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Studies on Streptococcus iniae Infection in Yellowtail, Seriola quinqueradiata

Hiroshi Sako

Streptococcicosis caused by -hemolytic Streprococcus (BHS) is one of the serious invasive diseases
in cultured yellowtail, Seriola quinqueradiata in Japan. BHS is distributed not only in cultured yel-
lowtail but also in many other marine and freshwater fishes. Prevention of this disease is important for
the successful culture of yellowtail. The present study was performed on BHS infection in cultured
yellowtail to investigate the occurrence, etiology, and taxonomy and pathogenicity of the causative
bacterium. For the purpose of establishing control measures against this disease, prophylaxis and treat-
ment of the disease were also studied.

A BHS was frequently isolated from the brain of cultured yellowtail juveniles showing vertebral
deformity. Morbidities were 10 to 20% in the case examined. A BHS was also isolated from deformed
wild yellowtail and common mackerel, Scomber japonicus. Results of these surveys suggested that
BHS is related to vertebral deformity of yellowtail and distributed also in other cultured and wild fishes.

Comparative taxonomical studies were performed over a total of 14 BHS strains isolated from dis-
eased cultured yellowtail, Japanese flounder, Paralichthys olivaceus, ayu, Plecoglossus altivelis, and
wild common mackerel, with strains of Streptococcus iniae ATCC 29178, ATCC 29177 and S. equisimilis
IID 681. The phenotypic properties of the fish isolates well agreed with each other, and were identical
to those of . iniae ATCC 29178, which was isolated from Amazon freshwater dolphin, Inia geoffrensis.
The surface antigens of the S. iniae isolates from different sources of fish were shown to be serologically
homologous, whereas the serotype of the fish isolates was different from that of S. iniae ATCC 29178.

Occasional death was observed with S. iniae isolates although it frequently caused vertebral deformi-
ty to yellowtail by artificial infection through various challenge routes. Clinical symptoms such as
exophthalmos, corneal opacity, epicarditis, and congestion on the inside of the opercula and uper jaw
were observed in artificially infected yellowtail. Sensitivity to S. iniae infection decreased with the
increase of body weight. Al the strains isolated from cultured marine and freshwater fish, and wild
fish possessed the same pathogenicity to yellowtail and ayu. These results indicate that the distribu-
tion of BHS in marine and freshwater environment is ubiquitous and they are the same strains as S. iniae.
Considering the salt tolerance of S. iniae, reported, S. iniae might have originated from terrestrial
animals. Viable counts of S. iniae in the brain of yellowtail inoculated with the bacteria increased
faster and period required for the occurrence of vertebral deformity after the inoculation of bacteria
became shorter as the water temperature increased at 18-30°C.  The fate of S. iniae in various organs
of yellowtail after experimental infection indicates that the growth of the bacteria and subsequent infec-
tion in the brain is the cause of the occurrrence of vertebral deformity. . iniae isolated from yellowtail
have been confirmed to be pathogenic to mice by intraperitoneal injection.

Immunity of yellowtail recovered from experimental infection with S. iniae was examined to know

the efficacy of vaccination as a possible way of prevention. The agglutinating antibody titers in the
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sera isolated from recovered fish against the S. iniae were 1:4-1:16.  After reinfecting the recovered
fish, no clear symptom was observed, furthermore number of viable bacteria in the blood, spleen, and
kidney were decreased faster than those of the control fish. Moreover, increase in viable bacterial cell
number was not observed in the brain of the recovered fish. Results of this experiment indicate that fish
recovered from S. iniae infection acquired resistance to subsequent reinfection. To know the efficacy
of vaccination, formalin killed cells (FKC) of §. iniae were administered to yellowtail fingerling by
immersion, oral, and intraperitoneal injection methods. Twenty and 35 days after vaccination, each
group was challenged by intraperitoneal inoculation of the bacteria. At this time, agglutinating anti-
body titers were undetectable (< 1:2) in the sera of fishes vaccinated by immersion and oral methods,
whereas in those vaccinated by injection the titers were barely detectable (< 1:2-1:8).  After the chal-
lenge, fishes vaccinated by injection showed neither clinical signs of the disease nor they died.  Further-
more, bacterial cell numbers decreased rapidly in the blood, spleen, and kidney whereas the numbers
remained static in the brain.  On the other hand immersion and oral vaccination were ineffective, showing
typical clinical signs of the disease. Results of this experiment indicate that vaccination by injection
method is the best among three different administration routes in preventing S. iniae infection in cultured
yellowtail. Passive immunization using the sera isolated from the fish recovered from S. iniae infec-
tion and the fish immunized with FKC of S. iniae were also effective in preventing to S. iniae infection.

The in vitro activities of 36 antimicrobial agents were tested against 15 strains of S. iniae isolated
from diseased fishes by the standard agar plate dilution method. Penicillins, cephalosporines, macrolides,
tetracyclines, rifampicin, lincomycin, sodium nifurstyrenate, and diaminopyrimidines were highly ef-
fective (MIC, 0.00313-0.78 pg/ml) against all the strains tested. Chloramphenicols and bacitracin
were also effctive (MIC, 0.78-3.13 pg/ml). Susceptibility of S. iniae to penicillins, cephalosporines,
rifampicin, bacitracin, sodium nifurstyrenate, and diaminopyrimidines was higher than that of Entero-
coccus seriolicida. In vivo therapeutic effects of selected 12 drugs, to which S. iniae is highly suscep-
tible, were also observed in experimentally infected yellowtail. Among the 12 selected drugs, penicil-
lins, macrolides, tetracyclines, rifampicin, lincomycin and sodium nifurstyrenate were found to be ef-

fective against S. iniae infection.
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71 Seriola quinqueradiata DEFEDSHIE S
felgid v o b OMEMRRRE (FE 1965),
FHEBE (BRE 1966), BEEMERER (A 1967)
FHShIBETH o7z, LL, TVEED
BRI CHEEOBERVESR, EHET5 X
IRy, FEEORLLIEREEE ) 2 TO
KERBEEL %o TE7: (Matsusato 1984, #§
B 1990, Kusuda and Salati 1993), 199207
VEEIIBIT A EMIC L A EREEIIRVEN
KDIRY, EEHED68%IEL TS (KET
FRLTIfFeaR 1994), BTV DELRERE L
TiE, VA VAHRERTRIBKE, 1V Fy A
VA TRYAE, MEMERT CIESHREE, B
E, ¥V AR, AT TE, MEEEL
WEE, FERETEIANRATFTZFE, ~77%
AL EPHLRTWE, ZRHDH L, &
SHERBEE O ERE L, DPEOBEMAD LT
BOKEL, 199241137 OEEWEEDS9
% x5O L53MEHIZORLIEENBEL T
N

HE ) OEPIREEOFERE L LTE, b
DE T T N F TIZ Enterococcus seriolicida (8
M4t 1976, Kusudaeral 1991), BiEMYEDHSH
BE (Rt 1979, Foith 1984), Feambt
OEEERE (BKHEfh 1986) @ 3 HEEOEI]K
EEN T B, E seriolicida 12 & 5 EEIEIZD
WTid, HEHEf (1976) 2L o THRMICEEHRK S
Mizo HH 513, 1974F ICEMR OISO 2
FEAHB L1 FRICYD TRE LZIRROZEN
LIEZEONRIORARET EME TEHHRALD, K
HEZTHL-. 2L T, ZOFEEIL Strep-
tococcus faecalis B £ U 8. faecium 2L T
B0, WIhLdRLLFETHL L LTHE
I, FokEiEEaPRES K EVWE T,
Streptococcus sp. L 3NBIZELEF o7, DB
I2, S. faecalis B X U° S. faecium % Streptococcus
B B &, B D Enterococcus (BERH)
BB TIREHI L S172 (Schieifer and Kilpper-

Balz 1984), Z @ Enterococcus BOFRIZE D
vy, 7)) OIREY Streptococcus sp. {3 Entero-
coccus BOEPOEOHEEEDRL->TWE T
&5, Kusudaeral (1991) 12 & o THEL E.
seriolicida IRFE 8N, E. seriolicida DIEGLIE %
BEERHISE (enterococcal infection) &IEEZ &A%
BEIN:, LaL, BRAEED, S EHEE
EQOIFRLF|IEMEFbI T L, EHIT, &
L ClL E. seriolicida '3 Lactococcus garvieae O
Vazn7 V) EATHBEIENREEIR TN
% (Eldar et al. 1996, Teixeria et al. 1996), %
B, KRBT, HEHEME (1976) O#HE
L7 7" OESABREEF KB Streptococcus sp. 13
E. seriolicida &, % ORGEIIHIREE &5
ZEE L, wol®), pEOFENRTRTE
PEREIC L ARPIEICDOWVWTIE, REEM
(1979) 12 & » TRMIHE Shiz, REEMm
X, 19764 ISR ORIERF O 7 ) BADIR
RoOBP®H L ONERE ERE TL5RAPL, B
BNEEHREZ OO OB L, 20%, R
S (1984) Ik o T, ZEHEBICBWTRAEL
L7V EBOERECERDS, B iEMEEHEIK
HOBRRICL B EFHESNT D, T, ;|
Efh (1986) X, BREBOEBZHMATEREE N
TV 7)) OBFHERAOK, S, FEMED
EHRE T ML T B,
AHRIEETY) O BHMAEEHIKEICL 5
BEEDBBRTERNE LT 272D ThH b, §
I ESHIRE (C & A BEAEOREAEL, 7
JDEH»IZD, BKRAETIZA L 5 A Oplegnathus
fasciatus, T 4 T Siganus fuscescens, * 7} Girella
punctata, ¥ 7 X Paralichthys olivaceus, 7 A7
INE Aluterus monoceros (/NI 1982b), 7 0
J A Sebastes schlegeli (JEFIAM 1986), ¥ ¥
Oncorhynchus kisutch (B 1990) 7% &, K
BTk 5 5 ¥ 7 Tilapia nilotica, =3 <A O.
mykiss, 7 L Plecoglossus altivelis (Kitao et al.
1981, KVH - % 1981, FHE M 1981), 77T 0.
rhodurus (KW - 3% 1981) % D% OAMET
REL, LPhhobEELSATD, 72, B
BEOARLLT, A4 T7Y, YA L EDOHLER
IZBWTh, KELIIHWENBETLHI LN
HEINTWVAH (FEHEAM 1982, 1 - 2K



66 #

1993), ChHDFHBED L I, KIERTY i
LHETLE DABIIHELYS 2, ¥ENER
ERAEYBURI T2 TR, RREFR
BIERELENOEED LEINLI LD,
FIEDFEASROMELITHE T TV S,
IRFETI, TVIEBITLIRECHET SR
1213, RBAERRB L OER (REEM 1979, #
Gt 1984, KT - 3% 1986), FREREOSEFH
gL L OWENE (REEM 1979), HtHuk
FEIC L A2 (R - #H 1987), HMmMER
(Kawahara eral. 1989,1991), FEFEZH (MH#
i 1983, BIEME 1987) B L UBHEAOFEM
BAERE (M 1984) 2 & H 5,
TR EREDORAEN, BERIHOHA
TROLNTEY, BARPELTRTA»L
9 fFCoOMIZRETILEERTWE (REE
it 1979, FAMt 1984, KT - 3% 1986), BIR
BOFERICDVWTIE, BEROAELLIMER
(R 1979), FHERE (FoMb 1984)
ZREVBEINTWA,
FERNEOGTEFHMEICOWTIE, BE
Efb (1979) (ZEmYE, BEW, kSRS
B LR OGHEE R EOFTERERDY S
equisimilis ¥ —ET 2L LTWwh, wolE), &
FEOWKE & FAA»STHINS BRMME
SERE 1T HRATRIZ—H L TWwAH Z & (Kitaoet
al. 1981, K¥E - # 1981, FEM 1981, /b
1982b, AiEE)ll 1983, {EFAth 1986, JEHE 1990),
TR VRKA VA Inia geoffrensis DB DI
E»LDBENT S iniee OWERIZEB L Tw
5T r (KPE-# 1981, dbRfh 1982), HEuE
ERTWwa, INHDEIHZ, BIPEIIBVT
REPOGHESND BIEIEEHRE OTEF
BB IZ2DVTiL, S. equisimilis \ZFET 5D
PEUTHEETEDIDE, S inige (ZHLT S
ETB50ENH-T, THRBEEPTORT
VB EIIWAEARV, JODI, FERREL
TN OBRFEARLTEAPOTHENS B
MMHESEERE OMWIRD B A & I EDFEZED
MEPLEBEEEZ LD,
AR OBEMICOVWTIE, REEM (1979)
MTIITEHMEDETERIZEI->TC, B
RBEAICAONLERETERL, JFEKE

E

ROTVE, VolT), FAMEL (1984) 37V
FHERAORP AR THTH L L DI,
R BFFEI & o TARBOBREPFHRERD
BERCEELTWS, LAL, BXEBRSTH
NTOREWDIIARE EFHRER L OBRIEH

LHEIEVERV, JOXHID, RWEEIZOW
TORKED TR, KEOBERZEFA
POOEENS BIEMMEHEIRE & OREED
HELE2EDT, EHICRETHLENED S
tBbhb, %8B, Kawaharaeral (1989,1991)
&, AR invitro \CBWTEET HENFEZED
HRIZOWTHEL TWE, X517, g BN
R EEHERE R (Bhemolytic streptococei, BHS)
D DICE, S pyogenes R° S. agalactiae %5 £ D
v FOBELRBREEISEEINTYS, FEOH
WiE, PEFENICIINSOBBE L IZEL D,
30~35°C DEHVIRETI(HEETLIE20,
BB I3 BRI OV T ORI T 54
BEiHbsEEbRA,

KIEDOM R BET B8 L LT, M
fis (1983) B & UEEEAD (1987) A AHDEHA
BEEERR, F¥IYA4 292, #F 7 h
SHAr)y, TYEY Yy, ZYAOATL Y
v, ZI7NVAFLVEEFIITL, FNANT
VA EIIBVWEZEEERTELTWAEDA
T, BOTHRIZZ LW, 28, RKEBAD
B S M EEEREIE T BV TiE, =Y~ R
TEHT L FOERM (Sakaier al. 1987, HIHF
fiz 1988) %, 7B I =TI AT BHEH
ORERE (MM 1981a, 3 1982, JbEAH
1987) PHLPIZENT VA I LN G, FREIC
BWTH, ThoDBHFVHfFshTw5,

ZOEHIT, REDORRI BB LE
T 57O IR T R EMAEREIS

22T, KRBT, ITHEIECS
WT, KIEDOREB L UHERREFA . 2

Xz, B28IIBVT, TYLrbaoEINE
B, BEA, 7)USNOEKERES XU
KEFEA S SR N BEEI PE S EREI R &
DEBHIROLEEITH £ & bIZ, FEOKR
BT LERBRLBERERET L, E5612, &
BOSHEMMNBEZHEHLMZIT 572012, §.
iniae 1 X OF S. equisimilis % X BHEKE LT, &
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DREIEZRSHMRT. T, BE3IBIBWTIE, K
HOBBEMEHEO T L7202, TV
LEEY, AEKERSRYE - BRICRIZTES,
ARBEEEZO TV ENIIBIT S HEHREERORE
BEOBBELE LTIy AT BFEEMRICD
WTHRNTz, 3612, F4FEIIBWTE, 77
FUILBMBEN L TFHELTANET 20D,
AAERRGENT B A O R ERRIC L 5 R ERIR
M, FV=) CAREREET 7 F L OFWMES
ST B LU ¥ FREME = v 7228
FIBOEHRIIDONWTHRRz, ESEIZBWTIE,
KHEOLFEERIINT 2 AREORZEE TR
BEEHIC, BEUNED»o - EREHVTE
B R OERARTIT 72

F1E BEEBIUHTRR

FEOREL L THEERRIIOWTIE, BHE
Efth (1979) ORAEREE X URHAY 4 X2
DWVTH, FAMb (1984) ORARE, BHA
A XBLUEHERRIZOVTO, K - B
(1986) DIFEEBHIZOVTO®MEN H L, AE
Ef (1979) %, 19764 7 R ICHIIKINBE T o7
RS T, RERORE L INEREEL TR
T LAKE15~30g DREADIRIRLZ U0 6, £
nETICEE It -l (1976) 7Y
OEMEREERNE & X, HIREL S gEMn
A RTEMREE LTV, 72, R4
il (1984) &, 1982 7 HICZER TO7U#E
MEOEHERELZET AHE 11~15cm Of
B oMETHEL A, TXTCOFADRDS
BAEMEOEHRE L TR L T5b, 2B, &
EL7ZZ6FOAD 1HH 5%, MM (1976)
PERE L 72 7)) O SRR E R A AR R 124
HINWD, COFHEREIZ7TATS9RE
THEEL, ZOHBRICHELG S hEBA
132.1% (1 /163,000 7H1,3028) Tho7-k
LTwa, 5612, KM - #% (1986) X, 7V
Fefa 7 S19774E DABR D IT4E BB ML TE DS TR
BeoB L Twad, IR OmIEAIIIEET
ERZ EDRAIZRL > ThT iz LN B
T, FEoBTEALNTOWREWVWELT
Wb,

DX TURBIIBWT, BiAMmEEE
BREIL, HAHICBIARTD 5 VIIHTHRER
FEOEREL LB EENTVE, KEOHEEER
BEEICETAIMANEEREIRLE -6
A5, FAEDERE SN L IRERD H& P LAHER
L, WEf (1976) DA Lo EHIREE
DIFEREFHLPL TWBEZ L0 6, E seriolicida
PEREAOBEREELED THRONLTE-LD
bR BVOTIEEVWHIEBDIRSE, &5,
BEDOZATY, AR EDOHAD LD BEM
MEGEERE M I TE Y (M 1982),
FAEOT)IZBT A SR EHERE O RYIR
ROBFOLETHLEEbh 5,

