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Virulence of Vibriosis in Larva Stage of Pacific oyster,
Crassostrea gigas
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The potential pathogenicity of Vibrio splendidus biovar II, which was isolated from triploid larvae of
pacific oyster with bacillary necrosis and fish pathogenic V. anguillarum were investigated. The 5-day-old
larvae infected with V. splendidus biovar II at the dose of 1.81 X 10* CFU/m( started to die within 8 hours
after exposure and the mortality were reached to 100% in 16 hours. However, 1.13 X 10 CFU/m{ of V.
anguillarum caused 5.5-20% mortality of the larvae after 24 hours. The 10-day-old larvae infected with V.
splendidus biovar II at the dose of 5.0 X 10° CFU/m({ showed mortality from 8 hours after challenge and led
to a marked mortality of 90.47% after 24 hours. But V. anguillarum at doses of 5.08 X 10** CFU/m{ did not
show mortality in the 10-day-old larvae. Therefore V. splendidus biovar Il exhibited stronger virulence in
5-day-old larvae than 10-day-old and young oyster. Changes in the concentration of Vibrio in sea water
showed that V. anguillarum decreased from 1.13 X 10° CFU/m{ to 1.7 X 10° CFU/m( and V. splendidus bio-
var II increased from 1.81 X 10* CFU/m{ to 1.7 X 107 CFU/m{. This strong survival ability of V. splendidus
biovar II in seawater was thought as one of the virulence factors against oyster larvae. The mortalities of
5-day-old and 10-day-old oyster larvae were decreased by addition of 30 wg/m( of antibacterial agent(oxyte-
tracycline or streptomycin). These results suggest that bacillary necrosis by V. splendidus biovar Il can be
occurred in oyster larvae in Korea. And virulence of V. splendidus biovar 1II is stronger than that of V.
anguillarum in oyster larvae causing significant mortality at the density of 10* CFU/m(.

Key words: Vibrio splendidus biovar 11, Vibrio anguillarum, Virulence, Crassostrea gigas, Oxytetracycline,
Streptomycin
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WA e T R sFAA =l oJg i
oAu= 2] i 4 A7l 2
= YHREL 3§k vibrios ¢} I
11] (Tubiash et al., 1970), = QAVFEH
BAe AAE E4e AT
mwwa} Ao} o] Vibrio & At
SAAEA7S Fod BeRo 4
1t} (Tubiash ef al., 1965; DiSalvo et al.,
1978; Elston and Leibovitz, 1980; Jeffries, 1982;
Loneiros et al., 1987). 121 o] 3 o | Al=
AN O 7 ofFo] Wol] WA LA 2
t} (Davis et al., 1988; Lacoste et al., 2001). th&-
Fo] olFZEY ALS A" 71 SAALS0]
ng w9} 7+e w7 STt Vibrio EHatel ¥
date] wo] APA Y v1A & AT
By EolZth (Riquelme et al., 1995).
Loneiros 5 (1987)¢] HIlol &JspH Vibrio &
A Eofo] BAH AdFoR ‘/}E}LPUJ]
ATFE AW A AEAl = LS
2o dHA Utk

Vibrio < Mol ogk AW 7Y 5 244]
ZF oliell 90% ol’Fe] WEFHAE
(Nakamura ef al., 1999) v]|=*, 3
TE g Al o] 7P AE A 59
shE 5% 9t} (Elston R. and Leibovitz,
1980; Loneiros et al., 1987). o]& 3t A 2] Vibrio
raZo] Qe FOF V. tubiashii, V. alginolyti-
cus, V. anguillarum, V. splendidus 5] 3oislaL
nem olE F V wbiashii7t FEH A #o=
BVt (Elston, 1993). Z9E = 42 ¢

_4

T3

B S EM QFT 7 Abe] F9lol Al
o) o] B SJete] Y2} e
ul ZZo] Big= AL E 4 9t} (Brown et

al., 1978; Elston et al., 1980; Brown et al., 1984;
Sugumar et al., 1998a; Sugumar et al., 1998b). ©]
23t Ao AF= 10 CFUMeS] =& NS
) 6-124]7F olfjol]l YEbdThy Sugumar F
(1998b)> K331 oLy, ob2] 11 WAl e] w7t

