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Newborn screening of inherited metabolic disease in Korea
Dong Hwan Lee, M.D.

Department of Pediatrics, College of Medicine, Soonchunhyang University, Seoul, Korea

In 1991, the Ministry of Health & Social affairs adopted a nationwide service program for neonatal
screening of phenylketonuria, galactosemia, maple syrup urine disease, homocystinuria, histidinemia &
congenital hypothyroidism for newborns delivered from low class pregnant women registered in
health centers. Government decreased the test items from six to two, PKU & congenital hypo-
thyroidism to increase test numbers with same budget from 1995. Government decided to test PKU
& hypothyroidism for all newborns from 1997. 78 laboratories wanted to participate for neonatal
screening test in 1999. Government didn’t decide laboratory center for a certain district and placed
responsibility on free competition. Government are planning to test 573,000 newborns from 1998,
Government decided to screen 6 items PKU, congenital hypothyroidism, maple syrup urine disese,
homocystinuria, galactosemia and congenital adrenal hyperplasia from 2006. 17 laboratores are
participating now. The cost of screening test is supported by both the federal government and local
government on a 40-60 basis. In case a patient with an inherited metabolic disease is diagnosed by
screening of government program, special milk is provided at government’s expense. Interlaboratory
quality control was started 6 times a year from 1994. According to the government project, 3,707,773
718 congenital hypothyroidism were detected. So incidence of
PKU is 1/43,114 and congenital hypothyroidism is 1/4,612. Maeil dairy company produced new
special formula for PKU, MMA and PA, MSUD, urea cycle disorder, homocystinuria,
acidemia from Oct. 1999. The cost benefit of performing screening procedures coupled with treatment
has been estimated to be as high as 1.77 times in PKU, 11.11 times in congenital hypothyroidism
than cost without screening. We are trying to increase the budget to test all newborns for Tandem
mass sereening & Wilson disease from 2008. Now it is a very important problem to decrease
laboratory numbers of neonatal screening in Korea. So we are considering 4-5 central laboratories
which cover all newborns and are equipped with tandem mass spectrometer & enzyme immunoassay
for TSH, 170HP & enzyme colorimetric assay for galactose. (Korean ] Pediatr 2006;49:1125-1139)

Key Words : Newborn screening, Tandam mass screening, Quality control

isovaleric

AYor MEZAA| HAL

vE A Euolel A Az Agd
wE Aol AEAAE 2
Yozt AYx Relvhn By 9l

Guthrieo] ©|3te] @ol2 ol 83 Ao} AuAAPEel 54

A 20060 10 10¥, +<1:20069 10€ 304
DA ol FH, AT STt Lol e
Correspondence : Dong Hwan Lee, M.D.

Tel : 02)709-9314 Fax :02)709-9135

E-mail : ldh@hosp.sch.ac.kr

ek o] W HIAg 543 oA £ 1 AFAAE
Aol ®U Bacterial inhibition assay(BIAR)ol| ¢]&le] &
o Addeds S5 AEAERTS 27| Bdshs
wgelth, oA AlFtE AdAERS Aol AEAE o
i}x]g ol g3t AAVEAHZT WITRT LEAERT T
o] A S e gk 2ol AEAATE ssEi goem
# | T (multiple) AR Al ZE Ao,

1973\ AAvrtell A o] o= elo] Mg 75 At

A3

So QUANIE ASE ¢ At Aol FRENG, FA4
;
RN

ALA ST YR o] FAE BE HANE $ oA H7] W)

- 1125 -



ol T FHAd A Ee] Aol e

of o] HAPIWS Mo} AL FEE A$st wrp
Guthrie(BIA)Ho] & E o] F 1962-19631d Alo]el w]=ro Al

it AAE AAlEo] faAdol SHEATE 1963-19651

Akl ml= Zpgell A AdAERS Aok AdzAe] AAE
A JAS7E o] Folxlom ofsp &2 Al7lel Ayt T4 F
Hel AAFex= Bk 1975 el Solebd A 1

