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1) Janzen, N. et. al. J. Clin Endocrinol. Metab. 2007, 92, 2581-2589. https://doi.org/10.1210/jc.2006-2890 

Newborn Screening (NBS)

~ 3.8 million / year

(US only)

Heel Prick 

(DBS)

Mail to 

Testing Facility

Analytical Assays

1-2 

Day/old

~ 61 conditions recommended

~ 30-70 based on state

MS/MS, Immunoassay

1) https://newbornscreening.hrsa.gov/your-state/

Tennessee (67) Connecticut (73)



Analytical Challenges

~ Millions of samples

~ Time constraints

~ Need screening and confirmation (1st and 2nd tier testing)

~ 3.8 million infants

(US only)

~ Chemical and isomeric diversity

~ 70 molecules including amino acids, acylcarnitines, 

hormones etc.



Molecular Challenges in NBS

1) Improve Selectivity – Isomer separation by IMS

Project Goals

2)  Increase Throughput – Automated SPE extraction using Agilent RapidFire 

(~ 10 sec/sample – sample vs. 2 mins)
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Ion Mobility Spectrometry
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Congenital Adrenal Hyperplasia (CAH)

Richfield, D. and Häggström, M. “Diagram of the pathways of human steroidogenesis.” WikiJournal of Medicine. 
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NBS Workflow

Dodds, J. N. and Baker, E. S. Anal. Chem. 2021, 93, 17094-17102.
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Method Reproducibility
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Biological Variability
CowSheep RapidFire 

SPE Cartridge

B
io

lo
g

ic
a

l

D
B

S
 S

a
m

p
le

s

HILIC

C
o

u
n

ts
 (
x

1
0

4
)

Blood Spots + Internal Standard

Method Replicates

Sheep Reps (1-5) Bovine Reps (1-5)

Mass-to-Charge (m/z)

Analysis Time (seconds)

Blank Paper

FilterSolvent

0

2

4

6

4.5 5.5 6.5 7.59060 12030 150 1800

26

25.5

25

24.5

175.1 175.15 175.20 175.25

Precursor [M+H]

D
ri

ft
 T

im
e

 (
m

s
)

0

1

2

175.1 175.15 175.2

%

100

0

Arginine

[M+H]

136.6 Å2

(m/z)

175.1196

175.1439

Arginine

N-dimethyl

Lysine*

CCS and m/z EIC

Arginine

Whatman 903

Protein Saver Card 

Sheep Blood

(Citrated)

Bovine Blood

(Citrated)

CowSheep RapidFire 

SPE Cartridge

B
io

lo
g

ic
a

l

D
B

S
 S

a
m

p
le

s

HILIC

C
o

u
n

ts
 (
x

1
0

4
)

Blood Spots + Internal Standard

Method Replicates

Sheep Reps (1-5) Bovine Reps (1-5)

Mass-to-Charge (m/z)

Analysis Time (seconds)

Blank Paper

FilterSolvent

0

2

4

6

4.5 5.5 6.5 7.59060 12030 150 1800

26

25.5

25

24.5

175.1 175.15 175.20 175.25

Precursor [M+H]

D
ri

ft
 T

im
e

 (
m

s
)

0

1

2

175.1 175.15 175.2

%

100

0

Arginine

[M+H]

136.6 Å2

(m/z)

175.1196

175.1439

Arginine

N-dimethyl

Lysine*

CCS and m/z EIC

Arginine

CowSheep RapidFire 

SPE Cartridge

B
io

lo
g

ic
a

l

D
B

S
 S

a
m

p
le

s

HILIC

C
o

u
n

ts
 (
x

1
0

4
)

Blood Spots + Internal Standard

Method Replicates

Sheep Reps (1-5) Bovine Reps (1-5)

Mass-to-Charge (m/z)

Analysis Time (seconds)

Blank Paper

FilterSolvent

0

2

4

6

4.5 5.5 6.5 7.59060 12030 150 1800

26

25.5

25

24.5

175.1 175.15 175.20 175.25

Precursor [M+H]

D
ri

ft
 T

im
e

 (
m

s
)

0

1

2

175.1 175.15 175.2

%

100

0

Arginine

[M+H]

136.6 Å2

(m/z)

175.1196

175.1439

Arginine

N-dimethyl

Lysine*

CCS and m/z EIC

Arginine



Skyline only for Drift Tube IMS?

Kliman, M. et. al. Biochim. Biophys. Acta. 2011, 11, 935-945. 
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