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ABSTRACT

Since 2007, at Jeju olive flounder farm, emaciated fishs with a size
of about 20 cm has been showing symptoms such as body color
blackening, decreased fish body and death. In 2015—-2017, the
average cumulative mortality rate caused by emaciation disease of
olive flounder in jeju accounted for 10.3%. Various studies have been
conducting on the causative agents that cause these emaciation
disease. Parvicapsula sp. and Enteromyxum leel were confirmed at
the emaciated symptoms olive flounder.

In order to search candidates for the treatment of myxosporean
emaciation disease of olive flounder, Paralichthys olivaceus, in vitro
and n vivo experiments were conducted using products such as
Coxi—stop, Coxiclin, and BLEANSO. In the case of Coxi—stop, whose
major component is toltrazuril, in vitro experiment using BF—2 cells
showed a tendency of reducing the activity of myxosporea and did
not exhibit cytotoxicity such as cell lysis. In the in wivo activity
measurements, the experimental group immersed with Coxi—stop
showed a lower cumulative mortality rate than the control group.
Toltrazuril i1s effective in the treatment of parasitic diseases such as
cattle, pigs, and poultry. which has been reported to be effective as a
treatment for parasitic diseases of fish. This study result is similar to
the previous report that toltrazuril has a therapeutic effect on
parasitic fish disease.

This study suggests that toltrazuril is a potential candidate for the

treatment of emaciation disease of olive flounder.
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FEjuel 2 Aol glo] HAs EAA FAoFE sthuE 201995
2020 NZI7MAE V1o R S FAolF A F ok 51%9 w2
=5 AAst Qv (Korean statistical information service, KOSIS,
2020). 28y gA & Y T A vFE vkl Ay 78S, Al
AAYo® Qlato] HAPF AHA 0w WAst glow, o]Z Qs = |A
&2 Aol 2 dAsiE sl o ®=E#, o S Al 7E AAE A=
v AHoR % Jart Tt E e A MER Aol AT Fof= oy
o] F53 AAolng itz o]ojd 4= 910} (Cho et al, 2019) ©]°]
gt el Aagh Aot

20159 %-E 201797H4 5 7o ® S @] °F 61%E AHAS)
= AFEAY A9 (KOSIS, 2020), AFHA] #AAMANE A g A}
2015d9& 28.69%, 2016 d9E 32.65%, 2017d& 26%°] HALE B
Fom AFPA 2 FHAARlS FAMESS W, YTl <3 FHAF 2016
dell= 8.82%, 2017490l 16.2%% A} S7ksks 3ol B 1tk (Shim
et al., 2019).

AT @A s 2007dHE] 20em A5 A7) gGAlolA A ME3]
AAlFT A&, A% 59 Tl 1-353te AA dehde FHAle] o2+
ofgFol WSt om, FueA gXlel o9FS o= ddAld o
e ket A2 W AA ko . oo wel TS dovl= UUA
of #3t A7} goFetA Wy E 1 Qo (Kim ef al, 2011; Choi et al,
2012; Sekiya et al, 2016; Kim et al, 2015a, 2015b, 2017; Kim et

2
=

32

rlr

al, 2018; Kim and Jeong, 2018; Shin et al, 2018a, 2018b), Kim et
al. (2015a)°ll W= el B ogs dJAAE EA4E A

Parvicapsula sp. (accession number: KT321705) 2 %7d3le] o]& Xut



g 4 Q& PCR WS /IEsisial, Kim et al (2018)2 20141d5-E
201597HA4 AlFE 607040 XA e ez A7 9% Y
HEe At oS QA RFE Parvicapsula sp.7} 8402 AEH
U= Z& B3l a, Sekiva er al (2016) 9 98t Enteromyxum leer
(Eleen) &= LT HAoA v HAEH= As glsdlth. ofF A4d%
< R JdAEAFe] I Yl Ae® delA lom, Shin et al
(2018b) 2 AYFAES Hol:=  YHHoA  AANELAFQl  Parvicapsula
anisocaudata®} E.leer’} HEHE Z& Flsdth. o]l Kim et al
(2018)= ¢-Elvet gx og5e A AAEAFo] F7HA o] 1 Ao
A R
AA o 7o 71BF A g AT Al thsk Ag=0] wesiA X
2 YA (Ahn et al, 2017; Athanassopoulou et al, 2009; Iglesias et
al, 2002; Kang and Kim, 2015; Monlnar K. and Ostoros G., 2007) ©]
A= dete JAEZAT gk o ® W X5 A4 /el gk A+
Aol = 1980d el A5 ZHdEol A7t
A &, AL T, T 7IASA AW AR5 &t e, 53 &
AREokoll A xR Fo] o5t FAFF AR F oY HHOR o]gH1
Eg}d (Toltrazuril) (EMEA, 1998; Greif G, 2000; Joachim et
al, 2019; Kim et al, 2010; Maes et al, 2007; Olsen et al, 2012;
Vanparijs et al., 1989) & AFgsto] FHxapZo &gt Hx| g5 A 59