22T, FETRERBICHEDOT) LB
FAKEDNRESL X UHRERR LA,

s18 ® £ 6l

FIEOFEERRELLERT 52 &1L, REOR
AERZBHL, BRRENET LI A TE
BECThh,

£IT, X TEH=ZERAOT ) EBHEBICB
WT, FEORERREFARZ L LI, 20
BATHREINLITFEDO T i ETCORRKIKNT
FRE L 72

MR B L UHE

EHETVICH U BIREFMOES

ERf  ZERERHESE AT ERNO A
TIEEFICB VT, 19854 6 BRI A
WHROBEE EME T AERENRIT L. £
DILOFEAESE (FE 200~253 g, EXE
124~13.6 cm) Z2WT, 80ppm O m-7 I /
REEBIFNAY v Ak — b CRREME,
EROBEEITH) L L b, BEPREB LV
B CUNREES) ICHSFEAZERILTT LA Y=
M Yea—2 s> (BHI) EEXEH#H (HK)
B L, 25°CTHRE L. 72, WizBIT5
RT3 Myxobolus buri FEDHE X TS
72002, BiefrHl L ToBEoEEARK
A IzDG, FFAFREDF A F—TERL,
AFA FTTRERE, ¥ /- VEERTL
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R 2 | —ERESEEBI A REEOR
WALET A B 7 BIEBICBWT, 198766 A
Ta»ORAICEREDORENALNI, TH
QIHICREL-ERAZRE (KE434~489 g,
BXE142~163cm) 220 T, ERDEE%
T L edis, BEPLHFEOEEMTHELIT
A 7D, R, I, OB XU
HLIEBREDEBEEKEMA T I AFED
+ A4 ¥ — TERE, EEAEKTIOEHRRTY]
2oL b, FNOHM0.1ml % BHIEXFEHIZE
L, 30°CTIEMBEL, £, MIBY
5 M. buri FEOFELEFICL TR &
B, WAIEEATIIEREL TV, B E
TSRS L TIFRZICHA L2720, R
IR LT,
B4 TV B REGORE
SEEBEATHRE A Y EELTORMEE
Bl2 #RE LB 7 EESHOLICREE N
TWAEBBTHEISN I YROBET) DR
5, 19884E108 4 HIZ 9 (4K 283~600
g, BXE&28.0~334cm), FE10H28HIC252
(fhE 564~805 g, BXEK 34.0~382cm) DF
FMEEZMRA LA, 9, BERLE S LM
L72DbIEROBE LTV, DWTHA, B
B, B, OB L OB SR & RO FTET
MEOEBR ML EEAT o720 WL MK
O MEE L, REREEICT SEL
pifkfid, UBlwA 270 7L—bF (X0 7) %
BuwlvAras 45 —FICIhlE L7z §
bh, My 2BRAZRIIEVTDPL, SCI
—BE L7-0%, 3,000rpm T205HELL T
MiEE 8Lz, PR E LTIZATH O&EE T
DHEF] | DIREDRD S BEL 72 BIEMEDE
SHIKH No. 1 #k% BHI 74 3~ (AK) T
25°C, 4B E L2 203% DR N<) T
AiEfL#, 7,000 pm TIOGHE DR LG H CTEE
L7-E k% vz, ST 250EIEBET | mg/
ml &L, BEZMATHS 25°C TR~
Fax—bL, E5II5CII—MBELZ-DE
2, BEROFETHE L,
FULIAOBEAICH 3 REFORS

THN ZSEERETERRET S HAN

]

Scomber japonicus HIfEE NIz, £ T, RfE
EDOBEMEE RSO, 198547 A30H 1S
CEREASHEBE Ay rEEOOTEMTIHE
SN ERAL 4R (KE29~46g, BXE
141~162cm), ZEEEEIEERHEIHOE
BHTI9864E 6 A 2 HICIE S W/ RICERE
DR VIRE (BKE 69~744 g BXE 9.6~18.6
cm), 19864 8 A22HICIESNIRTA LR
BIUYE1BZ2E&E0L12E (KE 31.2~654 ¢,
B3I 152~185cm), 1986%F 6 FI3HB L TF
A ZEREERERITOEER THES
NI RBEOLV40RE (FE 158~753 ¢,
EBXE122cm~193cm), 19874 7 A31H=%E
BERETOEER/CHREINERATSE
(fk#E 392~1238g, B E 164~223cm) O
SRR AMAL T, EROBELBREB LU
B & MR DG BERE R ZAT o 720

ZTOMORSE  BIEHDOE THRESNLE
A0 BEMMESHIRE ORERIE AL 2
HIZ, 19874 4 HB A = ERE R HEA A
BB ORMEER 2 2 et L72B 7 &
REOEL ICHRBIN - EBECHRES LA
HD LS 3 /) 20 Konosirus punctatus 2 &,
T X4 Plotosus lineatus TR (K& 37~93 ¢g),
A %)V Sebastes inermis 28 (47,53 g), 734
+ I Ditrema temmincki 1 & (45g), %7V ¥
1 Apagon semilineatus 495 (1.0~7.6g), 7V A
4 7 3 Etrumeus microps 80 (09~7.6g), H ¥
2 F A 7 3 Engraulis japonica60B  (3.4~142g),
L ¥R Sillago japonica 3 & (10.5~132 g),
¥ ¥ F I Spratelloides gracilis 20 (3.0~6.4¢g),
22 4 % F Rhyncopelates oxyrhynchus 6 & (10.5
~16.3g), <7 ¥ Trachurus japonicus 10 (0.6
~22g), **¥ A T X Leiognathus rivulatus 7
B (08~4.6g) OB, BB XU SHR
DFFECL T, MEOERNTHNEEZIT-
2o BB, MERIAEZSIILUT, BHEE
~10B% 7— VL THREL,

= R

EIE T V)ICH T 3 REFDORES
FEB 1 DA S BOEIRS L UBE, B o
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Table 1. Clinical signs and isolation of bacteria from organs of diseased cultured yellowtail (case 1)

Date of Fish BW FL
isolation No. () (cm)

Clinical sign

Isolation of bacteria

Kidney Brain
1985.6.17 1 20.0 12.4 Slim body, blackening of body color, - ++ (BHS)
swelling of spleen
2 25.2 13.1 Slim body, blackening of body color, - + + (BHS)
scoliosis, swelling of spleen
23.4 13.0 ” - + + (BHS)
253 13.6 4 - + + (BHS)
23.0 13.2 7 - ++ (BHS)

—, bacteria were not isolated; + +, abundant growth of bacteria; BHS, -hemolytic Streptococcus.

DE O EERIIE Table 1 (28T EBY) TH b,
WAV TL R THREIRILL, SEhO
4RBEOMELY R L Tz, ROMEERT
B 5WMNDEREY Fig. 1 \IR L7z, HEFTR
LTI, MESRPREAL CWEE, &
CICREPBOONL o7, BB, X HkE
12 &) HHeF ORI EFRDS, BIEALR
Lo tze HEIEERA ST 5 S
o 72h%, WA 61 Fig. 2 12/R$ & 9 12 BHI %8
KEHRERRIRIC S B OME D T8 S iz, 4
HEO T ==, W 25°C, 4B ORE
FETIZ02~03mm U TFO/NAE R LD TH 72,
SEREIZVTRY 7T Ao L 72
HKET, W5 5—¥BXUFxL ¥ —¥EES
T &b IckY, OF RERIEBN TH -,
7z, Fig 3lRT &) Ice Y ViE#EXR LT R
OBEMPEERLIEZ L0, BiRMMEOEHER
WiZgHEEIN/z, BB, WThoORAORKD»H

b, Myxobolus buri D3T3 S e h o7z,

FEB 2 DFFEfE 3 ROERE L ORISR > 5 O
M O 5 BERIIE Table 2 ISR BN TH 5,
FHEITVTNLEROMED 5V ITFIHlEL 2L
Tz, F7z, KFIZITHLA B Benedenia seriolae
DVEMEE L THRRIIGEEFASON T, 20

Fig. 2. Colonies isolated from the brain and kidney of de-
formed yellowtail. B, brain; K, kidney.

Fig. 1. Vertebral deformity found in cultured yellowtail.

Fig. 3. Hemolytic reaction of an isolate from deformed
yellowtail on sheep blood agar plate.
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Table 2. Clinical signs and isolation of bacteria from organs of diseased cultured yellowtail (case 2)

Isolation of bacteria (log;, cfu/g)

Date of Fish BW FL . .
. . Clinical sign
isolation  No.  (g)  (cm) Muscle Spleen Kidney Heart Eye  Brain
1987.7.21 1 489 142  Lordoscoliosis, lost of left <2 <2 <2 <2 7.40 7.08
eye, congestion of the (BHS) (BHS)
brain and inside of the
opercula, benedeniosis
2 434 152  Slim body, scoliosis, 2.70 5.18 4.66 5.76 NT 7.30
adhesion of the internal (ES) (ES) (ES) (ES) (ES)
organs, benedeniosis
3 45.6 163  Slim body, scoliosis, lost <2 <2 <2 4.41 8.18 7.11
of left eye, congestion of (BHS) (BHS) (BHS)

inside of the opercula,
benedeniosis

BHS, S-hemolytic Streptococcus; ES, Enterococcus serioli

1322, WA No. 1 BXU No. 3 TIIRADHE
BROKH, BEONMIRCHROBARL EHBES
N7z, %8B, WA No. 1 BXU No. 3 DRERE
DWRER & BEORT &2, HEOM/NEREE
OEYMHBEIWToHLOVEBIN, T2,
FRE DR LKA No. 2 DIREH ORI & RE
OREITE, HERNBLIUE4RENICE 1ED
SEHEINT, HANo. 1B LU No.3 25 B
It D ESAERE AT, FA No. 2 2 5 BEEREFED
JERH E. seriolicida 757 BE S 7z, BBENOH
i, FEHFDEINFHREA No. 1 B LU No. 3
MoiE, BT 1g¥hFhEh 10'%, 10" cfu
(BEhIc B+ 5 L FNFR10°%, 10 cfu),
SEBIREEDERER T 10™%, 108" cfwg L &0 72
A5, B, BEREE, BB L OB TILREA No. 3
DT 10 cfu/g PRI S N72ITHIE, Bk

cida;

NT, not tested.

FR& (10°cfug) LAF Tdh o7z, E. seriolicida %°
SHES N7 No. 2 DR 1 g 4 ) OB,
BicBWT10 ¥t BL L, BN, BE T
BB L LR TIE 1077 ~10°7 cfu/g TH o 72,
B, BAORH,» SHMBEOSTHEREYITo7:
EZ A, HANo. 1 BLU No. 305 IAARED,
WA No. 2 7> 513 E. seriolicida 25 W ENHERE
ETHEEXNT. M buri DT VTHOFA
PHbBEINLR o7,
BETVICH T 3REFOMN

19884E10H 4 QICEBEM TSN/ 9B
S U0 28R IC X NI25BRDOEFETY
DIER B & UHIEE 7 BERS £ 2 © U2 BER 10
T APAEORERITIZ DV TIE Table 3 (IR T
EBHNTHE, 10H4RICHESNT1E (A
fENo.1) T Fig. 4 12 ¥ & 9 R AEERIBOBNEE

Table 3. Clinical signs, isolation of bacteria from organs, and serum titers against BHS of yellowtail captured by set net

Date of Fish BW FL Clinical Isolation of bacteria (log,, cfu/g) Se:un} ti:er
ains
isolation ~ No.  (g) (cm) Sig1  Muscle Kidney Spleen  Heart  Brain BHS 1
1988.10.4 1 283 28.0 Lordosis <2 <2 <2 4.90 5.11 16
(BHS) (BHS)
2 579 334 Normal <2 <2 <2 <2 2.00 <2
(BHS)
3-9  442-600 31.8-334 ” <2 <2 <2 <2 <2 <2
arn 17 ) 17 717 anm
1988.10.28 1-25 564-805 34.0-38.2 ” <2 <2 <2 <2 <2 <2
(25/25)  (25/25) (25/25) (25/25) (25/25) (25/25)

BHS, B-hemolytic Streptococcus.

The values in parentheses indicate number of fish showed represented value/number of fish tested.
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Fig. 4. Vertebral deformity found in a wild yellowtail.

KA Nz, ZOfEIZIEILOMELD bR
RNITEH o 725, WIKICIZ E CICRFIZRRD
Shdrol, TOEPOEEIZOVTIE, 4
BBIUOHEE DICEREIIAON o7, M
HOSBERIZOWTIE, 10H 4 HORIEDE
® bz R No. 1 D2 513 107" cfu/g, (L
M5 10%° cfulg, T L ICREOALNL
o 7248 4K No. 2 D2 6 13 10° cfu/g O B I
HERTEHIRE ST RES N7 KR IS S
PAROBRARRIE, KorELZRL, B EmE
HEEERE AT BE X N7z No. 1 OfEAD 1116 D
Puikfii 2 A L CWizds, Z0E2»OMETIHT
RIZBRHBRAE (1:2) LTFCTHho7,
TSN OBIEIC S B REF DR

<Y/ 1 1985~19874ED 6 ~ 8 H ORIZEE
T S N B ORISR 513 Table 4 127K
$TEBYTHbH, Fig. 5 (219854 7 HIZH 7 Ff
BEOROEER CHREI N AEEZE L
4 ROERHONBEEZRLIZH, ThbHD

Fig. 5. Vertebral deformity found in common mackerel.

4R 3IROME XU 1 BROBES S BiEmYE
HEHERE A Sz, E 72, 1986, 19874E(C
FARAFT 6 RORMIBEE 2 LERAIIONT
X, TRTOMAEDRD S B M HERE A
DEEE N, ZOEDI, BHOEREIIZED S
NV TV 5 | EROE R E 25 BiE
MY ESEERE A S M7z, F72, AMEBEE <
IZREDERD b NI o RO & K S
b B AMMESHERE S TS ND 2 LD o
725

Z DD ELE Bt L 7212207 O NS X
OiA 51, wihd BEmiE#ERE I -

Table 4. Isolation of B-hemolytic Streptococcus sp. from common mackerel captured by set net

Date of L"C;f“’" Clinical No. of fish BW FL Isolation of bacterium*
isolation capiure sign examined (g) (cm) Kidney Brain
1985.7.30  Gokasho Lordoscoliosis 4 29~46 14.1~16.2 1/4 3/4
1986.6. 2 Goza Normal 30 6.9~744 9.6~18.6 7/30 4/30
1986.8.22 ” ” 10 37.0~654 15.2~18.5 0/10 1/10

Lordosis 1 495 17.0 171 1/1

Slim 1 31.2 16.8 171 1/1
1986.6.13  Hamajima Normal 10 32.6~753 15.0~19.3 3/10 2/10
1986.6.14 ” ” 30 15.8~68.0 12.2~18.1 3/30 3/30
1987.7.31  Owase Lordosis 5 39.2~123.8 16.4~223 1/5 5/5

* Number of fish S-hemolytic Streptococcus was isolated/number of fish tested.
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oI N R REBBER, 10° cfug).

% S

BEPTEEINT T RABICB 5 2 56
i, whb 6 ArLREL 2, BARHOK
BRI mE T21~23°C T (KM 1988),
EREEOTAT T AROICH -5,

BRAOY 1 XL, FEOREBERICKREL
7oERI 1 TIXERE 20~25g, BXE 12~14cm,
WATORPTHRALAES 2 TIHEE 50 g
55, BXR15~16cmBETH -7, REFEM
(1979) BEUFHEL (1984) i, WTFhdTA
IREDORERITo> TWwAY, BRADYH A X
EREFNEE 15~30g, R 11~15cm T
Holzb LTwb, FFROFEHEEIOLD, K
7)) OfEREBICRE, BRETAERTHD
tEZONS,

FERIE, EF 1 TR THErBILL, &
OPBENA LN, PR TIEHREOERIEHE S
Nz EF 2 TIREOMES B ITHME, 5k
B, SEEONAICBORBRIBE SN, FE
DIERIZDOWTIE, REEM (1979) ZEERD
BER LA, FAME (1984) ([IEHEOA
BEBIUVETE (AIE) OEEIBDOLRLE
LTVvb, REFEICBITAERL BT L L, K
PRED BV IETET 5 EBERFFRIE
(1984) DL L@EL T, AREFFEICBITS
HEB] 1 TIRAEDERDRIRIIMETH - 7225,
EF 2 TIHATEIBOERERTIDLALN
720 fEBI 2 DA EERLIEO CEBLS
DTHotzLBbh, BEEGROERERITH
BETHDH, RUETINIZHEI LS Z LAY
HEOTH VW EBDbNS, T, REFET
FEBT 2 B W TIXRRERASRBRE L 5o T
BEEFEBREIN, T0 L) RIREKL S IRA
BYFSHEoEINLZEh s, IREBOLHIZE
M (1979) HHRE L TO B AR OREIZ X
HIRBOBBROBEETE 2V LEbR
%o

HE OGBS ICOWTIE, R 1 B L UYE
B2 0458 BT TROBYS, KBEIEHS
BES Nz, volE), RUANOTZERERE»S (L,

/

]

1 BIOLE» S REVR TSN D ERWT
TEEEINL Dol THHEDZ ENG, MK
BOHE L BERO—2>Tid vt Ebh
Ao

FAME (1984) IEAE DR~ DR GeA HHEEE
BOERTIZ R WA LH#EREL TWwh, LIL, R
W & & 2 E seriolicida D3E—{E 45 & 5B X
NasFlbHolzZ 5, E. seriolicida b FHE
EEOBERO—2L LTEbILAE LTV,
RFEEFCBNTH, BREADO 16251 E
seriolicida DT EES N7, B (1982) &7
DBREEORERRETIE, PHROLE* K
BMETHELTD, LT, AEBLT
E. seriolicida D&Eel 7)) BIGE & OBEEN %
BHERICL > THHT L L LB, MEOR
BEHr WBRETALECHL EEbND, &
B, EFI 2 OFEOMICIE, KEH LT E
seriolicida % W L 720/ R R O B 058
B2aNiz, BT OM. buri 4 X A BIEE
Tit, LEAWMERTO Mburi D X b DERE
BEAT, MRRREE L 22 ERET A KA O
EERIL, TOEREL L TREORENENS
EEZLhTWAE (ROM 1987), L7z4%5 T,
AETNETA2HMAORYHPERLEEL TY
AT ELbEZOND,

AT TIIRELMER 2B OARE DN
SR, LA oT, BHEEIZBVWTHA
HOKRIEI > TWAE I EPHREN, £
7o, FDILD1RREBERATH 22 b,
KEOBEFZOERTH LTI EL LN
b, BREEPOORCOTRERIGETE 2
H, vATY, AL EOHEAIIBITS BE
MPESE R IR 12 L A EF S RE I NTE
D (Ml 1982), FAETVICBWTHERED
KD HERENTZDDEEZDLDONELRTH S
LEBEbhbd, 28, FEVTHEINCHETY
BARHICHTHMEEFLTBY, BELTH
S L QB0 LRI SER N A8
LTwibntEbhs,

REFECEFHEETHEESAL Y NIIERA
PRESNDZ LGN TS, 22T, &
DEBL7-H A "BLTERIZEEOR W
RIZonT, BLUHNE2SHIBE OGS EE
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Totzb s, ROER LI NOR»6 &
I BHEMEOEEIRE RSN, T/,
HRICEEO TN 5h, 22 ) OHE
T BIAMMEDEHIRE A 08 S iz

Y NEEBEAOHEIELNL I DD
D, FEG 1 TEER L PERHIAVS
NTnwZ b, BEPECEELTETY
Sk REZLE, THNOL) L BEMMED
HEHERE & R E L -EEE, SR H 5 VITERE
K% 8 U CEBANOBEREIR & % 2 it S
LEeBbhid, LizdoT, w10k )2E
HiIcHwoNAr L0 EE NS BElEDE
HIKE L 7 OAERREOBGREZHO T
B729012, B DOBEBROMERRHE O B
HeEPRELEZOND, B, THNOE
BEOERICOWTIE, I T TIZhimMER
Fizh N5 7T AEEORNOMEY (BH
fih 1982) %, FHEEMERIICA O N-RhERL TR
(BRH - BT 1981) PRET STV 525, 4E
SEES NI BEMYE O BRSO 5D
BEMLEZOND,

B2 W F K MR

AHER E. seriolicida DNRERDIGEREE & L3
LB LTHEbR THhhRWnwWI R Eb D
D, HEOEEIH I BB L TRV,

