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Abstract

A total of 21 strains of Aeromonas salmonicida subspecies were isolated from Atlantic salmon.
Identification using the vapA gene revealed that 11 strains were A. salmonicida subsp. masoucida while 10
strains were A. salmonicida subsp. salmonicida. All 21 strains were facultative anaerobes and tested
positive for oxidase activity, casein hydrolysis, and hemolysis. Although variations were observed among
the strains in API 20E and 20NE test results, all strains were positive for indole production, acetoin
production, gelatinase, and nitrate reduction. Additionally, API ZYM test results indicated enzymatic activity
for alkaline phosphatase, esterase, esterase lipase, and leucine arylamidase in all strains. The 11 strains of
A. salmonicida subsp. masoucida were susceptible to trimethoprim/sulfadiazine, neomycin, and florfenicol
among 19 aquaculture antibiotics tested. In contrast, the 10 strains of A4. salmonicida subsp. salmonicida
were susceptible to enrofloxacin, ampicillin, ceftiofur, trimethoprim/sulfadiazine, oxolinic acid, ciprofloxacin,
neomycin, gentamicin, and florfenicol. These findings provide a foundation for the development of novel
preventive and therapeutic measures for bacterial diseases and establishment of effective disease control

strategies, thereby contributing to the sustainable growth of the Atlantic salmon aquaculture industry in
Korea.
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HAste Aol EAd @3 A+ wHg A
Holth, TAgolo] F2 WAEHE vholE 24
a9y e 94 401 F(Infectious salmon
anaemia virus, ISAV), <10{¥Iulo]2] 2~ (Salmon
alphavirus, SAV), HAAZE 7|3 A5 (Infectious

haematopoietic necrosis virus, THNV), &%
3] AF(Infectious pancreas necrosis virus, IPNV)5
ol slom, AFd AWe IAgAALF
(Piscirickettsia salmonis), 37381 B8] L Z(4liivibrio
salmonicida), 378 (4eromonas salmonicida), AT
A A (Renibacterium  salmoninarum)s-©] L,
ol7}w]  o}w|u}E(Neoparamoeba perurans)™ -2
718F8 AX
2 A
2003; Cvitanich et al.,
2008; Godoy et al.,

1 37

¥, EFFol(Saprolegnia parasitica)2}
o] AHCipriano and Miller,
1991; Deveney and Scott,
2008; Graham et al., 2012; Jee

et al, 2007; Nelson et al., 1995; Pettersen et al.,
2015; Woo et al., 2022).

goFst AFAd AW FolA Aderomonas
salmonicida= 19A4]17] & Yo HzZE £

(Salmo  trutta)| A A5 BiEJow, @7
A AA FAadolA 7P ZA7E He o7 Al
4 AW F SlYo|th(Emmerich and Weibel,
1894; Fajardo et al., 2023; Libran-Pérez et al.,
2018; Magarifios et al, 2011). A.
Proteobacteriat®, 7 -Proteobacteria’Zd, Aeromonadales
&, Aecromonadaceac¥ol| &3, vl T4 I1HS
o2 4B A HAustin 2016;
Colwell et al.,, 1986; Figueras, 2005; Zdanowicz et
al., 2020). A. salmonicida= 2874 L HAY¥Y 2
HE doyle HAAH Ao wEx, FE A
o3} o 7R WA FAA(Salmo salar), TR 7N %]

salmonicida<

and Austin,

P RER| - upy

IIA
ol

H)l

(Oncorhynchus mykiss)ye< ZHAANA & HAME
S 3 (Austin and Austin, 2012; Gulla et al.,
2019; Yan et al., 2021).
A7 L FEdol =&
A7 HAlA=
16S rRNA FZRARTE= vapd (A-layer) FRAE
AHgste] AYH HAY AFE Heith
(Bakiyev et 2023; Gulla et al, 2016;
Martinez-Murcia, 1999). T3k o] A7te w=H
Aestx EA FolA indole A4k, esculin E3H,
glucose W&, <
salmonicida®] A 83} HAY FFE& TESHE F
&3ttt 8 th(Dalsgaard et al, 1998; Wiklund
and Dalsgaard, 1998).