How g-evztet 7}771~rtt1
AEANM T V. splendidus biovar
I ol 7]121&}= bacillary necrosis 7| A8 =] Sl thar
Sugumar 5(1998a; 1998b)oll <J3] H I EUch
mEbA SUels B HdAe] §9 2 A 7t

B2 =30

S WA jlom dFEAE R
+ bacillary necrosise] W 7154 SA] Az}sh

Al JrfsioF & Zlolth
V. anguillarum2- 7] o]Zo]] Qloja] H|H g
A3

©me) 99 #ow el Feldl ol W]
E-o|t} (Inamura ef al., 1984). AQte] o]F k2]
HoA WSl 2 ATERANECR §9)

7VFsAol =& V. anguillarum S A] ouf =) F-ol
WAISH= bacillary necrosis®] 9491 #0% HI
Hojzl vl Qlo] o] WA} & ST A
ough IS vAA yHE = FaUF vk
(DiSalvo et al., 1978).
ofef] & AFolM = FEuEre] Zell oA
bacillary necrosis@] WA 7154 oH-E Q15
9138}t bacillary necrosis 7} 28 3+ U E-¢] 3ujj A
Ao 7 RE E2|¥ V splendidus biovar I
o HjE e el ZaE X9 H]’f@ﬂ’ﬂ it
H V. anguillarum = A3} 2o =EA171
T HAbeS BESto RN T oHAAHe] B
/32 Blasich B3k o] vibriosol] thek 3}
Al Al aE FHFOEN 7] A<
gystaat aksick

o M o

ISR
SH et del 54
Ao 2 A7}sk % _]gr_g
23+2CE §A3 20L
Aol ARSI 2 FAS Het Tl 1.23
ugol™ ZYaL7} 80-120 m Q1 F3} 5 5U ¥ 744
7] A% Hd TFol 2.3 ol 7z
200-250 um ¢!
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Vibrio splendidus biovar 1= QX 3| ZAJu}g]
= AFE=Tu Aol A bacillary necrosis®] =
e Hole 3ujAl =& fAdA EEE As
(Sugumar ez al., 1998a) 3] ZAn} &t =g
o ATFAEFE T wof ARE-sT g V.
anguillarum-2- ‘g2l k2] F27gol| A v B 2]
o] x4 S-S vERd GAERH ¥ A
< AREEITE B #FES oled AAket
Al 574 kitg] API20ES o]§-3lo] F<lals]
t} &elEl #FE52 TSB (Tryptic soy broth, Dif-
co) Hix]oll i ¢F % oI & 7] 2] microtubeel] -7
3} % DMSO (Dimethyl sulfoxide, SIGMA)E
7kste] -80C oA HetHAl F8 T winjch
s 7ol ARE-SFRAT

Qlgie 2zt MZ =]

V. splendidus biovar 112} V. anguillarum-2 NaCl
o] 1.5% $H-%¥ TSBol| HEsle] 25°C oA 24
AIZE F}E vl Fataitt zHzbe] vt 100 wl
A A2 TSBoll HEste] 6A17Hg<tH subcul-
turedted 10,000 rpm O E 1087+ YA 23 &
e WME L e H SR 33 AlH
&tk Al1H3 #& McFarland's No.1 (3% 10°
CFUm) Bt=& A% & SAEE 343}
AHEEQATE Vibrio & NaCl 1.5%7} 3%
TSA (Tryptic soy agar, Difco)2} TCBS (Thiosul-
fate citrate bile sucrose agar, Difco)S ©]-8-35}o] 24
AIZE B YFRE - colony S A3 Th

EH2 QA0I| CHSE V. splendidus biovar 112} V. anguil-

larum?2| Q19|24 3 EhRH| AZ|
Oxytetracyciineo] 2 A &) AL PR = FF
594 Aol 100 larvae/mf 9] HFEE &

= 100 m¢ B¢+ H]o])F ol oxytetracyclineS Z+
0,6.25, 125,25, 50 ug/ml &) =2 H7}sk &

