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[ Abstract | Objective: To investigate the incidence rate, clinical and gene mutation
characteristics of multiple acyl-CoA dehydrogenase deficiency (MADD) in newborns in
Zhejiang province. Methods: A total of 3 896 789 newborns were screened for MADD
using tandem mass spectrometry in Zhejiang Neonatal Screening Center during January
2009 and December 2020. Patients of MADD were confirmed by urine organic acid and
electron transferring flavoprotein (ETF) or electron transferring flavoprotein dehydrogen-
ase (ETFDH) gene detection. MADD patients were given diet and life management,
supplemented with L-carnitine, riboflavin and coenzyme Q 10 treatment, and their growth
and intellectual development were evaluated during the followed up. Results: Thirteen
patients with MADD were diagnosed, with an incidence of 1/299 753. One patient was
type II, and the rest were type Ill. Patients were followed up for 3—45 months, 1 case died,
4 cases had acute metabolic disorders with hypoglycemia as the main manifestation due to
infection, 1 case had hypotonia, and the rest 7 cases developed well. Patients had raised
levels of C4-C18:1 acylcarnitines in the initial screening. Thirteen children were
genetically tested, 1 case with compound heterozygous mutation in the ETFA gene, 1 case
with homozygous mutation in the ETFA gene, 1 case with compound heterozygous
mutation in the ETFB gene, 8 cases with compound heterozygous mutation and 1 case with
homozygous mutation in the ETFDH gene, 1 case that only 1 locus of ETFDH gene was
detected. The ¢.250G>A was the hotspot mutation in this study. Conclusion: The clinical
manifestations of MADD are highly heterogeneous. The neonatal-onset form is serious, and
late onset form usually has no obvious clinical symptoms. C4—C18:1 acylcarnitines usually

increased in the initial screening, and the hotspot gene mutation is ¢.250G>A.

[ Key words | Neonatal screening; Multiple acyl-CoA dehydrogenase deficiency; Electron
transferring flavoprotein; Electron transferring flavoprotein dehydrogenase; Tandem mass

spectrometry
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[ GERGIE | % BRAL40BE A BLABEHE 2 JE (multiple acyl-CoA dehydrogenase deficiency,
MADD) ; & - 4445 35 % % & (electron transferring flavoprotein, ETF) ; & F 345 %5 % &
L. 2.8 (electron transferring flavoprotein dehydrogenase, ETFDH) ; F &~Ba4k K (poly-
merase chain reaction,PCR) ;% & K #&(free carnitine,CO); T Bt K 5% (butyrylcarni-
tine, C4) ; X Bt 3 M & (isovalerylcarnitine , C5) ; & Bt P 5% (hexanoylcarnitine, C6) ; 5
Bt A ) 2% (octanoylcarnitine , C8) ; R Bt A K 5% (decanoylcarnitine, C10) ; + =}t Bt AL A
#(lauroylcarnitine , C12) ; + =% Bt 2 P 8% (dodecenoylcarnitine, C12:1) ; + w9 kB 2L A
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A (myristoylcarnitine , C14) ; + w3 5 Bt & A 5% (tetradecenoylcarnitine , C14:1) ; + w9 =5
Bt A& A A% (tetradecadienoylcarnitine , C14:2) ; -+ 5% bt Bt & A % (palmitoylcarnitine, C16) ;
+ 55 B A P B (palmitoylcarnitine , C16:1) 5 + A\ bz B A B #% (octadecanoylcarnitine
C18) ; A\ S Bt A P 5k (oleylcarnitine, C18:1) ; 454% RNA (messenger RNA ,mRNA )

D2 RAR ETFEETEF D HEE R Bl i 247 1A 41
PRI R A P A A A FEL T R BE T A T 2
BRI 2 SE R S MR m A Qi B A% | B &4 iz B,
IR 512 MADD 2!, MADD Iifi K 32 50 &5 1 5
JBT, e 2 A S PR R FAAE , Az ) LI 2 AT 134
ARG . MR A RG4ERS  MADD Al /3 =4 T Al
A RIS T A LR, L T B2 48 i
H & B AN RS e KITE ; TTRIJRFRIE R, T2
JLIIZE R & %6 . MADD H 3% 15 550k 2
R G I G2 W R AT RO A O, R R BT
T i T TSR B, UG R0 S AR R
TEVE A AT LG 3 PR kK - AT A MA DD 264 75 4
Get L ARG 4T W VA A L
02009 % 2020 4E MADD A LI e 4 58 8
TE T ff W48 B2 JLMADD B 068 e RAFAE
FEPR A 5 KT

