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Summary

The experiment was made to understand frequency of multiple drug
resistance in bacteria by separating streptococcicosis—causing germs. which
have often occurred and damaged to fish farms on Jeju. The
streptococci had been extracted from the internal organs of the
Paralichthys olivaceus in four fish farms on Jeju from September 2001 to
March, 2002. A total of 75 strains were used in this study. Test strains
were inoculated on Brain Heart Infusion Agar (BHIA) contained 1% NaCl
and incubated at 30C for 24 hours. Then isolated colonies were
indentified by API 20 strip kit. Minimal inhibitory concentration (MIC) was
measured by agar diffusion method using ampicillin (ABPC), amoxicillin
(AMPC), erythromycin (EM), oxytetracycline (OTC), doxycycline (DOXY).
flumequine (FM), nalidixic acid (NA), norfloxacin (NF), ciprofloxacin
(CFX), florfenicol (FF) on the market. Resistance of fish was developed
'100% against NA, and occurred against FM (97%), OTC (74%). EM (46%).
CFX (41%), NF (29%). DOXY (24%), FF (19%), ABPC (11%), AMPC (8%)
in the order.

All of the strains appeared multiple drug resistance over three kinds in
19 patterns and among them, NA-FM-OTC-NF-DOXY (11 strains).
NA-FM-OTC-EM-NF (8 strains), NA-FM-CFX-(7 strains) were in high
frequency. It is considered that the use of various antibacterial agents in
fish farms results in the multiple drug resistance. To prevent the spread
of the multiple drug resistance, the antibiotics should be used according
to dosage as well as cured with enough period. Most of all, the sanitation
of tanks and equipments must be taken special care as long as fine
environment of tanks mainly affect health of fish and bacterial disease so

that the usage of the antibacterial agents could be minimized.
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obal HAAN AAA AL AT nUE AEH, AT AE Fo T2
270ts @ 2EY2A 899 Z7ts #$A AT W] YRES Z7vs A
7 Weo] A AHge FA Zretm JE FAd Aok wEA g A AL
g0z A% AF WAZEZ AL A4, 2 FE Az A7 &
Aoadn Zue A EAJ A7l Hnch 2y ol @ EAA st A
gzogle) stz FAPY EARS FAAY ¥F T s ol E
Austs A2 vty FAHoz FIEA Rsx Yo 1= olo o
3 WA wete F7s AFE olFojAol wrin Azdn 53, g9 B¢,
FH7)0= =y, AfTFEL gL AFH Ao AW a7t A Fel
mel s Az #AeEe] 80% ol4e FHAE dxE A kel 2000). S
2Fze #4 B4 OB B %A oFoA dF HAE FEHE 83
wolth(Hoshina et al, 1958; Plumb et al, 1974, Kusuda et al, 1976,
Hashimoto, 1982; Lida et al., 1986; Baya et al., 1990). o] 2% & TEE7d B
o] st Sgubetsl YRe F MF P4 FA YAE EFD o}, £
H2a So o HAE oA TUF FAY &4& TAARTH, 1989
Kusuda and Salati, 1993). $-@uate] &4 %4 oJFAA 2HdE AH4TET
o 220] 18 °ColAoZ ALt Al71Q 69EH AR 18 °Coldtz &7
e A71Q 119 274 F2 2AsE 2% 2o AF Qe B | x|
pAZe gatoz @ 20019 9YRE oS3 33U AR HoldA AT W gt
7 E2 9 29 28, oirtv] 7 AF Y T FAH A wE #H A}
o &7t et e od e HA ¥ 2A AH gram T EOl HFe s
Azgd. AAFFELS 19573 4 Shizuoka¥B el FA7M 40}, Oncorhyn-
chus mykiss %A A Hx2 B 1S Ack(Hoshina et al., 1958). AT Fl
o3 AME TiolF ak opue Al F, 2R AAFANE °F H1E
7 9lth(Hoshina et al, 1958, Kusuda and Komatsu., 1978; Kitao et al., 1981;
Tung et al., 1985 Kusuda et al., 1976; Minami et al., 1979; Kaige et al., 1984;
Nieto et al., 1995, Domenech et al., 1996, Nagatsugawa, 1983; Rasheed and



