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Seasonal and Spatial Variation of Pathogenic Vibrio Species Isolated
from Seawater and Shellfish off the Gyeongnam Coast of Korea in 2013-
2016

Kunbawui Park, Jong Soo Mok*, Ji Young Kwon', A Ra Ryu and Kil Bo Shim

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea
Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea

The seasonal and spatial variation of pathogenic Vibrio species, such as V. parahaemolyticus, V. vulnificus, V. algi-
nolyticus, and V. cholerae were investigated in seawater and in bivalves off the Gyeongnam coast of Korea, which
is an important area for shellfish production, during the period 2013-2016. V. parahaemolyticus, V. vulnificus, V.
alginolyticus, and V. cholerae were detected in 12.1%, 5.2%, 15.4%, and 0.9% of seawater samples, respectively. V.
parahaemolyticus, V. vulnificus, V. alginolyticus, and V. cholera were detected in 21.9%, 7.1%, 12.2%, and 0.0% of
shellfish samples, respectively. The Vibrio spp. in seawater and bivalve samples were detected at high levels during
the summer to early autumn; however, the levels were low during the winter. Therefore, their occurrence was season-
ally dependent and correlated with high water temperature, which is also the biggest factor contributing to foodborne
outbreaks associated with Vibrio. Relatively high detection rates of the strains were also found in the sea area that was
continually exposed to inland wastewater. Our findings show that continuous monitoring is needed to reveal the pat-
terns of occurrence of these pathogens from marine samples collected off the Korean coast, to reduce seafood-borne
outbreaks caused by Vibrio.
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N B V. vulnificus @ V. parahaemolyticus'= Y%= U2t A 5=4F4]
Zuj7e] o HUdFOo = BajE] 1 Qlri(Wittman and Flick,

Vibrio parahaemolyticus, V. vulnificus, V. alginolyticus 9 V. 1995; Drake et al., 2007). u]=+2] centers for disease control
cholerae®t Zr2- v B 2| @512 7} st 3| F o e & and prevention (CDC)of| W2, v]=toA] B]EZ]Q THS
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son et al., 2004; Oh et al., 2011). * /g H|H 2] @5fof 23t & mahdi et al., 2016).
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ARgo] - =0} 20009 H = 7 A3wt AHH R A|H
& o] UTHKCDC, 2018). -ejuetol|A] Algs 2k} 2 Al
A SA7E s Ao AAE 7] AZRE 2011 E 58 20179714 V.
vulnificus <ol 23+ 7+ SAb= - 3719501 9laL, AFgAk
= 18322 49.1%0] E3FATHKCDC, 2018). o] +of &J3t
A A} B AFERE A 9L of] 247} 1567 (42.0%) 2 817
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dH oz Ao 9lon, 2003-20174H F9ko] $-]Lfetof A
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Fig. 1. Sampling stations of seawater (stations 3,4, 5,6, 7, 8, 9, 10,
and 11) and bivalve shellfish (oysters; stations 3, 4, 5, 6, 7, 8, and
9, mussels; stations 1 and 2) on the Gyeongnam coast of Korea.

= 3}t v B e 242 v]=F Food and Drug Administration
(FDA)2] bacteriological analytical manual (USFDA, 2018)°f|
Z3}9] 3 tube MPN (most probable number)# &2 A gFE-4]
= AAISHTh &, A A AR S Y 3231) 200 gofl 200
mL 2] phosphate-buffered saline (PBS; 2.5 mM KH,PO,; pH
7.2y& H7}sho] E-2=(Waring, Torrington, CT, USA)Z w2
3} 513z, 80 mL PBSe| w9 20 g 7}s5ko] 108) 3] A&
THEo] Alm = skgleh 12 10u) 3] A eE: o]-§-5ke] 1004,
1,0008] 5 2F THAE 3] A oll2 ghEof AR5t

