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Abstract : Glucose-6-phosphate dehydrogenase (G6PD) deficiency is one of the most common monogenic
genetic diseases in the world. China is the high incidence area of this disease. G6PD heterozygote is the main
form of G6PD deficiency in females, which belongs to X-linked incomplete dominant inheritance. Therefore,
the enzyme activities of female heterozygotes vary widely,showing normal to mild to moderate enzyme activi-
ties. There is no unified calibrators for G6PD enzymatic detection reagents commonly used in clinical practice,
and the results of the same sample detected by different kits from different manufacturers are different, so
there is a phenomenon of missed detection in clinical screening of female G6PD heterozygotes. Although G6PD
gene detection can effectively improve the detection rate of female heterozygotes,its clinical application is lim-
ited due to cost and other reasons. Therefore,the development of detection methods that can improve the de-
tection rate of female heterozygotes and are suitable for large-scale screening and clinical application will be an
urgent need to be solved in clinical practice. This article reviews the epidemiology of G6PD deficiency,genetic
characteristics of female G6PD gene, clinical manifestations and detection methods of G6PD female heterozy-
gotes.

Key words: glucose-6-phosphate dehydrogenase deficiency; heterozygous females; glucose-6-phosphate

dehydrogenase activity; reference interval

W WE-6-BE R 2 M (G6PD) /2 2 S5 A MEpE 2 G6PD Bk Z i &% J& th T G6PD JEP 2848 , 7 B i
JHE 55 e A2 0 I R B R 1L (NADPHD B9 SCBERE , XF WG MERRAR, 20 20 M A BE HR 4T S A0 458 0 T A2 i 3R L 51
AP LA PR R G IE W D BE , IR LL A M B R RS, E NS E AR T G6PD Bt = 4
PRI ETEA E WL EZMIEM . GOPD SkZAEMB AR SAWMER MR LR, WIES T G6PD k=485 X
B, 2B W — BB Z e~ BRSO R BT GPD A TR L

»  EEIE VRS AR X DAERBEZ R 2 A ESRFITRN(220211012)



E R4 I E 5 20 2025 4 3 A % 46 %% 5 8 Int ] Lab Med,March 2025, Vol. 46,No. 5 s 611 -

PEH DL 0 56 PR A, S T A AR Ak R AR KL SF I G
MR 4 BB A A B A R MR A T 2 ) i sk
Y4 R R T RIS A S I P Al ARG L L Bk
G R 2 K B . H AT G6PD Bl = i 35 2 Al
FHEG 24 07 200 g #1702, e B B 19 G6PD ez
i 0 A5 V(B K B 2 12 W7 b o 2 LK ) G6PD ¢ & F
S BE 5T GE6PD 4li & - i [ 2 P X 2™ F 1 6 B
AN T PE A TR R AR GEPD R R A
W7 2% AT A 4R R e 4 T A R A T
AR SRR R N A B R L, BF 9T RE R
A TR R L A A O A A I AR 1S FH A A )
J7 1K 2 I PR SC B 3 D) T B O Y n) L AR SC Rk
G6PD HtZ JiE M AT R 2% . Pk G6PD i [H 138t 4 5
e PR 2 B G 7 32 55 22 10 0 ) B3R G6PD 24 &
T I B 55 PR .

1 G6PDBZELMLEE

1.1 G6PD St Z fE AT FFE s G6PD it = i 7%
o ER A B SRR AT B MO 2 A
AR AR AR B AR BR . G6PD i i 7E {9 [
WA AL NZ B RERAR R EXZ—, &
M R AR A A R A R AETE R R
RSN PO A, AR R O R E AT 5T R OR,
G6PD filt Z S 46 H R AR AL IR 7T 0% fm i R .
P48k 0. 05%5.0.26% 0. 54 %5,
0.95%".2.88%"7.3.35% " F 6. 7%, )G TG Bt
J& G6PD Bk Z IEH KX ,

