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Abstract

Vibrio species are Gram-negative bacteria that are always distributed
in seawater, and their appearance tends to increase as the water
temperature increases. It is usually infected through contaminated
seawater or seafood, and V. alginolyticus infection cases in humans
are mainly etiologically associated with skin and ear wound infections
such as acute otitis media and cellulitis.

Therefore, in this study, the distribution of V. alginolyticus along the
coast of Jeju Island and the levels of water temperature, salinity, DO,
and pH were also investigated, and the antibiotic susceptibility test
of the isolated bacteria was also conducted.

In the case of seawater, 13 cases (21.7%) in the Daejeong area showed
the highest distribution rate, and 8 cases (13.3%) in the Hallim area
showed the lowest distribution rate. In the case of shellfish, the Daejeong
area showed the largest distribution rate with 7 cases (23.3%), and
the Seongsan area and Hallim area showed the lowest distribution
rate with 4 cases (13.3%). The overall detection rate was the highest
in Daejeong area with 20 cases (22.2%) and the lowest in Hallim area
with 12 cases (13.3%). The detection rate according to changes in
the marine environment was highest when the water temperature was

highest.
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cholera, Vibrio parahaemolyticus, Vibrio vulnificus, Vibrio alginolyticus
% 0] ) tH(Craig Baker—austin et al., 2018; Carla pruzzo et al., 2005).
V. alginolyticus= S~solA 713 79 HAAZ A V.
parahaemolyticus 2F AT O 2 AL o} 2 73] of o] zfolE
7FA) ™ (Miguel kourany, 1983) @A V. alginolyticus= 44 ¥ A t}.
7| st ek g5-7F FeolA (IPCC, Intergovernmental Panel on
Climate Change) 4%} 7] & ¥ 3lH 114 (2007)0] w2 A A FH o=
AT 23t &gk 715 Wshrh dojubar glom ofof whel 7|23 AT
Pt 3 2 =(SST, Sea surface temperature)”} <8l il TS
dsol olojd Folghal o g o = o] SST Al A
A A7 E7F oM (Luigi Vezzulli et al., 2013) o] 2 2l af S B ES
|%3ete] M vl A, Ae, FX % F3FS 1A F
ATHYoung-1l Jeong et al., 2018). 5] 4% ¥4 Q1 &=71 S 7}l
uhet 17kl Al = B Q. Edlo] S/ tH(Frederique Le Roux
et al., 2015). B & 7192 Udnbyg o=z f=2o] J5& 79-(Sonja
Oberbeckmann et al,, 2012) 'HAst 2.8 =
g o3l ke AFE T8 A E ditely o F B FAHFEEEKA-K
Lee et al., 1973)°] AA w3 Sd< L3 A7k 45 2%
siarell v H7F mEE = AF el o] FojAH BE2 Tl AFS
Ao 7V} V. vulnficus$t 2ol TS o717 % st F35e,
R A, WA = St AlA E el H 7] = 8 tH(Uwe Schmidt et
al., 1979; Dong-Young Lee et al., 2008). 5l "] x| += 42 o} 2]
Ewrgstu A E o FolA H=2 vlTs A ek 2] =™ (Su Mi Kim
et al, 2005), 53] A&vte] A% o332 A oA BAdtolt veol] 2~
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H, o)A
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1IL4, &ehs 5ekely AlSE Agstglh sls 1L Eat A=)

A2 olgste] sl A 20~30cm 2ol Akl o vk

T =
A FUE EF AFst ofo] ks Hol —-4TE X A7)
wEA 5 APl oz

Hanllim

Pyoseon

> 4 & 1 50000 (Ad STE /|E)
o I T - 1

Fig. 1. Sampling location of V. alginolyticus



2. 2. B7AR, olgeta 54

ol
¢

AMZE ANFH Al V. alginolyticus 2] B, AH & RIES} g7 <
Halelo] AAAS ZASHZ] &l YSI (YSI Proplus, USA)S AF-8-3}¢]

ol a9 2, 9 DO (dissolved oxygen), pHES =743} t}.

