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& (Paphia euglypta) %5 1, W& [45 1% ( Sinonovacula
constricta) K ATt (Solen strictus) 25 1, 4145 B YT 4
Wi ( Crassostrea rivularis ) « % % % W5 ( Dendostrea
crenulifera) ~ KXV 4 W (Crassostrea gigas) ~ #84 1f
(Crassostrea plicatula) %5 1, 5 V1235 5 32 5 U (Perna
viridis) 06 U (Mytilus edulis) 1 F1 5 DU DS 4L B3 0
(Chlamys Farreri)  iF & 2% J5 U1 (Pecten yessoensis) -
WV F5 UL (Argopecten irradians) 5 1, & 4y Ff i K 4
KA 500 go 162 43 FF i 23 3l SR AR T30 7248 44 1
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gy Xk BE OB W 0 VPS (4 9t )
(AF396408 ), % Ak W &% M9 VP7 (4h 52 & H)
(AB118022) , iff 41 i # ) NSP I [K] (F &5 ¥y 82 1)
(EU703722) , S ARG 25 1 5 3 NSP (HF 45 # & 1)
(AB308374) , Jlit 5 75 (AdV) 1y Hexon (754 #4 X))
(AY027809) Jy#L 7 41, BT XH R (NC) by & il 75 75
(JEV) 4 %: NH2-( CH2) 6-Poly (dT) 15-
GTGCAAACAAGGTTTCACTGATCGTGGGTGGGGCA
ACGGATGTGGACTTTTCGGGAAGGGAAGCATTGAC,
[ H] Primer premier 5.0 7 £k 8 {1 %) ¥ /3% 41 5 4) AN
PREE BEAT BT R0 2 W b U TG AT R A W) S R
T AERE [ HARAE Bk 1 Pros.
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1. HEFENLXEFBEXBAEHGE

Figure 1. Sampling sites in coastal cultivation areas of China.

1.3 BEREROROH &

F 4R AT 3 x SSC (20 x SSC. (¥ it  : NaCl 175. 3
e/ L FPRR R =1 +2H,0 88.2 g/L, ] 1 mol/L ) HC1
WY pH 22 7.0, il 98 JF 1 He %% HL) #6 B i 20 mmol /
L, KM Cartisan5500 g FFASCRE 28 B A 2 28 FE A0 B 1
M3 i B REE BCE 4 N EEL BL TAMRA &
s FE PR DAy B AR X IR T Sy T 4 ) TR X7 K
S O I B8 B R R o A i 2 B
1.4 fNMERMZE PCR IBRIC

H Viral Nucleic Acid Extraction Kit II ( Gene
Aid) $EIUBH 1 & 8 R o A% 1 ) DNA FIT RNA, 3

+ 50 pL DNA-ree /K. Z & Promega [f] AMV i
G UL W] K RNA SR i cDNAL SR J5 5 DNA &
Ho A G HEAT 2 & PCR 744, K H] 100 uL g WV
A% :10 x buffer 10 pL; MgCl, (25 mmol /L) 6 pL;
ANTP (10 mmol/L) 2 wL; 5 %k & b F 51 @
(20 wmol /L) % 0.6 wL;5 Ffjp #5 11 R 3F TAMRA ¢
Jekric 514 (20 wmol/L) 4% 0.6 pL; cDNA/DNA i
B 10 pL;rTagDNA B4 1 wl; 7&K 65 pL. ¥
B2 :94°C 3 min; 94°C 30 s, 55°C 45 s, 72C
I min, 34 M3 ; 72°C 10 min.
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Table 1. The primer and probe sequence of five enteric viruses
virus primer and probe sequence (5°—37) T,/C fragmen /bp
HAV HAV¥F TGTGCTATGGTTCCTGGTGA
HAVR CCCAATCGAATCTGAAGCAT 55
HAV-P NH2-(CH2) 6-Pol (dT) 15-TTAAAGATCCACAGTATCCAGTTTGG
AATTAACAATCAGAGTTTGGTCAGAGCTGAACATTGGAACAG 510
RV RVF GGCTTTAAAAGAGAGAATTTCCGTCTGG
RVR GATCCTGTTGGCCATCC 50
RV-P NH2-(CH2) 6-Pol (dT) 15-TTATGTCTGTATTATCCAACTGA
AGCAAGTACTCAAATCAATGATGGTGACTGG 392
NV NV-F GATTACTCCAGGTGGGACTCCAC
NVR TGACGATTTCATCATCACCATA 55
NV-P NH2-(CH2) 6-Pol (dT) 15-GGTAGCAGAAGACCTTCTTTCTCCT
AGCGTGGTGGATGTGGGTGACTTCACAATATCAATCAACGAG 319
AdV AdVF TTCTTCCCCATGGCTCACAACA
AdVR TTATGTGGTGGCGTTGCCG 55
AdV-P NH2-(CH2) 6-Pol (dT) 15-CTACTTCGTATATTCTGGATCTATTCCC
TACCTGGATGGCACCTTCTACCTTAACCACACTTTCAAG 1005
AsV AsVEF CGTCATTGTTTGTTGTCATACT
AsVR ACATGTGCTGCTGTTACTATG 55
AsV-P NH2-(CH2) 6-Pol (dT) 15-GAATTCGTTGTCATAAAACCAGGTGCA
TTATGTGTTATAGACACCCCTGAAGGAAAAGGGACAGGTT 288
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2. SHZEBRSERSHRETIH®

