
대한 유전성 대사 질환 : 2018;18(2):35~42 원 저

- 35-

1)

Introduction

When bacterial inhibition assay was introduced

책임저자 김숙자 대전광역시 중구 문화로: , 282

충남대학교병원 소아청소년과

Tel: 043)216-8280, Fax: 043)215-8288

E-mail: kimgenee@naver.com

in Korea in 1991 for the screening of congenital

hypothyroidism and phenylketonuria (PKU), it

was limited to low-income families. The Ministry

of Health and Social Affairs adopted a nationwide

service program for neonatal screening of phenyl-

ketonuria, galactosemia, maple syrup urine dis-
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Purpose: To follow up Korean patients with metabolic and endocrine disorders ascertained by Korea

Genetics Research Center, and assess the long-term effectiveness of extended newborn screening pro-

gram in Korea.

Methods: From January 2000 to December 2017, tandem mass spectrometry and fluoroimmunoassay

were employed in extended newborn screening (NBS). The NBS program obtained dried blood spots

from 283,626 babies, 48 hours after birth, and screened for galactosemia, congenital hypothyroidism

(CH), congenital adrenal hyperplasia (CAH), and 50 preventable inborn errors of amino acid, fatty acid,

and organic acid metabolism.

Results: 28 cases of amino acid disorders, 75 cases of organic acid disorders, 27 cases of fatty acid

disorders, 51 cases of urea cycle disorders, 127 cases of CH, 14 cases of CAH, and 15 cases of ga-

lactosemia were ascertained through NBS and subsequent confirmatory laboratory tests. Patients with

amino acid metabolic disorders, galactosemia, CH, or CAH were more likely to have a better long-term

outcome if detected early. Early management of MSUD led to much better outcome in over 90%. De-

spite early intervention, 32% of other organic acidemia cases still resulted in developmental delay and

neurological problems. Fatty acid disorders showed varied results; those with EMA and MCAD had a

good outcome, but those with VLCAD had serious neurological problems and considerably higher mor-

tality. 75% with UCD experienced serious neurological complications and higher mortality.

Conclusion: The nation-wide NBS program must be accompanied by comprehensive long-term mana-

gement and physician and family education of inborn errors of metabolism for a better outcome.

Key words: Newborn screening, Congenital adrenal hyperplasia, Congenital hypothyroidism, Galacto-

semia, Amino acid, Organic acid, Fatty acid disorders, Urea cycle disorder



대한- 유전성 대사 질환 : 제 권 제 호18 2 , pp35~42, 2018 -

- 36-

ease, homocystinuria, histidinemia and congenital

hypothyroidism for babies of low income pregnant

women registered in health centers. Government

decreased the test items from six to two (PKU

and congenital hypothyroidism) in order increase

the test numbers with the same budget from 1995.

78 laboratories wanted to participate for neonatal

screening test in 1999. Government decided to

screen for PKU, congenital hypothyroidism, maple

syrup urine disease, homocystinuria, galactosemia

and congenital adrenal hyperplasia from 2006.

From 2014, thirteen laboratories had been parti-

cipating. Interlaboratory quality control was started

6 times a year from 1994
1)
.

The mass spectrometer separates and quantifies

ions based on their mass/charge (m/z) ratios. The

modern tandem mass spectrometer usually con-

sists of two quadrupole mass spectrometers se-

parated by a reaction chamber or collision cell.

With appropriate internal standards, MS/MS per-

mits rapid, sensitive and accurate measurement of

many different types of metabolites with minimal

sample preparations
2)
.

Since the early 1990s, tandem mass spectro-

metry (MS/MS) had been exclusively used to

identify and measure carnitine esters in blood and

urine of children suspected of having inborn errors

of metabolism
3)
. The MS/MS enabled a large ex-

pansion of potentially detectable congenital meta-

bolic disorders that affect blood levels of organic

acids
4)
.

