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Neonatal Screening Tests for Inherited Metabolic Disorders using Tandem Mass
Spectrometry: Experience of a Clinical Laboratory in Korea
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LabGenomics Clinical Laboratories', Seongnam; LabGenomics Clinical Research Institute®, Seongnam, Korea

Background: The purpose of this study is to investigate the positive rates of screening tests for inherited metabolic disorders, set cutoff values,
and report the actual status of internal quality controls in LabGenomics Clinical Laboratories by using LC-MS/MS system.

Methods: We use Agilent 1260 Infinity HPLC System (Agilent Technologies, USA) for liquid chromatography, and API 2000 (AB Sciex, Canada) for
MS/MS system. We set up screening tests for 55 diseases, which include metabolic disorders of 25 amino acids, 16 organic acids, and 14 fatty acids.
Results: We determined the analyte cutoff values as 99.9 or 0.1 percentiles in 15,000 newborn samples. The total number of samples tested from
January 2012 to September 2014 was 119,948; of these, 6,681 were repeated. Of the repeated samples, 713 were presumed to be positive in the
screening tests. Repeat screening with newly obtained dried blood spot specimens was recommended for these 713 samples and 600 specimens
were obtained. Thus, the recall rate was 0.5% (600/119,948) for all samples and 84.2% (600/713) for the samples presumed to be positive in the
screening tests. About 70 samples, that is, 0.06% of the total samples and 11.7% of the “reobtained” samples, again tested positive; we recom-

mended confirmatory tests for these samples.

Conclusions: We have presented data on the status of neonatal screening tests for inherited metabolic disorders using LC-MS/MS, including
positive rates and recall rates of screening tests, set up cutoff values and reported the actual status of internal quality controls in a clinical labora-

tory in Korea.

Key Words: Neonatal screening, Inherited metabolic disorders, Tandem mass spectrometry

AR Rtk Aot AIANE FAbo] UehiA] ok
Ao} A710] 74 MRS Z7lo] WATHo =R ol

Corresponding author: Sung Eun Cho

LabGenomics Clinical Laboratories, B-6F, 700 Daewangpangyo-ro,
Bundang-gu, Seongnam 13488, Korea

Tel: +82-31-628-0729, Fax: +82-31-628-0741, E-mail: secho0824@gmail.com

Received: October 22, 2014
Revision received: April 3, 2015
Accepted: April 9, 2015

This article is available from http://www.labmedonline.org

© 2015, Laboratory Medicine Online

€ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

196 www.labmedonline.org

A 30 sk ol WA oSl A3 Sow

Sl ol thiEo] Aol E Ao = ATk glow]
A1) 14 -840 71 ok S, 45 ool 7

ARG AN Hol s FE AoLE thgo 2 LA S

2 AP0, R, BIAIAERE, et s
0 AR AGYZ 5 6] D] totel HE 2910 2 A8
SH ZAPAIOIEHIL 3 A 2| ptel A ofeiat AR ARle]
rofdle= S, 20125 ey Ak 47| (tandem mass spec-
trometry, MS/MS)& AF8-510] AR 21 650 sllg== #lLA
Ehg, T&F‘jﬂ: TRAAF S IR T 5550 AHA
tatol e

i

).1:

Ao} A1
7

AR Q) Bl -8 2gol HAdsh[L, 2Atokt A

oY,
>~
i
it
>
QL
rlr
N,
)
=
o
)
>,
oL
rE
o,
o ot
2
_?L
I
oo

elSSN 2093-6338


http://crossmark.crossref.org/dialog/?doi=10.3343/lmo.2015.5.4.196&domain=pdf&date_stamp=2015-09-15

F>|

e 2|: Neonatal Screening for Inherited Metabolic Disorders

MO

L= o]g Aol 50 A1) Aleje} o] WHe AR Ei thorg
% QlolA] 2k o] 015

Eﬂéﬁo]: 3 Alg) o] Wk
HollA] AJas) £ Wl @aok
4

Nl

jLifm]