Plumb, 1984; Chung and Kow, 1985; Pappalardo and Boemare, 1982). £3 <
A E F4 o) FA Woy(Seriola quinqueradiata), 3% (Pagrus major), g X
(Paralichthys olivaceus)®ll Streptococcus sp.7} ZE o] Azba A &4
7+ $tH(Kusuda et al., 1976, Kitao et al, 1979; Kusuda and Salati, 1993). ¢
ATETE AT gramPA TR AHAL 51 Yoo HLEN =
¥71d M@22 catalase, oxidase ¥ indoled)H &4 982 Holm ¥
TEHo2 EHEAAY stae AMSA REd o] Fe Uumoz Tryptic
Soy Agar (TSA), Brain Heart Infusion Agar (BHIA)o| A Y, F4 2%
= 10-45 °C, 9% ¥EE 0-7%, pHE 35-109 ZAcA Lo sh5aiti(o),
1991; Ohnishi et al., 1986; Sako et al, 1993). 28y, AYF7F =9 YA o]
Streptococcus faecalis R S. faecium® Z7+H<Q HAL B oq(Kusuda et al,
1976) 2 X7t FYER 2§ s, 42 o|FoN Hegs pzg Strepto-
coccus sp.2 FREHATH FAH o] AWl Fdo ¥ HHs = Yol Fol+=
e 2¥Ald A% g AW AW FYus e T 2 9o olo} FHE
2Ao2NE dATo] & Fo FHY Aol olYn A8 7 bedn 2y
Tl mE oA FEAo ato] B Mzs B & 9o

BN 2 ATE AFE 92 FHFA o) B4sie By S F
Aevl PAAE A F ABHA G AHTEE B By 2
Tl e AN o] GARAY S ZAIEOZH o] YA TFo g
HWAZEE AAste gxle] dAMA Iy Yag w287 st 712 282
AH&3tazl o
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I. 45 2 ¥y

1. 48 @59 9 ¢ 53

2001'd 9¥ % H 2002¢ 3¥7tA AFTu gx {4 £
D d7EE, M4Es L oprln] 7 283 ERmge
) =33 T, A%, BFE 1% NaCl ¥/l Brian-Heart Infusion Agar
(Difco, Lab.) HF3te] 30 °Coll A 24Xz wjdsat & e Regigon, Iz
& F4ste T daldE API 20 strip kitE AR HE 7o) T AL
T BEe APRMAE gt WHAHEZ BRESUN e Ay AL
A

2. 4% 74 2 g7 £99 x4

Aol A3 FZARZE AFE Y2 AN AZY AW Mg &3
A8t le  Sigma#E<Q  ampicillin (ABPC), amoxicillin  (AMPC),
erythromycin  (EM), oxytetracycline(OTC), doxycvcline(DOXY), flumequine
(FM), nalidixic acid (NA), norfloxacin (NF), ciprofloxacin (CFX)e] 9= & o} lg
FAFQ florfenicol (FF)Y 132 % 1029 GAS AMEsT. ojg Zzre
FAE MBI folz LAY F WF FFH5F2Z sMstod AEsrYTH(Table
1.

3. %A U A¥

BHIA® A A ¢ ZF& 247t A7+ Muller-Hintonl agar (Difco, lab.
MHAD S Baui=ld] HFste] 30 °C, 24417 ML b 2834z gow 7
T, B8 o BHdFen, FAd YR BT 2 Ay ux
€ o3t



4. 2YTFA dE & B8] JAF=MIC) &3 A¥

AEF Ao dF H2 ¢ YA ¥ SE(minimum inhibitory concentration:
MIC)9| &3 dduix] gage wat AAsc. 2372 BHIA (Difco,
Lab)eR x4 24A1 widgt ¥ di A7) #FE <¢HAl7h H7h€ MHAIL
(Difco, Lab.)oll HZF3dtd 30 °Coll A 24412 F<F wigatch A M ele Table
13} Zo] 1037 & "Hsld 49 dAFEE T 100 pyg/mll A RE 1/24 &
A HMste F 1324 FE9 A FRE MHAL ¥ E sdct. Zzte
kAl wjAle] HFH ZF Mol 43 AXHE %A FEE %A MIC2
gt
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Fig. 1. Map showing the sampling sites
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Fig. 2. External (A) and internal (B) symptom of infected with

Streptococcicosis in P. olivaceus



Table 1. List of antibacterial solution tested in this study

Antibacterial agent Concentration Sorbent Diluted
(ug/ml) solution

Ampicillin (ABPC) 10 D-1 *D-1

Amoxicillin (AMPC) 10 IN NaOH, D.W D-1

Oxytetracyline-Hcl 30 D.W *D.W

(OTC)

Doxycycline-Hcl 30 D-3 *D-3

(DOXY)