A7l A sl AdAeRs R B 3t dvke
A Fell webA 2ot A AAle] Fadu f840] A
ARE AdAERTY AW A 7E
A4S gided 3 gy JAapApy
Moz wAdwortar iy 1992WFE Mass Spectrometer”}
1] 2~ 74/\]_3}‘_ 1E 9] 7<4D]— E/\-‘7]% o]
st @ gk WERE 4099F oY FAAGUAIRESS T}
Al HRAT 19963 FE HdAERS,
o] AAol Az Ate] FA4 WAool WAEe FHITolE Gu-
thrie®2 72 AME3FA] A = AT 3]:301]% 209 71+ <]
== _f.j_zjxlglo A]Ago} }\ﬂtﬂ}l/q. o]_:
olE AlAol AHAALY] tide] H&
WAt AR AL AN HAY ZT)e AFEE
716 st X 5E W] AlFetd X871 7FsEAl H
Aar Al Aol MEAL= A oie 93 F23 fudo
A= “1% 2017t Aol AEALE Wrola] A4l el 9
Hala

=
N
N
e
32
rr
rﬂl
UE‘.,

o
rlo
©
i
ﬁog
N i)
T
=

gl

s
)

o

310 F[O o:: r_hL
L2
oﬁm E

Sh=R0lAMQ] Aot MEAAS| BE

)

r
Joi

198540 =AU SHEA Lolsel ] Aoz Ao} 4
ANE ANSAI 19908 AVIEelA A e A
o mARANOR AFe] wAse} RAM
7 Zii%% AAetsh 4%,
2l @0} 29,3258 —%

A
2,

Bomy oA oo

2
2
>

B
o)
L
—d o
ll _prm
o e o
>
3oy
2
i)
ko o2
o
2o
Rt o
0,
o
)

o
i)
>
>
ol
ol
2
®
i)
~
>
o
I
o
o
i}
é
ol){

3

OW o
o ¥
=2

>
L)
av)

ol
oft

ke
ol
o

>~

0,

&(A

N

off B K

offl
lo
o
=
i)
o
o
fru
o
ol
2
nj
—
ol
Lo 3
s
i
il

oz
N

ol
-

r o\
e
2,

d AARILSE 29 S7MIO7E 19959 F-E =
J@o}oﬂﬁ AAE 7] flske] 671 Aol A g
WA ISASS 28R FAaFEAh 1997
e ﬂ*@o}oﬂﬂl =H50%, AWH] 50%2 Y2 1
Fr2 g’ 2 1998ddlE 573,000 <)
Aot Aare Agolded IMF AAY7= 21ske] 397,000
Hog FAFHTE o] Folm A 397000802 HAaEoe] A
AVE AAP oY thEle] 2004 35-E Ao BE AAolE thA|
o AAEHA =]
20063 €] %%%h%, e
BANEYZ 43E0] F7}5 o 6%2} o=z g AAsa vk

)
=
=

2
rlo
> I

o 82
N
o,
o 2

(R R o
o\
_Y‘_l‘
2
)
>«

2
Hl
Lo
st

>~
>
it
&\t

il

e

>~
h?
of\
N
)
f
><
ek
of\
2

f
™

o
R
-z
=2
R

= ARERE ABAYEeR 199193 HJA
160l Al QSR AEAHI] S Fato] A
vl Mead JohnsonAhe] Pheyl Free
B2 AT %‘—915} 199297 H = A=
Stolof| Al Aol Zehgk Aol A A US 3

=
& A

1

o
il
o, it

o
B

2
X
I o=

P

e owS rim

£ fo L do 12 r

s
o E
N rﬁ Jm
Ry

i
tr

N
et

o

HoX o oE o
T
4

30,
—
O
O
O
i
=
)
r =
ok
J-&J
o
2
1o
:(o
jind
2
X f
i
it
al
M

ol
il

-z
td
_\;

2002 H-E =
PK AID—4<14A11
1991l &= 3} X}_HJdAilEMW B A
AHE AlgEg T FRAND R Qs Aol Awlzile dig &
27k g 19920l ATy Y dartEAE 3
6711 A GAARL, e 3 oA Xé%@%‘lg *‘f\l—o‘}ﬂrﬂ UHLL
7k} 19990l 787 a7k
= 170 Art&edA] HAME A8

il
lF
— :(o Flr

1. MEYIHALO| AL A=

199156 1995 37k4] 15d%F A5 Aol g A AL
0]16171;/\}?; Lo /\]/\go]_——— = 37()7773\:1 o7 7]71_} Zo}
A BE 1A ole] 396/7} ArLE AT A AAok
AR ARG o VEOPOSIH 19913 #-¢
19961 7kA1 6:d7ke] AR &2 2l A ole] 63/0]0451\%
A Aotz e 19977 A @ﬁ oko] 70% FEOE H4
FAERAE 1998-2003d F 77 AAEAA &S 64.0%°1
3, ST Aok 100%= ik 2004d5F-H 20059714 2
ko) AP &S 87.5% 0] ULt

nﬂ)l'

