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[(FEE] B a0 -o- BRI S ( glucose-6-phosphate dehydrogenase, GOPD ) [ X 1718 % 27
71 # ( Enterovirus 71, EV71) YL IrETF 2 DR 52 S Al el . A% EBURiS R EV71 LT L s 5
PEEIL 220 (], AR A AL (145 6)) FIEAELL (75 41) 5 AR 9 132 e 53 v L 5 o X
M. 4 A EABGHEATIE T GePD ., IEJFERIAPEH K (GSH) M (MDA) /AKC-FryiE, &R HAF
21 GOPD i LB BH 2 & T X IRAL (P<0.0125) o FAELL D GOPD slef LAY M AR | RSPl R e, Al
SHFEE AT IA] R AR BE 34548 GOPD IR FH K (P<0.05) o APkl ke 1@ 4 5 diE 4 LI GSH. G6PD
KT X IELL (P<0.05) , MDA /KFE8 FXHRLL (P<0.05) o 3@ 41 K EAE 4] GOPD Bl fd L 2t
I GSH K IE T GOPD & 1 1F 8 )L, MDA /K -2 T GoPD iE M IE# L (P<0.01) o 2 KRS W)
H L GSH /K V-5 G6PD iE PRI IEARXE (4351 r=0.61. 0.58, ¥J P<0.01); ZPEHHH JL MDA /K F5 G6PD I
B = -029, P<0.01), i GOPD SFAFIRER EVT1 BT R IEH SRR E, £ CoPD d= [ LK
ST RE B, HAHLHI AT RE-5 SR A O, [ hE%SRJLRIZRE, 2013, 15(9) : 751-755]
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Relationship between G6PD deficiency and hand-foot-mouth disease induced by
enterovirus 71

OU Jun-Bin, ZHANG Cui-Mei, FU Si-Mao, HUANG Xiang, HUANG Lian-Hong. Department of Pediatrics, Zhongshan
Boai Hospital Affiliated to Southern Medical University, Zhongshan, Guangdong 528403, China (Zhang C-M, Email:
495390899@qq.com)

Abstract: Objective  To study the influence of glucose-6-phosphate dehydrogenase (G6PD) deficiency on
hand-foot-mouth disease (HFMD) induced by enterovirus 71 (EV71) , and possible mechanisms. Methods A total
of 220 boys with HFMD induced by EV71 were classified into two groups based on disease severity: mild/moderate
(n=145) and severe HFMD groups (n=75), and 132 healthy boys were selected as the control group. The activity of
G6PD and levels of reduced glutathione (GSH) and malonaldehyde (MDA) in blood were measured using the automatic
biochemical analyzer. Results The percentage of G6PD deficiency cases in the severe HFMD group was significantly
higher than in the control group (P<0.0125). In the severe HFMD group, the durations of fever, mental abnormality,
limb trembling and hospital stay were significantly longer in children with G6PD deficiency than in those with normal
GO6PD activity (P<0.05). In the acute and recovery stages, patients in the mild/moderate and severe HFMD groups
had significantly lower GSH levels and G6PD activity and significantly higher MDA levels compared with those in
the control group (P<0.05). In the acute stage, children in the mild/moderate and severe HFMD groups with G6PD
deficiency had significantly lower GSH levels and significantly higher MDA levels compared with those with normal
GO6PD activity (P<0.01). In the acute and recovery stages, GSH level in children with HFMD was positively correlated
with G6PD activity (=0.61, P<0.01; r=0.58, P<0.01), and in the acute stage, MDA level was negatively correlated
with G6PD activity (r=-0.29, P<0.01). Conclusions G6PD deficiency is probably a predisposing factor for HFMD
induced by EV71 and may aggravate the patient's condition. Its mechanism might be related to oxidative stress.