2. 3. V. alginolyticus %2, Wik 2 B3

SHHE 2 34 1LE Vaccum/pressure pump (GAST Manufacturing,
USA)E o] &3} Millipore filter (pore size 0.45mm, Hyundai micro
co, KOREA)& o] #}3F 5] Millipore filterE 1% NaClS A 7}3F Alkaline
Peptone Water 100ml (pH 8.4, Difco, USA)el| 35Coll A 15~18A4|%F 12}
S Wl ar 13 Sl 10mE thA] 3% NaCle 3713 Alkaline
Peptone Water 90mloll %&3l 35Tl A 15~18A17F 23} Z+F v st}

2] A9 AEER FHS 525 5o 73] AF 5 dzks AAT
5 8L w Ao 182 30%7F 22319 100gS 1% NaCl A.P.W (pH
9.2) 500ml oA 12+ S #FS T F 15~18413F ¥ 10ml& A
3% A.P.W 90mLell 23 35T~ 15~ 18A1%F 23 F+F vl skt
aehe 28 3Als gHste] pH7F AlstH 2= pHE 9.2% A ske] v
sttt 22 S & Wy WFo]E AL8-3le] TCBS (Thiosulfate Citrate
Bile salts Sucrose) agarell 22} S ASHE =@stal 35Tl A
15~18A]17F v %k3tc}l. (Min—Kyoung Song et al., 2007), &9 #+F+=
25% (v/v) glycerololl @Erale] -80TCo A Hpst & Aol AME-3}GIT



Table 1. Composition of 1% NaCl Alkaline Peptone Water (1% A.P.W)

Ingredient

Amounts (/L)

Peptone

Sodium Chloride

10.0 g

100 g

Table2. Composition of 3% NaCl Alkaline Peptone Water (3% A.P.W)

Ingredient

Amounts (/L)

Peptone

Sodium Chloride

100 g
300 g

Table 3. Composition of 3% NaCl Brain Heart Infusion Agar (3% BHIA)

Ingredient

Amounts (/L)

Calf Brains, Infusion from 200g
Beef Heart, Infusion from 250g
Proteose Peptone

Dextrose

Sodium Chloride

Disodium Phosphate

Agar

7.7 9
98 g
100 g
20 g
50 g
25 ¢
150 g




2. 4. V. alginolyticus®] JENeA, At F4 L wgF A4

V. alginolyticus ©] 5732 Je]| 2 As}stz J4 2
SHstSltt. V. alginolyticus Ao 2 AR wjX]ol &= 3%

NaCl& H7}ste] theat 2o AAES A6

\)

4.1 B
gt 5 FH D Aty S vlastr) e aed T V.
alginolyticus KCCM40513% v A& X E4H (Korean Culture

Center of Microorganisms, KCCM)ol| 4] &-&FRto} H]alslo] &4 31t}

e



2.4.2 TCBS agar

V. alginolyvticus= TCBS (Thiosulfate Citrate Bile salts Sucrose) agar®l|

Al sucroses F35ke] 274 2mm W] 9] yellow color colonyS A 8=

2 15~18 A7+ vieF & yellow color colonyZ #2]3te] 3% NaClS

7}3k BHIA (Brain Heart Infusion Agar, Difco, USA)ol| 4] Bl &F3}o]

Aol AHgatgh

Table 4. Composition of Thiosulfate Citrate Blie salts Sucrose agar

(TCBS agar)

Ingredient

Amounts (/L)

Yeast Extract

Proteose Peptone No. 3
Sodium Citrate

Sodium Thiosulfate
Oxgall

Saccharose

Sodium Chloride

Ferric Ammonium Citrate
Bromthymol Blue
Thymol Blue

Agar

50 g
10.0 g
10.0 g
10.0 g

80 g
200 g
10.0 g

10 g
004 g
0.04 g
150 g




2.4.3 CHROM agar

TCBSel A 1xH4 2. % sucroseE H]&3ete HI B P Q. e+ T
S Vibrio cholerae F 7o) TCBSOl A V. alginolyticus ¢ <& A<
el 752 288 7] 98l 2234 22 Chromogenic medium
(CHROM agar) 1A gEIsH4 A& A8kt CHROM agarol A
A o] Creamy?dt 279 colonyES &=5-%d3te] wz7HA 2 3%

BHIAGI A vl oFate] 8ol ARahgit.

