
Sensitivity:  We consider the variant detection to be at least as good as the one of Bio-Rad Vnbs. HbS is 
better detected than HPLC in very low weight premature infants, especially on transfused babies. 
Traceability:  CAPILLARYS 2 Neonat Fast offers full traceablity from sample punch to final result. This 
identification cannot be altered once assigned. All results are automatically released into the LIS and 
their interpretations can be done from remote validation platforms.  
User-friendliness:  Discrimination of normal curves from abnormal curves according to a color code is a 
very useful and convenient feature. Quantification is available with ratio calculations between HbA and 
any fractions. Since the punch head diameter is not standard it becomes necessary to organize a punch 
exclusively dedicated to SCD screening. 
Analytical Performances:  The last point is the well-known capacity to discriminate the different major 
hemoglobin variants. This instrument is also able to identify Alpha-thalassemic (Hb Bart’s) and Beta-
thalassemic patients. 
In conclusion, Sebia CAPILLARYS 2 Neonat Fast is a reliable tool for hemogobinopathy neonatal 
screening, with the added value of high sensitivity, full traceability at a high throughput.  
 
Presenter:  Jean-Marc Périni, MD, Lille University Hospital, Lille, France, Phone:  33.6.7953.3075, Email:  
jean-marc.perini@chru-lille.fr 
 
 
Summary 
 
The strategy developed in France for newborn screening for Sickle Cell Disease (SCD) is a combination of 
two methods among three validated methods: isoelectric focusing (IEF), high performance liquid 
chromatography (HPLC) with a cation exchange column, and since 2010 the Capillary Electrophoresis 
(CE). Our laboratory, located at the University Hospital of Lille (France) is one of the four accredited 
French Centers for SCD neonatal screening. Two-thirds of newborns in France (Paris region and Southern 
area excluded) are analyzed by our center. In addition, SCD screening for French Guiana, Reunion Island 
and Mayotte Island newborns is also performed by our laboratory (Figure 1). 
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Around 150 babies at risk of SCD are detected by our laboratory every year. The first line screening is 
performed on dried blood spots with Sebia CAPILLARYS 2 Neonat Fast automated system while the Bio-
Rad VARIANT nbs HPLC system is used as a confirmatory method. After 4 year of use of the capillary 
electrophoresis analyzer, the time has come to assess performances of this technology applied to the 
SCD neonatal screening.  
 
Analytical Performances:  The Sebia CAPILLARYS 2 Neonat Fast has the well-known capacity to 
discriminate the different major hemoglobin variants: Hb S, Hb C, Hb E, Hb D-Punjab but also Hb O-Arab 
or Hb Korle-Bu for example. This instrument is also able to identify Alpha-thalassemic (Hb Bart’s) and 
Beta-thalassemic patients (Figure 2). 
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Throughput:  Actually, 125 000 newborn babies are tested per year and at the end of 2014, half a million 
babies will have been screened using this technique. To reach this objective, two CAPILLARYS 2 Neonat 
Fast automated systems are required. If the number of tested babies had to increase markedly up to 
more than 200 000 specimens per year (implementation of a universal SCD screening in France for 
example), only one supplementary device would be required. This consideration indicates that the full 
capacity of one apparatus is around 500 specimens per day. 
 
Robustness:  Our laboratory has to analyze samples coming from remote regions such as French Guiana. 
Some Guthrie cards might be kept for 2–3 weeks in a tropical atmosphere before sending. Even though 
we can notice a baseline drift on the CE profiles for these old samples due to the presence of degraded 
hemoglobin, variants are always well detected even if their identification might sometimes be 
challenging. 
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Sensitivity:  We consider the variant detection to be at least as good as the one of Bio-Rad VARIANT nbs. 
HbS is better detected than HPLC in very low weight premature infants (Figure 3). 
 

 
 
Traceability:  The Sebia CAPILLARYS 2 Neonat Fast offers full traceability from sample punch to final 
result. This identification cannot be altered once assigned. All results are automatically released into the 
LIS and their interpretations can be done from remote validation platforms (Figure 4). 
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User-friendliness:  Discrimination of normal curves from abnormal curves according to a color code is a 
very useful and convenient feature. Quantification is available with ratio calculations between HbA and 
any fractions (Figure 4). Since the punch head diameter is not standard it becomes necessary to organize 
a punch exclusively dedicated to SCD screening. 
 