1 W&5FE®

L1 X %

20094F 1 H 2 20204F 12 H #ivL & # 4k Lk
I i A L X 3 896 789 44 7 A= J Ltk AT Hfin P 3 PA) ek
TR, Horp i H L3 623 256 44, = L 264 667
&, W7 L8866 44, B LB 1. 1 ¢ 1, A5
ZEWTTT R R B I LB R B P2 B W
(2018-IRB-077) , i ¥ iy K 2 B M [E A5
1.2 U&F 53

AQCUTY TQ-D HER BTk 35 [ Waters 24
77 GC-MS QP2010 A (2% — B3 1B FH A N
H A 5 A 777 i CT-100 PCR XK 2E [ Bio-Rad
s E A 3 3500-DX P XA 3£ [ Life Tech
28 F) P Miseq T AR 26 [ Tumina 28 7] 7
il ; MassARRAY Analyzer 4 K47 ] i %4 |
MassARRAY Nanodispenser RS-100.ts i S FEHLY
h 3 Sequenom A 7 i o Neogram #i Az JLATTAE
P 2R £ Neobase #H7 4z JLARAT AR BE 0 A i 57
BRI 2 PerkinElmer 23 F) 72 i 5 SCPE il #1055
&L EINEB A E] ™ i 5 A 14 R0 & 5
FE Mlumina 23 7 7= & s PCRIAFH & 5 H A TaKaRa

NEIETe
1.3 ERIDC BT A o Pk PR i

Fie B OB AR L9 0 A H2 AR (2010 4F
Ji) Y U LA 72 h H R AL 6 YR,
b BN B R AR R BRI T L ORI B 4R R
e R I BERR A DA . MR SR U
o ML BRE PR A i AR B -t R BT (ARG
200941 H 220134511 H 3 H R AT T,
20134E 11 H 4 H E20204F 12 A R HAERTA 1k
7%, C4.C5.C6.C8,C10.C12.C12:1.C14 .C14:1,
C16.C16:1 C18.C18:1 JFE A8 A= JL A i A
FRPE
1.4 AR A AL 8 bR B R A MLIR Ve B 43 BT I IR
A

A Il i 2 P BT A L, 2 4 I I o 35 1R AT
T ik — AT A | BT | A A S A
RAH BRI o5 2R R [ AR F Ak
FURNERFR AL B, I PIBR 17 BERR | 24 BE R FIFE
iz, 2R CBEAE B 2 Wk, 4 B 3k rk e b A I
AU PRAT LR o
1.5 im0 F MassARRAY H5 AKE ) 35 R
GG e HEUw B

K FH 1R 38 B A MassARRAY B AR X ETF
K ETFDHSEH B4 57 T AN E & 727k,
K 25 38 5 A FL R 2H (1000 Genomes ) B4 % |
ESP6500 B4 & | Ex A C #4083k 4 41 28 48
BB FE i (gnom AD)FEAT HLXF . i HISIFT
PROVEAN ,PolyPhen-2 Mutation Taster FATHMM
F1Human Splicing Finder S 7E LA FH#EAT T , 43
BT AT B8 2 AR v A5 X 26 S5 A AT R 14 5 i LA K.
ARG ETHE . WH Mutation Taster 7E 2K
A PTAR 2 A8 (7 s AE O R AR IE] N BAE L
X ZLEE AR Jr i BE SR dURTAGT TS )
FIPRSFYE . MRESE [ Be s L 2p S L 22
A3 TR BRI TE 2015 AE4R I Y P30 728 S i
PEARAERIAE 7, X 28 A8 A7 5 I B0 M 17 53
Mro BB SE DR 9828 1) fB LA Bk — 25 0047 Skt —
JERRIEIN R | LARA 8 28 TR



o I, A WA R A LS R A D U S = A s A K% B DT A £ 457 -

1.6 MADDiZW;

AR5 1L PO 356 PR B i e AR | PR AT AL 15 2 O
PR 43 B 285 S22 W7 - QDMLY £8 25 1k 5 PR i C4~C 18
PR TA) R vy ol KB C6~C18 H{ C12~C18
S 9 e = S R o A A R 7 R
W QFERM IR FLRRYS S BT CHEN TR
- TR O R RS2 RIRKY-
FhEn, FRA DL AT I 5 @R i 12 1 &
B, FENETFDHAEER 275
1.7 MADD S JLBIRY T FIRETT