A.  salmonicidav

A. salmonicida® ©}
dutA o g ALgsl=

e

=2

o=

al.,

acetoin YA+ Hb

salmonicida,  masoucida,
acromogenes, pectinolytica, smithia® 57\ o}F&
AR Qlov, Asetd 54, x8Y £= A
sx =40 weh AY, wAPez Udng
(Austin et al., 1989; Hirveld and Perttulisju, 1994;
Pradhan et al, 2023). Go]fFolA 71 ol oA
S|= A. salmonicida subsp. salmonicida®= 332
2 FEF 3 (Daher et al, 2011;
2020), WEZFH FA4 HAAE dodrx i,
T PR 252 T EREE TS
Aoz LA UTH(Austin
and Austin, 2012; Daher et al., 2011; Pradhan et
al., 2023; Reith et al., 2008, Wang et al., 2020).
HAAEH 4. subsp.  masoucida,
A7 ]9
o= Z3|E=N(Sebastes schlegeli), 5 1(Carassius
B =t el(Platichthys  stellatus)s T
ANFE AES Yo7 tkBjamheidur and Bryndis,
2017; Han et al., 2011; Han et al.,, 2017). 8 <
Fore IR HARE AR AY I 44/\}
T ThFstAl dojuH, B 7S BEstA ¢

A A] ¢FUTH(Noga, 2010; Wang et al., 2020). Al
AFoZ A Aol Mg AW FolA 7H4

2 H3lE F+= A. salmonicida subsp. salmonicida

Wang et al,

(furunculosis) 2]

salmonicida

. . gL
acromogenes, pectinolytica, smithia—

carassius),
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of 2 BH ATV AYHAAY, H2o=

A. salmonicida subsp. masoucida®. 13+ 7 A% T

HE Be AV 5971 JATHDu et al., 2015;
Du et al.,, 2018). =W &] -9 FAMNEF], thAa ¥
dof, Hdo], &dof, A=ty FA 4

salmonicida ©}E2.2 213+ HAF BuH v} 9

THLim et al., 2017; Lim et al., 2023; Woo et al.,
2022).
B Ao E 202335 AATA ALAA

AN AR DAGols] Ay mUEY Sd
% l"fr?/]ﬁ Aeromonas salmonicida 2172 A3}
24 W g FAA gak gas BA

RN

W, 0% Bl S ol Al

&g 5 Qe WA s A8 7]
= 3

1. Mz 22 H e

202333 20240 FYAEEAA T X T
AFF 2N R) A EFATJA AT O R AFSE=
A gAolE Algurol At HANE sl

T 67vke] Y] & TS ol tiA g
= EH)‘]'OE ZTHﬂ 74/\]_2 3]_ J_ ZT 4113]_9/]
(21.61+4.3 cm, 85.2+44.9g)= 13T @rollA A}
F  Folda, uyHA 267HE](17.6£3.4  cm,
46£26.7g)= ~EmESE H& FOE 5 psu, 13T
A ARE Foldlth Al A gelshy] sl
A 59, A, vds AESE - tryptic soy
agar (TSA, Difco, Detroit, MI, USA)°] E23}o]
20CollA 24~48A17F wiFsAtt. vk §

‘I‘TL_T

<Table 1> PCR primer used in this study

welstol Aol A Ax Y FFE AT
%, DNAS F%&3te] PCRE Faatgich =o &
v AR A ek Eel
2ol FAEA AEE Flein

2. M =38

2~2~ B
T

Sk A3+ Accuprep® Genomic DNA
Extraction Kit (Bioneer, Seoul, Korea)S ©]|&3}o
DNAS FZs3it 88 Av 122 168
RNA F37ke] 97149 #4s Tl 53383
o, 2R vapd FAAE] AVIME BAE T
3 oS =438 th<Table 1>). PCRS <3l
Accupower® PCR PreMix (Bioneer, Seoul, Korea)
£ AFE318l o™, forward primerS}l reverse primer
Z¥7F 1 pL, RNase free water 17 pL, template 1
rLE %5‘0}01 20 pL7F H=5 eIt
16S rRNA - %X} TEHA717] §1% PCR %31
& 94T 5% 94C 30%, 53T 30%, 72T 12&
40 cycle; 72C 7+ RESSHGITE vapA FHAE
SEHA1717] 918 PCR Z71& 95T 53 95C 30
%, 50T 30%, 72C 1%< 30 cycle; 72C 7% d+
533t 5% ¥ PCR products
A H71g-sste] WM=S &
sl F7IAEe Bkl