-

Table 5. Composition of Chromogenic medium (CHROM agar)

Ingredient Amounts (/L)
Peptone & Yeast extract 80 g
Salts 514 g
Chromogenic mix 03 g
Agar 150 g
pH 9.0(0.2)




2.4.4 1332 (Gram staining)
T2 M-S Gram-staining kit (BBL, Difco., USA)E A}8-3}91 21 Slide
glassol] E& 9 S 121G A ] & Crystal violet 1%, lodine 1%, 95%

Alcohol 30%, SafranineS 45%%F A gldte] M & e 1S

DS eR AR RHH = A
KOH String AAME: F+7h= AAJste] Z18t57d Ahat< el WATHT.

Gregersen, 1978; John D. Duck, 1982).

2.3.5 Oxidase test

Oxidase test += 3% NaCl BHIA |4 83l colony®l] 1~2%-2-2] Oxidase
reagent (Biomerieux, France)E %3} - 30x% o|Wo] H o=
WHalA oFA] o2 w9 th(Jeffery J. Tarrand et al., 1982). & &30
el e A FHoE g ekA| U

2.3.6 Catalase test
Catalase testi= 18A|7F 83t colonyS &8fol= Z8k2o 281
3% HyOr5 1~2W& "oy SA] 7|27 AAAHHE o=

sl



2.3.7 Sulfide—indole-motility (SIM)
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Table 6. Composition of 1% NaCl Sulfide Indole Motility (SIM)

Ingredient Amounts (/L)
Casein Peptone 200 g
Animal Tissue Peptone 6.1 g
Ferrous Arnmonium Sulfate 02 g
Sodium Thiosulfate 02 g
Agar 35¢g




2.4.8 Kligler Iron agar (KIA)

Kligler Iron agar (KIA, Hardy, USA) #iA]el] % % 3
v 93}l glucose/lactose F-3ls & HyS, gasAA] o] H-E 13513 o
%] 7} =gkl o 2 HEHA glucose®t lactoseS H-3l3F Ao]al oMo 7
W8k HyS A= 3 2ol opbtsl ®ist glo] Ha2Mold 3l & shA
e AOR V. alginolyticus®] 735 WA A glo] HEMom W
o] glom ujA| o] ek 1

Fom #43or

rr
Y
flo

Table 7. Composition of 1% NaCl Kligler Iron agar (KIA)-

Ingredient Amounts (/L)
Casein Peptone 100 g
Animal Tissue Peptone 100 g
Lactose 100 g
Sodium Chloride 50¢g
Dextrose 1.0 g
Sodium Thiosulfate 0.5g
Ferric Ammonium Citrate 05 g
Phenol Red 25.0 mg
Agar 150 g




2.4.9. Metyl-red (MR) test
Metyl — red (MR) test + MR-VP 8]A] (Difco, USA)9 HZ & 37Tl A
18~24A17F vkt 5 iAol metyl red AloFS Hojrmy H2402

wshd Py o sl

2.4.10. Voges—Proskauer (VP) test

Voges — Proskauer (VP) testi= MR- VP v X0l HZE & 37ColA]
18~24X17F wlo¥3t ¥ 6% a-naptol €4 0.2ml¢} 40% KOH 0.1mlE
o] E Aol el H2A o2 Wahd Fgor sl

Table 8. Composition of Methyl-red VOGES-PROSKUER broth
(MR-VP broth)

Ingredient Amounts (/L)
Peptone from meat 70 g
D(+)Glucose 50 ¢
Phosphate buffer 509




