— 1734 — FRERKFFIR 2020 £ 45 55 12 B ( Journal of Chongqing Medical University 2020.Vol.45 No.12 )

JL Bl %% DOI:10.13406/.cnki.cyxb.002337

PORATE — RS BRI 3 377 BREMVL I 14 ACHH
YN S g i

X AE,HHR, AP, TAE K B EBE Y HELE R K
(FEREERR = Jm JLZE R Bl PR 21 B b LB B ORI 20 HEE 5 S0 00 2 | [ 52 L fg R 5 il R
R R T  LE AT HER B [ 5 [ PR A VR S LR AR PRI H A S0 00 %, FEK 400014)

(# Z]BEE: D @ IEEOR (gas chromatography—mass spectrometry , GC-MS) X %€ b3 /% { QI (inherited metabolic
disorders, IMDs ) 8 J LA TR 4341 , W1 APARHEAL ARG 7E 5 b X I A B 00 . 53 R GC-MS X Hi PREERL R M s L #E
BEBE 2016 4F 5 H % 2018 4F 5 [ 3 377 f5%E{el IMDs H LT RA HLRR /34T, 83 BRA HLER I S5 5L, Of- 456 LI R
BRI BT KRR TR 25 S T 12 W 5 3 A 2 B R A sE sl i 1S i )R LR B A5 LA R AR IR b 1401 G5 R AR I
Wz BAvE L 69 1], 3 20 Fh IMDs, BAMEAS 5 2.04%, b 2 BEmACHH 30 41, LUBHAE LI B IR FRIE (neonatal intra—
hepatic cholestasis caused by citrin deficiency, NICCD) f5e i WL (17,56.7%) , Hok oh 2 TR 2 W B L 75 FL Bl 5t = JiE (ornithine tran—
scarbamylase deficiency,0TCD) (9,30% ) ; A ALERA I 26 41, DL H JE PN — B2 ML AE (methylmalonic acidemia, MMA ) f5 & UL (13,
46.4%)) , Hk J % R IMAE T %! (glutaric acidemia type I, GA-I) (4, 14.3% ) X N B2 IML4E (propionic acidemia, PA)(3,10.7%) ; JEN
FRACIHR 11 1], DL Z PR A it = JiE (multiple acyl-CoA dehydrogenase deficiency, MADD) 55 WL (4,36.4%) , 1E 6 Fhi I
IMDs "1, % 7 i) MMA & 1 5] NICCD |1 ] GA-1,1 ] PA SBILAY RIS A A JG 1A P, 04y 40 61L& A 3
o 1AH . iR IMDs JEAD UL NICCD ,0TC \MMA ,GA-T,PA K MADD J& 8 PRl X e UL i 5 4% A Qi , LA A J LD I s
HEETZIL,

[ 48R it (AR ; SOM i - o ; PRABLAR ; JL 3

[FESZES]RT2 [ XEkFRAERD ]A [ ¥ %5 H #9]2019-06-30
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[ Abstract]Objective : To detect the inherited metabolic disorders(IMDs) by gas chromatography—mass spectrometry (GC-MS) and to
preliminarily investigate the prevalence of IMDs in Chongqing. Methods : A total of 3 377 patients with suspected IMDs in our hospital
from May 2016 to May 2018 were underwent the urine organic acid analysis via GC—MS. According to the detecting results and
combining with patients’ clinical manifestation, liquid chromatography tandem mass spectrometry (LC-MS/MS) and gene analysis to
diagnose the disease;patients’ onset age was obtained by looking through medical history or telephoning their parents. Results:There

were 69 patients diagnosed as positive and 20 kinds of IMDs,with a positive detection rate of 2.04%. Among all disorders, there

were 30 patients with aminoacidopathy,with the most common
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(2019-10-29) tients with organic acidemias,with the most common one of

one of neonatal intrahepatic cholestasis caused by citrin defi—
ciency (NICCD) (17,56.7% ) and followed by ornithine tran—
scarbamylase deficiency (OTCD) (9,30% ). There were 26 pa—
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methylmalonic acidemia (MMA) (13,46.4% ) ,followed by glutaric acidemia type I (GA-1 )(4,14.3%) and propionic acidemia

(PA)(3,10.7%). There were 11 patients with fatty acid metabolic disease,with the most common one of multiple acyl-CoA dehydro—

genase deficiency(MADD)(4,36.4%). Among the six common disorders,40 patients’ onset age was more than one month,except seven

patients with MMA | one patient with NICCD,one patient with GA-I and patient with PA. Conclusion :IMDs are not rare ,and NICCD,

OTCD,MMA ,GA-I,PA and MADD are the common disorders in Chongqing,which occurs more frequently in the late neonatal period.