1.2 G6PD @it = % 19 &\ Bl & oy + B hilk - G6PD
B = e LR T G6PD [N R4, [#i45 G6PD [ i
P REAR , S S0 AR S 18 72 19 NADPH A B ke =, 4
AN N a2 T A = i DR A5 e H
JIKRCGSHD , 2438 31| 5 £k 71375 B B, 21 40 il AS R HiK B 41
PR A8 43 T 38 32 5 3K L 51 Ak i i R A
G6PD 1y 3 M A T X e iR KA (Xq28) 1 i bz [X
K4 20 kb, & 13 MAMEF R 12 AN E T H cD-
NA ZifG X ) 1 500 bp, Zihs 515 R AR, 5" 5 IF
WX & GC, FE P 5 e kb b g BE AR sF, Horp 2
PRI Y K S G6PD Y il i PR Y. GEPD Bk =
iE Y 73 T il 22 36 BN BAAS B B i B S R AR
FECE LR e, BEIR T AR 1T AR M A A R T
PEREARS L G6PD B 16 M 1 B = L 38 K & 88K R B 4
P2 TG LR AS RS RS 2848 4 A 1k AE TR A
MR & B 42 Fp G6PD i [H 28 48 AU, 5 WL i) B0 M AR
SH M EBERN 90% L L HA c. 95A>G(p.
His32Arg), c. 1376G > T (p. Argd59Leu) Fi
. 1388G>A(p. ARG463His) J& i 7 Wi 28 A8 25 7,
255 RN 70% L BV RE AR E KB
G6PD BUR A S 4 K 2800 1 285 2%, ot B
PR R Ml DX S 1 L R A HE G6PD it = 0 & A2 R ik
& T DU NHEE BRI A BE G6PD it = i &

R
1.3 G6PD LPEZA THmsfEHEs  G6PD = hiE
J& X #EAREA Wk s . Bk BEE G6PD IEH
¢ G6PD A T, B &+ G6PD lf i P &2 W & 1
= sV BEN G6PD IE % (G6PD i F 1 G6PD
T RIEBE AR E M. G6PD B = 24
T 0 5L R R Lot B ploAT , g A T kA F GEPD
Bz BT 0L, G6PD k= 4i S T Ltk A
B 5 LY 4 M GEPD Bt 2 R Y 3 R A &
G6PD Z& & F. % Lyon “F Ul B¢ . & 1 IR Jif 54>
R 45 X Y R BE R L2 G6PD L IE# Y,
AT DL S G6PD Fe PR g 1), I HL 78 B 5 19 0 A 40 7 4y
S — PRI . GEPD 2o TR R
W3 A% B A, A6 AT Y ot P [ B AE E G6PD I
WLLA A G6PD Bt = 2040, HIS I L Ok S5
50 % W21 40 M B A TE (19 G6PD B % 7 . 50 % 14 21 40
i & G6PD E = , 3f HE B G6PD J % 1k ik v 48 /K
SV RN L SIS IR R BE ML L S [ E ] Y 21 40
Ja FTREA G6PD iF % 8 G6PD k= , S8 &4 & 1
Tit i 1 A A I R A KL AT 7R O T L R A
FEAE™ . KAPLAN UV BRSE R 0] L 53k 10 % 22 &
Ttk BA IE 19 G6PD % P, 10 % B A 1% 1% v,
SOV ELA AN TE., SEEa i EiRL.
R 21 20 B AR AR SR AR N B 2R F T AT R A
2 GPDEXMEATFHRHMNEEMHREIRKERN
2.1 G6PD Stz XL MWiag FEEWNEEY
W G6PD Hit = AE (1 1 Il F2 B 5 W 7 () 15 B e A
KBRS b B S Al A T Lot S B AN g AN T
H b . 5l Tz AR AL G R R AL, G6PD #%
A F LMo AN &, TC A S RE AR, 4 B T R
Ry VP S i A, R PR B AR L A A e S
N RN XSS 7 AR = = 1 =
PEVE I SN - GEPD e 2 175 & 1) ™ 5 1 20 M 0 I o 22
IfiL 40 AN K Bt Ak B, T 51 B ) RE RS D) RE R, R
FET L B A B H AN K A R L — B ]
Je v E AT A (H B I R R RS, H O R B R R A
) BB 5 I 2 1 M R A5 T AR AR R, o0 BE L RF B
R S5, FRGEZ M ER NS, AR %N, G6PD
Fei T Aot 2 N R R & ] 3 G L IR e
s LG L S g th R WL 2 A T G6PD Bk = sh )
SN Sl = e el W o ) || R |1 0 N % 7 S 1 B3
HH LY 1 e B A 2 B AR I T AR A, otk X e
AR IR 20 3 2 I A 1 1) 86 T 360 , Bl B 1 40 L 5 O
H T 20 A L f5) it 2 S 1) 3 RS I A AR AR Ak L B
G T LM G6PD TG M 2 BLIE 7 . {5 B 25 47 W4 11 3
T LG S MR S AT 2 K A AR L T B R AR AL 25
I A B3 K S AR R A B st L T RE 2 ) 1l 2 4R
AR 05 TR

