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Abstract: Objective To explore the carrying status of four common deafness genes and mutations on 10 loci in
newborns in Hainan, and to analyze the molecular epidemiological characteristics of deafness genes and their loci, so as to
provide scientific basis for formulating neonatal deafness gene screening strategy and promoting children’s hearing health in
Hainan. Methods Newborns born in Hainan from January 2020 to December 2021 were selected as the research objects. The
demographic characteristics of the research objects were collected. At the same time, the plantar blood of newborns was
collected, and multiplex PCR amplification and directed hybridization combined with high—throughput sequencing technology
were applied to detect 10 mutation loci on 4 common deafness genes. T—test or chi square test was used to process the data.
Results A total of 7 124 newborns were included in the study through informed consent, 219 cases of deafness gene mutation
were detected with the detection rate of deafness gene of 3.07%. The detection rates of GJB2, SLC26A4, MT-RNRI and GJB3
were 1.56% (111/7 124), 1.18% (84/7 124), 0.21% (15/7 124) and 0.11% (8/7 124) respectively. Among the 10 loci of the four
genes, the positive detection rate of c.235delC locus of GJB2 was the highest, which was 1.38% (98/7 124), followed by ¢.919-
2A>G of SLC26A4 (0.87%, 62/7 124); 2.63% (113/4 289) of the newborns who passed the preliminary hearing screening still
carried the deafness gene; in terms of gene type, the detection rate of GJB2 gene in newborns who failed the hearing screening
was higher than that in newborns who passed the hearing screening [2.23% (63/7 124) vs 1.12% (48/7 124), P<0.01]; in terms of
gene loci, the detection rate of ¢.235delC locus in newborns who failed hearing screening was higher than that in newborns who
passed hearing screening [2.09% (59/7 124) vs 0.91% (39/7 124), P<0.01]. Conclusion The most common deafness genes
types in Hainan were GJB2 and SLC26A4; The most common gene mutation sites were ¢.235delC and ¢.919-2A>G; 2.63% of
the newborns who passed the preliminary hearing screening still carried the deafness gene, among which the high-risk

newborns with MT-RNRI and GJB3 genes were found. Therefore, hearing screening should be combined with deafness gene
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screening to improve the detection rate of children at high risk of hearing loss.

Keywords: Neonate; deafness gene; hearing screening; Hainan
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Analysis of basic demographic characteristics of 7 124 newborns

¥ 2 Detection(n=219)  JEA H 3 Not detected (n=6 905) P

Table 1
FEAFFE Basic feature A Total (n=7 124)
5 Gender
% Male 3996(56.09)
4 Female 3128(43.91)
A AT i Birth weight /g 3 121.48+494.20
<2500 584(8.20)
>2 500 6 540(91.8)
i1 2E B K Birth length /em 49.3412.10
431577 3 Mode of delivery
JIi7 Natural childbirth 4515(63.38)
BT P Cesarean section 2 609(36.62)
S5 H 2 A JLFull term or not
<37 J&l <37 weeks 624(8.76)

>37 Jil= 37 weeks 6500(91.24)
EmAHLEILERL
History of asphyxia neonatorum or not

32(0.45)
7 092(99.55)

J& Yes

75 No

0.15
112(51.14) 3 884(56.25)
107(48.86) 3021(43.75)
3 130.21+470.64 3 121.20+494.96 0.79
19(8.68) 565(8.18) 0.79
200(91.32) 6340(91.82)
49.38+1.98 49.34+2.10 0.78
0.38
145(66.21) 4370(63.29)
74(33.79) 2535(36.71)
0.96
19(8.68) 605(8.76)
200(91.32) 6300(91.24)
0.30
2(0.91) 30(0.43)
217(99.09) 6 875(99.57)
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FLARAEAE Basic feature 41t Total(n=7 124)

¥ i 2 Detection(n=219)

AEHS Hi 3 Not detected (n=6 905) P

JE AL WT 19I5 Whether passes the prelimi-

nary hearing screening or not

J& Yes 4289(60.30)

75 No 2 824(39.70)
BESEIRAEIS /S Maternal delivery age /years 28.19+5.54
AT WRAEIE /% Father's delivery age /years 30.51+6.15

