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Genotype distribution of human hepatitis E virus in Yantai, 2015—2018
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Abstract: This study analyzed the genotype changes in hepatitis E virus (HEV) infection in Yantai from 2015 to 2018, to
explore the molecular epidemiology characteristics. HEV cases reported to the National Notifiable Disease Reporting Systems
from 2015 to 2018 in Yantai were studied. A total of 360 serum samples were collected for HEV-IgM antibody detection. Nu-
cleic acid was extracted from serum and fecal samples of HEV-IgM positive cases. Nested reverse transcription-polymerase
chain reaction was used to amplify 644 bp fragments within the HEV open reading frame (ORF2) region, to perform phyloge-
netic analysis. A total of 198 (55%) serum samples were positive for HEV-IgM. The positivity rate of HEV strains was
27.78% (55/198), and that in feces was 39.58% (19/48). The total number of positive HEV strains was 72, in 48 males and
24 females. The genotypes of 72 HEV strains detected in this study were type IV, mainly 4d subtype (77.78% , 56 strains), 4b
subtype (19.44%, 14 strains) and 4A subtype (2 strains). The genetic distance of the HEV nucleotide sequence in 72 strains
was 0.002—0.303. The genetic distances between 56 4d HEV subtypes and swine-origin HEV (KF176351) , sheep-origin HEV
(KU904267) and cattle-origin HEV (KU904278) were 0.021—0.160, 0.010—0.178 and 0.008 —0.176, respectively. The dom-
inant strain of HEV in Yantai was genotype IV, 4d subtype. Animal-borne HEV transmission may be the main source of HEV

in this region.
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I T35 7 P TE AR R BRI - HED J2: bl I3 75
(HEV) 83 5| i i) JIF JE A% G, 3 2 204 1k 18 1%
. mFR D E MG EREZEZEE LG
B TR M X 0 R Y G e PR R AR L A
3 2 WU T O T L 35 45K S R R o 2 T
KF I 6 f55 L 45 BE AR I T B R 4 5 .,
HEV £%250 0 4 AL AL LR T A [T ALY A 2%
e, EEAE KRR EZRAT LIV A3,
DABLCR R B R R £ 2 — A R 45 s
i 1= L o e il A N E - [l e S ES S
TR T R I R AT R Y R R R 3R
TR T 1 5 A G i e 5 R 40 45 19 86 £97) SR
A 20PE D) S 0 A0 i T AR A, T 4520 RT-nPCR #E47
o0 EE AL R A, PR S5 SRS T

1 MRE5RFZE
1.1 FRASRYE 34 2015 — 2018 4F32 E 1L Yo i
T R G 1Y S 1 R B AR R 4, WO e N T
AAE R . REE O ILE bR A RIS AR A, IV bR A<
#47 HEV-IgM $LK M, X HEV-1gM FH 1 3 #2
WO 88 RNA L #EAT R A, HEoR4E 360 3 1ML
T A8 M FEfEARA
1.2 {7 HEV-IgM HuR w0 & b Jb st U7 28
AWy 200 B0 A BR 28 R AR 77 s RNA B8 B 5) 6 phy 1
FE Qiagen 28 & 4 775 AMV 3 % 5 iy 35 [ Pro-
mega > 1) 4 72 s PCR R WA b £ 49 T
BEREARRAE A, SLH R ZHE 1L R A &
T 95 s T8 4 ] v 8 B
1.3 WAL EE FEMARA M pH7.4 PBS ik, 5
SRR AT W 102 B (w/v), 4 °C 3 000
r/minE 0> 20 min $2 B EE 5K L35 R A 5 #
iRl
1.4 HEV RNA $2H . ¢ mMWF =% CBk[9]
G HEV ORF2 XEUFRE R 519, Z4E Bl A T
A TR AR A E S K. 5190 HEV Sl
% 5 -GAYGGSACYAAYACYCATATWATG-
GC-3" (5 648-5 673); HEV 4l F 3. 5'-GTYG-
GCTCGCCATTGGCYGAGAC-3" (6 350-6 372);
HEV W F 3.5 -GARGCWTCWAATTAYGC-
CCAGTAYCG -3' (5 678-5 703) ; HEV Pl T i
5'-CCAGCCGACGAAATCAATTCTGTC-3'
(6 298-6 321),