NCBIS] BLASTEZ ©]43}o] &

1.5% agarose gel

B, AL
RERETRS
B3

shsnt:

He ri

o,
o

M

3. MBlEIR] EA EA

71 1o

HI

Asistd B4 A4S 98] API 20NE kit,
APl 20E kit, API ZYM (BioMérieux, Marcy-I'
Etoile, France)S AF&3t.om™, A|ZA] protocol

Target Primer Sequence (5°-3°) Amplicon size Reference
27F 5’-GAGTTTGATCCTGGCTCAG-3’
16S rRNA 1,465 bp Lane 1991
1492R 5’-GGTTACCTTGTTACGACTT-3’
Forward 5’-TCAACGGATAGGTTCAACCC-3’ Lund et al.,
vapA 308 bp
Reverse 5’-CAGAGTGAAATCTACCAGCGGTGC-3’ 2003
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o wet EAsHTh
casein hydrolysis, anaerobic, hemolysisE E3F 54
24 F7IE JdeAT). Oxidase teste Eit
disc paperol] HWi¥HE TFE =St 1% (W)
N,N,N,N-tetramethyl-p-phenylenediamine
dihydrochloride (Sigma-aldrich, Saint Louis, MO,
USA)E HhgAA Hepd i) fR5 Slshs
AoZ FP3H Tt Catalase teste= slide glassOl]
e #5FE =l 3% (v/v)  hydrogen
peroxide (H,O,, Millipore, Burlington, MA, USA)S
HSAA ZIE AR fFE s o F
Y39 th Casein hydrolysisE 2213l7] $13l TSA
=]l Skim milk (MB cell, Seoul, Korea)E 2%
7Rk Wi S Alxdte #55 =kl 20°Ce]
A 48417 kS & casein 35S HEIIHA
o} Anaerobic teste= TTE ET3 TSAH|A <}
Anaeropack (MGC, Tokyo, Japan)S Rectangular jar
(MGC, Tokyo, Japan) &7]°l &o} @7]dej= vt
T %, 20°Coll A 4843t Wl Fste] BEe= Al
2 FPtdct. &85 dYiA|(Blood agar
base plate, MB cell, Seoul, Korea)ol
SkaL 20°Col A 48413F HljFste] gl

T3k, oxidase, catalase,

Z=2 wuk
T = —1—‘%1:_'

KRAQ3,
KRAQ4 (TREK Diagnostic System Ltd, East
Grinstead, UK) g ©] &3} th(<Table 2>). Hl
F dFY FREUE Fstol Ea A ATl
#eetal 0.5 McFarland®  WFrh HERAS
CAMHBT (cation adjusted Mueller-Hinton broth
with TES, TREK Diagnostic System Ltd, East
Grinstead, UK) brotholl 5x10° CFU/mL7} ¥HE=
sttt 1 A A AAE didel
MY FFEA 100 pLE HES T WA}
28CollA] 24A13F Wi FBITHCLSL, 2020). "HF %
(Thermo  Fisher

Sensitire®  Manual  Viewer

. _C|>_<,\_x| « °HEX

]

= A
- Tl

M

o

Scientific, Waltham, MA, USA)Z All¥t F2]0] ¢
A A FEE HA2IA S EMIC, Minimum

inhibition concentrations)® 53} T}

<Table 2> Antibiotic susceptibility testing panels
(KRAQ3 and KRAQ4); antibiotic types
and concentration ranges