[Key words Jinherited metabolic disorders;gas chromatography—mass spectrometry ; urine organic acid ;infant

AL CIR (inherited metabolic disorders, IMDs)
ST TS5 AR A | A B2 AR 1 2 i ik
KRGS FEEE AR AU R AR A AL,
s RS Y 7E A0 2 s B A AR |
B — F Il IR — KESEBIRY, LSRR Z N
WYL R BRI AL R , ALAE AR AT LR IR TR
S M B A R, AR BRI 1Y R AR
1%, (H B LR P, TMDs & E K, P 5 22
LI ER AT SR T, HiRRIKZ
e 2 e S o RS W AL T 2 B S = A A A
REAF P, HET, SAH A% -5 (gas chromatog—
raphy—mass spectrometry, GC-MS) T i i — K FEFEAS
PR 100 AR FPACHIY) 12 8 40 Z 5 IMDs, 52
IMDs 55 2RI 75, A SCRL 2016 4R 6 A =
2018 4F 5 J] H PREERL R4 s L B Bl i2 1
FRWFTES G, R GC-MS *F 3 377 Bl 5E{Ll IMDs
SR T IRA HLIR 53 B , X H DR A X (1) it A% A e
KIRTEHATORIE , WA R A R AT

1 BEREHE

1.1 AARR

2016 4F 5 A % 2018 4% 5 J PR R 2=/t Jm L =
B e IMDs 8L 3 377 19, SERLEI LI ASREIR 32 240 55 i
FRIFIME SR I AR vERE LK KT R i
Sk BIRESELR | i 2 ACEHERR KRS 43 )
kA N IR e MR THARE JERYLRL  TRE B 2E R BOR
A JURHERNE AR 1 d 2 14 % P REE B UHMEE IR, 57
BIR6 ZE 5263 ARAFETE-20 °C,7 d Z 52 GC-MS #:
12 MELXA
121 FEAUE AN A - BTG AL GC-MS QP2010
Ultra( H A HA ) BANE @55 DB-5 30 m x 0.25 mm x
L0 pm(CLHHE AT, A EaiE A,
122 W RIS T EbemR (C24 b FERRR |
ERRFRR R EAE  TOKERRREN AR BSTFA(N, O-bis

(trimethylsilyl)trifluoroacetamide) +1% TMCS (trimethylchlorosi—
lane) . ZFR 2. TG
1.3 7k
13,1 K5 BUSA 0.2 mg JLEFE SR EDEFT 928,
AJRZEE 30 pL, BERIRAIE 37 CIFE 30 minkR LR E R
JE A PIFRIE R ANAIK 2 2 mL, BEWIRAT, A A 5%
HIERIR AT 500 pl, 2.5 mol/L S ASLHETR 400 pl., JiE
WIRA)E EIREE 60 min, A 6 mol/L EhERFE 350 w1k
A1 BRI I 4T T 6 mL, FEWRTR AT, 3 000 v/min
B0 5 min, U ZIERE 50 mL 5.0 A B 4t
FEWC2 W, MATCKBRRREN 5 ¢ TR O, TEOIRIER
3 000 t/min #5.0> 5 min, HFAFEBHE 10 mL BOE Y, &l
WA 60 CHe4s A UK 2 58 4T . i A BSTFA+1%TMCS
100 pL, BB R4 R 7 80 CHEE 30 min HATRTAAL , 5E AT
J5 KBRS ZE 200 W A Y ERLRI
132 PRISWT PO IS T 5 B3 T IR A HLRRAG I (1)
SEOL A1 2 G LA I DA 22 B | 1 220 35k 1% PR ik 5 ik P A )
4
133 4re fBJUARYEH 3 I &R s ol o o A L
2H,1~6 A, 7T~12 NHH 13 B H, KT 3 24, 5H A
[FIAFHA L TMDs B9 RFET ., F LAY S Ja A0 308 2o 5 ) B A
gkl L ) LA B AR
14 %itdam