[Chin J Contemp Pediatr, 2013, 15(9): 751-755]
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i) ) B —6— W IR I ZU B ( glucose-6-phosphate
dehydrogenase, G6PD ) S22 i R A i 42 1) S Bt
fitg, o PEALIA R RS 1 (NADPH ) , 4EH¢4H
JiE PR JE R A e H K (GSH) ZKSF, AR P 4 i £
ZRME Y, R T T AN AR
N, SRS F B AT Re e PO, BRAE &
W, Btz GoPD AN BT E AL RE 1A BR % 2
() 7y I 3 vy, R B S 2 I e ) A AR
W, ZAEHRBUREERE 10, e E AR A A
AR R T AR 71 & (Enterovirus 71,
EV71) JE25 224 LT 2 e ) 32 2% Rk 2 —
EV71 Y T ST E 5 1 o o 56 R B I i T
HAbfpiEmes ", Har GoPD Gkif5 EVT1 AT 2
P15 6 2R B FE 48 v 20 . ARBFSE s Al EV71
JEGL TR FU LI T GePD M. GSH KA
T (MDA ) K-, it GOPD Sl fa Xt F 2 11 9%
BILEVTL Bk L e ™ SRR R 52
B G6PD BkA5 EVT1 BT R IR Z H A E A
1 BRSFHE
1.1 HRX&R
PEHL 2011 4F 6 H & 2012 4F 10 A FBeWUA K
T T 5B v L 220 B BFSE XS, Hodr 145
B A3 F L e (), FR3ITMHES
ZoNH (2411 %) 5 75 0 EAEF 2 H %
(EAEH ) , FB 1~5% (24+1.0% ) . XHRAH
R lE AR IR BE AR Y 132 fFlfd e 5 1 L3E, 478 9
MHESE6NH (22213%) . 34 JLEFER
ZERIGH#E Y (F=0.891, P=0412) . TR
W2 WibR S 3R B T AEER 2010 45 4 H 21 H &
My CFROI2IT R (2010 4FRR ) ) (AR
CHama ) ) M. YesEgE el (YaEdl) REKF.
B HL BEREE, PESURERIR . L. T
BRCRIREIER, 278 1 % Sl (&
JEA ) RIS RG 27 R W AT RERE
355, SCE R A A AMAE I WBC 345 . A i)
SR FUMOBESE &, MG BB RE MRIL 3 X
LA ORI A R . SR IE R [R]EH 2
IR 345 (1) 6T R HHRMIZ sk,
(2) IR BE 5L 50 5 A5 I K AE I I 2= 12 W A EVT1
&Y (3)JRFRDTF 5 do HEBRARE A L R AT —T1
(1) BRAAR N 328 A LY i 2 H 1Y) GOPD ik
ZHETRAY; (2) 3T 3N H NI, I (40
. BROREIR) o AFRLSKGECHEERS
A T A BULKE B g R .

1.2 MIRAE

XTHRZH L 12 R A2 M bk, 12 T
FBILFEABLG 24 h N SRS AR A5 25 IS bk
13 mL, MUBRRONPUEE, 2~8°CARAFE, Il GOPD 1%
P AR ) N R 7 A R B w A
) GOPD A7 &, iR A 7% > WALLAC A F)
[ Victor2-1420 9 Zhric 43 B8, ™4 2 15 B 45
BeE, WRIEULH BN S EERE, JLE GoPD ig P
<1700 U/L W2k G6PD $t= . 4=l GSH I K H —
AR AN LR R LE (5% ( DNTB 35 ) , MDA %
KA Z: (TBA ¥ , RN & AR
SRR TR T, AR UL TR E

HRHE 2 1) GOPD 1% M g 45 1, M 4 5
TRELL AT 5145R G6PD IE# 41F1 G6PD Hk= 4,
220 Hil LIS B (H8FE ) A TIRYY, WESIE SRt
FLASEAEA] GOPD 1M IEH Sk = fB LI SR |
KSR s ] . AR S dps i ] B B KA
1.3 HITFESH

