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Newborn Screening is ...

a public health program that

provides an opportunity for early
identification and early treatment

of infants with conditions that
otherwise would go unrecognized

prior to irreversible clinical damage.
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Relative Proportions of Infants Identified
by Newborn Screening

McCC

Biotinidase
deficiency
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Texas Newborn
Screening Laboratory

8 plates are distributed to
5 areas to test for
29 disorders.

Two tests are used to identify:
Galactosemia
Biotinidase Deficiency

One test is used to identify:

Sickle Cell Anemia

Sickle Hemoglobin C Disease
Sickle/Beta Thalassemia Disease
Other hemoglobinopathy diseases and
traits

Endocrine & Cystic Fibrosis Screening: Tandem Mass Spectrometry Screening:

Three tests are used to identify: One test is used to identify:

Congenital Hypothyroidism SCID Screening: 6 amino acid disorders (e.g. PKU)
5 fatty acid disorders (e.g. MCAD)

9 organic acid disorders (e.g. glutaric
acidemia type 1)

Congenital Adrenal Hyperplasia

i - One molecular test is used to identify:
Cystic Fibrosis

Severe Combined Immunodeficiency




NEWBORN SCREENING CALLS TO
THE FRONTLINE OF DEFENSE
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NEWBORN SCREENING CALLS TO
THE FRONTLINE OF DEFENSE

EVERY 3
MINUTES:

1 high risk

6 additional
actionable
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Purpose of the Testing

(Relating pre-analytic decisions
to post-analytic reporting...)

What are you looking for... and what do you
hope to accomplish with (molecular) analyses?
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Current Purposes of DNA in NBS

(data generated prior to full diagnostic evaluation)

* Enhance capacity of screening for conditions

not otherwise included...
TREC assay for SCID: molecular in FIRST TIER

» Enhance specificity of 15t tier test....
CFTR mutation assay after IRT: molecular in SECOND TIER

« Supplemental just-in-time
Increase available information to aid diagnostic evaluation...
GALT mutation assay: molecular in SECOND TIER
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Current DNA testing:

Regardless of purpose, the DNA target might be

A specific allele
A specific structure
A foreign element

Qualitative or Quantitative

Like other targets, these can be multiplexed.
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DNA Testing in the 2" Tier

(data generated prior to full diagnostic evaluation)

tic
(Cor\\lem'\oﬂa\ gene )

» Enhance specificity of 15t tier test....
CFTR mutation assay after IRT: molecular in SECOND TIER

« Supplemental just-in-time
Increase available information to aid diagnostic evaluation...
GALT mutation assay: molecular in SECOND TIER
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Genotype Distribution Among 450
New England CF infants

relative to common allele

no DF508

DF508/DF508

DF508/ other
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Proportion of New England CF Infants
shown to carry one or two mutations by
newborn screening

NBS mut/ TBD

NBS mut/ NBS mut
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Carriers identified after diagnostic
testing in order to find CF

~5% will have two carrier parents
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Relative Proportions of Infants Identified
by Newborn Screening

McCC

Biotinidase
deficiency
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Nucleic Acid Testing Examples

Genetic mutations, viral load,

Applications Y :
Nucleic Acid Testing Examples
Multiple Accuracy, precision,
Nucleic Acid Testing Examples
Different Trad1-t10na.l PCR follpwed by post—
amplification analysis. Detection of
Lumi Advantages of Real-Time Q Disadvantages
Varying ( PCR
Quantitative results in real-time Limited multiplexing
capability

Closed tube, reduced risk of

contamination
Can be complex to set

Quantit _ o _ up, particularly for
Rapid cycling time (30 minutes to 2 multiplexed reactions

hours)

Intra- and inter-assay
Highly sequence specific variation, hence the
need for an internal

- monitoring control
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To be determined:
Analytic validity

= Promising —

= known issues with large deletions,
rearrangements, copy number variants

Analytic validity in high throughput
= Promising —
= Scan or target...