Figure 2. Gene chip arrays for five kinds of enteric viruses, in
which @ presented positive control; @ presented negative
control ; @ presented blank control; (D, (© presented probe of
HAV; ), @presented probe of RV; @), @presented probe of
NV; @, (0presented probe of AsV; 3, @presented probe of
AdV.
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1 62°C 2425 6 — 12 h; BUH 5, 25 2 x SSC (&%
0.2% SDS) ik 2 3, 1 F 2 x SSC h ¥k 2 i, &% 5
FH 0.2 x SSC # ¥k 2 min,800 x g &0 5 min, 8R J5 F%
H Scanarray 4000 4 1 4 i 22 A8 45 R, H 4l Z HL
h OB EE 100% , PMT100% » G 575 508 & ml LA
P H 2 xSSC ¥ 1 ko Hl Quantarray3. 0 3¢ & 4 #7 #K
P53 BT 41 415 VA5 0 296 6 B
1.6 BEZERMMEYMEERSDNRHEIFEN

PL AsV b ), DA JE DRSS B 1) R . I
2 L AR R BERREEAT 58 bR ad i 4 bRl e ) A R
SE BEACHEAT B AR T T W A KR Sz 0 3 ) 4% 1 2
AR 7 J5TORL B B 9K FE % 100 pg/pl~ 10 pg/ulL.
1 pg/wL~0. 1 pg/wL F1 0.01 pg/uL 5 MW, 55
Frawas .
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T 4°C, 5000 x g B .0 15 min, B [ 4k 42 55 0,
10000 x g, 1 h, 4 b3 (4) T 4°C, 140000 x g,
BB 1.5 h; (5) 70 B3 B UiiE B, H 49 500 pL
F) o 1% 6 2% P (PBS, pH7. 4) &, [a) B W b in A
A mH L, 3% 15 min 5 4000 x g B0
30 min, b JZ O BRI A 95 3 32 A, 29 500 pl. #1E
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Figure 3. Hybridization results of fluorescence labeling products with different concentrations. A :the concentration of nucleic acid is100 pg/pL;

B :the concentration of nucleic acid is 10 pg/pL; C:the concentration of nucleic acid is 1 pg/pL;D :the concentration of nucleic acid is 0. 1 pg/

pL; E:the concentration of nucleic acid is 0. 01 pg/uL.
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R2 F—#HRESEHRBATHAEE
Table 2. The fluorescence intensity of the same batch repeatability test
group fluorescence intensity MEAN SD CV
A 8724. 62 8644. 58 8766. 29 8603. 53
8654. 37 8597. 06 8659. 11 8692. 19
8685. 36 8742.91 8395.25 8576. 27
B 8574.92 121.74 1.42%
8586. 94 8622. 48 8586. 34 8726. 54
8436. 24 8506. 37 8467. 69 8437. 15
¢ 8397. 68 8407. 96 8424.33 8456. 89
R3 FTEMREEMHRBHRAEERE
Table 3. The fluorescence intensity of the different batch repeatability test
group fluorescence intensity MEAN SD CV
A 7824.53 7909. 65 7844.37 7793. 21
7956. 11 7822.92 7863. 36 7792.99
7625.31 7654.42 7687.95 7703. 94
B 7758.79 110. 14 1.42%
7505. 49 7700. 25 7595. 83 7698. 19
7856. 23 7906. 65 7839. 46 7754. 83
¢ 7682.57 7663. 82 7742. 60 7786. 26

