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Distribution of Pathogenic Vibrio Species in Seawater in Gomso Bay and
Byeonsan, West Coast of Korea
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The pathogenic Vibrio genus contains halophilic bacteria that are distributed in marine and freshwater environments.
Vibrio cholerae, Vibrio vulnificus, and Vibrio parahaemolyticus are potent human pathogens and leading causes of
septicemia, wound infection, and seafood-borne gastroenteritis. The aim of this study was to investigate the presence
of pathogenic Vibrio species in seawater off the west coast of Korea. Sixty-four seawater samples were obtained from
different sites in Gomso Bay and Byeonsan from April 2018 to November 2018. Pathogenic Vibrio species were
detected using a combination of most probable number (MPN)-polymerase chain reaction methods. V. cholerae, V.
vulnificus, and V. parahaemolyticus were found in 0.0%, 20.3%, and 65.6% of seawater samples, respectively. Quan-
titative results revealed 3.6-23 MPN/100 mL of V. vulnificus, and 3.6-930 MPN/100 mL of V. parahaemolyticus in
the samples. Overall, these results provide new insight into the necessity for seawater sanitation in Gomso Bay and
Byunsan; they also provide evidence that will help reduce outbreaks of seafood-borne illness caused by pathogenic
Vibrio species.
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N 2 HlEE] @ @3] o5t Y2 e AH ARES 3
Ak o]l AA7F 2= QS o AYsh v, 23t B,
AL 5] SAF TRy Hol dofdt) Arte| R o] B4
off ofah 2011976 20187H4] - 8d7F -2]utetofl A
HRgsh v H e @ ol Fatol| et 7h e & 4187 o AL
R} 203 0 &2 AFEE-2 48.6%0] QItHKCDC, 2019). H]
Bee FHete o 9H Ay FAlE 9Js) = A
AL TR, 25739, 55 u|9S Fukeh SAto] A&
H A7 e S4do] SR th(Lippi et al., 2016). 2| 81k
Uil A st vjE e o FHalte] 25t Ty Tk
£ F 259o] wAYEto] APYAl= Gl o, JE 3T SApd
A A7 117 02 27131 Yl i ItHKCDC, 2019).
AR EE] @2 Fll4 Tis 7|0l A A AlskH o] ol 2.
H A7 E XA BFE 7HE AgE e A
HE Tl A=W YN 0 & 4-96A17He] HET|E AA W

Vibrio%-2&- T1eH57g It 0 & T 9 sroll A HEE = F
2= JoF N4 O & 100 o|Ato] & A Q)21 Vibrio cholerae,
V. vulnificus, V. parahaemolyticus, V. mimicus, V. fluvialis, V.
hollisae 5 12E-2 Aro] A7k o] Sl e/ vlEe
Qo7 oA Qlck(Balows etal., 1991; Baker-Austin et al.,
2018). B/ HHE 2| o4tol| ofgt 7 Agke fEvEtE
gksto] AAAA & dA¥skar glom, SeuetelA 2
FAIZE E AL Sl WY Bl Ee ot Bl H P S EFH V.
vulnificus), 8| B8] 2 Zdekt(V. cholerae) ¥ AaH|H |2
(V. parahaemolyticus)©|™ 7+ 8 ¢] ol 9 he]of T3t #
Eoll LA A3t HAAAE, Al HAHEE D AS5
QolnFo 2 A AQste] Telala QIthKDCD, 2019; MFDS,
2019).
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whet] 2 B, AA), FE, 289 v]d 58 Fush 3
YA A4S FFstt(Honda and Tida, 1993; Zhang and
Orth, 2013). A1 F-2] R A Al FRPHA KA E O] AlF55 5
Aol oJat 2009 HE 2018 7HA] ZE 10W7E $-2] vt
Al AR B H e @qtol| o3t AlFmo) WA 9 2hA)
T A Alet g A5 ALY 9.8% B 3.6%5 AAISHL QL
THMEFDS, 2019). 71% 2\ 43k= Q1% 3HitE o] 7] 57} of ey
stE w2 A Ko whet dAel s Fed o] viste 7H4535t
wo] /g HlE e eqtof o3t AlG= Akl Yl 7y Akt
A 7Fe /82 AAL oA AL Qle Aotk whaba] el v E
g egtol o5k Algs Ak B A AgkiAlE AAlsH ] 9
A= Al s ol thigt Al&Ao]aL AAA 1 ZHA] U H
B o] A3 Q5L Qrt

2 ATE AR ) Y v E e eqte] el 9 Ay
ool Bt 7| 2 AR E AlFekarat 2018 44 5H 1147}
A A5 grant 9 HAR s 870 Aol A wi e 13] 25 s
£ A313}o] most probable number (MPN)-polymerase chain
reaction (PCR) assay= 9-2|utet 39 YA v|He| o4t 35
of thsto] E2 2 FrE AESHITH