Clinical validity

= Ongoing learning...complex traits...
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To be determined:

Bioinformatics
» Selected targets for first tier screening
» Selected targets for clinical inquiries
* Updating

* Record keeping
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Current Reporting

Routine outgoing reports and Responses to clinical
Inquiries
Same technical report, includes laboratory values
Same result interpretation

Different consultation

Different fact sheets
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Report Content

Technical Report

= CLSI| demographics

= Reason for testing

= Disease locus tested

» Result is In Range or Out of Range
Out of Range:

Number of DNA sequence variants detected by
the screen
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Report Content

* Names of DNA sequence variants detected by the
screen (colloquial and (?) HGVS)

= Names of DNA sequence variants TESTED.

nomenclature
= colloquial: Delta F508
= HGVS: c.1521 1523delCTT

Human Genome Variation Society

http://www.hgvs.org/
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Report Content

INTERPRETATION

= Interpretation of the overall NBS result for the
condition

= State interpretation of the DNA result, e.g.,
 jnfant is (at least) a carrier

=/nfant with 2 variants is at high risk

RECOMMENDED ACTION
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Galactosemia

Supplemental just-in-time
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NEW ENGLAND NEWBORN SCREENING PROGRAM
305 South Street
Jamaica Plain. MA 02130
Telephone: 617-983-6300
Fax: 617-522-2846

Baby's Name : [N

Print Date: ~ 8/15/2013 Mother's Name : || RN

]

e

]
DR. I Physician's Name : DR. || NN

Baby's Sex : MALE
] Birth Date : [ 09:09 (military time)
Specimen Date : I 0 15 (military time)

Hacmital -

NEWBORN SCREENING TEST REPORT (Initial Blood Filter Paper Specimen)

Targeted Congenital Disorders / Analyte Tested Results Within Range Results Out of Range  Reference Range (for newboms)
Adrenal Hyperplasia(CAH) / 17-OH-Progesterone <13.5 ng/mL <50 ng/mL(weight dependent)
*Biotinidase Deficiency / Biotinidase >=30% >=30%
*Cystic Fibrosis_ SCREEN IN RANGE ~ IN RANGE
Galactosemia / Galactose,Total >50.0 mg/dL <14 mg/dL
Galactosemia / Uridyltransferase No Enzyme Present Enzyme Present
Hemoglobinopathies / Hemoglobin Isoelectric Focusing FA FA AF,orA
Homocystinuria / Methionine <1.5mg/dL < 1.5 mg/dL
Hypothyroidism (CH) / Thyroxine 16.3 ug/dL >5.0 ug/dL
Maple Syrup Urine Disease (MSUD) / Leucine <=4.5 mg/dL <=4.5mg/dL
MCAD / Octanoylcarnitine <0.80 uM <0.80 uM
Phenylketonuria (PKU) / Phenylalanine (PHE) <=2.3 mg/dL <=2.3 mg/dL
*Toxoplasma Infection / Toxoplasma IgG NOT APPLICABLE  <0.1 OD
*Toxoplasma Infection / Toxoplasma IgM 0.050 O.D. <0.1 0D
“Metabolic / Additional Metabolic Panel Out of Range All in Range

Metabolic / C3 8.91 uM <8.0 uM

It has been determined that a further specimen is not required, because testing is being performed by an outside lab

“~Additional Metabolic Panel:
Amino Acid- Tyrosinemia Type I and IT
Urea Cycle- Argininemia, Arginosuccinic Aciduria, Citrullinemia, HHH Syndrome
FAOD- CPT II, Glutaric Acidemia Type II, LCHAD, SCAD, VLCAD

Organic Acid- B-KT, Glutaric Acidemia Type I, HMG, IVA, MCC, Methylmalonic Acidemia, Propionic Acidemia NE

~ IRT <99.9% and None of Tag-It 39+4 mutations detected.




NEW ENGLAND NEWBORN SCREENING PROGRAM
305 South Street
Jamaica Plain. MA 02130
Telephone: 617-983-6300
Fax: 617-522-2846

Baby's Name : [N

Print Date: ~ 8/15/2013 Mother's Name : || RN

S

I

E——
DR. I Physician's Name : DR. || NN

Baby's Sex : MALE

] Birth Date : [l 09:09 (military time)
| Specimen Date : I 03:15 (military time)

Wacnital - I 17\ DTT AT

NEWBORN SCREENING TEST REPORT (Initial Blood Filter Paper Specimen)

Targeted Congenital Disorders / Analyte Tested Results Within Ran
Adrenal Hyperplasia(Cd ogesterone <13.5 ng/mL
*Biofinsd®®® Deficiency / Biotinidase >=30%

