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ABSTRACT—Eight antimicrobial compounds were examined to evaluate their therapeutic effects
against experimentally or naturally induced vibriosis of the Pacific oyster Crassostrea gigas. In
experimental infections with a strain of Vibrio splendidus biovar Il, a causative agent of bacillary
necrosis of cultured triploid oyster larvae, chloramphenicol (CP) exhibited complete protection against
challenges at 10° or 10° CFU/mL, and erythromycin (EM), novobiocin (NB), gentamicin and strepto-
mycin (SM) were effective to reduce the mortality, but nalidixic acid or oxytetracycline was not. CP
and EM were also highly effective against experimental infections with other six strains of Vibrio
species (V. splendidusbiovar |, V. pelagius |, V. campbellii, and V. tubiashii) which had been isolated
from oyster larvae or the rearing water, but NB and SM were less effective. On the other hand, not
only CP and EM but also NB and SM exhibited higher protection against the natural infection.
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EBESBRERR TR, EBERKERBRRIIBNT
PSR S N2 Z4K< &% Crassostrea gigas TR DEFE
- Bl R T, 19934 & h F0EEFENAREITo T
Wb, ZEAEHAEZICELSNAIBIZ1 HEICD R
el iz, Paviova lutheri 8 LTH 25k, #
20 BICITE RN R o B ICR D (RS - Al
A, 1996)0 LAL, ToEowil (2~8 HER)
WCABFETAERL, BHOREMRRZRS LTEEL
BoTWh, KEFBOERIE, =HBHFAIEIC X hEE
L BRI RERHEORCE, FANFEEL 2o TRE
¥ 5% 2 bh HHBETEHEILIE bacillary necrosis F 7213
AR ¥ 7Y 49 larval vibriosis (Tubiash et al., 1965;

VIR BRI S
2 h BREXZ A BRI v
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Sindermann, 1988) T& 1, 19974FIZ BT HAKEIEIC
DWTHE L7- Sugumar et al. (1998a) 1%, TDIERA
#Hi % Vibrio splendidus biovar 1 IZRZ LT3, %7,
ZDHOWENZ XY, V. splendidus biovar 11 BAFHC b 2
RN DB Vibrio BRIEH A 3 OFFTHRESRICHENIC
HETAIEFHEIDONTVS CGREE).

W AEAROHAFONENICHEREICL K
REFRET 52 LRE P S RROIASATNT,
ZOERAEOE L & Vibrio BHIE TdH 5 (Jeffries,
1982; Elston, 1993) ., L@ V. splendidus ¥ 721 % ®
BBREIXI—a v 8K ¥ 7 H A4 Pecten maximus %4
(Nicolas et al., 1996) » A\ iz ZDH H (Lambert et al,
1999) OKREFBIEE L, &b, 77 Y ATORTFE
AEDQKBFEDFEEAKLE LTHHE S W7z (Lacoste etal,
2001) o EHETIE, <A FHELSIC VY H A Fulvia
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mutica DIERLEFEMIC Vibrio sp. 1T & 5 KEFEH#HE &
hTtwsd (EES, 1993). Ch b DI HBOME K
PIEDBERIZIINR=Y YV, 2057 x220—-), R
LT ERAL TV HEOREYEAPENTHL L Sh T
% (Walne, 1958; Tubiash et al., 1965; DiSalvo et al.,
1978; Jeffries, 1982; TEJE 5, 1993; Nicolas et al., 1996)
LEERSEERAICBY A= M I EROMEY
BEECBWTEAN LTS v D%E (8 ug/
mL) PEMTHS I EVERNICEIDON TV S
(Sugmaretal,,1998a), A FLV T b4 YV HFETTH
Bl U THIERRICE 2 REFETHRBET 5,

AMMETHE, APLT I VL ED=EH{E T+
WA OMEEIEE IR R LERERERETLH L
FEMELT, ¥ HECHLTHEELZETS
Vibrio BARIC & 2 ANB RIS L UHRABRRICHT A&
TSR DB BRIIR % 72