HiE, R G6PD w44 F. A Fl T i R



. 612 EfrhESF4F520254 3 A% 46 5% 58 Int ] Lab Med,March 2025, Vol. 46,No. 5

P& A N e 2R 2 T BRI 24 B IR 8 55 2 b R
VR, 24 L 2
2.2 G6PDERZXZHHEGFHFREm G6PD
MZEMNZBEHEFETENEEERE. ZE2EHEN
G6PD & [N ¥y iifE H 42/ F o4&+ G6PD sk = [ 1)
¥ . MR G6PD Bt = fiE (1 35 4% 7 X . AL G6PD
IEHARTHE T R B3 G6PD 24l 1, LT — &
A xRS A, AR EN G6PD 25T, LTA
50%Hles . Al UL G6PD Bk = bk £ 22 & G6PD
b= G FEF B ILE A AE R L & G6PD Bt =
MR EREILEINRR TR GRS kLR
PEVE I MG 5, S5 B 2k IH 2T 37 & 10 IR L 4% i e B
BHT, P, X MR AT G6PD YK I AE &
FLJRH R G6PD & F Lo Mk AT 3 kst i 4 A
5 )L AR RV, B B 3R 1A .

B2 G6PD L PE A F AR AR F B, BT LA
EUN,
3 G6PD ZHZA FRIK M IR
3.1 G6PD MG &k  Hir,G6PD
= i 2 B 2 ik o B AT O A, HI AR R
PR B al (E] 00 5 GOPD IS 1 A3 4 ik 1M 41 &
I SRS 00 L 9 6 BE 5 1k L 4l e fk 2% Y 5, G6PD i %
PRS2 B % G6PD 5 6PGD o fB 1 2% | (0 75 58
R ER M R AES, T2 1k B = 1 21 40 il
FE AN I A 3 B T B L AT 0 A R il K T 3R
i DR AT RE 23 5 ) 45 R . H R4 S 9T LA I
PR BE 2 5286 25 e T T GOPD Bl = 4 il 2 0 A 19 )y
e 2 PO Tk R 2 R

G6PD 5 6PGD LGB 2% « 2 R HI 3 2 32 43 51 2
4 b G6PD 5 6PGD Y i% 1, il iF G6PD 5
6PGD H (B 25 % J) 32 Wl 05 o ARG 0 A AR A B 96 4
BARFNYIE TG B — B0 (1. 0) , 4 Pk v L AR 7T
DL A 43R 5B o B T R a7, T e otk 4
AT 0 U K, (H VL 32 06 20 X SUA0 L E oy B Y
M, Fifi 5 R 5 X 4021 20 g 2 A 96 36, T DL R 8 G6PD
it 305 1 2T P B 7 A R B A L T34 FE G6PD
LS TR,

iy Rk R O AR A TP Y G6PD 7 NADPH
FETESAE T AL 6-BF 12 485 7680 0 A= ni 6% 198 e 75 W 1
2, 7E 340 nm AL E NADPH f8 Az i8R, 45 4 141
F K A v I 2T 8 R GEPD il Y 15 L AR
DR A A 355 1L 200 Ff BE 2% s BE 468 4 0l . 3% 35 R 52 il A
I 2T 26 A e R Y B2 L AT RE S BT I i e ek AR
G6PD i o 19 Al T E A5 R . %k G6PD &
PEZ G T IOR R A R & H Ik i B e 7
S5 X s TR O S =R R B R =

B P G6PD B s M e k) KA T MBI
B || o= 55 R [ B0 7 N | 7 I [ =W I
L TACHE, X T R AR ALY G6PD B S % (H

(1)l TS HEME <<1 300 U/L K G6PD [ 15 P
FH P, T B TR P 7E 1 300~3 600 U/L 2k G6PD fi i

PEIEH .

1 2020—2023 &KW EFEMA GoPD KK FIC 2
Tr k% i ) A6 I A A %zi\ifﬂ SR
it 2 A 1 Bl mANEILE  >1 300 U/L

H MmAfi s >1300 U/L

E/NY MmAfL s >1 300 U/L

i3 3 MR kE  >1 300 U/L

% & MmANMELILE  >1 300 U/L

L MABMELLE  >1 300 U/L

RFACHE AL >1300 U/L
EA(ER7S kSt Eli! 0.9~1.1 —
By 2 4 IfiL >1.0 —

T — I Wie A .

