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Genetic Diversity of Foodborne Pathogen Detected in
Commercial Shellfish in Metropolitan Area
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This study was performed to investigate the contamination status of microorganisms that cause food poisoning in
shellfish distributed in the metropolitan area of South Korea. The analyses were conducted according to the sample type,
season, and region. In particular, the genotype of food poisoning viruses that explosively cause collective food poisoning
was analyzed. Total 483 each of four types of shellfish (Crassostrea gigas, Mytilus coruscus, Pectea albicans albicans,
and Scapharca subcrenata) were collected from four distribution sites located in the metropolitan area. We investigated
foodborne pathogen by multiplex PCR and RT/Nested PCR from shellfish. As a result, Vibrio parahaemolyticus and
Bacillus cereus were detected in 13 and 21 samples and Norovirus (NoV) GI and GII were detected in 7 and 12 samples,
respectively. V. parahaemolyticus and NoV GI and GII showed differences in types of shellfish and seasons, and no
correlation was confirmed with regional differences. Also, as a result of genotyping for the detected NoV GI and GII, they
were confirmed as NoV GI.7, GL.5 and GII.3, which are causes of collective food poisoning. Therefore, cross-infection
with shellfish can cause food poisoning. In particular, attention must be paid to the handling and cooking of shellfish in

organizations that implement group feeding, and it is necessary to establish a management system for microorganisms

that cause food poisoning in the process of shellfish farming and distribution.
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2012; Lee et al., 2010; Choi et al., 2012). 53] 255 9
v AL F VW parahaemobyticus, B. cereus= =] 2%
= o] Fa URlo R thgre] At whAlErgl o,
NoVi =Ujieh offe} sfeloll A =S viZhAl= g+ 3
S TEe] YQle s B thPark et al,, 2014; Chiu et
al, 2020). B=3F SVi= ujoll ] A7} A & S oy
ot 9] st oAl 9 Bl 5 thEo 7] dellA
A F= QoA 2 gl ‘iiﬁ‘r(Becker-Dreps et al, 2019; Lee
et al, 2021). o2&t LAlEC] el whet =jell A A
25 gl gk A5 49l Mt vlole~e] o
Al g ATe] FeAdo] ol qith -yt

= ek ofyet 9, v, vzl 5
HFE A st dolA 2= AT AF
AE I e Ao o ZE X gz 4 l‘%é—
ole] g iiﬂ vgatc g Sl

FA7e] ol A Nov 2ol thgh oA+
E‘J(Seo et al,, 2012; Shin et al., 2014), TFF
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o] FAFE Al A - (Crassostrea gigas) 15271, %

SH(Mytilus coruscus) 1247V, 7Vel¥)(Pectea albicans albicans)

10670, 327N (Scapharca subcrenata) 1017 5 % 48371

Fulsglon AES 1) WAE AR 95 2

2 fsto] AR LWL 7} AR BEE
o SAskel ERe B g AN B
Byksto] 24417 Wjell AES W geaic

AME A 32|

NE A Aol FHe AFeloREaA 2020 AFE
912} AW ol =etelo] we} At F A

5 DA MR V. parahaemobticus, B. cereus ‘s 8%5

w2317] 93 AR % 25 g7} Triptic soy Broth Soybean-
Casein Digest Medium (Becton, Dickinson and Company,
Sparks, USA), Listeria Enrichment Broth (Becton, Dickinson
and Company, Sparks, USA) 225 mLE Bag-mixer= mix %
24, 48417k FF 36Tl A wiFste] DNA FE& #1% A
27 A5

T8 AT U2l vlelg =2l Nov, SVE 2517 ¢
3 dF T4 3~6 goll 3 mLe| Proteinase K (Sigma-
Aldrich, Missouri, USA)E &5} Tissue Homogenizers
Argsle] A3t 31912 Shaking Incubationol| 4] 37T,
25 g= 607+ 95 & Water Batholl A 60C= 15-‘:{}
712 WHEAIZTE o]% 4,000 g= PAlEE]ste] g5
RNA F&5& 913 A2 ARR-SISIT:

Multiplex PCRO]| 2|3t 2 MF=E

rio

o1 Ml ZHAL

S¥d AlE+= DNA Extraction Kit (Kogenebiotech, Seoul,
Korea)oll A Alg-ab= Wiol wel &8 om AR
1 mLol| Lysis buffer A2} BE 2+2}; 400 L, 40 pl, Proteinase
K9} RNase AS 10 uL¥ €2 $ 65C=E 6027t =25
oA ¥-3-A171 ¥ binding buffer 400 LS Zg}3lo] YAl
2I318lt). 4458 DNA binding column®ll &7 14,328 ¢
2 9472 $ washing buffer 600 L= Al 35T o] &
elution buffer 100 pLE& ¥ 33 &9 6,368 g= FAwEl
3lod DNAE 3]4°3}5] 2™ Microvolume Spectrophotometer
(PhileKorea, Seoul, Korea)2 <=2} &S 4 % Multi-
plex PCRE] 53 dako @ ARESIY) 0 255 ¥
Algte] Hol# Zeto]mel it Multiplex (8-
plex) Pathogen Detection KIT (Kogene biotech, Seoul, Korea)
ANM AeHe Edes ARSIt
Multiplex PCRS 5=83}7] 918} Primer Mix 5 pL, 2X
Premix 10 pL, 538 3 Htotal DNA = A=) 2
HHSHFTE F volume 20 uLZE HH§-3FA T} 95T ol A]
10323t %71 WA o] 5 95T ellA 3023t WA, 60T
ol A 307 Ak, 7127CollA 3027t A1 WAE 353
HHESIAL 2 CAA 1023 HF skl Ald T2
= UE Sized] 5ol4 A @S SE33Ih PCR
TEHAHES 1.2% agarose geloll A {71953t A& &

ek,

ﬂ

RT/Nested PCROJ| 2|3t 2 AS= QI Hio|2{2 HAL

Z} Al Universal RNA Extraction Kit (Bioneer Copor-
ation, Daejeon, Korea)oll A A|-&8}= Wil wpe} =3}
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Table 1. RT/Nested PCR primer sets of Sapovirus and Norovirus GI - GII

Target

Size

Virus gene Type Name Sequence (5'—3") Polarity ~ Location (bp) Remark
RT-PCR SV-F13 GAY YWG GCY CTC GCY ACC TAC +  5074~5094 %03
NS7-  RT-PCR SV-R13 GGT GAN AYN CCA TTK TCC AT - 5857~5876
Sapovirus KP298674.1
VPl Nested PCR SV-F21 ANT AGT GTT TGA RAT GGA GGG tooSISTSIT
Nested PCR  SV-R2 GWG GGR TCA ACM CCW GGT GG - 5572~5501
RT-PCR GI-FIM CTG CCC GAATTY GTAAAT GATGAT ~ +  5339~5362 130
Norou RT-PCR GI-RIM CCAACC CAR CCATTR TAC ATY TG - 5646~5668
orovirus
VPl YAAT ACG ACT CAC TAT AGA TGA JQ388274.1
Gl F2- ~
Nested PCR ~ GI-F2-U TGATGG COT CTAAGG ACG C +  5355~5377 314
Nested PCR  GI-RIM CCAACC CAR CCATTR TAC ATY TG - 5646~5668
RT-PCR GI-FIM GGG AGG GCG ATC GCAATC T +  5058~5076 "
RT-PCR GI-RIM  CCR CCI GCA TRI CCR TTR TAC AT - 5376~5398
Norovirus  NS7-
GII vpl  NestedPCR GI-F3M  TTG TGAATGAAGATG GCGTCGART ~ +  5088~5111 KX356908.1
2 311
Nested PCR GILRIM-U ~ CCG GATAACAATTTCACACAG = 5396 530