Iz H A

Az M7

WA v B 2] @ (V. vulnificus, V. parahaemolyticus 2 V.
cholerae)®] =S §J51o] 20184 4L5E 20184 11L7HA]
e Fart s o] 57 FA H Ak sl o) 370 Aol A i
2 18] AU-S o] g3to] E3 o5 HaAol A ¥ o
ol A3 ofol2utzo] Hof 10°C ofstz § A3k A%
U2 7 080l A8 BTk B14-0] 22, pH, W $E 4
A5F2 YSI556 multiprobe system (YSI Yellow Springs, OH,
USA)Z AHg-stel] BollA] 24 3teict.
HAEUY HE2|70 Y & TH

HelAd vBe o4 A W AR vl Food and Drug
Administration (FDA)%] bacteriological analytical manual
(USFDA, 2019)9]] &3}¢] 3 tube MPN (most probable num-
ber)} 2 PCR assay' ©] -8 & HAIsF3Ict s4= ¢ 10
mLE 2% NaClo| H7}1e double strength alkaline peptone
water (APW, pH 8.5) 10 mLE 333t 371 A @l HE3}
Gou THAER 10X 5]431 34> 1 mL+ 2% NaClo]
7HE APW 10 mL2] 37§ Al@o]] 34E5}ke] 351 1.0°Cofl A
18-20A]7F wljoF & vl %Fl 1 mLE eppendorftube (AXYGEN,
INC., Union city, USA)®| 3t & 12,000 rpmef| 4] 257+ 94
weste] FAE 24kt of 7)o Bt 574 100 uL& 7t
sko] Fe £ 100°CollA] 1042 7FE skl dgofl 287 FA] &

12,000 rpmof|A] 148-7F ¥4 Ee]ste] 4ZHS PCR assays

Fig. 1. Location of sampling stations in Gomso Bay and Byeonsan
area, west coast of Korea, from April 2018 to November 2018.

913+ template DNAR AM8319{T). #4=0] Hake 7t g
PCR assay®] Q445 2|3ks30] Hg5to] 54 100 mLo]
MPN Z+o.2 7|3}t

Primers & PCR =%

A9ol AHEEH DNA 53-8 primers®] 7|44 2 53
DNA =17] 5-& Table 20]] YR 01, primersi= Bioneer
(Dagjon, Korea)ol| A g4dstct 44 &S §3 245 &
2= Takara (Otsu, Japan)AL2] A& ARSI V. cholerae
= ompWE #4 AR sto] PCR 271 94°C 5871 1
3] o WA 3 94°C 30%, 64°C 302 & 72°C 3022 3t 9]
2 3}o] 0|2 303] vHE3lo] DNAS Z%519tHNandi et al.,
2000). V. vulnificus= VV20559185 34 SHAAZR 5o
PCR 2L 94°C 5587113 & ¥HA 3 94°C 30%, 64°C 30=
2 72°C 3025 g TR 5] o] 253 WS & SU1H o R

Table 1. Coordinates of sampling stations in Gomso Bay and
Byeonsan area, the west coast of Korea, from April 2018 to No-
vember 2018

Station : Coordinate |
Latitude Longitude

1 35°33'22.00" 126°30'30.00"
2 35°33'17.00" 126°32'44.00"
3 35°34'06.00" 126°32'21.00"
4 35°34'29.00" 126°33'48.00"
5 35°34'25.00" 126°35'22.00"
6 35°38'48.00" 126°28'20.00"
7 35°39'27.00" 126°29'39.00"
8 35°41'10.00" 126°31'02.00"
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Fig. 2. Temperature (A), salinity (B), pH (C), and DO (D) of sea-
water in Gomso Bay and Byeonsan area from April 2018 to No-
vember 2018. Scale bars represent standard deviations. DO, dis-
solved oxygen.

Table 2. Primers used in this study

72°CollA] 1057k 13] DNAE S$Z3]th(Kim et al., 2015).
V. parahaemolyticus= hnsg 3£ 2] A2 3}o] PCR 242
95°Col| A 387 13] & WA = 95°C 30%, 55°C 30%, 72°C 30
25 9 9912 s}o] o] 308] WHste] DNAS 3 shgict
(No etal., 2011). AR5 3t FFHF2+ V. vulnificus
KCCM 41665, V. cholerac KCCM 41626 X V. parahaemo-
Iyticus RIMD2210633 (Makino et al., 2003)5 AM-51% T} 5
Z5] DNA A2 1.5% agarose gelo| 4] 7] 95 & ethidium
bromideZ FA5}o4 Vilber Lourmat (Bio-Paint ST4, France)
A} Gel-Doc system ©. &2 DNA 5% o] 1.5 21915}4 t}.

