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HE 249 ga FRMeE F kA AR o BAE JRE AaAdddel 2ol AYEe £
dFo] HINEA YASY v, ERHEEL A2 TE g BA Wil U £Fe dAvez
+ ABRIAE AT oldie Aol anjre B d3e ol e T od olge] 4sae-g
olgo g YHFol N ANEAHE Fol7) AT 7IZARE A} MY AF AFdEH ¥
QM F#Q) Vibrio anguillarum, Edwardsiella tarda, Streptococcus sp., Staphylococcus epidermidis® %8}
o ¥g Ao Aga) €A& Hrlsle tEA WP Checkerboardl- & 28-513 fractional inhibitory
concentration (FICXI-8 Faldd AsE4E vehls 48 &3AE FAoPiSit. (OTC+LM), (TC+FF),
(OTC+FR)¢]l B8 &A= V anguillarunell D8l (SNE+FF), (TC+FF), (SNF+OXA), (OTC+FF)2] ¥
£ YFAEe E tardad) WEte, (CFX+0L), (OTC+OL), (TC+OL), (OTC+LM), (OTC+SPM),
(OTC+EM), (DOXY+OL), (TC+SPM)2] W& #gAl= Srepiococcus sp.l) EHA, (CFX+EM), (FF+EM),
(DOXY+OL), (CFX+OL)2] & 3aHE 8. epidermidisl thaled Alga) 44 A52p8-& Vet
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U ofeigtolA] YA FERE] BT A
TFe L HPE FFAH F 7HA] HE FA
of ALSE W Uehie a8l A47130] o
L Ax g5A At olsd A81H vhed ¥
4 2 A44d 4L vehle B8 gaA
© 32 £ 293 $HAE AU Al
U Y L-E AAAF]7] A AWAEY ¥
H AHE3 UthHolt and Brown, 1989; ©) &,
1990; Eliopoulos and Moellering, 1991; &,
1995). 28 F2AE HE3he Fol FEAY
59 RaRgo] Yehte ZAe: JoER 4%
37} 29E e 9ol H8aYo] ALEojof
gt} sulfonamides$} pyrimidine f=3<QU
trimethoprim ¥ ormetoprim o] #A¢] N&E
s P8 9A drsEe] & AeadE velle
WL ghFAlojtH(Kimura et al., 1983; Yoshimizu
and Kimura, 1986; Samuelsen et al., 1997). ©I
He AHE o] 83l HAME FE A EA
sulfadimethoxin+ormetoprimS  7Huich € vl
sulfadiazin+trimethoprim& §-§, vt & =,

'Corresponding author

Minimum inhibitory
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concentration, Fractional inhibitory

sulfamonomethoxin+ormetoprim® Qo)A $215
o] Al®E|31 Ut} (Schnick, 1991). 2 F=e]
A%eE ZEBA erythromycin+sulfadiazine+
trimethoprim(EM+SDZ+TMP).  oxytetracycline+
neomycin(OTC+NM), spiramycin-+tetracycline
(SPM+TC), amoxicillin+spiramycin(AMX+SPM)
5ol He A7t 7AE REo R FUH A
T ACHH F, 1996). ol ¥E FFAle o
HE o7 A9 $H9 ABARZM AME
Ha lovt, HUFEA sl o= Pk A&7
AAE AE F A Exe A offol g ¢t
A4 Aol Bajr @Az H AAFHeRE B
¥ Awrt A1 fi

H Eol 849 ¥A WP e B Al
Aol e B UEA] olde] AlgAdEWol
A Wt EREES AT AR 53 A
o} §F] dEMe AfTdE+l=s=r, B
Hjodolmoled, vB o+ AHTHS &
o] 9Jrt. o] EFHUAZTS AME & EHE
7 BT dEe] O eRRTe e FES
AEAHE AE 7 e dHot. "t & &
T ASENE /e 38 HHAE FHEe
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ZH EEF] dF NEEHAE Fol7] 4
N2AEE A3t HAEL &, T8 o/
o] YdMEg N8l dgAe < H HE
Al A" #W minimum inhibitory concentration
MICYS ZAEIE, o8 A2 W4 g4 &
T+8AHE U ESE  Checkerboardy & M
fractional inhibitory concentration(FIC) A58 4t
Zsle Aed 435FEE Hole ddAlel #&
ol 22} 3Tk