113(51.60)
106(48.40)
28.21+5.94
30.7626.34

4 176(60.57)
2718(39.43)
28.19+5.53
30.50+6.15

<0.01

0.950
0.548

TE: O PRI L% 5 11 AARIEATVT S35 , ELASHE AT AR G i 2 H- 2 RE R, Sebr it AT 0T g s A B 7 113,

Note: Prototion is in parentheses /%; 11 people didn’t undergo initial hearing screening and didn’t carry relevant screening deafness genes. The actual

number of people undergoing hearing screening was 7 113.

s A7 A L B s AR LA 32491 5 Wit 3 W) i AS i
i 898 A= L 2 824 1] (39.70%) , i i A A 4 289 14
(60.30%) ;7 124 1518 A= L A7 219 Ak i B #3E1A ,
MK 3R 3.07% , e rp Wy 3 W) A ik %) B2 5k
PR 11 3R K 3.75% (106/2 824 ) , ) 575 38 4o 46y 1 5%y
2.63%(113/4 289) , W) it A~ 38 3xf B Kz 4 5 1 T W) i 38
SRR R, 2 R A SRR L (P<0.01) 5 HARFHE
TEWZH B 9 5341 25 S B T ge it 2

22 HMANFEAREREL HE2WIL,7 124
A L, BRI IAS RN 3.07%(219/7 124) .
A WL BB LR GJB2 \SLC26A4 2 ki ik MT-
RNRI. GJB3 i i % f1 & 2 A% 70 % 4 1.56%
(111/7 124) . 1.18% (84/7 124) .0.21%(15/7 124),
0.11%(8/7 124) . iBK i 16 24~ FE H 5848,
MT-RNRI (m.1555A>G) ] 51 %€ 28 + SLC26A4 (c.919-

2ASG)JRERAS

LR GIB2 FEPR A H A JL 111, Her 110 451
R RAR VIR G ARG RS RN B 4G R A7
¢.235del C A7 1 S A YR i A R 4 6 85 iy 18 98 AR A3 a5
(1.38%,98/7 124) (T 1 IR G %48 ) . HA
GJB2 Z3 7% v i Aar 2 bR 3 2R 43 51 R ¢.299del AT
(0.17%, 12/7 124) . c.176del16 (0.01%, 1/7 124) ,
¢.35delG(0.01%, 1/7 124; K ¢.235delC+ ¢.35delG & &
IRERAR1H)) .

JEf Hi SLC26A4 FE PR 5875 35 A= L 84 1] , Ho v 24
GoAE Q29 i B AR 2 . SLC26A4 FE7R 0 s K
A HH ¢.919-2A>G 0.87% (7445 :0.84%,60/7 124;
4[4 :0.03%,2/7 124) .¢.2168A>G 0.21%(15/7 124) .
¢.1229C>T 0.10%(7/7 124)

A LRRAR MT-RNR 1 3 R 5728 8 A= JL 15 441
Hrp a2 1101, s 22 44 . Horb m.1555A>G
S JoT R 5 5T 9 A8 (R A LR 280 00 R 0.06% (417 124) |
0.13%(9/7 124) ; m.1494C>T 34 i 2875 (R 46 H 3 341k

®2 HEREEPERO AL

Table 2 Detection of deafness gene loci

FL DN R
FEPH A EWAA H% i Detec-
Gene type Gene locus n tion rate of
gene loci /%
GJB2
FB RN ¢.176del16 1 0.01
Helerozygous mutation ¢.235delC 97 1.36
¢299delAT 12 0.17
G RAE ¢.35delG 0 0
Homozygous mutation c.176del16 0 0
¢.235delC 0 0
¢.299del AT 0 0
A 24 7% Compound ¢.235delC + 1 0.01
heterozygous mutation ¢.35delG
SLC26A4
FB R ¢.1229C>T 7 0.10
Heterozygous mutation ¢.2168A>G 15 0.21
c919-2A>G 60 0.84
a5 R ¢.1229C>T 0 0
Homozygous mutation c.2168A>G 0 0
¢.919- 2A>G 2 0.03
MT-RNR1
SR m.1555A>G 4 0.06
Helerogeneous mutation m.1494C>T 0 0
B m.1555A>G 9 0.13
Homogeneous mutation m.1494C>T 2 0.03
GJB3
FeB RN ¢.538C>T 8 0.11
Heterozygous mutation
a5 RAE ¢.538C>T 0 0
Homozygous mutation
MT-RNRI+SLC26A4
LA HE R 5 m.1555A>GH 1 0.01