In conclusion, Sebia CAPILLARYS 2 Neonat Fast is a reliable tool for hemogobinopathy neonatal 
screening, with the added value of high sensitivity, full traceability at a high throughput. 
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Impact of Age at Collection on Performance Indicators in Screening for Primary Congenital 
Hypothyroidism Using Thyroid Stimulating Hormone in Normal Birth Weight Neonates  
T. Wotton and V. Wiley, The Children's Hospital at Westmead, Wentworthville, NSW, Australia 
 
Abstract 
 
In NSW, Australia newborn screening dried blood spot samples (DBS) are collected routinely between 48 
to 72 hours of life and tested for various inborn errors of metabolism including primary congenital 
hypothyroidism (CH). CH is detected by measurement of thyroid stimulating hormone (TSH) using a 
fluoroimmunoassay performed on a genetic screening processor (GSP).  A TSH <15 mIU/L requires no 
further tests (NFT); 15-50 a repeat DBS; >50 further investigation including thyroid function tests, a 
bone-age x-ray and thyroid scan.  To assess the effect of action limits at different ages of sample 
collection the TSH levels were stratified (0-5 days) for all samples received from January 2010 to 
December 2013. During this period 414,112 newborns were tested; 2260 (0.55%) samples were 
excluded due to unsuitability of sample, 4219 were low birth weight babies (<1.5kg) and were excluded 
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from further investigation as a different protocol is used for this subset. Of those included 0.35% were 
collected 0-24 hours; 6.81% at 24-48; 68.46% at 48-72; 21.74% at 72-96 with the remainder >96hours. 
For each day the performance for NFT, proven CH and false positive was: 0-24 – (89.2%- NFT; 0.23%- 
true +ve, 10.3%- false +ve)  24-48 – (99.9%- NFT,0.04%- true +ve, 0.07%- false +ve ); 48-72 (99.9%- NFT, 
0.11%- true +ve, 0.01%- false +ve)   respectively. After day 3 there was no significant difference 
observed. The percentage of positive screens with proven CH was respectively 2%, 39% and 92% for 0 to 
72 hours respectively. It is evident from this study that age specific ranges are required to optimise 
performance indicators.  
 
Presenter:  Tiffany Wotton, The Children's Hospital at Westmead, NSW Newborn Screening Programme, 
Wentworthville, NSW, Australia, Phone:  61.02.9845.3257, Email:  tiffany.wotton@health.nsw.gov.au 
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Pitfalls in Diagnostic Laboratory Results of Lysosomal Storage Disorders: An Institutional Experience  
M. Serteser, Acibadem University, Istanbul, Turkey 
 
Abstract 
 
Lysosomal storage disorders (LSDs) are inherited metabolic diseases of enzymes required for the 
catabolism of glycosphingolipids or GAGs. Although different types of LSDs are rare individually, the 
combined incidence is more when taken together. The prevelance for LSDs is high in Turkish population 
where a frequency of consangineous marriages is approximately 21%. The high variability in clinical 
presentations leads missed or delayed diagnosis. The aim of this study is to present the pitfalls of 
diagnostic laboratory tests of LSDs in Turkish population that have a higher incidence.  
 
A total of 639 individuals’ specific enzyme activities from peripheral leucocytes were analyzed between 
January 2011 and December 2013. The 58,5% of individuals were males and the median age was 3 years.  
β-Galactosidase activity were analyzed in all activity requests as a reference enzyme. The relative 
frequencies for Krabbe, Pompe, Gaucher’s Disease, Tay-Sachs, Metachromatic leukodystrophy (MLD) 
and GM1 were found to be 29%, 12,5%, 10,1%, 2,6%, 1,4% and 1,8% respectively.  
 
Although specific enzyme activity analyses from leukocytes are gold standart, some pitfalls should be 
taken into account:  
1) For MLD, if there is a deficiency of arylsulfatase A, at least one other sulfatase should be measured to 
rule out multiple sulfatase deficiency. Pseododeficiency is diffucult to distinguish from true arylsulfatase 
A deficiency by biochemical testing alone. 2) For GM2 Activator Deficiency, Hex A found normal or 
elevated but the patients clinically appear to have Tay-Sachs. 3) Low beta-galactosidase activity is not a 
specific finding in GM1 gangliosidosis. It is also found low in Morquio syndrome B and galactosialidosis. 
4) Pseudodeficient enzyme activity for Fabry could be found in patients without clinical symptoms. 5) 
For Pompe, maltases could interfere in measurement of alpha-glucosidase activity. 6) Niemann-Pick 
patients carrying Q292K mutation could not give a defective sphingomyelinase activity. 7) For Krabbe, a 
normal low activity of galactocerebrosidase could be found in polymorphic mutations.   
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Although specific enzyme activity analyses from leukocytes are gold standart, the diagnosis is difficult 
because of the pitfalls mentioned above. Therefore, the laboratory diagnosis should be confirmed by 
mutation analyses.  
 
Presenter:  Mustafa Serteser, MD, Acibadem University, School of Medicine, Department of Medical 
Biochemistry, Atasehir Kampus, Istanbul, Turkey, Phone:  90.5.32.674.2413, Email:  
mserteser@acibademlabmed.com.tr 
 
