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Characteristics of Edwardsiella piscicida from olive flounder (Paralichthys

olivaceus) by natural and artificial infection

Eul-bit Noh

Department of Aquatic Life Medicine, The Graduate School,
Pukyong National University

Abstract

The purpose of this study is to find out the difference in the characteristics
of natural and artificial infections of Edwardsiella piscicida in olive flounder
(Paralichthys olivaceus). Natural infected group were collected from olive
flounder aquaculture farm, and artificial infected group were tested for 14
days after Intraperitoneal (IP) injection to histopathological and blood chemical
analysis. As a result, symptoms of exophthalmos in the natural infection
group and peritonitis and intestinal congestion in the artificial infection group
were specifically observed. Especially, histopathological results showed that
hepatic abscesses were frequently generated from the inside of hepatocytes in
the natural infection group, while peritonitis was preceded in the artificial
infection group, necrosis of hepatocytes was lesser than in the natural
infection group. These results are due to the outflow of blood components

from peritoneal or barrier blood vessels to prevent sepsis in which bacteria



that penetrated into the abdominal cavity spread throughout the body during
abdominal vaccination, resulting in an immune response. Blood chemical
results show that AST, ALT, and BUN values increased with the degree of
infection, and that the BUN levels representing kidney function increased
with the degree of infection, which is considered to have worsened kidney
function due to damage to real tissue in the kidney. Therefore, it was
confirmed that IP injection of E. piscicida against olive flounder showed a
insignificant effect of sepsis compared to natural infection, showing lesser

pathogenicity in artificial infected fish.
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& T 549%% AA sk 7Y wol Wit &4el A dth(Kibenge et

al, 2012). =W &4 PAdA AT Tt AdAd 2 T stued o=

Jeze v Aadutog e 2713 AAA £48 2T ¥k ol 1
2710l &= Sterptococcus sp.&+8] &3 FEE&o] =of vjd I&UF &

H 7tEsa Aok Bujan et al., 2018; Jo et al, 2007). g A E=E=FL
3 7F Yol %A F(Wyatt et al., 1979), 3% (Sakazaki, 1965),

1~N

(White et al., 1973) ¥49b ofye} QA+S 33 {7 (Ewing et al,



NEP=F9 YA Edwardsiella tarda’= 1% &4 @3hitoez o
9] Hoshina (1962)° <& Aoz ¥R S™  Paracolobacterium
anguilimortiferume] et BB = A AWk, o] & AMHALE F3 E. tarda® T
HAHEwing et al, 1965). Edwardsiella < A2 19830 71A] E.

o

-

tarda GIFOoZ  AAPHOY T AEZHYH AZE

o}-N

Fdwardsiella hoshinae, FEdwardsiella ictaluri, Edwardsiella piscicida,
Edwardsiella anguillarum®] X315 tHKim, 2021). °|$ E. tarda €}il
dHy P Addgo dEo] E piscicida®l 3t A= =SS Fdta
k3] A thH(Reichley et al., 2017). E. pisciciday 3133 e 2o ofF
o A H ¥ 3 (Griffin et al., 2020), B= 5 (Leotta et al., 2009)%] A =

abgst ubE Gle Agd BE¥E zheth ol A= B3 (Scophthalmus

=

Zi

maximus), W3 (Anguilla japonica), 5 (Pagrus major), o] (Seriola
quinqueradiata) & BAFLE T3 T &2 ofFoA WLl B
H v} ltH(Castro et al., 2006, Kim et al., 2014; Matsuyama et al., 2005,

Yasunaga et al., 1983).