Panel Antibiotics MIC (/tg/mL)
Amoxicillin (AMOX) 0.06-16
Amoxicillin/clavulanic

acid (AUG2) 0.06/0.03-8/4
Ampicillin (AMP) 0.25-128
Ceftiofur (XNL) 0.03-32
Cephalexin (LEX) 0.25-64
KRAQ3 . .
Clindamycin (CLI) 0.015-16
Enrofloxacin (ENRO) 0.03-32
Oxolinic acid (0OXO) 0.5-32
Tetracycline (TET) 0.06-64
Trimethoprim/sulfadiazin ~ 0.12/2.38-16/3
¢ (TBR) 04
Ciprofloxacin (CIP) 0.015-64
Doxycycline (DOX) 0.12-128
Erythromycin (ERY) 0.03-64
Florfenicol (FFN) 0.06-64
KRAQ4 Flumequine (FLUQ) 0.12-128
Gentamicin (GEN) 0.12-32
Nalidixic acid (NAL) 0.5-64
Neomycin (NEO) 0.5-64
Oxytetracycline (OXY) 0.12-256
m. o7 Zut
1. 22| Mz 33
T e7vkel e A kdolel EeE Alds

16S rRNA #32% 45 A3}, 21k o)A 4
salmonicida”?t 2= 0™, o] &9 JETFo =R
v ANEE], ke, Auyn] 2A - x-E2E,
thid Ax AF sol dEEHUS FEE 4
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AR FgE da, 4

salmonicida subsp. masoucida (ASM)©T 113, 4

salmonicidas vapA

salmonicida subsp. salmonicida (ASS)= 1037}
e H YTl TSA WiA|elA] 20T, 48417 HjSkat
& W) ASS RFET BN MLE PP A

—% 13} th(<Table 3>).

<Table 3> Results of the analysis of various
biochemical properties of Aeromonas
salmonicida ~ subsp.  masoucida  and

Aeromonas salmonicida subsp. salmonicda

Tests ASM ASS
Brown
- +
pigment (11/11) (10/10)
Hemolysis +(11/11) +(10/10)
Anaerobic facultative anaerobe facultative anaerobe
(11/11) (10/10)
Oxidase +(11/11) +(10/10)
Catalase +(11/11) -(4/10), +6/10)
Casein
+ +
hydrolysis (11/11) (10/10)
2. Msfeix Sy

API 20NE, API 20E, APl ZYM,
catalase, casein hydrolysis, anaerobic, hemolysis&
o Asked 54 24 23 ASM 11dF B
T BA 7 MTLE, oxidase, catalase, casein
hydrolysis®} hemolysis®ll tj}e] E5F RNk
BT ASS 1075 A FU1EAT L
oxidase, casein hydrolysis®} hemolysist= &7 U4
HH-3-&, catalase®l] thajrl= L5
JHE-S-2 K S TH(<Table 3>).

API 20E9] &4 A3}, ASM>

gelatinase,  mannitol

oxidase,

L=
5

indole, acetoin,
saccharose
fermentation &AM 17T B Aoz 39l
HAa, ASSE gelatinase, ~ mannitol
fermentation ¥5-S A2t BF SAOE F<l
% 9 TH<Table 4>). API 20NES] #4] A3}, ASM
< NO3, 8 -glucosidase, gelatin 5ol A
15 E5 oz gl ASS= NO3

fermentation,

acetoin,

indole,

FdETE PO RE FAHGITH(<Table 5>). API
ZYMO] A3 ZAl= A wst o] wet 0~5
A BABEAIEE, & ATl s+ (positive
(negative reaction), w (weakly positive
reaction) = EA]SFTE ASM

esterase,

reaction), -
alkaline phosphatase,
esterase lipase,
-glucosidase oA 113F5
Y. ASSE
esterase lipase, lipase, leucine arylamidase @<l 4
1077 2% a4 45 HtH<Table 6>).

leucine arylamidase, S
= S [e)
BT aa g4s

alkaline phosphatase, esterase,

<Table 4> Biochemical properties analysis results
of  Aeromonas  salmonicida  subsp.
masoucida and Aeromonas salmonicida
subsp. salmonicda (API 20E kit used)

API 20E ASM ASS
ONPG -(9/11), +(2/11) -(10/10)
ADH (9/11), +2/11) -(10/10)
LDC (11/11) -(10/10)
OoDC -(11/11) -(10/10)
CIT -(11/11) -(10/10)
HoS -(11/11) -(10/10)
URE -(11/11) -(10/10)
TDA -(11/11) -(10/10)
IND +11/11) -(10/10)