B 140 pL il 3E B3 AE 20, RNA 32 B0
BT RNA 250 08k 50 pL 28K . RAH AMV
WiRESEBE, 7F 42 °C .50 min dF AT 30 % 5% A 8

PCR(nested PCR, nPCR)¥"# HEV ¥ 1F 2 A B,
H—% PCR NV :94 C ATk 120 s394 C A8
60 5,60 ‘Cilk 60 5,72 ‘CHEMf 90 s, P14 45 P 1F
572 CHEM 10 min; 55 % PCR Ry .94 °C WidE
P 120 s394 “CZEPE 60 5,60 ‘CiB 2k 60 5,72 °C LAl
90 s, 3748 35 NME ;&5 72 CHEA 10 min,

e ZARAFIH PCR &= Wy 7 51K ol 644 bp (S
LS 5 678~6 321 fvi, % 4fifi) tk M73218) , H
TR R 5150 B 0 B B R 540 bp O B SR B 41
%55 765~6 304 i), i PCR FHME= ¥ Lk
T A TR Ay A RS wl #E AT I
1.5 FEEFEH 0 R mega?.0 ¥ AW 15
J¥ % F1 GenBank B4 2 N #0002 7% 7 91 #4750 1
TR AL BE 55, O 8 42 1 iy it 35 R gk AR B 3 8
Bootstrap {H » £ 5 A B 454 32 B AF B L 2547 1 000
W HE K55, 2 Bootstrap B =>70 B ] 4 2 19 32 1k
T
1.6 giit2esr#r R Epidata3.0 0F 58 A%
F SPSS18.0 ki 41 4e it 4 . SR 7 22 43 07 L
AR Y 2 [A) 50 fH 728 o5 22 5 SR ] Fisher A%
PRI AN () I Y A g oy AR 25 S U A U
K 56 K #E «=0.05,

2 % B

2.1 RN MIRET 360 Oy i AR AR 48 43
FEME b A, SRR 360 By I T BE A B, 198 4y
HEV-IgM B, BHPE R 55.00% , 198 43 IfiL 1 A5 A
W, 55 fy HEV AZ W2 K6 I BH M, BHME 3 27.78 %0, 48
Py FAEFR A, 19 ) HEV A% B A I BH 4, BH o %
39.58 % . FHorfr 2 535 9] 1l 5 RN 3 A bR AR [R] B PH A
S BHE S B K 72 B, B 48 )L b 24 ). RIW
3TN REMZE HEV &R MR (57.1%) @ T
K 3 JE IR R FME HEV &R FHME R (15.0%)
(P=0.003), &5 3 i NREMIMTE HEV # 12
PER(37.9%) T &0 3 FJE REMIME HEV #
R FH 3 (2.2 %) (P<C0.001), WLFE 1.

2.2 FEBIOME AWK 72 4] HEV J K 5
SR 4 B, Ad R A AR b B s, S 77.78%
(56/72) ; Hotk g 4b W AY, (19,44 % (14/72) 542 .
BB AE B b e M 7 2.78 % (2/72) . 2K Fisher #ff
DI 28 305 AT 2 6] A8 8 L LU 48 o AN [R) S 78 7 4% 4 fy
MR R L 25 S RS 1T 22 L (P =0.195), A AW
BRI 22 F B G124 5 L (P =0.908), A
]S 78 P A B b 22 R B S i % L (P =
0.132), 4a.4b.4d A 0] 1Y 4F % 53 5] 42 (50.0 =



8 1] B, 5 RS W 2015—2018 AR E XA X BFLR A 5 705

7.0 % . (57.6+9.74)% .(58.6 £10.77) % ., 2R T
it L (F=0.667,P=0.517);4a.4b.4d I #I
WA ALT fH 4> 5 J& (742.0 +912.17) U/L,

(1234.8+835.56)U/L.(854.94+821.97)U/L, 2%
TGiit2m X (F=1.235,P=0.297). W3 1.