Erythromycin (EM) 10 Methanol, D-2 *D-2

Ciprofloacin (CFX) 5 Glacial acetic acid, DW
DW

Norfloxacin (NF) 10 Glacial acetic acid, DW
DW

Nalidixic acid (NA) 30 IN NaOH, D-1 DW

Flumequine (FM) 10 1IN NaOH, D-1 DW

Florfenicol (FF) - 30 Acetonitrile, D-1 DW

*D-1 : Potassium dihydrogen phosphate(KH,PO;) 7.0 g+Disodium hydrogen
phosphate(Na;HPO;) 6.0 g/ D.W 1000 ml, adjust to pH 6.0 + 0.1.

*D-2 : Potassium dihydrogen phosphate(KH:PO;) 13.3 g+Potassium hydrogen
(KOH) 6.2 g/ D.W 1000 ml, adjust to pH 80 = 0.1.

*D-3 : Potassium dihydrogen phosphate(KH:PO:) 136 g/ D.W 1000 ml, adjust
to pH 45 £ 0.1

*D.W ! Distilled water.



0. 2 3

1. 48 259 24 R %

B A Al_Y FFE £ 757F 2 API 20 strip kit2 $AF A 757 F
% S. parauberis 2273, S. inige 537 F 2 FAH AHTable 2).

2 g2 279 Al WA

W Wolz Ry EF 757F 10579 FFA dd WA FAE 4
A3 43 & Table 3ol YeEbHAT
AP A HE HAEL NAJA ZE ZF7F 100% HAEE 2eH, o
So2E FM (97%), OTC (74%), EM (46%), CFX (41%), NF (29%), DOXY
(24%), FF (19%), ABPC (11%) ¥ AMPC @%)&2o2 WA e R

3. %28 #FY WAER/E

2al#e WA 438 Table 49 Zth & WA HE L 19FPo2A4 RE £
ZF7k 34 ol TAZA oAl W4 F¥E Bges, 2F NA-FM-OTC
-NF-DOXY (11#3), NA-FM-OTC-EM-NF (8&%), NA-FM-CFX (7&%)
2 NA-FM-OTC-EM (67F) %38 To] 1WE 2382 23th

4. 3 ZF A H2 L& JAFE

Ztzhe] BetaWAe] W EYdF MICEHY BEE HY ampicillindl A<
0.39-50 pg/miG o8, °1%F 625 ug/mllA 33ZFF7F 7H¢ ®ol &% HATR(Fig.
3). amoxicillindl 4 0.78-30 pg/migesl, 625 pg/milX 35 F(Fig. 4),
erythromycinol M &  3.13-100 pg/mlel®, 125 pg/mldlA 1975 (Fig. 5),
oxytetracyclind]l & 3.13-100 pg/migenl, 25 pg/mldlA 247 F(Fig. 6),



doxyclinesol & 0.78~100 pg/mIA 3, 6.25 pg/mlol Al 227 F(Fig. 7), florfenicol
M= 0.78-100 ug/mig e, 313 pg/mlolA 187 F(Fig. 8), flumequinedl A4 &
6.25~100 pg/mlol 25, 100 ug/mil A 71 F(Fig. 9), norfloxacin®l A & 0.78~
100 pg/ml, 125 pg/mlolA 22FF(Fig. 11), ciprofloxacindl A& 0.78-100 pg/ml
oldod, 625 ug/midlA 16FF7F B AJHFig. 12). nalidixic acid= 100
pg/mll N 757 F 257 Base A FEE wHsA ZAHFig. 10). °lE
ztzbe] @S Hl@slyl 95 757 FFe 0%l sMFEE BTF ol FAA
AR Y MICx @l wat 258 AE Table 591 YeEbHAS.



Table 2. Number of Streptococcus sp. isolated from infected P. olivaceus

in four area of Jeju Island from 2001 to 2002

No. of . ] Streptococcus species
Area . Organ of isolation ” T

isolated S. parauberis S. iniae
Namwon 45 Liver, Kidney 10 35
Pyoseon 10 Liver, Kidney 4 6
Bomok 10 Ascitic fluid, Kidney 3 7
Gujwa 10 Liver, Kidney 5 5

Table 3. Drug resistance of Streptococcus sp. isolated from infected P.

olivaceus
Antibiotics Concentration Resistant strains
(pg/ml) Number percentage(%)
ABPC 10 7 11
AMPC 10 6 8
EM 10 35 46
oTC 30 56 74
DOXY 30 18 24
FF 30 14 19
FM 10 73 97
NA 30 75 100
NF 10 22 29
CFX 5 31 41