VP +11/11) -(6/10), +(4/10)
GEL +11/11) (5/10), +(5/10)
GLU (7/11), +(4/11) (7/10), +(3/10)
MAN +(11/11) -(10/10)
INO -(11/11) -(10/10)
SOR -(9/11), H2/11) -(10/10)
RHA -(11/11) -(10/10)
SAC +11/11) -(10/10)
MEL (11/11) -(10/10)
AMY (9/11), +2/11) -(10/10)
ARA (9/11), +2/11) -(10/10)
OPNG, 2-nitrophenyl- 3 D-galactopyranoside; ADH,

L-arginine; LDC, L-lysine; ODC, L-ornithine; CIT,
trisodium citrate; H,S, sodium thiosulfate; URE, urea;

TDA, L-tryptophane; IND, L- tryptophane; VP,
sodium pyruvate; GEL, gelatin; GLU, D-glucose;
MAN, D-mannitol; INO, inositol; SOR, D-sorbitol;
RHA, L-rhamnose; SAC,  D-sucrose; MEL,

D-melibiose; AMY, amygdalin; ARA, L-arabinose; +,
positive reaction; -, negative reaction.
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<Table 5> Biochemical properties analysis results
subsp.
masoucida and Aeromonas salmonicida
subsp. salmonicda (API 20NE kit used)

of  Aeromonas  salmonicida

R R

]

= A
- Tl
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<Table 6> Biochemical properties analysis results of

Aeromonas salmonicida subsp. masoucida
and  Aeromonas  salmonicida  subsp.
salmonicda (APl 20 ZYM kit used)

API 20NE ASM ASS APl ZYM ASM ASS
NO; +(11/11) +(10/10) Alkaline a1 (10/10)
TRP +(11/11) -(10/10) phosphatase
GLU -(9/11), +(2/11) -(10/10) Esterase (C4) +(11/11) +(10/10)
ADH -(11/11) -(10/10) Esterase Lipase
+ +
URE (11/11) ~(10/10) (C8) (1D (1010)
ESC +11/11) -(10/10) Lipase (C14)  +(8/11), w(3/11) +(10/10)
GEL +11/11) -(10/10) Leucine
PNPG -(9/11), +2/11) -(10/10) arylamidase (1 *(10710)
GLU -(9/11), +2/11) -(10/10) Valine
ARA LO/11), +H2/11) -(10/10) arylamidase +(7/11), w(4/11) +(9/10), w(1/10)
MNE -(9/11), +(2/11) -(10/10) Crystine
NAG -(9/11), H2/11) -(10/10) Trypsin +3/11), w(8/11)  +(7/10), w(3/10)
MAL -(9/11), H2/11) ~(10/10) a@-chymotrypsin ~ (9/11), +(2/11)  -(8/10), w(2/10)
GNT -(O/11), +(2/11) -(10/10) Acid phospatase  +(2/11), w(9/11) +(5/10), w(5/10)
CAP -(10/11), +(1/11) -(10/10) Naphtol-AS-Bl-ph
ADI a1 (10/10) ofphohydmlasz +H7/11), w(d/11)  +(9/10), w(1/10)
MLT -(9/11), +(2/11) -(10/10) a -galactosidase -(11/11) -(10/10)
CIT -(9/11), H(2/11) -(10/10) B -glucuronidase  -(9/11), w(2/11) -(10/10)
PAC (A1) -(10/10) 8 -glucosidase (11/11) <(10/10)
NOs, potassium nitrate; TRP, L-tryptophane; GLU, a -glucosidase -(11/11) -(10/10)
D-glucose; ADH, L-arginine; URE, wurea; ESC, . -(4/10), +(4/10),
- +
esculin  ferric  citrate; GEL, gelatin, PNPG, A -glucosidase (L1 w(2/10)
4-nitrophenyl- 5 D-galactopyranoside; GLU, D-glucose; N-acetyl- 3 -glucos
- + -
ARA, L-arabinose; MNE, D-mannose; MAN, aminidase O, +211) - -(§/10), w(2/10)
D-mannitol; NAG, N-acetyl-glucosamine; MAL, a -mannosidase -(11/11) -(10/10)
D-maltose; GNT, potassium gluconate; CAP, capric @ -fucosidase -(11/11) -(10/10)

acid; ADI, adipic acid; MLT, malic acid; CIT,
trisodium citrate; PAC, phenylacetic acid; +, positive
reaction; -, negative reaction.

