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Clinical analysis of 15851 children at risk of inherited metabolic diseases

LIN Shu-Xiang, SHU Jian-Bo, WANG Chao, PAN Rui, MENG Ying-Tao, ZHANG Chun-Hua, ZHANG Bi-Li, WANG Dan,
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Abstract: Objective  To explore the value of urine gas chromatography-mass spectrometry (GC-MS) in the
screening of children at risk of inherited metabolic diseases (IMD), and to identify the disease spectrum of IMD
and the clinical characteristics of children with IMD. Methods The clinical data of 15851 children at risk of IMD
who underwent urine GC-MS in the Tianjin Children's Hospital between February 2012 and December 2016 were
retrospectively analyzed. Results In the 15851 children, 5793 (36.55%) were detected to have metabolic disorders. A
total of 117 (0.74%) children were confirmed to have IMD, including 77 cases of methylmalonic acidemia (65.8%). The
clinical manifestations of confirmed cases in the neonatal period mainly included jaundice, metabolic acidosis, abnormal
muscular tension, feeding difficulty, poor response, and lethargy or coma. The clinical manifestations of confirmed cases
in the non-neonatal period mainly included delayed mental and motor development, metabolic acidosis, convulsion,
recurrent vomiting, and anemia. Conclusions GC-MS is an effective method for the screening for IMD in children at
risk. Methylmalonic acidemia is the most common IMD. The clinical manifestations of IMD are different between the
confirmed cases in the neonatal and non-neonatal periods. [Chin J Contemp Pediatr, 2017, 19(12): 1243-1247]
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ALACIEPE (inherited metabolic disease, IMD )
NFRAFERMA A (inbom errors of metabolism )
S T AAREHE R P ARG RS AR
Faok 5w, FEURYHERS ==, Nims] i
FHIE I PRAEAR 1 — 250 . H AT CRIE I 500 Ff
IMD, SRR LRI, H SR AR I AN
ik, K2y 12500", KT LEE B T 2012 45
KA - Figk (GC/MS) Sl R TMD 5
fa LTI, 2 2016 4F 12 H ALK T 15851
B L. AW FIG R TORRIEA T I 44T, 45
T GC/MS 7E IMD =58 8L A b g A E, LA
KAz IMD (%05 RS A2 IMD LI R,
i IMD iRz AR T iR 2%

1 ARSI

1.1 RIS

24N 2012 4E 2 H % 2016 4F 12 A fE K i L
HEEBEHIZH IMD e g L3 15851 fi, Hrph B
9494 5], 2z 6357 B, 4F M 1 d 2 16 &, A AFRIUE:
(1) BEA IMD Al e s faH R ™ L E KL
(2) BILA ZRIHE | SR O A5 A B s
(3) ANHFEF AR E R MEFERME . 0 il
&R Kigsh kK BiIRG%E . WSk 1%
Bz 945 (4) MELLRRE Y s 2 UNUE | FCP R s
fRIBE . #RIM%; (5) BEAARENR /AT
Fo HILYHEZ TR GOMS K, REASSRAE KA
23 Koy ) LEE BE B e B2 B S v AN A A
[Ep=3
1.2 FRAEE

s LB B R BARAS 3 mL, JRIR o FHHLIR
PInl, RARAT 20 CYRRIRAT
1.3 #WiAE

X RE SR EAT IR B TAL B, BREIRZE K E A
B, IAWER, FH=H3Eakkidt 5 = P I E bR
AT PR BRI, R A - g i
AR B g AR TR, UEREE | L,
HERETRE 260°C, B FIRIRIE 260°C, #2 MRE
280°C., FEFFHEAEGIRE 60°C, A%F 1 min, LA
17°C /min F} & 220°C, LA 15°C /min J} & 325°C,
PRFE 5 min, BACHAR, WiPEH A0
JE 17100 kpa, 43R 20%, i 40F: BB T