1. CHAL 248

20124 195 2014 9L7HR] W2 ARELT} - 0] lof 4] o]
=I5 119916710 4} 2 Aol ol 3isick A% A1)
R 24 T AUGEA T 48A7HE 79 oS WA
o S B0 PG AMEsTo] AL, Bl 23 ofuiHlo] &
5] Aol 4 341 ol Az Ty, oluf o E| A B o
A 817 g1l ok HE-e walo] AFshES sl 4A 2=
% 23718 AEA| AE Bestol AAtel HARstel AAE
Qs10] AAIE Wyeiach ATk AEA) A9 D A

i

7] 53] §471 o El 49, 3) Bolo] garslo] A& Ho
J ﬂéﬂl S UL AR, ) LA S UE 7|78 0I5

2, A%t 2 7}
Y2325 (internal standards)2= 12 deuterium-labeled
amino acid internal standards (NSK-A) (Cambridge Isotopes Lab-
oratories, MA, USA)®} 12 deuterium-labeled acylcarnitine internal
standards (NSK-B) (Cambridge Isotope Laboratories, MA, USA)&
AR5t} Methanol (J.T.Baker, PA, USA), acetonitrile (J.T.Baker,
PA, USA), formic acid (Wako Pure Chemical Industries, Osaka, Ja-
pan)E 25 HPLC 532 AFE5FY.2H, Round-bottomed 96-

well microtiter plates (greiner bio-one, Kremsmunster, Austria) &

AHgigic

3. |

Agilent 1260 Infinity HPLC System (Agilent Technologies, CA,
USA)T} AB Sciex Autosampler (AB Sciex, UA, USA)E- ©]-8-5}¢]
Sl ol FTF MS/MS A|AFLe 2] A Qe HAJSIAL, ~70
pL/min®] §<4-2 GA|5FIch MS/MS A|2~E]© 2= API 2000
(AB Sciex, MA, USA)&- o833tk
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4. BN F7 Y w
A% FolojA e 3 mmE HESlo], B3 oAl
microtiter plate®] Z} wellol] &7 &
acid internal standards@} deuterium labeled acylcarnitine internal
standardsE F3-3F HE-E &4 100 pLE A7ksko] A7 52t
Hks}o] AFEON-S running plateo] A4 Yol LC-MS/MSo|| &+
SFATE 20 pLe| HAE . ESI-MS/MS
turbo electrospray ion sourceZ FY3}ATE oA 2= 0.01%
formic acidS 3713t 80% acetonitrile -8-2H-2- o]- &5}k
LC-MS/MSE 3 AAG & 158 59 32 cyded 9313t
o m/z 462] Neutral loss scan

96 well

31, deuterium labeled amino

autosampler system= 0§,

Positive ion mode= %5}
mode+= TJH-E2] o}u] ARl proline, histidine, alanine, leucine,
glutamic acid, tyrosine, valine, phenyalanine®] H-4of| 0]-8-5}%]
a1, olu]i=AF F methionine, arginine, citrulline, glycine, orni-
thine, lysined} = of4al7l2UEof ts]A]+= multiple reaction
monitoring (MRM) scan mode& ©|-8-5}3{th Declustering poten-
tial2 15V, collision energy+= 20 eV= A& S}3AT) Target/Internal
Standards2] mass (m/2)+= Table 10]] 37|35}tk

3 710olH A AR 5} Ao} A Aol 4sl
2555011, 0] % oluleAt skl 25%, 714k Wato] 165, A
S oA Rlo] 140IIEh 4 T MS/MS Hloehs
iew program (AB Sciex, MA, USA) o]-&3}o] =7k 2 A3ls}
947, 7|49} vl wafo] AxkE B neksick

chemov-

5. Cutoff values A% tH

7)ol 7)5%]+= CLSI NBS 04-A (formerly I/LA 32-A) A&
(3lofl w2} AAstiek A7 2710l= AAl 43,0008 S48t
01 995 percentile 7|20 2 AR}, A} ZH o] whe}

