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Abstract

Objective: To investigate the mutation frequency and types of deafness susceptibility genes (G]B2,
12SrNA, SLC26A4) among high-risk neonates and to discuss the clinic signification of combining
the original hearing screening with deafness susceptibility genes screening. Methods: 920 new-
borns with risk factors of hearing loss in the neonatology ward were chosen to collect films of heel
blood for the study. Eight mutations of three genes (GJB2 35delG, 176-191dell16, 235delC,
299-300delAT; SLC26A4 IVS7-2A > G, 2168 > G; MT 12SrRNA 1494C > T, 1555A > G) were detected
by matrix assister laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS).
Meanwhile, all these newborns received hearing screening. Auto-auditory brainstem response
(AABR) was used for the first step screening and otoacoustic emission (OAE) combined with AABR
was used for the second step screening. Audiology diagnosis would be applied for those who failed
to pass the hearing screening when they were 3 months old. 938 healthy newborns in maternity
ward as control group received same screening. Results: 35 infants with risk factors were deafness
predisposing gene carriers. The overall carrier frequency of three genes was 3.8%, 34 were diag-
nosed as hearing loss (3.7%) and 15 were diagnosed as severe hearing loss (1.63%). 30 (85.7%)
carriers of deafness predisposing gene passed the hearing screening. 21 infants were deafness
predisposing gene carriers in control group. The overall carrier frequency of three genes was
2.23%, 4 were diagnosed as hearing loss (0.43%) and 1 was diagnosed as severe hearing loss
(0.11%). 17 (68%) carriers of deafness predisposing gene passed the hearing screening. Overall
carrier frequency of three genes and detection rate of hearing loss or severe hearing loss were
significant between the two groups. Conclusion: There were significant differences in carrier fre-
quency of deafness predisposing gene and detection rate of hearing loss or severe hearing loss
between the two groups. To combine newborns hearing screening with deafness susceptibility
genes screening is able to find the newborns who will pass the regular hearing screening but with
high deafness risks and late-onset deafness susceptibility genes. As a result, it is of guiding signi-
ficance to early intervention, regular follow-up and deafness preventing.
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H#: BEREHE/LTAREREME, REERIBRERFENBRE X . Hik: FEL%EE204]
FAEIIBHEREF T AMABERENFTEIL, TAEBI~SSAKARERE R RMBTHEREGIB2. SLC26A4
R LR 12STRNAK R A BREEY 8 P, 8 2 5 40 B O A I B / B B8 K AT B 1) JR 3 5 i5 il GJ B2 22
H35delG. 176-191del16. 235delC. 299-300delAT; SLC26A4FEHIVS7-2A > G. 2168A > G; ZRHL
{&£12SrRNAZEF1494C > T. 1555A > GE3NEFSANRALL&; W TR ERITE R B 33 H1 W7 1 v T
H.{ (auto-auditory brainstem response AABR), & /iR F 2 Wi 2! B 75 % 31 (otoacoustic emission OAE)
+ AABR, iAEEE T3ARATI H%ESH; GEUEHF™E X 9386 R4 ) LT R4, 4R &
A LAM 3P B ERE T, 3MEERR N S EHE T E3.80%; RV /18H34%](3.70%). H
HhEE D I R 1541 (1.63%); 3041(85.7%)BREFE R EE L T AME. NRARH214]E
WEREEN, 3INERRTHREBHEFTE2.23%; Kl IESF451(0.43%). EE DL RIS 14]
(0.11%); 1741(68.0%)EWEFFEFZEL T HHE. WABRERRZRSHEFER. I TEER K
EEM EEARHEUREFEREFRER IHEEIRZMERFRIUTEREX. 418 REFE
JLUT SRR RS ) R AE R N BRE R R R R T IEE LS E ;R IR 5 BRE B
AR AR LN K E BT )R EE RS BEER G ERAR R EEREERRRHT AL, XTI,
EHREYT . BOERKERFRERE L.
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1. 518