B Alm= A A2 glo] vi= whAE 3] Asto] Ao ARE-
sk 2 dAE 31482 2% NaCl 73+ 10 mL2] alka-
line peptone water (APW; pH 8.5+0.2)7} 5°1%1+= 3709 A
Yol HEkaL 35£0.5CollA] 18-24A17F i eshit. vl
H 9F 10 uLe] APW ulj ¥l thiosulfate citrate bile salt agar
(TCBS; Difco, Detroit, Michigan, USA)ol| &4 =gt &
35C oA 24417t BiFstlet. TCBS v of| A v E2] gt o
2 2 35700 A2 i w2k QS tiple sugar
iron agar (Difco)of| 455}l 35T ol A 2447t v oFslo] & A
& #9] U35 LFEFY&= w55 VITEK system (BioMerieux
Vitek, Marcy I'Etoile, France) 2.2 AY3}514] Al ¢S AlA]5}¢]
Sk, HLA] ATk HISEE o §le] 100g E
=100 mLg MPNZEO 2 #7131 th
V. cholerae &3 AIE

E2)% V. cholerae 4] w55 tryptic soy agar (Merck,
USA) Hlj2]of| Fg5kof 35T oA 18AIZF vl et & A& A
2141914 0.5 mLofl ol FAslA] Heke A Mgl V.
choleraei FBH(O1 3 0139)°] Hi3t 33 o125 2helst
Stk &, 2 g Al A (Joongkyeon, Goyang, Korea) 15
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Fig. 2. Temperature (A) and salinity (B) of seawater on the
Gyeongnam coast during 2013-2016. Scale bars represent standard
deviations.

7] HRS oj 2 319) Flof| A THESo] V. cholerae &7 &
.{

T2 W AE T A Aol AR 2AF AR oA 2013-
ZAtstglom, ojuf e 2 g i
529 M3h= Fig. 201 UERf Sl
A Hah 4222 2013Wofl&= 6.1 +£1.0~254+ 1.7, 20144
o =83+ 1.5-24.6+1.1C,2015d0l|=7.7+1.0~25.7+2.3C
g 2016 0)= 7.6+22~27.7+1.7Co|gom, 7P o 4
2820161 8ol S UTh(Fig. 2A). A 2AR7|7E 5o
A 22 o5 - B w2 FFS BHyoH, 53] 8Y(B+
24.6-27.77C)1} 9L (B 23.7-25.1°C) Atolol| 7H =9)Th =,
ZAL A 9] -2 Al of| whet 2 704 2fol & Ko 2
AR Aol W2 -9 A Aol Ko A ghgttt
3td, 9 ot P8 s 27.61 £4.22 practical salinity
units (psu)©l| A 33.58 +0.77 psu¢] ¥ich(Fig. 2B). ZA717F &
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Fig. 3. Seasonal variations of Vibrio parahaemolyticus in the sam-
ples of seawater (A) and shellfish (B) collected from the Gyeong-
nam coast during 2013-2016.
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£ ollg Almol A AEE Bt oF 26 =9kt a4 E wiFoll
A o] #ol A& B & W= 247} <3.0-150 MPN/100 mL 2
<30-11,000 MPN/100 go] %1z, 20161 of) 7H3 =2 7k Lhe}
Woleh HA 2A717E E4L a4 W s FollA A% V. para-
haemolyticus 2] HEEL 277 2.1-28.6% 2 4.1-54.2%09]
AL, 7P 58 HEE-2 201610 9A] YERGTHTable 1). ©]
£20161 9] 4=2-0] t}-2 af) Hrt At A o & =917] whEel A
oz gEglon, £3]2016| 9B 2 T E RA WU E

ox

oL
2 re
=

]

2

o

= oy



30 uREn}Y) - 854 - 7

Br} 9050 2 29krhFig. 2A).

A3 ZAP7 ke slrol Al L V. parahaemolyticus
o] ASELS 8Y 38.7%= 7H w¢kon, 11 50 & 9¢Y
(35.5%) % 74 (22.6%) <=0 A th(Fig. 3A). ¥FH, 129 A o}
Lol 69717 4ol 4] o] T 0.0-3.2%F ul$- WA HEE
Rom, 53] 1204 thasll SE7MAl= As AEEA sk
T} Han et al. (2012)-2 3t= AJafiQE &AQtol| A Z)F gt sfj=ef| A
V. parahaemolyticus <2 A o520l A= =7 AE5
oo, £3] 82(92.9%)0l 7HH =9k, k-0 2 79(85.0%)
% 99)(76.5%) <=0] QT B 1810l -2le] Ao} fAket 7
G2 H L), §HH, 9| 7ol A] V. parahaemolyticus v+ o152
oflA] 27kl AA w9 =A YeskaL, 99 54.5%% 71
=oton, I o 8YU(51.7%) L 7Y(41.4%) o]t
(Fig. 3B). ¥FH, 12l A thZ3lf SE71A] 3ol 4] o] w2
SEZ 7.0% olst= 753l on, 53] 2-497 12¢0]+= 4
SEA otk e AAREE Asfich Felidt & g et
o\ A |3t s Foll Al V. parahaemolyticus 7-2] o] EHol| A %
71&o| A AEEcty B aste] S| Aule}l §AEk Ak
2 HYck(Lee et al., 2008; Yu et al., 2014; Kim et al., 2016).