In 2000, our center started Korea s first pilot’

expanded newborn screening program with a MS/

MS (Micromass, UK). Today, Korean government

supports screening of six disorders: PKU, galcto-

semia, congenital hypothyroidism (CH), congenital

adrenal hyperplasia (CAH), homocystinuria, and

maple syrup urine disease (MSUD). Expanded

newborn screening were not fully subsidized; pa-

rents paid the cost out-of-pocket. The Korean

government has plans to subsidize the expanded

newborn screening program from October, 2018.

We assessed the outcome of those detected by

extended newborn screening in an 18-year-long

study of Korean metabolic and endocrine disorder

patients.

Materials and Methods

283,626 Korean newborns, born between Ja-

nuary 2000 and December 2017, participated in

our extended newborn screening program (NBS).

The NBS program obtained dried blood spots

(DBS) from babies at least 48 hours after birth.

Electrospray ionization (ESI) MS/MS (Micromass

Quattro LC
®
, UK) and fluoroimmunoassay (Perkin

Elmer Wallac DELFIA
®
, Finland) were used to

screen 50 manageable diseases that include hypo-

thyroidism, congenital adrenal hyperplasia, bioti-

nidase deficiency, galactosemia, and inborn errors

of amino acid, fatty acid, and organic acid meta-

bolism. For MS/MS, acylcarnitines and amino acids

were extracted from DBS and butylated with stable

isotope internal standards, and were introduced

into the inlet of MS/MS via a high-performance

liquid chromatography. Following positive results

from the repeat screening, the diagnosis was con-

firmed by urine organic acid (gas chromatography-

mass spectrometry), plasma/urine amino acid (ion-

exchange chromatography), enzyme/cofactor or

orotic acid studies.

Diagnostic process included clinical and family

history, biochemical tests (NH3, lactic acid, blood

gas, urine ketones, blood glucose, urine analysis

and indicator tests), genetic counseling and sub-

sequent molecular tests.
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Results

Of 283,626 babies screened between January

2000 and December 2017, 207,047 (73%) under-

went expanded newborn screening (NBS) (Table

1). 181 out of 207,047 were confirmed to have

metabolic disorders; the detection rate was 1/

1,144. 28 had amino acid metabolic disorders

(detection rate of 1/7,395). 75 had organic acid

metabolic disorders (detection rate of 1/2,761).

27 had a fatty acid metabolic disorder (detection

rate of 1/7,668). 51 had urea cycle disorders (de-

tection rate of 1/4,060), which include citrullinemia

type I (1/12,940), ornithine transcarbamoylase

deficiency (OTC)/carbamyl phosphate synthetase

(CPS; 1/10,897), citrin deficiency (1/15,927), hy-

perammonemia hyperornithinemia hyperhomocit-

rullinemia (HHH; 1/103,524), and argininosuccini-

caciduria (ASA; 1/207,047) (Table 2).

One in 261 were positive for T4 and TSH; the

positive rate in the repeat screening was 1/2,233.

CAH had a high false positive rate; 1 in 417 were

positive in the initial screening whereas the repeat

screening found 1/20,259 to be positive. Galactose

had similar results; 1/505 were positive in the

screening and the repeat screening yielded 1/

18,908 positive rate. 3 cases with elevated levels

of galactose had been diagnosed with portosy-

stemic shunt due to hemangioma, portosystemic

shunt without portal vein, and omphalocele. Bio-

tinidase deficiency was extremely rare in Korea;

1/94,542 had a positive screening result, and re-

peat screening returned only one positive result

in 1/141,813 (Table 3).

Overall NBS positive rate in the initial screening

was 3,527/283,626 positive (approximately 1/80).

Table 1. The Positive Results of Newborn Screening, First Screening Results and Second Repeated Screening Rates

Year Total

Hypothyroidism CAH Galactose Tandem MS Biotinidase

First
positive

Second
positive

First
positive

Second
positive

First
positive

Second
positive

First
positive

Second
positive

First
positive

Second
positive

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

Frequency

3,185

7,895

8,936

72,056

72,138

71,157

8,962

7,605

5,970

3,010

3,632

2,185

3,245

2,207

3,029

2,746

2,501

3,167

283,626/

Tandem

(73%)

