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Abstract: Objective To investigate the contamination of Norovirus (NoV) , Sapovirus (SaV) , hepatitis A virus
(HAV) and hepatitis E virus (HEV) in marine shellfish and water bodies in Shandong Province, Weihai City. Methods
From December 2020 to November 2021, a total of 360 samples including fresh shellfish, seawater and sewage were
collected from local aquaculture farm, retail markets and sewage treatment plant. After virus particle concentration,
nucleic acids were extracted and detected by real-time fluorescent reverse transcription polymerase chain reaction (RT-
qPCR) for determination of NoV, SaV, HAV and HEV. Results The total positive rate of four viruses was 31. 67% (114/
360). The level of four viruses contamination varied depending on samples types, and the rank of positive rate for different
sample types was sewage, sea water, farmed shellfish and retail shellfish in descending order. NoV was the dominant

contaminating virus with the total detected rate of 27. 78% (100/360) , followed by SaV 8.33% (30/360), HAV 3.61%
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(13/360) and HEV 1.39% (5/360). The detection rate of the four foodborne viruses in samples varied with seasons, and

it was the highest detection rate for farmed shellfish, retail shellfish and sewage in summer, with 53.33%, 30% and 100%

respectively, and the lowest in autumn and winter. While for sea water, the highest detection rate for the four foodborne

viruses was in winter (60%) and the lowest was in summer (6.67%). In addition, 26.32% (30/114) of the positive

samples were mixed contamination with two (26 samples) or three (4 samples) viruses. The occurrence frequency of the

two virus mixed combination was NoV-SaV, NoV-HAV, NoV-HEV, SaV-HAVand SaV-HEV in descending order, and

the combination of three viruses was NOV-SAV-HAV. The rank of detection rate of viruses mixed contamination in

different sample types was sewage, seawater, farmed shellfish and retail shellfish in descending order. Conclusion

There was a risk of foodborne viruses contamination in marine shellfish and water bodies in Weihai, and the contamination

was seasonal. The issue of viruses mixed contamination needs to be concerned. Additionally, monitoring of foodborne

viruses in marine shellfish should be strengthened in Weihai in summer.

Key words: Norovirus; Sapovirus; hepatitis A virus; hepatitis E virus; shellfish; water

VA R FL A0 B LY S B R R AL T
RINTE R 4 FPEE W RN, TERLR-DRE
R4, 25 | S 3 ] £ Y5 5 s 2 R BRI 1Y i
JRAK o G N B Q99 3 (Norovirus, NoV) AL 49
ﬁ(Sapovirus,SaV)Wﬁﬁ%Iﬁj)ﬁj\%ﬂ(’{ﬁﬁﬁﬂ*
(Human calicivirus, HuCV) , A] S 8 4 4E 8 A 2tk
R KAE . NoV R A BIAR 14 4% G 1 5 i A4 1) BT
AIEVE, WP e R, R E 5 5 DL AR R B
ABER M 2 EE ) EEREAE . R T H A
JHF 98 5 B 20 oo BB | I YRR ) ik 4 A% % 07 5K
Iq;[gﬁ)ﬂzﬁé'ﬁ_ﬁﬁ(Hepatitis A virus, HAV) 1 7% B T 4
ﬁﬁz(Hepatitis E virus, HEV) . FEE LML iE L
T A K W B 3R I A 25 28 B R T AR PR A A R ek
AR R ) 3 g 1 P e ) i R B R Y
o R T B (R AR — S T AR R 2 1 i DX R i
FANIRE R o I R Bt BT 2012 42
et AR CHEV & 238 1 N 51 & 2k w5 1
JFF 9% 11 5 B D A

EIRPEAL R 2 bk 4 Fhops 5 A9 B 2 AL 1R 07 2
5 2 U8 B P DL S EAE T2 HAV (SaV 1 NoV 9%
DL B AR R R IR B R DL A AE G
RO R R DL 2 A O R 2 K
T K DU B i T 1 U L, AR W A R B — R A
48 % 58 i AN 49 B (3. 52 kg/ ) B T
BV K 1 0. 15 kg/ N o i T 45 3R B A7
TR A TR IO AR AL B O R E L X R
B T BAT B Y W AR RE T, R DN R ok R T
5 3] Ji B K AR B0 30 A PR 2 | R U R
KB R DL AR PR AT, DL i SE [ 9%~
349% £ G L Vi Q0 TR S ] L 4 B
5 AR K BPRE AR OC

