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S QA MRIOA SASHE CIRILAARO O3t RES SHGH| ) 7IZ0| ALGSHE St
% SIo1% T4l 61ROl A0l FHE B2 SIE 50| SotepL Atk 1 5, Eloj2 2
£ 718 Bu2d Qa0 GRS LEU) BROl U2 B POl FeTes A
5|7 QUL BYN AR S %7| SISIME EOIZRIO| SAS B0 Cfst ATE So) SOIARLE

AR | ALS| KEEHO)| M2t =AM EC| KB P|7t ~REE|O{OF ShCt. %H-‘HLOH gl
Z=Ch2|of CH3 E|OFZ RIS 5, 10, 15 mg kg9 SEZ Z8FAL SFFOLE X2 Bt} LE
LEX] Q443 15,30 mg kg2 ==& ATF0] iYLt ORI 2 X|2 =atst OjH|SHICH
oH golg flsh 30 60 mg kg'o| SEE ZSFTAR ATROT A e 4o
O3t HARZL MR M2t 7ol ZYE Z=Ci2|of E[OtZRICE A X2lE

by
St 22 SxTeiCtD ¥ 4 ck

In order to control disease caused by multi-drug resistant bacteria in the aquaculture,
the use of veterinary antibiotics, which are prohibited to fish, is increasing, instead of
the existing fisheries antibiotics. Among them, tiamulin is illegally used in some cultured
fish because it exhibits effective antibacterial activity against Gram-positive bacteria. To
prevent unauthorized use, treatment of fish should be accompanied by a prescription
from veterinarians or fisheries disease managers through research on fish of tiamulin.
Tiamulin was injected intramuscularly at 5, 10 and 15 mg kg™ for the streptococcus-
infected starry flounder, but did not show any therapeutic effect. Oral administration at
a concentration of 15 and 30 mg kg™ was similarly ineffective. The concentrations of 30
and 60 mg kg™ resulted in death due to toxicity of antibiotics. Therefore, it is inappropriate
to treat antibiotics with streptococcus-infected starry flounder.

Keywords: Tiamulin(E|Ot= 2!), Starry flounder(Z=Ct2), Streptococcus parauberis( Ay
o), Efficacy(F- 2 4), Safety(CHH o)
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Pleuromutilin® AR Pleurotus mutilusilA XS
T O (Kavanagh et al, 1951), pleuromutiin@ 28 HHatg =
tiamulin2 Mt ribosome?| 50S subunitE EFNSE 510f peptidyl
transferase centerOil M MZH etdg AMsto] e dS LIE
WOt 23X QUCHBesling et al, 2003). Tiamulin® Mycoplasma
gallisepticum, M. synoviae, M. meleagridis 12|10 M. iowae2t &
2 Mycoplasma o FE0| L3t drgdS LELH O3 2
e £2 g2 LIEIXITE 23 SHF0l= HlnE ofst
A& LIEFHTHWerner et al, 1978; Messier et al, 1990). Tiamulin
2 EHxlet 71279 O|E, HH, mycoplasma ZHH0| CHst X2
HEM Z4 710 F2 AFBE D o, =fX|o Fat MY
YoM e ABut dAy st2|7t EFQ =X2|of 2N

O ="

met =om

o|ct,

Streptococcus parauberise E|LEE ZECIE] 4] AFO|AM

EX 14R2700| B2 mSiE Ydle AL FFEM(Woo and
Park, 2013) S. parauberis® HYE OlF= AT SHCZE £t
sYS SHot ot EF HM S35t S0| LIEHLD L 42
2 HIFD 7to| H|TH, S589 SHO| &Y SO| LIEHTt
1 23X QUCHDoménech et al, 1996).

Ol Aol M= RalLtate] ZErta| A HEM Sldte
oot AHOl AMTAH| it XIEHMEMN tiamulin] K24
Ip oHHol &St ATE FHSIQICE AafFtol ZYE Z=Ct
2lol| Ciyot s WHHE SMHE F05t0 LELE X2
RS FOlBtRon, NEEE tamuling F£0{st0 Z=Ctz|of
LH& =20 SA7F o™ FEFS OK=X| &lsto] =48 &
MHENC HE7tsdS AESH ZUCE

=

1. &0

LBEClE|e 8k 28 ATYO| o FATCZREH LYY
O S parauberis® ZZE 0|H0| Y= Ag AFBSIRICL 5%
H ZSTA o] A8 E ZEORE|ls B HE 123 £ 08 cm,
B MB 382 + 23 goIRICn s A7F0 HdEL 28F
Aot AR = oY HALO| AFEE ZECiEle Eat ME
105 + 07 cm, BZ HE 296 + 13 gO|QUCt. HH0f| A}
M UFAULE 250 09| FA F=RO| =X[SIAULCE =22 FFH2
=2 @ 144 YminO|A XEHQ 8 &310 +HES |4
SHRIC.