WA ) L AN ) 288 FR IR B2 (¥ Wy 77451 2k R A2 29 1%o~3%e, 111 1o 8 T A ) LT 77 RS R R A2 2R 2%~4%,
HEGHRIERIL 5% [1], e TIERFAE )L BENI Ak mfal R CA T milR, ExSErEEHh
Az JUIB KW 345 R I AL AV R B T 2 3/, AWFFOR W B0 5 R B S I &, T mife
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BR300 5 L IR SR A T | AR, HRIHIT F R TR A A e R 2 S
2. EREH&E
2.1, —iRER

BEALIERE 2012 4 5 H~2014 4 2 F 76k L i a4 e e 3 A ) LERE W 3 == A5 Be 16 920 138 28 ) LA i
Fxt g, ZaJE 32~40 J&*2, fRKE 1130~3840 77, 5 511 41)(1022 H), % 409 41(818 H-), T Lt 1.25:1.
IINBRAE: FFE G LI i B BORIITE) [2158 XWr Uik s G R >1 5% NICU fEfe#Ed 5 K, &
FHEILE R B2 LR F B AR A2 MR 336 M0 R . HULWOE < 48 /i HZEfRE
fiKF 1500 5. E4UMOREE. KOS EE. M. Wi sl B A du (5 AR S 5 e i B Py e . ik
BRI 5 X 938 il Be i Ak LR I 4, Z2 )8 37~41 ™, fAE 2480~4150 5, 5 497 (994 H), %«
441 151(882 HY), B4tbfl 1.12:1, B4 Ak mEGHE.

22. Bk

AW FEPAFER BE B2 A B b, Il A2 LR LA, SRV & ST ) A0 5 22 A s 2 AR
RATR, PR a2 F s RS .

2.2.1. WAHERISHE

B LA 3~5 RWT w19, K H) B S0 mI W PR s Az, AN 2 TR S 42 KRR E S KA+ E )
W PR T AL S 07, AN T 3 H AT J1 5121
2.2.2. TRl BT iR E

FRAE A 2R 2020 WHO (1997)Fr#E[3], BL 0.5+ | 2. 4 kHz S X B (B0 W Fidi k4750 4, LA
ABR i V BLBIVE N EART T4k 1S fe bR, $2IE N 31~50 dBnHL; HE >y 51~70 dBnHL; FEEN
71~90 dBnHL; #&HJZ N >91 dBnHL.

2.2.3. BRFREARE

P ETE ) LY E4T GIB2 LK 35delG.176-191del16.235delC. 299-300del AT; SLC26A4 FE [ IVS7-2A >
G. 2168A > G. Zkifhk 12S rRNA JE[K 1494C > T. 1555A > G 4 3 ML 8 MRAN Siw e REA)T 3
d B E LR ERIMZY 150 pl {F AFRE3E R4 DNA I, @it PCR 971, flaABERREGACELY 3724, 3L
8 IO SRR B RS R AT I ) R 15 4% R (MALDI-TOP MS)iEAT B4, SpectroREAD #4445
Eexs oA, i e B e RS WS e P e BRI 2

224 BirEHFE
SRH SPSS13.0 Gi it 24 W HEATHAR 4T, THECRRE DUSER %6 HEAT R, 4] He iR fisher #it)
WERVEA G KT, UL P <0.05 N2 SAH S22 3.
3. R
3.1. IWATFE

T fEHAITH 133 1511(14.40%) AL, E i 46 41(5.0%) A @ T XRA ]G 45 51(4.79%) K, 2
it 11 B(L.17%) AR, BB S W, 25 SRT J3A 0k BRGSO R A P 22 A gt
(P <0.001). WA 1.
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Table 1. Materials of hearing screening
= 1. HHEERB, %)

251 % W ARG H e LEE LWL TS EN-LWALPS EGLTVIEES
i f i 920 886 19 (2.07) 8 (0.87) 7(0.76)
I £ 938 934 3(0.3) 1(0.11) 0
P <0.001.