207,047

7

23

17

266

231

134

25

29

31

23

28

30

79

36

34

39

32

21

1,085

1/261

4

3

2

22

17

21

2

6

4

7

6

5

11

4

5

2

1

5

127

1/2,233

7

13

29

132

125

137

26

24

21

33

10

30

51

15

7

12

7

1

680

1/417

0

1

0

0

0

0

0

0

0

3

0

1

5

0

2

1

0

1

14

1/20,259

0

13

15

116

117

120

11

14

12

15

11

15

41

31

2

15

4

10

562

1/505

0

1

0

0

0

4

0

0

1

2

3

1

2

0

0

1

0

0

15

1/18,908

163

32

35

134

167

155

43

34

26

73

28

20

94

70

53

43

15

12

1,197

1/173

6

6

7

6

9

8

14

17

14

18

12

19

7

12

7

7

8

4

181

1/1,144

2

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

3

1/94,542

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

2

1/141,813
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Nearly one in ten (336/3,527) showed a positive

result in the initial NBS and again in the repeated

screening. Three babies' NBS results led to as-

certainment of 3 affected mothers even though

the babies were not affected.

The metabolic disorders detected by MS/MS

were 28 amino acid disorders, 75 organic acid dis-

orders, and 51 urea cycle disorders. The most

common amino acid disorders detected by NBS

was transient tyrosinemia 1/2,149 (132/283,626).

The incidences of classical PKU, hyperphenyla-

lanemia, and atypical PKU were 1.4/100,000, 1/

100,000, and 0.7/100,000, respectively. Hyper-

methioninemia had an incidence rate of 2/100,000

while homocystinuria was found in 1.7/100,000.

In order of the frequency, the most common

organic acid disorders were PPA (7.4/100,000),

MMA (5.6/100,000), 3-MCCD (5.6/100,000; 13

newborns and 3 mothers), MSUD (4.5/100,000),

and IVA (1.4/100,000). Urea cycle disorders de-

tected by NBS were OTC/CPS (6.6/100,000),

citrullinemia (5.6/100,000), and citrin deficiency

(4.5/100,000). Fatty acid disorders, MCADD,

EMA, VLCAD had incidence rates of 4.2, 3.1, and

1.8 out of 100,000, respectively. Endocrine dis-

orders showed much higher frequencies: hypo-

thyroidism (1/2,233) and CAH (1/20,259).

Discussion

NBS programs are now well-established in

many developed countries
5,6)

. A typical service

model comprises of a central laboratory performing

all the tests and screening a sufficient number of

babies to obtain the economies of scale and make

adequate numbers of diagnoses to maintain labo-

ratory expertise and follow-up protocols.

In most countries, there is a move to greater

uniformity of NBS panels, protocols, and clear

guidelines for evaluating proposals for new tests.

The USA is probably the most advanced in this

aspect with comprehensive policies published by

the American College of Medical Genetics and

Genomics
7)
.

In Korea, the first newborn screening program

started in 1991. It was free but offered only to

low-income families. In 1997, the Ministry of

Health and Social Affairs decided to provide na-

tionwide screening. Between 1991 and 2005, the

NBS, which had an emphasis on hypothyroidism,

detected 718 CH (1/5,164) and 86 PKU (1/43,114)

patients out of 3,707,773 newborns screened
8)
.

In a 10-year (2006-2015) multi-center report,

voluntary NBS using MS/MS found 261 cases of

Table 3. Metabolic and Endocrine Diseases through

Newborn Screening Program

Hypothyroidism

Congenital adrenal

hyperplasia (CAH)

Galactosemia

Portacaval shunt

Biotinidase deficiency

127/283,626 (1/2,233)

14/283,626 (1/20,259)

15/283,626 (1/18,908)

3

2/283,626 (1/141,813)

Table 2. Metabolic Disorders Detected by Tandem MS

Metabolic Disorders Detected by Tandem MS (181/207,047)

Amino acid disorders (28)

Organic acid disorders (75)

Urea cycle disorders (51)

Fatty acid disorders (27)

PKU (4), HyperPhe (3), Atypical PKU (2), Methioninemia (6), Homocystinuria (5),

Prolinemia (1), Tyrosinemia: transient (132), type l (1), type ll (1), type lll (2),

Amino acid transport disorder (LPI) (3)

PPA (21), MMA (16), MSUD (13), IVA (4), 3-MCCD (13+3 mothers), GA-1(2),

2-methylbutyrylglycinuria (2), Malonic Acidemia (1)

Citrullinemia (16), OTC/CPS (19), ASA (1), Citrin Deficiency (13), HHH (2)

EMA (9), MCADD (12), VLCAD (5), Primary Carnitine Deficiency (1)
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confirmed metabolic disorders out of 3,445,238.