HE X U

of'd Mz

dx25e Bl FAHE Vibrio anguillarum,
Edwardsiella tarda, Streptococcus sp.8} Z3Eg
c28E EEstd FAHE  Saphylococcus
epidermidisE& AP0l AME-3IATE AFHL 2%
NaCle] #7}8 Tryptic Soy Agar(TSA, Difco)
B R ol BESICZL A HEel 2% NaClol
F71€l Muller Hinton Broth(MHB, Difco)ell
£33t V anguillarum R E. rdav 25°C,
Streptocpccus sp.%} S.  epidermidis= 30°Col| 4]
24717F viFSt ¥| McFarland No. 052 273}
skt

L2t |

Ao AMEF ofAleE EF 16FFE cipro-
floxacine(CFX)S A YA, florfenicol(FFr $H=
EEE, pefloxacin(PFX)2 ¥ol#A, sodium
nifurstyrenate(SNF)S- thAV| A EAIZ RE A €
85 7Y, ampicillin(ABPC), doxycycline
HCL(DOXY), erythromycin(EM),  spiramycin
(SPM), oxytetracycline HCL(OTC), tetracycline
HCL(TC), flumequine(FM), oxolinic acid(OXA)
£ Sigmar}, amoxicillintAMX), lincomycin(LM),
neomycin(NM), oleandomycin(OL )& INC
(Biomedicals)A oA 83T 2FA= Jung er
al. (1999 wet z} g3jP o2 1000 pgmZt =
EE U Ho| FRTE M) AN E dArls
o HFE5 0.125 pg/m7HR] FH181 ).

Minimum inhibitery concentration (MIC)
Aol 3AErE MICE IHHAIHY

(Japanese Society of Chemotheraphy, 1981)°) w}
gt AAlslgch 2% NaClel H7HE Muller
Hinton Agar(MHA, DifcoyE 3195718 (121°C.
15898 5§ 55°C2 71 B &3 Tt A
FAMFE7F 100 ug/migl SHAMAIE TRE7] 913}
of WFE pertridish(85X 15 mm, AlY%3Y) F70l
A olEH T8 VIS H 55°CE 7R H
F3] & MHA 18 mIE 25810 Jul2 FHI3E
1000 pg/mie] Al 2 miE EFsld 235 Z
Ho|=F sl 2RIt o]9} 22 whgos mf A
d sME Al FEaRE FAuiXE Azt
Bled o] ofAjuix] 94| McFarland No. 052 &
vla] ¥ o#AlF 1 loopful(¥7Z 5 mm)g =43}
o V. anguillarum 2 E. tardac 25°C, Strepto-
coccus sp.8} S. epidermidisc= 30°Col A 48X 7F
kgt % minimum

MIC)g T35},

inhibitory  concentration

Fractional inhibitory concentration (FIC) X|3=

g4 A9 FICA 4% Checkerboard™
(Hamilton-Miller, 1985; Holt and Brown, 1989,
Eliopoulos and Moellering, 199101 2j8] 33}
Aok, okAlE WA gEoZ oMol tis] MIC
g 29% | 7 (MIC<3.13 pg/m)yS VR
FFAE e E HF 2 Asit diEHe
®e ¢JojZ drug A ¥ drug BE A3t} Fig.
17} 7ol Y& drug B, X&olE drug A7} HY
A= drug A Z B MICE 77}t FIC A4 1

1.0 | 10O | L0002 | 1.0/04

08 | 080 | 0802 | 0804

06 | 060 | 0602 | 0604 }

04 | 040 | 0402 0.4/06 | 04908 | 0.4/10

g

02 | 020 02402 | 0.4/0.