3 Park et al. (1983)% 445719 E. piscicida i#+Z% O-antigeng A}
23] A, B, C, D & 4719 serotypel. 2 T#3 o1, o] F serotype A
= WHAE BT ofF B AMROA 7Y A HAdAdE Bt ofF
Rashid et al. (1997)2] Aol Ao 25 25 7} serotype A
2 Z1EAY. E. piscicida®l =7 1A= ECPs(Extracellular products),

hemolysin, siderophore, cytotoxic effect &°] H i %A o™(Park et al,



2012), HAel #dd A FEE, FEFAY g5 g A=gn)e] HA
=4, g% S st =& HAREo] At (Egusa, 1976; Sahoo et
al., 1998; Miyazaki and Kaig, 1985). 53] At 0] 25°C ooz =
ol TEeT)d= WA FAA TEHAE &% AEfAZ ol oA

o] A&y =d, olul E piscicida® =& FHERZ = HAR

oft Bt A, AEA Ash AR ofAl AREel ok At viE S717b

rlo

FA Aol AHA] AAH vz ojojd 4 ArH(Kwon et al, 2014).

ot & =ol7] fldl WA E. piscicidaol th3+ XA (Wang et
al., 2009), ¥21(Sun et al., 2010), WA =4 (Kwon et al., 2016) &< <
T7F JaEL o dFEEe Aq FAE fFFAo] ofd &3k

BAo)a, FHA Aoz Q| Fe A7 HAE AR A&

& F UATHKIm et al., 1998). ol# X A+ A}t A 48 A7t b=
A deus HARSE S5E7] dd AAdlsE Bd7]H(World
Organaisation for Animal Health, WOAH)ol A= AW 744 AALE 9
3l A 3%lo A mimic natural pathways A&t AS AAFL

(WOAH, 2019). o1A& FA3 4o ddZdns A&sh= HgoA ¥

Ag3t 4PA eAE Folv] AANE AD GG FAR A2 4



TN A HAA A gG S hE Bayol tEHe F4

2] AlvtA WhA o e = Streptococcus sp., Vibrio sp. 52 Ao

o

2 AF7} olFo A ATk Kim et al. (2020)9] Aol A Streptococcus

parauberisE dA o B7, 5, UFAL 371F] whHo 2 Q19 A s)o]

FATEY wagsErE 2@ ety 54 AT gy olgta Ay
o} T3 Kim et al. (2013)ol A= YAl Vibrio scophthalmi 7@l o sl

A 7Y EAY dEE 25 BHog A Ady A F=Ho| &
Aol WAste] 21l 7FAole) Q19 Fdole]l MU S Hlust= A7t A
P Ao} SHAIRE E. piscicida®l A4 #E S5Adol digk A

I(Kim et al., 1992), == o F &2l

R

8%k ofFQl HAlo tiEiAE=
E. piscicida’?t 8 A4 BAA LA E EFstl XA FEolet A9 T

dole] e SA e dH nk o

Wepd B QAFdAE WA E piscidiadl A4 DT A9 3 54
dolo] dig nAe ol WA Smgnze Ag W o] W@ 7z A
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| A e A 20221 49 F-E] 20224

79 F 43 AEYS AAFAT Y A oA TAND AY

& 120ke] o] ojAlE @A MS-222 (Sigma, USA)R vk F AA 3L
243 AY 2 Rl AFA B, 2wy B4, 44

2 W Al AARS AAET



A9 Y AR AGF o FE A P FNE A A Aol
wEol gt WAE Tkl AU E FaEguede] 500L 5o
1597 24 F Agel Agstach. 48 #FE TARLstd #Ee

st o]F AFE 9 e TFE 10 fold= 3|4 F 7} trial
TE 274 we 0Iml B BEZHFI}I oM, controli e ¢ Y &%
o] A4 PBSE EQHEs T

2.1 Experimental trial 1

Experimental trial 1(E1)2 @ x|o| thsk E. piscicida®l 5=4¥ HAAS
171 913 B om AlS 2% 23°CE fAGNen, 9iour|s