The detection rate for the metabolic disorders by

MS/MS was 1/13,205
9)
. In another report covering

3 years (2012-2014), a commercial laboratory

screened 119,948. They had 6,681 positive results

in the initial screening; of these, 713 cases were

also positive in the subsequent screening
10)

. In

our experience, of 283,626 babies screened bet-

ween January 2000 and December 2017, 73%

(207,047) opted for expanded NBS. 181 out of

207,047 were confirmed to have metabolic dis-

orders; the overall detection rate was 1/1,144.

The substantial variations in the detection rates

across laboratories suggest multiple confounding

factors. Newborn screening positive babies pa’ -

rents often voluntarily request repeat newborn

screening with another laboratory. A number of

families with prior history of developmental delay,

metabolic or other genetic diseases have directly

requested newborn screening and confirmatory

testing, skewing the frequency of inborn errors

of metabolism. Furthermore, our laboratory has

observed a sharp decline in the number of babies

screened over the years as there have been noti-

ceable drops in birth rates over the years in Korea
25)

, and larger corporate laboratories have entered

the lucrative newborn screening market and com-

peted aggressively for their market share.

The MS/MS is usually operated in a multiple

reaction monitoring mode, in which selected me-

tabolites are measured. In practice, not all meta-

bolites detected in scanning mode make parti-

cularly useful NBS targets. For example, glycine

has a limited value in diagnosing non-ketotic

hyperglycinaemia
11)

. OTC/CPS is characterized by

extremely low levels of citrulline, and NBS often

fail to detect these patients. OTC/CPS can not be

ruled out by normal NBS results.

There were false positives generated by conta-

mination of DBS. However, only a small number

of contaminated samples were identified in our

long-term study.

MS/MS is not able to reliably detect OTC and

CPS because of low citrulline levels. In case of

hyperammonemia with low citrulline, urea cycle

disorders should be ruled out, even with normal

newborn screening results. C3 carnitine has a re-

latively poor PPV for methylmalonic and propionic

acidemias, partly due to the fact that babies with

increased free carnitine have secondary increases

in C2 carnitine and C3 carnitine
12)

. To make diffe-

rential diagnosis, urine organic acid analysis should

be performed.

Tyrosine is a marker for tyrosinemia type I

and II
13)

. However, it is perhaps the most common

metabolite with transient elevation for various rea-

sons. In our study, only 4 cases of out 136 were

confirmed to have tyrosinemia. For tyroninemia

type I, succinylacetone study should be carried

out. Levels of citrulline detected in NBS are not

helpful in distinguishing which type of cirullinemia

the patients have. Most newborns with mild eleva-

tion of citrulline are without symptoms
14,15,19)

. For

hydroxy-C5 holocarboxylase synthase and 3-

methylcrotonyl-CoA carboxylase deficiency, most

maternal deficiencies were ascertained by their

babies' NBS
16-18)

. Other supplementary tests

would be alloisoleucine for maple syrup urine dis-

ease
20)

, and total homocysteine and methylmalonic

acid for homocystinuria, methylmalonic acidurias

and cobalamin defects
21)

. Biotinidase deficiency

testing is carried out in several countries
22-24)

.

However, in our experience, it is extremely rare

in the Korean population (only two confirmed

cases in 18 years).