MRS IUEE

1) HEAEHFSLUEE

EBERIERERADT A X FATHRICBV TS
fn, v HFHECH L THROFERERYE (LDs=10* -10°
CFU/mL) %A 3 2 Vibrio BMIE 4 18 7 thE ALz
(Table 1)o Z® 9 B V. splendidus biovar Il No. 60 i&
Sugumar etal. (1998a) 12X b =k~ 7 ¥ EDOMEE
HIEEEOREREEE LCoeE, REsh, o6 ki
HEPEDDVEETOAFTARILFHE N, HK
(1990) ¥ X U* Alsina and Blanch (1994a, b) ®ffi5H
ERRIE-> TREZ MDD TH D, IhbOHkIZ
HRHEI T HREN L R, EEREREL.
FEERIZPE L T Marine Agar 2216  (Difco) % Fiv»"T25°C
T 1 H#EEL, 10mMPBS (pH7.4) (8% LT 10°
CFU/mL O ZER L, ThiEEFHFRLUTHEAL
PARS

Table 1. Source of Vibrio strains used in this study

Species Strain Year Isolated from

V. splendidus  No. 60 1997 . Dead larvae

biovar Il M12 1998 Rearing water

V. pelagius v22 1998 Normal larvae
A V26 1998 Dead larvae
V44 1998 Dead larvae

V. campbellii Va4 1998 Normal larvae
V. tubiashii V43 1998 Dead larvae

2) {HEREHR

T4 Y UGRE (GM), APV AL YU
BE (SM), F ¥ 7 b9 2y VR (OTC), =
Y AFUHEE (CL), 7uss7xz=a—) (CP), =

yxauw4 vy (EM), FUTVFI VB (NA), Biw
JEFRELFYF YT A (NB) @ 8 EEAMAL:,
EM i Sigma #t 8%, ZOMOEAIMGMET ¢
() HBoOb OZMERA L, ChOOREAIZ
Sugumar et al. (1998a) 7% V. splendidus biovar Il 123t
LTiTo 774 A7 BIC L A REBAROBRICE K
TERL 7z SEFWUIPZEARE (0.2 pm) EAEAT
FEDWEEL %5 &) R L,

3) MERIDBRBAFRAER

AN#BS . 5 B (Tt 100um) £72136 B
(120 um) DEE =A< T FHELZUT O AL B
EERICER L7, MEEH6 A7V —1 (Falcon) %
FRLT, FEREEEE/K88mML 2 ARy IV,
FEHAOMOHNE (1 mL) ERBOFETHE L 2%
OB (105107, 10°CFU/mL) # 0.1 mLiEm L7z, =
niZ 8 HF OB PURAIM 0.1 mL % 5, 10, F 7213 20 pg/
mL&ZbEIWML, 25°CTHE L. HEH T2
HEzEHE LI VERBRE Lz, 24(22) BRI
2, EEPLEORCESRZERL, eI - FRZER
MUTEE T IHEERELSETLAREERD
720 HR 2TV $FORIT 20 BFRDHETIE, /RAY—
VERY bTYIVRISKTERS LT Z Ul

D, 35BS THHEEHDORD SN2V DERE

fEtkE Lz, :
HRRRY: . 0 BB OSB3 hE (FRER 67-
68 um) % 2L ¥—%—IMEL, 4WEOHEH (CP,
EM, NB, SM) # ZhZh 10 ug/mL & %% X 3 ML
7o Kif 26°C THUASRL, 3 BHBBR L. Z0OM P.
lutheri % #5-L (10,000 #if2/mL), 2 H BICIZERRL
EFEDOWAKEBI holie 3HBIC45um A Y }TH

CHEZ 50 F-13100mL OY— A —IZEILL, X<

LEMBRSZD1mLEZRNLT (5H), BBRD X)L
HOEFRZHEL 2 FERIZ19994FE 7 A H 10 IZh1)
T3MATo 720 EE 1 TlX, D B&E (ZH4IL=ae9
%) & &ZHERIX1220,000f8F (10fE#A/mL), EE2BX
U3 TixshA (FI4595%) % £8,000MEk (4 H{E/mL)
INE L7z, EE 3 T OTC OFED S B, EB
DEETOHNEOPNEEE L, 3~ 4HE/mML TH B,
EE1 L2 TRERFhFh 2 E—p—F DAV,