[l PR b G T DU it 22 A4 il i vk A R L I
AT DUGE 3 2 1925 4 36 B AR D26 AR 4D
(National Shellfish Sanitation Program, NSSP) , N

g K H A E A E R S S e T 2R
PR R B AR GO AT IR A O TR R A A
M, 2017 4F [ 58 6 5 48 4 KU W 0 3 3l 5 D0 2% op
NoV 1y W g A Ferp (R 3Z 4O 1k 13 5% )23 T v o
ST F G0 M Y DL S T A A5 TR LS W P L T
R A K T A br o A 4 1 K R4 Sy 2 05
PO R T ok = e N oy 1 N e S 5 | D
[ R Az s T S B R DL 2R S 6, 3 3k
D2 B U5 7 B T O I B 22 A ] AR O
AR, R DL 2K v B YR M R
JB UL 28, AH 75 7K -7 B8 0 UK - DL A% 4 B rh 22 Bl
FEIR A TS Y W AR A 2 L, HREAR 22 00 VR T 45
A B DL SR A R P R e
(475 Y 17 D0 TF JE R 2 o A IR 500 8 SR A b A IR AR
WEMGE N R E X2 —WILRE, T 2020 4 12 H
F 2021 4F 11 F (8], 76 B T R 4 20 Ml SR i DLk
T DU FRGH I K B 5 K FEAS R F RT-PCR 7 1%
SHEEAH NoV .SaV \HAV F1 HEV JEAFHE , 73 M1 i
BER TG QARG O . ANAUA BY T € NoV 25 1f 42
DT 28 A% 4 1) s AR (%) A A 1 O T LA B 1 & BB
t0 BB AT RE SE o DU AL B e B A, T DL
H VR T 9 B A XU M0 XU VA R o )
%,

1 MRERHZE
11 A5G

FR A LA R IE T I AR B BET . Y
by 5 K 77 3R 56 5 LA K AR BRI 35 A ) 7 SR 4R A by
BB V0 K SR 5 DL AR A | [R) B A 2% 5% E 3 2R 1 K
FEAS  TE 2 M 75 K AL TR AR HER O V5 KA . #E
ARG B TR TR R FEAE T KA B TR IR
Pzt EXNHE,

Wi 8 RNA #2050 & (AL AW HOR (i)
HIRZATE);NoV(G T /G ) SaV . HAV Fil HEV #



JER TR T VAR DL SR AR 4 £ VA 9 B 1 T e A —— 2, S

—1361—

2 4G I3 57 & (RT-PCR 484, & MS2) S e 1
Eh RNACILAR EIEA Y RHE A BRA R s AR K
(POt BB B 27 ( W) R A RA A s FRE
( b1 22 SO AE AR B 0y A FR A ) ) s PEG8000( I
WEFE S AW N ) s MS2 2o AR 4 i 7] 8 (1l AR 28 0F
AW R RS W) ) 5 v 3 U8 AR OB M 45 i 48 A FR
N B R £ 4k KB (0. 45 wm , 75 E Millipore) .
1.2 U 5E&

CFX96 I 52 i 2% )t & & PCR ¥ ( 3£ B BIO-
RAD A d]);FE20 B! pH i (55 8 -5 R 24428 ( 1
W) A R WD) 5 CR22E B i s AR IR B O WL H AR
HITACHI /A 7] ) ; THZ-C-1 18 & £ IR (5 M 55 9% 52 56
WA RN T s TW 12 B K W A (I 3 1 R (b
A RAF) .