Fz1 2015—2018 £/ E ™ HEVRNA iIFAEHER 5%

Tab.1 Number positive and distribution of HEV RNA in Yantai from 2015 to 2018
B HEV-IgM FefE HEVRNA HEV % P 1 2
E| I AR A= %% N e "
FH P % TR A% FH P4 %% da JFHY 4b 1Y 4d WH

4 51

% 226 131 34 48 2 12 34

& 134 67 14 24 0 2 22
0y

2015 100 78 28 21 2 2 17

2016 55 51 1 4 0 1 3

2017 93 17 4 17 0 2 15

2018 112 52 15 30 0 9 21
AT

5 123 77 24 35 2 8 25

=2 79 38 8 14 0 2 12

73 77 43 9 13 0 3 10

E3 81 10 7 10 0 1 9
it 360 198 48 72 2 14 56

2.3 wEHEE SN ARG HEV A7 R ITF 511
BAEIE B 0.002~0.303, Hrh 4a 37 5 (8] 1Y 5 15
#HES & 0.035; 4b WP AU [A] [ 35 & B B )& 0.015 ~
0. 127 ;4d 3775 i) 4 38 45 BE 85 12 0.002~0.094, Xf
72 151395 N AN [R) 4 B 0 A T R 4 a5t A BE B HE AT
PR AE R BN AR B IR 56 Bk 4d WA HEV
J¥ 5 5 1 R Hb X %% JR (KF176351) . F &
(KU904267) .4 i (KU904278) HEV J¥ 3] i i 1%
PEB 4 0.021~0.160,0.010~0.178,0.008~0.176;
14 t% 4b W R 5 )7 9§ (EU676172)., |7 R
(JX855794) MBI IT.(DQ27909 1) ¥ I/ HEV JF 41
AEI B A 0.033~0.18052 ¥k 4a WA HEV 741
5#HEMCEF077630) F1 g (EU366959) 34 I HEV
FE 51 Y 3 AL BB 0.060~0.226, WLIE 1,

3 W i

AT AF SR T AR 3 AT 48RP AR HE B AR T
P10 O R T T W T 43 AT IS R A
HEAR AT IR AR Y R IX 2
S HEV 43 F W M 26 56 1T A sh P, & 5
ANAEE 5 & 2ok IR HEV!Y . REWA R

HEWAT HEV 2 FIRATHRF M 5R . AR Bos,
B E IR G 2 NI HEV RNA BH P2 0]
Bk 90 %0 A AT AR B G L ks N B AL i B
AR RS — Be i W A 12, 53 A0 o 2k J2 B B
ANEAZWRE J1 . 12 B (8] 5 I o R A2 bR AR B A1 95
Bl L4 % B K B R, P HEV RNA G H R A
o ASHIE Y I G An AS A% 1R B BH M R 27,78 %0 (55/
198) & FVLF5 (19.2 YO ™M HAK F I (32,79 %)
9 PHPE 22 ZS 0 AR AS (19 4% 2 BH 14 28 A0 X 8 ey, 3k )
FHPE 2R 39.58 %6 (19/48) . AT B8 15 R AR FF HE AT L [
TEBE T R 90 0T 9 1 G .

W Bon R E HEV fecR Wy IV B 5 L 5 W
A da4d T 4h EARSDST AR YRS I A AR £ 3G
WATHR Y B T8 IV R4, AT bk DL 4d 3 B (5
77.78%) J F HK G Ab WA (19.44 %) s 4a WA
PR (2,78 %0) o ARUCKRAEREA AT H dc EAY, 1L
R4 RV & T DA B R I ok R Ae B
TUET AN Ac R AR A b DX S R ok i
2012 S & b X NI HEV FZ AT 4a W,
HORGE Ad WA B A AR B AT IR AR A 22
SOXSHEN AR RAT AR R, KEND 2N



706 BOEOANE

A TR

2022,38(8)

@ Yartai-SD-CHNHUHEV/2018-02 1]
@ Yantai-SD-CHNHUHEV/2018-16
@ Yartai-SD-CHNHUHEV/2018-03
@ Yantai-SD-CHNHUHEV/2016-03