2. S8

TEFAE tiamulin® LZZAHHO|2AS| HIO|2-E|OH=E 10%
ZFEH 1 ml & tiamulin hydrogen fumarate 100 mg &-9)&
St ZTEOE tamuling (F)RTIBAGE| HILZFE39(EA|

1kg & tiamulin hydrogen fumarate 39 g 2H-R)S AM2SIRICH
3. oF

201500 HAHEr FHO| oF FAFM Ao HEE
LEC2|Z8E 22| S parauberis HFTC0083 #5E AMHEY
T HHZ THSIRALE AR FFE= 1% NaClo| H
Brain Heart Infusion Agar (BHIA; Difco, USA) T HiX|E AMZ
27°COIIM 2447t HIQFSHRI D HIQFEl w e Ao
RUCh #F= MY AFRE 7K -80°CO| E2SHALE QI
g 2 mAfSHE 7HMI2| AFD HIZCERE 78 X 22(51Y
Hot7| 2ol E0|X Q! primer (Mata et al, 2004)E 0|83t poly-
merase chain reaction (PCR) #HO 2 SHIUSH PCR ZHL
94°COlM 227t initial denaturation Sk, Z0f| 92°COf|A| 18, 55°C
OlM 12, 72°COl 12 30XE 122 5t & 253] EFSAIZL,
OpX|gfe 2 72°CH|A 527t final extension S+ ChTable 1).

4. ZIFM2| SEE |28 =AM
BECt2lol o3t tamulin®l 2EFA 5= REYS Bl
8 wee Ansio

7| 510 Joo et al. (2019)2] AHROA 7|&6t = &
AHE THSIQICE MY 22 24~25°CE |XISIF 2O, PBSO]
HEIAZI S parauberis HFTC0083 #FE OfX| & 3x10° CFUQ| &
T2 100 pIE LSHFEAL 310 QUL HS HAISHAULE QL ES

N

HAIBE X 24A|7E 20 FAE tiamuling HAXBkg) & 22 5,
10, 15 mgO| &|=5 PBSOI| 34450 100 uiE S| FASIA
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Table 1. Specific primers for S. parauberis detection

Target  Product

Primer gene  size (bp)

Sequences (5' = 3')

Spa2152
Spa2870

TTTCGTCTGAGGCAATGTTG 235

718
GCTTCATATATCGCTATACT rRNA
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ZIASIRICE PBSE 100 pl Z/FAL £2 7RO =T, 2
SFAE tiamuling PBSOY 3| AI8L04 15, 30, 60 mg kg'Q| SEZ
100 ul SFFARE A 7t He 7ot Z7E0E tiamuling

o &M8}0] 15,60 mg kg2 SE=2 100 ul ZFENS &
HYTE LD 2 4T G 20012(9 HYAE A
DSFA= 13| AASIYUOD 24A[7H SO LIEHLES TA

QISIALE BTF0= 5 1Y 13] RO Z+
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TiamulinO| HA2f7=off ZFE

=

SHAL.

LB E=C2|(Platichthys stellatus)Ol O|X|= B 31

100
—+— Negative control
80 Positive control
;\5‘ —+— 5 mg/kg
g 60 —==10mg/kg
g 40 —+— 15 mg/kg
o
=
20

Challenge

01 2 3 45 6 7 8 9 10 11 12 13 14

Fig. 1. Determination of cumulative mortality from each concen-
tration of intramuscular injection of tiamulin against starry flounder
infected with S. parauberis HFTC0083.

A

Days post challenge (DPC)

100
—+— Negative control

80 Positive control
_ —+— 15 mg/kg
X
< 60 ——=30mglkg
2
©
‘g 40
=

20

0 "™ e

01 2 3 4 5|6 7 8 9 10 11 12 13 14

Antibiotics

Fig. 2. Determination of cumulative mortality from each concen-
tration of oral administration of tiamulin against starry flounder
infected with S. parauberis HFTC0083.

