Vibrio cholerae non-013}
Vibrio mimicus ] etz A

AFeh et ojetel
AEELE!

19943 124



Vibrio cholerae non-013}
Vibrio mimicus ] A e} sx oA

o] e TIRAUN LRoE ASY
199403 129

A5 FRASY =ES AFF

SR EE T

# \: T %
# . A 9
# d X o
# < & d

Ao etz o et
19943 129



Ecological Study of Vibrio cholerae
non-01 and Vibrio mimicus

Soo-Hyun Chang
(Supervised by Professor Dae-Jin Song)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF ENGINEERING

DEPARTMENT OF FOOD SCIENCE AND TECHNOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

1994. 12



SUITUITIATY -+ +os# e e ereors oneemmasam are st h e eh L s 1
Hl B et 3
FUE T MPH]  ceeeeeeeen e 7
L. FO] BLE ZRAR ceeeeeeruonme o 7
1) ALE ZBZ] JFA oot 7
9) ALE ZRZ]  coveerrere et e 7
3) 228, GE 2 conductivity ZA e 7
4) COD ZA  crreerestmtommee et ss e oo e g
B) DH ZF creereeresesimmme e e 9
B) B ZA T BE] FA oo 9
9. W5ol 2200 wWalo] TE FO HLY AY e 13
1) A TFZE  eeesetsrineer s e 13
9) AR o] AFRF B 4E FIAF oo 13
) QIIE ZEA  ceeereerereeeiee 16
4) JE9 220 Wlo] WE FHY ML BH o 16
3. 0] & ZOl A TFO] ZA]  ceeeeeeieie 16
1) AFR ZEZE  coereee e 16
9) O] & TR O] A Z «orveveereerman it 16
3) FFO] FE TP MIQE cooveeeeeeeoe e 17
ZITF L ELEF et 18
. V. cholerae non-O13} V. mimicus@] E-E cevorenessesieraionmsinn e 18
D AE AF AR W 84 ZAT HJE FF e 18

-j-



2) %g] @é% ................................................................................. 25

3) MIO] FJE P cceveeeeoeeeeiee e 25
4) 20 PR HBEY TAN oo 28
5) BT} MOl FBE HJEL corrrrreerrmete i 30
2. gig}_ _’}:to:_g] 1:&5},0‘{' u;],% 'C_‘:")F' tﬂi}— ................................................ 30
) BEOA 489 Waho] THE F4 WBF e, 30
9) 7140l A 22809 Walo] TR T4 MBE corerrre e, 34
3) Bf2olA 2220 WMalo] THE FH W -orverrrrmi s 37
3. O] SO ATO] T ZA] crovreoerere e 40
1) HFO]ROIM O] T ZA] werererrerreinren s s 40
9) ZT B QoA Q] T BA]  eeereri s 43
= < T PP R PRPPP RS 47
’é}:ﬂ.'&@ ............................................................................................. 49



SUMMARY

To study ecological properties of Vibrio cholerae non-Ol1 and Vibrio
mimicus which have been described as new food poisoning bacteria
recently, the influence of factors such as temperature, salinity, pH and
chemical oxygen demand(COD) on detection rate and density of these
bacteria were evaluated. Fifty four seawater samples and 49 bottom
deposit samples from 'estuary of Kum river from March 26th, 1993 to
February 22nd, 1994 were used for this study. The detection rate of V.
cholerae non-01 were 16.7% for seawater and 10.2% for bottom deposit,
respectively. The total detection rate of V. cholerae non-O1 (11.7%) was
a little higher than V. mimicus(10.7%). Both V. cholerae non-Ol and V.
mimicus were mainly detected in estuary water of which showed
temperature 24 U above and salinity 10% below. These bacteria were
also detected in bottom deposit on January when the water temperature
was 3.5C. From these results, we supposed that temperature, salinity
and organic material were important factors to growth of V. cholerae
non-0O1 and V. mimicus. V. cholerae non-Ol might be grown better
than V. mimicus under the fluctuating aquatic environmental condition
such as salinity.

To establish remedy for food poisoning outbreak by these bacteria,
the adaptability and population changes were examined in fresh water,
brackish water(10% NaCl) and seawater(30% NaCl). Survivals of both
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species significantly drop with water temperature were risen regardless of
water types employed. However, survival times was the shortest in fresh
water(6-10 days) and longest survival period(10-16 days) at 4 C. In case
of brackish water, the longest survival period(10-16 days) were checked
at 15T and population were varied only in small numbers at that
temperature. No significant difference in survival period for both bacteria
was observed between seawater samples at different temperature but V.
mimicus survived about 5-6 days longer than V. cholerae non-Ol in
brackish water. In conclusion, V. cholerae non-Ol and V. mimicus were
not likely to be recovered in normal fresh water, brackish water and
seawater and both biological and physicochemical factors could affect the
survival of these species.