H4. 5 HBERSRABRERBER

Figure 4. The probe specific test of five enteric viruses. A: Hybridization result of HAV; B: Hybridization result of RV; C: Hybridization result
of NV; D: Hybridization result of AsV; E: Hybridization result of AdV.
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I 5 A% PR 0 5 SR A R A AT ARG W
162 43 UL AE i vb B PE A H 2 49 50l O - HAV 4.3%
(7/162) ; RV 6.2% (10/162) ; NV 14.8% (24/
162) ;AsV 5.6% (9/162) ; AdV 9.9% (16/162) , &
DU A b H BT RS S R TR I B N R k22 B i
BRI, AR w5 fros.

2.5 ERFEEFKF PCR AN S iz EmENE
R

Wil PCR 77 VAR Bk 162 4y DURAE dh HEAT
AT 55 1T 5 DRES 5 R I R R RS e S &5 R
F4PFrom. W p KT 0.05 ¥ W 4 2% = =
(95% I & A5 X A]) » Kappa {5 KT 0. 75 i H] — 8%
FEEAH 220 = B bR 7R R S RS R BOR R PCR R
R &5 R BEAT T VR, SRR S o P A
FOAR XS 5 Bl i 18 99 B 00 RS D 2 RS AE 87.5% -~
100% 2 [], ¢ 5 BEAE 97.2% — 100% 2 [A], 3X P Ff
JIET G 25 S I HBAT @ B — 2k
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5. FINBERAMFERSHFERENER

Figure 5. Test results of samples infected by two kinds of enteric
viruses. A: Sample 16 infected by RV and NV; B: Sample 22
infected by NV and AsV; C: Sample 37 infected by HAV and AsV;
D: Sample 54 infected by HAV and NV.

R4 ERALTHF PCR FER 162 {4 MEH R
a5 R L
Table 4. Results comparison between gene chip assay and PCR

assay in the detection of 162 shellfish samples

virus positive results of gene chip positive results of PCR
HAV 7 8
RV 10 11
NV 24 20
AdV 9 9
AsV 16 15

2.6 2EFRETRENEIEHERSHNTES
il

Xt o3 A T A [ W I A8 T AR K B TR A X D
FEHEAT AR AL I 5 45 R Gk 7 ASHIE 5 3% B S i
B VR 2R T R IE R A R I T AW

=S, WMTT R XS DU A 45 ST M

Table 5. Evaluation of two methods in the detection of shellfish samples

. . PCR evaluation index chi-square test
e gene chip positive negative efficiency /% specificity% kappa value X P value
HAV positive 7 0 87.5 100 0.93 0.07 0.79
negative 1 154

RV positive 10 0 90.9 99.3 0.95 0.05 0.82
negative 1 151

NV positive 20 4 100 97.2 0. 89 0.42 0.51
negative 0 138

AdV positive 9 0 100 100 1 0 1.00
negative 0 153

AsV positive 15 1 100 99.3 0.96 0.04 0.85
negative 0 146

If Kappa value is greater than 0. 75, the degree of consistent is quite satisfied; If the P value is greater than 0. 05, there is no significant difference.

DK IR IS 32 21 7 5 Mo 75 175 B¢ (H 2 48 SPSS i it
I3 AT ANIRI 48 T 2 [R) I i T 8 7 R E
(P>0.5) .
2.7 AENELBHERSHSERRT

R A O] 05 A O DL R B UL 6 Rl
B VUSSR AT LS v A D> AN 7] DL 28 o Jigg 30 9 #5 B
PERS 2 Wl 6 fr o, Lo g S bt (B ot S g ) A
SR S Mg T FE AR HY P AT 4 Bl e DU
i VU B P e SR AT SPSS15. 0 B2 /R £k R J7 A 5
o B PR AR S O B AN () DS 22 TR ) M T O 7T
PR Gk, 2 Rk 6 o, b bk i 40 23 9 i 3
BTG G oAb 5 Bl DU 25 S 3y 3 i (B R
Je ) 554k DU B DU v g 2 e B T 0
W RO PR G 22 e AN W