GC-MS Z5 353 B i LR 23 B 8R4 ) Bl sk Aeniil 21 iy
3 1 5 B PRI, MR A0 10 i 1 A € 3% P 45 5 I P s
AL ARG 01 25 3K Newborn Screening TM PEAT R PR E =
OYWT o SE PRSI XA A P 0 H WS TR) R R st i) ) S
W FIRAE TS A 25 5 T, BRIk & S5 hn i
T EAL A AR HE R, HAR U = 80% 1k & W o A EA 73
BT, R AL RERR N AR, H AR AW 1 1 A
B DA e R (g e TR0 SRy BB A A AR AR XL

2.1 EBAREAR
TE 3 377 B 5E A g A2 A 50 gL b H P L 69
B, 20 FOR R A A QR , BHPE A6 H K 2.04% (& 1), 7



— 1736 —

BERERKZFR 2020 £5 45 55 12 H8 ( Journal of Chongging Medical University 2020.Vol.45 No.12 )

Wiz LA, BB IL 38 ], Lotk UL 31 ], K= 2GR R
PG EE R E R W | Sk R R E R LK T
fICF SRR RS, TR =k A 4 o I 8 ML A I
B v G | 5 I S20R vy i R S5, e IS o, 443
PR AR 55 D0 A 21 30 3], 3 6 Bl ; 45 HLIR AR 50
a3 26 ], 4 7 B ; R IV IR S TR B AR I ) 11 48]
7 B Sy A RN EY 2 B H IR B2 AE (glycerol kinase
deficiency, GKD) . 7£ 69 BilFHM: L, 64%K A &K, 30%K
H I, 4% A 5, 2%k A BEPE (E12) . GC-MS &l 45
e 3 s, BN R SRR R R R
NICCD

MMA
OTCD

PRI AR
2

[\
L
us
2
bS

f=}
—_
[

345 6 7 8 9 1011 1213141516 17 18
12 :NICCD , B A U A IR R BUAE s MMA « FY ST R IILAE ; OTCD :
G R T S A B = A s GA-T: S — R ILAE T 295 GA-TT <)%
TUFRIMAE 17 s PA : P ER IALE  TVA « S IGRR ILAE s PCD « J5 & A Al ol
= GKD : H B = 4 s 2-HGA : 2— FRHEL % R JRAE ; MSUD « 11,
B IR s Tyr— T i 2 BR IMUAE T 78 5 GSD 73 e H KA B T ol = 95
HHH : #5222 MAE — &5 ZUMAE - [7 5K ZRRIRAE s MCD : ZFR 1L
[t 2 9E ; SCADD : SIREBESLAH S A I 2B B2 S ; TFPD : — IR 1
B ZAE s BKD: B — M i i Ak 2 AE ; SCOTD : BRIl A - 3— iR
S A PRSI AE s mHSD : 3- Rk —3- HIL I BEAHTG A 5 Al
it = i

1 ERXEERERERRFE

]

2%\

37 S [V Y P
B2 mEREESEILRRES

(X1000)
40 000{ (I HF =)

35 000

30 000

e
]

20 000
[

15 000+
FEAH R (if)

10 0004
| C24 B (Jef)

5 0004 d }
BRI Lo (P
Ll b sy
10.00 15.00  20.00 25.00 30.00 35.00 40.00 4500 50.00 55.00 60.00
I ff] /min

3 1 BIRER_ERIMEES)L GC-MS AR EHEN BB FRE

22 BORBRARM AR IA
PTG, AR 1 2 52 NICCDS
WL A 17 B, HORJE OTCD 9 i MR SRR (maple syrup
urine disease, MSUD)2 i, i Z( 2 MLAE T %4 (tyrosinemia type
I, Tyr-1 )5 1o 5 SR — 5 I 2 — [ B I 2 2 PRE (hyperor—
nithinemia —hyperammonemia—homocitrullinuria, HHH) %% 1 £l