FIC of drug B

02706 | 0208 | 0.2/10

o | 08 | ooz | ona | ows

0 02 04 06 0.8 1.0

FIC of drug A

Fig. 1. In the Checkerboard assay, serial dilutions of two
drugs are performed wusing drug concentration
proportional to the MICs of the drugs being tested (A/
B).
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2 A3l AEsiA 0.8, 06, 04, 0.2, 00]
E8 ALY R BAIE Zte] o) 24"
g A o] WX E MICY FUE o
E MHAHIA 22X whE0t) 38 36 platee] oA
ujz] o) olHAFE =Bl MIC 243} 7o
o g o dSFFE A FIC A58
ZAFSHA). THeF MAE FICR 2] 88X A
ol FABA] Yg A= Bt AlEssA 5
& A miag Azsido)

FICA &=

Bt H8ARS & W A%k MIC
A%} TEARE- & o MIC

AT HEAME & o BoFe] MIC
Bef ©EAM & of MIC

o714 FICASY] gte] S8 e &
o 0.7<FICAT<1.0(8 53 *4E38), FICX+
<0.70353 438 aag wEstgn

d o

Minimum inhibitory concentration (MIC)

F8 ol Ul Aol gk ©g atFA e
MICE Table 1o} YGERAATE B A7 &
Palmer er al(1992)2] /& 71522 3k MIC
7F 3.13 ug/ml ©JEARE A4 FFAR, MIC
7F 625 ug/ml ol 3g WA GHAE EFsIoh
Table 191 o|A3I ZAAdo=m HF3 AlE
des Hed 9 A5d 4izdgo] Jade
W xtAle] FICKTE 2HEs7] flld 289
MICE 24314,

@8 2 yad o gaae MIC7) o Hx
ohEA vieRgd=A] vk Table 20 WFERARY
t} Aol MIC FA% @88 fur) Hes
o By WA e avE drgde U
ol zz2lar ofAle] MICE HA 2d%E H 1]
W7k dedt AR S s wela HE A
MICS] gho] wholxiA shg@tido] Asdithe Al

Table 1. Minimum inhibitory concentration (MIC) of antibacterials against fish-pathogenic bacteria

Minimum inhibitory concentration (Jg/ml)

Antbacterials Vibrio anguillarum Edwardsiella tarda  Streptococcus sp. Stgﬁ%ﬁfgg&”

PCs ABPC >100° >100° >100" >100"
AMX >100° >100° >100 >100°

NFs SNF 50° 1.56° >100° 25"
TCs oTC 0.78* 0.78° 1.56 100°
DOXY 0.78 6.25" 0.78" 3.13*

TC 0.78* 0.78° 1.56" 25"

AGs NM 50° 25" 50° 50°
MLs EM 50 50° 0.05* 0.78°
OL 100° >100° 0.78* 0.78°

SPM >100° >100° 0.78° 25

LMs LM >100° >100" 313 0.39"
QNs FM 12.5 50° >100° >100°
FF 0.78° 0.78° 6.25° 1.56"

OXA 1.56° 6.25° 50° 3.13°

CFX >0.0125° 0.39° 0.39° 0.78°

PFX 125 25" 25" 25"

*Susceptible: MIC < 3.13 pg/ml, ‘resistant: MIC=6.25 pg/ml
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Table 2. Enhancement of minimum inhibitory concentration (MIC) when antibacterials were used alone or in mixture

Combinations of MIC of drug A MIC of drug B
antibacterials(A+B) Alone Mixture Alone Mixture
SNF+FF 12 03 0.78 0.2
SNF+OXA 1.2 0.6 6.25 0.6
TC+FF 0.78 0.2 0.6 0.2
OTC+SPM 1.56 03 0.78 0.12
TC+SPM 1.56 0.5 0.78 0.12
OTC+EM 1.56 0.3 0.05 0.008
OTC+OL 1.56 0.3 0.78 0.07
DOXY+OL 0.78 02 0.78 0.07
DOXY+OL 6.25 1.2 1.56 03
TC+OL 1.56 0.3 0.78 0.07
OTC+LM 1.56 0.3 3.13 0.3
CFX+EM 1.56 02 1.56 0.2
CFX+OL 1.56 0.5 1.56 02
FF+EM 313 03 1.56 03