ol4e] ATl Bl 2 )5 Foll EAJ5H= V. parahac-
molyticus 70| HET} -2 Atolofl= vl =& A A7
Ith= A o] BHolE|QIth(Figs. 2 and 3). E3}, A]&-0] oF&0kA
Z(KMFDS, 2018)°]l 2J5}, 2013-20161 &<t $-2jitlo]
A| V. parahaemolyticus <ol 23t A 5=2] WA 4= o
Ho| o} F7tshH, 53] 84t 94 Afo]of| 55.1%= mi¢- =
okl B U3 o5 Ak YA V. parahaemolyticus v 3
A A= AT 25 Afolofl = w2 ARHAIE Helvk= A
S YERATE Na et al. (2016)2 2013-2015E 5 gh=- 919k
9] 2,2207)) slj4= A|&ollA] V. parahaemolyticus v2] HHA- of

2] S QIR Foll A 23 7H BT A BA(R=0.90)5
7FA AL Qlokar B arshglek ohE vk o 2] AAE R QA V.
parahaemolyticus 2] WY =23} gt Aol it
11 3} ti(DePaola et al., 2003; Sudha et al., 2014). whehA] V.
parahaemolyticus w2} A|A %] Wl= o] 2] Hhage] 714k =
A 710l8t= 2t vl LR W0l Sl Ao wet
gk

g, 20132016\ F7F 7' AR A] A FH 3 sl A w5
A& A ZAF AHE V. parahaemolyticus w2 £-3E= Table
200 YEPQIE. sfi=ollA 2t 2AF A o] o] HEE2
0.0-36.4%0] 321, S-efuetol A = WA - H57ide] ok
= ol =109 oA 7P A vkttt vhd, g7 A
2o A= ZF 2AF AR o] 2 11.9-32.4%2 HEH S,
H A 7 A dEE ey 2AF AR 94
gl= 710 2 el Oh et al. (2009)S 20054 6-104 E<t
A Qe shd ol 5 715 A1 o A V. parahaemolyticus
Tt 49.9%7F HEE kAL Hirsto], o] & AvE 2 A9
T 717H6-89) sl A=A HEE(23.2%)9} vl 2
v o] =2 ol qiek. whebA] V. parahaemolyticus w2 5
FEAES TR S B Aol viEE = 2 9d
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o] 1.6-2480 2 A eEbdth T2u 2 Alm 5 A
oA o] w2 sl A = Al HEE AL ofufj sl Foll A RE=
Al =7 AEE A= d3kth(Table 2). <, o]l ull = A1 4] A9
off w2l F1 SRR E o] wE P DA TR FHOA

¢

Table 1. Pathogenic Vibrio strains in seawater and shellfish samples on the Gyeongnam coast of Korea during 2013-2016

Positive number of samples (MPN/100 mL or g)

Total number of

vear V. parahaemolyticus' V. vulnificus V. alginolyticus V. cholerae samples
Seawater

2013 3(<3.0-3.0) 6 (<3.0-7.2) - 0 83

2014 2 (<3.0-3.6) 7 (<3.0-20) 5 (<3.0-11) 0 96

2015 17 (<3.0-11) 1 (<3.0-3.0) 25 (<3.0-20) 0 (<3.0) 99
2006 20(830450) 43090 - 3(<3062) 0
Subtotal 42 18 30 3 348

Shellfish

2013 9 (<30-210) 17 (<30-110) - 0 103

2014 4 (<30-60) 4 (<30-94) 8 (<30-230) 0 98

2015 22 (<30-430) 2 (<30-36) 14 (<30-73) 0 (<30) 82
2016 45(<30-11,000)  3(<3036) ] 0(<30) .. 8.
Subtotal 80 26 22 0 366