SR A R ) 52 A 7 11 3 500 6 A6 I 2R 0 5 AN T
Tt AN 7] — A AN 7 A% B e A ) 1) Il PR A AR A 22 L X
FEZIEH T G6PD il 2 K I 50 %A S, H AT
s LA A S5 ER)F S E A 7
AN TR R R R IR Rl R A R R B R I L B
8 T Y R 0 A UL R R L 3L R T L -1 R FE
iKW . JC G6PD B G S H rik kS H Y. BN
ANEFICIX 7 AN BEBR AN 0 S T P aE SOk E . R,
Wit — L HERET G6PD M4 S YR S %l &
FRIT s MARAS b fff PR AN [ AL 5 3 7] it S B0 0t 2 1)
U8, o GE6PD i A 5 56 (9 K I 285 5L 42 it — 351 A
HE1L .
3.2 $Eim G6PD w4 A 1R th R BN M2 %
R EENE 0GR T G6PD il it = 46 1 i 7 32 B
SR FH A% G0 1 A8 1R 5 K 1) G it O AN DB (B R il
P A T B LG TR fEE. =X
TC 2% 3¢ F W 2oV I W AR A 43 3 #5417 G6PD i M A
TUFH DL 14 P58 A8 3 DAG I LL 4, R B 2 BT ik
X4tk G6PD fit = i ki th R A7 B B 2% 5, G6PD i 1%
PG T AT O 49. 94 % LA TR AR . R
ZEUTXE AR AR R M X AT IS A £ 60 1] G6PD i I
PEFHME (<1 300 U/L) Al 55 ] G6PD [ 1% % iIfs A
(1 300~2 000 U/L) % i 3L & I & 8L, G6PD [l
T 1 PH PR A 4 BB A AR 110 32 DR ARG U 4 S o el 1
A& FRAE G433 A 13, 3% F 86. 7% . g6 1
I B 20 AR A Hr L, 96. 4% (53/55) 4 & 1 G6PD & [H 11y
SE LB LB A A RN, R RE TR 32
71~ T3 1 A 1E RS R RS IXTE) (1 300 ~2 000
U/L) B R0 G6PD Lotk 22 & Tk . X 42 i
TFRERA B G6PD B = 4iE i £ 1) 2 % 1 [ K i °#
L WbR e LUK G6PD 2 & T Bl 6 3 1 Al G6PD



E R4 I E 5 20 2025 4 3 A % 46 %% 5 8 Int ] Lab Med,March 2025, Vol. 46,No. 5 + 613

gl 4 T i BB Lo P X 26 ™ ARG B B S A O 5L
G6PD i i 14 7K 1 5t 5 25 B AIK , 32 [l 0% M 5 T 2
MmN, AR, LG F 1 G6PD BgiE 1% 5 5
VRS Pl Mol & A R AR I 22 5000 ) 3%
IR EAT OB TS M2 KRV, . LA T ROR
BAR, W TR G6PD L P44 7, 51
T K 1 2 P 2 6 1 1 Tl 3 1k 51, BF 5 42 R G6PD %t
PEZL A T R ARG E S 0
3.3 G6PD @A FHREBMBR BEES T4
Vi R B R e, G6PD 3t A I 32 W i i iz
G6PD it = fiE 0y 2 F-Br . il kil G6PD & K i %
AR g AT DL B ) TS R OR B AEAE GEPD il = AE
SFRESAEE MRSk EATEEZ L, Bl
XF G6PD Fk PR 28 A48 0 55 i 25 1 7 kA . 98k 8 i PCR
R L 3% 7 15 A58 6 PCR 7 i g 5 AR SR, 5 3 3%
R Taqman HEF X 6 4% W R A AL S AT &
RGN, 3 A 0 Y B T B E A AR R A 58
A ARPE DML B R e R AESFE . RN
R L R AR RS L PH M T A L B PR (L2
Wi FF A R B R A IR IR A .l 3 R 3 AR 7
W BT A O A RO S L R TAEE R, A
FENBE A 55 P E R L 8 AR AL X A R AR A
AR

PCR+ S0t 24 &8 # AR - % 7 e b A 40 & il 32 17
DNA $2H, R HAEW R RiC i 519 53 0 %7 G6PD
N A8 X I AT R S e 3G B 9 1 = 5 B e e e
Je S 1 B AN [ 58 A8 v 5 BB 8 5 0 A4 5e AX B kAT &
T4 28 - R Je 3l 1 b 2 W o Xk &8 SR 1 A7 R 52 L e IR
R 14 FpoeAr w7 P EONEE 90 %0 LL B B H WL
AR A SR RE I X 2 B S Al A R, H A
A A O ARG 00 P 5 O a5