(E1),
F1 SEBRABRERRIL
RS IS AT

RN Bat WA RESE RES
1% 1% 1%
NICCD 17 56.7 24.6 0.50
OTCD 9 30.0 13.0 0.27
MSUD 2 6.7 29 0.06
Tyr— 1 1 33 1.4 0.03
HHH 1 33 1.4 0.03
At 30 100.0 435 0.89

2.3 AR A
FEABURRARIR b, L MMA S W, 38 13 4], Hakoe
GA-1 4 5l ,PA 3 5], 55 3T L4 (isovaleric acidaemia,IVA)
Ko 23 HE % " BR PR AE (2-hydroxyglutaric aciduria,2—HGA )
2 4, FLAl 0 a0 22 Bl R AL B B 2 E (multiple carboxylase
deficiency , MCD) 543 bt H K& A BBl = 4 (glutathione syn—
thetase deficiency,GSD)% 18], 340 K5 GKD 2 41)(F 2).,
2.4 BE R BRAR IR R R T
FERGIERAC IR, LA GA- T Fe s 00, 36 4 ], U R JR
KA N BB Z (primary carnitine deficiency,PCD) 2 i, HiAl
PR UN =T BE 2R Bt Z E (trifunctional protein deficiency, TF—
PD) . B~ &% fif fif & = JiE (beta ketothiolase deficiency, BKD) .
EREME LT A i SR B JE (short—chain acyl-CoA dehydro—
genase deficiency, SCADD) BEIAMEHIAGE A . 3-FRFRHTAEE A %
Tk = 5iE (succinyl—CoA ; 3—ketoacid CoA transferase defi—
ciency , SCOTD) L £ bifh 3— 23k -3 31— BERLAH A A



BERERKZEFIR 2020 £5 45 55 12 #1 ( Journal of Chongging Medical University 2020.Vol.45 No.12 )

— 1737 —

G BB Bt Z 9E  (mitochondrial 3~hydroxy -3 —methylglutaryl -

CoA synthase deficiency,mHSD)4% 1 (£ 3) .,

®2 ANBRREHRERSL

AR (SHRIs ] SR ]

AOmRAENE  HoE WESE WES WES
1% 1% 1%
MMA 13 46.4 18.8 0.38
GA-1 4 143 5.8 0.12
PA 3 10.7 43 0.09
IVA 2 7.1 2.9 0.06
2-HGA 2 7.1 29 0.06
MCD 1 3.6 14 0.03
GSD 1 3.6 14 0.03
GKD* 2 7.1 2.9 0.06
At 28 100.0 40.6 0.83

a, GKD J& T H i
#3 HERBRRIEHR R RIE

AIRWIRACH  SHimel SRR

RITRRAGHEN B RIE L WA WA
1% 1% 1%
MADD 4 364 5.8 0.12
PCD 2 18.2 2.9 0.06
TFPD 1 9.1 1.4 0.03
BKD 1 9.1 1.4 0.03
SCADD 1 9.1 1.4 0.03
SCOTD 1 9.1 1.4 0.03
mHSD 1 9.1 1.4 0.03
&t 11 100.0 15.9 0.33

2.5 LIRAER SR LR R

TE NICCD 2L, 16 B RN 1~6 T, 1 6/
F 1A MMA BJL 7 B /NT 1A 3 60k
1~6 A, 3 Bk 1~3 %, 0TCD BJLH, 1 Bl LR N 6
A3 13401 ,5 BT 3 4 ;6A-T Il 1 i
B NT 1 AH 2 Bl 1~6 A~ H 1 BlfE 2 % 4 4 H
MADD L, 1 B BRI AE 4 DA 1 B 1 2 54
H 2 BIKTF 3 %, PA B, 1 BB AR/ N 14 H 1
BiItE 4 LB T AH (R 4),

33t i

AL AR &S 5 AR IE F A A 1 sl 1 &
iR A HLER JENTIR BE2S AXIR PO ER A5 S KR
AR E ) PR, G pR T 3 PR 58 AR i A DG 2R 1 45
DR , 5 | S Il AR I, AT S B LR A
ARS8, B — R A R PR,

