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Medium-chain acyl-CoA dehydrogenase deficiency: neonatal screening and follow-up
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Zheng-Yan, SHU Qiang. Department of Genetics and Metabolism, Children's Hospital, Zhejiang University School of
Medicine, Hangzhou 310052, China (Shu Q, Email: shugiang@zju.edu.cn)

Abstract: Objective  To investigate the epidemiological characteristics, phenotype, genotype, and prognosis of
medium-chain acyl-CoA dehydrogenase deficiency (MCADD) in the Chinese population. Methods A retrospective
analysis was performed for the clinical data of the neonates who underwent screening with high-performance liquid
chromatography-tandem mass spectrometry from January 2009 to June 2018 and were diagnosed with MCADD by gene
detection. Results A total of 2674 835 neonates underwent neonatal screening, among whom 12 were diagnosed with
MCADD. Gene detection was performed for 10 neonates with MCADD and found 13 mutation types at 16 mutation
sites of the ACADM gene, among which there were 7 reported mutations (p.T150Rfs*4, p.M1V, p.R206C, p.R294T,
p-G310R, p.M328V, and p.G362E), 5 novel mutations (p.N194D, p.A324P, p.N366S, ¢.118+3A>G, and c.387+1del G),
and 1 exon 11 deletion; p.T150Rfs*4 was the most common mutation (4/16). The detection rate of mutation sites in the
ACADM gene was 80%. No phenotype-genotype correlation was observed. Dietary guidance and symptomatic treatment
were given after confirmed diagnosis. No acute metabolic imbalance was observed within 4-82 months of follow-up. All
neonates had good prognosis except one who had brain dysplasia. Conclusions MCADD is relatively rare in southern
China, and p.T150Rfs*4 is a common mutation in the Chinese population. Cases with positive screening results should
be evaluated by octanoylcarnitine C8 value and gene detection. [Chin J Contemp Pediatr, 2019, 21(1): 52-57]
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TR LI A AR = 5E ( medium chain
acyl-CoA dehydrogenase deficiency, MCADD; OMIM
201450 ) J&H T ACADM ( OMIM 607008 ) 3 [ 53
W SECPHERL LTS A LA ( medium chain acyl-
CoA dehydrogenase, MCAD ) Y Re kA, Jlidichy
Az s AR P B B, R T Y A R
PERALHS, 1982 4FH Kolvraa 1 YK ", iZmik
TR, BRI R LA R 48 R G BE K
A, LR SRR B A g2 R P
H i [E P4 1 8 MCADD A7 o7 . ik PR AR K e B
TS W HIE . AT T WA B A L i A
Hra0 2009 4F 1 A 2 2018 4R 6 H 1Y i R €53
38K 3% (high-performance liquid chromatography
tandem mass spectrometry, HPLC-MS/MS ) it 25 %}
Fe, SR JLMCADD JoK, LA
SERRVERAE B B , i MCADD B 4R AR .
1 BHSE
1.1 HRMK
2009 4F 1 H £ 2018 4F 6 H 2674835 i #t 4=
JL1% 3% HPLC-MS/MS fifi £, A /A 1) R 5 AAG 1 42
TEM I NS G ) i A L T 52 0
1.2 HPLC-MS/MS #& i Bt 5 P a8 F1 R B HLER

A2 J 72~120h R AL, i T Schleicher &
Schuell 903 384K, BAT. T MU L2 ML |
PRI i 1R & ( HRER BT , PerKin Elmer ) AbBE,
25 FR IR DT A SRS DU P P

Xof T i 9 4 o 6 A e s A 1 B8 128 A2 LI
B REE AT IRAALIRE I, ¥ LURER B, FhR
sk SUEALENFIER IR AL BE, A NAR 17 Bei
CIRETRAFI 2 I, G WIREAT AR S EAL (5
Ht GC/MS-QP2010 ) #&:0
1.3 EERTESN