X EL HLFRES 70 eV; BT F: 50~750 m/z
EE T DIE W e mEi
1.4 IMD HJi2 B

IMD HJi2 B =K HE GO/MS Rl 2s 1, 454
e PR 3% R K o RIS 00 28 4G A 4 SR 2 5 JIT, 40
B L I B A I K 3 A 4 SR 2, 2R
HES IRk M
1.5 SHItESH

NiFH SPSS 17.0 et X i A T 48 1243
M, TR LA 2 Fe T R KR, din) i
K 7 K, P<0.05 NHESAEGHHRE L,

2 #R

2.1 IMD #i2 2L — Mt

15851 L, KI5 5793 6,
36.55%, HA iz Ky IMD 117 4, #1i2% K 0.74%.
117 Blafiz L, B 78 i, ik 39 f); Hrd
JU (<28 d) 29 fi, 224U (28 d ZANTH 3 %)
69 i, “AHEHIIN (3 2 2R 7 % ) 13 4], 2830 (7
LER 13 %) 614,
2.2 IMD &imiL

PSR 1 15 Fh IMD, e I 3N R 1L
iE 77 61, G2 LS 65.8%, HUCHEENA
MR IMAE . B- JURTBE A TR il ke A i . B IR ~F I I =
B b R % i R ALRE T 78, 5 b A = ARG S Fh
PR AT T 86.2%, W 1. H 3 il H I R
IAE L3 5 s 2 AGIER 2, 6 6] B- IR IBE 1 i i
BBEAE 22 1 ] 2- B3 -3- PR L T RGN A B SR
SBEAE L i SE R TR 2

FEHT A JLIERE 6 Bl IMD, (5 HUHT 3 21
MU SR H BTN R NLAE | 55 2R P 24 I ILAE S AR
PRAE, OB LIERiZ LY 89.5%, W3 2. 1
g LA 15 F0 IMD, 5 BURT 3 ALK TR
JE IR IR ILAE . 3% B 2 1 M S il S5 57 i B
B- MR It N R R B RE o RSB A LI I2 LY
76.1%, W3 3.
2.3 IMD #i2 2 J)LHIE RS =

BrA )L IMD 12 28 LAY I R 30 3 22 8
9E AR PR RE LK ) e MEFRIRINME | SO 25
MEHE S Bk A, WL 45 dERTE L IMD 12
ILryim R R B FZ Gz sh & Bk e . AR

1244 -



1945 5 1200 P E SR L& Vol.19 No.12

2017412 A Chin J Contemp Pediatr Dec. 2017
FRHPEE . it . I EMKE . S, Wk S, %3 IEFHEILE IMD EEit
o o AR KRR
£1 IMD Wit BRI o P U b
FHE Y R INLAE 56 63.6 353
iz L TR
ek g RSN DR mmmemmasseer 6 o8 38
FRJETN IR INUAE 77 65.8 48.6 [i RPN G R e > 37 32
T e 7 . e =0 o TN 2 R IMUAE 5 5.7 3.2
B- IR ARSI 6 5.1 38 P 15 4 45 25
SRR AMGE 6 S 38 PRI 223 13
SRR IAE T #Y 4 3.4 25 IRARBRIRAE 2 2.3 13
OB R 3 o s R PR AE 1 1.1 0.6
PRZNEIRBR A 3 2.6 1.9 ﬁj@ﬁ[ﬂlﬁ ! 11 0.6
TR 5 1 I e L2 I 1 1.1 0.6
S SR ) L7 3 I BRI AE 1T A 1 1.1 0.6
LR L " 08 06 LR LB = AE 1 1.1 0.6
SRR M E RS 1 0.9 0.6 %g;filﬁ%ﬁ&ﬁr : L1 0.6
3 FHJL R — I TR PR 1 1.1 0.6
Z PR AR = I 1 0.9 0.6
N 2 FIRE 3 R T ERG A
SEICIR MLAE 1 0.9 0.6 i S B 1 1.1 0.6
3 WL IR PR AE 1 0.9 0.6 T 33 100 554
2 HI3E 3 BRI T 4G A
ettt ! 0.9 0.6 HE: ML 15851 ], JEBFA LI IMD Bz L 88 6.
e 117 100 73.8
7. SRR L 15851 4, 82 IMD UL 117 i, F 4 29 GIFRE)LEARRS IMD 2)LAIERRT
I AR Gk BT
H 16 55
R 2 FHEILE IMD EiEiL
AL IMD R (RS 1 a1
o g LTRALBIIMD K WLk Iy 58 9 31
P ik e o
BILAET (1535 WL 7 R 9 3]
F BTN R AR 21 724 132 N . IR Rk 7 o
TR AR TN R IILAE 3 103 19 TN R 5 17
PUBE PRAE 2 6.8 1.3 I S 4 14
B- MR EET 2 il B o i 1 3.4 0.6 i 3 10
JRFZNERpifiT 1 34 0.6 A 3 10
IR INLE 1 34 0.6 i > 7
aik 29 100 183 (6% 145 2 7
T SR ARJL 15851 B, e LY IMD w2 180JL 29 B, RN 2 7