Table 3. Fractional inhibitory concentration (FIC) indices of combination of antibacterials against fish-pathogenic
bacteria

Fractional inhibitory concentration (FIC) index

Combination of

Antibacterials Vibrio anguillarum Edwardsiella tarda Streptococcus sp. Stapfly locqc?us
epidermidis
SNF+FF - 051 - -
SNF+OXA - 0.6 - -
OTC+FF 0.67 0.67 - -
TC+FF 0.59 0.59 - -
OTC+SPM - - 0.35 -
DOXY+SPM - - 0.8 -
TC+SPM - - 048 -
OTC+EM - - 0.35 -
OTC+0OL - - 0.28 -
DOXY+OL - - 0.35 0.38
TC+OL - - 0.28 -
OTC+LM 0.29 - 0.29 -
CFX+EM - - 0.95 0.26
CEX+OL - - 0.27 045
FF+EM - - - 0.29

AL 7259 FIC A57F 53 2 4<% 432  Fractional inhibitory concentration (FIC) x|
42 Jehdivks ARIE 7 F98 FUCh F8 oy 9 Aol g HE FoA9
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FICA]|<& Table 39| EA5I9c). DOXY+SPM
CFX+EME Streptococcus sp.o] thdtd FICA
7b 23z} 0.8 2 0958 Jehlo] ¥53 43ze
2 B AL Ashd YA ¥E e BF
A24-¢ Jehlidoh. 28]2 DOXY+SPM3
CFX+EM®] #& shtAlE o83 22 Age o
& FEAES FaAdke a3y ol dEA v
EFgtth. DOXY+OLE Streptococcus sp.ol thaiA
FICX 47} 0.35, S. epidermidisll thaiA FICA|4=
7b 0382 H|&g FFEAHL JEIALH,
OTC+LMX. V. anguillarum3} Streptococcus sp.
of thallA FICAI47t zhzt 0292 FUJF 3 v}
et 28y CFX+EM % CFX+0OL&
Streptococcus sp.o| tEA FICX| 47} 095
0272 YeERIIoY, S epidermidisl thdiAE
FICAIF7} 0.26 2 04524 72+-& ¥g 3t o]
L} oMo weAa HE ohE FICK$-E e
Wil

2 @

QA i ollM A ofAl+AE ofAle] B
2 H5H 3L, B AT Al
WAL WA FEAE, 2Ea A I
A4 ofAle] ML ZIH A4FAEE veiItiL
FHF, 1995). MR B Afore o3t &
RN} dAEE AGEE dxiFe s Aol
A= FAE MY MZ B2 Ro] WE St
A YaEAE AT

Fx B A A e Fs
£ 94 AaE Z IS th(Table 3). &,
B FA+ZEE FAH Q) AL TCs+MLsFl
Al DOXY+SPMS] FICXF7t 082 HEH 4%
Zg-g vebd A ALslH, U] fEAR9]
HE FAle BF w2 dFEg Vel
ad AFA AT RAle] AIER o Fo
2] #&<¢] QNs+NFs, QNs+TCs, QNs+MLsye thi
B AeE AEAE-g Jehlo] dRkEQd 4 o
2gte] 2hgrda v A3E B} 22y o)
g 2Hg71He HEA] YR AL ohojA
At A e HEH YEEE O
BRI 3}R|T, neomycin+ABPCE ARR-3X] &
© o] uiAsitia $ich#, 1995). EF A

