EVALUATION OF AUTOMATIC CLASS III DESIGNATION FOR
SEEKER System
DECISION SUMMARY
A. DEN Number:
DEN150035
B. Purpose for Submission:
De Novo request for evaluation of automatic class III designation for the SEEKER System
C. Measurand:
α-L-iduronidase (IDUA), α-D-glucosidase (GAA), β-glucocerebrosidase (GBA), and
α-D-galactosidase A (GLA)
D. Type of Test:
Quantitative fluorimetric enzymatic activity assay

E. Applicant:
Baebies, Inc.
F. Proprietary and Established Names:
SEEKER System
G. Regulatory Information:
1. Regulation:
21 CFR 862.1488
2. Classification:
Class II (special controls)
3. Product code(s):
PQW
PQT
PQU
PQV
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4. Panel:
Chemistry (75)
H. Indications For Use:
1. Indications for Use:
The SEEKER System, including the SEEKER Instrument and the SEEKER LSD Reagent
Kit-IDUA|GAA|GBA|GLA for use on the SEEKER Instrument, is intended for
quantitative measurement of the activity of α-L-iduronidase, α-D-glucosidase, βglucocerebrosidase and α-D-galactosidase A from newborn dried blood spot specimens
as an aid in screening newborns for Mucopolysaccharidosis Type I, Pompe, Gaucher and
Fabry diseases. Reduced activity of these enzymes may be indicative of these lysosomal
storage diseases. The enzymes measured using the SEEKER LSD Reagent KitIDUA|GAA|GBA|GLA and their associated lysosomal storage diseases are listed below.
Enzyme (abbreviation)
α-L-iduronidase (IDUA)
α-D-glucosidase (GAA)
β-glucocerebrosidase (GBA)
α-D-galactosidase A (GLA)

Disease
Mucopolysaccharidosis Type I (MPS I)
Pompe
Gaucher
Fabry

2. Special conditions for use statement(s):
• For in vitro diagnostic use only.
• For prescription use only.
• This test is not intended to diagnose lysosomal storage disorders.
• Reduced activity for any of the four enzymes should be confirmed by other
confirmatory diagnostic methods.
• Test results are intended to be used in conjunction with other clinical and diagnostic
findings, consistent with professional standards of practice, including confirmation by
alternative methods, and clinical evaluation as appropriate.
• Conditions that are known to cause anomalous results are 1:
o Specimen spot not uniformly saturated with blood.
o Specimen spot punched too close to the edge of the blood spot.
o Poorly collected and improperly dried specimens.
o Non-eluting blood spot due to deterioration of specimen caused by exposure to
heat and humidity.
• Also, the SEEKER LSD Reagent Kit - IDUA|GAA|GBA|GLA may result in:
o False negatives by not detecting Fabry disease in females 2.
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Clinical and Laboratory Standards Institute (CLSI). Blood Collection on Filter Paper for Newborn Screening
Programs: Approved Standard – Sixth Edition. CLSI document NBS01-A6 (ISBN 1-56238-883-5 [Print]; ISBN 156238-884-3 [Electronic]). Clinical and Laboratory Standards Institute, 950 West Valley Road, Suite 2500, Wayne,
Pennsylvania 19087 USA. 2013.
2
Linthorst GE, Poorthuis BJHM, Hollak CEM. Enzyme activity for determination of presence of Fabry disease in
women results in 40% false-negative results. Journal of the American College of Cardiology. 2008; 51(21):2082.
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Procedures: Approved Guideline
CLSI EP25-A: Evaluation of Stability of In Vitro Diagnostic Reagents; Approved Guideline
K. Test Principle:
The SEEKER System automates enzymatic analysis for newborn screening using digital
microfluidic technology. The Seeker Cartridge integrates and automates all the liquidhandling steps involved in an assay using sub-microliter droplets as reaction vessels. The
cartridge manipulates the reagents from the SEEKER LSD Reagent KitIDUA|GAA|GBA|GLA and is controlled by the SEEKER Instrument through the Spot Logic
software.
The activities of the lysosomal enzymes (IDUA, GAA, GBA and GLA) are measured in DBS
extracts by an end point method using synthetic fluorescent substrates. The fluorescent
substrates use 4-methylumbelliferone as the fluorophore, which has an excitation peak at 365
nm and emission peak at 460 nm. The synthetic substrates are hydrolyzed by their
corresponding enzyme at acidic pH conditions to release free 4-methylumbelliferone (4MU).
The substrate for IDUA is 4-methylumbelliferyl α-L-iduronide (4-MU-α-IDUA). The
chemical D-Saccharolactone is used to selectively inhibit endogenously present βglucuronidase, which is active for a stereoisomer of 4-MU-α-IDUA (impurity in chemical
synthesis) 5. The reaction is summarized below:

The substrate for GAA is 4-methylumbelliferyl α-D-glucoside (4-MU-α-Gluc). The chemical
acarbose is used to selectively inhibit endogenously present maltose glucoamylase which is
also active for 4-MU-α-Gluc 6,7,8,9. The reaction is summarized below:

Chamoles N, Blanco, M, Gaggioli D. Diagnosis of α-L-iduronidase deficiency in dried blood spots on filter paper:
the possibility of newborn diagnosis. Clinical Chemistry. 2001; 47:780-781.
6
Winchester B, Bali D, Bodamer OA, Caillaud C, Christiensen E, Cooper A., et al. Methods for a prompt and
reliable laboratory diagnosis of Pompe disease: Report from an international consensus meeting. Molecular Genetics
and Metabolism.2008; 93(3):275-281.
7
Goldstein JL, Young SP, Changela M, et al. Screening for Pompe disease using a rapid dried blood spot method:
experience of a clinical diagnostic laboratory. Muscle Nerve. 2009;40(1):32-36.
8
Li Y, Scott CR, Chamoles NA, Chavami A, Pinto BM, Turecek F, et al. Direct multiplex assay of lysosomal
enzymes in dried blood spots for newborn screening. Clinical Chemistry. 2004; 50(10):1785-1796.
9
Kallwass H, Carr C, Gerrein J, Titlow M, Pomponio R, Bali D, et al. Rapid diagnosis of late-onset Pompe disease
by fluorometric assay of alpha-glucosidase activities in dried blood spots. Molecular Genetics and Metabolism.
2007; 90(4):449-452.
5
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The substrate for GBA is 4-methylumbelliferyl β-D-glucopyranoside (4-MU-β-Gluc). The
surfactant sodium taurocholate (NaTC) is present in the buffer and is required to activate the
enzyme. The reaction is summarized below:

The substrate for GLA is 4-methylumbelliferyl α-D-galactopyranoside (4-MU-α-Gal). The
chemical N-acetyl-D-galacosamine is used to inhibit endogenously present α-Nacetylgalactosaminidase which is also active for 4-MU-α-Gal. The reaction is summarized
below:

For all the enzymatic assays the reaction is stopped using a high pH stop buffer (sodium
bicarbonate, pH 11). The high pH is not optimal for the enzymes and effectively stops the
substrate turnover. 4-MU is also not fluorescent at the reaction pH (3.5-5.2) and is highly
fluorescent at the stopped condition (pH 11) with an excitation at 365 nm and emission at
460 nm.