Multiple allele mutations

g A+

c.919-2A>C
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0.03%(2/7 124) . GJB3 JAGM T ¢.538C>T i 14, , HeA:
8, Y A5 5 AE R R R 0.11%(8/7124) .

23 FEHEARBREEEFTAREFOSAHEIL A
LR 2R T7 1T, GJB2 FE PR AE W g i A 38 ok 2B L
R H R (3.75% ) KT Wt g i A 38 8 138 28 L
(2.63%) , =R A G152 L (P<0.01) s 7EHE A 8 7
T, A3 4 T 7 0 25 35 A2 JLAY ¢.235delC 37 15 46 HE 2R
(2.09%) K Fil i i3 4 L (0.91%) , Z 57 Geit 2
L (P<0.01) o oAt JE PRI 25 780 Je JE PRV o5k 6 A
Wy Jy il it 5 i 2 R RS E L.
Wt 3 40 i A 38 3 198 A2 LR GIB2 K i R ok 2.23%
SLC26A4 ¥ 3K 1.31% , MT-RNRI #: %4 0.11%,
GJB3 WK H 2R A 0.07 % 5 7EWT 3400 07 38 o 5 28 L
GJB2 K R 1.12% , SLC26A4 ¥ 1 3 M 1.10% , MT-
RNRI ¥ % 1 0.28%, GJB3 K i R 0.14% ., W3
3~ 4,

R3 ARG A L E R &R
Table 3 Detection rate of deafness genes under different hear-

ing screening results

FEPR AT 1,
Genes and loci

FHFZEH Gene type

it Adopt At Ailed ¥ P

GJB2 48(1.12)  63(223) 13.70 <0.01
GJB3 6(0.14) 2(0.07)  0.72  0.40
MT-RNRI 12(0.28) 3(0.11) 244 0.12
SLC26A4 47(1.10) 37(1.31) 0.67 0.42
MT-RNRI+SLC26A4 0(0.00) 1(0.04) / /
A1 Total 113(2.63)  106(3.75)  7.14 <0.01
FEH 37 45 Gene locus
c.176del16 0(0.00) 1(0.04) / /
¢.235delC 39(0.91) 59(2.09) 16.97 <0.01
¢.299del AT 9(0.21) 3(0.11) 1.08  0.29
¢.35delG 0(0.00) 1(0.04) / /
¢.538C>T 6(0.14) 2(0.07) 0.72  0.40
m.1494C>T 1(0.02) 1(0.04) / /
m.1555A>G 11(0.26) 3(0.11) 1.96 0.16
¢.1229C>T 5(0.12) 2(0.07) 036 0.55
¢2168A>G 7(0.16) 8(0.28) 1.67  0.28
¢.919-2A>G 35(0.82)  28(0.99)  0.60 0.44

43t Total 113(2.63)  108(3.82) 8.01 <0.01

T 16 ¢.235delC+ ¢.35delG & A 24 B 5 4E 1§ m. 1555A>C 35
RAL+ ¢.919-2A>C Z G I 5 AE  HORINHE A A B 219 A, 8
DL 2215/ TR 455 AR R %0

Note: 1 case ¢.235delC+c.35delG compound heterozygous mutation, 1
case m.1555A>G homogeneous mutation+c.919-2A>G multiple allele mu-
tations, so the number of gene carriers is 219, and the total number of gene

loci is 2215 /. no value; ditection rate is in parentheses /%.