“ystic Fibrosis_ SCREEN IN RANGE ~ IN RANGE
Galactosemia / Galactose,Total >50.0 mg/dL <14 mg/dL

Galactosemia / Uridyltransferase No Enzyme Present Enzyme Present

€

Results Out of Range  Reference Range (for newboms)

gbinopathies / Hemoglobin Isoelectric Focusing FA

Homocystinui athignine <1.5 mg/dL :
Hypothyroidism (CH) / Thyroxine - >5.0 ug/dL
Maple Syrup Urine Disease (MSUD) / Leucine <=4.5 mg/dL <=4.5mg/dL
MCAD / Octanoylcarnitine <0.80 uM <0.80 uM
Phenylketonuria (PKU) / Phenylalanine (PHE) <=2.3 mg/dL <=2.3 mg/dL
*Toxoplasma Infection / Toxoplasma IgG NOT APPLICABLE  <0.1 OD
*Toxoplasma Infection / Toxoplasma IgM 0.050 O.D. <0.1 0D
“Metabolic / Additional Metabolic Panel Out of Range All in Range

Metabaolic / C3 8.91 uM <8.0 uM

It has been determined that a further specimen is not required, because testing is being performed by an outside lab

“~Additional Metabolic Panel:
Amino Acid- Tyrosinemia Type I and IT
Urea Cycle- Argininemia, Arginosuccinic Aciduria, Citrullinemia, HHH Syndrome
FAOD- CPT II, Glutaric Acidemia Type II, LCHAD, SCAD, VLCAD

Organic Acid- B-KT, Glutaric Acidemia Type I, HMG, IVA, MCC, Methylmalonic Acidemia, Propionic Acidemia NE

~ IRT <99.9% and None of Tag-It 39+4 mutations detected.




New England Newbom Screerning Prograr Unrversity of IWassachusetts Iedical School
305 South Street, Jaraaica Plain, WM& 02130
Telephone: 617-983-6300 Fax: 617-522-2846

Resjult from Assays for
DNA MUTATIONS that may be associated with GALACTOSEMIA

Report Date: T
Lab ID#of baby: N
Naree of baby: imssmiessy ~ Date ofbirth: TN

Narae of raother 1
TARGETED DISORDER Result
GALACTOSEMIA Two ratatiors

detected

Name of the first nantation detected QI88R
Details for genetic counseling by the saen
Name of second moxtation detected QI188R

by the saeen

* “Positive Newhorn Biochemical Screen” with “itwo mutations™
* consisient with CLASSICAL GALACTOSEMIA

Two rautatiors in the gene for the exayroe galactose-1-phosphate undy] trarsferase (GALT
or UT) were detected®. Observation of this genotype is corsistent with severe irapairraent of
the GALT ereyroe and classical galactoserada.

RECONMMENDED ACTION:

All infants with specimens showing @ “Screen Posifive with Two Mutafions” resulf should be ‘i
the care of or referredimumediately’ to a Metabolic Specialist for diagnostic evaluation and
freatment.

ovide an early oppobmity to detect

O SR Analyte Specific Reagert that mchades assays for detection of Q188R, N314D, S135L , K285H, L195P,
Y209C,F1715, T138M and IVS2-28=G. For saeening purposes, detection of 2 notations asammes that the
noxtatiors are intrans; diagnostic testivg ¥ hudicated. This testhas notbeen cleared or spproved by the FDA
Hovrenrer | the Nevr Fhgland Newbom Saeening Program detennined the perfonnance characteristics of the test. The
FD A has detenmined that its clesrance and approweal are not required for the NENSP-specific uses.

VEALTH MEDICINE
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New England Newhbom Screerang Prograrm University of Iassachusetts Iedical School
305 South Street, Jaraaica Plain, WM& 02130
Telephone: 617-983-6300 Fax: 617-522-2846

Resjult from Assays for
DNA MUTATIONS that may be associated with GALACTOSEMIA

Report Date: T
Lab ID# of baby: NESRRran
Nare of baby: imsmiesy ~ Date ofbirth: TN

Narae of rother S _———
TARGETED DISORDER Result
GALACTOSEMIA Two ratatiors
detected
Name of the first nantation detected QI88R
Details for genetic counseling by the saen
Nane of second notation detected Q188R

¢ “Positive Newborn Biochemical Screen” with “two mutations™

* consisient with CLASSICAL GALACTOSEMIA/
Two rautatiors in the gene for the exayroe galactose-1-phosphate undy] trarsferase (GALT

or UT) were detected®. Observation of this genotype is corsistent with severe irapairraent of
the GALT ereyroe and classical galactoserada.