ol 2 A Adnbko) Aol ket b 9 S48 5 71

O & A sfof st R, 2 7oA 7]EA]= outlierE A 9]gh
15,000 2] S ARASH] 57} Ao A c0of v
2 7|&A] 2= 0.1 percentile2;, 1 9] 52 999 percentile S 7|
Fo.2 AT £ 71EAE AT FEARA olurt E
7t S 7HCOR1 B9 e VA H v A, A A A
AHrepeat screening) S AJ3Yaljof 5= 720t} 7]&2] AA o] &
= H7IsP7] Slske] B A& e 71, =9 71
o] 71245 9 CDCOA A7t 712X [612H e H]as}3al
Health Resources and Services Administration (HRSA) Region 4
MS/MS project®] 712X 7-91SHE W] msigic 7] 43 % %714
Ao skl o7idvlet 15,0007000 thsto] 71E21E 0.1 999
percentileS 7| 2.2 AdA s 2] ST
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Table 1. Target/internal standard mass (m/z) of parent ions of amino
acids and acylcarnitines

Mass (m/z) of the Target/
Internal Standard

Amino acids

Phenylalanine 166/172
Leucine+lsoleucine 132/135
Methionine 150/153
Tyrosine 182/188
Valine 118/126
Arginine 175/180
Citrulline 176/178
Alanine 90/94

Glutamic acid 148/151
Glycine 76/78

Ornithine 133/135
Histidine 156/153
Lysine 147/178
Proline 116/135

Acylcarnitines

Free carnitine (CO) 162/171
Acetylcarnitine (C2) 204/207
Propionylcarnitine (C3) 218/221
Iso-/Butyrylcarnitine (C4) 232/235
Isovaleryl/2-CHs Butyrylcarnitine (C5) 246/255
3-0H-lIsovalerylcarnitine (C50H) 262/255
Glutarylcarnitine (3-OH-C10) (C5DC) 276/291
Hexanoylcarnitine (C6) 260/255
Octanoylcarnitine (C8) 288/291
Decanoylcarnitine (C10) 316/291
Dodecanoylcarnitine (C12) 344/381
Tetradecanoylcarnitine (C14) 372/381
Hexadecanoylcarnitine (C16) 400/403
3-0H-Hexadecanoylcarnitine (C160H) 416/403
Octadecanoylcarnitine (C18) 428/403
Malonylcarnitine (C3DC)+3-0H-Butyrylcarnitine (C40H) 248/255
Tiglylcarnitine (C5:1) 244/255
Decenoylcarnitine (C10:1) 314/291
Decadienoylcarnitine (C10:2) 312/291
Tetradecenoylcarnitine (C14:1) 370/381
3-0H-Tetradecanoylcarnitine (C140H) 388/381
Octadecenoylcarnitine (C18:1) 426/403
3-0H-Octadecanoylcarnitine (C180H) 444/403
3-0H-Octadecenoylcarnitine (C18:10H) 442[403

6. LiIRZ =2t

A A2 e} EAJo] 23] AlgEl=A] gelshy] flste] 4
S EZAY Wi FFE A (nternal standard) 2% A] Z|tj] o]
L ZHmaximum ions)©] 1E6 CPS ©]AFQIZ| &Hels}giar, Neutral
loss scan®]|A] deuterium-labeled valine (Val-d8, 126.2 Da), deute-
rium-labeled leucine (Leu-d3, 135.4 Da), deuterium-labeled phe-
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nylalanine (Phe-d6, 172.2 Da)2] 0]-& 7} =(intensity)”} 2.5E5 CPS
OVFIAl = A== Batake] 50% o)IA] gkt A
A E MS/MS7F A o2 AEEal leAls A HAY Total
ion chromatogram (TIC)& #2510 peak?] HOF} A2 U 57
Al7ko] AHRIA], o] 2 A e AERIA] WASISAT:
W= S SRt Wi eae]Ed 2 4= CDC NSQAP ¢
AT 2] Al Fgi= dNod 2|9} Chromesystem (Chrome-
systems Instruments & Chemicals GmbH, Grafelfing, Germany) 2.
Z5E R JredtelEds o ARGl et E e
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rosine, Valine, Arginine, Citrulline, Alanine &0 Tjgt ojm] Ak
Aeake| 247} C0, C2, C3, C4, C5, CSOH, CSDC, C6, C8, C10,
C12, Cl4, C16, C160H, C18, C3DC+C40OH (2Fo] Zo]+= Table 1
azsl| i) ool oiet oAl A el A S Alg el
Sick ARl A10) 51§ ¥k 208] S 4710] Bt £3 D2 4
Aslo] ARESIALE 3t plateof= blank, oFn|=Al At E3]
Aste, 5755k, A5 5 371 5=} blank, oF7EUE A=
WA Ak, S5, e 5 3 s Axvdsd
= Z2F 1314 ZRAAA AL A0t TR W o = S5t
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2 7)3h3t e} 7| 3H-E59] 7)122] = Table 29} Table 3¢ 317 3#7]
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gt e 9 %S 52 7|9 B AHH 0 2 AL ol
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C09J] W8 7|&A] 2= 0.1 percentile 2, 71 9] -2 999 percen-
tileg 7|02 A9 AoH, o= CLSI AR v wst3le
714 RS SARt HlolE = S5kt
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Table 2. Cutoff values for amino acids (umol/L) extracted from blood
spots of newborns