¢

rT‘

2. MMY CHAIO|A EHO} 2 HIT

1991415 2005974 15497F A% A QArglel] o % M

Table 1. Number of Newborns Tested Newbron Screening
Tests in Korea

Year No. of newborn No. tested Test rate(%)
1991 718,279 28,286 3.9
1992 739,291 20,372 2.8
1993 723,934 35,094 4.8
1994 728,515 51,045 7.0
1995 721,074 74,880 104
1996 695,825 62,542 9.0
1997 678,402 345,013 50.9
1998 642,972 416,115 64.7
1999 616,322 398,444 64.6
2000 636,780 407,981 64.1
2001 557,228 382,338 68.6
2002 494,625 346,176 70.0
2003 493,471 339,945 68.9
2004 476,052 386,889 81.3
2005 438,000 412,653 94.2
Total 9,360,770 3,707,773 39.6
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Table 2. Prevalence of Phenylketonuria and Congenital Hypothyroidism at Birth in Korea

Phenylketonuria Hypothyroidism Total
Year No. tested
No. cases Prevalence No. cases Prevalence No. cases Prevalence
1991 28,286 1 1/28,286 7 1/4,041 8 1/3,536
1992 20,372 0 - 7 1/2,910 7 1/2,910
1993 35,094 0 - 8 1/4,387 8 1/4,387
1994 51,045 1 1/51,045 12 1/4,254 13 1/3,927
1995 74,880 2 1/37,440 8 1/9,360 10 1/7,488
1996 62,542 1 1/62,542 6 1/10,424 7 1/8,935
1997 345,013 6 1/57,502 62 1/5,565 68 1/5,074
1998 416,115 7 1/59,445 132 1/3,152 139 1/2,994
1999 398,444 9 1/44,272 33 1/4,528 97 1/4,108
2000 407,981 9 1/45,331 39 1/4,584 98 1/4,163
2001 382,338 9 1/42,482 70 1/5,462 79 1/4,840
2002 346,176 8 1/43,272 49 1/7,065 57 1/6,073
2003 339,945 14 1/24,282 36 1/9,443 50 1/6,799
2004 386,889 9 1/42,988 71 1/5,449 80 1/4,336
2005 412,653 10 1/41,265 73 1/5,653 83 1/4,972
Total 3,707,773 36 1/43,114 718 1/5,164 804 1/4,612
HAbel g RE W2 3,707,773 9] Aok Aol AERAL Table 3. Prevalence of Other Inherited Metabolic Diseases at
2 E3slo] WAd slo} = AAAAUAAIISASE 7189 Birth(2005)
AAERESS 86HOE EF 804t 15W%He] EAA Di No. No.
isease Prevalence
go} WA Mt AFAZAHA %Zﬁ s%50] 5164%% 1903 tested _ cases
i HIAERS0] 4311499 14dollon AAFow Aol Maple syrup urine disease 238,075 1 1/238,075
° . Homocystinuria 201,479 1 1/201,479
461299 18] AHA dirtold Fholrt Ak D}(Tdble 2). Galactosemia 353,834 9 1/39314
20055 Aol ARHAL ArE SAR AEd BE 84 Congenital adrenal hyperplasia 251,164 9 1/27,907
AN S SARNEE dEdnd 1/238075%, AHE~ES 1/
39,3149, ARAAZAFANAPAEFT 1/27907H IR, THAI AR E

< 1/201,479% ©] A tH(Table 3).
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Table 4. Comparion of Costs between when Mass Screening
Tests Performed and When not Performed

Costs when
mass screening B-A
tests not (million A/B
performed(B)  wons)
(million wons)

Costs when
mass
screening tests
performed(A)
(million wons)