A xste] 3k k2] 37 (2,800L/h)oll Al Ads sttt E12 control

0

O

&2l
3 10° 10%, 10° CFU/fish X9 E. piscicida HET2 Yr3lon,
500L =zl 2t 259 200t E YAkl & 47 ek 80mtE o
27 AFEE AT o) F 1, 7, 14 dpcoll 4vtElH AdSAe] vEeld AAE
A+ AT, AEY I oo & Fdol yehd AAe
SA AEHEAT FrHH R 2 5" 100t E YA FERE F

1497 74 AxZFE AT A=Y AAE MS-222 (Sigma, USA)

FA 5 AA%e 4% AY 2 st ARAREA 24, 24



2.2 Experimental trial 2

Experimental trial 2(E2)= dX|o| E. piscicida 10* CFU/fish 5 5& 3
FaAe W FA AAE 23°C=
FASIE e, 44 374(1.2T/day, 1.7 cycle)olA AdS 23sAT)
E2+ controli ¥ 10° CFU/fish ¥ %9 HE=7o2Z U¥yloew 15 Ton
Fxol 2 257 vt E dAstel F 2709 9k 108vkE o] WA 7F
AR E ATH 14 dpeell R AET 20vte]E AEFE T AER A
© MS-222 (Sigma, USA)= w5 § BAZFS S4ea A 3 853

of Psey ¥4, 2Agess ¥4, 24 0 A#F 34, PR ¥

2 2487 9% ZHoR A% 2E

i

2.3 Experimental trial 3

Experimental trial 3(E3)= E. piscicida #3 WAE +H37] 93 &=
Hog Als 2khv 23°CE wASNeH, #424 $402T/day, 1.7
cycle)oll Al A&& WAttt E3E controlit# 10° CFU/fish %%9] E.
piscicida FZEa0 52 Yo, 15 Ton % Zt 28589 5078 S ¢
2sto] & 2709 Fxo 100mke] o] |A7F AFSH AT 3, 7, 14 dpeell 6w}

94 gaZgol et AAE AT AEYSAD, AEL G 0|9
o



3. @A £

AEe FALS PARF(6500rpm, 155, 4°C)ete] S Rt A3
A7bA -80°Cel|l H.#3sFgith o] F asparate aminotransferase (AST),

alanine aminotransferase (ALT), blood urea nitrogen (BUN), glucose
(GLU)E 72 Astst EA%4%(FUJI DRI-CHEM 3000, Fuji film Co.,

Japan)E ARg3sle] =43¢}

ob7tml, A%, ZF AR, T4, 8, #, & A4S @l F-ske] 10% Neutral
a5 AMEZL FA4 F ethyl alcohole| x4 o2 &3} xylene 1
3= AR paraffing JAFA|FHTE o] paraffin | L5Fe] microtome
(Reichert-Jung 820, Leica)®o = 4umT7¢ AHS vF43til, Hematoxylin
& Eosin (H&E) @Ast x2 &dtol=5 383 n 73 (Olympus DX50,
Japan)o. &2 #2&}

AW A 7= Bernet et al. (1999)9] scorering system= 3tilsh
of el Faxo] wal importance factor® 1014 308 Hodla, W
o] Wl uwel W3l 0, A% 2, T5% 4, A% 602 FEIIY AFE
G2 sts A tH(Table. 1).
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Table. 1. Histopathological lesions by important factor

Importance factor = 1 Importance factor = 2 Importance factor = 3

Aneurysm
Oedema Hyperplasia .
Gill . yPerp . Necosis
Lamellae fusion Inflammation
Hypertrophy

Dilation of bowman'’s
Tubular atrophy
Body capsule L .
. ] Glomerulonephrititis Tubular necrosis
kidney Hyaline droplet
) . Abscess
Hydrophic degeneration

Nuclear alteration
Increased MMC

. Hematopoiesis Necrosis
Activation of RES

Abscess

Head
kidney

Congestion Nuclear altration
Hepatocyte Increaed MMC
Liver atrophy/hypertrophy Inflammation Necrosis
Fat/glycogen deposition Abscess
Hyaline droplet Pericholangitis