Abbreviation : ABPC, ampicillin ; AMPC, amoxicillin ; EM, erythromycin ; OTC,
oxytetracycline ; DOXY, doxycycline ; FF, florfenicol : FM,
flumequine ; NA, nalidixic acid ; NF, norfloxacin; CFX,

ciprofloxacin
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Table 4. Multiple drug resistance patterns of Streptococcus sp. isolated

from infected P. olivaceus

Incidence of resistance patterns

Resistance patterns Number of individual

. Group(%)#

strains(%)

NA-FM-OTC 4(5)
NA-FM-EM 4(5) 15(20)
NA-FM-CFX 7(9)
NA-FM-OTC-EM 6(8)
NA-FM-OTC-CFX 5(7) 14(19)
NA-FM-CFX-NF 2(3)
NA-FM-CFX-FF 1D
NA-FM-OTC-EM-NF 8(11)
NA-FM-OTC-CFX-FF 5(7)
NA-FM-OTC-NF-DOXY 111D
NA-OTC-EM-FF-ABPC 2(3) 36(48)
NA-FM-EM-ABPC-AMPC 2(3)
NA-FM-OTC-FF-EM 5(7)
NA-FM-OTC-DOXY-AMPC 2(3)
NA-FM-EM-DOXY-CFX 1(1)
NA-FM-OTC-EM -FF-CFX 4(3)
NA-FM-OTC-CFX-DOXY-

3(4) 9(12)
ABPC
NA-FM-EM-CFX-FF-AMPC 2(3)
NA-FM-OTC-EM-CFX-NF- (D) (D
DOXY
Total 19 patterns 75(100) 75(100)

* : Summed up resistant strains as group based on the number of
drugs.

_11_



Table 5. Potency of in vitro antibacterial activity (MICs0) of

antibacterial agents against 75 isolates of Streptococcus sp.

Drugs MICso (ug/ml)
Ampicillin 6.25
Amoxicillin 6.25
Erythromycin 125
Oxytetracyline-HCl 25
Doxycycline-HCI 6.25
Flumequine 100
Nalidixic acid 100
Norfloxacin 125
Ciprofloacin 125

_12_
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Fig. 3. MIC value distribution of ampicillin against 75 strains of

Streptococcus sp.
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Fig. 4. MIC value distribution of amoxicillin against 75 strains of

Streptococcus sp.
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Fig. 7. MIC value distribution of doxycycline against 75 strains of

Streptococcus sp.
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Fig. 8. MIC value distribution of florfenicol against 75 strains of

Streptococcus sp.
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Fig. 10. MIC value distribution of nalidixic acid against 75 strains of

Streptococcus Sp.
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Fig. 11. MIC value distribution of norfloxacin against 75 strains of
Streptococcus sp.
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Streptococcus sp.
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AT Y3 BAF S FIE v Fed B, 3F, vF, Motz &
HY 5 A AA¥ez vetydn JHPlumb et al., 1974; Booker et al., 1979;
Kim and Lee, 1997). 3], o] ¥ & 157]d Bo] wAsH, $eyste} o
2oA Fa S FA oAFY AE T Lojot 2o EY Fo diF HAL
g 7tAs ddig FAFH &4E& T A2 €A Avh(H, 1989).

agn AAFEF S T dA olFT 88 o8 A S5 FA o FelA
g HALE fEdste 2¥ o2 FAdA bdFoAn JHPlumb et al, 1974;
Lida et al, 1986; Baya er al,1990). o] ¥ o FHairt LA vigp 2ol
3 YA BEE I A7 AyH WA, o] AWl AAFo] HejE
Hoge FFAA AAFTolAL ERTHo2E R Fo| FH UL
o] &3z 1 Ut

Ao AJQTo2MN HEo g2 ¢&A Streptococcus sp. = W, S. quinquer-
adiata (Minami et al., 1979), 9|, P. olivaceus (Nagatsugawa, 1983; Sako,
1993 ; Kim and Lee, 1997), turbot, Scophthalmus maximus (Toranzo et al,
1995), W#ol, Anguilla japonica (Kusuda et al., 1978)% 2] o FolA wAst=
Aoz BIEol st