When these bacteria inoculated in fresh meat homogenate(1% NaCl
water 4 : meat 1) of a yellow tail fish and a young rockfish, and
incubated at 35TC. Each of these bacteria was reached to cell number
possibly causing food poisoning after 8 hours when these bacteria mixed

culture of them also showed the same results as inoculated solely.
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Vibrio £& FA aiF7tA] HE& #9400 dases ad 49 &
SFFAT22A 18543 olgE|ote] Pacinizt et gxte] Ewozry
HAFE £, Vibrio choleraezt 43 olg, 19704t g 31of
T AHEAA AWML dodle Vibrio £& Zdele QAFY  Vibrio
choleraest 439 NZE QAR Vibrio parabaemolyticus(¥d ¥ B
L) 2% WoIATH(=1F, 1989). U HZ 2003 Alolol AFE d1e A
Aol met el A2 HEE F9 Vibrio 0] w7E ] 1984d Aol 20
2] Vibrio7t R E A3 (Krieg®t Holt, 1984), Janda S(1988)9] W o A=
34%F9 Vibrio7t BR Qo k@ (19D 28t 44%F < Vibrior} B
1d Ao dEA Uz, dAdE I 5 F7H8l U FAoth o £

oA A Al AWE YOoIlE Vibrio £ 12F @38, =3

=

cholerae non-O1, V. mimicus, V. fuvialis 2 V. parahaemolyticus 4% & ¢
B FAANAM AFE AAFez AAHSATH=1F, 1989).

Vibrio £& 717, sl Foll da 2XHo] gloen o5 Fol 2¥d 3
T AR HAEE B FAEE 79 o] Fol LFH AT 4
HZBT )l Qs dojdtin LA gtk AT FFAAME, ATl
A% Yol et A7A HeY AAE Aakste A3EL gode AS
7t tiFEoltt. a8y £F9 A7 Al gelMe AFol 4T #He
Basta, ¥, dZd Fo] FYstd AYFE dodE ALE Utk
Vibrio & Algse 23 #™o] glon, 2o ¥e Agde 1 £}
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Hom F£2o] Fedte AFHA FUMEY. matd od F9 Vibriost®
3 gL 953 gol ddsle Aoz 43A Ut

V. cholerae non-Ol1(Non-agglutinable V. cholerae, NAG-Vibrio)9] A3}
3H EAe FdHadd A Zdatde ZAYY Olol sty wige
do7|A = Fdetdg A (Smith, 1979)3t= RL2 1970d Colwell S
o] AF FFHUT. o F& Ad Y FF 71F 2 #HE ordAy
A&sH= FAME(Colwell &, 1977, Kaper ¥, 1979 Kaysner &, 1987;
Twedt &, 1981; Garay &, 1985; Tison &, 1986; Armnau 5, 1983)°. &
Feletet Hlxd AWE dodle Aoz 4#A Ak Melntyre 5, 1965;
Spira &, 1978; Kaper &, 1979; Blake &, 1980). =2} EdatHict Ay
Fol A3 R wg, BF FHNA Aojrt Jlon FFAL Rygozm
Ag M AdAlelttMclntyre 5, 1965 Aldova %, 1968; El-Shawi%t
Thewaini, 1969; Dut &, 1971; Dakin &, 1974; Spira &, 1978, Blake
S, 1980; Shehabi &, 1980; Morris®} Black, 1985). &= HIZdE o Fd
E ABE dodgs Ruvt Qo 2 Fa4el ZE2H2 tHYamanoi F,
1980; Gyobu &, 1984).

V. cholerae non-0Ol°] A48l= EA 2= cholerae toxin-like enterotoxin
(Craig &, 1981; Yamamoto &, 1983), El Tor hemolysin (Ichinose &,
1987, Yamamoto &, 1984; Yamamoto &, 1986), kanagawa hemolysin
(Honda &, 1985; Yoh &, 1986), shiga-like toxin (O'Brien %, 1984), heat
stable-like enterotoxin (NAG-ST) (Nishibuchi®} Seidler, 1983; Honda %,
1985; Arita F, 1986) &°| H©3A Aoy, AlFolA AFAE doe £
= o A3 ¥rHA UA Fh(Amitral 5, 1992). V. cholerae non-01



o 9% #EL 37 #del F ZY A2, duz 4 Fgo] 49

= 3= Utk A gthBonner F, 1983; Hoge %, 1989).

V. mimicuse 19813 Davis & 95t AldE ANFoz olHdE V.
cholerae2 EFHAAR sucrose £ o] ks Ho| V. choleraest T2
. o] &2 V. cholerae non-O1% HZ&H SAo] u)¢ fAste BA =
7ldle B &% AAT, Iguchi 5(1989)2 lipopolysaccharide ¥-22 %
Z24E€ 7122 39 e ERoz HAEF A3 F Fol fAMol Utk
2 BusHA, ALY AF A, V. mimicuss sucrose 23

Voges-Proskauer(X =32 2 5 H acetylmethylcarbinol 84d) test Ao

/‘0,

o

V. cholerae non-O13t= 93] TEETE Bud vl ok(Davis ¥, 1981;
Tacket &, 1982; Baumann 5, 1984).

V. mimicus7t A41st= E4A2%E cholerae toxin(Spira®t Fedorka-Cray,
1984; Chowdhury &, 1987a), cholerae toxin-related enterotoxin(Dotevall &,
1985), Escherichia coli heat-labile or heat-stable enterotoxin-like toxin
(Nishibuchi ¢t Seidler, 1983; Gyobu ¥, 1988) &°] lon, #Y FA4o=
< AF 9ol g3 HAZE F FACE V. cholerae non-013 w3 §-AMa}ch
(Shandera &, 1983; Sanyal &, 1983; Chowdhury %, 1987b). V.
mimicus FTA dg] £XFHo gleng FAEIN WHE Ao glo
(Sasagawa &, 1980; Davis &, 1981; Muramatsu %, 1981; Kodama &,
1984; Chowdhury &, 1985; 1986a; 1986b; 1989) £3], JFHd) o] Fel &
dE AZoly FHAE 58 HAFoEZH AFEL dotn g4IA U,
o=, dE, e, Jhut 2 FARE 53 2e o ey 9Aa @
A2RE o] Fo] EYUHAMOgg T, 1989; Kaper 5, 1986; Kodama £,