Intestine f Inflammation -

) Gastric atrophy Inflammation
Stomach . . -
Vacuolation Submucosal oedema

Increaed MMC
. Activation of RES .
Spleen - ) Necrosis
Inflammation

Abscess

Increaed MMC
Heart - Epicarditis Necrosis
Myocarditis

Mesentary - Peritonitis -




5. PCR #4

Culture swablo. 2 AAle] AMtS FElste] BHIA (BD Difco, USA)e
Ckalo] 28°Coll A wiekal el ar, 2447F & yesGTM Cell Tissue mini kit
(GenesGen, Korea, Busan) & AF&-3lo] DNAE F&3F%th PCRol AF-84

primer$} Z71-& Table. 29} #t}f. &%

e

=99 9§ 27F/1492R primer
setE& AF&3ste] PCR 2l8stdlal, 53%% 4l=<S NCBI (National Center

for Biotechnology Information)ell A A& &t BLASTE o] &3] %43

o} 97 A3l H$ BF1I/BRI1 primer setE AFg3o] PCR X335k
i, 2% 2EL2 blue mango (BioD, Korea)® A 3te] 05% agarose

gel AolA H7]9% 3 Davinch-K Gel Imaging System (YOUNG IN
Labplus Co. Ltd, Korea)©. 2 band® =Z7|= &<2lste] E. piscicida 74

ol F-& detstdt

_10_



Table. 2. PCR primers and conditions used in this study

Gene Primer Sequence (5’ to 3") Size(bp) PCR condition Reference

27F AGA GTT TGA TCC TGG CTC AG 95C 10 min—-(95C 30 sec, )
r . . Weisbhurg et al.
16s rRNA 1500 53T 30 sec, 72°C 1 min)x30 (1991)

1492R GGT TAC CTT GTT ACG ACT TC cycles=72C 5 min
BF1 GCA TGG AGA CCT TCA GCA AT 95C 10 min—(94C 1 min,

gvrB 415 52C 30 sec, 72C 30 sec)x30 Lan et al. (2008)
BR1 GCG GAG ATT TTG CTC TTC TT cycles-72C 10 min

_‘]‘I_



6. =2 W Colony-Forming units

AN 00lgs FHAHeR AT F P PBS Imls #H7hsto] whag
e 1010744 & A 34 skith A E v & BHIA (BD Difco,
USA)d sz 3ukE wukalo] 28°Col| A v kst ar, 24A17F & 3

’

|

(ein
iz

.
a-

wyoR 24 W 45

il
A
2,
ol
ol
2

SPSS statistics (IBM)< ©]&3dto] 7HA] T A% &4 A3
ghakek Total g2 7|52 2 K-means Clusteringg AAFA 1L, o] F +
A BEgs B% fFogsodr one-way ANOVAS] AlFEAo=w

Duncan’s multiple range test (Duncan, 1955)< 2 A|&}o] H 3 zkS v w3}
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23}

BAFE S8 2%

1.

g RAL] A R oAl

kol uERstth(Table. 3).
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Table. 3. Standard length, weight, liver weight, HSI and CF values for sampled fish

Standard length (cm) Weight (g) Liver weight (g) HSI (%) CF
Aprl 231 + 102 @ 23254 + 814 200+ 073 2 114 + 023 162 + 012
Natural May B + 1.87° BLA + 875 " 539+ 230 " 168+ 073 " 240 + 041 ©
sampling Jure 2710 + 227 P 267 + 12090 ™ 5% + 210 ° 145 + 038 ® 101 + 039 P
July RB02 + 291 P 45375 + 13809 © 632 + 250 P 143 + 05 ® 197 + 024 °
1 dpi %653+ 146 ° 2026 + 3407 634 + 264 148 + 045 224 + 030
Trial 1 7 dpi 2591 + 0% P 3048 + 4139 643 + 213 168 + 046 219 + 018
14 dpi 2427 + 108 2 41497 + 5237 776 + 245 184 + 047 290 + 027
Bpemental 0 M DU+ 15 w12 S4B 0B 154 B0 204040
R w3 X LMD 0B +0B 07018 172+048
Tria 3 7 dpi 2165 +1.39 @ 21944 + 5278 231 + 112 101 + 08 D12 + 026
14 dpi 2158 + 144 @ 20000 + 5190 1% + 0% 091 + 034 205 + 030