2.4.11 APT 20E kit

Lo T8, Ha iy T Astetd 5A4E dedTot
v a7 Y& API 20E kit (Biomerieux, France)& A}83}31 T},
Brele) kit S Alops
Eejolo] Smiel WF RS B swipo] AEHA AL

it
rlo
11t
0{|
ol
=
w
S
M
B
i
rfo
=
N
=
—m
>
o
H

A7 AdoAM 1 Fo} TY3 WSS Hol:= #uhe A¥H3E &
T2 EF wal API NaCl 0.85% Medium 5méol] &EFste] 0.5
McFarland7} ¥ Al 243k & dgAS ~EGO T E HAE FHI

2y 2y JFH7RAT A Es i) CIT, VP, GEL2 @89S FZ7HA] 5
A 9152131 ADH, LDC, ODC, HsS,, UREE @718 %318 243571914
Ffr(mineral oiDE F=° TNt

7)1 A AEf R 37T A 18~24A47F v F3HE glucose”} FAd ol AY
37h017de] H2~E7F kAl -5 TDA, IND,VP, GLU®l| H ZA| kS
A7Vekad vt nitrate gHARE-E-3} indole B WHE-2 gasE AT EA

RS S 2o F Yo Y vk e HAE S

#As ATt 28 & API 20E kite] A He| wg} 23E #E55o] 1,

alginolyticusS 5731t



2. 5. Az (&%, pH, 9%

V. alginolyticus ° A% W %=L Feln ] 98] £, pH, Fel
Mg & 2gste] AAsteon WYL EAW e 3% NaCle H7Heh

HEsho] 2= (5, 15,

‘Lz

BHI broth (Brain Heart infusion, pH 8.4) ol

25, 35, 40, 45C)2 w7k & wljFelo] T8 W FH o= st
pHi= 37Tl A 3% NaCls 3 7Fek BHI brothell pHE 25-H 127k =4
Fgoz B o Jn A

rlo

= wjeFalar wjeFoo] & WA
BHI broth (pH 8.4) A& % 9 552 1%~12%7% ZAste] #=3

F g S 660nmol A EFEE =Aso] HA3I



2. 6. A ZeA Al

28 ¥ V. alginolyticus & SABA| A Al Bauer—kirby

WA (1966)9 =3t Al @5kt B8] ¥ 5+ Muller Hinton broth

Rl

(MHB, Difco, USA)ell 4Z3+ 5 35T wjk7] oA 3~4x7r S vl s}t
ko] S McFarland 0571 S70 31424 slgivk. 7} 344 e
H® WE 07 Muller Hinton agar (MHA, Difco, USA)ol 4% 3%
RSt 5RE WAIAA el F4AR H FAA disc (BD, USA

and Oxoid, UK) & 22|31 35T w7]ol A 16~18A1%F w3l & +9]
A

2
%
=
il
Ay
ol
ol
20
38
=
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Oxytetracycline, Oxolinic acid, Flumequine, Doxycycline,

Ciprofloxacin, Nalidixic acid®]t(James J. Biemer, M.D., 1973).

Table 9. Composition of Muller Hinton broth (MHB)

Ingredient Amounts (/L)
Beef Extract Powder 20 g
Acid Digest of Casein 175 g
Starch 15 g
Table 10. Composition of Muller Hinton agar (MHA)

Ingredient Amounts (/L)
Beef Extract Powder 20 g
Acid Digest of Casein 175 g
Starch 15 g
Agar 170 g




Table 11. List of antibiotics used of antibiotic test

Antibiotic Concentration
Amoxycillin 10ug
Ciprofloxacin Sug

Doxycycline (30ug) 30ug
Florfenicol (30ug) 30ug
Flumequine (30uQ) 30ug
Nalidixic acid (30ug) 30ug
Oxolinic acid (2ug) 2ug
Oxytetracycline (30ug) 30ug




Aol A T FTES BT TCBS agardl A A3 3l 3k
= o] 23k yellow color colonyE A&l on 12 92 4y
a4 S LS #9153 Chrom Agarell vl Fste] White

OF kit A ¢l& AAlste] o5l doF 35

2
V. alginolyticus & ¥l g A3 ONPG, ADH, LDC & %3t

nol'
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off
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BE EEFTES 2ol NS Helon] MR ¥
B9 RERT ORTY o FRE GHUHSS BYom 4o}
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10%2] NaCl& 73k