®4  WTHRITHEER S ERE KA FR
Table 4 preliminary hearing screening results and detection of

genes and loci

Y9 A 38 3

Fail to pass

Wi 18 3

Passing prima-

FEE TR . the primary
ry screening )
Gene type Gene locus screening
BI% Rrate %L Rate
n 1% n 1%
GJB2
A 7% Hetero— ¢.35delG 0 0.00 0 0.00

c.176del16 0.00 1 0.04
c.235delC 39 0.89 59 2.09

(=]

zy gous mutation

¢299delAT 9 0.21 3 011
445875 Homo— ¢.35delG 0 000 0 000
zygous mutation c.176del16 0 0.00 0 0.00

¢.235delC 0 000 0 000

¢299delAT 0 000 0 0.0
HARERAE ¢.235delC+ 0 0.00 1 0.04
Compound hetero— ¢.35delG

zygous mutation
SLC26A4

AT

c.1229C>T 5 0.12 2 0.07
¢.2168A>G 7 0.16 8 0.28
tation c919-2A>G 35 0.82 25 0.89
c.1229C>T 0 0.00 0 0.00

¢.2168A>G 0 0.00 0 0.00

Heterozygous mu—

4li5 587 Homo—

zygous mutation

¢919-2A>G 0 0.00 2 0.07
MT-RNRI
5 5% 7F Hetero— m.1555A>G 4 0.09 0  0.00
geneous mutation m.1494C>T 0 000 0  0.00
I 5875 Homo— m.1555A>G 7 016 2 0.07
geneous mutation m.1494C>T 1 0.04 1 0.04
GJB3
459875 Hetero— ¢.538C>T 6 014 2 007

zygous mutation

45 5¢7% Homo- c.538C>T 0 000 0 000
zygous mutation

MT-RNRI+SLC26A4

EZOE TivE PSS m.1555A>G 0 0.00 1 0.04

AR Multiple allele Yo AE+

mutations c.919-2A>G
St Total 113 263 106 3.75
3 it i

3.1 ARG ERERILEGESEE ARIIGEE
B 20204F 1 A %2021 4F 12 A 7Ei /8 2B A 2B L,
N FH 22 5 PCR 3 38 F15 3 2% 28 H R B A5 v il 1 00 /7
AR AT 2RI N A, g8 1T 7 124 Bl R
JLEeE WL 44 JE B 10 A S R AR O . BF SR 45
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R 7 124608 A Lrh , BB IR A 308 3.07%,
X550 Ll M X '47 538 5T A LA R 2.98%, J R
HL X217 000 4G H 2 3.19% 45 AT . (B BAR T
T L AR Mo IX Y7 875 45118 A L 7.019% ok H 2, ] RE
S5 ARG ARSI Ay R 3 R AR 7 o B Ll AR /D
Ao WA B 7 05 A 18 A~ HEZ L K Y 100 417
A B R T AR I 8 3 R R A SR IE . T
S AN S5CES AR BT, A 2 G SR B 2
LR B N A ] 58 H- 28 05 I i A 25 21, R
GJB2 FE PR A SR A5 (W H 2 SE . AHIF oAb [ i
BRI —Z5H, GIB2 J it m b XA R g 1 B
FEIH (1.56% ) , {EIE 7 1 X, GJB2 FKS: H RAK T30 5 A%
HB(1.919% )1 114K (3.07% )" R . X a] fE 53]
R ) SR R U 4 28 AR R4 T 5 DR i e A O, HCAth b X
SR B Sanger I - 5% /55 38 HE A, HORG I B 42 AT,
R IR GEARNT 350 22, F AR AU R e ife o o v . L
AT BB T AHERY R 5% S B vE s il b4, Al
WEFEARMR MR . AN ARE R 6JB2 5K
RAG M ZERIBAR K, H A A LA ¢.235delC £/ R A8
S M, m R ARG AR L .35del G 5l H
DS FR e L B 52 A8 5 a5 A ¢.235d el C, 42 [E AF
FEI IR ¢.235delC 7 A5 K %R 2.06%" . FEARWE Y
W, GJB2 FE PR i DL 58 AR AN s T 4 [ ) 2 F 9 45 SR
AH—2, W .235delC AV 4, Kt 380 1.38% , B4 [
KA. GIB2 F A ¢.235delC 245 RASTEM K H 25
78 R Tk Rl 44.75% (98/219) , 5 1L 7R Hi X
29.07%"" WL X 19.23%" 7 5T Hb X 20.319%" K
[F] , 22 53 J5 IR AT EAS [R) b X s AL RS [l AT 5
SLC26A4 3 & S BAR G S IEHZ S KW
ARG 45 & I SLC26A4 B2 FE G R hy
1.18% , ik T4 [E (2.36% )™V Fi ik 4 b X (6.529% )71 7K
S H T L (0.40%)™ BRI (1.50% ) 1 e T
(1.026% )[R HG 3R o SLC26A4 5875 57 5 76 A [A] b
X AR AR 22 5, JLRRP B e L SLC26A4
RAFE N p. T416P F1IVS8+1G, H AL A FE ] L P.
H723R i 5748 B PR 6 A0 Lo gl dre s o i [T A,
P.H723R Hl ¢.919-2A>G i A8 FE 7 557 53% ., T,
FEPILL ¢.919-2A>G A8 fie 8 UL, o A% i R 67 o5 28 A%
W2 57.63% , X GAMF 5T 45 H ¢.919-2A>G J e UL
RAF A — B, AR AR T A 73.81%(62/84)
MT-RNRI FER WA R 2B R s AL B, AR
AR S H B YA C FR ST A . A
5T m.1555A>G S48 NH 13 ] i A 4 AR 5L ]
RAB LI 86.67% , 4 4 r A4 5 R A YR s A fe 8 UL
FEPRE 5 5 AR 2T, 5 [ P ARG 43l DX — 3