 
Summary 
 
Lysosomal Storage Disorders (LSDs) are a group of more than 50 different inherited metabolic diseases 
in which the genes encoding the specific catabolic enzymes of the lysosome or their activator proteins 
required for the catabolism of glycosphingolipids or glycosaminoglycans (GAGs) are mutated. Most of 
them are inherited in an autosomal recessive manner. Defective catabolic enzymes in lysosomes and/or 
lack of required activator protein result in progressive lysosomal accumulation and/or transport of 
undegraded metabolites and as a consequense progressive generalised cell and tissue dysfunction and 
multi-systemic pathology occur. In the vast majority, progressive neurodegenerative manifestations 
present the clinical picture. There are two major groups of LSDs as sfingolipidoses and 
mucopolysaccahridoses as well as diseases with multisubstrate accumulation or multienzyme 
deficiencies (1,2). Although different types of LSDs are rare individually, the combined incidence is more 
when taken together. The incidence of LSDs varies between 1/40,000–1/100,000,000. However, when 
newborn screening for some LSDs has been available recently, it has been shown that the incidence of 
LSDs is higher than the classical knowledge (3,4). Therefore, the prevelance for LSDs is expected higher 
in Turkish population where a frequency of consangineous marriages is approximately 21% (5). Early 
diagnosis is hard due to high variability in clinical presentations and the availability of diagnostic 
laboratory tests. The efforts for therapeutic approaches as recombinant enzyme replacement, gene and 
pharmacological chaperone therapies, bone marrow transplantations have been increasing for LSDs and 
therefore, early laboratory diagnostic tests are becoming important, particularly in the populations that 
have higher incidence. The diagnosis of most LSDs after accurate clinical evaluation is based mainly on 
the detection of a specific enzymatic deficiency. Thus, specific enzyme activity assays are gold standarts 
for definitive diagnosis. Molecular genetic testing (MGT) can refine the enzymatic diagnosis. We should 
keep in mind that in complex situations, such as in cases of enzymatic pseudodeficiencies, MGT is 
essential. The aim of this study is to present the pitfalls of diagnostic laboratory tests and the frequency 
of types of LSDs in Turkish population that have a higher incidence.  
 
The gold standart diagnostic laboratory test is the measurement of specific enzyme activities in 
leukocytes or fibroblasts of the patients. Laboratory diagnosis that represents specific enzymatic 
analyses from peripheral leucocytes of 639 suspicious patients with various neurologic symptoms were 
performed during the period between January 2011 and December 2013. The analyses were performed 
after leukocyte isolation from the whole blood. The enzyme activities were determined by fluorometric 
methods using fluorogenic substrates. Specific enzyme activities were calculated by protein 
determinations. The 58,5% of individuals were males and the median age was 3 years. The analyzed 
enzymes were as follows; Alpha-Galactosidase (Fabry), Alpha-Glucosidase (Pompe), Arylsulphatase A 
(Metachromatic leukodystrophy), Beta-Galactosidase (GM1 gangliosidosis), Beta-Glucosidase (Gaucher), 
Galactocerebrosidase (Krabbe), Hexosaminidase A (Tay-Sachs) and Sphingomyelinase (Niemann-Pick). 
Beta-Galactosidase activity were analyzed in all activity requests as a reference enzyme. The relative 
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frequencies for Krabbe, Pompe, Gaucher, Tay-Sachs, Metachromatic leukodystrophy and GM1 were 
found to be 29%, 12,5%, 10,1%, 2,6%, 1,4% and 1,8% respectively. No Fabry or Niemann-Pick were 
detected.  

 

 
 
Although specific enzyme activity analyses from leukocytes are gold standarts for the diagnosis of LSD 
types, some pitfalls should be taken into account:  

• For Metachromatic Leukodystrophy, if there is a deficiency of arylsulfatase A, at least one 
other sulfatase should be measured to rule out multiple sulfatase deficiency. 
Pseododeficiency (very low arylsulfatase A activity in leukocytes: 5-20% that of normal 
controls) is diffucult to distinguish from true arylsulfatase A deficiency by biochemical 
testing alone 

• For GM2 Activator Deficiency, Hex A and Hex B specific activities are found normal or 
elevated but the patients clinically appear to have Tay-Sachs. 

• For GM1 Gangliosidosis, low beta-galactosidase activity is not a specific finding in GM1 
gangliosidosis because it is also found low in Morquio syndrome B and galactosialidosis 
which are clinically distinct disorders.  

• For Fabry, ‘Pseudodeficient enzyme activity’, a situation in which an individual shows greatly 
reduced enzyme activity without pathologic or clinical features, has been reported for beta- 
galactosidase. 

• For Pompe, maltases could interfere in measurement of alpha-glucosidase activity. 
Acarbose, an inhibitor of maltase,  should be used.  It is more reliable to analyze alpha-
glucosidase activity in fibroblasts or muscle.  

• Niemann-Pick patients carrying Q292K mutation could not give a defective 
sphingomyelinase activity.  

• For Krabbe, a normal low activity of galactocerebrosidase could be found in polymorphic 
mutations.  