JX855794/Guangdong-CHN/SwHEV2011

@ Yantai-SD-CHNHUHEV2018-18

@ Yartai-SD-CHNHUHEV/2018-30

@ Yantai-SD-CHNHUHEV/2018-15

EUB76172/Guangxi-C HN'SWHEV/2008 4b

@ Yantai-SD-CHNHUHEV/2015-13 VEEY

@ Yantai-SD-CHNHUHEV/2015-08

@ Yantai-SD-CHNHUHEV/2018-08

@ Yartai-SD-CHNHUHEV/2018-13

@ Yantai-SD-CHNHuHEV/2017-06

@ Yantai-SD-CHNHUHEV/2018-01

@ Yantai-SD-CHNHUHEV/2017-10
DQ279091/CHN/SWHEY 4b

- @ Yantai-SD-CHNHUHEV/2015-18
KC492825 /Yantai-SD-CHNHUHEV/2011
@ Yantai-SD-CHNHUHEV/2015-03
KCB92453/Yantai-SD-CHNSWHEV2011
£l JQB557 33/Beijing-CHN/HUHE V2006
EF0776304lilin-CHN/SWHEV/2003
W AB197673/JPNHUHEY 4a
EU366959/Shang hai-C HN/SWHE V2006

AY723745/ND/SWHEV 4e
o DQUB007 2UCHWSWHE 4i
’_w‘—imggfﬁmu iang su-C HN/SwHEV/2009 .
EF5701 cHVSwHEVZ0DS |
Bl vussaiangss CHNMEHEVR008

9 KJ155502/Yunnan-CHN/SWHEV2010 :|

94

95 | KRB72415/Yunnan-CHIWHUHEV/2015
93| Iku356185/Yunnan-CHN/GoHEV/2015
GU1 19961 /CHN/SWHEY 4h
GU188851/Wuhan-CH/SWHEV/2009
JQ740781/MNanjing-CHNHUHEV/2009

JOB55735/Beijing-C HN/HUHE V2008
L AB220974/JPNHUHEV 4f
ABD74915/PNHUHEVY 4¢
AB108537/CHN/HUHEV 4g

99

AF082843/USA/SWHEV 3
AL_{ M73218HEV 1
M74506MEX/HUHEY 2
v
[

@ A5 R 58 Wi # (HEV) 77 41« ¥ v R I 40 Jig 7R HEV 4d
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Fig.1 Evolutionary tree of the ORF2 sequence of HEV in
Yantai from 2015 to 2018
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[ Br 9 7 0 25 22 51 2 (International Committee
for Taxonomy of Viruses, ICTV) %5 1970 T 45
Xt HEV 432888 T 8 i 2 il . &0 2 18 7 91 BT
A ST A3 A TR AR I TR Y 3 A% RS Y /R AT

FER A BTS2 P AE /N T 0.30 Hy fa] — A4~ Fk R AL,
AWy IR A TS HEV &4 1R )7 51 4 5
Jg IV R, ML B A 0.002~0.303, Hi 4a WA
V] F) 3845 1 B 2 0,035 4b 7 R [A] (14 5 1% R B 2
0.015~0.127; 4d W % [A] (¥ 38t 4% BE B & 0.002 ~
0.094, TERMMEMR P, ELRAMIL,HERHA
56 4 — BN TR AT G HIUR B 45 A5
IYEHEY 4d SER HEV FF 3145 1 75 X 5% 8
FUE AR HEV P 91 09 35 4% 185 25 43 51 2 0.021 ~
0.160,0.010~0.178,0.008~0.176 , KB & 1 A
Y HEV PO 5% B £ F W R & LR EK
IR A HEV YL R] e 77 76 55 W) Fi AL 3% . 2h )
AR AN ZM ., —J5 i NG HEV f] fig 5 i
T YHl A L AT RE S HEV 95 5 gh 4 35 i
15 Y S BUR VB AL 36 G, w5 i — 20T .
AW 5T FE AT R B T [ 58 A% G 1 ) 1)
2, i T URAT e 2 VA A A R R R XTI T B A
WA T ALT 4845, K3 — 0 i 1716 QL IR 936 1 .
XT38 B 5 X HEV 35 BRRRAE 28 £k R ik 45 R
Y HEV Wi S G HER IR /A de it T H Z LR,
FIZEHR: L
SlAAXHRK 2. B, &R & e
W 2015—2018 4 AR % R AT K m # A E A A
[J1. # B A& B/ ¥ 4%,2022,38(8):703-706,
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