X T L 28 4R B A P A 07 A SE 12 MCADD
(s i, 28 AN ) &, IR L B ACBE AR
AR A A7 Z AR e i R e, £
f ACADVL, ACADM, ACADS, SLC22A5,
SLC25A20, CPT1A. CPT2, HADH. HADHA
HADHB., ETFA, ETFB, ETFDH., ETHE1 .
ACAD8., ACADSB., OXCT1, SUCLA2, SUCLGI,
SUCLG2. TMEM70 3£ ) o il ACADM 2 [H

FRAS I AT Sanger P 55 iE, A 2] ACADM HL
AR SEAL R E ] q-PCR J5 A6
1.4  MCADD 12 % i 25 7] %¢ i FI| Bt 4k 472

i A TT S ) T2 BE SRR 2, DA I 3 PR
(C8) M FIEH 2 4%, = C8 &I C8/C10 ( ¥ it
FER / ZEEERE AR ) 15 S5 1E S MCADD 7] 589
il MCADD 2 Wi H2 4 JE PR Rzl & 38 ACADM & [
RASORYE C8 FpLett Enfiz

2 #R

>

21 THFEER

ILiHy 2674835 HilETAE L, WEERHM: 161 f1,
Horp 12 BildrsE 3 IR DL B, HARIRE IER, 12
i 10 1] R4 7 56 PR A (2 4514 4 5 R ARG )
454 C8 RN R 45 3R, B2 12 )2 A HrE L
152 MCADD, HUR3 1/222902, BRAMSE#% 1ML
A KA YRR, €8, C8/C10 1EH i [l 435 h
0.02~0.17 pmol/L 1 0.44~2.00.,
22 WHHRENLER

i 12 i MCADD [ %5 i %] i I C8 2y
0.58~11.39 pmol/L., C8/C10 24 0.91~21.08; Ffiijih
C8. C8/C10 W ahBA ., B 1 4] C8/C10A 1 KIEH,
HAYE TIEF T 12 f05E L 1 R4
LR, AN 1 BIE I iR S Rt . Wk 1,
2.3 ERENLE

10 51325 47 35 PRAS: 0 (%) £8 )L #4046 1] ACADM
R A, R 13 R CREBH BT
H CR MR CEE AR S )« g 7 FEHGE
A%, p.T150Rfs*4, p.MI1V. p.R206C. p.R294T .,
p.G310R ., p.M328V. p.G362E F1 5 Fh #r %8 7%
p.N194D .p.A324P . p.N366S .c.118+3A>G .c.387+1del
G, H pT150Rfs*4 HHEFL AL, ¢.118+3A>G,
c.387+1del G A BTHERAS, HARI NS LRAS, i
AR B A SRS B 1611 SAh T
e (RIS FEASA 0 E N g-PCR ) Ry AT
P, HBEEN 11 5408 FHE (HPLC-MS/MS £
MRS ) o W2 LK 1~2, Ll p.T150Rfs*4
M) & R e, 5 25%, HAaY mE k. 3 Fh
B i 5 L % A8 H PolyPhen-2 ( http://genetics.bwh.
harvard.edu/pph2/) . SIFT (http:/sift.jevi.org/ ) |

MutationTaster ( http://www.mutationtaster.org/ ) .
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FATHMM ( http:/fathmm.biocompute.org.uk/ ) 55 #f Mo BBLIER AR S, REE & A fL Al
rOREPNIR /R H, WK 3. 7 2 gy iR SEEABRIAAR S .
XFEE IR A, H ACMG PFHI 7 i U5 R B0