 
Although specific enzyme activity analyses from leukocytes are gold standarts, the diagnosis is difficult 
because of the pitfalls mentioned above. Therefore, the laboratory diagnosis should be confirmed by 
mutation analyses.  This study shows the minumum frequency of the 8 types of LSDs in Turkish 

0

10

20

30

40

50

60

70

80

90

100

Krabbe Pompe Gaucher Tay-Sachs MLD GM1

% 



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

population.  If patients are to be diagnosed as early as possible they could be treated safely and 
effectively. Due to the high ratio of consanguineous marriages (21%) in Turkey, the incidence is expected 
to be more and it is important to establish the laboratory diagnostic tests in the populations that have 
higher incidence of LSDs.    
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1) Scriver CR, Beaudet AL, Sly WS, Valle D, eds; Childs B, Kinzler KW, Vogelstein B, assoc.eds. The Metabolic and 
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4) Spada M, Pagliardini S, Yasuda M, Tukel T, Thiagarajan T, Sakuraba H, Ponzone A, Desnick RJ. High incidence of 
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MENA Newborn Screening Status: 8 Years After the Marrakech Declaration 
I. Khneisser, Saint Joseph University, Beirut, Lebanon 
 
Abstract 
 
The region of the Middle East and North Africa (MENA) consists of 21 developing countries and the 
population of the region is about 400 million, with an estimated 10 million newborns per year.  
 
Improving newborn health status concerns leaded international organization in the developing words, 
such as NIH, ISNS, CDC, and other, to help MENA countries establishing newborn screening national 
programs three times in 2006, 2008 and 2010 (krotoski et al, 2009). Considering the 2006 Marrakech 
declaration and the MENA newborn screening status at that time (saadallah & rashed 2007), our goal is 
to assess the improvement of newborn screening infrastructure throughout the past 8 years. Progress 
was remarkable; many countries have already national programs for at least one condition. Know-how 
transfer to the region was assured by ISNS members through many schemes from the CDC-NSQAP and 
Mayo Clinic-Rochester and others in the USA, from Japan and Germany.  
 
Perspectives should take into consideration regional co-operation in training and research among 
countries could occur through sharing expertise, information and other resources. Parents, pediatric 
health-care providers and policy makers should be educated about available comprehensive NBS. NBS is 
cost-effective and every newborn in this region deserves access to NBS, diagnosis, treatment and the 
best quality of life.  
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Summary 
 
Introduction 
The region of the Middle East and North Africa (MENA) consists of 21 countries and the population of 
the region is about 400 million, with an estimated 10 million newborns per year 1. There is significant 
diversity between the countries in relation to population size, per capita income, health system, 
insurance coverage and differences in the stages of epidemiological transition.2 Because the population 
in the region is characterized by high rates of consanguinity and first cousin marriages, genetic disorders 
are relatively common.3 In the past decade, reducing mortality rate lead to growing recognition in the 
MENA region of the value of NBS and its role in preventing or ameliorating mental retardation, physical 
disability, neurologic damage, and even death in conditions amenable to screening particularly in those 
conditions in which treatment is simple and relatively inexpensive. 
 
Efforts towards the MENA from leading international organizations like, NIH, International society for 
neonatal screening (ISNS), CDC and others, aimed to Strengthen NBS in 2006, to partnerships for 
sustainable NBS infrastructure and research opportunities in 2008 and 2010.2,4,6 
 
This manuscript highlights about the current NBS status, 8 years after the 2006 Marrakech declaration 
and compare it with previous reports especially with Saadallah et al 20071. 
 
Material and Methods 
Assessing NBS data infrastructure was based on recent papers and personal contacts with ISNS Mena 
region members and Middle East Metabolic Group members (MEMG). We will present the results for 
screening overview for at least one condition (generally congenital hypothyroidism screening) 
separately for the other conditions (using MS/MS) due to the big role of IAEA in CH screening in the 
developing world.7 
 
Results and discussion 
Results displayed in Table I show a remarkable progress. Many countries have already national programs 
for at least one condition. Know-how transfers to the region were assured by many international 
programs though many schemes involving ISNS members at CDC-NSQAP, Mayo clinic-Rochester8, from 
Japan6 and Germany.9, 10 10 countries participated in the CDC quality assurance program in 2013.11 20 
members from 13 countries represent only 5% from total ISNS members.12 
 
Number of babies benefiting from screening had doubled in the region, with the expansion of MS/MS 
screening. At least, thousands of babies had been detected and in case they were not saved at time, the 
diagnostic had been established for future siblings.  
 
Many countries have a wide coverage exceeding 90 percent when it is related to a national program for 
one disease like Bahrain, Egypt, Palestinian Territory (Occupied), Oman, Qatar (only for Qataries), Saudi 
Arabia and United Arab Emirates. Others did not even start yet, implementation of a pilot NBS 
programme is their primary goal. These countries include Libya, Morocco (will start in 2015 government 
budget approved), Syrian Arab Republic, Yemen and Algeria. Other countries have completed pilot 
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studies for at least one condition and anticipate expansion to national programmes. These include 
Jordan, Kuwait, Lebanon, Pakistan and Tunisia. 
 
Many challenges facing the NBS in the MENA region: 
1- Credibility: A comprehensive NBS programme begins with the test itself and with its reliability. 

Laboratories, pediatricians and parents must be confident that the test results are accurate and 
that disorders are not missed.  