IThe data of V. parahaemolyticus was retrieved from part of our previous study (Park et al., 2018b). MPN, Most probable number.
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Fig.4. Seasonal variations of Vibrio vulnificus in the samples of
seawater (A) and shellfish (B) collected from the Gyeongnam
coast during 2013-2016.

o= Zlo 2 velyton, o] Ho] AAFE2] Aol A e FAF
A7+E 31l gl th(Park et al., 2018b). 0] 7 o]uj 7}
A 219 9] dja= Fof| A o] F2 F, L]l ofuful 7] A]
78 26K 5, 25 5) 9 Hol ZF s w5
She w7t o277 giel Ao g FgHTh B A9AE
ojufulj = F 0] SR EE 15| Aol theeh nlAY

g > e el

2

l7‘HTI"C: T
EL tpofet e 2 2281t Ha15}kal QIth(Doré and Lees,
1995; Burkhardt and Calci, 2000; Younger and Reese, 2013;
Mok et al., 2016; Kim et al., 2017; Mok et al., 2018; Park et
al., 2018b).

s & R0 V. vulnificus @2 2x

Table 12} Fig. 42 2013-20161 5+ A Atof| A A F st

ol 2 97 A&l A V. valnificus w2 Al71'E S UHEF
W Aot} 34> A& 3487} Fol| A V. vulnificus 7 187 A
2(5.2%)014 AZEgoH, A% Hr= <3.0-20 MPN/100
mLo|ItH(Table 1). 12|l o] F& T|F A& 36671 Zol Al
267 A E(7.1%)01A AZEEQon, AE ST <30-110
MPN/100 go]itt. A 2A|7F 59 A= a4 & g7
A &o||A V. vulnificus 2] BEES 22} 1.0-7.3% 2 2.4-
16.5% ©]3ltt. Yang et al. (2017)2 7' AA = @tol| A A3
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Fig. 5. Seasonal variations of Vibrio alginolyticus in the samples
of seawater (A) and shellfish (B) collected from the Gyeongnam
coast during 2013-2016.

gt sl Aol A Rt 6271 HIE ]2 5= ol A V. vulni-
ficus 7= 671(9.7%)°] YTk Huslich

EZH AA 2A|7E Eee] sl A L V. vulnificus <t}
AEEL 7Y 12.9%, 18] 11 8¥ 1} 9ol &3] 16.1%= 2
ZE]o] o FollA 27hE0l AA A 2= £9ThFig. 4A).
T Fol Ak o] o-& ofF -l 7Rl A HiH R =
A AEEAIL, 7Y 24.1%E 7P =917, T30 2 99
21.2%, 89l 17.2%%=0 2 =7 A&% Ich(Fig. 4B). Lt}
o] Aol Al 2013-2016\0 9t F-Elutel AHE Edsh=
10478 th23f) 5e7HA] sl 9 s ol A V. vulnificus <t
2 oA 129(12.5%)°0] tha =4 AEE AS AlQlsta
© 3.7% olstz v YA HEE Uch(Fig. 4). -2ue 21
e 2 5(KCDC, 2018)0] wh2H o] A-o] 2AF7]7HQ1 2013-
2016\3714] V. vulnificusol| ©13t 2HH % A= of 54 oAl
270l GAl S7teke A YEREh £, of +toll o7t &
A= 521098 F 9ol A 212 42.4% (897)= 7 =%
o, ojuf] ApgAR= F 4575 0| At

gh, 7 AboflA] 2013-20161 F2k A F T Sl E wjF
A& A 2A A V. valnificus 2] B3 Table 291 U
ER ATk sl 2 sfpoll A AR A V. valnificus w2 2t

7+0.0-18.2% 9 2.7-11.9%7t A& =91, 2 IE57ko] 9k
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o] W= 1081 Aol A 71 = A Urelsttt. o] 28 V. valni-
ficus= V. parahaemolyticus} "7 1A 2 |4 = ¢1Qto) 4]
HlE 5= 2 dol ol =E5e sfjqollM =4 HEH =
2& Yepfiglet. thee] A4S V. vulnificuss 2 9
55225 psu o) E 7HA AL Yl A sfiroll Al Kt 7} 8f
TolA § AE AEE, o= i %9 die et s
£ o] Heato] BES oA Frharl Harskgick(Kaspar and
Tamplin, 1993; Motes and DePaola, 1996).