KA S Y R 5 (ARMS) « % 45 R H A i
5 ARSI A R L B AR S RO ELREAE — K
P X 8 A 35 PR 75 4l 9 0 8, Bl 1 DR A ) v
E A\ G6PD it B 4 1 /=5 451 28 A8 7 5. (B e J7 ik %
51 4 0 BE SR AR X B, AR S PR R AR L AR AR R TR
N T B B0 28 738 5L LS B 00 )

PR g et 4 (HRMD . 5 T HRM 1 £
A 7 2 % TG G6PD 5€ 748 il 5 MU L 4R S
U B PR T P L B SR — A
A Sk JEA P ARG T 43 AT A AR L 3% B AR T LA PR S5E R L
SRR B A I, I L AT DL BT G 298 AR v B R AR
BEEPATEREEE W, HXF T G6PD Bk = 5iF 5t A 7
I3 A% B A 7 L DR S04 A B AN 2 X PCR RO
FE ARS8 e Rk SR B , SR8 N RE RS i IX
ST R B R [ e A g As

L H PR Z A1 (SNP) 43 B R . & L) San-
ger MU EAEZ 17 JE B R LR LAY 38 1 SNP A3 45
) PCR =41 B4, 46 SNP 5 b F et ol 9, &

DNA RAEBERH T 519 i 1 A6 5L BP 2 1k, 38 5
B A0 L VIO B S HEAT SO A BT R AR
] BRLPR L A AR, 25 SRV M W, A Sh AR E L o
B P B R 5 5 A o I A 2 i R A T
FRIR B A R B SR

L O D I A W SN A i 463 % T
4 DNA K FE L GC 7K B il 356 7 4b 22 5, 7
150 4 S 0 e i O AR AR AT AR BT . ek eT S
PCR 55 J4R £ 42 58 78 6] — J b 44 & N SE i 64T 1]
A B AR 25 B 5 v R e i PR R ) T oKL B R A
BE VRS R IR A I BEORG B T8 2 X B — i SR
2 S,

AV i BOORE B v L SR N — R R
WIH A B2 wi T G6PD 2 4 28 45 il 46 o, B
v A BN VE AR R S BE 9 3l 1L Ml 58 AR
DNA A5 5 ARG, UL 7 75 4G 0 45 5, 38 AT L X
DNA 47 R Be i, 0 25 oo A2 v o 3 SO0l R — K
SETR L B Y R DL Bk B B s AL PR RET

DNA M JF 12 : =2 W G6PD Bt 2 5 iy & R v
F A A A i L I T R g

[ AN 22 X GEPD Lotk & T I G 1E 5
SRR 7 vk HEAT T RO B gY . TR IS X G6PD
%5 2 FHPE B9 A5 AS 3547 G6PD g 3% M el ¥ f1 4 iz
Wrgh Bt FE R PHPE RN 81. 6% .4 F 2 Wi BH
PERN 98, 4 %0, Ui B HUAE L SR 2 B AR f BT 1
— 0P LU (E R N PR I A A 16 R ILE . T2
WE G 3 248 11 1], 113 1] L (B 3 BRIk A B AR 4G o 28
A5 12 4], SEAR K R 10. 6 %, 8 B KL K92 W 7 B
TR G6PD Lot 24 & FAA R R, B H EH I
T 4161 Bl EE 8 LA, G6PD 5 6PGD [ {H
K 32 3R A 33, 88 %6 » 3 4 3 PR KGN 7 32 L T DACKs
TR R REARZ 18. 09 %81 12. 05% %), T 22 & bf
FER B ANLIE T G6PD Jf i M 1Y 2 B A 2 DL 2 W
e ARA T LT T B G6PD B = () £tk
H, BB G6PD A8 19 B H B B GEPD A4
9N 25 5 A Rl DRl LR 72 I 3 A T 2R
PR A0 AL T PR R 2 F R e D . R, it G6PD
B[R 2 ARG I 1Y T 9 1T A RGR B GEPD i M 1E R
3 b e S RS AN VAW S =y o /e i Sl U 72
HORHE PRRE I R RO A O R A b AR
I 2 N G2 IS 7 W 21 I8 J5 PS B ¢  7 IA <
PR, ZZH T G6PD 5 R AR 5 v 1 i B 22 F 58 . AN 18
H G6PD it = fiE () 35 45
3.4 G6PD Lotk 7 & F A [F) 3 R AL 55 il 7% P 2 A0 A1
FPEMBEsE 3R E LA X G6PD Bt = SiF 1Y 5 K #F 5%
SRS T U M A A U A R R LA R B A
FHEAR AL E G6PD il = JE 1) & A 5 H 3 R 58 AR
T 7T RS 20 I G M K Ak T OE B B B R A &t
BB TR A B 8t W - A G B 3 IR 28 A8 5% i 5T 4k 2L L



* 614 -

EfrhESF4F520254 3 A% 46 5% 58 Int ] Lab Med,March 2025, Vol. 46,No. 5

- 2R W B 99 AN ) 5 DR 50 R 3 TR0 AR 56 1 4 T
I, TR 1 G6PD ik = 5 Lot A B 58 DR R T 3800 A7
S GEPD % 4 B 52 i (AR AR 5T .