RECOMNMENDED ACTION:
All infants with specimens showing @ “Screen Posifive with Two Mutafions” resulf should be ‘in
he care of or referredimmediately’ fo @ Metabolic Specialist for diagnostic evaiugtame

Attention Health Care Provider: Newbom saeening tests are rtended to provide an early oppombmity to detect
disorders before symptoms appesr. These tests are not disgnostic.

O SR Analyte Specific Reagert that mchades assays for detection of Q188R, N314D, S135L , K285H, L195P,
Y209C,F1715, T138M and IVS2-28=G. For saeening purposes, detection of 2 notations asammes that the
noxtatiors are intrans; diagnostic testivg ¥ hudicated. This testhas notbeen cleared or spproved by the FDA
Hovrenrer | the Nevr Fhgland Newbom Saeening Program detennined the perfonnance characteristics of the test. The
FD A has detenmined that its clesrance and approweal are not required for the NENSP-specific uses.
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New England Newbom Screening Program University of Massacknsetts Medical School
305 South Street, Jamaica Plain, MA 02130
Telephone: 617-983-6300 Fax:617-522-2846

Result from Assays for
DNA MUTATIONS that may he associated with GALACTOSEMIA
Report Date:
Lab ID# of baby:

Name of baby: — Date of birth:
Name of mother: [

TARGETED DISORDER Result
One nmtaton and

GALACTOSEMIA one DNA vanant

Name of matation detected by screen

Details for genetic counseling
Name of DNA variard detected by the sareen

“Positive Newbom Biochemical Screen’ with “one muiation and one vanani”

¢ consisient with DUARTE phenotype Galactosemia

® One nmtation and one variant mthe gene for the enzyme galactose-1-phosphate
uridyl transferase (GALT or UT) were detected*. Observationofthis conpound
hetemwzygote is consistert wath medmm to low activity of the GALT / UT enzyme
and a nmuld (Duarte) form of the disorder, but

® The presence of other nmtations or otherblocks in the galactose metabolic patlwray
have not been ruled out by this assay.

o DNA results do not alter the interpretation of biochanical results. In addition © any
recommendations that arve based on the infant’s biochenical results, the infant’s
Jamily should be affered genetic coumseling.

Attention Health Care Provider: Newbom screening tests are mtended to provide an early
opportunity to detect disorders before symptoms appear. These tests are not diagnostic.

* ASR: Analtyte Specific Reagent that mchades assays for detection of Q188R, N314D, 51350, K285N, L195P,
Y209C,F1715, T138Mand IVS2-24> 5. For saeening parposes, detection of oxe matation and one sequence
Tt assumes that they are Mtrans . This test has not been cleared or approwed by the FD A, Howeewer, the Newr
Exgland Nembom Sareening Program determined the performance characteristics ofthe test. The FD Ahas
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New England Newbom Screening Program University of Massacknsetts Medical School
305 South Street, Jamaica Plain, MA 02130
Telephone: 617-983-6300 Fax:617-522-2846

Result from Assays for
DNA MUTATIONS that may he associated with GALACTOSEMIA
Report Date:
Lab ID# of baby:

Name of baby: — Date of birth:
Name of mother: [

TARGETED DISORDER Result
One nutation and
GALACTOSEMIA one DNA vanarnt
detected by the
screen
Name of matation detected by scareen QIl88R
Details for genetic counseling
Name of DNA variard detected by the saeen N314D

NTERPRETATION and RECOMMENDED ACTION:

“Positive Newhom Biochemical Screen’” with “one mutation and one vanant”

¢ consisient with DUARTE phenotype Galactosemia

® One nmtation and one variant mthe gene for the enzyme galactose-1-phosphate
uridyl transferase (GALT or UT) were detected*. Observationofthis conpound
hetemwzygote is consistert wath medmm to low activity of the GALT / UT enzyme
and a nmuld (Duarte) form of the disorder, but

® The presence of other nmtations or otherblocks in the galactose metabolic pathway ="
have not been ruled out by this assay.

e DINA results do not alter the interpretation of biochemical vesults. In addition © any =
recommendations that arve based on the infant’s biochenical results, the infant’s
Jamily should be affered genetic coumseling.