3. SR A AHSE

ASM 117159} ASS 107755 o=z 5
A 19F AT HadAls s S st
(<Table 7, 8>). ASM 115 R clindamycin (16
1 g/ml<), cephalexin (64 pg/ml<), amoxicillin
(16 pgml<),  g/mlL<),
amoxicillin/ clavulanic acid (8 xg/mL<)el| tj3}o]

Weds 7o,

ampicillin -~ (128

trimethoprim/sulfadiazine (=

+, positive reaction; -, negative reaction; w, weakly
positive reaction.

0.12-0.25  pg/mL), 1 g/mL),
florfenicol (0.25-2 pg/mL)l thstd A4S 7)
ATt ASS 1037 R clindamycin (8-16 4
g/mL<), oxytetracycline (64-128 # g/ml<),
doxycycline (16-32 pg/mL<), nalidixic acid (64 x
gmL<)ell diste] UAdS 7FF 2™, enrofloxacin

neomycin  (1-4

(=<0.03-0.12 pg/mL), ampicillin (<0.25-2 p
g/mL<), ceftiofur (0.06-0.5 ©g/mL),
trimethoprim/sulfadiazine (=0.12-0.5 ©g/mL),
oxolinic acid (=0.5-2 pg/mL), -ciprofloxacin

(0.06-0.25 £ g/mL), neomycin (<0.5-2 pg/mL),
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<Table 7> Minimum inhibitory concentration (MIC) results for Aeromonas salmonicdia subsp. masoucida
and Aeromonas salmonicida subsp. salmonicida using the KRAQ3 aquaculture antibiotic panel

Antibiotics (KRAQ3)

TET CLI ENRO LEX AMOX AMP AUG XNL  TBR 0XO

ASM-1 0.5 16<  =0.03 64< 16< 128< 8< 025 =0.12 1
ASM-2 0.25 16<  =0.03 64< 16< 128< 8< 1 =0.12 =05
ASM-3 32 16< 1 64< 16< 128< 8< 1 0.25 4
ASM-4 32 16< 1 64< 16< 128< 8< 1 0.25 8
ASM-5 0.5 16<  =0.03 64< 16< 128< 8< 025 =012 =05
ASM-6 0.25 16< 0.25 64< 16< 128< 8< 0.5 =0.12 4
ASM-7 0.25 16< 0.25 64< 16< 128< 8< 0.25 0.25 2
ASM-8 0.25 16< 0.25 64< 16< 128< 8< 025 =0.12 2
ASM-9 0.25 16< 0.25 64< 16< 128< 8< 0.12 =0.12 2
ASM-10 0.25 16< 0.25 64< 16< 128< 8< 0.5 =0.12 2
ASM-11 0.25 16< 0.25 64< 16< 128< 8< 025 =0.12 2
ASS-1 64 16< 0.06 2 0.5 1 0.25 0.25 0.25 1
ASS-2 64 le<  =0.03 4 0.25 0.5 0.12 0.12 0.25 1
ASS-3 64 16< 0.06 8 0.25 0.5 0.25 0.25 0.25 =0.5
ASS-4 32 16<  =0.03 8 0.12 =0.25 0.25 0.12 0.25 1
ASS-5 64 16<  =0.03 8 0.25 1 0.12 0.25 0.25 1
ASS-6 64 16<  =0.03 0.5 0.25 =0.25 0.5 0.25 0.25 =0.5
ASS-7 32 16< 0.06 8 0.25 =0.25 0.25 0.06 0.25 =0.5
ASS-8 64 8 0.12 16 1 2 1 0.5 0.5 2
ASS-9 64 16<  =0.03 2 0.25 =0.25 0.25 0.06 0.25 2
ASS-10 16 16< 0.06 4 0.25 0.5 0.5 0.12 =0.12 2