1984; Davis &, 1981). V. mimicusoll g HAEL A3 F I
dol AlHle dBAIME BuH A3 (Kodama 5, 1984), W ate| Ao A=
Frdt FApelM & EYsAtE Box tkKaper ¥, 1986; Sanyal
%, 1984).

ol¢t L BNER B o, V. cholerae non-O1% V. mimicus= $73 =
A god AlA o= Aol M Aoz B 4 glon $a
FAME of FE £X7 HA HA UL Reg FAPAL. 53 Y4
U AFE AAste 8 dgdddAe o8 79 23U 873 29 g
8 3 AEol thE A77F AIFE AHol o}F o5 3 dxst BE
g dAHoltt. 2822 V. cholerae non-O13% V. mimicus® Aejstd =3
& TR £ AF A4 dF £Y) Yo AEE duA Ad 87
AMe X, £2 29 W3 ©E FF FH L A oA
THAEE d¥sisith. EXE o5 Fol FEE Hol Yz vE Agug
HEEC] 2 AZI AN Vibrio7h AN £ 248 #3Uodn &
A F2 HE 5,195 F 5,193 H T, 19808 ¥z 9x,
A 279 W] mE oS F9 HEYL Yoty st A Ay
o BlER ZFEe & HF&A B, V5, sFolA T4 deE 248
Aom, B o] FEo] AMF oj%o] LHHUL W F4] £TE vy
ol 2 ZAn& B3ae ulolth
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1 79 X ZA}

AR AH i

V. cholerae non-0O1 ¢ V. mimicus £ Algo] A FE A8+& 19934 3
9 2695 199149 28 24 Aol 27 H7A 48 20 AWH BT
M A% guitt 71X 37 AFHoA FAEE AFAH 40558 o] &3}
o HHF Aol AtHFig. 1).

2) AlE ANH

A AHAs e Bz fo AAsRen Ayl AM8E B BEF Im
Zole A& AFr|2 AL, B T F2A4 AU Ao
B, & 5470, W 4970, ¥ 10370 AEE MHAst Ayl AT A
g 7 AE= 200m! €% BT F7Hel Fol dPAR A Sulsid 2
il B K < B 3 A

3) &, 4= ¥ conductivity &3

T34 dxe ¥FAAM F AE MF AHA F4 1m REL
temperature-salinity -conductivity meter(USYSI Co., SCT-33, USA)2& 23
st
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Fig. 1. Location of sampling stations in

estuary of Kum river.
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4) Chemical oxygen demand(COD) &3
A.O.A.C.(1990) ¥l &3t AAlsHh

5 pH &%
A 89 pHE @Ad A pH Boy-Cl(Shindengen co., SU-08, Japan)2 & &
A3l H .

6) #+ &3 ¢ £ 3

7o 23 B3 @ T4 HAE Fig. 29 Zo| HAA5IAt. ¥z §2 =2
T QAAEE 107-10%71A B AMstd 1% NaCl® 7}3 alkaline peptones=dll
HE3R 371 TAA 16-18A1% FFujGsRes FFe AFsYPes
gk S =

SauRlA dAHoz Yehd AP 7Y TCBS(thiosulfate citrate
bile salts sucrose) % 3Hul X)(Difco, Co., USA)o HAujdsted HYHA =
a7 =4 AP HAAPsld Estu(Fig. 3), EE & TSI (tiple
sugar iron) WHAAH)A(Difco, Co., USA)I HF 3 H.S 7t= A3 A¥-&
glstch.

TSI WARAB|ANA 7t Aol fle T2 Harrigan® McCance(1976)
o 93t protease®t hemolysin A FFE FAskT, proteasest
hemolysin ¥4 #FF(Fig. 4)3+-& AR At

APE F& = FDA EF P (19920 &3t T ol 2L
Aol BAE 7L EUNZ V. cholerae non-01% V. mimicus® %4 Al
¥ 8 3l MPN(most probable number)2 At&34 ).



Samples

Dilutions

Enrichment
Alkaline peptone water containing 1 % NaCl

(37 °C, 16-18 h)

Streak all enrichment to TCBS agar plate
(37 °C, 18-24 h)

Typical colony (yellow and green)

TSI semi slant agar (gas negative)

Protease and hemolysin test positive

Gram stain Growth in NaCl 0-8 % Biochemicl characteristics

Serological test

MPN of V. cholerae non-0l1 and V. mimicus

Fig. 2. Schematic diagram for isolation of V. cholerae
non-01 and V. mimicus.
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Typical colony of V. cholerae non—-01 (A)
and V. mimicus (B) on TCBS agar plate.