= &3k 9lEA Sobny) A8 RS AP,

oS
A
=
ro
1>
oX,
s
v
i
=
re

AW I AL A AL Foel nggARd & Foete st 459 T
ZRIEE doA 4TS APESH st AT TEVIECM il Has

FEdE ZHES st Aoz ddA vt (Poultry Research, 2014). 3
SEZTES Aol At AAEA, Alo] AFAoRw AT AE S
do7 +5 QoJ(Al et al, 2011), EU (European union) 9|A+ &

o =
tste] Hod &7]= (Maximum residue limits, MRLs)2 A& 3slo] A}&3sf



i Atk (Hong et al, 2019). Z1ey, Ul 5E58%F G4 o= =EZ
Fdof tiet #A4 A=7F Qo] = 4 ARE Faste] FEEooES
w438tal low (Jeong et al, 2017), FAbE] dd FFIAL7ITE A

et al, 2017), ¥4 Aol FAs= 7|AATE AR ARARA FrtAT
2 AES BETE 2490 RE S (Hong ef al, 2019). EE

gtd S o7 V|AFAE AW AzmARM d7Hi o (Ahn er al,
2017; Athanassopoulou et al, 2009; Iglesias et al, 2002; K. Monlnar
K. and Ostoros G., 2007; Mehlhorn et al/, 1988; Schmahl and
Mehlhorn, 1988; Schmahl er al, 1989a, 1989b, 1991) o] 2] A5
Aol e 7S A ARAEAN a3E Bdudan BRuygdy
(Athanassopoulou et al, 2009; Iglesias et al, 2002; Mehlhorn et al,
1988; Schmahl and Mehlhorn, 1988; Schmahl et a/, 1989a, 1989b,
1991). olo] EEgGFHSES FAHEOR 3o AAE = Coxi—stop, Coxiclin

AES NEAAZ AFEEF] D=4 dxo] X2 g37F 9% Folstax}

ol



A (F A 23.810.2 cm, - AF 104 £ 14.1 g) 4578l &
of 10wte] olsl7t H=F vro]l Wast F, AlFoistn e sty
gho] $1A et Az AT 2T 80 L] Zek~E Fxe 394 60 L
= fAH wd gsila, w718 Fdd FAen £ 156X05TE
fAdt. BE AP+ Coxi—stop, Coxiclin, BLEANSO % oz
(control group) 2.& o], Z+ 25 = 1078 S 5npgA 2719 %=

)
trel 4ge AAsAT ogE el Ak WA F svlelE oz Auw
=

o BN

¥
:

=

% Parvicapsula sp. W E. lee] 93 #IAFHFE PCR (Polymerase

chain reaction) HH o7 3Hlal7] ¢al DNAE# o] A3t}

-_. . #liwwgu@ﬂwwrwm :

Fig. 1. The external sign of the emaciated symptoms olive flounder.



2. A EAA

T Ao e EEHTE ARl ¥ Coxi—stop (WooGene B&G.
Co., Ltd), Coxiclin (WooGene B&G. Co., Ltd) A=} kA3 gojx &3t
A Pl R AREE AL 9l BLEANSO (BHHA]) AFS AIEAAZ A

g5t} 7k A AR Sl U AR s %= te3 2o (Table 1),

(A

Table 1. Test formulation used in the experiment

Test formulation Ingredient Content (1 L)

Coxi-stop Toltrazuril 50g
Sodium docusate 2.5¢
Sodium propionate 1.8¢g
Sodium benzoate 1.8¢
Simethicone 0.5¢
Citric acid anhyous 4g