GJB3 B K 52 AR BNy 5 AT ) R B O AR
WF 5T 2L TR A 0.11%, 57T (0.119%) K424,
T2 (0.4%) R HL X (0.324% )R A8 K .
A E ST W I PR B LSRR 6 15 R ¢.538C> T, fix
30319, AR BF5E I T GIB3 ) ¢.538C>T fif
KRN 0.119% , IME T4 K SF
32 A HEZERKESFEKRA G EGLYB 5
W 7 5 A5 VE A it e 48 B A= L HE A DL W fgde B 1
FBETr ik DS DU 15 (58 PRk A A (I R AR i A 3]
J Uz . SR A AT —E R R, gk
W S KT F135 28 B UL, ANREIZ W HE T 7 B0 1)
e T H- R AL R A BE R AT R A R . AR
fF 5% v el A LT G 0 AR AT 2.63% 1)
A LR BB E IR, L A o 9 AR L, FRAT
RIL T H#EH MT-RNRI S AN GJB3 S A (2 A Al g
e B L, B THERIL EE AR .
XS KURS A REREAR T BB T I g A 1 A2 LT
FITHAT AR ZR B, DT REAS 21 i X 48 5
BT KRB o FAE 1964 40T F1 2% K MOR-
TON 5l 31 BH W g i A m] LA AG: 0 28] o 38 g R A
PR HIRAETE 2%~4% W12 % . PENG S57E AR 58
Hiy DX I A i AT 30T H b 2 B, W A A a1 L
RGP, SRR R 2

ARG, 78 HB S R A vp, R A T )
fii 2 5 A LR HE EE A9 (3.759% ) B v T T Sy i Ay
1A L (2.63%) , Uk BH T 7 0 25 8 % A3 R0 4 = B3
R ABFIT S5 R o, W A, (0
5 35 PR A5 BH P % 7 A LRV R 8 B B W O
B A, UL B BT 7 0 A B O T B St
IR 2.63% W HZBILF K H#H . A HERL
PRI A B 2 4 R T U s a B AR LR R A
RO B FE ARG M AT AL R T, TR R L2
YIEH BN AR R,

HB LA i 19 5 — R8T T R AR h B2
FERE H . AW IR GIB2 AR 111
], SLC26A4 7455878 8219, GIB3 & 5875 8 19 , £
ANGET LR G AR 1], 3 B e AR 4 B IR
J& (A T REHE ) A B B L & e A,
X H AT B AL i RS IS B 48 5 2R S
T, TR A B AR

B 5T IR 1 GIB2 B A Z A kAR, Hir g
10 245 SRR RIEATIT F1i2 Wi . 2 Bk SLC26A4 -
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