Al data is presented as means = SD

T HSl = {Liver weight (g) / Standard length (cm)} x 100
2 OF = {Weight (g) / Standard length (cm)®} x 100

_‘]4_



FAA HAo|A] MEZEs x| 24nte] = 199t A E piscicida %7

ol HA(16.7%), 78l FHiL(75%)2 LFEFRL

[o
frt
=
Au)
30
[o
£
do
ok
sl
rlo
I\
m-lo

tH(Table. 4).

Table. 4. Prevalence of E. piscicida in natural sampling

Month Total (n) Positive (n)  Detection rate (%)
April 12 2 167
Naturel May 12 5 4.7
sampling Jun 12 3 %
July 12 9 5
Total 24 19 M2

_‘]5_



Matoll =F5 A &2 control wAlA = oJH A% HEHA o,

SAAEE A9 #AYE AdToAlAd 99vie] T 84vFe](84.8%)0 A E.

O

piscicida?t AZ=% 2}t Trial 19 1dpiol E. piscicida?t HZ=% A &ko

§

ool AEEE BEE JRAI100%) N4 A= AL, trial 2 FEFF ALS

i
o
ot

E= AAA00%)00M  AEEde™, trial 3elA= 38uke] T 357
(92.1%)°1 4 == AtHTable. 5).

Table. 5. Prevalence of E. piscicida from artificial infected fish (number
positive/number examined)

Day post infection

Experimental
trials 1 3 7 813 14
1 0/12 - 12/12 9/9 8/8
2 - - - - 20/20
3 - 5/6 5/6 6/6 19/20
Total 84/99 (84.8%)

_‘]6_



2.2. HALE

E. piscicida 10* CFU/fish FZF7¢ #HAAISE-S ElolA 70%(Fig. 1), E29
A= 1ddpiol 44.4%<] FA #HAME o] YENS S W (Fig. 2), E30A &= 237

b Est AEY RAE AQlstal AAE TAEEA &9kt

004 —— 102 CFU/fish ATy
e 104 CRU/fish v
g4 % 10% CRU/fish 4
/
- /J’ [
< 0y 5%
H Fv--g-y o
§ 404 / o
2 / 2
X Ly /
04 v oottt
'
u _AQ_/ T T T T T T T T T

1203 4 5 67 B 8 WM RN oW
Day post challenge
Fig. 1. Cumulative mortality of E1

1009 _g— conmal
O 10 CRUffish

Mortarlity (%)
& 2 2
o
<

[
=
i

1 2 3 & 5 % 7 8 9 16 112 13 W 15

Day post challenge
Fig. 2. Cumulative mortality of E2
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E. piscicida A3 #4 7MACA w4 v ol(Fig. 3-A), A% # ol (Fig.
3-B), &4(Fig. 3-C), 1+ 5% (Fig. 3-D), & (Fig. 3-E), sttH&E= 2 <t
723 (Fig. 3-F)o] #&5r}.