Coxiclin Toltrazuril 25¢
Triethanolamine 300g
Polyetylene glycol suitable amount

BLEANSO Sodium chloride 0.79% =
Magnesium sulfate 0.54% =
Potassium sulfate 0.88% =
Copper sulfate 0.11% =
Zinc sulfate 0.64% =
Manganese(Il) sulfate 1.80ppm =
Ferrous sulfate 33.92ppm =




3. In vitro Aol Q] HMEAEF] vk d A7

2 AFAME in vitro’dolA FAEAFo] wjdE 4 EE cell lines
ARGste] k] diE AFE ST AFHS AT AT A oA
el A Aol 7 w@ol ol lom FHT AFX|THE2
kS AlESkthy &% Hela cells #¥ol CO7F a3¥E 37T
kst AlS FHISHAAL, o FellA il of o] Hpole{As Al W
o] o]&¥ 1 ¢l+= bluegill fin (BF—2) cell¥} chinook salmon embryo
(CHSE—-214) cell& Z+zF 25TC¢9} 20T wjekst 80%2] cell frequency

2 §ASES gt o F, 9% 7ol

z dejol ey WA WS A Eo)

1% antibiotic—antimycotic (Gibco, BRL)S % 7}3t Dulbecco’ s Modified
Eagle Medium (DMEM, Gibco, USA) 2% A3 * 5% fetal bovine
serum (FBS)3# 1% antibiotic—antimycotice A 7}3F DMEM ©¢] 9] 3+
petri dishell Fi1 3023t ¥HgA171w FAFEAFo] FeH =5 sttt 80%
cell frequency® w%F F<2l 3FY cell MEW|IGANS BF HHATE F 5%
FBS¥ 1% antibiotic—antimycotice 37}t DMEM 5 mL<& ¥ol+& %, #
NZAZFo] Fid HF 1 mLA 3F2 cellel zHzh FFskaleh. A4 EA

Fol 4E 479 celle 7 celld] MFA L EAA 327k v

==
o
2,
ol
S
)
ol



antibiotic—antimycotice #7}3t DMEM °.& AH3 & 5% FBSS 1%
antibiotic—antimycoticg #7F3t DMEM 5 mLeo| £9] ¢l+= petri dishel
Fal 307t WS A7 HAEAFo] FElEHES Sk T, 80% cell
frequency® Wl 52 BF—2 cell?] Al¥vjdd s BF HHAFE ¥ 5% FBS

7} 1% antibiotic—antimycotice %7}t DMEM 5 mLE& Yo]F& &

N

}Eol 48 59 1 mLA cellol 247 HEsith ANEAZ
747k BF-2 cell 20C, 25CE vl 34z mik $ st

SRR



4. In vitro ¥l A8l A@AA Fo

4-1. AE] gk A FAA L 54 AE

L ATl s AEAALY G gder] fEl AlEE o] &F Al ESA
28-S A3 AT HA, 80% cell frequency® HlSF =<2l BF—-2 cell9
AEvjFdSs 25 HeEldE H 5% FBS® 1% antibiotic—antimycotice 7}
¢ DMEM 5 mL& Yo+ %, Coxi—stop, Coxiclin® dHO = 100 pL,
BLEAN8O> o=z 200 pLE Y 25ToA RESAIFOH dxzdtols
oWl A PAAE HEakA] &shrh AQAA HE = 2413F, 4R, 24X 3HA]
of A@FAA Fole] wWE ME REEe FIAvAS Foto] HESS
Coxi—stop®] 7 i
HA o gkel HF F 0 243, 4R, 2443A ]l 5% FBSe 1%
antibiotic—antimycotice 7}3t DMEM 6 mLO 2 A3 % Fstdn 4 S

Eato] PR



o] 1% antibiotic—antimycotics %7}t DMEM © 2 A&
]_

=]
1% antibiotic—antimycotic® %7}t DMEM 5 mlL°] E9¢ 9+ petri dish

x

of Fa 307 RESAIZIH HAZAFo] FEHES STk =3 80%
cell frequency® ®iSF =21 BF—2 cell®] A|Ewjefas 25%F B+ 3 5%

FBS¥ 1% antibiotic—antimycotice 7}% DMEM 5 mLS Yo+ %, H

MxAFo] FEE ¥ 1 mLA BF-2 celld Zt7t HEskolch ozt
=S HE3 7+7Fe] BF-2 cellell Coxi—stop, Coxicling dHoz 100 pu