Attention Heahth Care der: Newbom screerung tests are mtended to provide an early
opportunity to detect disorders before symptoms appear. These tests are not diagnostic.

* ASR: Analtyte Specific Reagent that mchades assays for detection of Q188R, N314D, 51350, K285N, L195P,
Y209C,F1715, T138Mand IVS2-24> 5. For saeening parposes, detection of oxe matation and one sequence
Tt assumes that they are Mtrans . This test has not been cleared or approwed by the FD A, Howeewer, the Newr
Exgland Nembom Sareening Program determined the performance characteristics ofthe test. The FD Ahas
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New England Newbom Screening Program University of Massachusetts IMedical School
305 South Street, Jamaica Plain, MA 02130
Telephone: 617-983-6300 Fax: 617-522-2846

Result from Assays for
DNAMUTATIONS that may be associated with GALACTOSEMIA

Report Date: SG_—
Lab ID# of baby: (IR
Name of baby: I D :tc of birth: N

Name of mother: [ NN
TARGETED DISORDER RESULT
CGALACTOSEMIA No mutations or variants
detected by the screen

ERPRETATION and RECOMMENDED ACTION:

“Positrve Newbom Biochemical Screen” with “no mutation or variant”

DNA findings do not alter interpretation of hiochemical resulis

e Ofthe eight mutations and one sequenice variant assayed, none were observed
in the gene for the enzyme galactose-1-phosphate uridyl transferase (GALT or
UT) *. Observation of this genotype is consistent with normal enzyme
actrvity but

® Thepresence of other mdations in GALT or ofher blocks in e galacfose
mefabolic patiway have vof been ruled cut by fius assay.

® Follow any recomumendations that are based onthe infant’s biochemical

results.

Attention Health Care Provider: Newbotn screenmngtests ate intended to provide an
eatly opportunity to detect disorders before symptoms appear. These tests are not
diagnostic.

HASR: Analyte Specific Reagert that ichides assqys for detection of Q138R, N314D, S135L, K28 5N,
L195P, Y209C, F1718, T138M and IVS2-24> . This test has not been cleared or approved by the FD A.
Howrewer, the Newr Englind Newbom Saeening Program detennined the perfonmance characteristics of the
test. The FDA has detenmined that its clearance and spproval are not required for the NENSP-sp ecific uses.
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Newborn Screening is a System

*Every Baby .Laboratory Analysis *Support

*Education *Quality Control *Follow-Up

*Quality Specimen | <Data Integrity Immediate
*Every Hospital Daily ‘Notification ~ "-Ond Term
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Risk Assessment Process

4,000,000

166,451

299,953

Screen

Negative

|

Unsuitable for
Testing or DOB

(request repeat)

Presumptive
Positive

(request repeat)

51,529

Referral

(very abnormal)

Results
mailed to
HOB

|

No
follow-up
needed

l

Letter sent to
HOB

|

l

L

L etter sent to

HOB and physician

of record

l

Phone call to

treatment
center and
physician of
record

NBS follow-up

NBS follow-up

l

NBS follow-up

13,711 confirmed cases or 1/290 newborns have a NBS condition

- Courtesy, NY ;




Preparations for the future

= Technical Capacities
= Clinical Utilities

= Reporting and Data Management
Policies
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Hi Throughput — Large Menus

New York NBS: New England NBS:
30 Conditions 30 Conditions
29,299 Daily Tests 12,602 Daily Tests
782 Confirmed Cases 301 Confirmed Cases
242,208 Newborns Tested 116,236 Newborns Tested
Wisconsin NBS: Minnesota NBS:
30 Conditions 30 Conditions
7,099 Daily Tests 6,780 Daily Tests
143 Confirmed Cases 155 Confirmed Cases
67,057 Newborns Tested 67, 780 Newborns Tested
TXNBSP:
29* Conditions
71,740 Daily Tests
743 Confirmed Cases

I 379,255 Newborns Tested



Molecular Assays in Use in Newborn Screening
2013

second-tier BMfirst and second tier

- Courtesy, CDC




Examples of pediatric onset actionable
conditions for consideration in
expansion
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Technical Advances for
Reporting...

And follow up

LIMS, HL7, messaging...
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