Fig. 3
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Fig. 4. Hemolysin activity of V. cholerae non-Ol and
V. mimicus on blood agar plate (A) and protease
activity of V. cholerae non-Ol and V. mimicus
(B) on skim milk agar plate.
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2. 49 £29 Wzl W Fo FH8Y 4y

D AHg #F

V. cholerae non-O1 # V. mimicus® A%% @AM Ead #F2 H
A FELARE RBH REGECBHE (MU, BR)ZHE £ Lo} ALE
A

2) AdYol AHEE B9 53 AHA}

Aol AFEE F4E 19949 8Y 8Y 4EA dFY EF HS4H B9
EE AH3A AMRSIY T, sl 1994 8¥ 9Y AR 1A 4wl
gollA At ARSI F R deE AMEA pore size 0.8um9)
membrane filter2 «#38t¥1, TCBS H:ujgolA green P yellow
colony 7} 4o = & Ak JiFE A3 5 dHeE F
=71 10 % HEE 4391 ALE3sA.

Algel A" B 2 ol did FARAE 85 £32 J1FE T
B FH €59 £ AA PHEAFAABAY T, 1990 F5t A
Alstlen o AIe Table 1 B 29 2ok e UIES AAR 29,
7HEo 2 3to pH7F 80 ¥2o2 thih =/ JeElgen, BODE %2 ¥
olth.  zelx WiFFTY MPNo| 1,200/100mi2 ¥ Holdd. a3y
4E44 B 48 7 FES §F 5 AAF 35 2FI 385 129 Ay
AHTable 1). M+< 1985 HAE A3, pHI 792 A ET tha
@okodw, CODE 27 =A Ueigou, ZHAR &5 »F7l 234 7|&EX
o A3 Table 2). BAFAY 28T &L 334 FEoln At 3

A

-
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Table 1. Analyvtical results of water quality used as a fresh water

Tested item Crteria of third grade Results
pH 6.5-8.5 8.0
BOD(mg/!) below 6 5.2
DO (mg/!) above 5 11.9
SS (mg/l) below 25 10.0
ABS (mg/l) below 0.5 ND!
Cr (mg/l) below 0.05 ND
As (mg/l) below 0.05 ND
Cd (mgs1) below 0.01 ND
Pb (mg/0) below 0.1 ND
CN(mg/I) ND ND
Organic phosphate (mg/l) ND ND
Hg (mg/1) ND ND
PCB (mgl) ND ND
Total coliform (MPN/100 ml) below 5,000 1,200

a, Not detected.



Table 2. Analytical results of water quality used as a seawater

Tested item Critenia of second grade Results
pH 6.5-8.5 7.9
COD(mg!l) below 2 1.9
SS (mgil) below 25 1.4
Distillation residue (mg/l) ND ND
Total nitrogen (mg/l)* below 0.1 0.123
Total phosphate (mg/1)° below 0.015 0.013
Cr (mgil) below 0.05 ND*
As (mg/l) below 0.05 ND
Cd (mg!) below 0.01 ND
Pb (mg/1) below 0.1 ND
Cu (mgsl) below 0.02 ND
Zn (mg/l) below 0.1 ND
CN(mg/1) ND ND
Organic phosphate (mg/l) ND ND
Hg (mg/l) ND ND
PCB (mgi1) ND ND
Total coliform (MPN/100 m/) below 1,000 ND
Conductivity (kMHOS) 45,000
Salinity (%) 30.0

a, NH;"N+NO,-N +NO,-N; b, PO *-P; c, Not detected

_1 5_



5 Aoz g9 e BE APl A3l dH HIstoh

3) 4% 24
1-3)3 & salinity meterg &334t}

4) Q= 729 ¥ e F4 W3 &3

V. cholerae non-O1% V. mimicus® BHI(brain heart infusion) u}=]
(Difco, Co., USA)ell 18 Al #iig®e & 94 £ FHE =o}
PBS(phosphate buffered saline, pH 7.5, NaCl 1%)2 23] %<& ©}& PBS
10miol] ¥t o] WEY YAFE Zt B, vl 2 ol HAF s
o 4, 15 B 25 ColA AgujgstdA Aol @E T4 ¥IE A
ot #5Y F3L F uddE 10 w2 94 A% ¥ TCBS FWuAE
o] &3t EAEIYPo 2 FAHIA.

3. A% FollA T T4

D A oF
-1 F4¥ FFE AHEEAUTH

2) o1& TAYY Az
ol g glolA F T F4d B HYLS H FUMRY WPL Fx
2 3t § 32 ALANE gol AHEHE dEAY A4S oFd o
=%

(yellow tail, Seriola guingueradita)9t A& o|%Q 3 E-&(young



rockfish, Sebastes schlegeli)& 3tE] BAAAFANM F2o BFE FA &
& 7YY YL AAT F {FAZFILF] 100ppm] £&F5 1083
AASAT. £25E oA EE E7]8 ¢A3] AASI, ojgHE WA F o
£& FFHoE AASAC. cIFA AAF FAEE 1% A5 (H 75
Hol (% 1:1% A9+ 4) BT waring blender(WPDD, Co., USA)Z &
Z22}814(10,000rpm) AH&-3HATH.

3) oo HFI} MF

BHI izl A 18A13t vk #& 10°22 EAM3ln o] FAL ol& #&
Ao 1% =HA HFH ¥ waring blenderoll B@EHA 35TANA 2441 &
¢ #4 d3E FAHIY

FF FHL 24N BFez e AEgE AASy] JH waring

blender WollA] 3023t #&3(10,000rpm) A1Z T

_1 7_



d3 9 1nF
1. V. cholerae non-O13 V. mimicusd £ X%

D Ale AH AFE €73 =214 3

AE HH AHE 87 2147 & TS E Table 3-73 2,

A AL 8¥Wl L0 24T, pH7t 7.8, 4=7} 21.5%, COD7} 1.03ppm¥
d ¥FAA V. cholerae non-019] MPN©O| 6.2/100mi2 el V.
mimicuse AEEHA @4UTh V. cholerae non-0l¢] A& HA gL e &
o w3l £33 COD7l 2 HolUX XY pHE 22 Ho|UrHTable
3).