&1 MCADD &JLIGRFMECE
HAE BRI H AR A W C8

C8 PSR Bt e

St s el () ke (umol/L) Wi C8/C10 (umol/L) A) HERH
1 s 40 33 2.53 21.08 2.53~3.47 82 €0 10.0 pmol/L,
SGPT 114 U/L
2 i 40 3.6 5.14 11.96 1.83~5.14 64  C€06.52 pmol/L
3 5 38 3.0 5.95 4.19 0.27~5.95 57 3ERFEILTMR.
¥R
4 % 39 3.6 1.77 3.34 0.3~1.77 26 €09.43 pmol/L
5 ) 38 2.9 0.76 3.62 0.57~1.16 23 WARAEAR
6 Ll 37 4.6 11.32 17.15 1.31~11.32 19  C09.8 pmol/L
7 # 39 3.5 1.52 12.67 1.03~6.17 16 CO 7.67 pmol/L,
SGPT 114 U/L
8 u 39 3.0 5.93 9.72 0.76~0.93 11 B 53] FL A ]
9 7 40 32 10.35 15.68 2.29~10.35 10
10 L 37 2.6 8.00 13.11 1.01~8.00 8 AL S
11 3 38 35 11.17 15.73 4.20~11.73
12 g 39 32 11.39 14.24 2.67~11.39 4
e COIEHYEM: 10.28~54.24 pmol/L; SGPT IEH LM : 0~40 U/L.
%2 MCADD BJLEZERAMAICE (NM_000016.4)
Sl A 1 (BER) Ja RAZ 2 (AR JEtE
1 p-R294T, ¢.881G>C B / AT RERUR p.A324P, ¢.970G>C L
2 p-N194D, ¢.580A>G BV A, del exon 11
3 ¢.387+1 delG, splicing VS p-M328V, ¢.982A>G o
5 p-G310R, ¢.928G>A o ¢.118+3A>G, splicing B S
6 p-N366S, ¢.1097A>G LA
7 ¢.449_452 del CTGA, p.T150Rfs*4 EX]
8 pMIV, c.1A>G Nz p.R206C, ¢.616C>T o
9 .449-452 del CTGA, p.T150Rfs*4 R ¢.449-452del CTGA, p.T150Rfs*4 EXe
10 ¢.449-452 del CTGA, p.T150Rfs*4 o
11 p.G362E , ¢.1085G>A B
FE: ACADM BEPAESAM S PPARE LA 2R ExAC, GnomAD, 1000 Genomes, ClinVar, PubMed S48 ELE & 1FAH .
%= 3 3 ThETRIE X RETRIER T
Amino acid change Func.ref SIFT  Polyphen2 MutationTaster FATHMM PROVEAN MetaLR M-CAP
exon/ ¢.580A>G p-N194D nonsynonymous D D D D D D D
exonll ¢.970 G>C p.A324P nonsynonymous D D D D D D D
exonll ¢.1097A>G p-N366T nonsynonymous T D D D D D D

7 : [D] Deleterious or Damaging; [T] Tolerated
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c1A>G c.118+3A>G c387+1Del G €.449-452 del CTGA
\‘\ A
/\
FYVYVY WUV VYV VY I\ ATATATA | AVAY, \
- — . i A 3 yl el JUR SR SV AVSVELA AT |
GCCAACRETGGCAGC TTGGTRETATGT TGGGGGTAAGT G GAATGACTGAGG
c.580A>G c.616C>T c.881G=>C c.928G>A
ATAACCHEACGG AG TT GGCAFGTT CT ACAAAEEAGCTT AACT T TCAGAAAGC
c970G>C c.982A>G c.1085G>A c.1097A>G

TGCTGEECT GAA TGGCAET

1
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0 -
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B BECE BERSE pER xR xR 2