32. BERERRE

PiZH 5 3E 4T GIB2 £ [K 35delG. 176-191del16. 235delC. 299-300delAT; SLC26A4 £ [K] IVS7-2A > G.
2168A > G; ZkFifk 12S rRNA %E[K 1494C > T. 1555A > G 45 3 ML 8 NN JRASAL S 2, KIL 3 MR
(1) 6 N RASAL SR 57, i 3 MR RLE R 2 3.80%, XTHRZH 2.23%, mifEH 3 NE b LA
B FE AL (1T 22 50 AL B A AT G ik (P < 0.05) . L& 2.

3.3. MAhMERSBEEKSTHE

e fE AL 0ot R A B A, 28 2 TR R s 2 A 3 1 W 7 7 2 J 0 2 S G2 X (P=0.038); I A
BB A R E g R (P =0.101). L7 3.
4. ¥1ig

BEA& = SRR 22T BRI R R, & FE % 280 ) s i fa IR R i fa R A Ll Ruih 2 e A7
BT FERTIX S ) LB H A I B R i 00T A ke R D SR G RR b, B R BIAE L
Wy Sy B A AFEA R RIEREE, B HEASR BT W R R 7R A JE ST RIER I, e A 0 25 HH SR
HH AR B T 7 R TR 2P R i R 4 3 R R B B R T L “adad T H AT RO R T )i A, X
DR 23— D38 N 7 B2 1 RO 3 [4] o 3R R B W 73 9B A5 J LA I 22 32 i B I AR ] < W g i A
(28 1 SR TR 77 9252 B ST SE (5],  F2 S 35k DR 110 UL B Gy IS A8 Mk R8s A 1k T e s £ 3 1K1 12
FRONTTRE . MIBAE 22 (1) B RE 08 iR RE 50% LA b (8 B RVERR[6], G SRxt BT 37 Az ) LEAT IR R T 345
SRAE R G S R FEAT A, PN bk B R R R R A, T B AR R AR e fE )L, 60%
AERTA LI B AT 2 W[ 7]

AT 45 BB oR T 4 ki 12STRNA. GIB2 Al SLC26A4 Fk [X] 4y 3. [ 5 i LI 51| ke - 2 1) 5 AR ik
DA, B G IRELERI[8], AW 7045 H s s fa B A ) L8 s B DRI A R L 5 5| e EE AL

(1) F2I0 S ik DR 0 25 00 v £ ) L 2 R M 3 100 T8 A 23 DRI PR R o SR

GIB2 F:[F & FHUS M MEARLE A AE BB b i IR, 3= AR 235delC 7EFR Bl LI EE 80w 1%
AR A RIE A 78.79% [9], A 7t i fG 21 235delC Z48 27 1] (i S A H 485 15 5973 2 SRS IR 911 ) 77.14%
(27/35), J& 3 AMFEEFIE RGN, SENHGEMFE; KB 235del C A B R 2.1% 5 [H Py Hid
F1iE[4]; 235del C 5 299-300del AT U 44 & S AR IR G H K £ [10], ALRHL 1 B R 5] 2.

LRk 12SrRNA K (A1555G 15 C1494T A ml) RAS S HU 22 3 B 5 SR A M 8U 259
BEEA O, KR e S EERE SR H BB R AR A G RO ME AR [11], LT85 R AR A
TE AN [F)7) 2 P B e 28 P A 30 Ja Y v A 7 o st 7 R PR WT 48 0 [12] o ASHIT 90 R B e fs 2H. A\ 1555
G HUR AL 417 2 4L 0.43% (4/920), W& i T IR 0.21% (2/938) I K, o 5E N AW A BIE
HHTE)L A 1555G B RALHE R 0.23% R S A4], I EAE = H 2 m a4t 2 6105 1555A > G
BIRRAL, 555 2 AR AR i T A, iz R A e AN R R H . SR
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Table 2. Situation of deafness susceptibility genes carriers between high risk group and control group
7 2. SfEENRAER S REEEHERLDG, %)