1245 -



519 % 5 12 8]
2017 4 12 J]

b E %A ILA R E

Chin J Contemp Pediatr

Vol.19 No.12
Dec. 2017

% 5 88 #HIIEFAEILETHIZ IMD 2JLHIGKRRI

I R B %L HAr L
Wiz sh & 555 32 36
FRUFPERR 75 16 18
Ejlikr 14 16
SR 13 15
S 13 15
SN2 . WEHELY Bk 8 9
rh A 4 sk b 7 8
WSk ) 5% 7 8
PG SR 6 7
TEAR. R 2 2
Jii K 2 2
GiglEl 2 2
EN N B 1 1
TS IR X 1 1
I it A% 1 1

24 HRGREME

AW TR 1 5793 B SR LT, BR
T 117 B IMD B2 L, b s AR 5 R Y
RIS 5676 B (35.80% ) , HHER R 1929 4
(33.98%) , BRVEBUR IR 680 4] (11.98%) ,
F LT RIS 5 623 18] (10.97% ) , FLERIRAE 320
1] (5.64%) , FLAEHE 5 284 ] (5.00% ) , 245
12 7 2 2 LU A9 LB 0 e 98 s 275 1) (4.84% )
e FLOBE I 262 0] (4.62% ) , SFOBE G E5 201 1)
(3.54% ) , 3- ¥ L9 R 14 &5 200 4 (3.52% ) ,
I TR MG S 181 4 (3.19% ) , & FHER IR 168 14
(2.96%) , BEFIRa 5 133 4] (2.34%) , AT
PEXURERIR 120 7] (2.11%) , 4- FIEIARFLERIG &
117 6 (2.06% ) , bk = 106 6] (1.87% ) , 4-
TR = 72 0 (1.27%) , 2- FHEESFIK
R 65 1 (1.15% ) , N- ZEEHERRIE = 55 11
(0.97%) , ARG 25 1] (0.44% ) , 3- %%
BRI 17 ] (0.30% ) , FREEEERE S 13 4]
(0.23% ) , HilmEE 124 (021%) , ZHEKN
—H R 6 11 (0.11% ) , FLITHIE = 5 (71(0.08% ) ,
- RILF M 46 (0.07% ) , HLUEEREE 4 6]
(0.07%) , WIS 311 (0.05% ) .

3 it

IMD I R L ZHE, H=Z5e50E, HHsk
B AT BexE LI W, IMD &0 AR IRk R,
TEHE, JNIERER R, AR s R LE T
EZERHZ—, IMD Z7E AT 34 H AR
2w, TEAAYTY, 20% Lh LT
ZavHMMAERGEME, HENE 6N EA##
TIRYY, 40% DL LT B 1 & & R hs s
H 1966 4 Tanaka 52 v | GC/MS 2 W 1 1 i 7
IR INAE, GC/MS FEESM IMD i 52 2
Uz, FERRTEACSE . BRI H ARG LA
FAMBIK, 1717 [ P AT AR A T R i TR B,
fivr 2 BB G TR 2w THANRYY, K£
BEIRIE TS B