B AFL 8¥o $£20] 24T, pHI} 7.7, Q=7 165%, COD7}t 1.32ppmdd
o #solM V. cholerae non-019) MPNe] 9/100mio|$l 8- 110/100ml
o2 Yeigt. o] o we pHE 672 o do v ¥ Holuo
(Table 4).

C AL V. cholerae non-O1% V. mimicus®] A& &8% #571 713 &
o] UYelston MoME & AYrct 79 2d=st gt A 7,
9, 108l V. cholerae non-01¢] MPN©¢| 3-6.2/100mi2 JElgton Fo] 3
Z2¥ 1 £ 24T olZoNX pHE 75-7.7, 4=+ 57-17%, CODE
1.10-2.37ppmel At} V. mimicuss 7, 8 9% #ForA MPNo)
3-230/100mi°l 2, o] H&EE o £ 24T oY, pHe 75-81, gk
3.5-17%,, COD= 1.12-219ppm2. 2 V. cholerae non-01°] HAEE we &
73 2213 FARIATHTable 5). C XA A, B AFEY COD7 =& H
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ol]RL pHet =T P& HWold2y D, E AHEBoE =7t £& Held
=3

C A9 WA V. cholerae non-01°] 1€, V. mimicus’} 8, 9, 1¥9)
dAgoz JElton, mlg Sold AL 1¥ol £20] 35T o F #o] B
F &9 Zo|tH(Table 5). olgt 2 AT o]F o] WM Ussn
Jtte AL FY3E R R V. cholerae non-01F V. mimicus®] &) &
Tol 8% A5ty ARBY. WYA Vibrio T8 4F B AdF:
3 A (1978)°] FE Vibriorh WollA YF3ctn Bug R oje& o}
Z] ol tiF A7Vt FEF dHPo|lEmE go2 g A7t aFHH

D AAHA V. cholerae non-01& 104l 3o MPNo] 9.1/100m!
2 YElgton o] uf £ 247, pHE 79, &< 65%, CODT 2.13ppm
olitt. FH V. mimicust 749 sl MPNe| 3/100miolz, 8 9¥
o} wojlA MPNo| 230/100mi=} 130/100mie2 Jebgch 799 £ 245
T, pHE 75, 9%+ 53%, CODE 145ppmelitt. Moo v|nd 2 #
F7F AEHANLH, o] ff F£2L& 24Tol1 AEE 01%% 45%°1Ax, ¥
pHE 799 7.30]3ith (Table 6).

E AHANME V. cholerae non-01% AEHULH 9 el MPN
o] 9/100miolx WolAEe 7¥<e MPNel 30/100mie2 velsth  9¥U9
FL2 25T, pHE 79, 9EE 48%, CODE 247ppmeIAtt. HelA ¥4
o2 Jepd 799 28 252T, pHE 69°|HTable 7). Chowdhury &
(1989)2 Dhaka, Bangladesh ¥ Y& e 7lofrtol A A7 V. mimicus
o] E¥XE HESZ 27 Dhaka®l EolA MPNo| 900/100ml, L7}ofute] &
A} MPN©] 15000/100migtz Rustgoy & A4y A o] Bot #3571
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2A AEHUD. ol V. mimicus®] A&l HlRE 2 279 zo] o E
olg}x Atg Et.

2) B9 A& E

e C AHANA V. cholerae non-O1F V. mimicus®] H&&°l 31.3%
2 7M} A U3 tgol D AYe 125%9 AEEL Uitk A,
B, E AL V. cholerae non-015+ A& 5 A} (Fig. 5).

3) ¥ HEE

WL V. mimicus?t C& D AFANA 27.3%<} 25%2 =4 FEHUI A,
B, E AHNME HEHA &Udth V. cholerae non-01 B, C, E Aol
A AEHJL D AHAAM e AEEHA @Ayt Fold A2 A N3 Wl
A V. cholerae non-O1% V. mimicus 25 AZHA sty t& AQro
d=9 pH7F ®3 COD7}F w2 53] AN (Fig. 6).

ol A V. cholerae non-O13 V. mimicuse BESF 20| 24T o|44d
o HEHAUSH d=rt vlmF ¥n COD7EF vy ¥ uRE 7ZEo]
us A | 29 C AFAA HEEol E}T a8 VI cholerae
non-O1& EE A FAA ZEHE ¥ V. mimicust 78 @ FHAA
HEHs 5Hol = Aoz B o}, V. mimicus®t} V. cholerae non-01
ol ¥ W& A HEste eg FFHEY. Venkateswaran § (1989)2
dRo FFofn} Bt A V. cholerae non-019] £ X th3 AF A3 V.
cholerae non-01¢ £Xo] JolA 71¢ F4¥ AAE 2= 3L,

Garay 5(1985)2] Spain Valenia® Albutera ¢ I QAo g 4+



40

30

20

10

Detection rate (%)

Fig.