3 g

AHFFOE IS BT 70 mers (K BEREN R T
5 ol 1 0 5 T AT R DI SR A T R S Y 1% T R
0 1 UK B A B pg > W] DA b 0] B D N K
BOws Vs I AR BEAT RS o SRR 162 £ DL HE S [F) I
HEAT FE B R PCR ARSI &5 SR 7R AR 56 TR s
FAR R PCR RS (87.5% —100% ) » {H J& £
WA S AR v (97.2% —100% ), 3X 1 B 77 v 0) 5
ol 3 B RS W A5 R A REEER (p >
0.05) , HA R & — 5801k (Kappa {6 >0.89) o ik
AL FRATTRIE AR 0 B B R DL B T AT
i, i B 5 PCR &5 SR Wy &, DI 71 i v FR 58 &
T 7K PR R 00 55 0 e AT T e PR R T
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6. 6 B S 7B R A A

Figure 6. The positive detection results of enteric viruses in seven kinds of shellfish.

F6. FRENEBEREFSTRIEXME

Table 6. Correlation between different kinds of shellfish polluted by enteric viruses

P value

different kinds of shellfish

oyster mussel razor clam blood clam scallop
clam (91 speciments) 0.001" 0. 286 0.838 0.101 0. 697
oyster (17speciments) 0.000" 0.001" 0.032" 0.000"
mussel (ISSpeciments) 0.207 0.010" 0.493
razor clam (19speciments) 0. 147 0.553
blood clam ( 9 speciments) 0.046"

*

The confidence interval is 95% , presents a significant difference.

AR 1 URAE A T Y B P 2 B4 T 0 £ i
250 UL HEAT VR A5, LI 4 1 i R ) O 9 4 3R
X 28 % DL 0 i 3995 75 05 e BRIk 30 R s s
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T DL — EL W M T 7 v e, R G RO VR
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S Ik, K m s AR . A
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I 0 47 T v U DX S, 0 5 5% 8 I R v 1 S
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W 52 3 7 A S R i A B VT B (R A A
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IR W B8 2 oy ) — M A S 03 TR) s b R LR B e
VWIS, DA T 26 LR P i i 2, A SR VRS2 3N
VT B B W /N o AR AT 5T 38 H ) ey R A AR S
%, REBE LM B, BRI % v e 1 L A R A
5] o

ANTR] B o 38 95 25 70 DU 195 G 20 A AN IS AH
[F] o 4R 5 s 5 2 AE 40 1 PE T W AR B E N
JR A, tHF E 50% DL F 1 i 98 % K ER A%
A i e R A R R . e AR
FUREELI 5 B iz 18 05 75 b NV Bgyg 4 T (58
4) R R E T E AT R (10%) " s
HoIX (10. 19%) ", W& T W45 1 (9.2%) " L H
A (9.0%) ©Y B (6. 8% ) P 4 it H e  AUIE T
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Contamination of typical human enteric viruses in
economic shellfish along the Chinese coast
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Abstract: [Objective] The objective of this study is to understand the contamination of human enteric viruses in economic
shellfish along the Chinese coast, an important issue of ensuring the seafood safety. [Methods] We established the
specific, sensitive and high-throughput gene chip technology, to investigate the contamination of economic shellfish by
enteric viruses across a large geographical region of China. [Results] The percentage of positive samples for each virus
was as follows: Hepatitis A Virus 4. 3% , norovirus 14. 8% , rotavirus 6. 2% , astrovirus 5. 6% , and adenovirus 9.9% .
In these five viruses, norovirus was contaminated in the first place. The results detected by gene chip were highly
consistent with that of polymerase chain reaction (PCR). The economic shellfishes in shellfish-growing areas along the
coastal cities were all contaminated with enteric viruses at different levels. However, there was no significant correlation
between any two cities. In the selected 6 economic shellfishes, oyster had the highest positive rate of enteric viruses,
followed by blood clam. [Conclusion] The contamination of shellfish with human enteric viruses was common across the
main coastal cities of China, indicating a potential public health threat from seafood.

Keywords: gene chip, human enteric viruses, coastal economic shellfish
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