FIT, KEICIEEI1HICBITA2RERE D
&, BERREF,

¥ B LB E

EIHCBYWTRELAEE 7Y BIUH4E
TV TOFEEE, o WIREEZEB L UKER
BEOBRELUErOORNY 2% b & I1H
IR E TR,

¥ R

19858\ BRiBEN O 4 SR 7Y FHESIC
WEIN-7VEHIAEHISHTR TH o7,
BB BEFE 7 ORER 1 DA TREL
7 AERSIE, 450D L TRERDEEN

WFREHBELZBEOKRE L 7)) AT RS
THb, 0O AEEFTIE, SAHSL— 45
m, KiE 7.5 m O 8 A{LAEETHEIC 1 EH
720 #18,000BDF Y v aBAFT I N TV,
FLT, 6 HISAZA 46, KO@E*ET S
BBV AOND L kol EHEATEDIE
EALETRTIZBBEBEALNLD, L WER
BHNELBID O 208, FHYU EICEY
2 ODINEIT, BERIINENIIVELS
H, BLEIO~20%BETHo72, BERAEE
HH R, R THRADBRMILALRLD, K
BT LIRS N 2D oo, 25T, 7
AR B EEREIE LR,
HAKICIER L2 TOEDQRAIICSBITS 1/
H-h ORIFREL, FHHI55008 (REH
150002, ®EMN16,5002) T, HhENTE 1/h
HH7- N 200EREOERAPRE SN, 1
L OETA, BER D DI HRTAEIV
Edolz, BRMUREOMFICIEZF M EbILT
BY, 2OLPITIEROEE LB #ED~
FNRGRLoT7z, HEIZHALTIZ6HTH
~6 A4HOBIZALIZXI AT AT
XTI A2y, 6 H21H~6
HA28H RAFERBOLDIZAEIAL LY, T
A9 H~7 A2 BIZEEEIEGEGRED-DHIZT I
IRUTVNRIYY Ui EhEENn, B
ERAXVTFINIHA 2 CHRGRIIERAD
BENRBLNIZEE N, FFVFIIH L2
COBEEFENX TREBADORESN DA
olzbwd, Tz, ZOEREORE VT
IZERE XN EERIZABET AN, 68
IBHZ A2 LEDER LD OMRLVIEDT
Wiz,

EFI 2 OB 7Y BB BT, s AL
R8FHROEATHT LTV, KEOHA
BHRONTzDIE—0# 10 m OBR LA IC
24000 AT ENTWi/h¢, 6 A THR
LEBAPHRREND L) ilh oz, ZOHE
DHEENL R EDLHIZHY EIFS NI ERA
37 A T T TIZH00BIEL 72,

BA 7)) OFREOBIFRILIZOWTIE, TR
DEBWBCTRBINDIYBHEIIOVTIRNSE
A, MEL4ET 2B, SRR OTEEX M,
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FDH5 LD 1 BIMEOEENRA LK, EEH
CHEEIN- YT IXIT L A EANER TH
XD, BRAREBEINR TV,

% =

ARFFRIC BT HEE T ) ADKEDWER
EHID 612, KEREIZLDZKRERTCIZIALR
Lol LL, BETHLEBEARELD
DT, BUGFENRBLDEE o7, BRIELT
HKOERZELAOFHE #ETHE,
THRIBROBRES L LR L VIERT A
bDLWIA, BOERIHRLIHELEL, E
BI1TEBELTLLH 6 2BEBROKRT 1/
7 ) AERBOH1.3% (¥15,500 H200
B) OBERAHRALNT, IRHIIEI/HAEN
TR, ROERD -0 mE R
TEZwbobtBbhs,

FET7IVIZBVTH, REOBREIRI - T
WBZEDFHELPICER Y, REORESNEE T
VOEREOERO—2 Tz tBbh
bo BIEF (RME) X aE, EEMIABTAS
H 7 ) IZERA LIELIEAORA DT L
Thh, HEEPFAECERLTWIOTIL
wWhkBEbnsg,

B, ZOEL, AELLZZEEDSICBY
Tb, FEE (b 1983), ESE (K -
B 1986), EIXE (B2 1987) REIBNT
b, BETUPLARBATEESATEY, £
DT ) ERGETHRENFELTWEI L) H
Hbhs,

F2E EREEOSEFIME

BB DESEERENC & 2RYEL, DAE
TIRESEM (1979) CX->CTEETHAT
MEEINTLUR, 1254, 74T, ATF, 7
ANNE (NI 1982b), & F X (NI
1982b, Hid)l] 1983), v A (HEFHAb 1986),
Fr¥y (E@Ef 1990) % &% < DilEKERE
BRTAT Y, AL R EOFLE (FHEM
1982), ¥5 €7, =¥Y~<RA (Kitaoeral. 1981),
7 (Kitaoetal 1981, KV - 5 1981, FEM

El

1981), 7= (KW - 3 1981) % XOifkE
JEATHE SN TWS, BETI2LO05HE
iz, RZEM (1979) (2 & o T S. equisimilis 1<
FESNTWD, Vo), ARBEEKRE R
KAEHEREOHIRAZIZ—F L, S. iniae DMEIX
WEBTAZ LbIEHEN TS (K - ¥
1981, JuREfl 1982), T EH I, AEDOHHE
ZRNEIZDWTIX, S equisimilis \Z[FET 5
OVRRLTHBEETHLDE, S iniae (ZEUT
2T rb0lddY, HakimEFTHORT
Wwhkidwnzin,

E1EICIBWT, FEEEBE7)ICBNWTE
i, BETIILBWTHARELTEY, £
72, EHEHZAVWONL T HINIIB VT b EEA
AoNBZENELDE LT, Lo, K
EDOBBRIEEEZHH 2T, BEHACHER
P OFEHS NS BEMMEHIRE O MR Z 7/
WCHEBRHL, #honRRAZHLMIILTER
BOSHEFHMBEMEATLLE LD, FHD
KRBT A EBCRERTHLPIZTHLE
PhHbEEBRDbIA,

2T, BT OSSN R ETE
<N, EHEL T A % b UNIHRKRERE 7 &R
5SS N BRROMIRO LB E 1T 9
L k12, S equisimilis B LS. iniae % 3 HRE
Bee L, BoRETrRAL (Bl 1993a),

MRS L UHE

BB kT Table 5 IZRTEBVTH
b, Thbh, E1EE1HOEN 1 OEEY
VRO S HE L 5 Hikk, BE~T SRAD
LHEL ABBROIIA, B T A58
L7- 2 Wkk, MEBEKERBSOE FEEL,
L5 SN T HRED 3 RO 4B ER
WA, /4, JBEEKE LT, ATCC 2»
LEALZT S VRKA N HRD S. iniae
ATCC 291788 B X U8 ATCC 201778k % & DN
TREERZEMFA D 5 555 S N7 S, equisimilis
1D 6818k & > 72,

HEFAIMRRE | FUEHAEKRLTBHL 7 1 F
¥ (HXK) AW BHIEEX (HK) T25°C,
18~24EETHRTHER L T, SEOMRBA It L
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Table 5. Strains of f-hemolytic Streptococcus sp. isolated from diseased marine and freshwater fishes
and reference strains used for taxonomical study

Strain No. Source Organ of isolation ~ Location Date Remarks
No. 1 Yellowtail Brain Mie 1985. 6.17 Cultured
No. 2 2 ” ” P A
No. 3 2 4 2 % 4
No. 4 ” ” 7 2 y
No. 5 2 2 7 ” P
1BL Common mackerel z 4 1985. 7.30 Wwild
2BL 2 4 ” 2 %
3BL 2 2 ” ” »
3K z Kidney ” 4 ”
F-1 Japanese flounder Brain ” 1985. 8.20 Cultured
F-2 z ” 2 » »
PT 78061*' Ayn Spleen Tokushima 1978. 9.19 ”

PT 85106*' ” » 1985.11.12 ”
PT 85107* ” ” 4 2

Reference strains
ATCC 29178** Streptococcus iniae PW 1972. 3
ATCC 29177% Streptococcus iniae BU
D 681% Streptococcus equisimilis

*! Supplied by Dr. Yasuhiko Jo of Tokushima Prefectural Fisheries Experimental Station, Hiwasa,

Tokushima, Japan.

*2 Supplied by American Type Culture Collection, Rockville, Maryland, USA.
*3 Supplied by the Institute for Infectious Disease, Tokyo, Japan.

7o TEHESENY, HMEN L O AL FERER
REGHEZEETRE (BEREMAERTFERR
1976), F##E£EHE (1) GGF— 1970) B &
VEFHBEFAEOFF X% 2 (Cowan 1974)
WPV, TR THETITo 7z, HHORIE
BRI LR VEED05% & L7z, HERREI
BHE25°C & L7z4Y, LB LT37°CizBWw
THRERL 72,
1. FReHeERaE

BHI 7 1 3 18~ 24B BRI oW THRE
L7z TERER L UK & 813, Pfeiffer KiIZ & %
B3 iTo 0 bICHEMEIC L o THEL
7z EBIVHITREIEAR S L P PRBERE %
HAWTBELZ, 77 L%m1IE Hucker DS
BIUPRyu OHEIZL o THRIT L 72

2. SEaoMERRE
FZEEHICBILREE . 1HEHED T A
I B % PEA THA FiE# (5RAF), Bile

esculinagar (Difco), EFZERH (HAK), v
o ¥ —-EXREHR (BAK), SS ERE# (H
A), EEEH (HK), BIB 7 1 K— VEXH
# (AK), €70 AERER (HK), 1 %0
NsEH (A7), SF 743> (HK) &#kd
ZVIIEELCSHEEEL, BEOFELH
2L TR,

0I%BAF LT —IVIIZBITARERE .
1EEEBEEN T4 IV EEHZ0I%AF LT
JV—1110% Skim milk (Difco) (ZHEMEL T7H
FEEREL, BORBBIUAFL YT —0%
THEEBREL TR~

RERE 0, LOLSRBBEICREL
BHI 71 3V IZ 1 HEHEBD 7 A 3 Y EER T
BEL, 5~42°CT2AMEELTHETORE
PEE L THEN,
LHEIEEE © 1 % Tryptone (Difco) K%
BEHE L, ZHRIZ0~65% (W/V) ORiEY
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MA ¥, 1HEBREO7 (3 VEEFL
BELC2HMEEL, BFORELTBELT
Ll

pH9.6 TOEEW . 772/ — V7%
LAy 714371 ASEED 7 M 3 VBEEE
AEELC2HEEREL, REOFELHEL
TR,

BERYMY . 74 3 UEEHO 1 ml 2/
BIZED, wA—F — AT 60°C 305-NiE
%, TS 1 ASHEEL BHI 71 3 VIC8HE
LT2HMEEL, ERAOFELATRE
L7,

B : 5% VY, vBLUTYHFHHK
EZMEM Y 7y —YEX (BK) PRI
BB EUEH LT 2 AMEEL, BMBK
DHELZBEL TR,

3. S EPMMRRE

hy 7 —VEAN  EERIC3 %BEBRILKE
KEFENT, BAOFELHEL TREL

Frruo—rxF Ly —YEkt  BEKT
BOLAF MO —ad RV —VYREBHEAE
(B7K) 12, EREEFEO 1 OeEFERZ LY, £
DEEB LUV 1 HERORBEOEOELZHE
LTREL,

O-F Bk . Mo MR FLimEhits (RAF) 121
%BDT N IEENZ T HVC, FRN%
SUICHRMSRM LT T HSEL, BBXU
HAEEDEFE*BEL TTo 72,

4 > F—)VEEEM | SIMFERENEH (HAK) T
3 B X%, Kovacs OFEIZE > TREL
725

AFNVLy FEB . 78 VEBIERT b
YAk (BK) T3HBLUS HHMEER, 2F
MLy FREEZMZ TREL

VP JG . 7Ry v BEERT K (H
&) T3 HREREER, 6%TNTT7F T b
VeI F ) —LER E40% KOH Bl EMA T
WE L.

sLUBEOFMEAY VX AL P L —

MM (HZK) CT7THBEEEL, HORFLE
BoOBOEILrBEL TREL

WAL KR FEO AN | SIM LM (HA) T
3AMEELTRE LS

)

RFZED M . Christensen DIREER T4 H
PR LTHRE L7,

ERE ORI | RERE LB T3 HE
RE%, Tittsler D HEIC X - TRE L 72,

Y bR 32 Limusmilk (Difco) T10H
MEZELT, AOELLEREOEELBEL T
B RN

Yol Fo v 7YNTIF—YEENE . 7Y
A MLy 720 (bio Mérieux) % F\VTH~/z,

=HF 7 N F—¥EER . TEAI LY T
20 (bio Mérieux) # W TH~N7,

B-HZ0 T —YEAEY IONPG 71 A
(HA) BLTTEX ML » 720 (bio Mérieux)
W TR,

BNy —VEEN TEA ML YT
20 (bio Mérieux) & FJ\CTF~7z,

TAHY T AT 75 —VEEM . TER b
L v 720 (bio Mérieux) % fV: THR~7z,

UAYUYTINT IV —-CEEMS . TEA L
L 720 (bio Mérieux) % F\WTFi~<72,

BRI EEYE DR . Todd-Hewitt broth (Difco)
10 ml TABREEEL-EYELHEL, LiE
#Z3ETHOBLIZpHT.0 D 0.067M V) ¥ BRRRE
05ml £10% 74 F>3—IVEEF NI A 0S5
m/ 2%, 37°C T304 ®%IEDOEHILOFE
FEELTH~

TN F = KGR | Niven 5O T V¥ =
> 74 A T2 HEEEERE, Nessler DEIEEZ N
ATHE L7

IAZ) YPKRGHEE D 01% LAY VB
X U0.025% 7 U EgEMN— A ba—Vs3
v74ay (HK) T2 HEEEL TREL
770

TABRINKSBE - 0.2% W E%E T AR b
)7 —YEX (HK) FHTS5 HEERE
#%, VI VBEENTHREL A,

EREEENAS M | Thirst O EREBEEEX
TTHEEELT, BB LEHOBOENDOF
EYEZ L THRELL,

Y7 F Y MKSENE : 04% ¥ S5 F ~ (Difco)
mE) 7Y —VYERTPRT 4 HEREER, &
L8 2 AEBREIENT, BELA-EHOFAHED
ERHORROBEEZBHEL TREL,
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Tween 80 DK #E1E | Sierra @ Tween 80 B 3#b
THUABEELT, B L-HORABOREBF
DEEDEELBE L TR,

7 3 J BB BB | Moller DRERIZTEW,
L)Yy, L-TAVEZ Uy BIU L- A V=F
AT A BURERM LY, 4HEEEL URE L.

DNase B4 | DNasetestagar (Difco) T2 H
BHEE, INHCIA2EWT, BB L-HEORH
DERFORROFELBE L TR/,

CAMP RAB . M) 7 Fr—AV 11 5%¢k
v UMEEREM (BBL) (MR E & Staphylo-
coccus aureus IAM 120828k 2 3£ L CTEHE L T
2 HEEEL, BRFEOBREOFEFBEELT
BEL.

NYRT Y orBLUT TPV BEZHE MY
TFr—AVAN 5%y VMBEERE#
(BBL) DUARE L2743 VEERE 25 ul 5 &
®WL, BEARBEANY ISy BIUTEH T ME
¥ 54 A% (Difco) % BV CISKFEIEEL, M
EAOEELBEL THREL

ANTFAPEFH =L PYRXAMNTY A
(SXT) AHIEZM . V) TFH5r—AVA15%
by VMEEREH (BBL) O14XE LIZ7A
aUERE 2SS BEKL, SXTERT1 A7
(BBL) #@EWCISKEREEL, HIEMoFESL
BZLTRELL,

R DR | RS RBEREE R (K
) 33O RAHE | BINA K TI14H
R, BBLIUTABLOEREYBRELT
B L7,

MEPAERBE . 7V HEEDO No. 1 ¥k, <
FONHKD KB, & T AHED P28, 7L
HRDPT85107 kA S T =/ ViRKA N7
kD S. inige ATCC 29178 ¥k D R IV 1) » 3EH
THEHE L2 F FaEnES L TR A, B,
C,GiEM L v ERFEHFARENE (7 A&
) AW, SEAERORET X ZLEREHE
T BAT4 FBRERIEEI T2 &8, ¥
FF M E X, BHIFER T 25°C, 200FHEE
L7-E%03% KM~y v TAFELE, LEAE
KiZ10mg/ml DBFEIEHL, Theyaq >
fOA 2= TP 280+ (Difco) @
HERAWD15~2ml 2 AE2 ~3kg DV Y

FEFETICEEL TERL, Bon Rk
MEFOHAERMIE 1:256~1:1,024 THotz, 2
NooREmE %, EEAKEAKTIO~20/E 127
HLTCATA FRERBIZHAW,

¥ xR

WEeH & UEMFAMEIR | Table6 lIRT & B
NThod, BET)RELLFHES NS W
WE—OERERL, BEF06~08um®, #EiH
REATRERIRICES L BB 2 W5 A
BMERE CTdh o 72, Fig. 6 IZNo. 1 RO EEET
SWEEE R LT, SRS OHEBRIZPEA T
A FE# ECHE L7225, Bileescutin agar, EF 5
REgH, v v arF—FEREH, SS EREH,
ERERH, BTB 7 4 R— VERE#HBIUYS
U EREMR ST 1 %/NERETIRRE
Lia#ol, 2, SE7A43 Y, Q1% AF L >
=i 10%IN7FTREFTLEro7
10°C 1BV TIFBEBIZET L, 37°C BT
BRELLD, 2°CTERELE,o72, 0~ 4
BOEIFBETIZBWTIRREF L2, 65%I2
BWTHRBELED o7, pHO6 ICBITART
HB & T 60°C T305 B OMERZ & B AEFRMEIE
BECHho7, BV Y, vBIUYHFME
EEXTI, wThd pRHOBNIEEZR L.

I/, BTV RAEPOTEEINIRHEE, <
TSI AWK, B A0
XN 2HER BET LSS IE
¥k, S. iniae ATCC 29178 #k 3B X UF ATCC 29177
BTz & ONZ 8. equisimilis TID 681BRDILREB L O
WKL, EIRERETALORZD
720

HAEZEUMEIR ( Table 7 IKRT L BY TH 5,
FE T IREI LB SN S HHRIEIE D%
WERL, W57 ¥EEN, X F—¥E
A, 4 F—ELsd, VPRIB, 7T EE
OFREM, WILKEOEANE, REOTHE W
BEOBTHE, T2 b F—YELN, B
HEREOBHYE, BREE, ¥57 0810
Tween80 DKM, VIV BLUTFL=F
YOBLEEEY, 47 e VERSEABRIIRMET
Hot, T, TFUETREBOICFEL, Y
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Table 6. Morphological and biological characteristics of f-hemolytic Streptococcus sp. isolated from diseased marine

and freshwater fishes and reference strains

Yellowtail Common Japanese Ayu Streptococcus iniae Streptococcus
Character mackerel  flounder ATCC 29178 ATCC 29177  equisimilis
(5 “) [¢3) 3) IID 681
Form Cocci Coccl Cocci Cocci Cocci Cocci Cocci
Size (um) 0.6-0.8 0.7-0.8 0.7-09 0.6-0.9 0.7-0.9 0.7-0.9 0.8-0.9
Motility - - - - - - -
Gram stain + + + + + + +
Growth on:
PEA azide agar + + + + + + +
Bile esculin agar (bile40%) - - - - - - -
EF agar - - - - - - -
MacConkey agar - - - - - - -
SS agar - - - - - - -
Endo agar - - - - - - -
BTB teepol agar - - - - - - -
Vibrio agar - - - - - - -
1% Ogawa medium - - - - - - -
Growth in:
SF broth - - - - - - -
0.1% Methylene blue milk - - - - - - -
Growth at:
5°C - - - - - - -
10°C ® -+ +) +) +) +) +)
15°C + + + + + + +
37°C + + + + + + +
42°C - - - - - - -
0% NaCl + + + + + + +
2% NaCl + + + + + + +
4% NaCl + + + + + + +
6.5% NaCl - - - - - - -
pH 9.6 - - - - - - -
60°C 30 min. - - - - - - -
Hemolysis of:
sheep blood B B B B B B B
horse blood B B B B B B B
rabbit blood B B B B B B B

* Number in parentheses represent number of strains tested.