Phenylketonuria
Congenital
Hypothyroidism
Total

3,565
2,642

6,207

6,293
29,358

35,601

2,128 1/1.717
26,716 1/11.11

29444 1/5.74

& Aldske 7o
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Fig. 1. Sampling site of neonatal screening test.
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Table 5. Clinical Interpretation of Newborn Screening Results : Phenylalanine

Screen result Possible condition Clinical manifestations Speciail Evaluation/Care Required
Abnormal Probable Hyperphe/PKU usually severe Yes
>4 mg/dL variant forms of PKU Mild to severe Varies
phenylalanine Mother has PKU Mild to severe Varies

Other metabolic disease usually severe Yes

False positive None No
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Febd o] %1% Table 73} 2t
o $8%de o} vt ez 7 9

73 2T Aw A 5 104
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o o &
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N
rlr
o
—
b
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o
it
gk

m
oy

Ao =

g5 7] o]Fol &= 1.0-1.2 g/kg/Y °l3t7t HA
A AHF o] 05 g/kg ©lsHd A5, Hd L}
=

AgS sm dHadged st st 497 de
shojol gith) whdel g RS dddeds AAS
2 AFska, Table 79 8% dddEid

st W9oA FddEide 2l wlo g Fojgit
o] Folgke oJolr] 60-150 g/¥, Frob7] 150-200 g/

J

7] ©]% 200-300 g/¥ eIt

Qeksr] A7) QAo g Yelol shal,
[e)

FehiA S 245 AAASS AAskelok @) 3]

A4, daaseae Agat 4r4ez
AL B2Y Afol W A4, 5A olFol e

ot ¥ = AkeE H MRI HARE AA g

[e5

® ol AAran e JAA A&solokstul, ssha A4
]

Table 7. Recommandations for PKU Treatment

o ) . ) Age Plasma phenylalanine level(mg/dL)
ollel dF #dLedx7} 10 mg/dL °l87} H=s g} 1
@sted AL 24 mg/dLE FA] fstel Ade DLV o
- = PPN . o yr -
gd JHAEFS 2deit) dddebde] #4592 dxnt o 9-11 yr 3-8
2og, dF AddedA s Md SAste] Addehde] £ 12-14 yr 3-10
T AR oW %7] Az Ydstel Adstelop @rp?. 15 yrAdult 315
Table 6. Dignostic Criteria for Hyperphenylalaninemia and PKU
Hyperphenylalaninemia and PKU Diagnostic Criteria
Core Tests and Procedure Quantitative blood phenylalanine and Phenylalanine above 250 Umol/L or 4.0 mg/

tyrosine analysis
Red blood cell DHPR

Urine pteridine profile : Biopterin plus

neopterin

Supplemental Tests and Procedure Complete plasma amino acids

Quantitative organic acid analysis(urine)

DNA analysis
Parental heterozygotetesting
(blood amino acids)

dL and tyrosine at normal or below normal
concentration

Reduced activity

Abnormal=Variant form

Elevated phenylalanine’ normal or reduced
tyrosine

Elevated phenylketones

Specific mutations found in the PAH gene

Elevated Phe/Tyr ratio
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gt e wy Foll dAARD dddetdely e 54 it
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o2} oke] HE7tE ol Foixl "ollA tiafol gl tid SEd

Ang wolor ) sle AGwge] BAE dobns] s
AlEolok star & 4 b A AYe] ofFof Aok it
(4) A

FAGEI FHTA AAE Bobel Frok AETH LA

Table 8. Phenylalanine Requirements according to Age

Age Phenylalanine Requirements(mg/kg/day)
0-3 mo 50-70
3-6 mo 40-60
6-12 mo 30-50
1-2 yr 20-40
2-3 yr 20-35
3 yr-Adult 15-35

TBAA w714 AN A Bt Bxe} EE
of WA Agte] Aelel Agat Wad Asd A~

G A s AL s E 2 ol FRd

o

sk
T8 ol TARY BRI A~ uS HAJATS o
Fete StadARe} Aol afo|t), Fxbe Aolbr|ek Ha
Wrlel A4z 259 Ak giste] ol mE AHEe HRE
A g rolof ghrl,