AFZW 47] FAFdA AT TFTo 2dE FAgAN=He EAFZE 75
TF % S. parauberis 227 F, S. iniae 53T F & WA o E ABPC, AMPC, EM,
OTC, DOXY, FF, FM, NA, NF 2 CFX9 gz Alo gt WAELS NAdA &
ETF7F 100% HAEES 292e, FM, OTC, EMT2o2 YEwd. o|9 e 2
e FAA A Rz vl WAERARe F/HERATE B F(Aoki and
Kitao, 1981) 2.2 mj o] AF= W dXE g F2FdAE NA, AR 2 OTC ¥
o] FAE AWEZE ALEEA7] HE olF A A & HAHEEL B

2 FHEY. dFEY FFAA 44 ol FAol i dA e 80%°l4t
gAalAgdE Ede8 NA-FM-CFX, NA-FM-OTC-EM, NA-FM-OTC-CFX,
NA-FM-OTC-EM-NF, NA-FM-OTC-CFX-FF, NA-FM-OTC-NF-DOXY,
NA-FM-OTC-FF-EM, #38 %o ¥l &¥d& HFPou NA-FM-OTC

-923 -



_EM-CFX-NF-DOXY &8¢ 770 otalo] disid W& meole Tol -3t
oAl WY AZAe Bo] ] 1049 %A F Y FFHol A EEE
amoxillin®. 24 757% 2 96% s ZskE 72757 MIC gl 25 pg/mie}3tel
A Ug won NAME 752F7H MIC gel 100 pg/ml o422 100% W74
< Ug WAt FMelAE MIC#ol 25 pg/mlel el 732 F, OTC oAM= 564
=2 YWAE 74-97%9 UE WAHS BAT EMAME 35T F, CPFXAXE
31722 WA So| 46-41%, DOXYIAE 187F, FFolME 1475, ABPCAA
= 7722 WAE 11-24%S 5o 298 ZrEe BT

o] (20000 B A FAFeH AT W AsE ALY A
A7 80%7F 24 1ann Rugdsd AFAdANE AYLdALe] 90%
o Z44de B NAJANE & A9 ZF 100% HE& 2R

olzs UM TES 28 2 Zvtadoz: FAA oY AHE, wE A,

2 gl #7b 5o #A2E B A4F FTA A AHHA =F] TR
8 919lolgt= = &(Grave and Riggs, 1990)22 ulFo & o TEds 4t
ok o] A}&TFA| Hoto) AEHojol & oz A€t £Y dAMAAIA A
g o = FFo F&F TAPPe AF4 A NgE YA wEE
=94 2ozt BusQchAoki and Kitao, 1981). 2222 o2 d thaly
Aol #ike "o‘xls}ﬂ JdaiME Mgk M AFE vsteiop ¥ Aol
288 7|78 53 ANBdE Re 22 HAY £FL ALHES ot ¥
Aotk

28y ZordE ASzZ 2 77 59 44 8PS B2 UL 71EAA
e o oMol AR HAHIEE ool ¥ Aotk AHEES FE BF

oA AR AP Y
1981)8 Zafs) B o A
FAg T AlEDT.

o] 83 &L 3o H(Aoki and Kitao,

1S
o 2rEy 98 2 gee wsA AdsAHE ¥

_24_



V.8 <o

AZEW 9X Rl ol e Hajg Pt A4TEEY AAFL B
sel B8 aWAY HA TS AASEE 2R WATY 2E P AN
o WEE sherstgth

1. 2001d 9¥RE 2002d 397 MFEW 47) X Gl FAM AEFTA GA

o ANZA(XY, A1) L BFodA AATEe TSR

2. ¥ ¥& 1% NaClel #7tel BHIAWRS FZEstad 300X 24Xk G
F Ueve 18 2sided, A2 d4ste Tl dsiMc APL 20 strip
kitg AHg3td HE o) $HsAoE F BEFFE A A&

3. A4 Al#F< ABPC, AMPC, EM, OTC, DOXY, FF, FM, NA, NF, CFX
FAE ALEE FPuA] HMPo 2 MICHE FHSHAH

4. AYo AL FAA E WAEL NAdME ZE FF7F 100% W8S
Bgon tgoze FM (97%), OTC (74%), EM (46%), CFX (41%), NF
(29%), DOXY (24%), FF (19%), ABPC (11%) ¥ AMPC (8%) €22 W4 &
Bad.

5 RE #FF7F 34 ol oAl UAdE Bgon Wy §#¥& F I9FF2EA

1% NA-FM-OTC-NF-DOXY (11##%), NA-FM-OTC-EM-NF @ZF) %
NA-FM-CFX (7ZF)%% Sol nilxs £8< 3o
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