Days post challenge (DPC)

AFEQI B2 xyleneC 2 ES}, paraplast2 X3 1Y S £310]
Z 4 um SHE HHE MBI HAE GAS HASHRACE
O 20| ME &7 HESE &S H0|Z40M 40Hi S22 7
x

ASHAUCE BHESHO] LIEtLE 8 Sd2 F=0f d2t ZY, 3
E B8k =R FEIIALY
Z2

AE HAH= 15 mg kg A0 LUSHAD day post chal-
lenge (DPC) 101M 83%2| HAlgS EALE &g TIETRL 5 mg
kg BT ATFHIAES 92%2 LIEIET 10 mg kg &
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Table 2. The cumulative mortality and infection rate in survival fish of efficacy studies of injection method in S. parauberis HFTC0083
infected starry flounder by tiamulin dosing concentration

Group Con (-) Con (+) 5 mg kg’ 10 mg kg™ 15 mg kg™
Cumulative mortality (%) 0 92 92 100 96
Infection rate (%) in survival fish 0 (0/10) 0 (0/2) 0(0/2) - 0 (/M

Table 3. The cumulative mortality and infection rate in survival fish of efficacy studies of oral administration method in S. parauberis
HFTCO0083 infected starry flounder by tiamulin dosing concentration

Group Con () Con (+) 15 mg kg™ 30 mg kg’
Cumulative mortality (%) 0 95 95 100
Infection rate (%) in survival fish 0 (0/10) 100 (1/1) 0 (0/1) -

Tissues Liver Trunk kidney Muscle Tissues Liver Trunk kidney Muscle

Control Sontr

Fig. 3. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (0 day after

injection).
15mg kg
Oral
administration

o HAME2 100%, 15 mg kg' AT HALE2 96%=2 &
QIZ|ACE S CHETOIME 15U2F TARZL LEEFLER] 4Q4THFig.
1. dY B8 = 4ES HMS2 HYE =0 A, HEE A

o o T O O

= AURUCHTable 2).

2. Z7E0jo] 5EE 254 _—
Oral
administration
X HAbE S HIETQ 30 mg kg HETOIA LASHIICE
& HZTLF 15 mg kg' AT HZFHIAZ 2 5%E Lt
EtGt 30 mg kg' A2l A2 100%2| HAtE0| QI RUCt.
28 WETFOME 1587 BALZE LIEFLER] GRACHFig. 2). AR
TE T MED VNS 4YEE =2 2o Id EFME Fig. 4. Pathological results of liver, trunk kidney and muscle after
100%2 LIEFRtD 24 ChETQL 15 mg kg AETE 0%2 2ol tiamulin oral administration by each concentration (1 day after

| QA CHTable 3). injection).
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Tissues Liver Trunk kidney Muscle

=T

Control

15mgkg’ |
Oral
administration

60mg kg'!
Oral
administration

Fig. 5. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (2 day after
injection).

3. 2]FAR} Z7EH = ZECH2|2 otHd
TEFAF 24A7F E 30 mg kg HETO| HALEL 25%Z Lt
EttD 60 mg kg' A& ol HAE2 60%=E LIEH&CHdata not
shown). ZTE0I8 AU ME 60 mg kg’ HEHTFOA 3LA
off 10t2|, 44Atof 2012 of HARZL LESIACE REAAL it 2
£ AN X|gZHo| BHEE AN Fig. 3-9) AFOM = ZE A
oM MR o R Aol ZEEHO| LIEFTI(Fig. 3-9) 15 mg
kg' METOME 1LXIFig. 4-g), 2 KHFig. 5-KHM F5=o| =
Hehq0| BHEEIALE 60 mg kg! AB RO ME 1LXkFig. 4-t w)
oF 4UKHFig. 6-w, 2), 7LXIFig. 7-t, w, 2), 4L Kk(Fig. 8-1), 21 L%t
(Fig. 920X SSEo| ZPEO| LIEFC EoF MTE0A TGt
HoR AE9| Mt 2/Z0| LIEFSCH 15 mg kg A0 A
£ 19XkFig. 4-n, )2t 14LXt(Fig. 8-k), 21 L XkFig. 900N FS

Tissues Liver

Trunk kidney Muscle

Control

15mgkg'!
Oral >
administration |

60 mg kg™!
Oral '
administration |

Fig. 6. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (4 day after
injection).