GCCRCCIGCART ICCRTT RTA CAT

Y Universal Primer (T7), AATACGACTCACTATAG (17 bp); 2 Universal Primer (M13R), GCGGATAACAATTTCACACAGG (22 bp)

Rom AJE 500 uLol RB buffer 500 pLE Yol &35+ &
19,502 g= 37F LAt shaith 45 99% Ethanol
200 pLo}t E3k3te] RNAE 1 73H3 2 M binding column
o7 &7 9AEE 3 700 uLe] RWAL buffere} 500 uL
°] RWA2 buffer® A|Z3}3it) ©] % ER buffer 100 pLE
wol RNAE 3|5sl3lorn &gt 785 54 § RT/
Nested PCRS] & &2ko & AME3litk Nove) svel &
o]# Ze}o|m= Table 13 o] A|ztsiglom, Fdix
T2 NoV GI (NCBI accession number JQ388274.1 7]
5,283~5,673), NoV GII (KX356908.1 715 5,011~5,403)
2 SV (KP298674.1 715 4440~6436)2] G7149S 3
< (5°)Macrogen (Seoul, Korea)l] 2]Z|5}e] alrk-S 3+ 3}
ATk

RT PCRS =83}7] $13F%] AccuPower” RT-PCR PreMix
(Bioneer Coporation, Daejeon, Korea), 25 pmol -5 %=2] 1
& kel et 2 ul, 78 #iktotal RNA B
AUiET) 1 uL 2 EHEF 17 pLE 3 volume 20 pL
2 HEEEIGITE 45Tl A 6017 AL 94ToA 513t
Z7] WAGA o]F, 94TollA 3027+ WA, 55TlA
0%+ At 72TColM 18 30% B¢+ A S 353
IHESELAL 72 Coll A 77t < A1783F3A T Nested PCR
S 3517] $18ke] AccuPower” HotStart PreMix with UDG
(Bioneer Coporation), 25 pmol &%= AWrgk- Snlsk

3L
glolw 2 uL, & FAKRT PCR AHZ) 1 uL 2 Ht57

T W

4 17 L& 3 volume 20 pL= WHS-3F2IT) 94 Coll A 55

7V Z7] MAGA o] 5, 94Tl A 307 WA, 55T llA

AT 72T 137 30237 AHAAES 358] ukE

skQlaL, 72°CollA] 7227t #E 2143kt PCR 5352k
1

2% agarose gelol| A A7|9F3sl] A9E B4
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S
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ith3
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22 43S 9l Hoj2i20| HIIMY 24

[==

A719E Aiollx] ©d =Tt E91E Alse] A S
Total Fragment DNA Purification Kit (iNtRON Biotechnology,
Seongnam, Korea)2] PCR purification Protocolell w2}
A&k Nested PCR AH=-5 5X BNL Buffers} &3 5
column®. & %7 11,000 g2 30327+ LAEel&c)
750 uL2] washing Buffer (added EtOH)Z Al-&3ko] A2 3
elution bufferE 37}3lo] DNAE AASHSITE 9E W=
7} gelEl Alge] 9 gel extraction ol wel HAS
Atk 971 E Bajo] Fadk wi= £12]¢] agarose gelS
UV ZellA 2o} 500 uLe] BNL buffere} &3H3+ 5
ez A 55CA 1027F ¥-EAIZEE ©]F column
o %71 11,000 g= 30%7F YAH2] 3 washing buffer2}
elution buffers AF8-3l] DNAE A8t

A" DNAT (5)Macrogen (Seoul, Korea)ol] 37144
2Ag ojziaion, 48 B4 93] NoV GLI~9
7144 287N, NoV GILI~NA2 7|44 36709} thz
O & Sapovirus (SV), Human Rotavirus (HuRV), Hepatitis A
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MPIP21 2 3 4 5 6 7 891 NM