Table 3. Cutoff values for acylcarnitines (umol/L) extracted from blood
spots of newborns

Cutoff R4 99 Cutoff R4 99
CDC . : CcbC ) :
. . valuesof ~ Yoon Zytkovicz  percentile " values of Yoon Zytkovicz ~ percentile
Amino acids ++ cutoff 1 Acylcarnitines nn cutoff 1
our etal™ 5 etal. of normal our etal.™ 5 etal. of normal
. values g . values g
laboratory population laboratory’ population
Phenylalanine 99 164* 150 139" 97 Co <820 64.80 <8.60 59.00
Leucine+lsoleucine 236 4027 300 3731 >60.00 (High) (Low) (High)
Methionine 60 87" 75 67" 44 €2 49.56 5200
Tyrosine 270 358% 400 442° 207 & 718 720" 600 800" 474
Valine 21 438”" 300 212 C4 0.70 1.47# 1.30 1.90“ 0.75
Arginine 40 37 70 132§§ 32 C5 0.47 1.20§§ 0.70 1.20§§ 0.39
Citrulline 40 75% 55 100" 28 C50H 0.60 0.38 0.90 0.80"" 0.45 (U)
Jy—— 694 507 C5DC 030 022 035 021" 025(U)
Glutamic add 850 551 CG 0.15 0.56 0.45 0.18
Glycine 1,000 752 767 C8 0.50 0.52" 0.45 0.50% 0.21
Ornithine 300 182 300H+ C10 0.40 0.57W 0.45 0.26
Histidine 252 C12 0.51 032 041
Lysine 850 C14 0.61 1.05% 0.80 0.50
Proline 354 C16 557 847 7.50 12.00™" 6.00
C160H 0.15 0.08 0.15 0.10™ 0.08
*99.9 percentile of newborns (n=15,000); "4 S.D. above the mean; "Reference [4],
The authors used PE Sciex micro-LC series 200, PE Sciex micro-Pump, and a Model c18 200 166 250 1.70
PE Sciex autosampler in 79,719 Korean newborns; *Reference [6]; "Reference [5], C3DC+C40H 0.57 0.45 033
The authors used a sleries 1100 Hewlett Pacl.<ard HPLC pump, a Model 215 Gilson C5:1 0.20 038 0.25 0.08"*
autosampler and Micromass Quattro LC 'trlple—quadrupolé taqdem mass spec- C101 022 023 030 018
trometer in more than 160,000 newborns in the USA, especially in Massachusetts, _
Maine, New Hampshire, Vermont, and Rhode Island; ‘Reference [7], cumulative 102 012 015 008
percentiles for amino acids in neonatal dried blood spots analyzed by tandem CilkT 0.40 021 0.60 090" 037
mass spectrometry by the participants of the Region 4 Stork collaborative project C140H 0.14
. .t .t
(as of December 1, 2012)], 10 S.D. above the mﬁ‘an, 7 S.D. above the mean; '8 181 181 210 350 250
S.D. above the mean; *9 S.D. above the mean; "6 S.D. above the mean; 5 S.D.
above the mean; **13 S.D. above the mean; 11 S.D. above the mean. C180H 008 0.05 0.10 006
C18:10H 0.18 0.07 0.07