NBo| A& RF 2&alA] gkgton] 1~8%9 A¢S H713e NBojA &=
NaCl& %71t NBl2.H

olE &3l V. alginolyticust= AP AR AT YLE FAsATh HA
WL EAF2 5T E B H5alH] ehgkorm 15T~45ToA 27
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pH 2~4¢} pH 12 ol A= A3 w48t4 Zkom pH 5al4= &
FaAY e EEEAT U A pH wE9 49 2 Agton 53

H 8~90| 4 7} 2 dh58to] A 2R of 9714 23004 250

variable st/ YEF oW o] & AlQlstale MET 91X 9k #Agle] A
AAA R tiiEol 43 545 IR Siddiqui et al., 2012;
E. H. Kampelmacher et al., 1972; Hamza Eid et al., 2015). &394 A3 9]
A9 ol =E:E Ape] oA B2t V. alginolyticus + 11%2]
NaCl ol A = B3} 11(Selena Lam et al., 1981), v}zk7}x| & Q1719]



i L g o) B3 V. alginolyticus ¥ 1~6%2] NaClel| A 7+
33191 tHUwe Schmidt et al., 1979). 18] a1 3] 2 Agfol A Ea] 3t

& AEolM = 10%2] NaCle A7Fskled T53kA] @ 4thTable 13).

oy

et A V. alginolyticus®] AL A FH =& A AZo ut
Akl Zol7b oS & T AU



Table 12. Characteristics of biochemical reaction of the isolated V. alginolyticus

strains standard Isolated V. alginolyticus strain
Characteristics strains Seongsan  Pyoseon Hallim Daejeong
Indole in SIM + + + + +
Metyl red + + + + +
Oxidase + + + + +
KIA K/A K/A K/A K/A K/A
ONPG(ortho-nitro-phyeny . ) ) i i
l-galactosidase)
ADH (arginine) - - - - -
LDC (lysine) + + + + +
ODC (ornithine) + + + + +
CIT (sodium citrate) + + + + +
H2S - - - - ,
URE (urea) - - - - _
TDA (tryptophane) - - - - -
IND (indole) + + + + +
VP (Voges-Proskauer) - - - - +
GEL (kohn gelatin) + + + + *
MAN (mannitol) + + + + +
INO (inositol) - - - - -
SOR (sorbitol) - - - - _
RHA (rhamnose) - - - - -
SAC (sucrose) + + + + +
MEL (melibiose) + + + + +
AMY (amygdalin) - - - - +
ARA (arabinose) - + - - -
Chrome Agar w W w W w

W= White colony



Table 13. The Morphological and Physiological characteristics of V. algino-

Iyticus
strains Isolated V. alginolyticusstrain
standard
characteristics otains Seongsan  Pyoseon Hallim Daejeong
Gram staining - - - - -
Motility + + + + +
Growth in
0% NaCl - - - - -
1% NaCl + + + + +
2% NaCl + + + + +
4% NaCl + + + + +
6% NaCl + + + + +
8% NaCl + + + + +
10% NaCl - - - - -
Growth at
5°C - - - - _
15°C + + + + +
25°C + + + + +
35°C + + + + +
40°C + + + + +
45°C + + + + +
Growth at
pH 2 - - - - -
pH 4 - - - - -
pH 6 + + + + +
pH 8 + + + + +
pH 10 + + + + +
pH 12 - - - _ _
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Table 14. Monthly environmental factor of the Jeju coast