MPIP21 2 3 4567 891 NM

MPIP21 2 3 4 5 6 7 891 N M

PIP21.2 3 4 5 6 7 8 91 N M

Fig. 1. Multiplex PCR of Foodborne Bacteria from Shellfish. M, 100 bp Ladder maker; P1, Positive Control DNA 1(B. cereus, amplicon
size 303 nt); P2, Positive Control DNA 2 (V. parahaemolyticus, amplicon size 375 nt); Pannel A, Lane 1~10, Crassostrea gigas
(Tongyeong) Sample 1~10; Pannel B, Lane 1~10, Mytilus coruscus (Tongyeong) Sample 1~10; Pannel C, Lane 1~10, Mytilus coruscus
(Goheung) Sample 1~10; Pannel D, Lane 1~10, Pectea albicans albicans (Goheung) Sample 1~10; N, Negative Control.

virus (HAV) 2 Human Astrovirus (HuAstV)2] 4714 L2
TR FEgo s FAH AVIMEH g 971
E-& 3HA Bioedit ver.7.2.6 2.2 multiple sequence align-
mentE F33}SATE ©]F NCBI BLASTE AH&31o] A
< 4181512 H, RIVM Norovirus Genotyping tool ver.2.0<-
ol-gsto] AN FHES sttt HFH 22 MEGA
sofrware ver.3.2. = Neighbor-joining”] 1} phylogenetic treeS
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255 A AltE 28] 918 multiplex PCRS
Fate] i THEE AT
T 2 ZrEmlelA 22 5070 T 770(14%), 10070 &
1270(12%) 2= 8070 = 270(2.5%)N A B. cereus”} EEIR
o w3k 23 1007 T 570(5%), 71elR] 807l F 871
(10%)N A ¥V parahaemolyticus7t AZF T o] <] 35
M= ATE A AMate] AEEA Ltk AAER
A% A3} Fig. 13} o] o] HikARl sl 807H =

)4

st A3} Fig. 13} 2ol =,

1770212%)8] Al8olA B. cereus?’t HEHAOW 1%
o] Axkx]2l BF 907 5 47M(4.4%)oN A B. cereus7}, 137H
(144%)N X V. parahaemobticus”} HEH T o2l ¢

A M= AFE AL Aol AEEA] ek ﬂlmﬂ

2 523 A3 Table 2, Fig. 13} 7o) 129~-2¥4(7&~8)
of -k = 5071 5 770(14%)N A1 B. cereus?} <

ATt 7E8~9d(F~THE)el R g 33 THIelA 7
ZF 10070 = 1770(17%) 2] B. cereus2} 8070 5= 1070(12.5%)
o] V. parahaemolyticus’} A== AT}, o]£]e] A|mo|A=
A= ARl Alate] AEHA stk

2 ASE QU Hol2A A

N

2155 49l vlo]# 2 2AHE 913l RT/Nested PCRS
gato] HF FHEE B A BE i sV

AEF A ekokom, Fr 10271 F 771(6.8%)°1 4 Nov
GL 1270(11.7%)°l A NoV GII7} AEEAth A&
A% A 32 1270 5 ol J&Zl‘ﬂ 171(0.9%)
AlZo Al Nov GIe] AZH e, 35o] YA 170
(0.9%) A=A NoV GIIZF HAEH ATk 3k 3 10271

% o7t AakA el 3702.9%)2] Al EelA Nov GIo] 7
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Table 2. Seasonal difference of Foodborne Bacteria in Shellfish