9] 71349 7]2A][5], CDCollA] A5gt 7]524][6], Health Resources
and Services Administration (HRSA) Region 4 MS/MS project®] 7]
ZA[7-919} B] WS G (Tables 2, 3), & 7]7k0] =& 7|27} €}
7|3 71X 2 vlsssA U W ke HAlaL, 59 CDCOHH Al
Aot w2 71 e & 78] 52 7SR R @
oA WokTh Yoon Fl419] g B =2 ALk %‘E‘ﬁgi
HFE SD GX-10XE Bt &2 7|5 AAsiled, a8ks
2 Hlus] He, 2 7]ke] Aghe A AL s iy
0.5% (600/119,948)°]1L, Song 5-{10]2] B 11| A]= 0.4%°]H, =
B} AR E T 0.3% [110] 2.2, 2 slate] 49 44 Al 4
A} e o] £8-g0] B R0 §AE L o u, o)
A 2 7130 7154 o] Ageleka Brtelsick
HRSAOHH AXEE AAFE2] 99 percentiled} AW #9o] 714
2 5 percentile> % 10271 A7 HE2] F+2Zl(cumulative)
percentileOIEE, 7L-of| upebA = Z“HT_LE] 99 percentile 2 th 2
H Q9] 71 LR 5 percentile®] T W2 A9 QlojA £ 7)1
O] 7|2k T Bl oA, tE] oA 99 =4
percentile HthH= £ 7]13142] 999 percentile®] =11, A ¥919] 5
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For abbreviations of analytes, see Table 1.

*99.9 percentile of newborns (n=15,000); *4 S.D. above the mean; "Reference [4],
The authors used PE Sciex micro-LC series 200, PE Sciex micro-Pump, and a Model
PE Sciex autosampler in 79,719 Korean newborns; *Reference [6]; "Reference [5], The
authors used 1100 Hewlett Packard HPLC pump, a Model 215 Gilson autosampler,
and Micromass Quattro LC triple-quadrupole tandem mass spectrometer in more
than 160,000 newborns in the USA, especially in Massachusetts, Maine, New
Hampshire, Vermont, and Rhode Island; ‘Reference [7], acylcarnitine cumulative
percentiles in neonatal dried blood spots analyzed by tandem mass spectrometry by
the participants of the Region 4 Stork collaborative project (as of December 1,
2010); *0.1 percentile of newborns (n=15,000); "8 S.D. above the mean; 17 S.D.
above the mean; ®11 S.D. above the mean;"15 S.D. above the mean; 10 S.D. above
the mean; **6 S.D. above the mean; 712 S.D. above the mean; 7 S.D. above the
mean.

Abbreviation: U, underivatized.
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Table 4. Positive cases of neonatal screening tests for inherited metabolic disorders that require confirmatory tests

Increased analytes

Suspected disorders or false positive cases

Range of concentrations

Number of cases (median) (umofl)

Amino Phenylalanine R/O Phenylketonuria
acid Tyrosine R/O Tyrosinemia
disorders Leucine+lsoleucine R/O Maple syrup urine disease
Citrulline R/O Citrullinemia
Ornithine R/O Hyperornithinemia
Arginine R/O Argininemia
Organic C3 R/O Propionic acidemia
acidurias C5 /

R/O Isovaleric acidemia or R/O 2-Methylbutyryl CoA dehydrogenase deficiency 21

4 120-184 (155)

7 320-509 (397)

1 740

6 45-62 (53)
15 325-429 (354)

1 54

1 1092

0.57-4.00 (0.91)

or R/ 2-Methyl-3-hydroxybutyryl-CoA dehydrogenase deficiency

C50H R/0 3-0H-3 Methylglutaryl CoA lyase deficiency or R/O 3-Methylcrotonyl CoA 7 0.74-15.78 (1.92)
carboxylase deficiency or R/O 3-Methylglutaconyl CoA hydratase deficiency
Fatty acid Co R/O Carnitine palmitoyl transferase type | deficiency 1 77.65
metabolic  C4 R/O Short chain acyl CoA dehydrogenase deficiency 3 0.73-2.34(1.22)
disorders C10:1 R/O Medium chain acyl CoA dehydrogenase deficiency 1 047
C140H R/O Long chain hydroxy acyl CoA dehydrogenase deficiency 1 0.15
C10:2 R/0 2,4-Dienoyl CoA reductase deficiency 1 0.34

Total number of cases

For abbreviations of analytes, see Table 1.