AR €L T I B R T LLE i 4 A R
(1) 100 Z R AR5 Bhi2 W 40 ZFp i (& AR,
AMFRAE 3 377 GGl LA R B LR T
127 69 ], 3t 20 Fhist L Qe . Hor 2 B A
I 30 5 (5 ) A HLER AL 28 il (8 Fh, A1 2
%] GKD) JE R RRAC R 11 41 (7 Fh), BARBR PR
2 2.07% , 5 E NAMIGE—E059, 78 69 Bl {41t
R BOL R, &R AR 09 BH A Rt
0.89% , A NICCD (0.5% ) #ic # WL, H- ¥k iy OTCD
(0.27% ) ; A AILER A 10 BHPEASE HE %0k 0.83% , %
T EZEERR AR , L) MMA (0.38% ) f# UL, Lk
9 GA-1(0.12%) 5 PA(0.09% ) ; N& 7 R A 15995 AH X5F
/DL BRERS HR 0.33% , LA MADD (0.12% ) 5%
W, AW, NICCD MMA OTC .GA-1 .MADD #l PA
S F PO Ml X A LG LR AL A b, 53k
FEH LA st AR AP R TS AR — B, B TR L
1 6 Bl IMDs , & B 1 HoAdAH XS 20 DL IMDs, 40
MSUD \Tyr - HHH .IVA .2 ~-HGA .GSD .PCD . TFPD
N BKD $ESE 14 F IMDs, B ARIXEL IMDs f4 FHY:AS:
ARG (HPR P R B 2 | SRR I AL,
AJ5ANT] 200

X WL IMDs HO L & - 88 67 0 i 2 2R
ARV B9 AR AE A T AR, 7E 17 £ NICCD £
JLH 16 BB LR AR LA LU H B T B L
P, EEEPLE 1~6 T H A1 FlEILTER 4L
Wk B, [FRE, Han L AETHRIETE 121 FlAHEME
F SR FEE AR 10% ) 8B LFE B A4 LI Bt & B,

R4 BRBEERERBILLFRERS

. P AE

PR B © NF14H 1~61~H 6™H ~1% 1~3% KF3%
NICCD 9 8 1 16 0 0 0
MMA 10 3 7 3 0 3 0
OTCD 6 3 0 0 1 3 5
GA-1 0 4 1 2 1 0
MADD 2 0 1 0 1 2
PA 3 1 1 1 0 0
At 27 23 10 23 3 7 7




— 1738 —

BERERKZFR 2020 £5 45 55 12 H8 ( Journal of Chongging Medical University 2020.Vol.45 No.12 )

M 719%K0 ) LRTE VR TG 1~6 S A bish &3, B
SR AR BT Yz R A L A (E A
H NICCD B HE w1 /D WA e Ly
A FG A 1861 262 £ L A H T 29 44
NICCD %, RIR% 1/64 138, B BAK T HIS 10 &
R 1:19 00089, X ] BB 240 NICCD BB
JLBILLUG R e, OTCD R UL IR Z G M i
i, BRI 9 24 LYY R T8 &, &4
WA R, AR BE A &, o 1 44 61
H B EEIL, R B 54500 Sk A 1
210 2 BAEBJL, R R E B U E IR Kt
Je DR B M TR AT AR 2 i
BILAY A LSRN, OTCD &k X EiA T4
BB, B R LR IS TR, AR 6
TR K R L, 4 44 5 ¢ EOL IR ™ o 1
T, AL M E T OTCD BAR AT LIAR K B R %
i, il — H 2 BRI SRR S & 2R A K
HHfsET,