4) TIEEMHIEEEORIE
 ATEHUEA (SM, CP,EM, NB) DZHEBRICHT 5 H/h

EEMLRE (MIC) ZHASHFRIECIIFEL

7z PLEAIIX 100 pg/mL 55 0.2 ug/mL % CTOH108EE
(2 B RERI) % &%E L7z Marine Broth (Difco) T -
25°C —Bpifk& DR L -HWZ10mMMPBS (pH7.4) T
3 B LEH L (18,000 x @), T OTEHH % iR EE A
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10° CFU/ML L 72 % & 9 KABRMICIEE L7z, R
{243 1/10 ¥BBEE® Marine Broth & VY, 25°C CT—HpEFE
R L%, MIC 23k,

5) BEIARRICHIT ZHEEMOER

200110 I/ HEAE K TOBRRERR 21T
W, BEBXUCHEBERICBITABERERERICHEL
720 AR E LCTSMBMK (10 ug/ml) #FiF7z. e
FAHBEEK 25 L # AN 54 PAMEIC, S84k
&g (0 BED Z#H105EENE L2 SMIRMEK,
FERMX 2 ENEFN 4RO, 205D 1XH5
wHERER (20L) LTER 6 L) X b MBEKRED:
DOFAEKERRL 2o EROMAEK 1 mL 2 EHAEL
L7zt (1,500xg, 14, TOLiEs kL%
% PBS (3mL) THERLZLOLEEARL, Marne
Agar 3 X O TCBS Agar (Difco) ([ZHEME L7, X5 3 KX
i, 8 1 R oxSE£0RREFBTEROHEICH
2o BEKRERDD 45 um 2 v P TEHEEZ 200 mL ©
YA —iCERL, XHEHLLEESZED 1 mL LR
LT (31), fBROFETHEDERZHE L /20

5 R

1) ARBRRICHTINEFONR

V. splendidus biovar [l No. 60 #1233 % 8 FHOIHE
F ORGP HEI R % Table 2 12/RT. 2 Y TIVORREIC
FREEDBDON R D020 T, RIZIZEFNLLDEYE
R L. MBEAZEML TR WTBROETEIL,
WRBERESS 10° & 10° CFU/mL TV §'h $100%, 10*
CFUML T11% & % o 720 HARAIRMR Tid, CP i 10°
CFU/mL OBCBIZx LT H 5 pug/mL TENR-BiEREIES
FHHR, EM, GM, NB IR SBIBRAIREEZRL
720 B, CPITELITERE (1.25 ug/mL) TH+5
BRRERIE L SM & CLOBRIIHLBME L, OTC

Table 2. In vivo effects of eight antimicrobial agents against V.
splendidus biovar Ii (No. 60 strain) infection in oyster
larvae

Conc. of Dose of Mortality of oyster larvae (%)
drug bacteria

(pg/mL) (CFU/ML) cP EM GM NB SM CL OTC NA
7.4%x10° 6 100 100 100 100 100 98 100

5 10° 2 19 38 98 91 80 95 100
104 0 3 0 4 20 14 26 3%
74x10®° 2 13 28 46 100 100 100 100

10 10° 0O 5 0 8 80 32100 100
10* 2 0 0 3 7 5 14 68
74%x10° 2 0 16 4 6 76 100 100

20 10° 0 0 0 2 3 10 83 96
i0*. 0 0 O 2 0 0 2 23

Controls without drugs: 7.4 x 10° (100%), 10° (100 %), 10*
(11%)

Table 3. In vivo effects of four antimicrobial agents (10 ug /mL)
against experimental infections with seven bacterial
strains in oyster larvae

Challenged with Mortality of oyster larvae (%)