2- System harmony: NBS is not only a test but also a comprehensive system of education, 
screening, follow-up, diagnosis, treatment or management and evaluation that must be 
institutionalized and sustained within public health systems. 

 
Even with current man-made calamities in the region, perspectives should take into consideration 
regional co-operation in training and research among countries could occur through sharing expertise, 
information and other resources: by encouraging sample exchange for a second opinion, assuring 
acquisition and transfer of know-how. 
 
Parents advocacy, pediatric health-care providers and policy makers should be educated about available 
comprehensive NBS. NBS is cost-effective and every newborn in this region deserves access to NBS, 
diagnosis, treatment and the best quality of life. No doubts improvement had been made but this is only 
a milestone towards a total babies covered by NBS in the region. 
 
Perspectives 
A new ISNS-MENA region is possible to take in October 2015, similar to the previous ones, but the need 
of funding and sponsorships is imminent. The NIH/NICHD had the major role efforts in the previous 
three meetings 2006, 2008 and 2010. With the limit of resource worldwide due to the macro economic 
status and the political instability in the region, our challenge is to find findings and sponsorship to this 
meeting.  
 
 
 
 
 
Table – I Current screening situation versus 2006 
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2006 2014 

Bahreïn 

no 

national 

programs 

 

increasing selective screening 

Egypt 

National programs centered 

with limited coverage 

Widening coverage of CH National program coverage 

arround 90 per cent 
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Iraq 

No 

screening 

taking 

place 

 

collaboration with beirut and Jordan 

Jordan 

no 

national 

program 

 

National program for CH and PKU 

Lebanon 

1/3 of 

babies 

screened   

 

2/3 screened in three centers (24000 at USJ, 12000 at 

AUST and 3000 at AUB) 

Kuwait 

selective screening sent abroad 

to Wisconsin increasing coverage of selective done locally and abroad 

Qatar 

National program with 

Heidelberg support 

National program with Heidelberg support although 

equipment acquired and transfer of know how established. 

*** Only Qataries newborns benefit from the program 

Morroco 

no 

national 

program 

 

National CH screening equipment acquired, government 

budget allocated for 2015. 

Oman 

no 

national 

program 

 

Equipment acquired and analysis taking place on a small 

scale. 

selective screening in support with Beirut 

Saudi Arabia 

National program centered 

with limited coverage 

Three centers assuring the service with national coverage 

arround 50 per cent 

Tunisia 

no 

national 

program 

 

selective screening in support with Beirut 

UAE 

no 

national 

program 

 

National program in ABU DABI and DUBAI 

Yemen 

no 

national 

programs 

 

selective screening in support with Beirut 
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Lybia  

no 

national 

programs 

 

selective screening in support with Beirut 

Iran CH national program by RIA expanded national programs by districts 

Palestine    

 

National program for CH and PKU 

Syria 

no 

national 

program 

 

no national program 

Algeria 

no 

national 

program 

 

no national program 
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Development of Amino Acid, Acylcarnitine and Total Protein Assays from Dried Milk Spots  
D. Chace1, S. Klass2, K. Sheard2, C. Haynes2; 1Pediatrix Medical Group, Sunrise, FL, 2Centers for Disease 
Control and Prevention, Atlanta, GA 
 
Abstract 
 
Background:  The nutritional requirements of premature and very low birth weight infants are complex 
as a result of their metabolic variability and the nutrient variability of breast milk and infant formulas.  
Nutritional choices by neonatologists affect the premature infant’s metabolic profile. The high newborn 
screening false positive rates often seen with these infants may be due to the high protein content of 
their diets. A better understanding of the nutritional content of infant foods can help make informed 
decisions as to which feeding sources are optimal for premature babies. We prepared dried milk spots 
(DMS) on filter paper so that the amino acid (AA), acylcarnitine (AC), and total protein content of infant 
foods could be easily measured. DMS provide a stable matrix that can be transported without 
refrigeration or separation of liquid milk components. 
Methods:  Pierce™ BCA assay was used to measure the total protein concentration in bovine whole milk 
(BWM) and infant formulas spotted onto Grade 903 filter paper. Amino acids, carnitine and ACs were 
analyzed by tandem mass spectrometry (MS/MS). Analysis of paired DMS and liquid samples was 
performed to validate the assay prior to use with DMS. 
Results:  We determined that the protein concentrations of liquid bovine whole milk specimens 
measured by the BCA assay matched the manufacturer-stated concentration of proteins. However, DMS 
made from infant or premature infant formulas showed higher protein concentrations due to the 
presence of peptides and hydrolyzed milk proteins. The DMS concentration of glutamic and aspartic 
acids, alanine, and short chain ACs (measured by MS/MS) were significantly higher in BWM as compared 
to infant formulas. Free carnitine concentration was highest in premature infant formulas as compared 
to BWM. 
Summary:  The analysis of total protein, amino acids, and acylcarnitines in DMS can further the 
understanding of the role of nutrition in optimizing growth and metabolism 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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Novel Automated Assay for the Determination of Total Galactose (TGal)  
H. Polari, P. Furu, V. Laitala, P. Makinen, S. Airenne, PerkinElmer, Turku, Finland 
 