L, BLEANBO= o s 200 pLE ¥il 25TColA WEEAIZ AL, tjxdole
offl AFAAE HFSHA eskrh AFAA BF F 243%, 447, 2441704
of AFAA ol mE AL L FAEAZE WL YIANFS Flol

#2ahgie,

)



5. In vivo “$ol A A|AAA Fo

In vivo 7FollA oAYSA X tidk Coxi—stop, Coxiclin 2 BLEANSO
ol A5 BIE At FEAPS Aty 1 WS vy Eoh
Parvicapsula sp. W E. lee©l 93dto] H3A oz A Fo] &d HA
= 8709 80 L =l Z}2} ompgd HEF YolF30a, 2708 Fx7F 3
group®| HEE dlo] AIFAAE FoA3F . Coxi—stop, Coxiclin 2+
0.3 mL/L%, BLEAN80OZ 0.6 mL/Le &%=7F ¥&=% k8 At
ol oW AFAARE AHelehA] kokrt oFE2 16Uz WY 1A <

AR L, ol F BE APEH xTd de ZF d5a T okgol

-

lo

BAs £, 4B F AR WA AW FE T dobde WAL
25 043 4& A%ehe] DNA 2] F PCR ¥4¢] AHgahoirt

Fig. 2. Immersion treatment tank with Olive flounder with emaciation

disease.
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6. DNA 2]

HAbsk G2 9} Aobd |AEFEH A A 2A4& A E5Fo] DNeasy
Blood & Tissue Kit (Qiagen, Hilden, Germany)E AF&3}9] total DNA
= 23 WA 2 27 30 mgoll ATL buffer 180 pL$} proteinase
K 20 pLE F7kste] 56TCeA x4o] %S w7bA] wbgAIZth vkg &,
AL buffer 200 xLE 4& 'S ethanol 200 ¢ LE Y3slY spin columnel
7 6,000 x g (gravity) 2 183F 94 E83A¢. Columns MES
tube® %71 $ AWI1 buffer® AW2 buffer 500 p¢LE ©o]&3Fe] A #7474
< AR % AE buffer 200 #LE #7519 total DNAES #8353t 2
¥ DNA= Ag A7b4] —20Te] masgiv
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7. PCR

T FFY AqEzAFe] B AHd 9AERYH 7 HAAE HEsH] 9
3}o], Parvicapsula sp.2] HA=S 9% EM-F/R primer set (812 bp) %
E. leei®d HAES $% EL-F/R primer set (1,468 bp)& 7}z Alg3}o
PCRS AA|st3 o™ (Table 2), PCR< microtube®] 1 M 27} primer,
25 mM® Z} dNTP, 10 x G-Taq Buffer, 2.5 U G-Tag DNA
polymerase (Gene Pro Themal Cycler Cosmo, Korea) % template
DNAZA F&9 ks H7kek & distilled water® PCR %9 HE
volume©o] 20 pL7} A 8}t Parvicapsula sp. 5 HZ3t7] 1% PCR
Z3AL 95TCeA 33t pre—denaturationAlZl  §, 95TCeA 30x%
denaturation, 55Ce|A] 30% annealing, 72Cl4 30% extension® Y&
S 132 sfo], 353 nbRste]l WEEAIZATE TIE]a 72TelA 7R3
post—extensionA| At Enteromyxum leeis 7#HZ3F7] 93 PCR XA
93TCo|A 387+ pre—denaturation*]Zl %, 93TCel|4 1% denaturation, 5
2Co)A 1% annealing, 72TCeo|4 1% extension® WS 132 3slo], 35
3] REESte] HESAIAT 183l 72TCelA 53Xt post—extensionA] F T,
PCR & %% AHES 1 X TAE bufferg A719%S S8 ghF o= shoq,
0.1 ¢L/mL SYBR ® Safe DNA gel stain®] 7€l 1% agarose gel 4l

M A719ER F, UV HE715 ol8g3stod, ultraviolet Aolld HAE¥ = A=

_‘|2_



Table 2. PCR primers used in this study

Oligonucleotide sequence

Primer (5' to 3 direction) Expected size Target Reference
EM-F CAACCGCAATGTGTTTACTC

812 bp Parvicapsula sp. Kim et al. (2015a)
EM-R CCAAACAACCTGCCACAATG
EL-F GATGAAACTGCGAAGCGCTC

1,468 bp Enteromyxum leei in this study
EL-R CACAAGTTGATGACTTGCGC

_13_
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1. In vitro 7oA AAZz= wjekz7 A