2. ZetEQAS = (Galactose-1-Phosphate Uridyl

Transferase Deficiency)
1) & ¢

& off-el wAglel 4E T

BeEosRFe ATRAY 2
1-P-uridyl transferase(GALT)Oﬂ gk Aol A

9] galactose-1-P
HHAbA S Hol= o] e wath GALT W33
AAbl og Aol Al HAE wkSo] gAY FAEe Ay
7F UskE w Fdem AT GALT Ao od fise
AHEQAEFLS AFA, ZFELX galactose-1-
phosphate(gal-1-P)& 3k —1;(4%]7]' 7l 10 mg/dLE €A
Hrh Aol A Habe] AgES 20 O gAMIES SASH
Hed ¢ e 2A~HA O]—roiﬁoli st Sx1AL A

o)

mELHU

EEIED)

7o) A olgkE 27449 ARE AAsjelof .

Aol APl FARHE B wE Aol wa] 7
Hol we oxelA B, BEd, TEY FHud ALE 5
A vl AAHE welel @) o) 48 N Bolh S
WA e ASole HEAel 43 AR D AAZoY 9
o og A Fherol woldth Wi Aae A g
222 HAHE Fole Ao] AlFeith F4o] UE dote $vH
fow Fan wel PAE dlok s, 4o Hrw Aol
Er 2ok YFARANA Andr BeEo~E AxA 4

Table 9. Clinical Interpretation of Newborn Screening Results: Galactosemia

Results S .
Screen Interpretation Clinical Manifestation bpgmal Evalgatlon/
GAL' GALT are Required
Galactose NL NL NL None None
Metabolites and GALT any Absent Positive(Uregent) Severe Urgent
Enzyme Elevated Reduced POSITIVE can be severe Yes
Elevated NL NL(equivocal) Usually None Varies
NL Reduced NL(equivocal) Usually None Varies
Abbreviations : GAL, Galactose; GALT, Ze] &4; GAL, & E‘E_,_%, GALT, do] &4
P Ae hadoz 2 FTaA Szl AaAN, T 2 o) gt BARfE vk
A HUF SHAFow FARA Z7AQ Q4RI AEAAE s FEo] A RALFE uE AL 1
BA(ERZ): FHRE] $AHL ofd. A Al wet f3e] Yl ZAR i g As ag
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Table 10. Diagnostic Criteria for Galactosemia(GALT Deficiency)

Diagnostic criteria

Galactosemia(Galt deficiency)

> 8 mg/dL or above upper limit of normal for lab

<5% of control

RBC gal-1-p and/or galactose

GALT enzyme analysis

Core Tests and Procedure

Azbnormal biochemical phenotype
Specific mutation(s) in GALT
> 100 mmol/mol creatinine

GALT isozymes DNA of GALT

Supplemental Tests and Procedure

Urine galactitol
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Table 11. Clinical Interpretation of Newborn Screening Results: Leucine

A EV |AEZ R A ZN A9 branched-hain &3}~
2 Y Age R gt

3 oz = ol it
9 Hol7b A= AEelH, 670 ol #3447t BCKAD
ThEA BA #osty] wiolth g HAHES Table 12
o 3

Screen Results Possible Condition Clinical Manifestation Special Care Required
Leucine >4 mg/dL(-300 umol/L) MSUD Severe URGENT
Variant MSUD None to Severe Yes
Premature infant Varies Varies
False positive None No
Table 12. Diagnostic Criteria for Maple Serum Urine Disease(MSUD)
MSUD E e e
Core Tests and Procedure Blood: Quantitaive amino acid analysis Leucine Isoleucine valine Alloisoleucine
(umol/L) >300 >100 >300 Present
Supplemental Tests and Procedure Urine
Quantitaive GC/MS a KIC a KMV a KIV
OR >2 >2 >2
Quantitative: Leucine Elevate Elevate Elevate