Abstract 
 
The objective was to develop a dried blood spot specimen (DBS)-based automated Total Galactose 
(galactose and galactose-1-phosphate) assay for use on the GSP® high throughput analyzer system.  
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The new assay’s design is based on the manual PerkinElmer® Neonatal Total Galactose kit (3029-0010) 
but has been modified to be GSP® system compatible while improving ease-of-use and analytical 
performance. Total Galactose (TGal) is determined by dephosphorylating galactose-1-phosphate to 
galactose by Alkaline Phosphatase and oxidizing galactose by Galactose Oxidase enzyme. The resulting 
hydrogen peroxide converts a non-fluorescent substrate to a fluorescent product in a reaction catalyzed 
by Peroxidase enzyme. The detection system has been optimized to minimize matrix effects and does 
not require any transfer or separation steps. After punching, the assay is completely automated from 
plate loading to result generation.  
 
The performance data of the automated TGal assay shows improved reproducibility, recovery and in-use 
reagent stability in comparison to the manual Neonatal Total Galactose kit (3029-0010), and the new 
assay is less sensitive to exogenous sources of fluorescence (dust, fibers etc.). The GSP® TGal assay 
design eliminates the laborious manual steps required by other TGal assays considerably reducing the 
opportunity for human error during execution.  
 
The new assay design is now commercially available in the US as the GSP® Neonatal Total Galactose kit 
(3309-0010, 3309-001U) enabling a more flexible, efficient, and reliable high-throughput TGal analysis 
solution.  
 
Presenter:  Hanna Polari, PerkinElmer, Wallac, Turku, Finland, Phone:  358.5036.28873, Email:  
hanna.polari@perkinelmer.com 
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Six-plex FIA-MS/MS Assay to Screen for ABG, ASM, GAA, GALC, GLA and IDUA Activities in Neonatal 
Dried Blood Spots  
A. Potier1, J. Cournoyer1, C. Elbin1, J. Trometer1, M. Schermer1, J. DiPerna2, A. Grushecky2; 1PerkinElmer, 
Waltham, MA, 2PerkinElmer, Bridgeville, PA 
 
Abstract 
 
A new multiplex FIA-MS/MS assay has been developed to screen for Gaucher, Niemann-Pick A/B, 
Pompe, Krabbe, Fabry and MPS-I using a single 3.2 mm punch from a neonatal DBS.  The current ASRs 
offered by Genzyme and distributed by the CDC requires two DBS punches with six separate cocktail and 
incubation conditions to screen for these discrete LSDs.  Modifications to the substrates and internal 
standards used by the CDC reference methods combined with a fully optimized buffering system and 
simplified assay procedure allows for a more efficient screening and the possibility to obtain 576 results 
from one 96-well plate.  
 
This streamlined assay now comprises nine steps from the initial DBS punch to the final analysis by FIA-
MS/MS.  Post-incubation sample preparation is completed within 30 minutes per plate, and can be 
performed using a liquid-liquid handler or manually if one desires.  The analysis time between samples 
on the mass spectrometer is approximately two minutes using an isocratic flow solvent.  Preliminary 
stability studies show the in-use cocktail is stable for 8 weeks, twice as long as the 4 week in-use cocktail 
stability that the CDC recommends for their corresponding ASRs.   
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Tests were performed to determine the precision, linearity, and limit of detection for each enzyme.  
Furthermore, testing of this assay with presumed healthy neonatal DBS and confirmed LSD positive DBS 
showed a robust distinction between normal neonates and diagnosed positive samples.  
 
Presenter:  Carole Elbin, PerkinElmer, Waltham, MA, Phone:  617.525.4353, Email:  
jason.cournoyer@perkinelmer.com or carole.elbin@perkinelmer.com  
 
 
Summary 
 
Abstract 
A new multiplex flow injection analysis tandem mass spectrometer (FIA-MS/MS) assay has been 
developed to measure enzyme activities for the lysosomal storage disorders (LSD) Gaucher, Niemann-
Pick A/B, Pompe, Krabbe, Fabry and MPS-I Disease in neonates using a single 3.2 mm punch from a dried 
blood spot (DBS). The current analyte specific reagents (ASRs) offered by Genzyme and distributed by 
the CDC require two DBS punches with six separate cocktails and incubation conditions to screen for 
these same LSDs. Modifications to the substrates and internal standards used by the CDC reference 
methods combined with a fully optimized buffering system and simplified assay procedure allows for 
more efficient testing and the possibility to obtain 576 activity results on one 96-well plate.  
 
The streamlined assay comprises nine steps from the initial DBS punch to the final analysis by FIA-
MS/MS. After overnight incubation the sample processing is completed within 30 minutes per plate, and 
can be performed using a liquid handler or manually, as one desires. The analysis time per sample on 
the mass spectrometer is approximately two minutes and uses an isocratic flow for sample delivery.  
 
Preliminary stability studies show that the reconstituted assay cocktail is stable for 8 weeks at room 
temperature, twice as long as the 4 week cocktail stability that the CDC recommends for their 
corresponding ASRs.  
 