JY=S Joy|= YelA

ko of
{2
)
o
2, O
12
bl
N
ofy
=2
=
(o
ﬁr‘
krtl
r2
-
it
)
o
_O|L
ﬁ‘

X

oA A EAFe] WHE 2 APste] A

Kl
wel AA A FHlE HelLa celld} o]FolA F#@l¥ BF-2 cell, CHSE-214

cells o] galo] AATAFo] WMAHE cell linedt =% Aty Hol¥

——]‘_]_
250l 9 HelLa cell®] 4%, AAujke® 37CAA wit=w FAFAA
A7 3YAFE e #EEA Sk, celld] lysis¥h gR1E A TH(Fig. 3A,B).

ko] BF—2 cell?} CHSE—-214 cellold = 29 dej7F S7tste 7S g9l

N
—~ -
ol
rlr
P
o
o
l-'O
ol
3%
o
i g‘l
P&
1o
!I.
iz
_I
ns?;
=2
>,
offt
{4
ot
iih)
A=)
rU
ot
0,
o
¥

celle] AsHE o]&sto] PCRE AAIE A
cello] HAxzaZel dd AL FAT 4 Uty FAEAZF 2 wjgo] 2
T Zo® Fl¥ BF-2 celldlA] FAxaZ w2 s st & AAx
Aol A9 ® BF-2 celle %5 Th27 3t 20T, 25T

CollA] 229 Fej7h 20CHRY ¥ wWol A& (Fig. 4), 74
¥ celle] A5 de o] §3te] PCRS AAlst Ay 20T #9459 Hr} 25T

o B9 AENNN FAXAFY Bt 2 AAE FAsA

.
ih)
u
o
o
(@)

_14_



Fig. 3. Observation on 3 day after inoculation of myxosporea in Hela
cell, BF—2 cell and CHSE—214 cell. (A), Normal HelLa cell; (B), Hela
cell inoculated by myxosporea; (C), Normal BF—=2 cell; (D), BF—=2 cell
inoculated by myxosporea; (E), Normal CHSE—214 cell; (F), CHSE-214

cell inoculated by myxosporea; Bar arrow, myxosporea.

_‘|5_



Fig. 4. Observation of changes in BF—2 cell on 3 day after inoculation of myxosporea cultured at 20C and 25T.
(A), Normal BF—-2 cell; (B), BF—2 cell inoculated by myxosporea at 20TC; (C), BF—2 cell inoculated by

myxosporea at 25C; Bar arrow, myxosporea.
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2. In vitro 7oA A1@AA S a3

2—1. Aol thst A A|A Q] wkE-

Hol oA ALEE = Al A A¢l Coxi—stop, Coxiclin 2 BLEANSO®]| tfs}
of ke &Qlsty] flstel AESAE Adds sl dddd dxzdos
AE ST 5 AL WHstE AFsit AldAAE A

celle] o W3te AAHA It} (Fig. 5).

_<l>_
ZE 9ot Cell lysis@do] #ZEHA o= Aoz Hol AEEAo] gl 2o
2 FAHT(Fig. 6). Coxiclings FH7FsF AT A5, AIFAA AF 247¢F
o] ] cell lysis @Ao] #&AE7] A Zsto] thxzato] vt H2 AESA
o] ¥t (Fig. 7). BLEAN8OS 7kt Ao 49 Alzke] 74 e
AEZ 2] Beofo] AN WAEE Flo] #EFo] AR AELEo] 9l AoE I

= Atk (Fig. 8).
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Oh 2h 4h 24h

Fig. 5. Observation of BF—2 cells change in the cytotoxicity test of the test formulation at 2, 4, 24 h after

inoculation of Coxi—stop, Coxiclin, BLEANS8O. Control, Normal BF—2 cell.
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Oh 2h 4h 24h

Fig. 6. Observation of BF—2 cells change in the cytotoxicity test of the test formulation at 2, 4, 24 h after

inoculation of Coxi—stop, Coxiclin, BLEAN8O. Experimental group 1, BF—2 cell inoculated by Coxi—stop.
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Oh 2h 4h 24h

Fig. 7. Observation of BF—2 cells change in the cytotoxicity test of the test formulation at 2, 4, 24 h after

inoculation of Coxi—stop, Coxiclin, BLEAN8O. Experimental group 2, BF—2 cell inoculated by Coxiclin.
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Oh 2h 4h 24h