—, negative; +, positive; (+), delayed positive.

FYRAINIHTEEELEL, AFNVLy FRK
B YOy RVFTUNLTIF—¥, 457
FoF -8, B ru=F—¥, TLVAY
TAARAT 7RI TINT I
F—VEAEME TALXo, TAZYUBLIU
F T oMK, TUX DU BKEBERD

Fig.6. Scanning electron micrograph of cells of S-hemolytic
Streptococcus strain No. 1.
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Table 7. Biochemical characteristics of S-hemolytic Strepfococcus sp. isolated from diseased marine and freshwater

fishes and reference strains

Yellowtail Common Japanese Ayu Streptococcus iniae Streptococcus
Character mackerel  flounder ATCC 29178 ATCC 29177  equisimilis
(5% “@ @ (3 1D 681

Catalase - - - - — - _
Oxidase - - - - - — _
Fermentation of glucose + + + + + + +
Indole - - - - - — —
Methyl red + + + + +) + +
Voges-Proskauer - - - - - — _
Citrate (Simmons’s) - - - _ _ _ _
H,S - - - - - - —
Urease - - - - - — _
KNO; reduction - - - - - - —
Litmus milk A A A A A A A
Production of:

Pyrrolidonylarylamidase + + + + + + -

a-Galactosidase - - - - _

B-Galactosidase + + + + + "

B-Glucuronidase +) (+) +) +) + + +

Alkaline phosphatase + + + + + + +

Leucine arylamidase + + + +
Bile dissolution - - - - _
Hydrolysis of:

Arginine + + + + + + +

Esculin + + + + + - +

Starch + + + + + + +)

Hippurate _ -

Gelatine - - - - _

Tween80 - - - - - _ _
Lysine decarboxylase - - - - - _ _
Arginine dehydrolase + + + + + + +
Ornithine decarboxylase - - - - - _ -
DNase +) +) (+) ) + + +)
CAMP test + + + + + +) _
Sensitivity to bacitracin + + +) )
Sensitivity to optochin - - - - - - -
Sensitivity to SXT + + + + + + +

* Number in parentheses represent number of strains tested.
-, negative; +, positive; (+), delayed or weakly positive; A, acid production.

BEAME, DNase AN, CAMPRER, NI M5
2B LU SXT &FIHH 5 RS MREBR IS

‘]‘ﬁ?'@?ﬁ 2 f:o

BT ) IRAD O S EE S RO E{LER
ik, <N, BEC I ABLUERET P
LOEESN-ERREB UMIRE R L7, 72, 5

FREHED S. iniae ATCC 29178 ¥RDMIR & & —B
L7z L#&*L, S iniae ATCC29177 ¥k & & B-77
Sy by -EEERBLTZZ 2 ) LITKS
B, F 72, S equisimilisTID 681 #h& T
FZVTPUNT I F—¥EAMS X U CAMP
BOBRVBELR - Tz,
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RIS DB, Table8 (SRS EBY T
Hb, BET)IRANSTHI NI S BERIZE
—oMRERL, VE-A, FVa—A, <~
=R, AS2 b—RA, LTFTO—A, T }—
A, Q¥+ —A, +vyhu—-X, bbo—

El

A, AVIV V=R, TAWp, ZVa-5rr, ¥
FAPMYY, v b, FUT Y, TAZY
Y, TMTFUBIUTIZFY) UL OBE
EHEENETH o, T2, TIE/—X, F
TU—RA, FHh/—R, VIVK—Z, $27—

Table 8. Acid production from carbohydrates by f-hemolytic Streptococcus sp. isolated from diseased marine and fresh-

water fishes and reference strains

Yellowtail Common  Japanese Ayu Streptococcus iniae Streptococcus
Character mackerel  flounder ATCC 29178  ATCC 29177 equisimilis
(5% C)) ) (3 1D 681
Acid from:
Arabinose - - - - - - -
Xylose - - - - - - -
Ribose + + + + + + +
Rhamnose - - - - - _
Glucose + + + + + + +
Mannose + + + + + + +
Galactose + + + + + + +
Levulose + + + + + + +
Sorbose - - - — - _ -
Maltose + + + + + + +
Cellobiose + + + + + + +
Lactose - - - — _ + _
Saccharose + + + + + + +
Trehalose + + + + + + +
Melibiose - - - - - — -
Raffinose - -~ - - - +) _
Melezitose + + + + + + -
Starch + + + + + + +
Glycogen + + + + + + +)
Inulin - — - - — - —
Dextran - - - - - _ -
Dextrin + + + + + + +
Mannitol + + + + + + -
Glycerol - - - - - _ +
Sorbitol - - - - - - -
Dulcitol - - - - - - —
Adonitol - - - - - -~ -
Erythritol - — -
Salicin + + + + + - +
Esculin + + + + + - +
Arbutin + + + + + - +
Amygdalin +) +) +) ) (+) - -
Inositol - - - - - — -

Gas from carbohydrates - - -

* Number in parentheses represent number of strains tested.
—, negative; +, positive; (+), delayed or weakly positive.
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A, AVEF—R, T4 /=R, AXY 2, F
FALSY, FYEY Ly, YNWEs N, XNy

b, TFZv b, ZYM)y FBLTA /Y
kS OBREEEIIEETH o,

EFE ) HED O S HE S NIHEBRD R
ORI, <N, BREEIABIUERET
AL INIEREF UERE R L7, £
72, *TREBRD S. iniae ATCC 29178 RO &
b—F L, LL, S iniae ATCC 291778k L
352 bR, 974/, ¥y, TR
VY, TWTFUyBITF7IFTYY oD
BEREA M, S. equisimilis TID 681BR & XA LY
F—=R, wr=v b, ZVE)BIVTIS
FU U LDOBEABOERIELR > T,
B8, WThofREKRE L, KRB PLD
HABEBERIA LN D> T2,

MEFAIMEIK - Table 9 IRT EBY TH 5,
T, ¥R, BIABLOT IHEEKIIE
EEHRETHEHR L4 BHEoORMBOVWTA
P LTOEELT, L L, HLS iniae ATCC
29178 MiEB L 'L »HEHE A, B, C, G BRE

Mgl L CTI3BEL ed oz, 72, 8. iniae
ATCC 2917888 X TF ATCC 291778k 72 & UFIZ S.
equisimilis TID 6818ki%, FRAHRHRTIER L
PME R L CEBEREL 2d o7, 2B, S
equisimilis TID681ARIT C FESRIEMLIE 1243 L CT&
g7,

% £

AHEICAVERE T, BEOTHN, &
eI ABLUTIhoaBEEINL JBMED
HESEERE S4B O, AN LS
CIzA BRI L, I—0ETHho7,
INSITEEMED WSS LAEMOEERNE /-
IIRERKICEHT 5 2RE T, BAEBANIET
L, B RENCSEL, 15 7—PRETH-
7:Z & 7405, Hardie (1986) 3 & UF Holt et al.
(1994) ORFICHET X, Streptococcus B\ HE
TEDHNRYTHL BN, /2, 45C, 65
% NaCl, pH 9.6 8 X F40%HIHTFET TOR
EFEUEHFBRET B EmMELRTZ L9 5, Rota

Table 9. Slide agglutination tests of S-hemolytic Streptococcus sp. isolated from diseased marine and freshwater fishes

and reference strains tested

Source of antisera

Anti Lancefield’s

Antigens group sera
No. 1 3K F-2 PT 85107 S. iniage @~ ——————————————
Strain Source (Yellow- (Common (Japanese (Ayu) ATCC29178 A B C G
No. tail) mackerel) flounder)
No. 1 Yellowtail + + + + - - - - =
No.2 z + + + + - - - - =
No. 3 ‘ 4 + + + + - — - - -
No. 4 ” + + + + - - - - -
No. 5 » + + + + -~ — - - -
1BL Common mackerel + + + + - - - - -
2BL 4 + + + + - - - - =
3BL 2 + + + + - — - - =
3K ” + + + + - - - - =
F-1 Japanese flounder + + + + - - - - -
F-2 ” + + + + - - - - =
PT 78061 Ayu + + + + - _ - - _
PT 85106 s + + + + - - - - -
PT 85107 v + + + + - - - - -
S. iniae ATCC 29178 - - - + - - - =
S. iniae ATCC 29177 - - - - _ - - - -

S. equisimilis IID 681 - -
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(1986) D5MHEIZHE o T Pyogenic streptococei (L
JRPEHSNERE) OHBEICOEHTRETHHER
b s,

FRE AR L B S, iniae B X U S. equisimilis
OHRE BT 5 L, HEHRKOMRIL S
iniae ATCC 291783k DK L —F L7z, LA L,
S. inige ATCC 29177k DWIREZ B-FTF 7 + ¥
¥—BEEN, TAZ) VIKGEYE, 57—
A, FIALI—A, )Ty, TRV, T
VTFBEUTITFS) s ro0BEREAN
BOWTRL > Tz, 72, 8. equisimilisTID 681
B_Lid¥o) Fo 7Y N7 35— BEAMN,
CAMPRER, ALIUN—R ~<=ryz=v b, 7V
LY rBIXETIZY) L OBELEMICH
EHA SN, Pier and Madin (1976) B L UF
Pier et al. (1978) 257 <V VKA VA 645
L7 S iniae D 2 BHEOMBEIRIIEWICRE LR L5
GHHDHEENTVEY, EFRICBVWTHHE
ORI/ O N, RERMAHRKOHERIZ
Rotta (1986) @ S. inige @ Type strain T 5
ATCC 29178 B DHEIR & —FH L7z Z &h b, 7
UL oS N-ERRE, N, eI ABL
U725 8INErkE & HITS. iniae 12
FET2DNFRYETHL LEEDLNE,

MBFEHERIZ >V T, REadRETEY
WHBHEZ L2 Z EAREMN, Kitao er al.
(1981), tEfE (1982), /Ml (1982b) B &
USTE - Wl (1987) oL —F L7, L
L, WAHERIL S, iniae ATCC 29178 BfkEB L OF
ATCC 29177 Bk Wi & & R 5 MEFHMHE
KERLA, 2OZ &ZILEM (1982) 9T
WCHE LT ALY, R - fHE (1987) 37 2
ko B A MM ESHIRE (204 B IMLiE D> S 1
8L 7 EREBIRIL, S iniae ATCC 29178 #kB k
O ATCC 29177 #R1Cad L TR M SRR & Rk
Rigd & LTEY, 35ICEHMLMIEFNR
SHHPLELEbRS,

AFFET, 7V, vHEABLT I Arby
MENERE, 720008 I NAEERNE
Uk @R 2 A L Tz e s, K
L RAIROBIERIEE B E MM ESHIKE X
—DLDTHHLEEZLND, BEHRD B
MPAEESEERE L, BE2MA 2 TH ILRF

G

L, ESWEEIENT &2 (I 19820,
BEHAD 1986, AV - 4 1986), b & b LK
ETHED, ZALPOL—-FERT, BHEO
ARICBRTL Lo 70TV LR
bbb, T/, BET7)RBL TP L5H
SNz BESIYEESHERE 13 F UMK & @ PR
rHELTwEZZ LS, EREHRE T 88
AL OBRBEANDRBREOTEENEZ LN
Lo INHLOEEHLPICTH DI, 5
WREME 2 CORBRE L E L Bbhb,
%8B, BIHIBWTIE, A ATIZNIZBWT
=< A (Eldareral. 1994,1995), 7 AV HIZ
BWTFFET (Perera et al. 1994) D S. iniae
BYEFEVFRE SN TV, FETOESRHE
BOLBBRH S BOMEREO—D L EbR
%,

F£3E FEEOKREMICEATS
Mm%

KB OHRBEAIZIE, BEROBERLIE
K EDFERD AR OGN, T, EERRREIC L -
TH, CHODERIFBRINL Z EPFHILN
Twa (REEM 1979), Vo IP9, RiMb
(1984) X7V HAROEFEMERIEICOWVT, HH
ZMB L UREASSENIIRETL, #AELe
FIORPSREITH#INE Z &, £F0RAN
CABERERELR 207y —V0EEBIV
WEBEESALNDLI EDS, TUHAICA
LN AEREREFEOMNBRETEL/ZZND
DRENRHAGELEA L GEEEELREI LT
HLAELBEELTWA, BIEIIBVT, HHE
BIUOBAET)VIZIBITLE2EREOEBRBEFT
1%, B o7ERE LTEOHEITESD %\ IdH]
HBERERTERSBEIN:, IhHDT
o, RERET) R EORRECEK L 24
ZEDRBEENL, UL, KRBT LRI
DEREZ LD EIPIZONTIE, EBRAHY
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WO ARE IS T A RESEIE R 5
Zk, HEABHOKED L VIIEEREVEREO
BT ETHE & EZ NS, B
LR8N Twhivy, 3610, F2EIIBNT
X, KEILS miae IZFRIEENBZ L, BED<
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BREHRE L B UMK & @i £ b
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OO ENsEEEORERORRIZIOV
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F72, REEE2EICBWT, b MIRENY
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FEINRZZERBR, TAUNTHE, &
77T DS, inige BREEFHRE SN TS
(Perera et al., 1994) %, Weinstein et al. (1996)
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CT2FBLAE MO S inige BREF T HREL
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A AHEME, BRICRIZTHFTKEOR
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F1E BERBRECLIREG
DI

AEOT VKT AREN 2, RERNEEDE,
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0BT OOBEBENII, HREKREERETNIE
L Y53X10°, 53X10° 53X10° B LU53X10°
cubTERLZOL, 60l DHARART 7 U
WABIZEL, FAAIRVy bR LH2E
WS LT 28BSE L, T4 5 TIERDSE
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CRERORBLPBE L, b, §FEHMbD
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HL72BE, Theh20BhERIcRE, 1
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Table10. Pathogenicity of Streptococcus iniae No. 1 to yellowtail in intraperitoneal administration infection

No. of fish died

Challenge No. of fish (No. of fish deformed) Total no. Total no.

dose cha.llen ed of of
(cfu/fish) g Days after inoculation fish died fish deformed

1 23456 7 89 10 11-14
53x%10° 20 2 1 (2)(3)4)4)(3) 3 17
(1

53x10° 20 2) (@) (6) (3)(1) 0 16
53x%10° 20 (1) (6) (4) (1) 1 12
53x 10° 20 (5)(3)(3) (2) 0 13

Fig. 1012, LAMES % Fig. 11 1SR L7,

FHEEBLUERELE L 7-EROBRENIC
BT 5 S, inige EEBOSARIL, Table11 I3
EBYHD, ThbL, BEATERASZWT
NORERRIZ BT 10° cfwg BLEOBVWEREIK
#RL7z, Zhic LT, BRATHE, Lo
HEED S SEI R SRR, R, B
i, B, CRBLUBTHoM, ThHDH
L, REMEVCEEIRE X038, Fi
BIXOLBT, FhFn10™t, 1007 BL U 10¥°
clg ThHo72, VoiTH, BEICL o TIIMAE,
g, H, B, ¥, $Rd5ERPORE
PRIBBRDTOBE L ALNIz, 2B, Bl
PRI T3 10cfu/ml, #DOMOBEEFTII10°
cfulg TH - 72,

BAC & > RERNBE | BRI X 5B ER
DOFERIT, Table 2 IRTEBYHTHD, T4
HH, 53X10° cfu/ml DHEEIZ205FEEL 72
BAITE, BBRLTHL6~9 HREIILITTIS
BHREEIRVERELRERL, RHRZRIZ1E
HIEE L 720 5.3X10° cfu/mi 2073 0 B it ik %
T, HiE»5 8 HRICISED D | EVENRE
PRBE L, ERE2ZL-HAEORSEND S.
inige B BOSAIL, Table 131273 EBY T
H5Do BB XUNMET 10° cfwg 2Lk, BT 10
cfulg Bh 1 & MBS W EZ IR L72AY, 203
OB TN LYK, FiE, HRBLU
B TR R L T OEES A bz,

BOXSICEIEROBL BOKEICLS
REALERE DR EIL, Table 14 IIRTEBNTH
5, Thbh, 1RL)OESFES1REHY

10° cfu DHAIZIE, 1 HOESTIEIBEF1E
T BBICEBELY RS LA, 5 HREERT
5 x5O, BRF%KS PS5 8 ~12HE
T C2sRPEE 6 BPERELY BB L2
1ES ) OBREEEL 1R D 10°cfu DB
i, 1HOFSTEE Wﬁuﬂﬁb&#of@
5 HEESRS OB4ICIR12A%IC25BT 1B
#E%r%%ﬁbto%%ﬁ%gbtmwmﬁ
BAD S. inige EEEO5AG L Table 15 27T
EBNTH B, PN L OEFBIBERT
DIIPWICBNWTOAT, BT 10°° cfwg T
Hot, T, PN {EPTEEI NS
DRFBARP L DR TH o7, TDITH DRSS
Mo OEOSERIRICIE, ~EOMEMIEASR
Lol
BeNHEOTVICHTIBEER  E D
KESOT)IT HREEBROKE R, Table
16IZRTEBNTHD, FHEE139gDTY
Tit, BEE,IS 4~6 ABI2DIBTIORHH
L, ERLIZ2EVSERELE L. 2h
LW HREFBEOERAETE, BLidIZLALY
ALY, EREORHAFIIFESEVIILE
{ e HEmMDS A BT,
BRERABE S. iniae BHROREN | SHHK
BARD 7 VI T B BEGEBROK RIE, Table
17ERTEBYTHE, 7VHFED No. 1 %
BEL-LXICE, AKE10024%) 1 mgBEE
KCIEEEELTHS 2~ 3 HEIXHITTI0
B 8ENELL, TOHERLL2EIE
DOREE ERBETLIERIELZE L7 001mg
EREX CRECAIEILRL, 10BE DERENE
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Fig.7. Vertebral deformity found in yellowtail experimen-
tally infected with Streptococcus iniae No. 1.

Fig. 9. Congestion in the inside of the upper jaw found in
a yellowtail experimentally infected with Strepto-

coccus iniae No. 1.

Fig. 11. Epicarditis found in a yellowtail experimentally

infected with Streptococcus iniae No. 1.