V. cholerae non-01
V. mimicus

N

7

NN

AN

%

M

5.

Sampling station
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A Vibrio £9 ¥ B9 2% B9 typedl Frofez F¥S U=
o sigled ole B AY A A dATH.

Yol M= V. mimicusE C% D ARANM =2 HEES 2
Aol Me FEHA Fe 2oz & o ZEFH HTEC] i AHe A
AEA V. mimicus7t F2 A4E1 o] XA H4FE dte Zes F54

o},

r o]
=
(%
£
ra

4) B9 d=9 HEEY ¥A

V. cholerae non-Ol& V. mimicuse |E7F vBla3 e EoA HZFol
go| = AgolYey V. cholerae non-019] & E°] HE 15%°l 3ol A
9.3%, 151% ©ldoM 74%2 Zel7b AU V. mimicuse Hx 15%,°13
N 9.3%, 15.1% °13llA 1.9%=2 FR3 Aozt JAUTHFig. 7). ol= V.
cholerae non-O1Etk V. mimicus7t =9 4%< ®ol ¥=vn FAHY
4 gloen 714 XY oM E V. cholerae non-O1ET+ AH-$Fo| Hdri=
52e JEAT Rhodes S(1986)2 1985 34d7) A% @2ax 2 X g
A V. cholerae non-01& AR A3 =7t & AQAA E2 AQ71A
V. cholerae non-0Olo] H&H AUk B3I, Chaudhuri $(1992)2 &7
sehel V. cholerae non-0O1& 9% M X el phospholipid& 7HAIZ UA] %
Z, ol AT EWY 542 o7 71A 874 ¥zt 2 4EEE A
A =HE 9olatn Budt Aoz B o V. cholerae non-013% V. mimicus
o] 87 A8l o7t Y& AR FHIG
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5) B3 ¥ ¥&E vin

V. cholerae non-01¢ A HEFEL 11.7%Adl gollA 16.7%, ®AlA
6.1%2 #olA o x4 HEE W V. mimicust AA HAEEol 10.7%
Adl o} @o] 11.1%} 10.7%2 & 2Fel7t R ATHFig. 8).

o3l Azz ¥ wl, V. cholerae non-0O1% V. mimicus& A4 ZZAo]
dutAo 2 {ASIG L ALRE® gt V. cholerae non-0Ol°] V. mimicuski.
O 2 219 ¥l o YA Hgse Aoz A

2. AE9} $29 W GE F4 W

1) ZEAA 29 ¥zl dE F4 W3}

Az 5T 100 A= ZEA BFSHA 4,15 2 25-28 T AgsAA 7
T ¥3E B Zd 25-28CNA V. cholerae non-013 V. mimicus7}t 6t
o A3l 15 CllAM V. cholerae non-01< 10Y, V. mimicuse 8Tt
AP 3 9t 4 TAA V. cholerae non-012 10¥, V. mimicus 6Q9toll A}
Ao, ol A2 B o FENM V. cholerae non-OlEth V.
mimicus7t H-g¥o] 3 Aoz A=Y V. cholerae non-01<& 4%} 15T,
V. mimicus& 15CA ABAHC] & ¢ &+ UNT. F #F EF g3
EF L A=A 5-8TAA 71 HgFo] dken 10 A= F& A
FAE de 19 ol AEsAY 23dx B e ¥E §F £29
15CeA F FF 2% Aol & Aoz Uehth(Fig. 9, 10). o1 &
#2 nFo B o§H V. cholerae non-O1% V. mimicus7t % Qg
HAY $A4EE A9 22=HE ® 1Y A F7] g0 Fort a9
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Fig. 9. Effects of temperature on survival of
V. cholerae non-01 stored in freshwater.
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10. Effects of temperature on survival of
V. mimicus stored in freshwater.

_Jj*



o 23 {718 2ol A% Agoly H7t Bel & FE ¢ 2 ST
% B&ol ol AEF 7tsAol JoBz ol g d3r o ardoh

Venkateswaran(1989) &2 V. cholerae non-0O1°] 9% 04-26%% B+
AM HEFHAJGT HuF wt gloeyd I HEEol AFI Rskm,
Chowdhury(1989) 2 V. mimicus® 3% 9=7} 1% °l3lY 54
F8°l 94571 2-4%% ZdA B 33 Lon Rusdg. ol A
EE W F AL 957 05% ©l3lelME HEo] BEHA getes AL 2
T en, 4E7F 0% ¥ HY9 BEAM F FF7 94E 1057 3049
ol A B @] AMEE AL olF9 A9 fAE AYL Usiitn
E 7 At

2) 7ol A 29 Wld e F4 W

AE 1042 ZHE 7159 10° B=9 V. cholerae non-01% V. mimicus
& AFsA 4, 156 € 25-28C AF3WA F4 wsel T FFE 10° 3
= HF3Y 25-28CANAM ARFsHEA 74 dE3E E FIAE Fig. 11, 129
Zo

Zt &% X5 V. cholerae non-O1R.T V. mimicus® A& 7)o AR
o Algte] AFgtel wat @4t FAaHUM AMEEAY F #F EF
25-28, 4, 15T €22 AE 7ol AU 15CA 73 Aol wghod
V. cholerae non-012 10¥ V. mimicus= 164 AbEsIHTh. 25-28 Tl A
Az FTE ATEZ HFINAE de= vy 1-2¢ A 1 log cycle AE #F
F7b F7H F Aztol ZAFAFe] wet F&3 AL AR E i oHFig.
11, 12). €= 10%9 715ddA SFHA AL 1500 AR d5
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11. Effects of temperature on survival of

V. cholerae non-0l1 stored in brackish
water (10 % NacCl).
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Effects of temperature on survival of
V. mimicus stored in brackish water
(10 % NacCl).