All enzymatic reactions are performed at 37°C. After a pre-specified incubation time the free
4-MU is measured using a UV fluorimeter on the SEEKER Instrument. The fluorescence
value of the 4-MU product is converted to a 4-MU concentration using a 4-MU calibration
curve. The amount of 4-MU generated, after correction for substrate background and nonenzymatic hydrolysis, is proportional to the enzyme concentration. Substrate background and
non-enzymatic hydrolysis is estimated by substituting the dried blood spot extract in the
reaction with extraction buffer. Enzymatic activity is reported as micromoles of 4-MU
produced / liter of blood / hour of incubation.
L. Performance Characteristics:
1. Analytical performance:
a. Reproducibility/Precision:
A study to estimate the imprecision of the IDUA assay was performed using 4
instruments and 3 reagent lots, and performed testing during 21 non-consecutive days,
with 2 runs per day and 2 punches from each DBS specimen per run. The samples were
prepared by mixing human umbilical cord blood and heat inactivated serum (which has
no endogenous lysosomal enzymes) to create samples with different enzyme
concentrations. The hematocrit of was adjusted to ~50% to mimic newborn specimens
and the samples were spotted onto Ahlstrom 226 grade filter paper. The study was based
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Four statistically high outlier test results were observed in the second study (please
refer to section O below). Including these outliers in the analyses did not impact the
claimed deviation from linearity. However, these 4 test results are outside the
claimed imprecision performance of the test.
Test results below the LoQ are reported as “<LoQ (value)” with the actual LoQ value
in parenthesis. Test results above the reportable range are reported as “> (value)”
with the actual upper reportable limit in parenthesis. The following information is
provided in the package insert:
It is recommended to retest specimens with activity above the upper end of the
range to ensure that the elevated activity is not due to other pre-analytical causes
such as specimen contamination. If the result of the retest is still above the upper
end of the linear range, the specimen should be considered presumed normal.
c. Traceability, Stability, Expected values (controls, calibrators, or methods):
Calibrator (traceability and value assignment): Since there is no reference material
for 4-methyllumbelliferone, the calibrators are traceable to internal master calibrators.
These master calibrators are prepared gravimetrically and value assigned using UV
spectrophotometric analysis. Product calibrators are produced in the same manner as
master calibrators. Product calibrators are value assigned by testing multiple
replicates against the master calibrator lot. Specifications for calibrator target values
and linear regression must be met. In addition, calibrators and reagents are tested
together using DBS samples and predefined acceptance criteria for bias and precision
must be met.
Quality control samples (value assignment): The Seeker Quality Control spots (QCL,
QCM and QCH) are analyzed in multiple replicates on multiple cartridges. The
sponsor calculates and provides mean enzymatic activity values and standard
deviation for the quality control samples with each reagent kit. Each laboratory
should establish their own mean and standard deviation values and determine their
own acceptable range of enzymatic activity for quality control samples.
Calibrator stability: Accelerated stability studies were performed and supported that
the calibrators are stable for 12 months when stored at -80ºC. Real time studies are
ongoing to support the claim based on the accelerated stability studies. The protocols
were reviewed and found acceptable.
Quality control sample stability: The sponsor performed accelerated stability studies
and claims that the controls are stable for 12 months when stored at -80ºC. Real time
studies are ongoing to support the claim based on the accelerated stability studies.
The protocols were reviewed and found acceptable.
Stability protocols designed to monitor reagent stability (which include the calibrators
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and quality control samples) were reviewed and found acceptable.
The reagents (including calibrators and controls) are stable for 90 minutes after
removing the aliquots from the freezer. The protocols for determining the in-use
stability claim were reviewed and found acceptable.
Sample (DBS) stability: The sponsor provided information to support the following
claims:
•

Lysosomal enzymes (IDUA, GAA, GBA and GLA) are stable for up to 5 days at
10°C at low humidity (20% RH) and high humidity (80% RH) levels.

•

IDUA, GAA and GBA are stable for up to 5 days at 25°C and 50% RH. There is a
moderate loss in GLA activity (up to 18%) after 5 days at 25°C and 50% RH.

•

At 45°C and low humidity (20% RH), there is a moderate loss in IDUA (up to
32%) and GAA activity (up to 32%), and significant loss in GBA (up to 46%) and
GLA activity (up to 66%).

•

At 45°C and high humidity (80% RH) there is significant loss in IDUA (up to
81%), GAA (up to 84%), GBA (up to 69%) and GLA activity (up to 90%).

•

Lysosomal enzymes (IDUA, GAA, GBA and GLA)

(b) (4)