. . Dose

Species Strain (CFU/mL) CP EM NB SM Control
54x10° 12 36 26 99 100

No.60  10° 3 4 6 18 100

V. splendidus 10* 0o o0 1 0 26

biovar |l M12 46x10° 6 59 71 100 95

10° 4 .6 22 100 96

10* 0 0 3 16 14

35x10° 6 58 100 100 100

V22 10° 0 5 10 72 75

10* 0 0 o 6 6

35x10° 11 22 99 100 100

V. pelagius V26 10° 2 1 18 85 67

biovar | 10* 0 o 1 9 16

34x10° 6 36 75 97 100

V44 10° 3 9 17 19 98

10* 0o 0 2 6 39

18x10° 5 5 6 98 100

V. campbellii V24 10° 0 0 0 12 15

: 10* 0O 0 0 0 13

1,1x10° 15 61 6 100 96

V. tubiashii V43 10° 0 1 0 22 13

10* 0O 0 o 1 4

& NAIZIZ 20 po/mL ICBWTHEE LR ED LN
Lholze _

EROBBRFROBEICE T 4 EEHOEH (CP,
EM, NB, SM) #3®#iRL, No. 60 tkE&ts Vibrio B 7
BROBIIIH 5 EN 5 OB BRIR LR (Table 3)o
T TREEAOREZ 10 ug/mL & L7zs 10° CFU/ML
HBREBEICOVWTAL L, HBETORERIZTRT
DR TIEIZ100%TH > 2DIZK L, CPIMREOZhi
WIERBHEL (5-10%), £ EMIZCPIZETIERW
WCLTHTRTOBRICH L THENED BN, NB i
10° CFU/mL BB Tid No. 60, V24, V43 @ 3 kIS,
o 4 B TiE 10° CFU/ML OBIRIERE IR U CHHE L)
BAA LN, SMIX No. 60 & V44 D 2 BRICKH LTD
AENFRER LI,

- 2) BARRICHTIUR

AARRICHT 5 CP, EM, NB, SM F7/2ii OTC
(OTC IZEE 3 DAER) OFFE%L Fig. 1 ISR T EER
1BXU2TR, 2200 —7—TORERIFREEHNE
DONEDPolDT, FRODEHMEEZR L. $hE%
BEE (10f8fk/mL) TRELZEER1 TR, JEED
FEEEHI00%THo72DIcx L, CP, EM, NB, SMif

MR TENENFEERII11%, 38%, 43%, 53%LiEro

7oo R (4fAE/mL) THAELZIRNEL-EER2 T,
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Fig. 1. Therapeutic effects of antimicrobial agents against natu-
ral infections of bacillary necrosis in triploid larvae of
Pacific oyster. Larvae were kept at a higher density
(10 larvae/mL) in Experiment 1 (A) and at lower den-
sity (4 larvae/mL) in Experiments 2 (B) and 3 (C).
CP: chioramphenicol, EM: erythromycin, NB: novobio-
cin, SM: streptomycin, OTC: oxytetracycline

HREOFEHIECRIG1%IZ LT, CP, EM, NB, SM
DENSI1X40%, 40%, 35%, 21%THolz, EE2 L
[ CIE R TITo 2 EER 3 T, MEEROFELTEH98
%THo7=DIH L, CP, EM, NB, SM DFET-KiZZ
nWEN19%, 33%, 37%, 22%THh-72H%, OTC il
X Ti396% & WX & ZM L d o7,

3) Vibrio Blcxd % 4 BIRERID MIC

CP, EM, NB, SM SEHICX 35 7HHKD MIC %
Table 4 IZ7RT, CP D MIC iZWFhOERICH L TH0.8-
6.3ug/mL LR BEL, EMENBOFRIZENFN 6.3-
25 ug/mbL, 12.5-25 ug/mL & [FFEETH o720 SM i No.
60 B & U Va4 |24 LTI HEE Y MIC 278 L7248,
5 4¥ICHT A MIC i 50 22w L100 pg/mL L ET
Holo

7] - BB - SPNER] - LEEE - RFRiE

Table 4. In vitro sensitivity of seven bacterial strains against
four antimicrobial agents
MIC (ug/mL)
Species Strain
EM NB SM
V. splendidus  No.60 6.3 25 25 25
biovar Il M12 6.3 6.3 125 >100
V. pelagius V22 3.1 125 25 >100
- pelag V26 63 125 25  >100
biovar |

V44 0.8 125 125 25
V. campbellii V24 6.3 25 25 100
V. tubiashii V43 0.8 25 125 50

4) BRABRRICHII2HEROEE

MEAETRRTOHRERICBIT 5 HEDRTERE
Fig. 2 127" d e 22T, LBL-E—h—FEBROKR
EBWCRELLRSGEL R L SM 2EL, %5
FERMEX & BB L 720 1 — 3 HEAICAM LA HEIRL
T2AEDFETEEIX, SM 55?1‘\11[1[2'.'@15 26%, WNMRXT
1—11%Th otz —H, TRPHEIRLZ:EDFELT
X, FRME T2 BRIC100%E koZzDizxt L, #
MXCiE3 HEZ@EL T11—-30%Tdh > /2o