BL7.
AT LT, MAREERORERIZB VLTI,

Fig.8. Congestion in the inside of the operculum found in
a yellowtail experimentally infected with Strepto-
coccus iniae No. 1.

Fig. 10. Corneal opacity and hemorrhage of the eye found
in a yellowtail experimentally infected with Strep-
tococcus iniae No. 1.

B A< HNHR O 3K MREREA T, 1 mg
XT7REMECL, 3RBICERESEHL .
0.01 mg X TIZ 1 EIHLCL, 6 BIZEE
FEDFBL L7z, #hlik T AHKD F-2 #RiEMA
T, 1mgHEHEXT4RMMETL, SEIIER

A RICERIEVFER L7z RAKERMT THRO
PT 85107 PREEFEM TI, 1 mg KX TS5 EMD
L, SEICERAENFEHE L2, 0.01 mg#iE
XTIRFETCHEIEIASN G728, 10BE DI
BAEDRB L7, Wol®), 7V VikkA
WV H KD S. iniae ATCC 29178 FRBFE M TII5E
C, ERIEOVWIThbALNLE o7,
FCAORERE LTI, SEEERICILEL
THoEEER, RREEASS, BIANM B L OSMIR
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Table 11. Viable counts of Streptococcus iniae in various organs of died and deformed fish after intraperitoneal inoculation

Viable count (log;, cfu/ml or g)

Fish No. :
Blood Brain Scpol:gl Spleen Kidney Heart Liver Stomach Intestine Feces Muscle Gill Eye
Died fish
1 NT 952 928 861 1030 10.28 10.04 9.52 9.54 NT 879 956  9.65
2 NT 979 961 911 1045 1054 1023 9.81 9.71 NT 853 976 9.74
3 NT 889 880 952 1043 10.28 995 9.61 9.61 NT 885 999 9,61
Deformed fish
1 <1 528 572 290 230 385 260 270 <2 <2 <2 200 260
2 269 762 666 4.76 397 934 NT 4.18 6.85 5.45 3.11 346 8.79
3 1.60 7.57 523 4.63 393 7.88 523 326 588 <2 <2 598 932
4 261 726 668 3.08 391 445 <2 295 6.00 <2 <2 3.08 4.18
5 1.00 696 594 248 248 570 <2 <2 230 <2 230 349 315
6 1.30 598 489 432 690 426 359 748 7.18 7.00 <2 326 <2
7 1.00 741 634 3.15 343 489 270 <2 548 <2 <2 360 278
8 1.60 7.08 695 528 354 574 260 278 7.04 4.04 <2 770 741

NT, not tested.

Table 12. Pathogenicity of Streptococcus iniae No.1 to yellowtail in seawater borne infection

No. of fish died

Challenge  No. of fish (No. of fish deformed) Towtno. Totl no.
o o
dose challenged Days after challenge fish died fish deformed
1 23 45 6 7 8 9 10 11-14
5.3>10° cf/ml 15 1 M 1 1 3
for 20 min.
5.3X10* cfw/m! 15 1 0 1
for 20 min.

Table 13. Viable counts of Streptococcus iniae in various organs of deformed fish after seawater borne infection

Viable count (log,, cfu/m! or g)

Fish No.
Blood Brain  Spinal cord Spleen Kidney  Heart  Liver Intestine Muscle
1 3.26 7.64 5.54 3.75 3.56 6.45 278 8.84 2.00
2 2.08 6.04 <2 2.85 3.36 6.40 2.00 6.40 <2
3 1.85 7.53 2.00 3.73 3.36 630 <2 5.28 <2
4 1.78 7.04 495 3.28 332 7.36 230 4.48 <2

NT, not tested.

o7 &0, HALEOFEME EHBBE S, BHEHEVRERELZREZ L7 OB &
ERATRBEOMBEOIED, BEARORR, L CERPOBEEOERIX, 7 HED No. 1
FARORIMLE EHE C OFETHALNR, F BHERIC L 2T ADRTIZIC chvg, BT
72, AETIRS L DIRERO EE, i, 2HD iX 10" cfw/g, EHAORTIZ 10" cfwg, BE
BlgEzsh, T 107 cfu/g TH o7, 72, BREL S AH
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Table 14. Pathogenicity of Streptococcus iniae No. 1 to yellowtail in oral administration infection

No. of fish deformed

Challenge dose Ti No. of fish Totzlfno. TOtzIan'
(cfu/fish/day) challenged Days after first administration .
123456789 1011 12 13 14 Dshdied fishdeformed
10° 1 25 1 0 1
10° 5 25 1 31 1 0 6
10° 1 25 0 0
10° 5 25 1 0 1
Control 25 0 0
Table 15. Viable counts of Streptococcus iniae in various organs of deformed fish after oral administration
Viable count (log;o cfu/m! or g)
Fish No.
Blood Brain Spinalcord Spleen Kidney Heart Liver Intestine Muscle Eye
1 2.81 7.20 3.23 4.45 4.62 3.36 2.60 2.00 <2 9.28
2 <1 7.34 <2 285 <2 640 <2 2.00 <2 NT
3 <1 6.91 <2 230 <2 200 <2 5.84 <2 NT
4 <1 8.76 3.52 <2 <2 <2 <2 <2 <2 NT
5 3.59 6.96 3.83 4.18 4.43 8.04 3.56 5.53 <2 NT
NT, not tested.

Table 16. Pathogenicity of Streptococcus iniae No.1 to yellowtail of various body weight in intraperitoneal administra-

tion infection

No. of fish died

BW of Challenge dose No. of fish (No. of fish deformed) TOtzlf no. Totzlfno.
fish(g) (mg/100g - BW, cfu/fish) ~challenged Days after inoculation fish died fish deformed
1-3 4 56 7 8 9 10 11-14
13.9 0025 55X10° 21 4 11 4 (1)) 19 2
33.6 0.025  13X10° 21 (1) (5)(4) (3) (3) (1) 1 17
1
52.0 0.025  2.1X10° 21 (1) (4) (1) (4) (2) (4) 0 16
123 0.025  3.2X10° 20 B @G0 (1) 0 13
445 0025  1.6X10 20 (D 0 1
1,840 0025  1.0Xx10° 5 (1) 0 1

KO F2HEBICLZ2HTAORMTIE 107 cfw/
g, BRTIZ 107" cfu/g , ERAORTIX 105°
cfw/g, BT 10°7 cfwg THolz, FE
HNHED K HEEICLAFETHAOKTIE
10> cfu/g, BHETIL 10 cfwg, BHADRKTIZ
10 cfu/g, BT 10" cfulg TH o 72, RAKE
FE 7 LHIK O PT 85107 BRIEFEIC X B LT DR
T3 107" cfug, BB TIE 10V cfug, ERAD
B3 1070 cfw/g, B TIX 107 cfwg ThH o7,

IRIIHLT, 7oV kAL VI ERDS.
iniae ATCC 29178 BB A ORBR TROME
IUBROEKZ, 1mg BEXTIORP 1R
DA 6 10* cfw/g AU S M7= BSME,
THRHEBR (10°cfwg) LT THoiz,
Tz BRE M, Table 18 IZRT LB
DTHd, 7TLHROPTSSI07THREZERL /2L
Eid, ABEI100g4 V102 B LU 10" mg #EE
X Tk, #FRENI0EFI0E, 10° mgBEREX T
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Table 17. Pathogenicity of Streptococcus iniae isolated from diseased marine and freshwater fishes and S. iniae ATCC
29178 to yellowtail in intraperitoneal administration infection
No. of fish died) Total no
Strain Challenge dose No. of fish (No. of fish deformed) Total no. of fish :
No Source  (mg/l00g *BW, ) yyooed o deformed/
: cfu/fish) & Days after inoculation fish died wed
123 456 78 9 10 11 12 1320 survive
No. 1 Yellowtail 1 1.7%10° w62 (1 (D 8 22
0.01 1.7x10° 10 @)W W 0 10/10
3K Common 1 6.8X107 10 6 1 1@ 7 33
mackerel 001 68X10° 10 1 (1) (1) 3) (1) 1 6/9
E-2 Japanese 1 8.2X 10 10 301 (1) (1) (2) (1) 4 516
flounder 0.01 82X1¢° 10 (11 ()W 1 4/9
PT-85107  Ayu 1 1.1X 10 10 3 2(@ LW 5 5/5
001 1.1X10° 10 m@me 0 10/10
S. inige 1 1.0X10° 10 0 0110
ATCC 29178 001 1.0X10° 10 0 010
Control Physiological saline 10 0 0/10
Table 18. Pathogenicity of Strepotococcus iniae isolated from yellowtail and ayu to ayu in intraperito-
neal administration infection
Strain Source Challenge dose No.of fish No.of fish Mean days
No. (mg/100 g + BW, cfuffish) challenged died to death
107 3.8X10° 10 10 5.6
No. 1 Yellowtail 10 3.8X10° 10 10 6.0
107 3.8x10' 10 10 5.7
102 2.6X10° 10 10 5.1
PT 85107 Ayu 10 2.6X10° 10 10 5.7
10 2.6%10' 10 9 7.8
Control Physiological  saline 10 0 —

10T 9 BAFELE L7z, 7 U HED No. 1 £
REELALEE, WThoBEEEEICBWT
LIOBEDBHLE LA, B, ERECOREIIHE
Bahghol, READERIIVTHOREE
BHHROBEIIBVTY, IMOIE, Bk &
BEEBMOREHRD H VM, BHESoOFMm, #
fERE DI % EHBEETH -7, T, TR
DB & OB S 387 4 BRI ST
THES NIz,

% =

FHFRIZBITHHEEHE 2 HERIIER ]
MENBERERDERD L, SEVHLEET

ERTICELEELH 50, PEOHDEET
BHBEERMETAERELRRTHZ LN
ZNZ Edbhol, T, KEOEMIZL -
T, REDBREBERADERE LTHRESRT
WAREROFTHIM R H%, 2H, BEAEOR
Hifn, OAMER (RZEFEM 1979), BHERE
(FoMtE 1984) % DT RTORERDPFERT 5
Zihbhrol, TR DEEERICBITAHE
BHNOBEEIE, ACATIIRERL BICHWE
2R LA, BRATREAOERO AP D
Bt DB LV TH -7, T2, B
BB IUBOREERIIBVTH, BRRILE
Do 2 ERENSEHL, BB 5ERRORE
EWLEETL VEFIEDON, ThHD
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ZEhs, TVERFOSMN 2 £ REEZ
G AT A5, EICHKAICBIT AR,
BWHEIZE KT o BRI ERERET I LD
Bbhis,

T AR EOERM LREMEIZOWT
X, REEM (1979) 37508 L7 B
MAEE SR I PRIENEREIC L > THRE 10~65¢
OFTIHEAL 1RBYY 10 MBROEERETI100
BT EEELTWE, WolZ), K - 8
(1986) {37 ZHRMEIZOWVWTHEH 60g DT
YRR T AR R AT L, AKE 100 g
L9 27X10° cfu DIEENERE T 60% DIBLTHE
ERDREMIEEEVE LT, BEEBOE
B3, Ho2 W ZORERRIZT TR, fit
HAORRPRELEMFICL-THREDLED
o, L7zA>T, TheDFEREARIOFER
EERBMICIIRETERVWERBDbR D, KEF
WICBTA, KEORLRB7)IZHT B EYE
BOBERID, N7V REEEEREIIRY
I, BTRESLIHEFLZOTE VDL
Bbhd, $7:, BHREIEZ LT, &
FAEDRIBRAET LzZ &, 5 IZHRSE
ABHIVTNOEESOg L TO/RIIB W THE
BENTVBRIEREDS, REGHRAHICER
LRTWEIRTHL LELLND,

T, YN, I ABITTEREKD
TR HREROLBERICBNT, AE
100 g 1Y 1 mg (6.8X10" ~1.7X10%cfu) D%
BOWHPERLASEICE, BRBLXUFRTD
BEHEE M UBEE»EL oA, #
FEEBREEOTLERP LD OBIIBTEL
BELTERE*RZBHATL I LPFBELPICER
D, HAEHRERIIZEZAEOBEEEET
25D EEZ LN,

%8B, S iniae ATCC 29178%kix 7 1) |2xt L T
HEBEEZ RS hdhol, E2EBTHLNPLE -
oMERZT TR, WEEICBWTHHAR
KL RRERLRDLIANTTHEEEZLND, S
iniae ATCC 29178k DIRFE MR DB TR
FLATERELZLZOADT, S8ITAEESR
BeE T kA VA RO BENEEE
AL E BT, AEERIC L ZFHEEOEE
T3 ho7t) AT, BEREGELTLHETILE

]

BhHhbHERDIS,

TVBLTTIHRD S. inige & 7 LIZHE
L7BE, WTFhiZBW T EbodTohhnE
BTEVWRETEIBEEINL, T2 T 5
TIHROEFDOHBEMEIZOWT, HHM
(1981b) (FFEHHE 169 D7 ZIIFLT1RE
4 62X10° MROHAAEET, K - i
(1986) 13 REH S g7 I L TARKE
100 g 2 1 2.2 X 10% cfo DJEFENFERE T, 100%3E
CEHBILDTELHVIREMETZAETAHEL
TV b, SHEOBREERDER? S, 723
LT H3R#RIE 7 0 BEHEREE fE | HE R O FE
HhOCRM - 8 1981, TR M 1981) THBHILM
DER, Bk, BERMOTRD LI, B
BEEOHMZ 2RI L, 7TIHERERA
OB ERT Z LSk o7,

HE2BIIBWT S inige CEEENRTY, <
H8, BT ABITTIHRO BEEMMHEHEK
WidA—ofk e @R D2 &, 72, &K
BERGOEBRNBIIBITL, 7VET72%H
W7 U B LT LHERORERGERICE
W, HECFAHROERERRIELZEhs,
WK L BB AT DHEFA—DLDTH
LEEZBND, E5II, AEIZBWTEE
DHNHEKRIZ, TV LTTY HkERE
F#omERZEL, £/, AREBESBLV
BOABRELISGZ PO LR/, LT
HoT, AEERETH2FEMAR, FhHini
REAKEZNLCEHEANDOBERRELE R ) B &
BEbhd, ChETOKRIL, E1EIIBV
THeET LBl 7 ) HEAOER 1 OFRIERAEF)
X, KEERET Lo APEBORASL LT
fEbh, THHPEGE L 2o 2 REMDTE V.
FHEIZAWI VFHRICBWTREA R & 5
THZEHONTEY (Sako 1992a), AFED
TR TE, EATHVWEHOERIZ
REEFLETHD, T/, 7 OHEHOHE
BADFITA Ly POBEADO—BOHEEHE
Ihs,

Ltk, HEREREM, FTAEMAL S TR
BIZIL DT AEROLRESL X5 CHKICT
L Ebic, BIEENLZFEICLZABEOMES
PULETHLEEDLRES,
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fABEKEIC L BREHED
7457

BAEEIEE, BRABIURELONEE
RO D IR T AL SN TWA (Snieszko
1974, Wedemeyeretal. 1976), & {12, ZLiRE)
WThHAHEORERDOBENICBIT 5 HH
i, HEBLIUREOEMFIZEI->TELLEE
EhbeEbhd, FEFEIEHIIBNT, FH
DEGNT T OREHITERZ YT wI LA
LI o 72, RIRE TH LB TIIKE

DEEBFRRKENVEEZ LN,

FI T, AECTEFABEKBESERIIRIZTE
HHIZOWTHRET L7z,

F28

RSB LUHE

#HER NTFHESIAIRL Y FERE
L, 22°C OB TEHE SN T/ FHEE 250
g D7) ERHVI,

HEE . FH ) BEREOD S. iniae No. | %
7, EERIEEIC IR E kT BHIER T
25°C, 24BFRIEERMAICEN L, £EAEKCE
% LT 5,000 rpm T1053- D& LB L - T
L EE# L2 0%, BEEE L THV

FBEKE 15 18, 21, 24, 21B XU 30°CD
6 BBOEEKELHREL, Thbb, &H

91

FRBZ L IZHARRD 601 BEIT 7 ) VIkIE%
HEL, #hfhokEflHlAL10B3 oL
BEL7-0L, FHEHEKE~OBIE%L 3 HE2T
TIT=72

KRBYE  FEF KB COFFADOEREN
i, HEERT 1BYUD68X10°cfud THEL
-0t, EL ALy FE1IH2ERS LT,
FEROFHRRNE 2 BEBE L. EWEEZRE
BMLA-ARELICEDHT, E1EF1HEE
BOFFEIZL-T, McBIT2EEEOH % Hl
EL7,

= R

FNENOKRBRIZIBITHHES L TERAD
HEDRIIE, Table 191283 EBY TH 5B, 15°C
OFEKBET TR B IR EEA O N2
7oh%, 18°C L LTI BFEHEARANALNI,
18°C THHFHERAOHBARIZI0NTH -2
A5, 21°C 206 30°C O#HiIFH TIiZ80% LA Lo B
RThHot, BREFBERT LI TOREER
OFXE BRI, 18°CT9 H, 21°C T7.9H,
24°C T6.7H, 27°C T6.0H, 30°C T5.6HTH
h, KEIFBWIEIEED» -7,

ZKREBTHE L-EBRMRET ) IcAh b
ERAORIZBIT H2EEE, Table 20 IIRT &
BOTHE, bbb, KR 18°C Tl 10 cfw/
g, 21°C Tl 10%7 cfulg, 24°C TiX 107 cfu/g,

Table 19. Pathogenicity of Streptococcus iniae No. 1 administered by intraperitoneal inoculation to yellowtail at various

water temperatures

No. of fish deformed

Water temperature No. of fish (No. of fish died) Tg;aé:[? ) Tg;?}llslo‘ Mean days
(C) (Range) challenged* Days after inoculation died deformed to deform
1234567891011 12-20
15 (15.4-15.9) 10 0 0 —
18 (17.8-18.6) 10 1 0 1 9
21 (20.8-21.5) 10 2131 1 0 8 7.9
24 (23.8-24.2) 10 323 11 0 10 6.7
27 (25.8-27.0) 10 12221 1 8 6.0

(1)
30 (29.3-29.9) 10 124 2 1 0 10 5.6

* Challenge dose was 6.8 X 10° cfu per fish.
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Table 20. Viable counts of Streptococcus iniae in the brain of deformed fish reared at
various water temperatures after intraperitoneal inoculation

Viable count (log,, cfu/g)

Fish No.
15°C 18°C 21°C 24°C 27°C 30°C
1 7.52(9) 7.57(6) 7.23(5) 7.56(4) 7.45(3)
2 7.11(6) 7.43(5) 7.00(5) 7.36(4)
3 6.48(7) 7.41(5) 6.95(5) 7.45(4)
4 7.54(6) 6.91(6) 3.86(5)
5 7.45(6) 7.36(6) 6.95(5)

Number in parentheses represent days after infection.