The following limitation is in the labelling:
The SEEKER LSD Reagent Kit - IDUA|GAA|GBA|GLA may result in:
Increased rate of false positives when the dried blood spot specimen is
exposed to high temperature (≥45°C) during shipping.
d. Detection limit:
The Limit of Blank (LoB), Limit of Detection (LoD) and Limit of Quantitation (LoQ)
for the test system was determined. The analysis of the LoB, LoD and LoQ were
performed in accordance with CLSI document EP17-A2.
To determine the LoB, the reaction blank was used to prepare DBS specimens on
Ahlstrom 226 grade filter paper. 80 replicates of the blank were tested using each of
3 reagent lots, 6 cartridges and 1 analyzer. The LoB was determined for each lot
using the non-parametric classical approach described in the guideline. The α was set
at 5%. The LoB for the worst performing lot is reported in the package insert.
To determine the LoD, low analyte DBS activity specimens were prepared by mixing
human umbilical cord blood and heat inactivated serum, adjusting the hematocrit to
~50% and then spotting it onto Ahlstrom 226 grade filter paper. The DBS samples (8
per lot) were tested in 8 replicates using the 3 reagent lots, 6 cartridges and 1 analyzer
(for a total of 64 replicates per lot). The LoD was determined for each lot following
the parametric classical approach described in the guideline. The β was set at 5%.
The sponsor observed 1 statistically high outlier test result in this study (please refer
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2. Software:
FDA has reviewed applicant’s Hazard Analysis and software development processes for
this line of product types:
Yes ___X_____ or No ________
2. Specimen Identification:
Specimens are extracted in a 96-well plate and the extracts from one plate are transferred
to two SEEKER cartridges. The software will prompt the user to enter the sample and
reagent layout information for that cartridge.
3. Specimen Sampling and Handling:
Specimens are processed according to the package insert instructions.
4. Calibration:
The 4 calibrators are run with each cartridge. The device software calculates a slope,
intercept and R2 by linear regression for every run. If the calibration for a run is flagged
as “failed” no activity values are reported for the entire run and the entire run must be
repeated.
5. Quality Control:
QC samples are provided with the kit. Each cartridge should include at least one punch
of two levels of QC (QCL and QCM) to determine the validity of the run. These QC
samples are subjected to the same protocol steps as the newborn specimen and the
enzymatic activity for all 4 assays is determined. Mean enzymatic activity values and
standard deviation is provided with each reagent included in the reagent kit. Each
laboratory should establish mean and standard deviation values and determine their own
acceptable range of enzymatic activity for QC samples.
The instrument also checks the non-enzymatic hydrolysis value for each enzyme against
a pre-defined range. If the values are outside this range, the activity is not calculated and
an “n/a” result is reported for the activity.
Test results above the upper threshold (which is the upper limit of the reportable range)
are highlighted and these samples should be considered invalid and retested.
O. Other Supportive Instrument Performance Characteristics Data Not Covered In the
“Performance Characteristics” Section above:
Outliers: In the analytical studies statistical high outliers were observed at a rate of 0.103%
for IDUA and GAA, 0.144% for GBA and 0.092% for GLA. These test results were outside
the expected performance of the assays and were excluded from the analysis where noted
above. If they occur during routine testing, these incorrectly elevated test results could result
in a false negative test. The sponsor stated that because of the low prevalence of the diseases
and the low frequency of the observed outliers, the likelihood that an affected neonate would
obtain an incorrectly elevated test result is very low.
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A specimen with GLA activity within +2μmol/L/hr of the borderline cutoff should be
retested if a specimen with GLA activity ≥120μmol/L/hr is present in the same specimen
column (cartridge has 12 columns and 4 rows).
P. Proposed Labeling:
The labeling is sufficient and satisfies the requirements of 21 CFR Parts 801 and 809, and the
special controls for this type of device.
Q. Patient Perspectives:
This submission did not include specific information on patient perspectives for this device.
However, during the August 10, 2016 meeting of the Clinical Chemistry and Clinical
Toxicology Devices Panel of the Medical Devices Advisory Committee for the SEEKER
System, multiple patients (or the parents of patients) spoke during the public comment
period. All patients (or the parents of patients) were supportive of the authorization for
marketing of this device. See the transcript of the meeting found online at:
http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/Me
dicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/uc
m511565.htm
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population. Testing in the clinical validation study must be performed by operators
representative of the types of operators intended to use the test. The study design of
the clinical validation study must assess the effects of sample collection and
processing steps on test performance. Confirmed positive specimens must have a
diagnosis based on confirmatory diagnostic methods or clinically meaningful
information regarding the status of the subject must be obtained.
(ii) The reference interval in the normal newborn population for the analyte or analytes
measured by the device.
(iii)Study results demonstrating the level of carry-over or drift affecting the device
performance.
(iv)Study results demonstrating the concentrations of the limit of blank, limit of
detection, and limit of quantitation of the device. Sample concentrations below the
limit of quantitation should not be reported by the device.
(v) Study results, which shall be collected using sample panels from at least three reagent
lots and at least three instruments over more than 20 testing days, demonstrating the
imprecision of the device. The sample panels must consist of blood spot specimens
with a range of analyte concentrations that span the reportable range of the device and
must include samples with concentrations in the screen positive range, samples with
concentrations at each cutoff, and samples with concentrations in the normal range.
2. Your 21 CFR 809.10 compliant labeling for this device must include:
(i) A warning that reads “This test is not intended to diagnose lysosomal storage
disorders.”
(ii) A warning that reads “Test results are intended to be used in conjunction with other
clinical and diagnostic findings, consistent with professional standards of practice,
including confirmation by alternative methods, and clinical evaluation as
appropriate.”
(iii)Detailed information on device performance, including the false positive rate and the
false negative rate observed in the clinical study.
(iv) Information on device performance in any relevant subgroup (e.g., age of newborn at
time of sample collection, birth weight, sex, gestational age, race, ethnicity) observed
in the clinical study.
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