L I 3o

=

100 larvae/mf o] 5 == Ht sfiroll F-fAIZch
A T A2 100 me He Hlo]Ad ¥
S V. splendidus biovar 1= 1.81 X 10> CFU/m(, V.
anguillarum-2- 1.13x 10> CFU/m( 9] Tx= z+
7 QESTh T 4 0A02 FA9
HARES ZAF8HA

Anld A7 Al ARk 5 Ago] A
e TS AA A E AYsHL F 50-100
nlg]e] FAS AZHEE QRS HAES T
sk3ich

ALl AL 80% ool HAS W Y
Tz Joldle FAS B AFste] o ¥
el =2 Al23F %, homogenizerZ & 3}
sle] TSAS} TCBSol| =23t & M-S #2]s)
ath 229 AlFS API20ES A}gate] zhzt
V. splendidus biovar 19} V. anguillarumJ-g& &<l
sk3ich

3 7 Y Fxo /A AT E 954
2 3]skl TCBS wiAol &3 5 vehd
&2 ASTOEZMA V. splendidus biovar IS} V.
anguillarum®] A7H8 5% W3sks ARSIt

ool 5UA [Aboll= V. splendidus biovar 12
HEotod 12417 & #HAF e ] AlRbe o
oxytetracyclineS 30 pg/m¢ o 2 =2t S
A A2 T AATF AR HARES A
ok AESHA o> ¢} Hlask Tt

23 F 1094 4

sa el 71l AR FUE PHow
eSSt V. splendidus biovar II= 5.0 X 10%*
CFU/md, V. anguillarum- 5.08 X 10*° CFU/m{ 2]
TERE 7H7F HESA

1044 f-Aoll+= streptomycine 30 ug/ml &
L2 AEste 594 fAe A9 FdsHl
AT
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B ATONA Vibrioo] Q19) THAE] AR
AMASE Fig. 1| o 7o) vk 4
3 glglon] R 25e] BIjsh FNRel A
F 9% Axe] ehget

Oxytetracycline0| = FA42| MZ0| n|X|= P&t

5YA FAYell gt Ao 54 Yot
$I3ke oxytetracycline S FLHE A2 A}
(Fig. 2), 2.5 AT A 36X 7 |
AL Yehz] AlErskith 48417F Foll= 0,
6.25, 50 ug/ml A@FANA 80% o)ie] HARF
Hol Wk, 12.5,25 ug/ml ol A= 40%©] 32 H A}
£ UeErATh

[LLE

T2} £ 52l M0l DSt vibriose| HH/H
H Xzl gt

oot

A9 HALE
1.81 x 10* CFU/m¢ e T2 3 V splen-
didus biovar Il 2§70l /\11“ I7A T SAIZHA)
10.81%= HAPF Yehtr] Alzkste] 1241705
67.39%, 16A17F o= 100% HAFsISGTE 1€
7+ 24417 % 1.81 X 10? CFU/m0 o] s==oA &=
3.13%, 1.81 X 10° CFU/m{ &] F =A== 2.63% =
2o HALE B (Fig. 3). V. anguillarum 23
FoAE AN T 16K BA BT
1A AP 9glott 20474 1.13 X 10° CFU/
0 AF LM 7.14%7} HALSITH 244174
1.13 X 10° CFU/m( 9] FEFolA= 7.14%, 1.13 X
10* CFU/m{ &) FE79A+= 20%, 1.13 X 10°CFU/
m0 2] FETIME 5.55% #A1sI Tt (Fig. 4).