O M=t 2I%0| LIEFHT 60 mg kg HETOAE 1LXKFig.
4-w)@F 2UK}Fig. 5-1), 7YXHFig. 6-t, 20M BSEQ| Mt 2=
O EOIE|QICt 2|1 MEA MEH o2 ZEZO| reticuloen-
dothelial system (RES) 40| SRI|QACt 2F0ME ZE A
TN EEsH SH0| ALK FASH FOIFQI XO[7} 2HE
S| X EUCE.
o E

Ol ARUME S parauberisdl| °Ist
Ct2lof i3t tiamulin FALKQ RE &
5mg kg”, 10 mg kg™, 15 mg kg'9| &
sk 482 X7t LS HX[of het tiamulin FARK| 20
2ok AT Burch et al, 1983)01A 273 4 &= 10 mg kg™,

u Hore

http://jmls.or.kr
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Fig. 7. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (7 day after
injection).

15 mg kgt MZEALS] ME AHE7IEQ 10 mg kg's H15HY
Lt /n vitrod| M S, parauberis HFTC00830]| T tiamulin hydrogen
fumarate| £|2AAX|& L (Minimal inhibitory concentration, MIC) 2
o 2ot 1 pug m'2 2ot 2" 2 LIEEX|BHdata not shown)
in vivod| M ZEFALRL 47F0 Y ZNoMe X|E 2kt
LIEFLER| QEQICE Al WolM Z-e MIC2= dKA| Lol gt
2 F5A o =g OO Fofot A Q| CHEE0| MLy

EYZ2 EX§sto] S Z0t0] =F LY

ALE]
=S 7|tH3L7| ofe{2 B2t At

o &
ol €% CHEn Aot
2 gtels Z20= K|
(Lee and Shin, 2008).
Tiamulin®| ZECH2[0]| Tzt HHHE =HQI5t7| QI FAKZ
ZECh2|o] 5280 15, 30, 60 mg kg2 SEZ FARSIED 30,
60 mg kg' HETFOME FA = 102 O[LHOf FAF £2[Q| m|&
7t BAH HMEl= S HEE = AR (Supplementary Fig. 1)

A

BA
g
—_
=

i
Tissues Liver Trunk kidney Muscle Tissues Liver Trunk kidney Muscle
Control Control
15 mg kg™! 15mg kg™!
Oral : Oral
administration | administration
60 mg kg'! 60 mg kg'!
Oral Oral ’
administration administration

Fig. 8. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (14 day after
injection).

AL 2 3AI7E O[LHOll ZtZ 25%, 60%2| TAFZF LtEHt S =
Qlgh 4= QARUCE ESH ZATF0IE SUME 5UZF 15 60 mg kg
ol 52 E0j3lUS I 60 mg kg™ AETM Z 30122
AL L5, N 249 R E =ols] 2 Zut 2|
%2 AoE =AQIE|YY| HZ20] D==o| BMH Foj=E Qo I
A2 MZEEICE D20 He|REEHE AL At A HEToM

| | HEEQUD, MEO| 2 BE HETOA MEEOZ
ofst 2Tt M2t 9F0| LEHH2H S5 E2| RES E40|
RUACL EfX[2] B2 tiamulin Z=AHK|(Denagard 10% injection,
Premier Shukuroglou, Athens, Greece)S IICHEOJSIH EFQY £H],
TE SEUZ 4, U 4Y 52 9o = Ut Ao
QIC}. 0|2|0f = European Medicines Agency (1999)2] Loy [}2
M, 7t B Z7HL X2 FEO| WlStALE, AZHE, HNEEd

S dd gy B8 So| S0 et XIEQ QT interval?
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Tissues Liver

Trunk kidney Muscle

Control

15mg kg™
Oral
administration

60 mg kg'!
Oral
administration

Fig. 9. Pathological results of liver, trunk kidney and muscle after
tiamulin oral administration by each concentration (21 day after
injection).

AZH(Nachimuthu et al, 2012)0t &t HZE ©F, 58U, heart
block& OF7|& &= QU double peaked T-wavesQ| & 7HLionte et
al, 2012) 2| 40| Llg = QUCt xEEE HAa0= 74|
7|97t 9F Lol MzolLt oFF0 2

LIEFHTE 53| Hdmel 282 Qldf Hid, damt 24 W
Tz 50| dde = ol YN RO E FCSHA W

= S
252 57| fls =Eggol LEFE = AUTtJosefsdottir et al,
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Supplementary

Supplementary Fig. 1. Skin appearance of starry flounder immediately after intramuscular injection of tiamulin at a concentration of
30, 60 mg kg™
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