A 5T G I IMD & A5 B8 L 15851 6, &
AR Z=ELR L 5793 B, 5 36.55%, #fi2 IMD
117 4], BH2R N 0.74%. %L RICT REAHT5T
(2.10%~9.66% ) %, FIRERY IR, Bl IR
BEA 6 IMD YR, 97K T e G AR A O A A
H i T AR A5 H# B 5T (tandem mass spectrometry,
MS/MS ) #5514 10058 i LA BEHE
FRAZ AR ACIERIE . BEIIR I 75 4% IMD,

AWFFE A 15 A IMD,  Horb BN R I
iE 77 61, R EILE 65.8%, HURCNEENE
R IMLAE « B- WK TBE PN R T ok e I . B TR~ i i &
TR B R R R AE T A9, JEie & JLIiE
SEARFTAE LI, RN R IRE A AR 2 141 v
B UL IMD . A5 451 IMD 95 55 135 55 H At b X
HRIE A ] 51 RS T B- IR T AR
il B R B 3% A 1R ~F 1 M S e ke i iR L 4% 6
ATAERYIE . (1) IMD SRR X 25 5
(2) AR T AR AR 1 2%, RS AEFE
FEARGR AT RE >, ATRBAEAEIE R MAT; (3) A
PIBIFSE AT BB AN B- Wk 15k P 1 il ke B o S IR AR
T it A 574 AR 3 9 e 1) R e PEA T I A
MELHEIT

IMD )& AF i s BEAR K, MR A= JLEI A
BInr &g, (BG4 LR LEZ W, ARBF5E 117
% IMD #fiz )L, Hrk L2 29 B, 24 )L

1246 -



H19% 5 12 1)
2017 4 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.19 No.12
Dec. 2017

Winki2 69 1, 198 {7l (83.8% ) , SHEA:AFSTHH
1™ A g A A L IMD #5122 i)
I S B0 T o B AR R L WLIK ) S
W IR ORIME . RN 22, WERER Sk SE, dEEid: LM
#12 BOILWIG R KB RN IZ h & B
R TERR . B . SRR S, HRR
IR EE A, 245818 UL H B 3 X LA B A I R
FPURE, %R IMD (A RE, KB PR A, W]
A MS/MS HiAR, WA BT IEATIE RGN, A L
VG RIE T IR ) 2 B 3 R T R A B
SRR AE BUL, BT 0 DR 0 A AR e =
Fest A Icy, (AR s 5 5 — e Kk 5
LR WO EAR, B ZmEA A A B A SR
IR, Wl 3L m oz iz .

H i © & B 500 £ # IMD, i GC/MS &
MS/MS £ A AL BE A b i 100 2 R0, [ it
I IR B A 7 33 2, B IMD o e 45 SR M, W
NRESE A HERR IMD, [a]iF,  %F T 3d B i 7E
IMD i 25 vh g R, 1 R Y A 45 SR 4 R S
IMD, o 1 & R L2 A A7 A AR S AR
5% % B H A B PR 5 | k2 A AR 53 8L 5676 19l
(35.80% ) , 1% T 5e % " IR 1A 1) 55.41%. 7F
HAbJFHE 5RO 5, BRRZ 0,
1929 f] (33.98% ) o A F B R
623 ] (10.97% ) . W TITLAE R I | —LL2 AU
B CRPET A IR URR IMAE SR U, Rt
T 4t LY RS R, IR R A R X
IrIEak R IS BRI, TR T — AR R

i LR, AW RN BN, IMD & fa L
o, RPN 36.55%, Hih IMD #iig R
4 0.74%, HiAE L AR BT AR L R UL 8 IMD
Yo H N R INRE, RTRIEHY TMD A2 LY
I R ZBA ARG ;. GC/MS 2 X IMD & £ 8 Lk T
i AT RO oo ABFFEEE HE 0T 8 IMD Ay I R 12
7 st Bt S %

(2 % x W]

[1] Tebani A, Abily-Donval L, Afonso C, et al. Clinical
metabolomics: the new metabolic window for inborn errors of
metabolism investigations in the post-genomic era[J]. Int J] Mol
Sci, 2016, 17(7): 1167.