RS E BT SPSS 13.0 #ETEURE S 1
AT, HECERIABIEL (%) Foos, 4l R
FHKE, DL P<0.05 F#mzEFHGEI¥EL, 4
] G SR 7 40k, L P<0.0125 (0.05/4)
FRERAGITHFE L MR ASE + b
2 (xxs) F#rn, WAELECR (5, 24
B I H L B Rk R T 22 0 AT, 4L TB) R 7 L %
K SNK-g #6556, L)L P<0.05 N 2ZESH G245
o SRR JL GSH. MDA 7K R FIRUA 2
MR T 2508, Wt o4 5 GOPD 4435
KA Z T8, GSH. MDA 5 G6PD A
M M1 FH Pearson #5438, 47 DA P<0.05 N 2
SAEGE

2 #R

2.1 &% G6PD &b LI
W 2 . X R ZH K FRE 4H 3 4] G6PD B
o) 22 S e 5 L (=20.09, P<0.001) ,
o FERE 41 G6PD ik [ L 7] i 2 s TN IR
(£'=20.23, P<0.001) , Tima 5% HE4H . il
S5 FEAEL GOPD HREA Ll 2= 55 o ge it S (41
W =579, 6.04, P=0.016. 0.014) , W 1,
ALHE X B2 A2 N A BT A7 L EEAS IR G6PD {4
FA) RO I 25 SR 5 O 1 0 A ) L i s e FRF ARG 00 25 SR 1
S, BIREA:E GOPD JibMEIE H A R ARG 45 ATy
FIEH , BEAEHI2N GOPD it = A ks I i3 1
k=,

752



5515 4 45 9 ) FE SR & Vol.15 No9
2013 4E9 A Chin J Contemp Pediatr Sep. 2013
®1 MRA, TBASEEAH G6PD EREEER [ 6 (%) 23 XHRRAE, LE@EANREEHM GSH, MDA,
20 [ GOPD ki G6PD 7kt i%
X} HEZH 132 4(3.0) ; e
s 145 15(10.3) SR E 4 I GSH . G6PD /K4 g F KT
FREA 75 17(22.7y" XiF HRZH ( P<0.05 ), MDA i3 =5 X% BRZH ( P<0.05 )
f% 20.09 Ve ERE 4 1M GSH. G6PD /K ¥4 & 1% T %f
P <0.001

a: GXFHRAL LLE, P<0.0125

2.2 HEEH G6PD EES#HZ B2)LKFEILE
FAEL] GOPD = FBL B IR | K0S H R
B, AR SRR REO AR B A48 GOPD 1E
HR, ERAGIHHEX (¥ P<0.05) 5 GO6PD it
= H L G6PD 1EPE#: G6PD 1E W H W B IEI%, 255
HEGi#m L (P<0.001) . W2,

¥ 2 EEHG6PD EESHT 2)LHIELLR

MR (P<0.05), 5 E LMl (P<0.05) , {H
MDA 525 T B ZH ( P<0.05 ) 1358 4H ( P<0.05 ).
MR AE B ZH M EREZH Il GSH. G6PD /K P34 i 2
T XTHRAL (P<0.05) ; Tl MDA 7K-F-34 5 2%
TXREZL (P<0.05) ; HIEALML GSH. G6PD 7K
BT EEA (P<0.05) , {HFE MDA /KF
[ 2R TGHFE L (P>0.05) . W3 3,

(xxs)

2053 ik PR (d) R (d) JE RS (d) B RE ()  GOPD & E (U/L)
G6PD IEH4H 58 54+14 18+1.6 24+12 8.7+3.0 2843 + 666
G6PD #j = 4 17 6422 2709 3.1+1.0 10.6£2.3 524 + 451

({8 2.27 2.03 2.11 231 16.57

P 0.026 0.046 0.038 0.023 <0.001

*3 XA, LEMAREMHEAM GSH, MDA, G6PD 7kFLkE (xzs)
. B GSH(mg/gHb) MDA(  mol/L) G6PD(U/L)
1

A Pk Z T W 2P Wb Z V] A
X R ZH 132 3.63 £0.65 3.4+0.5 3260 + 702
e 145 2.70 £0.98° 2.63 £0.83" 3.8+ 1.1° 3.8+ 1.1° 2963 + 988" 2984 + 973"
FhEH 75 228 £1.51" 2.41£0.91" 42+1.1% 40+1.0" 2317 + 1158 2325 + 1148""