Fig. 8. Observation of BF—2 cells change in the cytotoxicity test of the test formulation at 2, 4, 24 h after

inoculation of Coxi—stop, Coxiclin, BLEANS8O. Experimental group 3, BF—2 cell inoculated by BLEANRSO.
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Oh 2h 4h 24h

Fig. 9. Observation of the therapeutic effect of the test formulation against myxosporea in BF—2 cell inoculated by
myxosporea isolated from emaciated olive flounder at 2, 4, 24 h after inoculation of Coxi—stop, Coxiclin or

BLEANSO. NC, negative control, Normal BF—2 cell.

_23_



Oh 2h 4h 24h

Fig. 10. Observation of the therapeutic effect of the test formulation against myxosporea in BF—2 cell inoculated by
myxosporea isolated from emaciated olive flounder at 2, 4, 24 h after inoculation of Coxi—stop, Coxiclin or

BLEANSO. PC, positive control, BE—2 cell inoculated by myxosporea; Bar arrow, myxosporea.
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Oh 2h 4h 24h

Fig. 11. Observation of the therapeutic effect of the test formulation against myxosporea in BF—2 cell inoculated by

myxosporea isolated from emaciated olive flounder at 2, 4, 24 h after inoculation of Coxi—stop, Coxiclin or

BLEANS8O. Experimental group 1, BF—2 cell inoculated by myxosporea and Coxi—stop; Bar arrow, myxosporea.
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Oh 2h 4h 24h

Fig. 12. Observation of the therapeutic effect of the test formulation against myxosporea in BF—2 cell inoculated by
myxosporea isolated from emaciated olive flounder at 2, 4, 24 h after inoculation of Coxi—stop, Coxiclin or

BLEANSO. Experimental group 2, BF—2 cell inoculated by myxosporea and Coxiclin; Bar arrow, myxosporea.
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Oh 2h 4h 24h

Fig. 13. Observation of the therapeutic effect of the test formulation against myxosporea in BF—2 cell inoculated by
myxosporea isolated from emaciated olive flounder at 2, 4, 24 h after inoculation of Coxi—stop, Coxiclin or

BLEANSO. Experimental group 3, BF—2 cell inoculated by myxosporea and BLEANS&O; Bar arrow, myxosporea.
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3. okS AP N A BAA ] &3

4 dad AYSE g 4 AldAAES A
= W | FAARE oWE FFS FeA dobRT] flske], AEA
AL 1647 wid ofF&stm wAstE FAEANES AT (Table 3).
Coxi—stopes Abgste] ok&st Ao A9, Ade] WP+ &k o8 9
Aol o whejrk #HAeE Zle® eyt ok, BLEANSO= Abg-she] of&3t
AAToNAM = k5 3, 4dA ol 3uiel7F HAeRA DL 1 o] Foll= HAE Aot
A gt AFAAE AgetA 2 tdxzdel s ofEAdS AFEHA 2U A
8 A Y] Al#rete] A3 7IRE wet 10wk 5 67k 7F #lAFSESIH
In vitro A8 A MEFAFS HAW Coxicling AHES AT 24 A
g #HAE YET] AlEsRela, Ad 713 Eb 8ukg o] A AL S Ay e
ot 2 AAAAE AFESE oF 529 5,z IFdd wet FHuEAEES
ol oAM= 60%2 FAHANES BESa, Coxi—stop, BLEANSOS
Aol ME 22 10%, 30%% tiztel Blsl v FAF Aol vE
St Coxicling AHEE AdTolMe dixdel vl o %2 80%2 4 #AL
= YHehdiglth AA7e] FRE 5, 4 AFAAE Fole Ao Aolsl

© AAES S¢or aFsle W, e gAlol vsto] oAgdTdol AN

o]

I
o\

o
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3—2. PCR

X Parvicapsula sp.9F E. leei A N¥=A}

oj

A=H A}, Parvicapsula sp.
E

_‘[:,
= Ao A 97.5%, FolA 62.5%7F AEHJIL E leeir= A AoNA 47.5%,

oA 87.5% A=t (Table 3, Fig. 14). o1& %3&||, Parvicapsula sp.=

o
Aok Ae FAT + At

kel
k)