s 2 RN V. alginolyticus &2 2%

Table 1} Fig. 5= 2014-2015d 0] 7 2Agtol| A )23t af
o % 97 AzoA V. alginolyticus <] A71H EZE Ut
el Aol a4 A& 1957) FolA V. alginolyticus <
3071 AlE(15.4%)0l4 HAEEen, 4% S5 <3.0-20
MPN/100 mLo]¢JcHTable 1). 12|31 3} AJ& 1807 &l
A o] a2 2271 AlR(12.2%)00lF HEH A2, HE s
<30-230 MPN/100 go|$IthTable 1). E3}, a0l 4] L V.
alginolyticus v+ &5 990l 52.9%% 7P &skon, ot

TR

|9 - fotet - HaR

Log 793t 8ol E3] 29.4%, 121l 5L} 100l &3]
23.5%E fHAEE o] TROIA 7hol AA ddHoR =9ke
U, 1295 o238l 397k = AEE A U thFig. 5A). E
Sk, g 7ol Al o] F2 8Yo]| 46.2%E 71 Eofom, the 0w
99(31.3%), 129(25.0%) &= 0 & =7 AZE g o}, 29, 5Y
2 11oll= A=A b3tth(Fig. SB). whehA] of o2 thE W
A4 vl o} ge] ALE 1299 % w7 A v]aF
= A& o] A& HUEF o] Zasit

SHH, g dAokol| A 33 2014-20154 S<1 3> & 9
Az of|A] A A V. alginolyticus 2] £-3#+= Table 2]
e oiet. <= 9 ol 2 A A V. alginolyticus
T2 717 8.7-26.1% 2 0.0-21.1% AZE QAL G574 v &4
O] FgFS wol wh= 11 A A 7 =4 Uetrseh

s 2 IHZOIM V. cholerae 2| X
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Table 2. Spatial variation of pathogenic Vibrio strains in the samples of seawater and shellfish on the Gyeongnam coast of Korea during

2013-2016
) Detection rate (%)

Stations ; ) ; ;

V. parahaemolyticus' V. vulnificus V. alginolyticus V. cholerae
Seawater
3 8.9 (4/45) 4.4 (2/45) 8.7 (2/123) 0.0 (0/45)
4 0.0 (0/45) 2.2 (1/45) 8.7 (2/123) 0.0 (0/45)
5 18.2 (4/22) 9.1 (2/122) 18.2 (2/11) 0.0 (0/22)
6 4.4 (2/45) 0.0 (0/45) 17.4 (4/23) 0.0 (0/45)
7 8.9 (4/45) 2.2 (1/45) 13.0 (3/23) 0.0 (0/45)
8 13.3 (6/45) 0.0 (0/45) 13.0 (3/23) 2.2 (1/45)
9 11.4 (4/35) 5.7 (2/35) 17.4 (4/23) 0.0 (0/35)
10 36.4 (12/33) 18.2 (6/33) 17.4 (4/23) 6.1(2/33)
M 182083) 1214 261(6129) 00(033)
Subtotal 12.1 (42/348) 5.2 (18/348) 15.4 (30/195) 0.9 (3/348)
Shellfish
1 25.0 (11/44) 4.5 (11/44) 13.6 (3/22) 0.0 (0/44)
2 20.5 (9/44) 6.8 (9/44) 18.2 (4/22) 0.0 (0/44)
3 22.2 (10/45) 8.9 (10/45) 13.0 (3/23) 0.0 (0/45)
4 11.9 (5/42) 11.9 (5/42) 10.0 (2/20) 0.0 (0/42)
5 12.5 (3/24) 4.2 (3/24) 0.0 (0/9) 0.0 (0/24)
6 28.9 (13/45) 4.4 (13/45) 8.7 (2/23) 0.0 (0/45)
7 20.5 (9/44) 11.4 (9/44) 13.0 (3/23) 0.0 (0/44)
8 19.5 (8/41) 7.3 (8/41) 5.3 (1/19) 0.0 (0/41)
9 324(12087) . 27(12887) 2110419 00(037) .
Subtotal 21.9 (80/366) 7.1 (80/366) 12.2 (22/180) 0.0 (0/366)

'The data of V. parahaemolyticus was retrieved from part of our previous study (Park et al., 2018b)
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