0 Oy IREE TR AR i fE g ot B4 X218 P{H
% 920 938 3.894 0.048
3 AL AR 35(3.80) 21(2.23)
GJB2 kAT 27(2.93) 15 (1.6)
235delC JBIAE 19 4B 6 EFAE 5y 4iAHRAE 6
299-300del AT RETAE 2 RERAZ 3
35delG - -
176_191del16 KEREL a5 9AE 1
SLC26A4 i AR 4(0.43) 2(0.21)
IVS7-2A> G AR 4 TERAE 2
2168A > G - N
ZERIPR 12S rRNA Bk #5H 4(0.43) 4(0.43)
1555A > G FBRAR 2, iBRAE2 AERA 2
1494C > T - IERA 2

“1 4] 299-300del AT 55 235delC XU H A4 A 845 .

Table 3. Results of hearing screening and deafness susceptibility genes screening
3. WHMERSRERKATRESLERB, %)

i T | . P
Wr a2 97 2 ISR i mfadl of B4
Rt it 5 (0.54) 8 (0.85) 2.696 0.101
Eiibos Wi 41 (4.46) 3(0.32)
SEERUN Fiibus 30 (3.26) 17 (1.81) 4523 0.038
iEhus b 844 (91.7) 910 (97.0)
#it 920 938

Tk 0 B R IR B ) R IR, (M TR R R R R 2 B E R M E

SLC26A4 FE K 9878 5 KR FE /K E LR A EA o FLAZ TR AR A0 1R PR 28 T4 B 1) S ol i . o758
R S RE TR AT E A AR LI R . K R B R, SREE N5 H & B30t 8t 4o ol FiE 22 /&
JUIT IR RPN B AT R a4 SLC26A4 JE K AT s B0 AL B 457 6 34L 0.43%, HILBHIK AR 4L
fiff 7t 0.46% 4% 717 22 I ALh[8]

G 3 AL 5 IR R A A R 3.8%, SxTIRA LB ER AR, BonEaitILE
i gy IR EE R RO A 5 RS EE AN, BTSSR AR ) LB 5 IR R85 4 v T I A LA R R A
Rt — e . mfGAURK H 35delG. 2168A > G Jz 1494C > T =N WAL S 5838, MABE I Bi% =
MNEERL SAFERA, INE R KA ESE— BT,

(2) Wr 73RN 5y [k R DR B A5 O 2 T ) 05 28 119 A e s

B3 Ty [ TR 7 25 D6 IR A5 W 7 2 (R 3R AT, XRG04 30 B T W ) B i 1 L 1342 W 1
TR[13]o A7t A I v i 2 35 DR s A e ok i Oy ) 0 A ARG 41 9, T S0 SRS I Y 89.13%
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(41/46), WX FEER LN H A2 W, o0t A CAAE R HAR R 2R S8R e RIEWT 14545 3F HAR
A DRI () 25 F AN R g A ) LK LAHERA IS S U8 BB 28 ) LT 7R GUAN 15U [14], D6 2045 & 0T 3 75
BIGER, X RNT SRR ) I R KA 0 2 11 o L A

EAF IR, a3 /N2 5 B DR S AR S 26 3.8%, J2 T J i A Hh A DA bWy Ay A
H 2 1.63%[1 2.4 1%, 85.71% (30/35)%8 i 2k R B RALHE AT “Ilid” T e, SxIRAH LL =
Aok WA EFTRA, X H A B ESE N R M m fa ) LE LG o 7 07 ) 5 2ok A 2
REGE. R IR REE G R, FHT. e BEY, Al s e SR fa R B L2
OLITALIESE -8

g LRTR, SR LT 40 R RN B B R DR B B R v TR R AR L, W RAGEAT R AL
W 21 7 0 4l 5 ke DR 0003 SR A 1 i 2 v PR 406 K 22 80 < add ™ Wi g 9 2 17 T I 38 R Ak B2 P g 45
AR TR, A 7825 JL R 7mox e fa B A LR AT o 0 25 v S S 15, 78 07 25 0 72 W il N #2290
Gy RER R O oy B s B AN, X AT R ) M B AR R A R AT, B e fE ) Lo R A Ok
Kz, e R SR AT E L.
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