1.3 SEEFEA

2020 4F 12 H & 2021 4F 11 H , & H fE K™ 3%
B 9 AR B2 T 5 (L 48 7K 7 il b LT ) 45 SR SR AW K
TFATAEAS 10 103, ZE7K 77 TR0 S R S g K REAS 5 403, 7E
Y 35 K Ab B TR 4R AL FRUE HERC R T5 K REAR 5 4y
SRR AL IR DL R RE AR 120 fy , B DU B A
120 53, FE 5 1 K BEAR 60 403, V5 K BEAR 60 13, 3 it
360 A,

1.4 SEEHk
1.4 1 FEARHTAL 3

10 DA DU IH AR ARAA & T IC P LI 6
AL IR B BRI LA 50 mL B0 45 v B9F B A 4 A 128
IR AR — R DAEA . TR 2 g THALIR,
BERH—TEHN 15 mL 08, A 10 nL MS2
W R AN 2 mL B (I K W, IRETR GRS . K
BOEE T HEEREK T, 37 °C,280 v/min &% 60 min.
B B0 8 T KA 60 CHEE 15 min, S
ZEWTF 3000 g #5015 min, WH 1 mL IEHBE
1.5 mL JC RNase &.08 1, F T # RNA 21,

T K TS 7K Hp e A R S, s 0.5 LK
FELIMA 10 pL MS2 BER K, 4R35 1 50, 89 pH 2
3.0, M A MgCl+6H,0 fifi J 2 & ) 0. 05 mol/L,
T K R A 1 i R 2T 4k 2B, FH T v 0 000 i At
YRR AN 50 mL B0 o W ESO A I 20 mL
TGBE 2% M i , % ik N 4% JK 250 r/min 4 % 20 min
Ve EE . JH 6 mol/L HCL W75 pH{HZE 7. 0, ¥
i A 50 mL sy BB O L A 0. 25 A5 4R BUR R
T 5XPEG 8 000/NaCl W . i HEHR % )5 60 s,
4 CHEIWRILIEN T . 4°C 10 000 g B L> 30 min,
A B, B R 5 min MEITE SR, R WA
s L. mECcE T 1000 pL PBS, )& KX
WA IS HE R TIOTE A9 B 1w W, T TR EE RNA

FEHL
1.4.2 J58 RNA $2HL

{1 FH B A AL B9 R TE RNA $2 0K 70 & (HLAS 2k
YIHAR (M)A R R FEATHEE RNA (1948 U 4l
b, e B0 G U I B e . RIUIT S RNA W )
S BV R AT S 26 RT-PCR A, 57 F-80 CA-AF .
1.4.3  SEI9E6 RT-PCRAG I

et FH T o Ak B A% 2 A R &5 (RT-PCR #4841
L E MS2) (I R EIEA YR A R A A S 17
NoV .SaV .HAV Fl HEV £ , ¥ B 38 7] & vd B 5 45
fEo RN FR 19 wL R , 1 pL BHE AW, 5 pl
RNA. S 4450 “CR % 5% 30 min; 95 C Tl 28 M
5 min; 95 ‘CAE M 155,60 CiE 2k 30 s Jf R HE L,
65 ‘CHEAH 30 5,40 DMEEF . AN RN B E A P47 .
1.4.4 Fad

PAJC RNase #8 4l 7K A Ry 25 1 % B8, {8 FH 7 b Ak
P14 A T A 0 3 390 5 B AR g TP o R B Pk B
MS2 W5 B AR AE g 95 B RNA B2 B0 o A5 42 0, 3l ik
MY B RNA AR 3 s 3
1.4.5 ZE5HE

K A 5Pk 2 1B GB 4789. 42—2016"°' 1 “6. 1
A0 A R0 R AE

RO RS ORI AR A 1Y Ce (B =38 B,
5 R FEA T B bR BE B R ARE A B R
R 2k H Co <35 B, A S #EA v H bR 5 FH
PE ;35<Ct {H <38 B, FHT A, Ct {E>38 F & 4 H
9 1 B M 5 00K BH P

&R
1 AR 75 1 T e 1 1
| B N S = S NI R S o B sl SRR P
15

WER 1 PR FEA Y 4 B J5 M0 35 00 3% IR K
N 31.67%(114/360) , HAAK: H 5y = BRAK
WRIGK(T1.67%,43/60)>F2 58 1k K (41. 67%,25/
60)>F%FH D1 35 (25. 00%,30/120)>Z 4 11 25 (13. 33%,
16/120) o H1BE AT L, 35 7K o £ U5 4 0 B 1975 G B
Sk 43 B IR B K 3R A DL ISR B DL
5B R A 1.72.2.87 R 5. 38 45, e Ah L 4 Rl i
TR 2 25 A A5 K BEAS G

IR RIS 4 B IR MR B 10 T5 Y
s FRAK X F NoV>SaV>HAVSHEV ., 4 fh 2 7Y
FEACH NoV #B 2 Pt #5435 Y9 85 , 27. 78%(100/360)
MIREA R B K . SaV 75 YK T NoV JEEE 2 {7,
K 3 8. 33%(30/360) , &3 Fft 2 0 BE AR v 25 47 K6
Mo HAV KRR 3.61%(13/360) , & BLAE 5 4H 1

2
2.
2.