Marine Agar 12 & 2B AKD S OGFEEBIIRX L b
1 — 2HBICATTHML, 3 BARBTVWIRBICH -
7z (Table5). LBETRETHEIIE X Zh ol Sk
® Marine Agar B HX CHERZEZ 2L, Hh10%-

10°CFU/larva Tdh o720 —7, SHKD TCBS B,
100 ¢ A
80
60
40 F
Ll [
g _ﬁ
,-? 0 3
o -
= B .
_60 b
40 (
0 i 1 ]

Days

Fig. 2. Mortality of Pacific oyster larvae (triploid) due to natu-
ral occurrence of bacillary necrosis'in a 25 L tank.
Samples for larval mortality were collected from upper
layer (A) and lower layer (B) of the tank.

I: streptomycin-treated O: streptomycin-untreated
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Table 5. Bacterial counts in oyster larvae and water in strepto-
mycin-treated or -untreated tanks

Marine Agar TCBS Agar
(CFU/mL or larva) (CFU/mL orlarva)

SM- SM+ SM- SM+

Larvae <10 ND <10 ND
0 Water (upper) 10%7 ND <10 ND
(lower)  10*7 ND <10 ND

Larvae (upper) 10?° 107 107 <10
(lower)  10%® 1022 1027 <10
Water (upper) 10*® 1037 1028 <10
(lower) 107 1038 1024 <10

Larvae (upper) ND - <10 ND <10

5 “(lower) 10 1022 1020 <10
Water (upper) 10°! 1042 10%% <10
(lower) - 10*°  10**  10*® . <10

Larvae (upper) ND <10 ND <10

3 (lower) 10" 10*7 10" <10
Water (upper) 10*°  10%® 10%8 <10
(lower)  10*® 1048 1036 <10

SM: streptomycin
ND: not determined

Day ' Sample

SMHEME T 3EM 28 L THREBBRALT (<10
CFU/mL) TdH oDt L, FERMXOFHAFAD LI
#1210°—10* CFU/mL O HE 2 & hize SM FERMKX
T 2 HUBERBENEIFRERDON L kol /2T
BOXRDERTIZDH 24, 42 510"~ 10° CFU/larva
TR SN,

E 2

BHE TR L9, ZHERESEOMBEEETED
BBz, =YY v, CP, SMEDOHEMENENTH
Al rsmeontdy, kb T, 7IVAD
- v K FH LA EHEELETIITFREICDEZST
CP (8 ug/mb) DEMEIHEL2D LTS (Nicolas
etal,1996)c ABFETIZ, ZE~ 3L OB R
FEIEDFEE T 5 V. splendidus biovar Il (No. 60 #k)
DNERBREICHT 5 8 X OBFERFIE & A HR,
"CP, EM, GM, B XU NB IMKRE (5 ug/mL) THH
ERIEERL, SM B LU CL B ZORRIZPLREL,
NA & OTC ICI3 i L 7: iR EE (20 ug/mL) THEH
BRIORIIEH LMol (Table2)o B, hdD
XD H EM, NB, NA 3L UF OTC i3 KERER
ELTRITEINT S, FRHEOED» o722 h b DFH|
(CP, EM, GM, NB) REIHEBRISHICELETHLERXS
o ZDMOBENHREAE (€7 FBME) DBEEIC
LT HRBOBBRIIEEZRL, SMIZ—HORICHL
TOARFDORREID SNz (Table 3)o BHRDI D in
vivo TORRIZZ N S OLHkRICHT % in vitro PLRITE
B (MCHE) &X<{—%L7/ (Tabled), &I, CP,
EM, NB, BX U SMIZid, BABEICH L TDHEMERD