20124 195E 201449 9G71A] ol2)E AAF Al & 119948
710131, 717 6,68171001 4] A5 QJ=jE HAE o]-8-ato] S Al
5L o] 2 HAF 74=2] 5.6% (6,681/119,948)0) S=| 2Tk
6,08171 & A Foll& K] ofg 278 Holi= 713710 tfa}

A AT, 35 0N AE BAE e
2382 AA o8] A4 5 05% (600/119949) 4L, A A
A S AR 2 87 A% 3 8496 G00190] ST

ok A E 2 A 5 84.2% A E HAS T Qﬂ’a‘}oﬂ:
o, A el LA 7, TR 07E AA| Esko] AN
AU Aldore] B S 74—r"}t =0l ?i‘“rl’
A A= AAPE w2 7= ohusie: AAE A
60071 5 7071014 o3| A &~ % Hof, SIS o5t
£ FESHAL, of= A HAF 2 4= 19,9487 5 0.06%, A
A A= AR AT AR 4= 60070 5 11.7%0] sie-st
ok A A IA s A S B o] o4E = dgh
3Gtz A5 Table 40 H7]813Ick

= 7)ol A A ZH%VEV\POHH & Bl Ak ofd =
W e 7ol A Hare AghEate
1], obAJo} B2 UrehEof Al Hargh é?lr%ﬂ}i HlSRE S 2
FATH12, 13]. SPARE & 7] 2ol A= A g 3
A3LE 2 E3| Ornithineo] F71E]o] 112 2UEEZ(Hyperor-
nithinemia)©] 2JA%E+= 73-9-2} Isovalerylcarnitine (C5)0] 57}
o] o)At |HAFE Z(Isovaleric acidemia)o|L} 2-H|EEE]™ CoA

=4 8 A (2-Methylbutyryl-CoA dehydrogenase) A% F= 2-

200 www.labmedonline.org

e 33| EEA|HE]D-CoA B4 4 (2-methyl 3-OH butyryl-

CoA dehydrogenase) 28 50] 2]+ ]E]E 74¢.0] ¥l 7} =9t
n #

A AAIA .= sfjwptt 1R 7 o) "‘30}7} A7 diafe]
4 A frd Aol it AEHARS AL Qick FA) oo 414
FAEAAL 71l 24 77| 2= T A o‘\“i‘ A71E Ak
QLo o] whe} 6071A] ool B A4 7hsd e s
7= AL QIeH3]. 20000 =
netics (ACMG)OJ|A] 29%2] a4l AFk(core disorder, core condi-
tion)¥} 25%9] 22} thik(secondary target, secondary condition)
& B5stol Ahaaste] S AAsria)
oAl 1990t 258 Y AL A7 S A thAte]
AR Ao} ALl 2|85k 24 o] Fofo] 3lofA] &7]2
Q1 o) Fehzdo] Har(i], AA) ol A= 137]ell Al 'Y
70&_1';!./H7]E o] ].0:] XA EH/\]—O]/U—Ng], Al /\Ho]- A A]-.é_
Al QI 20139 e =] SAYOF 1= 436,6007012L, ©] 5
%‘#XI%J_ AR Hiatol R AR AT 2= 42975971(98.4%)
phenylalanine, leucine, methionine 3%-5-2- 13713 &
o A A2 A, 1 s ol oLz} dA) 4
A9 63 o) MEo] A AulsgroluA, Uy RIS o]
83 541 0] Habo] ogh Ao MAAAE 1T Z Ao}
80% o] AkollA] A2 9lekat gk

(o]

American College of Medical Ge-
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