FE2 N E Jeei= Aol F23F 71
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Table 3. Comparison of the numbers of survived fish and PCR results in emaciated olive flounder after immersion

treatment of Coxi—stop, Coxiclin and BLEANS8O

PCR result
No. of No. of Parvi P £ leei
Group Total no. dead Survived arvicapsuia sp- nieromyxum leel
fish fish Kidney Intestine Kidney Intestine
(positive/total) (positive/total) (positive/total) (positive/total)

Coxi-stop 10 1 9 9/10 7/10 8/10 9/10
Coxiclin 10 8 2 10/10 5/10 3/10 10/10
BLEANSO 10 3 7 10/10 6/10 6/10 8/10
Control 10 6 4 10/10 7/10 2/10 8/10
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Parvicapsula sp. Enteromyxum leei
| |

1500bp
1000bp

500bp

Fig. 14. PCR amplification using EM—F/R primer set for detection of
Parvicapsula sp. (Lane 1—8) and EL—-F/R primer set for detection of
Enteromyxum leei (Lane 9—16) from total nucleic acids of kidney (Lane
1, 3, 5, 7,9, 11, 13 and 15) and intestine (Lane 2, 4, 6, 8, 10, 12, 14
and 16) of emaciated olive flounder. Lane 1, 2, 9 and 10, Immersion
treatment of Coxiclin; Lane 3, 4, 11 and 12, Immersion treatment of
Coxi—stop; ; Lane 5, 6, 13 and 14, Immersion treatment of BLEANRSO;
Lane 7, 8, 15 and 16, Non—treatment (Control); M, 100 bp DNA ladder.
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HT =g FAkkA Aol dgete FAME A or QIsh HALu st
Wl AsEH o] AdA R It AT(shim er al, 2019). FA7elA T
Aots FAME Ao m % A AW AAA &4 dqle] Ha gle
] (Walker and Winton, 2010), o] de] g Atel7} IE Az A¥ow
A3 A7t 7t A 2R Awo] AT Fofl= o Rlo] F
Folmx2 tFHALR o]o]d 4 lo](Cho et al, 2019) ol digt A+7F 2 &
&ttt

FAYAS] A5 20008 FH Ol FHE ol gFo] WA AL, 2017
ARE 20199 AN E lFoR SEuet] |XAAEE F 58.8%
(11,660%) 5 #A3ta 3= (KOSIS, 2019) AFEA 2] A5, AFHA 7 At
g AT €Tl Qs HAE 2015WelE 6.71%, 2016WelE 8.82%,
2017dell= 16.2%%= Ak S7FskaL lth(Shim er al, 2019). o] A7
S Holg HAE U ow o AJA AFE Fstol Parvicapsula sp., E. leei
So gAEAFel AEHE A SAFAHKim er al, 2015, 2018;
Sekiya et al, 2016; Shin et al, 2018b). L&t} ofd FNLAF| o5 o
2% ol dig APdA % Aze] g A7E $Hae ool dg A7
A Qs Astolth

o] T2 FaHpokelA] WAEAFH AW ARAZ ALHL gov, olF
ol 7S A ARAEA A+7F K& H o] (Athanassopoulou et al, 2009;
Hong et al, 2019; Iglesias et al 2002; Mehlhorn et al, 1988; Schmahl
and Mehlhorn, 1988; Schmahl et al, 1989a, 1989b, 1991) @37} = A
o7 RyzojZ (Athanassopoulou et al, 2009; Iglesias et al, 2002;

Schmahl and Mehlhorn, 1988; Schmahl et a/, 1989a, 1989b) EEz}+€
8 71T FAAE AFEete] FAAxEAF Ao st AY4SE |
Aggqgy AFE YA

Al T,‘i_o]

| o

uoi'

A

2

ot
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2 AFelA = SESHTE A
A EFDvAbEE AMEE S BLEANSO 59 AlFo] HAxaFel 3t o4F

TR AAZA ThsAdol A=AE in vitro W in vivo BAEE &
stol ZAFeEITE AZbe o9 Bolw, Parvicapsula sp. W E. leei®] #

PN
AEAF) BFo] HAW YAE YO 7 ABAA] e e UFL

ha

o]

R

H% Coxi—stop, Coxiclin 2 k213 o

M

A8, Coxi—stop?} BLEANSOS ARg3te] &3k A3t A% 77t
2ot FAHAEo] ZHzt 10%, 30% = FAME 1, FAFHAMEC] 60%F e
oozt vjs] W FAE B