G6PD i [H 28 48 2 P A & F W0 Il 0% 1 AR i
G6PD K 5] 2 , {H [F] Fh 2 48 1) Lotk 22 & 1 vl B
NGO 3 EE S L 8 S : R /o b e e NI B 5
T 5 i 0% Mk 25 A 6 Mk, G6PD [ 45 4 G6PD Kt
PO AR S K BRI 58 B AE DM T . A S H X G6PD
Tl 0% A G 0 35 DR AR 0 ) 2 W Ik BE R AT SRR OR TR 2
W 5% s 1140 £ B PEA L 2 BAE IR B BB B e G6PD A8
SRR T T AN [R] 2 B 5K s CRL b s B 5 P Al G6PD
it 1% M A1 G6PD JE K 43 ) 1) 1 B A1 A AR T L 42 H
G6PD i I P46 I B & G6PD 4 3 PR 5 1 RE 1 g oA
K G6PD e = 5iE T WAt 9 7 10 . Rk L W9 H R
PR L PR 2R T R L A R A 7 A I R 0
G000 5 4 2 I PR 52 82 3 D) 95 2 A e ) (] A
4 I 7

G6PD HtZ JfiE J& T L PE g, EZ LTI R & .
T 0] 26 HE v 2E 47 BE 2 A 2801 i A g i ok TR T
EE S, EHINN, 5%, WEE G6PD [
S W) IS 2% R L 38 IR TR R 4G I G6PD
it (1) — S0P L AR AR I PR [R] S0 28 4500 i e i 88 1
IR A R AT 52 R R S GEPD it A 1 56 A9 4G
M 2s AR — B fAR e L R R R, HRL R T
27 G6PD L4 & T RYKS 1 3R L 5 B0 3 40 A #5 47
G6PD i [H 28 45 1) Lo 1 22 A Bl 0% 1k 25018, 500 2 o
— M EE LG TR GEPD TS M =%
T, 583 G6PD it = 4iF i A5 /& & . $2 /" G6PD it =
SiE 12 WA B R M2 A TR R X T SRR
E Wy Aoy EE, &E. WK G6PD
Bl = i Lok N BE A 28 A48 7 5 % GEPD i i 1 Y 5 i
HARRAM I A BER LI AE R R A FE A, ik —
o T it e M 2 A TR) ik DR TR R TR ) R O

2% Uk

[1] LUZZATTO L,NANNELLI C,NOTARO R. Glucose-6-
phosphate dehydrogenase deficiency[ ]J]. Blood, 2020, 136
(11):1225-1240.

[2] KASEMY Z A.BAHBAH W A,HEFNAWY S M E,et
al. Prevalence of and mothers’ knowledge, attitude and
practice towards glucose-6-phosphate dehydrogenase defi-
ciency among neonates with jaundice: a cross-sectional
study[J]. BMJ Open,2020,10(2) : e034079.

(3] =42, o =l 77 ) 79 DX % 45 % -6- Wi JUd %0 i (GO PD)
e 2 9E 19 KA B e AT 43 T2 W (B 4 BB g€ 8 (DL T
M 5 — FEBE R, 2007,

[4] GARCIA A A,KOPERNIKU A, FERREIRA ] C B, et
al. Treatment strategies for glucose-6-phosphate dehy-
drogenase deficiency: past and future perspectives[ ] ].

Trends Pharmacol Sci.2021,42(10) :829-844.

[6] g, Amik, SAREE . 5. 4 5 3 X8 A= JL G6PD Bk
ZRE O A 5 2R B B R 5 A8 4y T L ). D B A A R/ R
A H A ,2021,40(4) - 282-285.

[6] FHRIZF, BIsHE, B @72, 45 Jp i XL 10 4F 361 851 filf7
A4z )L G6PD ik Z A fifi #r 45 R 73 A LT, R4, 2020, 26
(13) :44-45,

[7] PAN J,ZHUANG D, YU Q. et al. Molecular genotyping
of G6PD mutations for neonates in Ningbo area[ J]. ] Clin
Lab Anal,2021,35(12) :e24104.