The assay was tested with DBS from presumed healthy neonates and confirmed LSD patients as well as 
CDC controls.  The data shows that the assay can robustly differentiate DBS from normal neonates from 
those obtained from confirmed positive patients with good signal-to-noise and precision.  
 
Results 
Activities of the six enzymes were measured from two levels of CDC controls as well as DBS from 
approximately 1700 presumed healthy neonatal and 33 confirmed LSD positive donors on 20 plates in 
four runs by three operators over seven days.  
 
All DBS samples were collected with informed consent following IRB approved protocols.  
 
Conclusion 
The assay was able to clearly differentiate between DBS collected from presumed healthy neonates and 
DBS collected from individuals confirmed to have an LSD. 
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Activity Results by LSD 
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Summary 
Key Features of the Multiplex Assay 
• Single vial of 6-Plex substrates and internal standards 
• Single optimized buffer 
• Buffer and S+IS combine to make a single incubation cocktail 
• Sample clean-up by LLE only (no SPE step) 
• Measurement via Multiplex FIA MS/MS using MRM 
 
 

P-83 
 
Diagnostic Odyssey in Spinal Muscular Atrophy: A Systematic Literature Review 
C.-W. Lin1,2, S. Soscia2, W.-S. Yeh2; 1University of Southern California, Los Angeles, CA, 2Biogen Idec, 
Cambridge, MA  
 
Abstract 
 
Background and Objectives:  Spinal muscular atrophy (SMA) is a rare genetic disease with devastating 
neurodegenerative progression. The onset and symptoms of SMA are diverse across patients, which 
complicates the diagnoses and further limits the opportunity of timely intervention. Timing of diagnosis 
is crucial for SMA, as an early diagnosis may lead to early supportive care, a reduction in patient and 
caregiver stress, and enrollment in clinical trials. The purpose of this study was to examine the 
diagnostic delay, defined as the time of first symptom to confirmed genetic diagnosis, in the literature 
by type of SMA. Clinical trials, patient registries, case reports, and other observational studies were 
included in our literature review. 
Method:  A systemic literature search was conducted in PubMed and Web of Science databases. We 
identified studies that were published between 1993 and 2013 that listed any type of SMA and without 
molecular, mouse, or pathology in the keywords. Studies that reported age of first symptom onset, 
and/or age of confirmed SMA genetic diagnosis were included in the analysis. The diagnostic delay was 
calculated directly if both age of onset and diagnosis were reported in the same study. Median or mean 
was used depending on availability. All estimates were weighted by the number of patients. We also 
examined the diagnostic delay by region and year of publication. 
Results:  We found 443 papers in the initial search and 152 papers were selected for review in detail 
based on the abstracts. We further excluded 90 papers as they did not report either age of onset or 
diagnosis, 28 papers in which the patients were not genetically-confirmed cases, and 2 studies in which 
the patients were diagnosed prenatally. A total of 32 studies were included in the final analysis.  
The weighted mean ages of onset were 2.8 (min to max range 0-11, number of patients: n=339), 8.2 (0-
18, n=335), and 66.3 (5-384, n=156) months for SMA types I, II, and III, respectively. The weighted mean 
ages of confirmed SMA genetic diagnosis were 6.4 (1-12, n=322) months for type I, 19.5 (1.2-240, n=262) 
months for type II, and 67.1 (3-804, n=103) months for type III. Based on the studies that reported both 
age of onset and diagnosis, the weighted diagnostic delay was 3.6 (range 1-8, n=266), 11.2 (3.2-20.5, 
n=147), and 28.2 (18-43.6, n=63) months for types I, II, and III, respectively. Patients in North America 
seemed to have earlier onset and diagnosis for type I and II than patients in Europe or Asia Pacific. No 
clear difference was observed between studies published before and after 2008. However, small sample 
sizes in these subgroups leave the effects of region and year of publication unclear.  
Conclusions:  Diagnostic delay is common for a rare disease like SMA. To our knowledge, this is the first 
systematic literature review to examine this problem in SMA. The length of delay varied by type (i.e. 
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severity) of SMA and represented a loss of potential opportunity for optimal care. Although this study 
did not examine motor function decline and impact on affected families during the diagnostic odyssey, 
we believe early diagnosis of SMA will bring substantial benefit to patient, caregiver, and care provider, 
especially when effective treatments become available in the future. Newborn screening provides an 
opportunity for early diagnosis and could be the ultimate solution to end the diagnostic odyssey of SMA.  
 
The research was funded by Biogen Idec. The lead author, Chia-Wei Lin, was an intern while the study was 
conducted. 