FAH 55.65 75.06 16.95 7.12 22.05 21.62

P{H <0.001 <0.001 <0.001 0.001 <0.001 <0.001

a: GXTIRALLLEL, P<0.05; b: SHEMWALLLEL, P<0.05

2.4 G6PD fik=xf5&)L1n GSH #1 MDA 7k FaI220m

2 Ve K 52 1 GePD Bt = L4 Il GSH
K-8 GOPD 1% 1 1E H LB 3 AR (43
F=221.29. 22437, %] P<0.001) , 1% 1§ 4r 41
X TR (4 5B F=0.92, 0.038, P=0.338,
0.846 ) , TR ZE 4 T0 38 BN (4 5] F=0.05.
0.28, P=0.820. 0.594) . 211 G6PD Ht = & JL
I3 MDA 7K %8 G6PD 1% 1 1E 8 L i 25 1
(F=96.73, P<0.001) , T7EMKE I, GO6PD %%
X TCE M (F=1.96, P=0.163) , 2k XK E
A o3 gl T H B Tes2 ) (435 F=0.95., 0.32,
P=0.332, 0.575) , PR EHTosc BN (435
F=0.002. 0.04, P=0.965. 0.848) .

M8 2H FNEERE 2 GOPD IF 3 £ L 2k 1] 5%

ZIHIL GSH, MDA /K- i 22 ¥ e git24 2 X
(P>0.05) ; ¥ LH FIEAELH GOPD Bz Hi LK
W4l GSH /K FB L 2w (405 =7.73,
8.92, ¥ P<0.001) , K& Wil % MDA 7K °F- 3%
B OH Z PR WA (4 B =4.01. 5.74, P=0.001.
<0.001) o G6PD IEH# 5k = 1) . FAE 4 248
JLaVER 5K 23] G6PD /K F i 22 R e s it
=Y (P>0.05) . WFE4,
2.5 FEOMKEILM G6PD iEF%ES GSH #1 MDA
S LI G6PD 5 GSH £ IEAHC (r=0.61,
P<0.001), 5 MDA ZFAHXK (r=-0.29, P<0.001),
PR 5 1 LI G6PD 5 GSH & 1F #H ¢ (1=0.58,
P<0.001), 5 MDA JofH XAk (r=-0.13, P=0.059).
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X4 4AEBIAMHSRERM GSH, MDA % G6PD /KEREEE  (xzxs)

s - GSH (mg/gHb) MDA (. mol/L) G6PD (U/L)

S e Z T W 2P Wb Z P W
G6PD IEH A 130 2.92 +0.76 2.81+0.48 3.6+ 1.0 37+16 3243 + 549 3265 + 574
G6PD k= r3E 20 15 0.77 £0.12 1.08 +0.20" 5.4+04 41+1.2° 538 + 491 548 + 484
G6PD IEH HifEL] 58 2.75+0.84 2.78 £0.78 3.8+0.8 39x+1.1 2843 + 666 2850 + 666
G6PD = FhELH 17 0.67 +0.13 1.16 +0.26" 55+0.7 42+1.0" 524 + 451 534 + 440

a: S5E4 AW E:, P<0.01
3 g JELZH I MDA /KRG R 2 i, BAEH &, $n

G6PD it Z SEAE RERIE N 2 Am, et
2 4.9% ANz R, 7EIRE, G6PD k= fiE %
S ARFEAETRE MVE R4, TR PRI AR AR
i, SR AR AR B T AR R —
G6PD fi = 1] & i, NADPH 4= i A /&, i N GSH
D, FEEUADUEALRE e Y BT
K BB EALRE SR R 1 S R s E IR R
HSLEAESE, SIEW MM, $= G6PD 14l
B Sy I EVTL, W59 AP A AL RE T1 S = 7K
SEALR IR T EVT1 5 EEREN, 4T sNE
PE G6PD )3 fin 4 i N GSH 175 2 7 A % B AR5
B S IRE  EVTL TR TR AY 25 A,
G6PD = SE Tl it 5 EV71 JRYL s T 2 N A &
FYIR R, A5, FAELL GOPD Bk fa L il
22.7%, I E T XTI 3.0%, 4 G6PD it
Fa il S xR e 2 R BTG L, Bk
P XA R, BRI GOPD it = W BB Sy
HOMAUAXT EVT1 19 5 8%, GoPD B4 ¥ 5 3%
EV71 &5,