FasE IRYT ARG ROk G o h AR R
HBIRE iz ) a2 17 )57 25 R
FNFEAE 2 B2 100~300 mg, 25 J2TT 50~100 mg/kg,
T Q10 60~240 mg, ML ARRE AR .

PARAEIIGYT  Boidde 2 EAR s K ik b
B PRI S SE AT B ; 47 MRS (R] B , A B ) T
BRI SRR 57 4R I I MoK | R A JTPA
WA/ Nt R 3 mL/kg A L, AR 3R 2t ol
RE U ; Wk 9 22 R JETT (5K 50~100 mg/kg),
I3 2~4R G PRI BRAE Y , (kA AR HE

i A 2~3 4 A JE AT U &2 A W IO
(SRR AL %5 1| 55TV 111 N 1 R /T 1 R
IR PR B | PRAT AILRR A, TR B S P4 AR
JLAAE B H1 R E AR o Bt 1 B [ AR 1A 22 5
M52 o & 1 % & VAN - 0~30 A &R A 013 L %
JREZ ;30 AR LI EE 6 4 RS E/R A B i
6% LU IR s i LR R,

2 7 R

2.1 MADD/fitr2h R

3896 789 £ #iAE L, 1l C4~C18 FH 151 63 4l
W BHE R R 0. 0016% , FHEFNAE 4 20. 6% , 1B
B4 79. 4%, MADD iz 8L 1361, B4 It
B 11 2 2, B3R 1/299 753, 1341 LA 5
K H 13N TRGRRINFRE, BRI R A5 0 .
B 13 R KL (AR 4100 ) 4h, Hidx
¥R e A E R AR L,
2.2 MADD LRI PR R RN 5L 55 %8 S H At 4
Bl e 445 R

134 MADD &L T AU MADD 141, TN %!
MADD 12 %, 2 A RS 6] (F] 1.3 .4 .8,
1), 511 3P4 R, 6 8 7 3 A I 6T 5 WLk
FHRAR 1] ;58 Sh AT 32 1491 ; Hofth 6 Bt 15 24 T8

Il R

135 MADD B JLSE 55 2 FSE R 4 K A 45 1
D1 Horb A A 3 49 ; v LR IMLAE 6 491 5 TN
SR e 2 W T e © 1) 5 IOLIR VKt T 15 7 191 5 LR V8%
fiff [7] T CK-MB Tt =7 6 151 L e &l 7 5 4 431
7o JIR ILAEE 1431, s L 0 e AL 1 497) 5 68 . T B S
LG5 JFFR 2 48] 5 U 75 S 2 49 OBUES /N iy 3L
B T R ) 50 L PL S R 108 (T IR A B A ) 5 ki
IR S 2 45 RN i == 380 A =0 i R B
%5 o

AR, MADD B LG K 2 80 & B 5
B, MALEILZF A J5 B ER AR s R i
PERR T | e 2 URE s S e R, TS A Ltk
XS , E BRI — e 2 R
DItetn 3 12 SR 32 SRR, BB 3 70 W AT 2
2.3 MADD UL JRA G A 25

13 MADD £ JLC8 .C10.C12 .C14 .C14:14
FHE, LAC8 . C10 C12 FH R FEEE B 8, S IE# B IR
6f5kti. C6.Cl4:2F i 1141,C4 .C12:1.C16,
Cl6:1 7+ 84, C5 FHm 645, C18:1 Tk 54, C18
T 41, CORFAR 1 4], W42,