2 §%f2 ACADM EF 11 S4B FHET Wil 2

BN 11 S5 Tk
24 IEHRRBERBITER
BWIEBATRER S MMEREE . EUiE
4~82 H %, By AR L S AR O i A AR, 5 il
BILTAEIRR S T4 B 1K CO BRIK, KAAE S
Atz 4%, 2/ ReTT (5 H 50~100 me/ke ) K,
I MG CO IR IER , 1F25f5AR &I CO iz ;
BT R ER 161 C8/C10 A 1 IRIEH, H4r C8., C8/
C10 f ¥y TIEH . RS IF DI Redi 19 2
B, 252 07 HE T . NIRYT 3 H IR E IE R,
WK% ThRE . WIRRTAEE . O LB RG34 I
O R A 75 K A $E s 5 01 g [R] B gt . B [ LA 1A
% 1B, 6 A ATTIRE ; FrA LG BRI
SEE, DR WO IR RSO DR . B
i & B AR 141 ( MR $27R i (T RESs & 855 ) o
PRGN E B AR 16, Prf LR RS &
HIEH , Bayley & B Rl 4 IEH .

TT GCTGEAGATAT TGCAARETCAGT

13 #z2 3Ry Sanger Jl/F &

3 iTfig
MCADD H5 RA7 7 W A ik 22 5%, AL
FRO R DL [ B R, M 1:4900~1:8500; 3 [F
1:13000~1:19000; I A B £ 9 25 40 X6 42 41K,
H A8 A= LB % 1:51000; 1 [E 5 H X
1:263500%%, ABFSE A 45 10 458 A4 L = BE 3
i A g E, AR E R 7 AHE MCADD (B %
1:222902, S53KEGE XKLL,

MCAD J2& it 5L 4 ilF A Md S0 505 i 01 2 —,
P FERRARSE R, oS EmL T BE TR R B A1k
(55—, MCAD ZiBE S fa i O Ik 3 A (C6)
PIJe €8, Cl0 3R, C8 Fhmi i, JEHRRETE
Ak, RIEs €8 48 MCADD A4 JLId A 545
{4k ATRELZ 1, CO{%, C6~C10 FHEAHALE,
454 C8/C10 B AE P 2 i Uk R o =01, A
F7E 3T 260 4378744 L HPLC-MS/MS fii A 454k ,
5 C8. C8/C10 IE & i [ 4 0.02~0.17 pmol/L Fl
0.44~2.00, A MCADD #7 4= JL Ui 2 YI{E 59 8 57 )
WAL T —@ IFIEME , (Hrh E MCADD #iA:
JL C8. C8/C10 i UIME I A FF AN R X T £
FEAKAE ()RR R I ER B A3 B & o AR
FIEA R BRI IR C8 . C8/C10 X7 T 1EH YL 2 %
LI, BEDTHER 1B C8/C10 A 1 RGN E 3,
AYIETIERORE . HFFEELL C8 i kA L
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& MCADD, TETCAUBHE Sk, Ildk. TR,
Ty A A R o AR O LR, AT LB
P C8 FE HAb s M AUl . He2 NI IR BN 157 5
MR P Tl =R B A Lt s T P
FEl AN [R] i A oL LA TS A sl 73 A 25 MCADD
PRSI 25 5 03, 20 8%~78%"" . 12Wi)e 43 Ht
T. H. R4S (https://www.nbstrn.org/research-tools/lab-
performance-database ) } CLIR ( https://www.clir-r4s.
org/ ) FI AR R 5 i BT N R AS R AT 45
SIS RIS m T A | 2 TRCE

MCADD [BHHYIR R (C R, R
PEMRAE) g, (HAETE R N IE R . IR
FHHUER S E T MCADD 2tk R AEME I, ANk
TR LA P AT 1S IR IR R S
TR, SCER P RIE SRR 5- A O
AR, FANETER . HPH =R 2
W EEH 2R 2 MCADD Hy#SMEbRE, FIEN
WY AR

ACADM & A2 H i % BL Y MCADD ME — ¢
TR, TR @A 1p311, S 12 M F,
24T 2 DHRGE 160 R RASNL L, LURE CRAZ
4 % Chttp://www.hgmd.cf.ac.uk/ac/index.php ) ',
MCADD 7ERR T JEH IR T UL, d5ci UL
RASEALT 11 5N 1Y ¢.985A>G (p.K304E ) |
W LR AR e 199T>C (p.Y42H ) P, A HBF5T
BIR BB gR AR, BThi A0 N B B9 35 58 A8 1 fig
S e362C>TM, H A, wh [E A A 449-452del4