A Y1 dAle A JEFeE Vel
3 §A¥F  ABPC+sulfonamides(H, 1995),
gentamycin+clindamycin® 25 $htdo] F715h=
4ed8& HIY  EckEliopoulos and
Moellering, 1991). Z&]32X QNs+NFs2l nalidixic
acid+nitrifurantoin® 8 A AgH N52L-L
vEepATEY. SFAITHE, 1995; Stockley, 1996), ¥
A-poA HS3 AEY QNs+NFs, QNs+MLst
55 A 43S 2o yiie ARt

s FUg Alde] ¥ gAY sHE §
FAE) wepx] 8 A in vito FTEA
2 HEAl ARFA] ¥ oy ekt #F,
TCs+MLsFo|A DOXY+SPM2 FICA 4+ 0.8,
ONs+MLsZoll4l CFX+EM2] FICA& 0952
HEH A52E-E el e HEFES B
¢ vA] fEARES Al AEE zfelvt
AUk, TCs+MLsFol4 DOXY+OLe= 1Y
%1 Streptococcus sp.2} S. epidermidisol ™3l
Ae) vl FICAFE HERNRLE, TCs+QNsY
e A AgIAME 2ESIH44UA V
anguillarum 2 E. tarda®} W FICA S} wis
& oA KAtk 183 OTC+LME A2 the
2SR FV anguillarum) R A3 F(Strepto-
coccus sp)ll et FUZ FICASTE UERA]
o} 28y QNs+MLsZolA CFX+EMS a3t
Aol disle] AR & arEAdg B oy
g At ofmek €l dEIA £ dtelre
B HeE HE F glloy, FolEge M
et Fo ofyAlFe] Ut vl HeH, FeA
oHA YRS t)do R sl W8 FFBAYE ZAKS
Q7] wEe] ko g no WA HERoor &
Zojt.

HA AFE ZAE A ABET e e
A 7HeElA SPM+TCE A4 A+AFA
R E AeEIAVE o AFY B dyeMx
Streptococcus spoll et dsasvt FHEAU
t} §H8, EM+SDZ+TMPE Ha4 A+ TA
A2 AFEHL G FEAT YA OTCH+NM,
SPM+AMX+= A4 oA+ a4 ofAE g8
7t ot 1HARE o] WE FFAE HFE
3t} A B8 gaAEe] o Aol thsl
Al B deEE-g gke AYUA, 2% A &
TAE E3ste ohee] o BHAFE gideE A
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In vitro Antimicrobial Activity in Combination of
Antibacterials Against Fish-pathegenic Bacteria

Sung Hee Jung and Jin Woo Kim

Pathology Division, National Fisheries Research and Development Institute

Bacterial diseases with mixed infection have recently occurred at land-based flounder farms in Korea.
Thus, single antibacterial is not effective for therapy of mixed bacterial diseases of fish because of their
different causative bacteria. The purpose of the present study was to obtain basic data for positive use-
fulness of a combination of antibacterials used for synergism to mixed bacterial diseases of fish. Sner-
gistic interaction in combination of antibacterials was determined by in vifro antimicrobial activity against
selected fish-pathogenic bacteria, Vibrio anguillarum, Edwardsiella tarda, Streptococcus sp., Staphylococ-
cus epidermidis, on the basis of Checkerboard assay using fractional inhibitory concentration (FIC) indi-
ces. Synergistic interactions were observed in combinations of (oxytetracycline HCL+lincomycin),
(tetracycline HCL~+florfenicol), (oxytetracycline HCL+florfenicol) against V. anguillarum, (sodium nifurst-
yrenate+florfenicol), (tetracycline HCL+florfenicol), (sodium nifurstyrenate+oxolinic acid), (oxytetracy-
cline HCL+florfenicol) against E. tarda, (ciprofloxacine+oleandomycin),  (oxytetracycline
HCL+oleandomycin), (tetracycline HCL-+oleandomycin), (oxytetracycline HCL+lincomycin), (oxytetracy-
cline HCL+spiramycin), (oxytetracycline HCL+erythromycin), (doxycycline HCL+oleandomycin), (tetra-
cycline  HCL+spiramycin)  against  Streptococcus  sp., and  (ciprofloxacine+erythromycin),
(florfenicol+erythromycin), (doxycycline HCL+oleandomycin), (ciprofloxacine+oleandomycin) against S.
epidermidis.

Key words : Antibacterials, Combination, Minimum inhibitory concentration, Fractional inhibitory con-
centration, Fish-pathogenic bacteria
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