=, 1% W di(Fig. 4-A)
= Uehath A4S wd 857 e )

= =28 ANHdFig. 4-COF sd(Fig. 4-D)o] #HHAT. BE

)
re
M
oot
WE
o3
12
oX,
(s
-
&2
IS

i
=
N
NS
Jm
o
X
o

trialsoll A 8dpi-¥] &% (Fig. 4-E) /MA7F 83 o, wAd7ddozm ol
EFE S o H7F Ui, 91743 muscularis®] FE(Fig. 4-F)3 A4

of AdEdol Y= At
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Fig. 3. Clinical signs from natural infected olive flounder. (A) Spleenomegaly,
(B) Nephromegaly, (C) Ascites, (D) Hepatic abscess, (E) Prolapsed rectum,
(F) Exophthalmos and hemorrhage around eye
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Fig. 4. Clinical signs from experimental infected olive flounder. (A)
Spleenomegaly, (B) Ascites, (C) Peritonitis, (D) Hepatic abscess, (E)
Prolapsed rectum, (F) Intestinal congestion
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R=)
il
o9,
0%
o|\
0%
=
=1

B @gelAe] A A A AP BAAAL A9 2F AR
DHFY Aol Table. 63 ek Ad 7 AANA Fretdn g

Tde dHEHA FUn e 57.9%01/19), <HTEE
52.6%(10/19), MBIt 474%(9/19), &HF  421%(8/19), A17H] )
36.8%(7/19), &7 53%(1.19) o= W=7t =4 eyt

A9 A AAAA HrEES BERHAA FUL T 488%(41/84), &
e 27.4%(23/84), HIFHI] 26.2%6(22/84), €7 155%(13/84), 1t
13.1%(11/84), A178jd 11.9%(10/84), #17¢ TE 10.7%(9/84%) o=
W=7F A Yestith
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Table. 6. Clinical signs of olive flounder infected E. piscicida

Hepatic Prol d Intestinal
Spleenomegaly  Nephromegaly Ascites Peritonitis Exophthalmos FOlapse )
abscess rectum congestion
Natural
infection 9 (47.4%) 7 (36.8%) 8 (42.1%) = 10 (52.6%0) 11 (579%) 1 (63%) -
(n=19)
Experimental
infection 22 (26.2%) 10 (11.9%) 41 (488%) 23 (274%) - 11 (13.196) 13 (155%) 9 (10.7%)
(n=34)

_22_
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MANAM = 48 3+ 22 (Fig. 5-C)ell H] &

o5, 95 AE

o

Ry
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s

H] 9] ellipsoid H]% A7 (Fig. 5-A)°] Yelb 1, 7FE ellipsoid FHO R
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Fig. 6. Histopathological changes from experimental infected olive
flounder(Paralichthys olivaceus). (A) Spleenitis, (B) Peritonitis at spleen, (C)
Peritonitis at liver, (D) Hepatic abscess, (E) Renal abscess, (F) Intestinal
hemorrhage and congestion
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%

&
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Ea¥is]

98.026(96/98)
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Table. 7. Histopathological changes of olive flounder(number positive) after infection with E. piscicida. Number of plus

signs indicates severity of lesion: + = mild, ++

moderate, ++ = severe.

o . Stomach Intestinal Ellipsoid -
Peritonitis Hepatic abscess Renal abscess ) o Spleenitis
submucosal oedema congestion activation
+7 +1 +2
Natural infection +4 +5
- ++ 2 ++ 2 ++ 2 ++ 5
(1’1:19) ++ 1 ++ 8
+++ 2 +++ 3 +++ 11
) ) ) + 16 +14 +17 +23 8 + 22 u
++ +
Experimental infection 10 - . iy o
(n=84) +++ 9 ++ 14
+++ 18 +++ 10 +++ 8 +++ 3 +H+ 28
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5. K-means &3 &4

9 2 APelA =AW std 4 A9 Total A& 7IFo=
378744 N (Normal), 598 7F%] LI (Light infection), 11787}A MI
(Moderate infaction), 118% o] SI (Severe infection)®] Y] w3 o= i+
Tt o (Fig. 7), 79 Axel W& L9 =4 | A7t F942
2 Vsl AS 3elstdvh(Fig. 8). E. piscicida?t &% 98wl & N
=3 3vkg, LI 3 1178, ML «+5 54nk2], S +3 167t 2 YEyk:
T VES 3 AEHol e A& A E. piscicida’t A=E 19vH