A917+Y ¥ oxytetracycline A &) & 3%

72+ 12417 & oxytetracycline2- 30 ug/m¢ 2]
T2 AP A A, oxytetracycline %]+
oA FALE] 16X17H 67%, 2041748 T6% 2,
16117+ A 100% #|A}sF B)x)a) 2o vls] FAF

7h A ==
= 7 ART

9 FZU e V. splendidus biovar 118} V.
anguillarum @] ¥ H3}

Al 2 ATl oA, Ak mE Fx
Wl Vibrio F% ‘ﬁﬂ—* 7‘/\]'6L A3 (Fig. 6),
1.13x10° CFU/m( 9] TEE H=" V anguil-
larumS J= % 4*]7%1]] 75%x10° CFUmZ =
7k 3 20A]17F Z¢] 1.7x10° CFU/mZ x}=

Ir

AL Ao 1A Fof
2 100% M (Fig. 5)

Fig. 1. Larvae oyster challenged with V. splendidus biovar [
(A: Healthy larvae, B, C: Infected larvae, swarming of bac-
terial cells around shell and velum of the larvae)
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Fig. 2. Mortality of larvae treated with various concentra-

tions of oxytetracycline
(m-m:0, O-0:6.25, A-A: 125, 0-0:25, @-@:50
ug/ml)
100 —— o
:11]
7 80 fF'/
i /
40
: 20 /
0o o= & & P I— ]
4 a8 12 16 20 24
Timedhours)

Fig. 3. Course of infection in 5-day-old oyster larvae chal-
lenged with V. splendidus biovar [I

(m-m: Control, o-0: 1.81 X I0°CFU/m¢, A-A: 1.81 X
10°)CFU/m¢, ©-0: 1.81 X 10*CFU/m{)
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Fig. 4. Course of infection in 5-day-old oyster larvae chal-
lenged with V. anguillarum

(m-m: Control, A-A: 1.13 X 10°CFU/m{, 0-0: 1.13 X
10'‘CFU/m¢, @-®:1.13 X 10°CFU/m()
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Fig. 5. Mortality in 5-day-old oyster larvae with or without
addition of oxytetracycline 12 hours after exposure to V.
splendidus biovar I

(m-m: Control, O-0: V. splendidus biovar II infected
group, -4 : Oxytetracycline treated group)
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Fig. 6. Changes in concentration rate of V. splendidus bio-
var [[ and V. anguillarum from experimental water includ-
ing artificially infected oyster larvae
(0-0: V. splendidus biovar 1T 1.81 X 10°CFU/m{, ®-@:
V. anguillarum 1.13 X 10°CFU/m{)
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Fig. 7. Course of infection in 10-day-old oyster larvae chal-
lenged with V. splendidus biovar I

(m-m: Control, o0-0: 50X 10°CFU/m¢, A-A: 50X
10°CFU/m¢, 0-0:5.0x 10°CFU/n(, ®-®: 5.0X
10°CFU/m()
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Fig. 8. Course of infection in 10-day-old oyster larvae chal-
lenged with V. anguillarum

(m-m: Control, A-A: 5.08 X 10°CFU/m{, O-0: 5.08 X
10°CFU/n{, @-@: 5.08x 10°CFU/m{, A-A: 5.08 %
10°CFU/m{)
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Fig. 9. Mortality of 10-day-old oyster larvae with or with-
out addition of streptomycin 12 hours after exposure to V.
splendidus biovar I1

(m-m: Control, O-0: V. splendidus biovar II infected
group, -4 : streptomycin treated group)
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ook

A HALS

5.0x10° CFU/ml %5 A+ ol9]¢] V. splen-
didus biovar II AFFAA = 24X 7714 AF
HAZE Atk 50X 10° CFU/MY Aol A=
FA 3 A7 3.33% HAF YER]) AR
aled 16,2077+ ZHz}; 20.83, 53.3%S Holth
7} 247} T = 90.47%2) A o] HAFSI T
T3 1.81 X 107 CFU/M 9] % HETFIME=
28] HAPE YehA] ekt (Fig. 7). ¢ A
T T AIAE vaE] E o 1094
2go] 54 F-AET} V. splendidus biovar 1191 T
gk ZrAdol Al ekt 5.08 X 10% CFU/me
o] WA ZFkel V anguillarum 234
T A8 A deRA] Ut V. splendidus
biovar Il Y HZE =L79 HALS T & x}o)

£ B3t} (Fig. 8).
AN ¥ streptomycin ] 2] & 3}

o197 & 12A]714 streptomycing 30 ug/ml
o] & A7g A 20N 7HA = strepto-
mycin A 2Tl X = HAke S7PF UEREA] oF
RO} 2447 T 5789%9] HAMES HATH
(Fig. 9). 90.47% # A}t V. splendidus biovar IT <1
709 AgTel A} wmeln sAs
o HALE SAlsh= a7t YEbsT:

L)

ol ge) TR ANE DD 8t 7]
Fol BskaY. B Apeln fae] ks
Sugumar 5 (19982)2] 47130 wje} Huke

3} AeEol A5 9k AL WA RoR
g5t olef @ AAre WAFol fAld ¥

2alo] WE guS ulel /Ao 24 oEu
A& 9HA7]7] wiel

(Tubiash et al., 1965; Elston an
Elston et al., 1981).

Ale] B il 54 BE s s
A7 =)™ (Elston and Leibovitz, 1980; Nottage and
Birkbeck, 1986), Vibrio®] 22 FEE H4E A
’gste] olmjIl R/ Al 2R FEFe FrAL
B 7% #} 9t} (Nottage and Birkbeck, 1986), =+
Ao 3t V. splendidus biovar IS} V. anguil-
larum®] WA A3 Az = FA dAlNAM =
V. splendidus biovar 17} V. anguillarumel W&}
At Heads Jeplle e ¢ 5 Alth
DiSalvo 5 (1978)> Zg|xo} olnjzl{F F3
oA V. anguillarumel] 2]sFe] H-A02] of 2|
AR @A e T B ek wh Qi
Riquime % (1995)2 V. anguillarum A} Al
o] FA AT IS F= 54 W= 100
cell/mo]™, o] ¥ oHAE A3 A=
B vp it ey £ AgoA ARgE
2| el V. anguillarum-S = A3l tske] 1
o] Zhek Mg JERNA Ut (Fig. 4, 7).
S5Y Al s FAAA A3 Voanguil-
larum °] F=9F IAGlE ArES BAFIL
w, o] A= Voanguillarum 2] W0 IE
A %3 z27] FA AR v = 3

ARHA Q] AR A= olsfE ATk =
A AET AR Al BiskE B

V. anguillarum= 4X 7kl LA Z ¢l Z7}=
Ko I F F adke A4%s Hel v
V. splendidus biovar 1= A &2 0 72 Z7}sl= 74
kS H ItHFig. 6). ©]2} Z+o] V. splendidus bio-
var [1¢] 34 W AE=Eo] V. anguillarum Rt}
A Ueh = Aol = fAddl tisk 7hsk B
A o] e Ao R Hlth

.

eibovitz, 1980;

s
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Lacoste 5 (2001) =ol] T2 FYst &
V. splendidus®l] =ZA|71H, 2EH2AZE 235
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AL Z7490a st o)} 2ol V. splen-
didus biovar I+ =237 o] FHo|v HYA 9
el Slste] AL} A ol = 9l
i A A71e] 2ol el =S Hed=
T See @ ATh 1EEE o=
o] fF7F IR A Al 2 A F
< WAl 5 glom Azt

fins

)

N
:5.4:
N
)
01 |“
oX,

bacillary necrosis7} $-2] 1}
Hell Akt EHS 7S

A
T A= 7k 9 ] Aty & 5 Ak I1HE
2 Ao 9 A6 e el el o)
F olF=gafkol A V. splendidus biovar 112
R 9 sz} Agein

Sugumar 5 (1998b)-2 V. splendidus biovar 112]

Az APETD A EF=0] = FA49
XA v A= AEE Bs] V. osplendidus
biovar 1] WY& Atz stk 1ev
T FAAE = FA vERl = /el
AAX FF7HE] B2 ZolHS HAo =M, 1
A w7 Fol ek #7177 stk
3ulAl = FA F=l F5%0 V. splendidus bio-
var 1o €197+ 2 59483} 1094 SAS B
W3PE 100 CFU/MMS] FEolA E5F 8A|7HREH
HAZE Yep7] AlZekdTh ey SEA
2] 3% 1617 100% HALS B8 whd 10
YA FAE 24A17F Foll 90.47% HAFE HS
o} (Fig. 3,7). 18 EE 5UA F480] 1044
A BT} V. splendidus biovar o] © 738l 7HA
o] o= & T AUUTh
o] st A= V splendidus biovar II 10* CFU/
mfoll <19 HAE 594 3ujA] FA o] A&
11~54%°) } 1744 3ufA] A2 88~92%2]
AEES Ko, 594 Aol 10848 AR
V. splendidus biovar 1ol =2 7F4AS Yepd
Y H 373 Sugumar 5 (1998b)e] A} A
28T Mt = QlFFEA P 2l
T A F A 1570 A ARETE
el Mt s #e T 7hHs] 9 €8

