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Seven-year experience with inherited metabolic
disorders screening by tandem mass spectrometry
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'Seoul Clinical Laboratories, Seoul Medical Science Institute, Seoul
“College of Pharmacy, Duksung Womens University, Seoul, Korea

Purpose : In recent years, many countries have adopted newborn screening programs that use tandem
mass spectrometry (MS/MS) to screen and the number of diseases screened has also increased. We
began screening for inherited metabolic disorders using MS/MS in April, 2001. Our goal was to
determine the overall prevalence of metabolic disorders and to assess the effectiveness of newborn
screening by MS/MS in Korea.

Methods : From April, 2001 to December, 2007, we screened newborns and high risk groups using
MS/MS. Acylcarnitines and amino acids were extracted and butylated and were introduced into the inlet
of MS/MS. Confirmatory testing including a repeat newborn screening, and urine organic acid and
plasma amino acid analysis were performed on a case-by-case basis.

Results : The total number of screened subjects 284,933 which comprised 251,799 neonates and 33,134
high risk subjects. The recall rate was 0.4% (1158 tests) and true positive cases were 117 (0.04%).
Confirmed metabolic disorders (newborn/high risk group) were as follows; 78 (25/53) amino acid disor-
ders, 27 (16/11) organic acid disorders, and 12 (5/7) fatty acid oxidation disorders. The estimated pre-
valence of inherited metabolic diseases in newborns was 1:5,000 and that in the total group was 1:2,000.
Conclusion : Newborn screening by MS/MS improved the detection of many inherited metabolic
disorders. We therefore propose that all newborns be screened by a MS/MS national program and
followed—up using a systemic organization strategy.
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Table 1. Primary and Secondary Metabolites and Confirmatory Analysis for Disorders Detected by Tandem Mass Spectrometry

Disorder secon%réna%eiggolites Confirmatory analysis

Phenylketonuria Phe, Tyr Plasma amino acids; Urine pterin studies

Tyrosinemia type 1 Tyr Plasma amino acids; Succinylacetone in urine

Maple syrup urine disease Leu (lle), Val Plasma amino acids and presence of alloisoleucine; Urine organic acids;
Enzyme activity in fibroblasts*

Citrullinemia Cit Plasma amino acids; Enzyme activity in fibroblast*

Homocystinuria Met Plasma amino acids; Urine organic acids; Enzyme activity in fibroblasts™;
Mutational analysis*

Propionic aciduria C3, C2 Tiglylglycine, 3-hydroxypropionic acid,
methylcitrate in urine; Enzyme activity in fibroblasts*

Methylmalonic aciduria C3, C2, C4DC Methylmalonic acid in urine; Homocysteine in plasma; Enzyme activity in
fibroblasts*

Isovaleric aciduria C5 3-Hydroxyisovaleric acid and isovalerylglycine in urine; Enzyme activity in
fibroblasts*

Glutaric aciduria, type 1 C5DC Glutaric and 3-hydroxyglutaric acid in urine;
Enzyme activity in fibroblasts*

3-Methylcrotonyl-CoA C50H 3-hydroxyisovaleric acid and 3-methylcrotonylglycine in urine; Enzyme activity

carboxylase deficiency of fibroblasts*

Short-chain acyl-CoA C4 Enzyme activity in fibroblasts/muscle*; Mutational analysis®; Ethylmalonic acid

dehydrogenase deficiency in urine

Multiple acyl-CoA Multiple elevations Enzyme activity in fibroblasts™; Lactic, glutaric and ethylmalonic acid in urine

dehydrogenase deficiency from C4 to C18

Medium-chain acyl-CoA Ce, C8, C10, C10:1 Enzyme activity in fibroblasts/lymphocytes™; Mutational analysis™; Hexanoyl

dehydrogenase deficiency and suberylglycine in urine

Very-long-chain acyl-CoA C14:1, C14, Cl6 Enzyme activity in fibroblasts/lymphocytes*

dehydrogenase deficiency

*Enzyme and molecular studies were not performed in our laboratory but were outsourced to accredited laboratories; Phe, phenylalanine;
Tyr, tyrosine; Leu, leucine; lle, isoleucine; Val, valine; Cit, citrulline; Met, methionine; C2, C3, C4, C4DC, C5, C5DC, C50H, C6, C8, C10,
C10:1, C14:1, C14, C16, acetyl-, propionyl-, butyryl-, methylmalonyl-, isovaleryl-, glutaryl-, hydroxyisovaleryl-, hexanoyl-, octanoyl-,
decanoyl-, decenoyl-, tetradecenoyl-, tetradecanoyl-C16, palmitoyl-carnitine, respectively.

Table 2. Results of Inherited Metabolic Disorders Screening by Tandem Mass Spectrometry from April 2001 to December 2007
Newborns (N=251,799) High risk group (N=33,134) Total (N=284,933)

Confirmed case Confirmed case Confirmed case

(N) Prevalence (N) Prevalence (N) Prevalence
Amino acid disorders 25 1:10,000 53 1:600 78 1:4,000
Organic acid disorders 16 1:16,000 11 1:3,000 27 1:11,000
Fatty acid oxidation disorders 5 1:50,000 7 1:5,000 12 1:24,000
Total 46 1:5,000 Il 1:500 17 1:2,000
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