2 BIL (512 .5) 34T T RS ik 43
M, 947 PRI B 3-FR I T 1A F
3BRILHIR 2-52FE N TR 3-SR R T
& I FLIE R TR o

BIREE SRR  MADD LI KBt
LT (C4~C18: 1) AR [F RLEE TH i o
2.4 MADD LIk R 52 AR K 25 5

136 MADD #412 BULY 47 T 3L A
Bl 2K tHETFARE N B G246 %7 (c. 520C>
T.c. 218G>A) ;1] 5 HETFAFL N 4645875 45 10
ETFDHHIER 2155878 s ) 11 METFBEERE G446
KA (c. 5TAT>G c. 614_616del) ;1 1 HAG I H —
ANETFDHIE R 27 it 5 AR 8 i LW ETFDH
B G RE R, RN 55k A AR
7o ETFDHILR 575 117 (4 L o259 Fh B sk
AR 1A BTYIZEAE 1) Kt e, 250G>A 5K,
c. 1395T>G .c. 1450C>T 4% 3 YKk, Hifth 28 728 37 15 4%
1R, W3, S5R4R  MADD 8 JLLAETFDHZ S
Z 0, i WAEAE e 250G>A
2.5 MADD HJLIRYT Kbk )H

B 1Tt AR J5 U INeT s BRAR R, LA



- 458 - W24 (B2# k) Journal of Zhejiang University (Medical Sciences )

R 1 B3PI BALHNG AN S = AR G2 B LI B A A 2

Table 1 Results of laboratory and imaging examination of 13 patients with multiple acyl-CoA dehydrogenase deficiency

B M IERIMEE CK-MB ALRMAR 4 FLER  ALT iR SMRE %EiMn BFAE EAE O L A%
F % (u/L) (U/L)  (U/L)  (pmol/L) (mmol/L) (U/L) IfiifiE BEIMUAE ZhRE #ES S WS P
1 B 1235 175 1085 149 5.1 79 A A OB BT OWER B IEW NARE
1.4 cm spid f&
i
2 B 58 27 473 E% EH 78 &G & OARE IER IEW IER BRI
S
Fik
3 3B 6755 185 1505 E% 2.9 2 I T IEW W OEW  IEW IEW RE
3 cem
4 B 376  IEH IE% IEH 4.1 ¥ X T ARE RE RE OEW EW O RE
5 B IEW  IEW EH 73 EW  FEW X L RE KA R ORE RE ORHE
6 B W IEW EH E% E%  IE¥ X% K kA& KA O KE O EW EE O KE
7 % EW¥  IEW Ew EH EH 79 k& K KA KA KA EW EW K&
8 B 2653 54 762 % 4.7 IEW & T OK®EEW O N IER EE ORE
25
9 « % IEW EH E% E%  IE® X K kA& KE O AKE O EW EE O RE
10 & IEW  IEW EH E% E% 56 &t K& KA KE EW EE O AE
11 % 142 45 1IE% EH 3.2 IEW X T Ok ORE KA IEW IEW KA
12 B IEW IEW Ew E# IEW  EW & X IEW EW  IEW  IEW EW R
13 3 253 42 E% 56 3.5 78 & T OKE KA RE ARl TR EW
R EN
/E

CK-MB ; —Ff LB A R TR ; ALT . INZIREL 2.

R 21301 ME AL A SRR = AE 612 S LI ISESE A KT

Table 2 Carnitine concentrations in 13 patients with multiple acyl-CoA dehydrogenase deficiency

il F Co C4 Cs c6 C8 CI0 CI2 Cl2:1 Cl4 Cl41 Cl42 Cl6 Cl6:1 C18  Cl8:l
1 IEH 113 049 1.22 1.58 1.72 2.56 0.48 254 1.83 0.14 6.42 1.61 IFW  3.06
64 1.03 0.38 2.45