27°C Tl 10°7 cfw/g, 30°C TI310* cfu/g TH
D, HEKRIZLZERIALNR D72,

% =

S. iniae No. 1 ¥& @ invitro |2 B} A B E R
B 35°CHETH Y, 35°C T TOMBEEREIT
RERBEICHFAIL TN 5,

ZEEF KRBT A2 ERXHERAOERDOES
WRimD o, MWEMEITAR 18°C LLETHERT S
DOTREVHIrEELRS, F/z, KiR21~30°C
THWRFEERNSBEBIN -2 06, KEFE
VI L RBRIZES T COMMEPEI VO TITR
whtBbhs,

AHEEEAOMIIBI ABEEEROKER I,
FHEAKRICELEEINRTBY, KBIEWIEZ
EY— 78T 5 T COEBSEL, BRER
DREBE L {HE LT, EEKRIZ D
53, ERAORADEEEIZIZLALOMEE
T10 cfg A ETHLZ LS, BORATH
YERE L AT L DRBRATRIRE NS,

FRBWTHLEETIE, — BTk
Lo THRE, &, PR, RELER SR
2ZFAI LS, EHKRNDETHE S
BAECE, EEBESET 25, REED
WREIERIC R B 72012, B, BFEOBRED
EmiaIid, BRILEZOLND,

AEEIHIIBVT, 7VREREICLA-
TEEIAT 2 REENEL 222 L2 HLH
IZLTEY, BREHOFVRATHZEKRETT
ABETAHILY, BREOFHICEDTHL LA

bhbd,

BIM AHERBROME CER
DERBE

BIBOEAREFABLURESE 15, 2
MOEBRNBEOKERD, S, RERREIC LS4
BERE LTHEEFRDFEENE ALNS
FERTH Y, KEOM~ORIEEREDREH
DR LTWAZ EARE SN,

FZC, FECRAEREEOBIHENIZBT
LABOERYL, EROBEL OBEBEFEMIC
e L7z,

MRbLUHE

WA N FHELA ML Y FEHESL
TERLLFHRE 250g 07V 180BE AW
A

HrmEsk . B 7 HRD S. inige No. | #7%
w7, HEERT BHIEEK T25°C, 245
ERICERLT, ABEIEKCEEL, £L
T, 5000rpm CT103 DR LA L - T 1 H
HEL7Zb0%, ERNBREICHW,

EREOHE S ERORROBEOKRE | i
H7VI20BII L, 1BEN3.0X10° cfu 28
BERICEE L0, 20K AR20007
7 ) VIRIEIZ0RB T OREFLTEAS R PRV Y
F% 1 H2E#5 L, 22.8~24.3°C OKIERTIS
HRESEF L7, —AEIZDWTId24BHH 5 \»
F2~3HTkZ4n L 7RO BT,
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FEIREZBE L7205, 80ppm D m-7 3 /&E
BEBRIFNVAY S ANTA— FTHEL, BWF
B~y AL L2 ER S TR L
2o PWT, #EB I UPWEOFERE AR
BEL-0b, M, MR R O R B
BEBIUVEBzEUHASOHmAETREIL, 5§
| EEIHLAROFEICL > TEEEORY
T b —DDKREIIDONTIE, ERER
OFBIEH L TEHE L2, WHRELTE, &£
HAEEKEEEPICER L7277 608 % RIS
FAHELTHEL:, &8, ERE*RBHLE
HITEHRY) BT CBloAEIzE L, 4FH412
WCOWTERERBEZSOHB N~ FHEA X b
NRLy MEBKSLTHAELFHREBEL .

¥ R

RERFRICHLD B B A BB S NIE
RB L UEMBNOREEIL Table 21 IR LB
DThHb, HEERL T2 HE, S BENRNG
B, BHEEDIS 4~ 8 HEICERD EIF7:
#BO%L T, FPEBIUBZEORMOREFR, B
oZelly, Wi, ABPEEINL, LEB L
UHBEORMORERIZOVTIE, HOEE,S
10HZLUBOMIZIZIFEA BRI Z ko
oo PIBRICE L CTIE, WML S 2 ~4 HED
B0 BBOERSBE SN, TR
WOEED» S S HERUEOATIIALO N %
0, b TUAMERD A SN 2 BEIER S
Nz, ZRAIEZERL T HEPLY
7225, Al ONEREROFE L EBRERE D
Bicid, EICBfRPBALNE 5T,

HEEROBHRANOERICOWTIE, BEiEN
KHEEER L0010, EBBCB2HEE
1 HEIZ 10 ctuml B W g &2 0, 4l
WAL 72AS, BT 2 BB LARRIZBEE e
AR LNz, Thbt, HEE,S 1 B0
cfu/lg THo72bDH, 5 BFEICIEI0® cfug &
LTolz, FLT, 8HBETIE 10" cfwg DH
BE o720, FRUBIIEAICEL, BF
%6 ~8 HMFBBLAADR,S I, BEED
EEINLROVEENE o7, MU ORESFIZ
DWTE, DRR ETIEBERICE - THEVYER

ERTHONALNLA, 2ERIIZASL LRI
BIFAH L) LHBELEMNEIAS N P72, T
NoORBOHEROMEM % Fig. 12 (A) ITRL
72

RERZRO 7)) OEBIEROFERIT Fig. 12
(B) WRTEBYTHD, filbDERIT5 Ak
L1 RTHESK, Z20BISREICEREEN
i, 11HB FTICRFSIBIIERAALN
EHIEDRIFRRII% E o7, BB, HHE
BEKZERE L BRO 7)) TRERZ EOJE
RiFFE-o7 Aldol,
ERALERIRT o Th5H50H Mkt iE
L, ZERAERD DR % B2 L /- 4R i Fig.
BIRTEBYTHDL, BEREFZRERL TS
BH~ 1 ABRICIERBICELEND I IIh
n, HRL4BOERAEDS, BREORKH
L10B%T2R (5%), 208 T21R (51%),
50B#T338 (80%) OEBIERIHEERL .
LaL, SEICEBRINRIHROAEIRET
BT ERL, RHREOCT IR L, B, =
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Fig. 12. Changes in viable cell numbers of Streprococcus iniae No. 1 in various organs of

yellowtail after challenged with intraperitoneal inoculation (Fig. A).

Occurrence of

vertebral deformity in yellowtail after intraperitoneal inoculation with Streptococcus
iniae No. 1 (Fig. B) I, number of deformed fish; @, cumulative occurrence rate.

100

Recovery rate and mortality (%)
g

o "
0 10 20 50
Days after the occurrence of vertebral
deformity

Fig. 13. Recovery from vertebral deformity during con-
tinuous rearing of experimentally deformed fish
with inoculation of Streptococcus iniae No. 1.
@, recovery rate; A, mortality.
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HRFFE DR, AH i3 Pierand Madin (1976) 2%
TR VIERKAND PSS, S iniae & 455
L7-HICEE & N7z, Pier and Madin D5 T
X, 7KK A NI S GEES NS, iniae
ATCC 29178¥RDIRIMEI W 12X § 5 iRE L H
TNV EShTWA, WolP), Bk, &
F ¥ Cid Weinsteinetral. (1996) (2L ->T, 75
V7 %#RB L D S. inige GBI E S
nTnwab,

FIT, BEHED S iniae DIRMEN X
LIREMERSTT 572012, KEO~ T AT
TOEBERTIT- /2,

B L UHE

BEAE . AEHRD S nike L LT, 7Y
H3RO No. 1 Bk, <H/SHERD 3K, 7 AH
O F2¥B L7 LHRED PTS5107 # %, *F
W e LT, S iniae ATCC29178 #% F 7z, %
72, 1985 9 A3 BC=ZHEDER 7 RA
2SI NBEREERRE D E. seriolicida
MKIB ## & I'MK3K ¥ % Fv 7z, EEREYEE S
21, BEREHT BHIER T25°C, 24K
BHICEHL, ABAEKICES L T5000mpm
TIOGE DR LT L > T 1 EHEB LD D
,OEEEE L THY

R Y2 ICRS 584 (R =
V) Rz, PKREII 287 TH 7,

HERNUBE | FtRAFE KT LTS Lo <

TADEEMNIZ, KE 100g YV EHEET
Img (W7 A 1LY ) #10°ctu) DEEZESL
onh, BEAFEY5 X T, 23°COERTHTE
L, I0OHFEBEL.. £/, 7 HED No. 14k
IZoWTi, 35 VWERETOREMNELH
REHHDI, FE100g%40 1 ~10"mg (v
A 10 1 1.4X10° ~1.4X10° cfu) D 5 BfED
BrEENEEL oL, ARICAET L THE
L7z, BB L7-= oy ADRE, B, LK M
B, B LU IEOFESEEITY, B
BICX A THLIE# MR LI, 72, &
FLATT AW CHRBICHOBTHE
1o7,

£ £

BUAFEHRE 7 ACARE100g 4D 1mg
FEL7-L ZOFEMIE, Table 22 ICRTEBD
Thb, Tihbh, T7UHKEDONo 1 RTEREL
T AZ48REEE E TIC, < /YHEFED 3K
TR EERI# T T, I AHRRDF2HKT
168 T, 7 LEED PT 85107 £ Tid
OB EFTIZ, TRNUAEE LA, YTTAD
ERE LT, EREMAMICFEC L7z 3K kB &
U F2HRZPEE LY AT, BEBRAEER
BREOEIRI AL NH, FDIELDHEE
GIERIZED LN A o7, No. 1 BB X U PT
85107 Bz EE L 2w A TRECTELITH
BREPEr o720 mi2id, BREL5H U REE

Table 22. Pathogenicity of Streptococcus iniae isolated from diseased fish and S. iniae ATCC 29178 and
Enterococcus seriolicida isolated from yellowtail to mice after intraperitoneal inoculation

Species Strain Source Challenge dose. . No. of. mice died/tested
No. (mg/100g - BW, cfw/indiv.) (Time to death)
No. 1 Yellowtail 1 1.9%10° 5/5 (25-48h)
S, ini 3K Common mackerel 1 1.2X10° 5/5 (within 14 h)
. iniae
F-2 Japanese flounder 1 1.5x 10 5/5 (within 16 h)
PT-85107 Ayu 1 22X 10 5/5 (25-60h)
. ATCC 29178 Amazon freshwater 1 8.4X%10’ 0/5
S. iniae .
dolphin
o MKI1B Yellowtail 1 1.1X10° 0/5
E. seriolicida 8
MK3K s 1 1.0X10 0/5
Control Physiological saline 0/5
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LHE, BHEIEHBEINLHEEEAON, &
B, BT LT AOKER, B, R, E
fifids & U 51k, B TEBOBEBE IR
BERICHESHESI N,

Vo l®9, S iniae ATCC 29178 #EB LU E.
seriolicida O 2 EHRETEME L /2= AT
HARoNhol, B, EEKIE S. iniae ATCC
20178 B BB L7277 A TR, BHIERRHR
BThHo720%, 2 HE,ALRFLRY, E
seriolicida D 2 EWHRETBEEL - ATIE, #
B35 BFTH oo ZOEPIAENZIER
27 <, 10HBOBEHBK TRICEERO®™
W& AT o 72%%, E. seriolicida MK1B #R3ERE~
7 20 1 EOBIRE RS S5, 100° 8 X TF10%
cfu/g DEBEEFBFEES NN, F0ErOY
T A TIEBHRA (10 cfwg) LT Th o7z,

FTYHRED No. 1 BkE~ 7 ZIZHEE 100 g 24
D 1~10%mg BH L 7- L 2OFBEM L, Table
BIRTEBNTHL, Thbb, KE100g
20 10°mg (10E4 0 1.4X10°cfu) OEFETIZ
FidA SN L h o725 100mg (1EH D14
X107cfu) BLUV 107 mg (1EEDH 14X10°
cfu) OBBETILSILA4EFFETL, vV A
OIERE LT, ERENIZECLAZYYAT
i, BRAIREABIREORERPALN, £
72, FETLETORBIEL-DDICE,
2B U2 RER B IR, BERHENBRESR
LEERAR LN, 2B, RELIZIT AR
M, BB, DB, MR, MBIUORArs5R, B
O TEROBEHEE ST EIRICHTBES N,

Table 23, Dose related pathogenicity of Streptococ-
cus iniae No.1 isolated from yellowtail to
mice after intraperitoneal inoculation

Challenge dose No. of mice died/tested
(mg/100g - BW, cfu/indiv.) (Time to death)
1 14X10° 5/5  (16-381h)
10" 14X107 4/5  (24-63h)
107 1.4X10° 4/5  (39-140h)
107 1.4%X10° 0/5
10° 1.4X10* 0/5

Control (Physiological saline) /5

% =

TR VRKA NI DL FBEEINT: S iniae
ATCC 29178 HROBRIMEIM 3T T HIHEMEITD
Wi, PierandMadin (1976) X~ 7 ATHFL
T 1Y Y107 cfud, EAVEY MIXFLTiE
1UC% 0 10° cfu OB BOEIEAH 5 WITETIE
5T, BBERALSNL R oL LTS, RE
BIZBWTh, ATCC 29178 BRE v 7 RIZ 1 [E
LH8AX10cfu (KE 100g Y 1 mg) DFEHE
WHEBTREC L2285, RMEW
T D REEIIEWEEZ NS,

WolP), ZFEFABED S. inice 4 FHRIE,
7y A% 10EL D 1.2~22X10° cfu (fFZE 100 g
Ly 1mg) ODEBENBETRCSEL-ZES
5, TV VigAANIERED S inise ATCC
20178 X H B, =7 R LTV EE Y
HTAab0EBbhb, 71)HERD No. 1 #%
AL IAERBRE LB EITE, 1EY
D1.4X10°cfu (KE 100g 240102 mg) DFEREE
NEETIOBDTET L2 L2 5, BB
HLTHEREZETAbD LIRSS, T
¥Tid, 77ETERBLI-CLDHLLE LD
BEREELPD S iniae PWOBEERLTWVWES
(Weinstein er al. 1996) 7%, BEBIUFIET
PO DBEINT S, inige DINIVAT 4=V NE
RARBREEF-HLTBLT, 75T LE
FADBEATHEN TV DT TRV, L
L, HAETIES  ORED S REHITBES
nNTEy, ARTZERTIEBLHLZLDD,
mmMEH I AREMSE S O L (RET
LLENRSHLERDNSL, AFIL Kawahara et
al. (1989) 12k -TC, BMFEYEETL I LAY
HESIN TSP, KEBITE ORREEE
SHTREE 0 b OWERTF & OFEMN % BT
HENEINS,

FA4E J7U0FCICRYTRIME

FEOTFHICE L TIE, I OBREEICHNTT
LD EERE, HRACHTREC COTHICE
L, SULRESEL T TRBEERETED
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Bl EBBREATHALEEbNS, H1EH]
HZBWT, BED 7)1 o KEI G
a2 eps, BREFEOEERERIIEE
THhirEEIOND, T/, FERETTIIH
ATHRALPOR P LARS), BAEOKER
ILELENTVWAELDEEZLND, THHD
ZEkds, TV F R EERSLT, &
T AIEPIEERG T 5 2 LA TENE,
FHCESE—2oOFERL 2L LEDbNE,

EIESIHIIBYTE, REOHRREAR
CAEICKT A BB EESNTVRE I L EH
LMLz, F7, BIBEEIMHCBVTE, &
BORTEHEBLUTOEEIC L - CTEHRERESL
I LAEBRKSR TV EET LEITSLE, &
FAEIRADKEICHE L, EFE2ERICEET S
BENS AIEEHLPIILZ, 2ThHD
Ehs, BEFHALALTVSRELERL
TBE, 72F 2 A0EFRS SR b0
BB LOTR VR EEZLNS,

KEOT 2 F LTI, =Y~ ADEH
HKEECEOFMEIHE SN TS (Sakai er
al. 1987, I 1988), L& L, 7U%EL®
ETALBEAOKEIINT LT 7 F rOFHR
BIZOWTIEHRF SN Tw 2wy,

FIT, ARETEY 7 F V2L ARIEDOTFE
DR HRE T 572010, T TFREMEAD
GREOBEERELAN, DVWTTIIFFAIZLD
BEBNSRIE L & IZRIEMIE L L D ZEREDT
BExh R DV TRET L 77
F1E RBEAMARDOEREFSREIC
B4 %485

7)) OFFEEEE R B EREE Tl T hufk
FEESH, BREHHICEEZREFERETOT
BhwhbvwbiTnsd (il 1974, fEH - 1§
H 1980, M - &4 1983), A O FEERHEY:
ADERBEERICIBVTD, RETERLTNS
DTHEZPEELILNE, 20X LiEEA
DRGSR TRD L, T ORERE
DRHRT 7 F L ORI Ob D LR DR
5

ZIT, KEICTRAELEEL T, ZBER

PRER SN2 7)) 2 #EEE L, ERERING
1 L7 LT, HEERNBRETTY, B
RGN B B RE O BB ORI T A (E
& 1992b),

MEBLUAE

HEm NTFHEAA IRV Y FEHEL
TERL-EHEENS gD T ) FHW,
B . EHE 7 HRD S iniaeNo. 1 %,
BHISEX T 25°C, 4FRHIEERIZERL T, £
HAEKICIE L7, LT, 5000rpm T105
MoRLTEICE->TIHEEL-ZOBIZ, B
EERAEKICRE S TEBRNEREICHY
720
BERAEERRAOERBEE TOMEE © fit
HKAORBDBEREMIC, HAEkRE 1BYD 34X
10°cfudEfE L7z h, 2000 BT 7 ) VkHEIC
JRELL, Chs05 L, BOEEERIFERE
shiz7)%, EAAMXLy bx 1 H2EEE
5 LCHEEZRISHERET L, EEERFTE
WK L7 b o % it @m L L CERICHL
foo WHBAIIE, ABEAEEKOAZERELTH
BUETLLZT7Y RV, ok, SRS
DKIRIE, 23.5~266°C TH o7,
BATEAOLFRERFEORE @ Byt
BEB LI UTHRAOE S BORFS, O MK %
WL, B hmEL L 2T, &
1EL 1 EHERABOFEILL T, HEAREKD
AN YEEICHTHREFEME T BT L
720 '
BMhB ARSI 2 BB | BYw8
B LU BEDOZI0BOEENIC, HEEKk
YAEEI00g YY) 1LIXI10 chaBREL, FL
T, TNENZISBT2RICGY, —BHEE
AAMRVY MR 1A 20EKRS LT 2 AHAT
L, BRSO NCRERORBEYBE L 72, T/,
Bho—8i31, 3, 5, THHEIK3I~4RB3OM
Y EiF, 80ppm O m-7 I/ EREHE LTIV A
¥ Y ANKA— b CTHREMER BRSO ML
TR L0, b, BESXUBEREHLLT,
E1EE 1S EAROFEIIL - T, MRS X
UERBFICBIT2EREOERYWE L. &
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B, RERDOFEFT AR, 25~234°CTHo
7o

= R

RRADEROBERR | HEE»S 5 ~11
H#%IZ, 60RFSIEFFHERELXE L, 2
NoEBADI L, BROAREZEL-4EE
BLVTREGFELTHETeRII - 25, B#E
2 ABBE,ORECHEEYERSL IR
h, 758%F TI3TROERENF EER L,
ZHDLEDEMBEEIL 116~175g Tho7 &
B, TCAIHEESHRIC1IRBL, ERAD
HEFOEHE2ETH-7,

BAFhRAOmPEEREM | HEE, TS
B #% O B4 8 H o M P R ER AL, Table
WIIRTEBN TH A, BEEBROHALMIL
1:4~1:16 X LR L TwWiz2%, WA TIIHRE
BRE (1:2) UTTHhot

HLHhBROBERBRC W+ SR8 | RYH
WA L BREERORERIL, Table 25 12
RTEBYNTHD, Thbb, HEATIIISE
PHENEREZZL, 1 BIRT LN, &
B BATRERELZS TR EAL DI »
2L ALNT, BREBDON o7,

BREGOMIE, W, MESXUCFRICBT
LEREOWEEIR, Fg BIZRTEBITH

Table 24. Agglutinating antibody titers in the sera of
recovered fish after infected with Strepto-

coccus inige No. 1

::glepnmental Fish No. Aggluttlil:::m(gl :a;mbody
16
16
16
16
4

<2
<2
<2
<2
<2

Recovered
fish*

wm B W N e

Control

h & W N ==

* 75 days after experimental infection.

