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ABSTRACT—We examined the therapeutic effect of Streptococcus iniae phages isolated from fish
culture environments against experimental streptococcicosis of Japanese flounder Paralichthys
olivaceus. Phage sensitivity tests with a double agar method revealed that 31 of 35 S. iniae
strains from the flounder have a similar sensitivity to six phage isolates. In phage therapy experi-
ments, fish were injected intraperitoneally (IP) with S. iniae PSi402 and 1 h later IP-injected with a
mixture of two or four phage isolates, and observed at 25°C for 2 wk. Mortalities of fish receiving
phages were significantly lower than those of control fish without phage-treatment in all four trials.
The effect of phage treatment was also demonstrated even at 24 h post-infection, when cell num-
bers of S. iniae were 10”* and 10*° CFU/g in the kidneys and brains of fish, respectively. How-
ever, as phage-resistant S. iniae were frequently isolated from dead fish in the phage-treated group,
further investigations are required to establish phage therapy of the disease.
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Table 1. Bacterial strains used in this study and their sensitivities against Streptococcus iniae phages
Strain Isolation Sensitivity to phages
Source Location Year PSiJ 31 PSiJ32 PSiJ41 PSiJ42 PSiJ51 PSiJ 52
Streptococcus iniae
1S-19 Japanese flounder Ehime, Japan 2001 + + + + + +
IS-21° Japanese flounder Ehime, Japan 2001 + + + + + +
IS-22%° Japanese flounder Ehime, Japan 2001 + + + + + +
KRS-02-035 Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-036% Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-042° Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-092% Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-108 Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-111° Japanese flounder Kagawa, Japan 2002 + + + + + +
KRS-02-118 Japanese flounder Kagawa, Japan 2002 + + + + - -
PSi-301° Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-302° Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-303% Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-304 Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-305° Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-306 Japanese flounder Ehime, Japan 2003 + + + + + +
PSi-402 Japanese flounder Ehime, Japan 2004 + + + + + +
PSi-403° Japanese flounder Ehime, Japan 2004 + + + + + +
SIE-06 Japanese flounder Ehime, Japan 2004 + + + + + +
SIE-07 Japanese flounder Ehime, Japan 2004 + + + + + +
SIE-08 Japanese flounder Ehime, Japan 2004 + + + + + +
SIE-09 Japanese flounder Ehime, Japan 2004 + + + + + +
SIE-10 Japanese flounder Ehime, Japan 2004 + + + + + +
SNUSI-05J2 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J3 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J4 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J5 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J7 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J8 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J9 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05J10 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05115 Japanese flounder Cheju, Korea 2005 + + + + + +
SNUSI-05116 Japanese flounder Cheju, Korea 2005 - - - - - -
SNUSI-05117 Japanese flounder Cheju, Korea 2005 - - - - - -
SNUSI-05118 Japanese flounder Cheju, Korea 2005 - - - - - -
YT-8504 Yellowtail Mie, Japan 1985 + + + + + +
p-23 Rainbow trout Miyazaki, Japan 1992 + + + + + +
ATCC 29177 - - - - - -
ATCC 29178 - - - - - -
Lactococcus garvieae
ATCC 43921 - - - - - -
ATCC 49156 - - - - - -
PSi 401 Japanese flounder Ehime, Japan 2004 - - - - - -
EU 206 Yellowtail Ehime, Japan 1995 - - - - - -
KS 9601 Yellowtail Kagoshima, Japan 1996 - - - - - -
MI 93005 Striped jack Mie, Japan 1993 - - - - - -
Streptococcus parauberis
PSP 501 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 502 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 503 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 504 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 505 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 506 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 507 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 508 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 509 Japanese flounder Ehime, Japan 2005 - - - - - -
PSP 510 Japanese flounder Ehime, Japan 2005 — - - - - -

b used as indicator cells to isolate phages after enrichment culture (a: 2003, b: 2004 and 2005)
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FoLNEWA BIET L, BT 23R L
TWVLERD ASN7:) OFBIZBIT S S. iniae PR
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20% (12H) THo7zo TNPSNCEIHFEY > T
5 8. iniae B35 EE S M- DE, KMTIZ BT 52004411
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725
T7—I D58k