AR AR

—1362—

CHINESE JOURNAL OF FOOD HYGIENE

2024 4E45 36 &5 12 1

F 1 A REAR T 4D B IR B R AT Y Ol
Table 1

Detection results of 4 foodborne viruses in samples
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o e
FrAR /% NoV SaV HAV HEV R&BY il F/%
FIENFE 120 26 6 0 0 2 30 25.00
TN 120 13 2 1 0 0 16 13.33
I B g K 60 20 5 7 0 5 25 41.67
5K 60 41 17 5 5 23 43 71.67
&t 360 100 30 13 5 30 114 31.67
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Table 2 Single & Mixed contamination of 4 foodborne viruses in samples
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NoV SaV HAV HEV

FRHH DL 20.00(24/120) 3.33(4/120) — — 1.67(2/120)

TR 10.83(13/120) 1.67(2/120) 0.83(1/120) — —

FRBHIF K 25.00(15/60) 5.00(3/60) 3.33(2/60) — 8.33(5/60)

15K 33.33(20/60) — — — 38.33(23/60)

At 20.00(72/360) 2.50(9/360) 0.83(3/360) — 8.33(30/360)
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Table 3 Contamination of 4 foodborne viruses in each

type of samples

FEA R R A i 5/ %
NoV 20.00(24/120)
FRH L2 SaV 3.33(4/120)
NoV-SaV 1.67(2/120)
NoV 10.83(13/120)
FHEIK SaV 1.67(2/120)
HAV 0.83(1/120)
NoV 25.00(15/60)
SaV 5.00(3/60)
FRH K HAV 3.33(2/60)
NoV-HAV 5.00(3/60)
NoV-SaV-HAV 3.33(2/60)
NoV 33.33(20/60)
NoV-SaV 21.67(13/60)
NoV-HEV 6.67(4/60)
75K NoV-HAV 3.33(2/60)
SaV-HAV 1.67(1/60)
SaV-HEV 1.67(1/60)
NoV-SaV-HAV 3.33(2/60)
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Table 4  Detection results of different genotypes of NoV in samples
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F F 7K — 33.33(20/60) —

15K — 30.00(18/60) 38.33(23/60)
At 0.83(3/360) 17.22(62/360) 9.72(35/360)
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Table 5 Detection rate of 4 foodborne viruses in each season (%)

KA I FRH LK T FEBH K 157K Jr A FEA
A7 NoV 6.67(2/30) 3.33(1/30) 53.33(8/15) 73.33(11/15)

SaV — — — —

HAV — — 20.00(3/15) 6.67(1/15)

HEV — — — 6.67(1/15)

it 6.67(2/30) 3.33(1/30) 60.00(9/15) 73.33(11/15) 25.56(23/90)
HZE NoV 23.33(7/30) 10.00(3/30) 33.33(5/15) 66.67(10/15)

SaV — — 13.30(2/15) 46.67(7/15)

HAV — — — —

HEV — — — —

At 23.33(7/30) 10.00(3/30) 46.67(7/15) 66.67(10/15) 30.00(27/90)
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HAV — 3.33(1/30) — —

HEV — — — 26.67(4/15)
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HEV — — — —
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1. 67% , 3% 5 [F N Fh— 26 1l X D12 Sav i1y BH 4 %
R, AT LLE B NoV AR [R] H: 32 5 g 1 7K OF 1) i i
BRRZER BN, BARIEU A A DL 1 6y
FEAKS ) HAV R HEV, {5 2 3 ¥ R 25 78 97
B U 7K R 7K A R IA F 8. 33%~11. 67% , %
718 JFF 48 95 75 3 2o DL 2 A% 8 A T R PR S 2 2L R
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