Long-term outcome of patients with amino acid

metabolic disorders, galactosemia, CH, or CAH

were more likely to be better if detected early
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through NBS and actively managed. Early mana-

gement of maple syrup urine disease led to much

better prognosis in over 90% while in 32% of

organic acidemia (MMA, PPA, IVA, GA) cases,

early intervention still resulted in developmental

delay and neurological problems. Fatty acid dis-

orders showed varied outcomes; those with EMA

and MCAD had good prognosis, but those with

VLCAD had serious neurological problems and

considerably higher mortality. In spite of the NBS

program, 75% with urea cycle disorders expe-

rienced serious neurological complications, and

compared to other metabolic disorders, more pa-

tients died. Carbohydrate metabolic disorders had

good outcome except one case with galactokinase

deficiency.

Early diagnosis and management can prevent

complications. A follow-up of newborn screening

showed amino acid disorders had a better out-

come by early detection and treatment, but the

urea cycle disorders had neurologic complication

in 75% of patients, even with early diagnosis and

management. In organic acid disorder screening,

MMA and PPA patients had 32% neurologic sequel.

90% of MSUD patients showed normal growth and

development. Fatty acid disorders including EMA

and MCADD had excellent outcome but VLCADD

had worse prognosis (highest mortality rate).

Most galactosemia patients were able to prevent

cataracts by soy formula, but language develop-

mental delay and ovarian failure were unavoid-

able.

Conclusion

The nation-wide NBS program must be ac-

companied by comprehensive long-term manage-

ment and follow-up as well as physician education

of inborn errors of metabolism for better outcome.

요 약

목적: 한국 유전학 연구소에서 실시한 광범위 신생

아 스크리닝 검사 로 진단(Newborn screening, NBS)

된 선천성 대사질환 및 내분비질환을 가진 한국인 환아

의 추적 관찰 및 장기적인 예후를 평가하기 위하여 본

연구를 시작하였다.

방법: 년 월부터 년 월까지 태어난2000 1 2017 12

명의 신생아를 대상으로 하였으며 출생 시283,626 48

간 이후에 발뒤꿈치 혹은 정맥혈액을 채취하여 특수여,

과지에 묻혀 건조시켰다 건조 혈액여지를. (Dried blood

이용하여 탠덤 질량 분석법과 형광 면역spot, DBS)

측정법을 사용하여 광범위 신생아 스크리닝 검사(NBS)

를 실시하였다 신생아 스크리닝 선별검사 프로그램은.

갈락토오스 혈증 선천성 갑상선 기능 저하, (Congenital

선천성 부신 과형성증hypothyroidism, CH), (Con-

아미노산 지방genital adrenal hyperplasia, CAH), ,

산 및 유기산 대사질환등 예방 가능한 질환 여종을50

선별하여 검사를 시행하였다.

결과: 광범위 신생아 스크리닝 검사(Extended NBS)

를 통해 아미노산 대사질환 예 유기산 대사질환28 , 75

예 지방산 대사질환 예 요소회로 대사질환 예, 27 , 51 ,

CH 예 예 갈락토스혈증 예가 선별하127 , CAH 14 , 15

여 확진검사로 진단되었다 아미노산 대사 장애 갈락토. ,

스혈증 환자는 조기에 발견 치료 할 경우, CH, CAH

예후가 더 좋았다 단풍당뇨 환아에서는 조기. (MSUD)

진단 치료로 이상이 정상 성장 발달을 보였다 그90% .

러나 유기산 혈증 환아에서는 에서 발달 지연 및32%

신경학적 휴유증이 관찰되었다 지방산 대사 질환에서.

는 다양한 결과가 나타났다 단쇄지방산. (SCAD, EMA)

와 중쇄지방산 환자는 예후가 좋았으나(MCA, MCAD)

초장쇄지방산 환자는 대부분 심각한 신경학(VLCAD)

적 장애를 보이거나 사망하였다 요소회로 대사질환.

(UCD) 환아는 조기진단과 치료에도 불구하고 가75%

심각한 신경학적 합병증과 높은 사망률을 경험했다.

결론: 전국적인 신생아 스크리닝 프로그램은(NBS)

국가적인 차원에서 전국민을 대상으로 포괄적인 검사,

관리 치료가 필요하다 이를 위하여 숙련된 의료진과, .

환아의 부모 혹은 관련된 가족에 대한 특수교육이 필요
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하다.
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