0

2 IE® 161 2.00 0.42 0.59 0. 0.81 0.08 11.71 1.63 3.80 5.11
3 IE%  IE%W  IE%W  IEW  0.30 0.48 0.81 IEW .76 0.59  0.11 IE® IE¥H  EW  EW
4 % 091 0.57 1.46 2.34 2.06 1.8 0.32 1.99 1.06 0.10 6.24 1.13 IE¥ IE¥
5 IE#  0.63 1.10 0.23 0.41 0.48 0.94 IEW 1.96 0.65 0.07 6.37 1.37 246 3.6l
6 IE® 0.62 IEW 078 1.61 2.46 3.04 0.66 1.76 1.57 0.15 6.21 0.8 iF¥ IEW
7 IE® OIEW  OIEW 026 074 1.29 1.02 0.46 0.59 0.55 0.07 658 iEW iIEW IEW
8 4.74 1.93 0.8 0.20 0.42 0.40 0.75 E¥ 1.94 0.44 ©F#H 9.68 1.06 3.93 4.6l
9 IE%  EW  EW 028 0.75 1.12 1.96 0.43 1.14 1.09 0.22 I1E% 1E% @ 1EW  IEW
10 IFE®¥ IE®  IE® IE®  0.38 0.66 0.70 1E® 0.49 0.37 IE® IE¥ E¥ E¥®  EW
11 IE® 275 0.63 0.68 0.81 0.88 1.01 IE® 0.56 0.71 0.12 IE® IE® IE¥  IFEWE
12 IE®  EW  IEW 038 0.77 1.40 2.35 0.34 1.43 1.21 o0.11 IEW 077 1EW I1EW
13 IE® 075 IEH L1519 279 3.60 1.09 2.90 2.27 0.12 10.27 1.50 2.26 3.42

EHE TG RS PITR(C0) 10. 28~54. 24 pumol/L; T HEREATH(C4)0. 03~0. 48 pumol/L; JEBEREPITH (C5)0. 01~0. 40 mol/L; T IHEHE PITH
(€6)0. 03~0. 17 pmol/L; FWEFE TR (C8)0. 02~0. 17 pumol/L; ZEFEILPIHH(C10)0. 03~0. 22 pumol/L; T hefikIE A B (C12)0. 03~0. 28 wmol/L;
TREBEIE I (C12:1)0. 01~0. 23 pmol/L; -+ PULEBEEEPIFH (C14)0. 07~0. 40 wmol/L; + VUM BERE B8 (C14:1)0. 03~0. 26 pwmol/L; P4 — 4%
Bk FE A (C14:2)0. 01~0. 06 pmol/L; 7S BBt PH% (C16)0. 49~6. 00 pmol/L; 75 KsBEFE I H% (C16:1)0. 02~0. 49 wmol/L; -+ /\ABEHE A
8 (C18)0. 24~1. 90 pmol/L; +/\Jfi k3L A1 5% (C18:1)0. 38~2. 92 wmol/L.
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Table 3 ETF/ETFDH mutations in 13 patients with multiple acyl-CoA dehydrogenase deficiency

JLH R AR

PR e FROK HADNAMCE R Fify 1% T APDNARE FARRE
1 ETFDH 204N TF) ¢. 242T>C p. L81P EN oA EN oA RAH
2 ETFA 5(4METF) ¢. 520C>T p- R174X 2045METF) c. 218G>A p- R73K
3 ETFDH 3(4MNETF) ¢. 250G>A p. A84T 1HUOMNET) c. 1450C>T p. A84T
4 ETFDH 3(4MET) c. 229G>A p. G778 5(UMET) c. 524G>A p- R175L
5 ETFA 3(AMETF) c. 365G>A p. A122L 3U4MNEF) c. 365G>A p. A122L
6 ETFDH  11(4MNiF) c. 1395T>G P. Y465X 3(4MNEF) c. 250G>A p. A84T
7 ETFDH TIMETF) c. T10A>G P. Y257C 1HMNEF) c. 1450C>T p. A484R
8 ETFDH  11(4M2F) ¢. 1395T>G P. Y465X 1HUMNETF) c. 1450C>T p- A484R
9 ETFDH 3U4MNETF) ¢. 353G>T p- A117P 3U4MNETF) c. 250G>A p. A84T
10 ETFDH 3(MNETF) ¢. 250G>A p- A84T 3UMNETF) c. 250G>A p. A84T
11 ETFB 5(4MEF) c. 574T>G p. Y192D 6(4MET) c. 614_616del p. K250del
12 ETFDH 6(4MET) c. 643G>A p. A215T (AN T) c. 1395T>G P. Y465X
13 ETFDH 6(NHF) c. 684+1G>T B[R T 8(HMET) c. 982G>C p. D328H
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