Enviromental
Factor Areas 9 10 11 12 1 2

Seongsan  24.25 223 20.88 17.85 15.93 14.72

Pyoseon  25.05 22.67  21.87 18.84 16.71 15.64

Temperature
Hanllim 22.87 22.04 17.94 15.59 15.78 15.19
Daejeong  22.69 22.07 18.28 17.45 15.89 15.58
Seongsan  8.52 8.84 8.22 8.34 8.35 8.39
Pyoseon 8.52 9.07 8.25 8.34 8.36 8.4
pH
Hanllim 8.79 8.7 8.28 8.3 8.37 8.41
Daejeong 8.96 8.89 8.29 8.33 8.37 8.4
Seongsan  31.03 31.87 31.87 31.95 32.73 32.63
Pyoseon  30.88 32.02 32 31.98 32.75 32.6
Salinity
Hanllim 31.74 33.68 31.26 31.23 32.72 32.73
Daejeong  31.83 33.64 31.68 32.28 32.73 32.79
Seongsan  7.92 8.32 7.53 7.49 5.74 6.62
Pyoseon 7.37 8.66 7.63 7.52 6.03 6.58
DO

Hanllim 8.86 8.27 8.29 7.78 6.96 6.81

Daejeong  8.57 8.31 7.98 7.51 6.86 6.67




3. 3. FAA g A

w218 V. alginolyticus | gk FAA A Aol et A= Table
15} o] el 47) A FoA EEld 52 358z
Oxytetraxycline, Nalidixic acid 2% ZFAS B9 om AAA oy
A A A A B ® 5 Doxycycline, Oxolinic acid ol = 74 &
BT YAAS Bl 5 Amoxycillin & 2§ FAA YL 12 o+,
FHAY 8 #F, A 5w T, A 4 #F0] 3L Florfenicol
A 6 o, FHAGNA 3 7, A Aol A
5 w7t W& HEb e Flumequine EAAY 7 w5, 41+ <
5 o, AAY 4 w5, FHAS 2 #F7F WS B
Ciprofloxacin®ll = #1419 3 w57, FAHA 9 1 w5, IFAGL 2 757}
U8 YeERNI ., Oxolinic acid= $HHEAY 2 55, XS] 1 +#57}
WAl S B9 Doxyeyclinee 449 1 o+57F WAAS Bt} whabia
V. alginolyticus 9l ¥4 A HAAel Hp/de Bl FAAIE A1 A=
sto] Fofgho] mlghzlshH e #50 A S K2l Oxytetracycline,

Nalidixic acid €]oll %= Oxolinic acid, Doxycycline, Ciprofloxacin®l] =

£

BB 7+=XS WA V. alginolyticus o &34 A IS o 4=
At} kA Wk Nalidixic acid ¢} Tetracycline® A% V. alginolyticus
of ##3 OM protein W& Ald|7} Qo= Q8o Fo]3fo]of
3} (Xiao-Peng Xiong et al., 2010).

s



Table 15. Antibiotics sensitive test of V. alginolyticus strains in 4 area

po?IeSr?cy No. of V. alginolyticusstrain
Susceptivility
Antibiotics () Seongsan Pyoseon Hallim Daejeong

S I S I R S I S I
Amoxycillin 10 5 5 3 5 12 2 2 8 4
Ciprofloxacin 5 8 6 10 7 3 6 4 8 8
Doxycycline 30 10 5 12 7 1 9 3 8 8
Florfenicol 30 6 3 9 5 6 4 5 5 6
Flumequine 30 6 4 7 6 7 5 5 7 5
Nalidixic acid 30 15 - 18 2 - 12 - 16 -
Oxolinic acid 2 9 6 14 5 1 5 5 10 6
Oxytetracycline 30 13 2 18 2 - 11 1 15 1
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Table 16. Isolation frequency of V. alginolyticus from samples

Sample source Sea water Shellfish Total
Areas A B A B A B
11 4 15
Seongsan 60 30 90
(18.30%) (13.30%) (16.70%)
p 60 13 30 ! 90 20
oseon
y (21.70%) (23.30%) (22.20%)
8 4 12
Halli 60 30 90
atim (13.30%) (13.30%) (13.30%)
Daejeon 60 L 30 > 90 16
Jeong (18.30%) (16.70%) (17.80%)
43 20 63
Total 240 120 360
ota (17.90%) (16.70%) (17.50%)

A, Total number of sample collected; B, Total number of isolation of V.alginolyticus

(ratio in %)

Fig 2. Monthly V. alginolyticus detection rate
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