7 ek ol T4

AAA AT JESTL A d= HF (Al
lam and Paillard, 1998)0] lo}A] olg]&t A7 2
= = o] BT £ 1579 Helle AgA
A7E 338l Bebde delehe SHEw 2%
2B T e ol B et f1g
F7F A77F 88tk

100 CFU/m¢ w|9te] sl V. splendidus
biovar II A@TeA= As AL LR
AU 5% mvke] wekgt HARERE JERNTH
ojgh - AFelA & < go] 10°° CFU/Mme

o] AR A} Fro| TU3R EsH V. splen-
didus biovar I12] ¥HYAdo] FHAF R FSS &

= AU (Fig.3,7). 122 JH AsSHHl

FAe) 473 Dol Yol At 2n ua
Qe ol2x Eews zdsle Aol &
23t a2

ol g DA, AF A AEE PR
el Herg BaEAlE oL Aase x4

o] o]&x]ojx] gt} E3], chloramphenicol 7}
streptomycin (Takahashi et al., 2000), penicillin
(Jeffries, 1982), neomycin (Brown and Losee,
1978) 3 2 Al E ARt 2 FAARSF
Zol|A Vibrio & Aol 5 A= Aol &
Aol Ao As] maHolgle Hisol 9l
t} (Sugumar et al., 1998a; Nicolas e al., 1996), -
Aol A= oxytetracycline} streptomycing: ]
gJate] Vibriod] 191 ZAHE = FA9 A&
WSS A E QAN Fig. 59t Fig. 9ol vrehd
A3} 7Fo] FslsH AEeo] FdHATE 4
= AR EalAnk SHAITE oxytetracycline <
TRHE X2 48A]7F $oll+= 0, 6.25, 50 ug/ml
APTN 80% ol HARES HQl
12.5, 25 ug/mloN A= 40%0)51e] HAISS Ho
F Fig 29) Aol S5, AYBE ool ¥
Lol A& oxytetracycline ©] 482 A2 4 C”'ﬁ}
R 1&?4 o 5 @ el gzl o

& Qsle wep # 27
A el A A
F7F A7t AlgE ook & Ao

OH‘



t} T3k AAAgEE ¥ Xy e] AT
o = fA Qo] Vibrio 7FE=2] WAt o

ENE 82T Zo=E AtsHTh

= A9 AWy A-EE Vibrio & A T
WA HTFe] Ed tietods b7 BEAE
up gloh ey SatA] A2le] thAREe 2 A
Takahashi 5 (2000)> Alg SIAZ2HEH F&53
ovoglobulins © 2 2] Al V. mubiashiiol
Ao AEgo] 3dEo] Al A &t
H]S=3 AdE Alual Hshk= 5 o8 A
7F AIZ=ELL QA A Y] AESAQD AR
wet WAHTF 2 7Fsd S miAlE o e
b= olof] gt thHe® Ejvte}t ARATE
Bk el Aol stA WAl thgk Aefz <l
A B AR o] JhAdel wE Vibrio®] S
< AlEt= BHAQ e dE s FQEltt

ool AxZ & W MAZCRE siF{ AT
Ho| EHAIE A o7+ V. splendidusl] o3k
SHA = FA9 Aol dRel Eeol g9l
o] Yol A X bacillary necrosis®] WA 715
ol EoS & T UATE WEbA ol g Wik
A} 2ASH7] Aol V. osplendidus o] Z7] gt
T A Sl Aol gl
A ol Agk F7HAQ A7 o g Ao w
AtEE T

¢

PIEE TR

O

-
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otk
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