[8] ZHOU J,ZENG Y, TANG J,et al. Screening and the a-
nalysis of genotypic and phenotypic characterization of
glucose-6-phosphate dehydrogenase (G6PD) deficiency in
Fujian province, China [ ] ]. Front Genet, 2024, 15:
1422214,

(9] MXHRA XI5, S5, %, M4 B4 JL G6PD it = 5
i e A5 [T [T ], AR A 36 PR 2% 4 75, 2020, 43(2)
171-174.

L1070 BAHT 8%, B35 e, B 2R =2, 45 W N i 37 22 JL G6PD fifi £ I
FEH RS E AT S i WS R IT A%, 2021, 13(6)
881-884.

(117 ¥ dr i, BN A , B L e L A5 T PO R 130 IO A LA %
-6 Tt R 5t 220 B e 2 5 O 35 A% 2 4 A LT 1. v AR b i o
F4i5,2021,40(11):927-931.

[12] PENGBOON P, THAMWAROKUN A,CHANGSRI K,
et al. Evaluation of quantitative biosensor for glucose-6-
phosphate dehydrogenase activity detection [ J]. PLoS
One,2019,14(12) :e0226927.

[13] ALAKBAREE M; AMRAN S; SHAMSIR M, et al. Hu-
man G6PD variant structural studies:elucidating the mo-
lecular basis of human G6PD deficiency [ ] ]. Gene Re-
ports,2022,27:101634.

[14] YU F T,ZHANG S F,CHEN B H, et al. Evaluation of
the diagnostic accuracy of the CareStartTM glucose-6-
phosphate dehydrogenase deficiency rapid diagnostic test
among Chinese newborns[]J]. ] Trop Pediatr, 2020, 66
(5):495-503.

[15] farse , pRMESE bR 30 . 55 760 26 W -6 -l T Mt S0 I 6 =2 0 ¢
PG T A DR 5 A8 A I £ i PR S L ). o T 9 6 1 R
Z4i,2020,28(5) :1757-1761.

[16] SHEN S S, XIONG Q,CAI W Q.et al. A novel G6PD
gene variant in a Chinese girl with favism[J]. J Clin Lab
Anal,2020,34(9) :e23402.

[17] GAO J.LIN S,CHEN S G,et al. Molecular characteriza-
tion of glucose-6-phosphate dehydrogenase deficiency in
the Shenzhen population[ J]. Hum Hered, 2020, 85(3):
110-116.

[18] LIU Z,YU C,LI Q.et al. Chinese newborn screening for
the incidence of G6PD deficiency and variant of G6PD
gene from 2013 to 2017[J]. Human mutation, 2020, 41
(1):212-221.

[19] PEREIRA G.DORIA S. X-chromosome inactivation:im-
plications in human disease[J]. ] Genet,2021,100:63.

[20] ERRIGO A.BITTI A,GALIST F,et al. Relationship be-
tween glucose-6-phosphate dehydrogenase deficiency, X-



E A IR E ¥ 2o 2025 4F 3 % 46 %% 5

Int ] Lab Med,March 2025, Vol. 46,No. 5

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

chromosome inactivation and inflammatory markers[J].
Antioxidants (Basel),2023,12(2) :334.

KAPLAN M, HAMMERMAN C. Neonatal screening for
glucose-6-phosphate dehydrogenase deficiency: biochemi-
cal versus genetic technologies[ J ]. Semin Perinatol,2011,
35(3):155-161.

SWASTIKA M, HARAHAP A R,PANGGALO L V,et
al. Determining a critical threshold for G6PD activity be-
low which red blood cell response to oxidative stress is
poor[ J]. Malar J,2020,19(1):208.

NICOL C J,ZIELENSKI J,TSUI L. C,et al. An embryo-
protective role for glucose-6-phosphate dehydrogenase in
developmental oxidative stress and chemical teratogenesis
[J]. FASEB J,2000,14(1) :111-127.

JONAS M F,RUNE L J, MARIANNE N, et al. Skew-
ness of X-chromosome inactivation increases with age and
varies across birth cohorts in elderly Danish women[]].
Sci Rep,2021,11(1) :4326.