A= 30%° oA Boh 2-4d AAoke Hold, & V. mimicus® A%
T 1500 & A9 usld T4t MAE] giasts Aoz ehgt
ol ZAIes F FF EF HE 04-30%9 HL HHAdAM AZHY
(Venkateswaran %, 1989; Chowdhury &, 1989), 10% ¥29 ¥€%7} V.
cholerae non-01% V. mimicus® #7 Az Aolgln AlESY, ZE3 n}
SEo] e Tl AFolM 87 A wow FAY ssAol Eox
E 7 A2 B2 Fo] F4E F f7]EA =9 A 29 ¥z F
o] A A¥EHE Aog B

3) gollA £29 W3] WE A4 W83}

A= 3049 S5l 10° =9} V. cholerae non-O1% V. mimicus® A%
dted 4, 15 B 25-28 Tl AREEA T4 das 10° Az A¥E F&
HE st 25-28 Coll AF3tAA o4 ¥3E FAMG = Fig 11, 129 2
o}

A 3049 sgFiME F dF 33 =7 22T F A% A%
I, Az F4E 4 10 =2 A A9e 9 5-28TAME WY 1Y
¥ 1 log cycle BE FI6t9ov O & 333 T4 3-4Ygto] AE3IY
FH, 4 CA M= AZ7130] V. cholerae non-01°] 199, V. mimicus7} 17Y
2 A¥dE 238 FAA A7l M AAHFig. 13, 14).

Kaspar$} Tamplin(1993)& V. vulnificus® 7%, 957} 15-25%04 14T
7b 21TCellA Bt AZ7I%e] o AU o] Zoe FF =7t old B¢
L7t 83 g APl %<& vAd BasPoh. o} ATz
E 0 F4 A 47 104018 €A A= V. cholerae non-013% V.
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5 mW; 25-28°C
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Storagr days

Fig. 13. Effects of temperature on survival of

V. cholerae non-01 stored in seawater
(30 % NaCl).
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Fig. 14. Effects of temperature on survival
of V. mimicus stored 1in seawater
(30 % NaCl).



mimicus7t 9% 30%° #olA 159 25 TR 4 TAlA A zr|3te] AA
Hebd X ol e B ol E + UL AolH, FFIAEIY §7]
S 3l e AD §49 sFdMe Agdx 0§ @o] ¥ESHH
A& 7Hsdol vk 58 4+ QU

ol A& FH3IH V. cholerae non-013} V. mimicust 342 < &)
F, 7l 2 FFdAMe F4H7 oen, ¥ 49 Fol LAHAGT §
g% Alzte] AFsld AwE oz Als®EY. 3y o 2AY A
A o] #E°] EYHI Ut AL o] #E°] £ 249 W3 53] {7
B9 4ol 4% RelAE F4ol 7FedliAr] dEd, ZFEF uitEol
dole ATt 2L 55T A9oA 25, 94 & {71829 =7 ¥
g w Fol FHE £ FUHE Az FHY £ Ut

3. 4 golH 7o} 24

D) WolgoA & F4

ulol(yellow tail fish) S AN V. cholerae non-013 V. mimicuss®: ©&
UHF H TRHFTSA 3BT MRSHA, 2-4 AT v} FFE FHE
A<= Fig. 15, 167 2t}

Sdujokel QlolAM V. cholerae non-O1¢ A% HE FFE 62x10Yml
HA AFARE @ AF F 4 AT FRE F4o AFHAZ AF 16 AT
ol 25X10%miz At} FFol Btk V. mimicusd B4E A2 FFE
29x10°%/ml HA HAFAE o, Fol 7] A glol F7Her) Alzstd A
B 12 ARkl 1.9%10%mi2 At} Fol 23t AtH(Fig. 15).
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Log CFU/ml

Fig.

®; V. cholerae non-01
1r O; V. mimicus

1 1 1 1 ] 1

0 4 8 12 16 20 24 28

Storage time (hour)

15. Changes of viable cell count of
V. cholerae non-01 and V. mimicus
inoculated in vyellow tail meat
homogenate during storage at 35°C.

_41—



Log CFU/ml

Fig.

16.

9
18
17
— =
6 5
15
@ V. cholerae non-01
OJ; V. mimicus - 4
A; PH
1 1 N 1 1 1 1 3
4 8 12 16 20 24 28

Storage time (hour)

Changes of viable cell count in mixed
culture of V. choleare non-0Ol1 and V.
mimicus in yellow tail meat homogenate
during storage at 35 °C.



EuMgal AN E Hx d+E V. cholerae non-01& 54x10%mi, V.
mimicuse 1.9x10%m! HA HAF39L W, V. cholerae non-01¢] A% A
Z 4 A FRE F71817) AREt] AR 8 Azl 55%10%mi, AF 20 Al
ol 40x107miz Al #F5o Btk V. mimicusd 3$E A% 2 Al
RE F7Med AR 12 Al 1.0x10%mi, AR 28 Aol 1.3X10%miz
A FFo @i adn $FAYe pHE 565-6.072 W3l o
A 1 th(Fig. 16).