16 13 5] MMA LA, 7 BlrEsr A LR, %
Rz B D S RO, &R R R
BAE A T B IR 7 22 | B 22 R B 5 6 151 R
KA RIS 3l Kk F 5 5 s B PR R
KPRE A5 B LR R R AR s i, 3 7]
RBLR R, I RS DR i it T s Mok
BB kTG RMN, 2R 1EE 408 G
JPUFEE TE 4 1) GA- T UL, 1 s JLIIED
BEWLEK AR ; Hodx 3 13976 1 % R, & i
W RE IR 200 BH B A5 R B VR S R, sl K Ak
s AAFE e B B EIR . 7E 3 4 PA L1 4]
S LR HY %4 LA 2 d SR RN LI
SR ]2 R I R A ) L3 DR P T T
R AR PR ABERYT . B AR ) Lk By
SR 5Bk R BN A R AT
2 WIR BB LR B G , 2 AR 3™
PR P BT TR AR LA IE

MADD S f5c i UL IR W R AR s | e & e A i

S, BT e A LI &, A r RS 1 d B
AT 5 W ke R AR L AT AR AR 5 LA H SR 2 LY
JeE A B i AR A D BE S S S -
AHIFFEA 1) 4 i LIS R e % B 1 B B LAE 4
A A, I B KO 28 AR, TR IS A
KBVEIG IR, Ja PRI AL B0 H i o 35 6L
WP 20y 50 F1 3y T AE T HeAy 3 il B LI A&

ERRT 125 i 1 4 6 2L, ixX 3
BERIT I WG b

25 _E TR IMDs 75 5 R A Ji i1 b X AN D,
NICCD .MMA ,OTCD .GA- 1 ,MADD J PA Z#: ¥ UL
(1) 6 B IMDs, LB AE ) LG B i B T 2 UL B it
ZHh PEHRHLIX N 22 52 LAY IMDs iy A A B,
4 HHH ,GSD & mHSD %5 T f# IMDs BY¥IR 15 5
RIS A B TR IMDs BRI FHIMDs 17
A 26 MR R RS %

Z % X #t

(1] BUNF 8 . DL SRR R 5 ). i
S LRHAE,2014,29(8) :561-564.
2] OT R R BUSHORAE /N Lt R AR 0 A b
JHIN. A L2k, 2013,28(1) - 3-6.
[3] Sandlers Y. The future perspective : metabolomics in laboratory
medicine for inborn errors of metabolism[J]. Transl Res,2017,189.65—
75.
[4] 2 #,sKITAR, BGAE. SR - B R AR I g A4 AR
s FEBULITT. IR LRR%id: ,2014,32(9) : 888-891.
[5] Jiang M, Liu L,Mei H,et al. Detection of inborn errors of
metabolism using GC—MS:over 3 years of experience in southern China
[J]. J Pediatr Endocrinol Metah,2015,28(3-4).375-380.
[6] Hampe MH,Panaskar SN, Yadav AA et al. Gas chromatography/
mass spectrometry—based urine metabolome study in children for inborn
errors of metabolism;an Indian experience[J]. Clin Biochem,2017,50
(3):121-126.
[7] Han L,Han F,Ye J,et al. Spectrum analysis of common inherited
metabolic diseases in Chinese patients screened and diagnosed by tan—
dem mass spectrometry[J]. J Clin Lab Anal,2015,29(2).162-168.
[8] WO, 5k KU JF AR WITAHT A LSRR AP i
A8 MBI BT 224l (B2 ) ,2017,46(3) : 233-239.
[9] Kobayashi K,Lu YB,Li MX,et al. Screening of nine SLC25A13
mutations: their frequency in patients with citrin deficiency and high
carrier rates in Asian populations[J]. Mol Genet Metab,2003,80(3):
356-359.
[10] Lu YB,Kobayashi K, Ushikai M, et al. Frequency and distribution
in East Asia of 12 mutations identified in the SLC25A13 gene of
Japanese patients with citrin deficiency[J]. J] Hum Genet,2005,50(7) .
338-346.
[11] Mantagos S,Genel M, Tanaka K. Ethylmalonic—adipic aciduria:
in vivo and in vitro studies indicating deficiency of activities of multiple
acyl-CoA dehydrogenase[J]. J Clin Invest, 1979,64(6) :1580-1589.
[12]  Dusheiko G,Kew MC,Joffe BI,et al. Recurrent hypoglycemia
associated with glutaric aciduria type Il in an adult[J]. N Engl J Med,
1979,301(26) : 1405-1409.

(FAES 4T TRAE )