A% B sl 7 4 W shelel 37 4 5 8
g0 35 o5 2018\ 42 5E] 1197104] 83]of AH 23]

2 Fig. 1 ¥ Table 1of YERH 1 oH, 42, A%, pH 5
SE AT 5 AR ST 2 a9l e A k= Fig. 2
of U gleh -2 490 Ht 13.9+0.8'CE 71 W3e
U A3} 5sto] 8Uolle Fat 289+ 1.6°CE 2L 25
ehl 445 ek 2412 UERgih 5 ajelo) el
BU7AI L viAk 81 0] 4 @o] Fuh ool et ofzh e A
= H3OoU 94 o] F- 8] 22 A Of Apol= LrELEA] kSl
A= 7Hof| Hat 28.77+0.71 practical salinity units (psu)=
7P ket ol AlRAF ol W 790l o3t S449]
ol ofet FFez dtEw, 649 Fato] 30.94+0.61 psu
27 A S A 9 o] uE Atol= A
YRR o9kt dll=2] pH= 7.8940.05-8.13 +£0.03 =52

St o A 9 o] o5t afol= 7] Gt 8 AR
& 990l Bt 7.04+0.15 mg/LE 714 Sopo ], 59 Btk
9.58+0.31 mg/L& 7} =)},

H2Y Hl=eloRol HY U HYRA

2018'd 4LHEE 11€71A] 6471 2l Al 2ol A s}= 359
A H|E2] 9 =5 MPN-PCR assay 2 4] 9 Aaf &

[e}
3]

5t Z7H= Table 30| A A5tk AFou e oo A

2

Target gene Oligonucleotide sequence Amplicon size (bp) Reference
e e
ompW ggg‘%?ﬁé%éff%ﬁé%ﬁ@gggn 304 Nandi et al., 2000
hns 5'-AAACACGTTAACCTATTAATAGG-3' 465 No et al., 2011

5'-AACGGGAGCCTTTTTAAACAAGA-3'
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Fig. 3. Monthly occurrence and distribution of pathogenic Vibrios spp. detected by MPN-PCR assay from seawater in Gomso Bay (A) and

Byeonsan area (B) from April 2018 to November 2018.

I} 1A s ol A Zk7F 3474(85%) E 87(33.3%)0] YA =
AZE o] AZL-L 65.6%= FlE et v H|Q fE=F e
Ak Bk s o A Zk2E 1074(15.6%) 2 371(4.7%)°0] 4
Zro] AE8-2 20.3%0|9itt. 12y BlHEE] e =

T ankal WA F o 0] BE g4 A| ROl A HEE R gttt Y
Hof| B2 A& A5 SAeEH, Ay He] e Fav
3o sl Al 4 ofl 271(40%) SHofl 271(40%) L 6ol A] 11
H7HA)= vl 57(100%)°] A= Ak FH, WAk 3] o] 5
o EAE4Y, 69 D 1Y), 174(5¥, 94 2 109), 27
(89) E 7ol = 37(100%)°] HEE A chFig. 3). HAT 3
ol AHHE e o] HES 20] 141C ¥ 143°CE
71534 A 1 E 3004 ngﬂaigui,%ﬂ”*cﬂl v )3}
ol FHu|EE| et T STk FEe UEhlH 2
o] Hat 15.5+0.3°CE e = 1Yol B E Ao A A&
| lck. gHA, WAL 89 0] A= 0] 15.5°CE YEh= 5
Y A 304 HEE7] ARFst] Tolle B ARolM d&
=l Hap fasto] 119l HEEA @tk shd7]ol

oL} ThE Yol 9l
2 wort ujE e

Table 3. Sampling station occurrence and detection of pathogenic
Vibrios spp. in the seawater in Gomso Bay and Byeonsan area
from April 2018 to November 2018

Detection rate (%)

Station

V. parahaemolyticus V. vulnificus V. cholerae
1 100.0 (8/8) 37.5(3/8) 0.0 (0/8)
2 87.5(7/8) 25.0 (2/8) .0 (0/8)
3 87.5(7/8) 25.0 (2/8) .0 (0/8)
4 75.0 (6/8) 12.5 (1/8) .0 (0/8)
5 75.0 (6/8) 25.0 (2/8) .0 (0/8)
6 37.5(3/8) 12.5 (1/8) .0 (0/8)
7 25.0 (2/8) 12.5 (1/8) .0 (0/8)
8 37.5(3/8) 12.5 (1/8) .0 (0/8)
Total 65.6 (42/64) 20.3 (13/64) 0.0 (0/64)

Table 4. Quantitative content of pathogenic Vibrios spp. in the seawater in Gomso Bay and Byeonsan area from April 2018 to November