2) Y EF KA & F4

Z3EFH(young rock fish) &F AN V. cholerae non-O1& V. mimicus
& 9UHF $ EFHFEA B A HFNAEA, 2-4 Aot F4E S
3 A= Fig. 17, 189 2t

aduidel UM V. cholerae non-01& A F+E 21x10Yml, V.
mimicus 70X10/ml SA HF3HE o, T FF 2ZF AP 2 ANEH
3718171 Al &8t V. cholerae non-01L A% 12 Azt 37x10%miz 3
o #FEol @89, V. mimicuse A% 12 Akl 14x10%mi, A% 24
Aol 44%10°/mI2 Ao 5o @8t (Fig. 17).

Ei gl AAXE LoldM g v Hzx dFE HFHAIL W V.
cholerae non-012] 7%, Wolo A&t FASHA AA 4 ALREH F57 F7
3l71 AEEtn G 16 Azl 80x107/mi2 Al F4ol 2. V.
mimicusE A% 2 ALRE It F7He7] AFRE A 8 Al 6.0x
10%mi2 Z748tin o ¥ o gAsAou A 2443 ARE oA F
7het7l Aastd A 28 AL A 27x100/mi2 A Zgel ©ste V.



Log CFU/ml

Fig.

17.

®; V. cholerae non-01
0O; V. mimicus

1 ] I 1 1 1

4 8 12 16 20 24 28

Storage time (hour)

Changes of viable cell count of
V. cholerae non-01 and V. mimicus
inoculated in young rockfish meat
homogenate during storage at 35°C.
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Log CFU/ml

Fig.

18.

®; V. cholerae non-01
O; V. mimicus 153
A; pH
1 1 1 1 1 i i 4
4 8 12 16 20 24 28

Storage time (hour)

Changes of wviable cell count in
mixed culture of V. choleare non-0l
and V. mimicus 1in young rockfish

meat homogenate during storage at
35 °C.

_45_



mimicus® T4 F7}7} V. cholerae non-O1Eth ¢t &gtttk 281 S
A9 pHe 6.73-7.192 W37} AU wol& FAHYS pHel wlsjA &
Aol o 77D (Fig. 18).

o3l A2 B o, F FF EF F FFHY olfdM & FHsgen,
A 8 AT AR HFEE 4ol F e T 2SI oS F
7 22E Yolgrt zAESKdA 759 F/F A% #9E dH, oA
€ 2V EF LY pHIt F490 7I7H17] Q222 AR EY. #FF ¥E2E 5
FRe A% BFAM V. mimicus® @47} V. cholerae non-Ol1B.th 3t
H F7HIA2 Y fA¥ 93 Aole /AT olE F FH AHH Ao
AL V. parahaemolyticus®t V. vulnificus® A9 Ao Fd Z=45Q
of, AYLH Y& oFi FHo] YFIPE B F, 1986
A 5, 1988)2 & of, ¥4 HHIE YRR AMSAN F F4dt
FE5EH22 AN #dd Fe Frt agdn



% 8

N2 AFE ATz 4#HA e V. cholerae non-013 V.
mimicus® 2X9% A4 21& g3 FF shellA 19939d 3¥ 26U
B 1994'd 2¢¥ 22471A 42 ¥73A3l9} V. cholerae non-O1% V. mimicus
o] TEE RAEIYLH, AFE Al oyg Q3 oy Yo Yoy Ay
g AFsa A B, 715 2 H5E R d=d ex9 wid ge
V. cholerae non-O1% V. mimicus® 2§38 R AMF o fo A F9
FAYEL ZAR AR v 2o

b

1. V. cholerae non-01& 314 5471 A|8A 16.7%, © 497 A& A
6.1%, A 11.7%7F AE=HALHY, V. mimicust 35 3770 AENA 11.1%,
g 497 AlRNA 10.2%, AA 10.7%7F A& = A

2. V. cholerae non-013 V. mimicust & 24T °l4, 9% 10% ©°l3t
9] JlgdlA F2 HEHI2Y, 0] 35T 1€ HoMxz HEHAG-

3. V. cholerae non-O1% V. mimicus® AAL 2%, 4% R {71829
LGl F8 AAIH, V. cholerae non-01& V. mimicusEtt X ‘3o
3 A-gYo] o F3krh

4. FFNA V. cholerae non-01& 25-28 CRT} 4} 15TAAM A7
o] AN V. mimicust 4TS 25-28 CR T} 15 Tl A AAz712ke] AU

5 7IFdAME T #F BT 15 4, 5-88Cxo82 QA7 Aoy
goo sl Aol Frh
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6. SFAME T T 33 L7} E€5E AAV00] BA%oH, 409
A AdY 23 F A3l 7 Ao

7. A= &x9] W3l= V. cholerae non-013 V. mimicus®] A 7ol 2
2% JAztoln FFAME V. mimicusRT V. cholerae non-01¢] 4ol
ERL, ZIFANAE V. cholerae non-O1RT V. mimicus® ¢ Ajo] Ete
B sdMe 5 T Aloldl 2 olst giih

8. A Wwolot B KFAYE NS 4 & Dol V. cholerae
non-013} V. mimicus® AF 3t 35Tl A w33 Azl F40] G339
o T #E EUsY FEEAUE dE 4 HAFF A Ro|rt dAh
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