KM OEFEY; O #EK 2> 520034105 L 11H, 2004
FE12H B L U2005%E10H 12, F 724 OGS OHEK
7 520044E12 812 S. iniae DBEW 7 7 — V0 EES
oo 2OIL, RENBETI—2% 70— 7 LTH
726k 77— (PSiJ31, PSiJ32, PSiJ41, PSiJ42,
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Table 2. Source of Streptococcus iniae phages used in this

study

Strain Location Isolation date
PSiJ 31 Ozu, Ehime Prefecture 2003.10. 6
PSiJ 32 Ozu, Ehime Prefecture 2003. 11. 4
PSiJ 41 Ozu, Ehime Prefecture 2004.12. 8
PSiJ 42 Imabari, Ehime Prefecture 2004. 12. 20
PSiJ 51 Ozu, Ehime Prefecture 2005.10. 6
PSiJ 52 Ozu, Ehime Prefecture 2005.10. 6

PSiJ51, PSiJ52) ZLITFOEEICHH L7z (Table 2),

BT 7 — I DAZRE

HEENTT 7=V ORT H T T — 7 IFwT L
BT, BEALDLDOHPEE1~2 mm TH-7 (Fig.
1o 72, BFEMEBECTHELLY 7y —IRTIE, T
b # 60 nm OIE T HAEOHEHEE, # 160~180 nm
DL RREHEA LTz, IO OB L
BBLELTDNAZAET LI LD, 777 -V
Siphoviridae #t (Hendrix and Casjens, 2005) 244 X
7z

plate.

RREEO T 7 — ISk

SHEL72T 7 — Y 6 KRICKT A S. iniae, S. parauberis
B LU L. garvieae DIEZM:% Table 1 ISR L7z, S. iniae
TiE, #kLoe g AHEEOIBHF3IHEIEE, wTho
77—V LTOEZEZ R Lz 5RB e 7 AHIE S,
iniae (kD9 B, FNERHRD 1 HRIZ7 7 — 2 6 Hrrp 2 bk
Wt UC, BSEFEIMNESER12kh o 3HkidTRTo
77— VRIS L CERE WD e o fze T, MffER
Ko S. iniae bkt LTHEAL 727 BL U=V~ AHBRD
S. inige (WFNH 1FE) ETRTOT 7 —IHRITH LT
&M E R L7245, 8. iniae @ type strain (ATCC29177
BLUATCC29178 : Wb A VAHR) &, »wTh
D7 7=V L THESZEARD S o lze —T,
S. parauberis 3 £ " L. garvieae % &%, R L7 S.
iniae VAV FmAMIE 8 Fi24kkix, wIho7 7 —JIh

@%‘rﬁ%zﬁé 7;:%7“9 f:o

77— D in vitro EFEHIFIZHER

T 7= VERIML T RWHEXOHEEL, S. iniae ®
B X D12 R £1CIZ 0D = 0.7 123 L7z (Fig. 2)o
77— VRMX TIE, MOl=1%5 MOI=10"*Dwih
D7 7 — VHREMBINX B L7 7 — ¥ 4 kORAGM
X&H12M BT THED LRIZIFEA ALK,
E7 S iniae BEHEIIHIRN RS SNz, LA L, 186
BLIRRIZ LD 7 7 — VIRNIX T b W OBIHAFED iz,

MOI=1
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In vitro growth inhibition of Streptococcus iniae by
phages. S. iniae strain PSi402 and S. iniae phages
were inoculated at MOI = 1, 107, or 107, and shake-
cultured at 25°C for 24 h. The bacterial growth was
monitored optically. (Initial bacterial concentration:
10° CFU/mL) [J: individual phage strain (PSiJ31,
PSiJ32, PSiJ41, PSiJ42 from left); & : mixed four
phage strains; ll : control (no phage)

Fig. 2.
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WEFR2AMEMIRIC 7 7 — VIRIMX 2 S W % 0BEL, Zh b
D77 —=VREREZEEARLFBR, wIhdZhFho
77 =TI L CREEME 2R S o 72