G

Table 25. Number of fish deformed and died after
re-challenging the fish, which had been
recovered from experimental infection
with Streptococcus iniae No. 1, to the same
bacterium.

Experimental No. of fish No. of fish No. of fish

group challenged died deformed

Recovered fish* 15 0 0

Control 15 1 11

* 75 days after experimental infection. Challenge
dose, 1.1 X107 cfu/100 g - BW.

bo Thbh, BYMHEMATIIME, BES L
UERIC BT 2 BESBAICHETE ISR
CHB L7, $/, HRATEIROEROER
EEZLNDRIIBITLHEOEHESALNIZD
2 LT, B AR CIRBEIC BT AR OB
AN oT, BB, FRYHETI R E

B L UERTOERERERSLHERIE, wT
NORHBRUOTFTTH o720

% =

7 OEEHERBEREE T, MATRICE
HEINPEPREFHICEERRETRT &
ShTwad (BE 1974, F5H - f5H 1980, 14
H - &Kk 1983), #FAMAE (Hines and Spira
1974) R 77 A L A% (Piacentinietal. 1989, Oka-
moto et al. 1992) B EICBWTYH, BREZIHE
LA o A 2 RS L2
PHISNTWwD, Lo T, 7)) OREEE
OFAR, RET LT 7 F X OREHEE:
179 720121%, BB RLBRYME L -ADRE
EEFBEHTLIEICZL ST, ERLZMRANE
LhboTi w8 bhs, LiL, BR
B, EBRRBEEOVWTIRICBVWTYH, BRERE
BOHLAABHLLTELRZBIENTETY,
BET L ICBRELHFET LI LIIELWER
bbb, T/, RENEORE T THA TV
PEFRLILOBH TR,

L LAD S, RIETREOERER,LOE
BRAREPEROBHIMEERT L ICHERETE,
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Fig. 14. Changes in viable cell numbers of Streptococcus iniae No. 1 in various organs of the yellowtail which had
been recovered from the experimental infection and control fish after the second challenge with intraperito-

neal inoculation.
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S5HMRE Lz, %8, BiERFOKIRIZ 23.8°C
Thotz, BOKEHEIIAMKE 1kgKh 1 HIZ
BHET4g DI IF LV EELAIMRL Y MT
BE&L, 1H1OOHEETT HEEHRES L7,
MERIEA%E L, BEHRSEZ1ELYE
BET02mgD 7 2 F »#BEHeRz 1 EHEfEL
720 FTRICIZELHEOMAAI00B T Bz, »
TG, 200/ DFAXART 7 ) U AEIE
L, E4A MRV F2EA D2 MEEES X
THER, ERiCML7, ¢, FFHEGD
K%, 21.5~23.7°C TH o7

WRHAR . 77 F 25 L TC0HEB LY
35H#® 2 [, HtaXEMKO BHIEX 25°C, 245
B¥EREY, 3BOFEILLDZF  HB54
BIUOBAOEENICEEL TRB L, &
FEEEIX, 77 F %5200 BEREICE
WTit, 1RBED19X10°BLIF1IXIPcfu®
2ERE, 77 F v RGISHEOHBRERIIB,
TH20HEDIMEOHED 1 BY D 2.4X107 cfu

El

&L, HR0B0AT AW, HEERIEIVT
nNyEf A MLy M2 1TH2ERSLT, 7
sF RSP H20HEOKERRIIT 205~
23.4°C, 77 F U5 5ISHBEOBURRER T
22.5~234°C DAKBTC2HAEATL, L=
LUERDRHAZHE L2,
mhREFEMEORIE . 77 F V5L 2
FOBEREIFIC, FKX SEORHRA S MK
PERWL, BECLVMELSEELZ, FLC,
EBIEFIFHLAROHEICL - T, HEEK
77 F L B ERETUERM E HlE L7
BERHECEBIVIFOBREAORBE T
SLAMBPE VI FUEREFSETHRELTH

A E RO BHI X 25°C, 4R ER % 1
B ns2X10cufBMEL, 1, 3, 5, 7HEIC4
B¥28b £V, 80ppm O m-7 I/ LEEE
IFNAY VAR B — N CHREHR IZEFRTRS
HIMEEFHRI L 7-0b, B, BESLUCEEL
WHEL, F1EE1HEEAKROFEIIL ST
MEB & CEREBOBEHERE L2 &8, K
EBRBOHFKEBIZ, 225~24.1°C Th o7,

& e

TIFLOEREREILZIRETFIHBERED
ER T FUHRG,O0ABOBBRREREE
i3, Table26Z"TE&BNThHE, Thbb, 1
BHN19X10°cfu 2 HE L 23581, £hth
20, AEBATIE 1 EIPFET LIORICERE
PEB LD L, EFRRGETRERE,
e FollAbNbhol, alF),
BELSABIUVROREATIVTRICEB
TH20BFREFERELRERA L2, /2, 1
BEh 1.9%X10 cfu 2 EE L - HEE, #he
N20EH, WHEATIIIRIERESREL /-
DL, EGHRSATIIERE, Btdbio
Il AN ol, WolT), BERSAT
3202 1 BT, NRKERESEHL, &
D 5ATIR20BFI0B ICERESRE L,

72 F 5, HISHBORNBRABRE R,
Table 27 ISR T & BN THAB, Thbb, Th
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Table 26. Number of fish deformed and died after challenging the vaccinated fish to bacte-

ria 20 days after vaccination

Routes of Challenge No. of fish No. of fish No. of fish
vaccination dose(cfu/fish) challenged died deformed
Immersion 1.9x10° 20 0 12
1.9X10° 20 1 11
Oral 1.9X10° 20 0 12
1.9x10° 20 0 10
Intraperitoneal injection 1.9X10° 20 0 0
1.9%10° 20 0 0
Control 1.9X10° 20 1 10
1.9X10° 20 0 9

Table27. Number of fish deformed and died after challenging the vacccinated fish to bacte-

ria 35 days after vaccination

Routes of Challenge No. of fish No. of fish No. of fish

vaccination dose(cfu/fish) challenged died deformed
Tmmersion 24X107 20 2 18
Oral 2.4X10 20 1 15
Intraperitoneal injection 2.4X10 20 0 0
Control 2.4%10 20 1 16

EREFRBE L0 L, EFRGHTIIE
T, BRELbE - AN hhol, Vo
1F5, BEESATIIET 2 ZIHE, 188
CEESERL, BOKSATIZET 1R
FRETL, ISBICEBEFERRL 2
JoFUoRSAOODEERNAKM: 7o F
58 o R A M E O MR E 3 S A
X, BHBR 0:2) LFTholz, 77F¥
%5200 %5 & UBSHEOWBEABREEIZET %
7 MFE  OFLAAT L, Table 28 7R T LB
Thb, Thbb, 77F U r2RiEDINIEE
O 5 L - RAOREMIEE, W bHRHER
BUTThotze V1olF), EHBZESMATIIKR
HERUTOEGD AN/, 200H% TR
1:4~1: 8, 35H#%TIZ1:2~1:8I1Z kAL
TWAEERA LN,
BREICEBZTIFLREROHBEIVT
TLRX T FrEEFETRSEISHERL
TR REL-EEomE, K BREBLU
BRI BT LEEEOWRIE, Fig 15I0RTE
BOTHE, Thbh, 77F AT
FTROBRICBWTH, MRAICHTERR

103

Table 28. Agglutinating antibody titers of yellowtail
sera vaccinated by various routes of admin-
istration 20 and 35 days after vaccination

Agglutinating antibody titer (1: )

Routes of Fish
vaccination  No. Days after vaccination
20 days 35 days

1 <2 <2

2 <2 <2

Immersion 3 <2 <2
4 <2 <2

5 <2 <2

1 <2 <2

2 <2 <2

Oral 3 <2 <2
4 <2 <2

5 <2 <2

1 4 8

. 2 <2 <2
AIn‘trap.erltoncal 3 <2 <2
injection 4 3 5
5 <2 4

1 <2 <2

2 <2 <2

Control 3 <2 <2
4 <2 <2

5 <2 <2
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Fig. 15. Changes in viable cell numbers of Streptococcus iniae No. 1 in various organs of intraperitoneally
vaccinated yellowtail and control fish after challenged with intraperitoneal inoculation. @, vaccinated

fish; O, control fish.
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BEELEVHERRTELEDNE, 7Y TRE
BESEICLAPRIBEDEN G0/ ED—
HeLT, 7VRVTAICETHECIY
AARAMEY (Ototake er al. 1992) T &EAEZ B
h, Y ARAP L VEERGELRBETHLE
MHbHERbhS, 7, 2TV ADEHEREE
T2 F T OBEIC L D HRIZERIA
HNAZEFRESNRTED (BHHAM 1988),
eI rF o HBERLTIRS T2 740
B ETHLLEBDRS,

LB, 7 OBREREDT 7 F LIZOWTH,
FOEMBEIRE SN TS (SR 1982, /»
JI - /MR 1995, HEAD 1996), SR (1982)
BBEREREICOWT, Fw) YRIELT 2 F
VERE, BOBIUESHEICI VRS L, K
BREBOEREPLVTHORSHECL-TH
HHTHAHD, FROHDH B TIIEHEI KD
SEELRHMREETAE LTS, £/, /b
N - AR (1995) LBBERBED RN <Y Y AE
17 7 F v IAEENEEOE IS E VA, &
ARSEICBVTYH, HERIILoTELLH
HEB AR T AL LT,

BRiEd 2V IEOHES LA i mpdiddbE
DERIALNE o0, EERSAETED
FhIZEBEIRD LN, PLEIRGEEHIZEES
THEOTREVWIAEEDNE,

7o F v RESHETHRE LAAR, ERICK
LU GA, MU, N, BB LU
Bz B 2 EEEIIBOIERERICH T
ELHRBL, RMIBULIHEOHMBARI 5%
Mot TVPEREICEEL-BOERKTS
LEWIER, E3BOKERISOHELR LS
12, ERBEOM~ORS, BEIGER LR
ThobLEZONDL, LI2D>T, 72F0D
EEREAIL, RIBICLVERNCBALLZER
WEEBRL, BETIRE,HLL, BA0R
e, WHEEPECOTRBLAVL D EREDbNS,

ULtn ki, 727 Fr0iitksail, &
HoEIERES & RO Rk #ET 5
AL REL Y, FEOTFRFIERT T
VHEEDLOTHEYTHE I Lbholz, 77
FrREOFBIZL-T, 7VDOHIZTVWEAE
REEEEE ) T LTRBFHFTER

i, BXFHBOBRRBICL oL 5D LEDb
Nb, %L, S 7FCOLYVHETE
MR LHSETRRT A0, 77FY
DEMMEOERL L U5 EDORRE, %5
P READOBREGHBEORHAILETS
59,

FEIH REREICLSIEIIME

REE IHBLUOE28HIIBVT, AEORK
Yt @8 B X URIEILT 7 F 5 MU B
HEE T EBTE I EFHELPIIR o7, ThH
OEOMAICIRIMESEESNTEY, ZOH
ARG BH ST A RS L L EZ S
s,

VolEI, T2F L BREREOYRD
Hhabowk, REICHTH2RELEEZRTLIS
LOT, BHHEFERT S $ TS HE» Y
BETHLIENHGSN TS, ZHIFLT, %
B R SRR DR G ATTE B 2 L AT
L Twhb,

2T, RETCRAFHFORELFERTICLS
ZEIRENRILT E LD DERA.

MBS LUFE

HEm N FHEAA IRV Y FEBREL
TEEL-EHEE 278 8L 300g D28
DT ERHNT,

S | B 7Y HRD S. iniae No.1 B %,
HAMFBOERE L ERHREICBIT 25#E
BELLTHW,

HEME | ZERIERBRICH VA RIENLE &
LT, R TSR 72 F v & L TR/
KREHRO ANV =) P RELRREGEE, FHEE
300 g DEAASORBOEMENIZ, 1BHY 03
mg M L T 22.5~23.5°C DKIATF T 3 BB
Hik, BWERIMEH ORI L 22D & HikiC
BEo THrEE L 7-BENURME L 2 0MiE, BAHE
BOEBRMELETERELE L7205 IZ105H
BGRB8 A H O FIBRICIRELL 72
BEPUAME L 8O, 7 HFICHRE/RD &
V=) CAELE G EE L THH 72 56°C T30



106 i3

FOME & - TIHBL L -RETUELM T : 256
DMED 3 BEZ AWz, lRICik, 7)BE
U4 FOREDAARM 1 2 B EEMF
B/,
SBHREOEUMOUE | ThEh o4t
B FHHE 278 g OMH T, BI0BOBERE
HIzZ, 1E%0 01ml»H5ViE001lml $HTHE
5L, 201 HERICHHEEHKRD BHI EX 25°C,
URFEEEE L, 184D 1.7X10" cfu BEEN
B, HEEREEIAINRLY 2 1R
2 [EFES LT 22.6~23.5°C KB T T10A B
BL, BROBHOFELTBE L, B, %
BRELRBREOAMEE LB T A /-012,
AECTHRA LA EROEFEY 7 F 2
FERIZ1RBY D 03mg L, 3 EMZZAEL
RBRE T I T L5 RBRARBICOWVTD
fTo72,

= g

7)) RN, BRENHE 7)) SR L0
He b FREMEDOZBREDFRIL,
Table 29 IZRT L BN ThB, Thbh, £H-
BB LT OEFEMFED 0.1 ml EHHET

)

X, HEBHRBRIZL D EFNFNRI0RBFIORICER
REARIR, 1RBIFEEL SRBICERESRIHL
7295, 7 REMES & ORISR E A ME O 0.1
ml A TE, FhFRI0BH 1 EBFEEL,
1RBCEREFRRLEDATH o7, BHET
HMiE® 0.01ml & LA-GEE, 7Y REnE
TR 7R, BREEAME T 1 BICERED
BB L7, B, L7 7 F#EAR, Fo
LB Lo, VolEs), JHFHiEm
BT, 01 m/ERICBNTY, EEBEDS5SRIC
ERIENRH L2,

% =

7)) RIEME D BV IIRIEQRLEFGHE 7 ) »
LEMERES LT IE, HRRBHROR
WWEHNT) OIEE MEFEFAIC SRTHL H
P22 hs, RBMEBAICL 228
FIEPRTLTEIEFHLSPIC R o7,

EET 2 MEOEE A% L Lk OBk
ik, 7V RIEME & R BAME L TidE
EhAohi, CORRE LT, BRimaa
MiEDIT ) PRETHRMELE <, HREkK T
THRBRIAOEEROEVICLILLDTIER

Table 29. Efficacy of passive immunization by sera from vaccinated yellowtail against Strep-

tococcus iniae infection

Serum injected

Dose No. of fish No.of fish  No. of fish
source titer (1: ) (mi/fish) challenged died deformed
Yellowtail vaccinated 2 0.1 10 1 0
by 1. P. injection 0.01 10 1 7
Yellowtail recovered 8 0.1 10 0 1
from infection 0.01 10 0 1
Normal yellowtail <2 0.1 10 1 8

0.01 10 0 10
Rabbit vaccinated 256 0.1 10 0 5
(56°C, 30 min.) 0.01 10 0 9
Normal rabbit <2 0.1 10 1 9

0.01 10 0 10
Physiological saline — 0.1 10 0 10
Vaccinated fish by — — 10 0 0

1. P. injection

Challenge dose, intraperitoneal injection of 1.7 X 10° cfu/fish.
Average body weight used for passive immunization, 27.8 g.
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WhrrBbhb, BolP), THFOREME
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1991) OILFBEEFSEICL TV HDOPHIRT
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i3 IN-NaOH T, OA, NA B X UF PA II I/4N-
NaOH THBE L7, FOMOEHOBFHIZITE
EARERWI,



108 %

El

Table 30. Strains of Streptococcus iniae isolated from diseased marine and freshwater fishes and reference
strains used for pharmaceutical study

Strain No. Source Organ of isolation Location Date
No. 1 Yellowtail Brain Mie 1985. 6.17
No. 4 3 % P P
No. 5 5 2 P %
I1BL Common mackerel Brain Mie 1985. 7.30
2BL 2 p 2 s
3BL ” 2 o ”
3K ” Kidney 4 s
F-1 Japanese flounder Brain ” 1985. 8.20
F-2 7z ” z
FT-8513* 2 Tokushima
FT-8514* ” ”
PT 78061*! Ayu Spleen » 1978. 9.19
PT 85106*' ” ” 1985.11.12
PT 85107* » ” ”
OT 7804*! Amago salmon Liver ” 1978. 8. 9

Reference strains
ATCC 29178* Streptococcus iniae PW 1972. 3.
ATCC 29177* Streptococcus iniae BU
1D 681* Streptococcus equisimilis

Enterococcus seriolicida
SK-3* Yellowtail Kidney Kochi 1974. 8. 1
MKI1B 4 Brain Mie 1985. 9. 3
MK4B ” ” 7 ”
SM2-11 ” Kidney # 1982. 9.14
MK3K ” ” 4 1985. 9. 3

1 Supplied by Dr. Yasuhiko Jo of Tokushima Prefectural Fisheries Experimental Station, Hiwasa, Tokushima,

Japan.

** Supplied by American Type Culture Collection, Rockville, Maryland, USA.
*3 Supplied by the Institute for Infectious Disease, Tokyo, Japan.
** Supplied by Prof. Riichi Kusuda of Kochi University, Nankoku, Kochi, Japan.