BiBRiR G607 (Fig.1)o ST THERTRER, A
BRFCBVTHROE 72 SM A5, BAREIZB
TIXCP, EM, H5HWiZ NB LT 5% E%2RL72S
EThs. ERORERBECOERNEAMICBNT
b, SM i3 8 ug/mL DBE THAEIIBIT A RKEFETE
PiBR LS Z LMD BN TWS  (Sugumar et al.,
1998a) 0 AB BB VT 10°CFU/ML DL EDBREDE
DFAET T SM BB RIARD Shidokdt, ¥
HOEABTREPIZELET 2 Vibrio B (TCBS E#TD
BH) IWRORED T IE 10" CFUML LT T b
(Sugumar et al,, 1998a), % 7z:ABE TO/MRBEATE
BICBOLTIZIZHAENER L 780 SM FERME FHE K
O Vibrio Bi% (=TCBS ®#) #% 10* CFU/mL L FT
HolZ hH (Table5), FD X RRBEOEHICH
LTRFEFNRTIDREZRELBLLEIONS, i
BEHICOWTD invitro & invivo BT AZ DX S %
A—F & DiSalvo etal. (1978) ICbAbh b, EKOR
AR, FEICBIT B AIOMIBERIMC L 5
DML L CFATKRPTOZEN S OFEE DS IED
L LT (Sugumar etal., 1998b), SEFEHEIARR
RICHML, ZTANHEDOREFRICEMD LIRSS
ENG, BROZREL LTIRI OO ME]
THILDWEETHHLEZbNS, AAKOME RS
EDB DD DFY RbZ#HEA ORRIZIZ, FOE)
BOSC, BERESEOMEXD ) —RICIIBZ L Ohiw
25, FRRTHROZDHSN=CP, EM, NB, H2WiZ
SM A2 LI ZEDEMERS Do THLDEHRDE
BRERAARCE LTRSS BREERECOREILET
Hbo EBEPBEEERESTORTOMNETH S 53 um
DAy M X APEAEOREIZ, bk LRk
CHES BERS GREER) ZRETIEEILNS
B, ALFEHEFI ORI X Y —BHE ORKRE RO L
IR LEZOND,

SM DEIRE R Z/NRBATRBTIX, HEDETE
iZLEE, TREJIZSMIEEMECEL, 2 BUEIKT
@55 B L 2254 DFETHIZ100% TH o 2 (Fig. 2)o
Marine Agar B3 X O° TCBS BRI ST XK, 4+ D
CIERME TRVERGE bz, BERYMIL, FEHE

CRHEECRKEY FEBRTAILICED, ZhAHE

DRRE Lo TEDOMETEEL S BREIEITTLET
BLTVD, FHOSESLARRS RSN b
D, FHEADLBE FRTZOZRIZDONLEH 572
TROYE» LBREQCHFKRHMEN, T/, EEBRE
FRIT7L—=Yar2ffoTnI et 2EETHE, &
EZRRE LRI S R Vibrio BEIBAZT L—3 1
& o THBEAESEIZHR L TRERNESEO R IREE D
BED, BREMERLTWbDEEZ LN,
AEPHEFOLERFEFOER R ZHABEOGEDRK
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ECERERS L, TfOROREME & FR, BHER
OHBREZFRTITRENEHIATVwEZ D
(Nicolas etal., 1996), {LFHEANARD B BHEREANLE £
NBLTATHD, WHENEOPICHAIEREMEIIT L
THEEAZAETH 0L BRENTEY, Zhb
OB E VIS4 F 3y bu— 2 fifEshTns
(Dopazo et al., 1988)c FHFIRIE Lo 2 BEFRR
HOBWEERICRET IMEREEIFLTD, i
Vibrio 16t % 0% 2 OME R Bacillus BHEDEZR)
HERTHEIME SN TS (Nogami and Maeda,
1992; Moriarty, 1998) , Nakamura etal. (1999) X—{%
e AR TR 5B MEIRICE I3 A 9T Vibrio M
DFHER, * 7 Takahashi etal. (2000) it V. tubiashii
(ATCC 19106) D EEREH: 2553 % ovoglobulin (¥
OF) oRERIERIREHRE L, R4 ZEE, ARICS
F BEIPIC Mo T (Nakai and Park, 2002), <% DB
Bicnr7UF7 7 —VOFHAZRELTBY, %
IO BAL Ay bu— LIS ha,

X [

e 1F - WK B (1996) 1 ABERME~ VX OENSENES
LU= E0ETR. JERKRAMERSES, 19, 1-20.
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