77— OREZBAEIZIR

g5 E GRAER1 ~5) OREERRABOM R %
Table 3, Fig. 3 BX U'Fig. 4 12”7, &P, #ABE3~5
B2 EXOETRBOWERIZ 2 KIETIZLALHD
Tholclzd, HEEOHRZIR L7z Fig. 3 B X U Fig.
4 TEENS 2 KO FHfEE LTTay b L7z,
RER1 ~4TlE, ETCONBXCTHIEHZ1~2HH
PORENRRDOOLN, 5~9HHICAEEIIO DL >
7oo —H, WRBHARMAICT 7— Y230 L3R
X T, OO TANBALN-DIIHEHZ2~4HE
ERREN, 11~13H HURIZIIECHARIZAS N h >
720 15HMOBIEMMb D7 7 — VX0 AEERRIL, Rk
17%%28.0%, k2 7333.3%, ki3 5%48.0% (2Kl
DY), 4 580.0% (2 KEDOF) T, wIho
HBICBOTHHHEKICLRTHEEICE» -7 (Table
3, Fig. 3)o BAM TIRICBIT A7 7 — VY RKAKRMAD S.
iniae BRI EE (BIR) 1, RBR1 ~4 TENLEN42.9%,
40.0%, M1.7%BLUV6.3%TH -7 (Table 3), ST
POSMEEISNIZHIZOWT T 7= VBEEERAE 2
%, BXOSHREITWThO 7 7 — VI b &2 AR

DOENTD, 77— VXOSEERE TIE TR TEZEATR
DN holz, 72, 77—V XAEKRADSDLHRE
b, FDEFEALDRT7 7 —VIEBZNTH - 72

R 5 DERFBOWER % Fig. 4 IR L7z, MBX T,
LB 2 HE2 ST A SN, 3 HEICIE85.0%05%E
TL, 15HBEDOAEREIIS.0NE hole —H, 77—
VEMX T, WINLKEI HHD2 OB, HIETHS
&, TNOOAEBRRIIIEMBE 7 7 — VEMKX A
45.0%, 24W;its 7 7 — VEMRXH32.5% L, wihd
SRX AN THEICE D 720 ERAOHRERIE, 12
Btk 7 7 — VHHIX H%27.8%, 24FM#% 7 7 — JVHH
X 72530.8% CTd o 720 LT B L OAEKRMBERE O
77 —=VRZME LR ORE 1 ~ 4 O F L UEaH
P 5N (Table 3)s

HERS L AT L TAT R o728 T A OKIEE L OIKICE
F % S. iniae WHEOWEER%E Fig. 5 1R T BEOME
B 1 B #1210%° CFU/R TH - 7248, ZOHBARIC
BE N L T128 [ % 1210°° CFU/R, 248% [ # 12107
CFU/R, ¥ 5I|248M:R#4121310%" CFU/BIZE TEL
720 =77, BTIX12K % TH10°° CFUR & Ao
7275, 24WFHEIT2IC10*° CFUR L 72 1), 48BERIFICITH
MO & 1 ZIFE D107 CFU/RD L Sz, FETHE
BoOfATIZ, S5 F—F—REMML, B
10°° CFU/ )2, Mi#™10%°° CFU/ R T - 720

Table 3. Phage treatment of Japanese flounder infected with Streptococcus iniae

Average water

Injection dose Reisolation % of

Survival rate (%)

No.. of temperature Avergge body Injggtion dose'of (PFU/fi'sh) of of fish (no. of fish S. iniae from s.urvi-
experiment °C) weight (g) S. iniae (CFU/fish) pha}ggs (tl.me .after alive/examined) vors. (no. of flsh
S. iniae injection) positive/examined)
1 24.2 16.5 10”7 10%2 (1 h) 28 (7/25)* 43 (3/7)
0 0 (0/25) -
2 24.3 7.0 1052 10%2 (1 h) 33 (10/30)* 40 (4/10)
0 0 (0/30) -
3 24.9 14.1 1054 10%° (1 h) 48 (12/25)* 33 (4/12)
10%° (1 h) 48 (12/25)* 50 (6/12)
0 0 (0/25) -
0 0 (0/25) -
4 25.0 41.9 10%4 10%4 (1 h) 70 (14/20)* 0 (0/14)
10% (1 h) 90 (18/20)* 11 (2/18)
0 0 (0/20) -
0 0 (0/20) -
5 25.2 56.4 10%* 10%7 (12 h) 50 (10/20)* 30 (3/10)
107 (12 h) 40 (8/20)* 25 (2/8)
10%7 (24 h) 35 (7/20)* 29 (2/7)
10%7 (24 h) 30 (6/20)* 33 (2/6)
0 5 (1/20) ND
0 5 (1/20) ND