[2]  Kuhara T. Diagnosis of inborn errors of metabolism using

filter paper urine, urease treatment, isotope dilution and gas

[3]

(4]

[5]

(6]

(71

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

1247 -

chromatography-mass spectrometry[J]. J] Chromatogr B Biomed
Sci Appl, 2001, 758(1): 3-25.

Kuhara T. Diagnosis and monitoring of inborn errors of
metabolism using urease-pretreatment of urine, isotope dilution,
and gas chromatography-mass spectrometry[J]. J Chromatogr B
Analyt Technol Biomed Life Sci, 2002, 781(1-2): 497-517.
TR AERE A S RIS W —— LR (M), Jeat
AR B ik L 2006: 45-130.

2 BRI e N W (2 i e v ey Rl Pud L AW
P e fe fBUL (1], R JLRHERE | 2014, 32(9): 888-891.
BN E5E BT, 45 L JRIBLCR AU (% - PR 43
BrHARALE B A A = FE 0 AW i T (0], A LR
JRi L2003, 41(4): 9-12.

INIAE A, T, 55 A - BB HEOR DN IRA LR 7
TR R AR AREHRIZ W P IR (1], Th AR PR 2 2
75,2008, 31(10): 1161-1165.

R, EEA L A SF L SR EIE - BN R 564 1153
T ARBHRHI B2 (] AR A B ARG |, 2013, 29(8):
693-695.

WP, ZEREE , WRIHAE A, 45 s PR AR m fa 22 4 L
4710 il R R AU B — AR (3 - Bl HOR G A 23 AT ()]
FRAES D LRHIG R A% . 2015, 30(21): 1660-1662.

FE D), R, VPUEE |, 55 L JEAT AR AL BRI BT A O &
RS DO A ) Last A% AR (4 [ BT A3 T (9] 11 PARAG 36
JR L 2016, 34(12): 909-912.

Shu J, Lv X, Jiang S, et al. Genetic analysis of the UPB1 gene
in two new Chinese families with B-ureidopropionase deficiency
and the carrier frequency of the mutation ¢.977G>A in Northern
China[J]. Childs Nerv Syst, 2014, 30(12): 2109-2114.

EFOIN, MRATHE B 5F . D B- IRAE N R BB AE
KA UPBL ZEINRAZ MY (1], HARBE it 2 A, 2015,
32(5): 647-650.

EPONE SR, JESCET L A L BRI W S B
FEZFR ALDHSAL SEF IS ABKG I ()], AR Bt fle-r 2k
2017, 34(1): 6-9.

L, TV MRS | AE | HRIBR BT AR R PR O A st A X
W AL 552 IR0 AT 0] T ERYAULRHRRS | 2011,
13(4): 296-299.

EPOINE, SRES FIMOT, A2 HUEE 3 AL T BEA T A B
B B A — 28 R AL R AZ 3T (0], PR LR | 2013,
51(10): 783-786.

Han L, Wu S, Ye J, et al. Biochemical, molecular and outcome
analysis of eight Chinese asymptomatic individuals with methyl
malonic acidemia detected through newborn screening[J]. Am J
Med Genet A, 2015, 167A(10): 2300-2305.

Shinka T, Inoue Y, Yoshino M, et al. Two cases of benign
methylmalonic aciduria detected during a pilot study of neonatal
urine screening[J]. J Chromatogr B Analyt Technol Biomed Life
Sci, 2002, 776(1): 65-70.

Lin HJ, Neidich JA, Salazar D, et al. Asymptomatic maternal
combined homocystinuria and methylmalonic aciduria (cblC)
detected through low carnitine levels on newborn screening[J]. J
Pediatr, 2009, 155(6): 924-927.

(ARSCHAtE: X5H])