DNA analysis of the branched chain Mutation(s) identified
a —ketoacid dehydrogenase complex in

specific ethnic groups

- 1134 -



AgAoL kob FRAUD 24 QaAstolof k. W & gl
=

Jotebd BCAAZF EFHA| @4 o448 Fo] BCAA AS

Almsojof Tk BCAAZE $HisA @2 AolE

BCAAX7} 448 4 WA £, 2% o4, &

& #lstolof Frh ol RE 2-49 Hx ZTh BCAAA
A

oAkl duk o] AFAY Lo] FHEA ke HolE TS
3 o] Fol| Fals Frbeth AW #eElE 8iA nZze] 43
(RS 120 kecal/kg/¥ ©1’hHE FASIAA F348S F28h=
Aol Fasith HYHAY, HFAAE 28 Aol LAY
ayoe] ol& Ha AlgETh F4 HWIo TASAS AS
branched-chain &3}-AEAFS] AAA FHS 7AaA7]7] $3)
GoFEA o] ALGHANE AR Fo] F3FEHlE FAGE A
< oy dojtt. EUEALS YR gla olstHE e
Y2 vpH & FEslr] wiEe] FHEA ke

GFTduT ol T HYETS #a e Folel 53] F4
Wajolw BCAAZL gl AMTHE 2-3Y o Twite Sho}
o] 4 BCAA®] AHAS 77k dh=A st oksh=A 24
sk A2 g ojEe delrh. d¥tH o= BCAAY @S
o deF she Shol= wRlo o]AFA FAE 9wk
BCAAE 4 Z9® 3 gt dolse 3714 BCAAY B &
7} AEsldE Aeolth miRvIAR olshdElrt A &HE b AW
U AT du-AEe] HEE otk 10 mg/ke/d &FC]

Fhssheha sobel e} ergst

1o
e
ole
2
-z
-z
I
2
__)‘J_rll
=
. 10
of
u
2
>
1)
o
k1
il
e
.

!
2
Hd

=
2
>

o i Ho
2
ot
o
tlo
fz
o

¥
o
K
o
.

o
N
Br
o
N
offt .
o
o2
- X
B
> o
fr

Aol A= 6/ B T
Atk ghate] stESe] olgh el rUERS e skt

il
=
ey

i
o

>~
>

o
-

o

lo

L

o
(U= ST oA

of\
N
N
At
=
>
>
=
il
: L2
jiin}
Mo o
N
N
ol
ok,
N
=3

2 ooy d

Koo
2 g »

O

>

>

ox,

N

N
o®
o

3
-
ofi
-

ol

v d
N
2

Korean ] Pediatr : Al 49 ¥ Al 11 & 2006

gAL A Ak A4 Ao vha mUe
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9, wug, 2thEE, due WA fudt sRAsd
Zol ol WE 27 @ @ Be Fabol vt

Cystathionine- 8 -synthase(CBS) Z¥
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Aol B Y AP 24 F Y el suE o)d
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oA TARA & FE drh
ol Aol AwgAl P Follds ZEAAE RS 8l
S FE IAT g3 FAE 2dte 9 s e A7
& F Stk AR sdFoG Holzalds e T F
A4 diabdge] Sle oAM= miA o] dedt 5 gl
dobe] Wi Foh AH, mao] wAds, HAF A edeA
suAsRoR gudstEer dojshs & WMot gle
FotlME wrx S AFHA A 9 Fdol 2 5 3l
ok gt #44 Adel o avAeddSS hdas A
& Tosl diAtel Al WA WA EAGSEE o
A ow ddsh=s Wil Table 139 whob 3tk
2719 F8 A EF opmal B4 T @Y SRA~
Al 2~

o] 100 ymol/L ©]aL, Tuido] Aejxl dgo
[e]

= 2] Q.
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Table 13. Clinical Interpretation of Newborn Screening Results : Methionine

Screen results Possible condition Clinical manifestation Special evaluation/Care required
Methionine elevated Homocystinuria Usually severe Yes
(>1.5 mg/dL) Other defects of methionine metabolism None to severe Varies
Other metabolic disorder Usually severe Yes
Liver disease Varies Varies
Prematurity Varies Varies
False positive None No
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Table 14. Diagnostic Criteria Homocystinuria

Homocystinuria

Diagnostic Criteria

Core Tests and Procedure

Total plasma homocystein

Urinary organic acids
Enzyme assay
Molecular analysis of the

Supplemental Tests and Procedure

Quantitative blood amino acids

Methionine =>> 1.5 mg/dL(100 ymol/L)
Free homocystine : present
Cystine : Reduced

>25 pmol/L

No elevation in methylmalonic acid
Absent cystathionine- 3 —-synthase activity
Mutation(s) identified

cystathionine- 8 —synthase gene
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