AR, MOk Z ok LR IBYR EE . &
FFTEE . EVT1 S8 B BRI G 2 RO & 16 P
% H HZE (reactive oxygen species, ROS) , 7EIMAIE
FH R e 15 & ek, [a) i 5 | 40 i B asl B J2 s I
A, DNA IR, JR it & Ak =9 MDA X ]
gLk R RERR AT, 0 AL e
MDA 2 i i A A A e S e A8 b, LB vl
W 42 1 PR 3 Y K P B SR A R S 0 R I UYL AR
b 07 ST o R A O O TR S E L, A
It GOPD HhEA M FHUALRE I A, nTRES
s dE 5 Sy, H B A0 A N B G . Ho
2t IS S 26 LR B G6PD M 4 iR EV71
Je B RO T, R A IR, BT AL
REA A RR ROS, JEIH EVTI (R, BiZAfk
NI, EVTL YA n A RE IR TS
fio AWFFH, S E LS EAELLIN GSH .,
G6PD 7KV LA REZEAG, HAEAH AL, Himd 5E

TEEVT G 2P, MLAHA S A7 7 S AL D 3
iE—2 R FSHA ZHTH b &8, F R R JL
GSH. MDA /K F-5Z G6PD I&EMEFZ R, A5 /0 by
7R GSH 7K 5 G6PD itk IEA )G, MDA /K-
5 GoPD MR A, LI LSRR GOPD BlE
HAEEVTL G2, i ThiEfRe IR g, 1l
e 2 th B K- R N 3, = AR S 5
WS R B ESELH P GOPD 3595 175 f- 2t v
KAEBEIHE %S GOPD JhTEIEH &K, $EmRPUAR
AR SRR B 5 B LI T AR AT . AR IRIF R 45 5
£ Ho 28 " B 5T 4516

A5, GoPD ikt g B LK & 1 4> il GSH
IR I, LTS MDA AKSE48 2k R,
HAKE M GSH /K5 G6PD i 4 5 IEAH ¢, MDA
K5 GOPD JEPETCHISENE, 7R GOPD BlFE L
PEATE CRIK W5, Bl S A I B A0 1 U
%, BILBYRTE T RERE 2 4r s . ST H AT WLy
GOPD TG PERIN 7 vk %F 5 ke = 25 BgURk , Lok
= HEAAEW A TRAS, BRI gE LA ML R
WFERt %, Fif JLEEAYK GOPD i M A A 45 51 5
WEAE ARG 2 S AR A, HF R R Rl S
PRI GOPD /KL o i 222 5%, UiHH G6PD
WEYEARZ EVT1 YL, SR T e S5 40l N
PR 4G AL R SR A (5 Sl A O, X
TR E AR JFITE EVT1 L5 0E P EVTI
GG R FERETE R EORILE = 4, Bl
WA TE S, ASHIFIT 5 5 DI IR A R S s AL A Ak
7 8 0 AT RE SR EOR LA 2 —. BR T EV7L, TR
FUpA T LA A A TG RS i, andnl 54 25 |
B AR P2 AR S GE T EVTL BF
FER, HAbRG TR A T R R A LS,
WH R — 5 .

XF T2 GoPD S iy L, BUANER T5%
P RE S P2 Ml s & VA LB B o, (HLSE AR 98 45
B ATEIRTHEEAENT EVTL 5%, 7ET R DR
P2y, BREREMEN . AT O UL
G6PD &M, i HOR A7 7E GOPD skff, A AT
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