 
Presenter:  Chia-Wei Lin, MS, University of Southern California, School of Pharmacy, Los Angeles, CA, 
Phone:  612.867.2316, Email:  linchiaw@usc.edu 
 
 
Summary 
 
Background and Objectives 
Spinal muscular atrophy (SMA) is a rare genetic disease with devastating neurodegenerative 
progression. The onset and symptoms of SMA are diverse across patients, which complicates the 
diagnoses and further limits the opportunity of timely intervention. Timing of diagnosis is crucial for 
SMA, as an early diagnosis may lead to early supportive care, a reduction in patient and caregiver stress, 
and enrollment in clinical trials. The purpose of this study was to examine the diagnostic delay, defined 
as the time of first symptom to confirmed genetic diagnosis, in the literature by type of SMA and 
identify potential factors for the delay.  
 
Method 
A systemic literature search was conducted in PubMed and Web of Science databases. We identified 
studies that were published between 1993 and 2013 that listed any type of SMA and without molecular, 
mouse, or pathology in the keywords. Studies that reported age of first symptom onset, and/or age of 
confirmed SMA genetic diagnosis were included in the analysis. The diagnostic delay was calculated 
directly if both age of onset and diagnosis were reported in the same study. Studies with prenatal 
diagnosis or no confirmed genetic cases were excluded. Mean and standard deviation of age of age of 
onset, confirmed diagnosis, and the diagnostic delay were weighted by number of patients for studies 
that reported mean ages. To assess the potential impact of outliers, the range of reported median were 
also presented. We examined the diagnostic delay by region and year of publication. 
 
Results 

• A total of 32 studies were included in the final analysis after the exclusion criteria imposed 
(initial search, n=449). Case series and case reports were the most common type of study 
(50%), followed by clinical research (28%) and retrospective chart review. 

• The weighted mean age of onset was 2.8, 8.2, and 66.3 months for SMA type I, II and III, 
respectively (Table 1). A similar trend was observed in age of onset by SMA type. The 
weighted diagnostic delay varied by type. SMA type III patients had the longest delay at 28.2 
months. However, the estimates for type III had large variations and may be a result of small 
in sample size.  

• We included all results on age of onset and age of diagnosis from this literature search, for 
completeness, even if only one was reported. In SMA types I and II, the difference between 
the mean onset and mean diagnosis was very close to the mean diagnostic delay that was 
calculated directly from a subset of studies that reported both. However, this finding was 
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not consistent in SMA type III due to small sample sizes and a large variation in reported age 
of onset and age of diagnosis. Therefore, more studies on SMA type III are needed to 
provide a reliable estimate of diagnostic delay. 

 

Table 1. Weighted mean age of onset, confirmed diagnosis, and diagnostic delay  
   

  

 
• Patients in North America seemed to have earlier onset and diagnosis for type I and II than 

patients in Europe or Asia Pacific (Figure 1). No clear difference was observed between 
studies published before and after 2008 (Figure 2). However, small sample sizes in these 
subgroups leave the effects of region and year of publication unclear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

	
Type	I	 Type	II	 Type	III	

Age	of	onset,	month	

N	 339	
	

335	
	

156	 	

Number	of	studies	 12	
	

9	
	

14	 	

Mean	(SD)	 2.8		(0.7)		 8.2		(1.8)		 66.3		(60.3)		

Range	 (0.0		,	11.0)		 (0.0		,	18.0)		 (5.0		,	384.0)		

Range	of	reported	median	 (2.0		,	2.0)		 (10.0		,	10.0)		 (8.0		,	24.0)		

Age	of	confirmed	diagnosis,	month	

N	 322	
	

262	
	

103	 	

Number	of	studies	 8	
	

6	
	

9	 	

Mean	(SD)	 6.4		(2.2)		 19.5		(3.6)		 67.1		(100.0)		

Range	 (1.0		,	12.0)		 (1.2		,	240.0)		 (3.0		,	804.0)		

Range	of	reported	median	 (2.3		,	4.5)		 -	
	

(42.0		,	42.0)		

Diagnostic	delay,	month	

N	 266	
	

147	
	

63	 	

Number	of	studies	 6	
	

3	
	

7	 	

Mean	(SD)	 3.6		(1.9)		 11.2		(5.0)		 28.2		(12.6)		

Range	 (1.0		,	8.0)		 (3.2		,	20.5)		 (18.0		,	43.6)		

n,	number	of	patients;	SD,	standard	error.	Note:	no	study	was	found	that	reported	median	diagnosis	for	SMA	type	II.	
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Figure 1. Weighted mean age of onset and diagnosis 
by region 
 

Figure 2. Weighted mean age of onset and diagnosis 
– by year of publication 

  
 

Conclusions 
Diagnostic delay is common in SMA and the length of delay varies by type (i.e. severity) of SMA. To our 
knowledge, this is the first systematic literature review that included extensive types of studies to 
examine the diagnostic delay in SMA. Diagnostic delay most likely results in excessive stress and 
represents a loss of potential opportunity for optimal care. Future studies are necessary to examine how 
motor function declines during the diagnostic odyssey, and also how the uncertainty of diagnosis 
negatively affects families. Early diagnosis of SMA could be very important to patients, caregivers, and 
care providers, especially when effective treatments become available in the future. Newborn screening 
provides an opportunity for early diagnosis and could be the ultimate solution to end the diagnostic 
odyssey of SMA.  
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