Season December ~ Februray July ~ September
. Pectea . Pectea Total
Crassostrea  Mpytilus . Scapharca Crassostrea  Mytilus . Scapharca
Sample . albicans b B ) albicans b B
gigas coruscus . Subcrenata gigas coruscus . Subcrenata
Salmonella spp. - - - - - - - - -
Listeria B _ B B _ _ B B _
monocytogenes
Bacillus cereus 7(14) - - - - 12 (12) 2(2.5) - 21(6.7)
Escherichia coli B _ B B _ _ B B _
0157
Bacteria  yopginia _ B _ _ B B _ _ B
enterocolitica
Vibrio
parahaemolyticus ) 8(10) 3@
Staphylococcus B _ B B _ _ B B _
aureus
Shigella spp. - - - - - - - - -
Total 7(14) - - - - 17(17)  10(12.5) - 34 (10.9)
Table 3. Seasonal difference of Sapovirus and Norovirus GI - GII in Shellfish
Season December ~ February July ~ September
. Pectea . Pectea Total
Crassostrea  Mytilus . Scapharca Crassostrea  Mytilus . Scapharca
Sample . albicans b B . albicans b B
gigas coruscus . Subcrenata gigas coruscus . Subcrenata
Sapovirus - - - - - - - - -
Virus Norovirus Gl 7(6.8) - - - - - - - 7(6.8)
Norovirus GII 12(11.7) - - - - - - - 12(11.7)
Total 19 (18.6) - - - - - - - -

PN N M P 2 3 PNN

.

Fig. 2. Nested PCR of Norovirus GI - GII from Shellfish. M, 100 bp Ladder maker; Pannel A, P, Positive Control (Norovirus GI Plasmid);
Lane 1, Crassostrea gigas (Tongyeong) sample; Lane 2~3, Crassostrea gigas (Incheon) sample; Pannel B, P, Positive Control (Norovirus
GII Plasmid); Lane 1, Crassostrea gigas (Incheon) sample; PN, RT PCR Negative Control; N, Negative Control.
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Fig. 3. Phylogenetic tree of Norovirus GI - GII in Shellfish. Pannel A, Sample #1, Crassostrea gigas (Tongyeong); Sample #2~3,
Crassostrea gigas (Incheon); Pannel B, Sample #4, Crassostrea gigas (Incheon).
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= 17.5%, 57 333% &9 =9 Rant e
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B} W AEFENOH(Kim et al., 2017), 2 ciwkol|A]
RBask 25%2 AEE Rubs ] 957F =4 o9
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AL Q1A FPTHL et al., 2020; Cho et al., 2020).
olH7l 7] wulelA FEH SV Hlel# s WolR <l
3l theksl f-ddo] el omr o] Lq.g A9
| 2 FEo] ol wel A &A1 BYE F o]
Aottt Y Novel Qo5 *ﬁ*ﬁf} A} ol
A 18.6%7F AEH 0l 7IE Sl FeEd ddem ¢ 4
TolA el HEE 38%°l Hlske] WA &% 1.2 (Shin
et al,, 2014), o|&g]o}, ~H|AolA 2] 14.2%, 122% HT}=
=2 AEES YeER L AVEES] 30%2] HAEE X
e S| AEwo] A B 8ol A9] Novel df
& w7t ol it 2 o] FoX|aL il ERIH AT
(La Bella et al., 2017; de Oliveira-Tozetto et al., 2021; Ho et al.,
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2020; Cheng et al., 2017), 2013\ =] 215-8kal 8ol Al
DS 21 F 5] NoV 43¢l GIl4, GIL11 2 GIL14,
=o]o] A FE UAAQ] NoV GIL4SHE Aol &
EFITH(Cho et al., 2016; Widdowson et al., 2004; Bull et al.,
2006; Park et al., 2010). F%%F - NoV GL7, GL5 2 GIL3

FAYL F2 GL2, GL3,

F52 &
Mendanha de Oliveira et al., 2014; Li et al., 2018; Fu et al.,
2021). o]= Qlate] HFE sk wafp FAe] 7hsAdo]
Eeh 531 9 TAS A 1 A 5 A
HE 9 2 A F2 93w F P FEH
A i vgEe] gk ok *é Su 5l AA A
#Q) 977} Wad Ao And
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