N A6 8 AAE gglom, LI 4 20tel, MI 4 1692, S
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Fig. 7. Groups devided into histophathological total score by K-means
clustering
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Fig. 8. Colony function units (CFU) in kidney of experiental infected olive
flounder by infection level
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6. AP £

GOT/AST FA+&= <l el wet 2402 + 11.76 U/L,

U/L, 89.94 + 11207 U/LZE ¥ AXxol

Ho
ol
2
SRR
o)
s
U

27.75 £ 1829 U/L, 5831 + 89.2
et fFolHdor Frtstlal, BRE FtelA Ad AR Hito] uHA
L EFsEtH(Fig. 9).

GPT/ALT X+ 9 #delA zF o5l wep 856 + 2.7 U/L, 825
+ 3.15 U/L, 1258 + 21.16 U/L, 16.06 = 1931 U/LZ 79 A= gt
7behe= Aol yERY ey Normal? Mild infection w38 Fe] {4
Abol= UEtUA] ggkow, BE Ftol A Ad ARG Hatol =4 o
B}y oH(Fig. 10)

BUN A& A7 2 +-o w2k 344 + 1.65 mg/dL, 3.8 +
2.1 mg/dL, 479 + 244 mg/dL, 593 * 2 mg/dL= #d Ao uz 9
Hato]l BHA yErwkt

do
ro

Moz Zrlsidla, BE FA Ad FgrY
(Fig. 11).

GLU A+ Z &40 wah 2046 + 83 mg/dL, 269 + 14.65 mg/dL,
16.36 £ 11.62 mg/dL, 14.31 + 13.09 mg/dLZ MI o]3%o] feoldoz 74
b= Aol vetwom, A 7dd o)Al AaadAle vEhA F%

_32_



GOT/AST (U/L)

160 -
Experimental

140 + - Natural

120 -
100 -
80 - b
60
ab

40 + a

20

u | T T
Normal Light Moderate Severe

Fig. 9. Asparate aminotransferase (GOT/AST) values in experimental or
natural infected olive flounder. Values are means + SD (P < .05)
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Fig. 10. Alanine aminotransferase (GPT/ALT) values in experimental or
natural infected olive flounder. Values are means + SD (P < .05)
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Fig. 11. Blood urea nitrogen (BUN) values in experimental or natural infected
olive flounder. Values are means + SD (P < .05)
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Fig. 12. Gllucose (GLU) values in experimental or natural infected olive
flounder. Values are means + SD (P < .05
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2 A= WX el tis E piscicida®l A AN 5AEES 7 <
A AholA YdeEldE S8 54 Aolol| #I Ao E piscicidats
Solu Aol ZAstHA A9l A wWelE Ast, =ddd Sz
(Woo et al., 2011)2 o] =77} W17sk AHoolA FdS doy= 718
A WA olH, =5 Ax oA FASTt S5 w4 HEe Wwold
T Y AEHVE HE g3 (x| Tdste] Haoz gHibEth(Leung
et al, 2012). & Ao A MAAA yepd ERsNE g B w2 3h
&, W7, A

o} A x|t} (Miyazaki and Kaige, 1985; Park et al., 2012, Kwon and

off
il

LY JFBYEL o) Aol nug vl

Jung, 2012; Matsuyama et al., 2005). Z&H2|st4 W3 2= 7 dpi ©]F

of ke A % 23] 5AAoR AAH oW, o= AdFATolA

o] Axtel AAFrF(Miyazaki and Kaige, 1985, Kusuda and Kawali,

o 29 ks At wAagtstel s Wolr| el AxE ot (Thomsen et
al., 2007; Rahimian et al, 2004). Darwish et al. (2000)0] 4= X9 A}
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