53], Coxi—stop® A%, in vivo A@NA F& Al FAFAEO] tfxad
Hl3) Wl WA GEbsta, i oviro ARE AESS #ES A7 Coxi—stop
S 7kt A@AA cell lysis @o] YEpA] ko 2] X 54% 9
Aoz FAHG e (Fig. 6), Alzte] A#ge] wet JAx2Fe] FAAIY F
o] 7t FHashe Aol #EEQITE o] ol FEHTHE AFEse] oF& 3}
RNe W 7IAFo] sk a%E Rtk (Schmahl and Mehlhorn, 1988;
Schmahl et al, 1989b) K1} FAksE Ao, HAxAFA o] ATl ot

Coxiclin® 7%, Coxi—stopd} v 2 FAHAEL EEgFHE A3 A vl
2 gulE AFEEte] Agate AFow olgdt gl zpolo]| &t in vitro
AgoA cell lysis® £ AX 54 AT i vivo AZoA txF+HY =
< FAHANE A9E B ZoR Al drh

BLEANRKOS] A%, in vitro D in vivo A3doA thFof Bvlste] HANEZA}FE
24 oAle} FA Ao sk Zpol7F yYERUR] FAIRE, 11 Apol7F A4 ¢k
3L in vitro A4 okt cell lysis Aol #EE o] &5 X5 adE dFst
7] fleix = 7141 Aol Fupetop & Zlojt

A8EE Fok A WA Aol FRE F Aokgle

g
)
o
o,
Jo
ik
o
o
N,
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EE g4 (Toltrazuril) & Myxobolus sp., Henneguya sp., Ichthyophthirius
multifillis, Trichodina spp., Apiosoma spp.2F &2 79 7|1AFA AW
Azmad7t e Aoz RiuHAoH (From et al, 1992; Mehlhorn et al,
1988; Schmahl and Mehlhorn, 1988; Schmahl ef al, 1989a, 1989b,
199D), & A7l Hexapgel o3t gAo] ojdT ARol® fARE a3t
A Ao & It Ahn et al. (2017) W29 in vitro PS5 BE
FHo] o7 7AFE AWl did AN=mamHrt A9 gk Bast
Schmahl ef al. (1989b)> = olel o/ sk WHET S HAHNN vt
7F o Bagk Aow Hol EWH, AREE Fol td F7HH el Aol
Flupetol g Zlojt,
Ao AAEATl e WA gA o oAgST A5 I FH =
AzA 2EgTE A& A 7FsAS Arskala, 2 A7d3= &5 o

< AFA el MExARR &8 7 Jlolth
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2007FH AFEA AN 20emAF 2718 GAoA A5, oA

T fa, oSl =Tl 1-353 A&HM FAfel o] ogiFe] wAsH] A
2rsholeh. 2015-2017d = AlFHAZE g 9l & AgTol gt et

FA HAREO] 10.3%E A FE o]#d o g
T7F veFetA A Ee AdFAe Kol gA
EleeZt B+ AZH e As At 28y o954 fdske A=A
ol gk oA W X5 A gt A= wugk Aol
ole] ¥ AFoXE &, HA, The =
o]7Fe] 71T AW ANEAEM g3E B Hudod EEIF
o] skf¥ Coxi—stop, Coxiclin®} 2 &&elx &3t hn

+ BLEANSO (®UWAtd) AFS in vitro, in vivo IS Fato] oAdL54
HAeol Aza7t A=A Flstaat itk Coxi—stope] -
o1 &3t in vitro A3 oA AJ7ke

A Fgkom, e}

O{N'

=

WA gEbstth Coxi—stop?t F4w2 SESGTFHRE TUsHA, thE &)
= AFE3%F Coxiclin® A% BF—-2 cell o] &3 A3 = A|7Fe] 7 Iofutz}
&35t cell lysis @7o] yehm Hexxao] #4503 59 71 #Hasdla,
SRR AN T HT & FAHAES Bt ol HAAXEAFT] s &
#7F d o, Coxi—stop? THe §miE Qlsto] H& Alx=Ay, FAAALES B
9l RAoF Atm¥ . BLEANSOS] ¢ BF—2 cell o]&3st A3 o= A7t

Ao whel ok cell lysis @7o] vebu AAZAFo] H24U3 T 7t
AAasHla, RS A ERTET e 30%9] FAHAES Bt o
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