B/\BERRIERE MIC) ORATE : AL
BEFROBR/NFERILBENEE (BARLE
FIESES 1981) CHEL T, HERI6EH O 23
BWHRIOTTAMICZHIE Lz, Thbh, BE
Ml A RS ERER (HK) %,
EREREOTEEREEBICBRSHIEHE 7 3
v (BK) #FEALZ, #LT, BIHAEH
ERIZ, HRARERD 25°C TURMLEERR T
I F 2 EUCEBEAEER (BSG) T100fEic
FRLU-BEREY, IZ lom OHEETH
2om BREHR Lz, ZhE 25°C TURRIRE

HBICEBEL, BEROREISLICHEE &SN
RIKBEZ S o> TMIC (ug/mi) & L7,

5 £

BRI DM AE I I 5 MIC{Z, Table
3la,b,c ICRTEBNTH L, T4bb, A%E
BIERA LT, <¥% oA, TABX
C7<IP558EENT: S iniae 15¥ D RS
X, TEEANLAED L CITEEOENVIZLD
ERIIPNED o7z, HRAEH|OMIC &, PCGH®
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0.00313~0.0125 pg/mi, MPIPC %% 0.0125~0.05
pg/mi, ABPC 7%0.00625~0.025 ug/mi, CBPC %%
0.39~0.78 yg/ml, CEX %%0.20~0.39 yig/ml, CEZ
#%0.025~0.05 pg/mil, EM %% 0.05 pg/ml, OL #%
0.39 ug/mi, LM %£0.10~0.39 ug/mi, SPM #%0.39
~0.78 ug/ml, IM B X UF MDM 7% 0.20~0.39 pg/
mi, CP %% 1.56 ug/mi, TP %% 1.56~3.13 ug/ml,
TC %% 0.39~0.78 ug/mi, OTC #° 0.39 pg/mi,
DOXY 7% 0.05~0.10 ug/ml, KM %% 25~50 ug/
ml, SM 7550 ug/ml, FRM %525~50 ug/ml, GM
A% 6.25~12.5 ug/ml, RFP % 0.025~0.05 pg/mi,
LCM #° 0.10~0.20 pg/ml, BC #* 0.78~3.13ug/
mi, CL, PLB 3 X U SMMX 7% 100~ =200 pg/
ml, SDMX B & UFSIZAH*=200 ug/mi, FZ5*12.5
pg/ml, NFS 2% 0.0125~0.05 ug/ml, TMP 2%0.20
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~039 ug/mi, OMP £30.39~0.78 ug/mi, OA, NA
B XU PA A% =200 pugiml TH - 7z, xTERE
ELTHWAET IV VKA NHERD S. iniae
ATCC 29178 ¥ 8 L UF ATCC 29177 BRIZH3 5
MIC 1Z, BC P*BEHHED S. iniae 2313 % MIC
IDIBEERLAIE»E, BEARD S
inige \23F T A MIC \3EBLL Tz, LA L, S
equisimilis TID 681 $RIZXT3 5 MIC 13, AEEH%
D S. inige V2R T A MIC £ 0 b EEryice R
WERRTEMSA LN, T2, 7 HED
E. seriolicida 5 Wtk DIRZEIL, WHROBWIZ L
LERIINES L, HEREEA O MIC iE, PCGHF
0.78 ug/ml, MPIPC 7 12.5 ug/ml, ABPC 7% 0.78
ug/mi, CBPC %% 50~ 100 ug/m{, CEX 7% 12.5~
25 ug/mi, CEZ %° 1.56~3.13 ug/ml, EM %%0.05

Table 31a. Susceptibility of Streptococcus iniae isolated from diseased fish and reference strains to antimicrobial agents

MIC (ug/ml)
Strain No.

PCG MPIPC ABPC CBPC CEX CEZ EM OL LM SPM JM MDM
No. 1 0.00625 0.05 0.025 078 039 005 005 039 020 039 020 020
No. 4 0.00625 0.05 0.0125 0.78 039 005 005 039 020 039 020 020
No. 5 0.00625 0.05 0.0125 078 039 005 005 039 020 078 020 020
1BL 0.00625 0.025 0.0125 0.78 020 005 005 039 010 039 020 020
2BL 0.00625 0.025 0.0125 078 020 005 005 039 020 039 020 020
3BL 0.00625 0.05 0.025 078 039 005 005 039 020 039 020 020
3K 0.00625 0.05 0.0125 078 039 005 005 039 020 039 020 020
F-1 0.00625 0.05 0.0125 078 020 005 005 039 020 078 020 020
F-2 0.00625 0.05 0.0125 078 020 005 005 039 020 078 020 020
FT 8513 0.00313  0.025 0.0125 039 020 0025 005 039 039 078 039 039
FT 8514 0.00625 0.05 0.0125 0.78 0.20 0.05 005 039 020 039 020 020
PT 78061 0.00313 0.0125 0.00625 039 020 0025 005 039 010 078 020 0.20
PT 85106 0.00625 0.05 0.025 078 039 005 005 039 020 039 020 020
PT 85107 0.00625 0.05 0.025 078 039 005 005 039 020 039 020 0.20
OT 7804 0.0125 0.05 0.025 078 039 005 005 039 010 039 020 020
S. iniae ATCC 29178 0.00625 0.025 0.0125 039 020 0025 005 039 020 039 020 020
S. iniae ATCC 29177 0.00625 0.025 0.0125 039 020 005 005 039 020 039 039 039
S. equisimilis IID 681 0.00313  0.025  0.0125 039 020 0025 0025 039 010 039 020 020

E. seriolicida
SK-3 0.78 125 0.78 50 12.5 1.56 005 039 078 1.56 078 1.56
MKI1B 0.78 125 0.78 100 25 313 005 039 039 156 0.78 0.78
MK4B 0.78 12.5 0.78 100 25 313 005 039 078 156 078 0.78
SM2-11 0.78 12.5 0.78 100 25 313 005 039 078 156 0.78 0.78
MK3K 0.78 12.5 0.78 100 25 313 005 039 078 1.56 0.78 0.78

PCG, penicillin G; MPIPC, oxacillin; ABPC, ampicillin; CBPC, carbenicillin; CEX, cefalexin; CEZ, cefazolin; EM, eryth-
romycin; OL, oleandomycin; LM, kitasamycin; SPM, spiramycin; JM, josamycin; MDM, midecamycin.
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Table 31b. Susceptibility of Streptococcus iniae isolated from diseased fish and reference strains to antimicrobial agents

MIC (ug/mi)
Strain No.
CP TP TC OTC DOXY KM SM FRM GM RFP LCM BC
No. 1 1.56 3.13 078 039 010 50 50 50 12.5 0.05 0.20 0.78
No. 4 1.56 156 078 039 0.10 S0 S0 50 12.5 0.05 0.20 0.78
No. 5 156 156 078 039 010 S50 50 50 12.5 0.05 0.20 0.78
1BL 1.56 3.13 078 039 010 50 S0 50 12.5 0.05 0.20 0.78
2BL 156 3.13 078 039 010 50 50 50 12.5 0.05 0.20 1.56
3BL 1.56 3.13 078 039 010 S50 50 50 12.5 0.05 0.20 1.56
3K 156 3.13 078 039 010 50 50 50 125 0.05 0.20 0.78
F-1 156 156 078 039 010 50 50 50 12.5 0.05 0.20 0.78
F-2 156 156 039 039 010 S50 50 50 12.5 0.05 0.20 0.78
FT 8513 156 156 039 039 010 50 50 50 6.25 0.05 0.20 3.13
FT 8514 156 156 039 039 005 25 50 25 6.25 0.05 0.20 0.78
PT 78061 156 156 039 039 005 25 50 25 625 0.025 0.10 3.13
PT 85106 1.56 3.13 078 039 010 50 50 50 12.5 0.05 0.20 0.78
PT 85107 1.56 3.13 078 039 0.10 50 50 50 12.5 0.05 0.20 0.78
OT 7804 1.56 156 039 039 005 25 50 50 12.5 0.025 0.10 3.13
S. iniae ATCC 29178 0.78 3.13 0.20 020 0.05 50 50 100 125 0025 020 12.5
S. inige ATCC 29177 156 313 020 020 0.05 50 50 100 125 0.05 0.78 12.5
S. equisimilis1IID 681 0.78 156 020 020 0.025 50 125 625 313 00125 0.10 12.5
E. seriolicida
SK-3 313 625 078 0.78 0.10 50 100 25 125 25 020 =200
MK1B 313 625 039 078 0.0 25 S50 625 313 25 020 =200
MK4B 313 625 039 078 010 25 50 625 3.13 25 020 =200
SM2-11 313 625 078 078 0.10 25 50 12.5 6.25 25 020 =200
MK3K 313 625 078 078 0.10 25 50 12.5 6.25 25 0.20 =200

CP, chloramphenicol; TP, thiamphenicol; TC, tetracycline; OTC, oxytetracycline; DOXY, doxycycline; KM, kanamycin;

SM, streptomycin; FRM, fradiomycin; GM, gentamicin; RFP, rifampicin; LCM, lincomycin; BC, bacitracin.

pg/ml, OL %% 0.39 ug/mi, LM 7% 0.39~0.78 ug/
ml, SPM »*1.56 ug/ml, JM %%0.78 ug/ml, MDM
#%0.78~1.56 ug/ml, CP#*3.13 ug/mi, TP 74%6.25
ug/ml, TC %%0.39~0.78 ug/ml, OTC 2% 0.78 ug/
ml, DOXY #50.10 ug/ml, KM %% 25~ 50 ug/ml,
SM %350~ 100ug/mi, FRM %% 6.25~25 ug/mi,
GM %% 3.13~12.5 pg/mi, RFP %25 yg/ml, LCM
»%0.20 ug/m!, BC, CL, PLB, SMMX, SDMX
B X USIZ 45 2200 pg/mi, FZ H%6.25~12.5 ug/
ml, NFS %% 1.56 ug/ml, TMP %% 50~ 100 ug/ml,
OMP #% 12.5~50 pg/ml, OA, NA 5 X UFPA %%
=200 pg/ml TH o 72,

AREBRIZ BT 5 KMAER O BEHRS. iniae
% & UNNC E. seriolicida \2343 %5 MIC 0437 #i 5

X Fig 16\ CRTEBYVTHE, Thbb, EM,
OL, IM, SPM, M, MDM, CP, TP, TC, OIC,
DOXY, KM, SM, FRM, GM, LCM, CL, PLB,
SMMX, SDMX, SIZ, FZ, OA, NAB LU PA
DOMICiE, 1ZIZFR LETH -7z TR LT,
PCG, MPIPC, ABPC, CBPC, CEX, CEZ, RFP,
BC, NFS, TMP 3 & U OMP O S. inige \ZX1
% MIC &, E. seriolicida \2%43 % MIC @ 1/16
25 1/500 DETH -7z,

% S

REDP OB ENDS S, iniae DIERRZMI
DWW T, Kitaoeral. (1981), #iH (1981a), 3%



1) O Streptococcus iniae BEHAE

111

Table 31c. Susceptibility of Streptococcus iniae isolated from diseased fish and reference strains to antimicrobial agents
MIC (ug/mi)
Strain No.
CL PLB SMMX SDMX SIZ FZ NFS TMP OMP OA NA PA
No. 1 =200 100 =200 =200 =200 125 0.025 020 078 =200 =200 =200
No. 4 =200 100 =200 =200 =200 125 0.025 039 0.78 =200 =200 =200
No. 5 =200 100 =200 =200 =200 125 0025 039 078 =200 =200 =200
1BL =200 100 =200 =200 =200 125 0.025 020 0.78 =200 =200 =200
2BL =200 100 =200 =200 =200 125 0025 039 078 =200 =200 =200
3BL =200 100 =200 =200 =200 125 0.025 039 078 =200 =200 =200
3K =200 100 =200 =200 =200 125 0.025 039 078 =200 =200 =200
F-1 =200 =200 =200 =200 =200 125 0.025 039 078 =200 =200 =200
F-2 =200 =200 =200 =200 =200 125 0.025 039 0.78 =200 =200 =200
FT 8513 =200 100 =200 =200 =200 125 00125 039 078 =200 =200 =200
FT 8514 =200 100 =200 =200 =200 125 00125 020 039 =200 =200 =200
PT 78061 =200 100 100 =200 =200 125 005 020 0.78 =200 =200 =200
PT 85106 =200 100 =200 =200 =200 125 0.025 020 078 =200 =200 =200
PT 85107 =200 100 =200 =200 =200 125 0.025 020 0.78 =200 =200 =200
OT 7804 100 100 =200 =200 =200 125 0025 020 0.78 =200 =200 =200
S. iniae ATCC 29178 100 100 =200 50 50 125 0.025 020 0.78 =200 =200 =200
S. inige ATCC 29177 =200 =200 =200 50 50 125 0025 020 0.78 =200 =200 =200
S. equisimilis IID 681 50 25 50 25 12.5 6.25 0.05 020 0.78 =200 =200 =200
E. seriolicida
SK-3 =200 =200 =200 =200 =200 6.25 1.56 50 12.5 =200 =200 =200
MKI1B =200 =200 =200 =200 =200 125 156 100 50 =200 =200 =200
MK4B =200 =200 =200 =200 =200 125 1.56 100 25 =200 =200 =200
SM2-11 =200 =200 =200 =200 =200 125 156 100 50 =200 =200 =200
MK3K =200 =200 =200 =200 =200 125 1.56 100 50 =200 =200 =200

CL, colistin; PLB, polymixin B; SMMX, sulfamonomethoxine; SDMX, sulfadimethoxine; SIZ, sulfisozole; FZ, furazoli-
done; NFS, sodium nifurstyrenate; TMP, trimethoprim; OMP, ormethoprim; OA, oxolinic acid; NA, nalidixic acid; PA,

piromidic acid.

(1982), /MMt (1982a), HHFHfl (1983), JbE
i (1987), BEEAh (1987), Fri - HHI(1988),
Palmereral. (1992) HDOMELH 0, PFKAH
SEfRiX ABPC, DOXY, CEZ, M, EM, SPM,
CP, TC, TMP 3 &£ (FOMP (2@ VR T /RY
Z &, #kAEEEHIT ABPC, DOXY, OTC, EM
BIUNES 2 EICBWESHERT I L5
HnLTw5b,

¥ 7z, E. seriolicida DERIFRSZHEITOWTIH,
FI2TY HEOBEKIZOWT, HiKi (1977),
Wk (1982), HYL (1982), & (1982), /hMilft
(1982a), MM (1983), Aoki et al. (1983,
1990), #§H - RIF (1985) BL UTA - #H
(1988) L OE|EANH D, ABPC, TC, DOXY,

EM, M, LM, OL, SPM, # f i, LCM,
NFS 7% &3t L TRWVEREHR R R T2 LS
nTwa,
ARFETIE, RKRAEB L UTEREPHTHES
N7z S. iniae 1SEBROD3HE DLFHEFIZH T 5
B TRIER, SHAELEKIC L LK
SUDEIINEL, RV UF%, BT 7OA
RY VR, w704 FR, 7UFLTz=d—
VEBIUTF IS A 20 RiEWER
RFP, LCM, BC, NES 25NV 73 /¥ 3
VyHERIBVERRERT 4, T/ Y
VoY FRPEYEB L OFZ ICRvgEts,
R)YIFTy, FUT77EBITF / 0 AaN
RUBRFERICTMEE R L2 HBEEKICH
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MIC (ug/m)

Antimicrobial agents
0.00313] 0.00625| 0.0125[0.025 0.05 | 0.10 | 0.20| 0.39 | 0.78 |1.56 | 3.13| 6.25 | 12.5 | 25 | 50 | 100 | =200
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Erythromycin O

Oleandomycin [ @)

Kitasamycin BN N @

Spiramycin ®

Josamycin | AN

O|0|®|O

Midecamycin [ ]

Chloramphenicol e O

Thiamphenicol ® o O
Tetracycline o | 00O

Oxytetracycline o O
Doxycycline e 6O
Kanamycin L O @

Streptomycin e O
Fradiomycin 1O |60 @
Gentamicin ® 00|60
Rifampicin ® ®
Lincomycin ® o
Bacitracin [ BN BN O
Colistin - ® o0
@)

Sulfamonomethoxine ® &0

O

Polymixin B

Sulfadimethoxine O

Sulfisozole @)
Furazolidone O @O
Sodium nifurstyrenate e |00 O

e
@]
O

Trimethoprim @
Ormethoprim o o ORRORNG)
Oxolinic acid @)

Nalidixic acid [ @)

Piromidic acid o

Fig. 16. Sensitivities of Streptococcus iniae and Enterococcus seriolicida isolated from diseased fish against various antimi-
crobial agents. @, Streptococcus iniae; O, Enterococcus seriolicida.
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V372 E. seriolicida 12, <=3 Y RIEWED
IHLDPCG BLUABPC %, v 27154 F&k
BT I A2) Y REREIIEW
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CRWHLRTWVSGA, BEBRDS. inige 72 65
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F2H FERIC L ZAEBR

BIETICBWTHL IS NI RKE O RSEDS
FVER R VT, RIECTT 2 bR &
LTOFEDESHFETEL20E) P EREATS
2\, ERRMIREE L HIEERBRTIT o7,

MHE L UHE

#HEA . NvFHESNZA MLy FEREL
TERLIZEHEE 20007 2 HWZ,

HEER | B 7)) HKD S. iniae No. | Bi%x
Fva7z, HEREHR%E BHIER T25°C, 4BFREES
ERCERLT, ABEHEKIBEH L2, FL
T, 5,000rpm TIOG M OELDHICL > T 1@
WL -b0%, EBRMBEIZH W,

HEZEA . AIHICB VT, S inige 23T 5
MIC EDK A o 7= REHI D55 PCG (77
EEHICH$ 5 MIC : 0.00625 ug/ml), ABPC
(0.0125~0.025 ug/mi), EM (0.05 ug/ml), LM
(020pug/ml), SPM (0.39~0.78 ug/ml), M (0.20
ug/ml), OTC (0.39 pg/ml), DOXY (0.10 ug/
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D123EH| = 7z,

AERR  SEREA CLI0ROMAA
v/, ftEAaoEENIIC, HEEKE 1 B4
D20X105cfudEfE L, EBRNEETITo/4, #
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BHRBROEEE, Table 2 IZRTEBNTH
bo Thbh, #HEBXTIH0BHIBFECL,
VTRICERESREAL 72, ZHx L, EHIE
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< ATIILEM (1987) 4%EM THRESRAIFE
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Tid, BIEICBWTRAEEKD S. inige 758V &
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BORRg A L C R 3 &S, IhD

£l

DEFEROHES LE A, TRTOEHIC
BIRAIESESARD SN, INLDZ L5,
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DEDOWRED?S, BEREECHEIHVLGI
T3 EM, LM, SPM, Mt nwras4
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e EOFEN) PR B,

LHHIE, SOHICREFEAZREIICBIT G
ERBP, REMRETRITL, ROEHLE
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F6E # EET

TUBBTKERFEELL L T 5 EHEKE
FEDERHEME & L Tl Enterococcus seriolicida D3
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HEEBEIHLORTWS, LL, 20 giElHE
DHIC & 3 EEREIFEICOWTIE, BEDOERE

Table 32. Efficacy of various oral administered drugs in yellowtail against experimental
infection with Streptococcus iniae No. 1

Drugs Dose No. of fish No. 9f fish  No. of fish

(mg/kg - BW/day) employed died deformed
Penicillin G 50 20 0 0
Ampicillin 50 20 0 0
Erythromycin 50 20 0 0
Kitasamycin 50 20 0 0
Josamycin 50 20 0 0
Spiramycin 50 20 0 0
Oxytetracycline 50 20 0 0
Doxycycline 50 20 0 0
Rifampicin 50 20 0 0
Lincomycin 50 20 1 0
Sodium nifurstyrenate 50 20 0 0
Trimethoprim 50 20 0 0
Control —_ 20 3 17

Challenge dose, intraperitoneal injection of 2.0X 10° cfu/fish.

Average body weight of fish, 20.0 g.

Each drug was administered orally 50 mg/kg - body weight per day for five days.
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