ROPER D,LAYTON M,REES D,et al. Laboratory diag-
nosis of G6PD deficiency. A british society for haematolo-
gy guideline[ J . Br ] Haematol,2020,189(1) :24-38.
CHEN S.GAO J,WU Q.et al. Reduction of missed diagno-
sis of G6PD deficiency in heterozygous females by G6PD/
6PGD ratio assay combined with amplification refractory mu-
tation system PCR[]J]. HUM HERED,2023,88(1):1-7.
BANCONE G, KALNOKY M,CHU C S,et al. The G6PD
fow-cytometric assay is a reliable tool for diagnosis of
G6PD defciency in women and anaemic subjects[ J]. Sci-
entific Reports,2017,7:9822.

SCHUMANN G, KLAUKE R,CANALIAS F,et al. IF-
CC primary reference procedures for the measurement of
catalytic activity concentrations of enzymes at 37 °C. Part
9: reference procedure for the measurement of catalytic
concentration of alkaline phosphatase International Feder-
ation of Clinical Chemistry and Laboratory Medicine (IF-
CC) Scientific Division,Committee on Reference Systems
of Enzymes (C-RSE)[]]. Clin Chem Lab Med, 2011, 49
(9):1439-1446.

T R, R BB A R A - 6Tl R L S B 2 0 A
P 2% A 5 DR 5 0 e ) A 0 R SCLT . o I 5 3 1 Y 2
#4i5,2020,28(5) :1757-1761.

R Ln, SRR X GePD i 1 1 i Bt £ kI K 2 A
AR ITLI/CDIL i R 5 25 SCHk B F 242 7, 2017, 4(35)
6872-6873.

L1ZY,HUANG Z Y,LIU Y X,et al. Genotypic and phe-

notypic characterization of glucose-6-phosphate dehydro-

[32]

[33]

[34]

* 615 -

genase (G6PD) deficiency in Guangzhou, Chinal J]. Hu-
man Genomics,2023,17(1) :26.

HUANG Z,LI1 Z,L1 Y.et al. Exploring appropriate refer-
ence intervals and clinical decision limits for glucose-6-
phosphate dehydrogenase activity in individuals from
Guangzhou,Chinal J]. Ann Lab Med, 2024, 44 (6) ; 487-
496.

LR R IA. 996 8 B PCR JE AL X G6PD fik =
SiE B2 WO (LIRS [T ] 35 AR BE % . 2020,41(3) :558-559.
&5, BT A A TN AR L - 61 R G A R
e 2 i ik PR AL 5 G P SCHRE 4 A [T ). AR TR R A Ak
5,2020,54(11):1275-1282.

LIU Y Q. HUANG H Y.ZHENG Y Z.et al. Develop-
ment of a POCT detection platform based on a locked nu-
cleic acid-enhanced ARMS-RPA-GoldMag lateral flow as-
say[J]. ] Pharm Biomed Anal,2023,235:115632.

[36 ] BOONYUEN U, SONGDEJ D, TANYARATSRISA-

[37]

[38]

[39]

[40]

[41]

[42]

KUL S.et al. Glucose-6-phosphate dehydrogenase muta-
tions in malaria endemic area of Thailand by multiplexed
high-resolution melting curve analysis [ J ]. Malar J,
2021,20(1) :194.
SUDSUMRIT S, CHAMCHOY K, SONGDE] D, et al.
Genotype-phenotype association and biochemical analyses
of glucose-6-phosphate dehydrogenase variants: Implica-
tions for the hemolytic risk of using 8-aminoquinolines
for radical cure[ J]. Front Pharmacol,2022,13:1032938.
AR VLR AR . R AT A5 B DX 4 -6 TR U A
it it 2 i S0 S Y S AR AR A [T ] ob ) S i v Ak AR
2022,30(1) :244-249.
CHEN Y, XIU W,DONG Y,et al. Mutation of glucose-6-
phosphate dehydrogenase deficiency in Chinese Han chil-
dren in eastern Fujian[J]. Medicine (Baltimore),2018,97
(30):e11553.
TRAR LAY R SC, T R SEL B T 4 BT Y AR LA A
-6 19 L 0 Bl Bk 2 0 70 T2 W 5 B DB S AR M e [T .
AR R B R 2, 2016,39(11) :843-847.
THEDSAWAD A, WANACHIWANAW IN W, TAKA O,
et al. Cut-off values for diagnosis of G6PD deficiency by
flow cytometry in Thai population[]J]. Ann Hematol,
2022,101(10) :2149-2157.
XIA Z,WANG X, YE H, et al. Evaluation of strategies
for identification of infants with pathogenic glucose-6-
phosphate dehydrogenase variants in China [ ] ]. Front
Genet,2022,13:844381.

(W fs B #:2024-08-12 &7 B #1.2024-11-25)