* p<0.05; ND, notdone
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Fig. 3.

Phage treatment of Japanese flounder infected with Streptococcus iniae (Experiments 1-4).

Fish were intraperitoneally (IP)

injected with phage mixture (Expt. 1, 2: PSiJ31, PSiJ32; Expt. 3, 4: PSiJ31, PSiJ32, PSiJ41, PSiJ42) 1 h after IP-injection

with S. iniae strain PSi402 (See Table 3).
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Fig. 4. Phage treatment of Japanese flounder infected with

Streptococcus iniae (Experiment 5).  Fish were intrap-
eritoneally (IP) injected with phage mixture (PSiJ31,
PSiJ32, PSiJ41, PSiJ42) 12 h or 24 h after IP-injec-
tion with S. iniae strain PSi402 (See Table 3). O:
control (no phage treatment); ll: 24 h; A: 12 h

£ =

T2 AT, BRETOL I AEFEYICBIT S E
tarda B LU F D7 7 —VOREEH 2R, =PIV
TIEDIEEDO A2 2b SRR 2 i e 5 £
@ E. tarda W R 3w, T2 E. tarda 7 7 — VHEEM
BB S ERICHRIBENL Z EER L (B - ik,
2004), [ U< FRET O T 28 TIT - 7245 ho
WA T, L Y ERBAERITIRICE S. iniae PRI ERIZE
Poleb DD, BEKHB NSO S. iniae & S. iniae
77—V OBIMEITE Ko, AT TIZ

O: control (no phage treatment); @: phage-treated
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Fig. 5. Kinetics of S. iniae in the Japanese flounder. Fish
were intraperitoneally injected with S. iniae strain
PSi402 at a dose of 10>* CFU/fish and viable cell
counts of S. iniae in the brains and kidneys were car-
ried out using TSA plates. O: brain ; @ : kidney

117 > 72 7 LEFHBREE D & OIREME ISR 327 7 —
OBHIZBNTYH, P. plecoglossicida 7 7 — ¥ (X
W BES -2 (Park et al., 2000), Flavobacterium
psychrophilum 7 7 — ¥ OG5 EEERIE A o 72 CGRER) -
DX BEMBEENSD T 7 —VSEROE I, H
RBICBUITLMAEAORBE LTDT 77—V DHEEERY
EzhHE, PRFEWEZATH D, BREL UMREED
BIML TV AR TIE, FICHFETS 77—V
10'/L12b %9 % (Fuhrman, 1999). 7 7 — YV 25HIH K
OWMBEHL L THEELZKEHAEZHoTWE T I
(Bergh et al., 1989; Proctor and Fuhrman, 1990), &
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HIFEH L 72 2 B B 2R EAROIFEFEIE 7 7 —
OHHB (1) IRELTWAEEZ 5N 5, BREICHK
W ENZRERDPRIRIC 7 7 = VICL VBB S h b &
L7255 (Imbeault et al., 2006), ZiLI/KFIEGC X %95
HBOEHIEES L LEZONDLDOT, B TORK
DHEIZT 7=V Db o T B REMNERD 5,

FIRETOL I AEMBGOREKICHKT L7 7 —
¥z flio7z S iniae 7 7 — VEZMRETIE, L
7o I ARMHREOZ S HANIFFA L7 7 — VRIIR L,
FLTIVRVYAHROBEHRTDIINLD 7 7 — VI
Bzt B L2 ens, AERENS. iniae 7 7 —
VHOWEMIRBE I, L, SEERL
T —=IMBeRELLVI LS, AR T 7 — Ul
WKBLTIE, S50 77 —=YKREHWTEHE
HBHIZEE LB D S. iniae ¥k b & FERNCRGTT
HWEEDD B,