(p.TISORfs*4 ) SN nidRiE ", ABEFE 10 ]

BILIE R B 13 Fh AR S, RIS CoRAE R F, Hirp
p TISORfs*4 NGRS, 15 25%, R-/RIZFRAEA]
REN LI AR PR AL

MCADD ] i i FE A AG A BE ACADM 2547 2
WEORPERAL L, BGE T MCAD i A6
2, HuiZE SEHEEI2 N P, ABE 10 68
JLIAG I E] ACADM JEPH 548, R B 13 Fh ol
LIRSS T HRIE IS, RIS I 1) 5 07 1k A 7Y
16 DIALNE s, FEALNE s AG HA 80%, KT E 4h
SCHRRIE ™o ol T LG AR LT N 5 F BT
B PR XA e Bk 2%, Jd i v A
FPANBER B, it —F 73 e AR B 8 AL A Qi
AR DCRBASIN 2 1 TR 7 1 B A BER I 5] 5%
AR R, R ER I RF R T AL IR . g-PCR

FIRRASALAL, I TR YE R IR A AL R SR AT %
B W, WAL LA 4 9] 25 e 3 I AUk
B AR AT A, HorP 1 148 -PCR & LA TR
ACADM 11 AN F8RAFUEIZ; 535b 3 BlIE
KAR Lt — AL AL 244G, Bl % 5~19 A i, 7F
TCATA W 3. B TE LT C8 I C8/C10 U {E 54k
B, L R R A B C8 1 e st
R R (40 ETFA . ETFB. ETFDH P ) 25 &
2 Wi A MCADD., Janzen 25 "V g 38 1 F bt
il 460 7 2232 Kt 30 5] MCADD., {H MCAD B % 1
KoM k3 2 2%, Kk . TP A A 2R AR AR IR
I RN LAFE T DRI, 3 0 e o A 9 451 el 1L B
G C8 KAEH KM T2 o

MCADD HLAYIG PREIIEAEYU . B
R TR, Xt S8E. WOW &1E, 27
3~24 HERE, nT 7R RS, (R AL
EH A G TCHER; MCADD 0T %5, K
()R 2 25% BT, B St 1) FR A AE
TRA[K 50%. 29 13 EE T arkmis B s
WHRE o BRAE . LR A BB P, PRt
MCADD 1 519236 S B0 1 5 %) 8 . MCADD
BB N R AR PR RN, e
R MR S TP EENR R Wik ", Derks % UV SY
T MCADD Tk &8 LS it sz i), 6~12 4~ H
YL e KSR RN/ T 8 /NET; 1~2 2 4L/
F 10 /N >2 F FH/NF 12 /8, SE B E i
FHEIRYT I T T IREROK AL A P o3 A AR
PRPERFSE A AT . AR FR o 0 kam 1 11 IR 4k
FeIE s A, 7 RIF DK R S A A 0 . 25% %
B 2 mL/kg B B8 5 KA 1 5 109% ) 25 8% LB 43
B 10~12 mg/kg MR i DA ZEHF =5 T 5 mmol/L 119
MAEASE By ARUUREIS IR 45 TR e 5 M fd
FREE , BHUIE 4~82 H A I SIS R A
B 5 BB CO WK, 2P i, DRAFREIT
SEXPRETRYT, A RAT,

MCADD P #Y 51t RERAY ) 56 Z 1 AW
M2 R R 4, H RIS 2 B 3 Ao g PR
N BEER I 8 I PR A Bl e AR P
[} —5¢ 1% MCADD 535 HAG AR PR IR 5 I ;
R A AR T B AR AT AT T B IR A e A= A (4
AR AR I K B R]— FBOULAE TG 2 AR R AR
BF C8 ML shB i, JRfen AR - FH
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