2018
) Positive number of samples (MPN/100 mL)
Station - — Total number of samples
V. parahaemolyticus V. vulnificus V .cholerae

1 8 (3.6-430) 3(3.6-23) 0(<3.0) 8
2 7 (3.6-930) 2 (3.6-9.1) 0(<3.0) 8
3 7 (3.6-340) 2(3.6-9.1) 0 (<3.0) 8
4 6 (3.6-430) 1(3.6) 0(<3.0) 8
5 6 (3.6-43) 2 (3.6-3.6) 0(<3.0) 8
6 3(3.6-9.1) 1(3.6) 0(<3.0) 8
7 2(9.1-23.0) 1(3.6) 0(<3.0) 8
8 3(3.6-9.1) 1(23) 0(<3.0) 8
Total 42 13 0 64
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NEZ2] 7%, FAaNt sl ol A= 7ol 271(40%), 8Ll 5
Z1(100%), 9Hol| 271(40%) X 100l 171(20%)°] HE= A
U 71eL Yol A= HEEA] kT BHE #AF s ol 4= 109
oflRk 371(100%)°0] HE=1L 718t Dol A= HE=A] FuTt

Yo R HEH dll AlmoA FEn| B 0] FEE A
AR AT EE 19 AHo 79 495 H 119717 =& o
ol A AEE 9 on H== 3.6-430 MPN/100 mL (F4F 206.9
MPN/100 mL) 2 & A& glch 29 A2 492 AlQlgh ot
™ 2] Yol A 73] HEE 9 on B 3.6-930 MPN/100 mL (
B 245.6 MPN/100 mL)o] 901, 3t A AL 73] AZol 3
o 5% 1532 MPN/100 mL o & ER1=|9t} 40 AL 6
3] A2 Hat %= 117.6 MPN/100 mL 9 51 HAL 6
3] AZo) B 5= 232 MPN/100 mLO & th2 A7
] 8l W2 sHolqlet. WAL 3| ¥ 9] 9= Ht 5=7} 5.4-16.1
MPN/100 mLO.2 ZAutajedo] BlajAs o e era
HEEQT) T, Fagh 9 HAF sl oA HEE = v B
9 HFZFO Hit 55 3.6-11.9 MPN/100 mL 2 3.6-23
MPN/100 mL O & A& Qch #AT 3o o A= 795 E 10
7] 710 AEE YA WAL 592 10€olTE HE = o
A& Folle 354 A=A ottt

Thompson et al. (20062 =7} H]H 2] @.5F2] A)A}of gk
< £ Buskal 9l o, e 9 pHO| Wk A H]
B 9+9] gheF Mistoll= F32 A2 §12M(Go and Jang,
2013), f-2{vket ek 2 Asfehe] sl 3l sl 7ol A sH=
A B 0 o] HET 42 Abolofl= - w2 Al E
YEpHT= 2117} v 223cH(Yu et al., 2014; Kim et al.,
2016; Park etal., 2019). H] E.2] ¢ B ZHF-2 794 104 A
ol o]l Fafi ekl Al gfietell A FH 0= Faf =it Fof Qo A=
Hel&o] W2 o] o] Wil slprt AAsk 2| Ao
2 Aol golalr] oF2 YRlolekal B askal 9)tH(Jeong et
al., 2018). Naetal. (2016)2 2013-2015'd St Q-2)ue} A=t
ARt 3l 22204 25 o= AHn|He oo HEE X
ALeE Ax, of 2] 4 QIA}F Fol| A 23t 71 WA g At A
(R=0.90)Z 7}A| i Qlrkar H rskglet. Skl HH Wl v
Be| oo A 9 AEoll= sl do] 7HA L 9l ol g A
Qlo] Zta ez Agsh=d| 11 ol 2o 7HE S a5t
28t A 0 & weE

Sk W AR F o] 3H4 aQlo] ALl fARHE At A
2]A o2 QIHE] ol B okl F a9 Q] sfjrol A A
gujBe] et W H| B WHFH| Frert vl ok Y
< YER AL Q= Aol tialial= dAR A= et Aol &
AE v BEg Agolok, T3k Sejuhel At s E i
ofl A BB E| @ F|alte] HEES sl wht thEch= 7]
9] ¥ 11(Go and Jang, 2013; Jeong et al., 2018; Park et al.,
2019)} o] 2AF 7|17 F9t AT E HAE ] 9] gfj=o) A
vl B2 9 Yt AEo] A §loiths FkE o] F a9

oA f4beE QHAd o] Tl E flal YA vl E e eto] A|A
QIR HStof| thgt x| <421 Q1 Al A

o] L= 20|81 £ A]3Z ook oA ] of| A A|BHEE o]0l L
AN (181625471 542) 0] A-H7lEH] Z]o]| o] 3f 4=2) =]
3o ofof ZhAF =yt
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