ARFEEDFEIRIE, © T AD S, iniae EHIEICH T 5
77— VHREOWERE RS LICH o7 BT AE
W72 IR B ERBR 2 S5 5T o TTHT 7 o 72 in vitro BAFEIIHIER
e, fitik7 7 —YIid MOl =10*12B W T S. iniae
DO —BFNC TS 2 L7ze e d, HiaE18HF
MILIREIC B 2 H5EIE 7 7 — VIR HMgIc X 5,
72, BB, A Lze I 204 X, I
WRE, 77 —VOME»RLE2b00, 77 —THE
XTWFN O HEELEREON LRSIz, 77—
THE- X T ORERIX O A 5% ER1228.0% 2> £ 80.0% & B
ENALNI=DIX, S. iniae DUERIREDE NI LB L
Bbhz, 512, AfkND S. iniae Wik E 7% 107
CFU/RIZD 7 2 W B4R 7 7 — V2 ML T
RN E Lz, TROEDT Lid, REEIYEDHE
W77 —VBEFENTHHI L EZRBLTW S,
77— VEBERBRICBWT, BN )T LR
F—VTT7 7 —VRHEG L THBENEIETES S
L, 720 P. plecoglossicida &4t 57 7 — Uik
WEEER (Park et al., 2000), F /- CTLH, HE
2IRREIZH B VRE ONY I~ 4 ¥ VIR ERE) B~
AT B 7 7 — TV OEREERIIBWTHES A TY
% (Biswas et al., 2002) .

LA L%&AS, KFETOL S XD L v EREEICN
577 —VERIIBVTE, 77— VHEXTHEL
TS, L7 7= LTSN R W S
iniae Bk S N7z ZDZ kX, S. iniae TIZILERAY
RO in vivo TG RE 2 7 7 — VIR MR, 135
g, WENEET L7 7= VitEEAHET 2 L %
AL, ZoORIE S iniae EYHEIZXTT 5 7 7 — Utk
ORI 2 EERMETH 5 FRIEMEREH O &Y
x5 7 7 — VG OEENY T A D VTS
WE W72 EBTHE XLk (Smith and Huggins,

1982; 1983), EX45I L &0 7 7 — VREOHEMEE R
FTHFFERE A 2 SN TS A (Sulakvelidze et al., 2001;
Merril et al., 2003; Kutter and Sulakvelidze, 2004),
T —VREOKRELRMERE LT, invivoTDT7 7 —
ViR O MR MRS E TSN T& 7z, Ll
FRORBREIGEICHT 57 7 —VHEBETIE, 77—
52 in vivo THRIEM: E. coli (K #k) H»HBIT A2
LMD TENTH L EWMEINTEH (Smith and
Huggins, 1982; 1983), ¥ 7z 7 Ol M H M P I AGE
TH7 7= VERBIEC L7 256 7 7 — Vit P.
plecoglossicida 1358 S T2\ (Park and Nakai,
2003)s INH5DZ &I, 77— VigE (77 -V
RS PEZERRR) 13 in vivo TIZBEHE LIV Ay, & B WIdZ
NS TEELRWER T2 RN TW S REE 2 RIB T %,
S8, 3 invivo THBILA7 7 —VIEEZHE S.
iniae DMEIRB X e 7 X125 29 EPEIC D W CRE 7
Miat 24779 L £ B2, S.iniae D7 7 — VIEEZMAL -
AR I D W TR 2 L ED D B,

i 3

AWFFEICPEN L 72 S. iniae Btk % 55 L T iz72wnwiz
FINEKE B B X OB S. parauberis K R % L5
L T2 n iR R ASH I MEIR I I 2 L5,
ARBFGEIE, & T A FERHEAN S LT SE (BRI B o)
B X OB 2 IR Lz BMOKEM e S A bFE GR
HFH518075) 12 & » TiTbhiz,
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