TET, tetracycline; CLI, clindamycin; ENRO, enrofloxacin; LEX, cephalexin; AMOX, amoxicillin; AMP, ampicillin;
AUG2, amoxicillin/clavulanic acid 2:1 ratio; XNL, ceftiofur; TBR, trimethoprim/sulfadiazine; OXO, oxolinic acid.
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<Table 8> Minimum inhibitory concentration (MIC) results for Aeromonas salmonicdia subsp. masoucida
and Aeromonas salmonicida subsp. salmonicida using the KRAQ4 aquaculture antibiotic panel

Antibiotics (KRAQ4)
ERY OXY DOX CIP NEO NAL GEN  FFN  FLUQ

ASM-1 4 0.25 0.5 0.03 1 =05 0.5 0.5 =0.12
ASM-2 8 0.25 0.25 =0.015 2 =0.5 2 0.5 =0.12
ASM-3 64 64 8 1 2 64< 1 2 4
ASM-4 32 64 8 0.5 4 64< 4 2 8
ASM-5 4 0.25 0.25 =0.015 1 =0.5 0.5 0.5 =0.12
ASM-6 4 0.25 0.25 0.25 1 64 0.5 0.25 4
ASM-7 4 0.25 0.25 0.25 1 64 0.5 0.5 2
ASM-8 4 0.5 0.5 0.25 1 64< 1 0.5 2
ASM-9 4 0.25 0.25 0.25 2 64 0.5 0.25 2
ASM-10 4 0.25 0.25 0.25 2 64 0.5 0.5 2
ASM-11 8 0.25 0.5 0.5 1 64< 1 0.5 2
ASS-1 4 64 16 0.06 =0.5 64< =0.12 1 1
ASS-2 2 128 16 0.06 =0.5 64< 0.25 1 1
ASS-3 4 64 16 0.06 0.5 64< 0.25 2 2
ASS-4 4 64 32 0.12 2 64< =0.12 1 4
ASS-5 4 128 16 0.06 2 64< 0.5 1 32
ASS-6 16 16 16 0.12 =0.5 64< =0.12 1 1
ASS-7 8 64 64 0.12 =0.5 64< =0.12 1 8
ASS-8 8 128 32 0.25 1 64< 0.5 1 4
ASS-9 2 128 16 0.06 0.5 64< 0.25 1 2
ASS-10 4 128 16 0.06 =0.5 64< =0.12 1 4

ERY, erythromycin; OXY, oxytetracycline; DOX, doxycycline; CIP, ciprofloxacin; NEO, neomycin; NAL, nalidixic
acid; GEN, gentamicin; FFN, florfenicol; FLUQ, flumequine.

- 1198 -



CHM oA f(Salmo salandlM 22|st Aeromonas salmonicida subsp. masoucida?} salmonicida2| S4 &4

gentamicin (=0.12-0.5 pg/mL), florfenicol (1-2 x
g/mLyel thste] #dS 7HslTh

v.d 8
AA A AANCRE <FH o7 AWE AR
s WHow dAAE ]’% sk A, @Y
Aol sk Alate] Aol wEA ddsta Q=
Al oA el A F7 FAZ Qs T
Xﬂ Abg-o] w9~ A $HA o] tH(Coscelli et alk., 2015;

Dallaire-Dufersne et al.,, 2014; Fajardo et al., 2023;
Vega-Sanchez et al., 2014). &AAE tjalsto] A
TS SAE7] $8l WAl probiotics, prebiotics,
WASAAZE 23 AR, A9E SF
5 okt WRlol AT TH(Cipriano et al.,
2002; Menanteau-Ledouble et al., 2016; Odegad et
al,, 2007; Villumsen et al., 2015). @A A AAZ
O teFst Aol ot wialo] AFgshEglo
W, WA ARR- o2 Qe Al AW oAl 9 g
AR dst EAZE dA¥ vk Qth(Bustos et
alk.,, 2023; Mondal H and Thomas John, 2022,
Piotrowska M and Popowska, 2014). o]l w2} =
u el gk WAlE AEstetr] flEl thekst
WA EElst 54 Aol Fasttt
ASMo] FEH A kol AMSE, e
Hl| 2] -2 v QI-Fo] AFEH T
ASS7F Eeld diAddols aevbs EEA
gqu] E-AL B8 29, AR AG b Al
X AHYY  gFFA T&éﬂmﬁ}(data not
shown). ©]#]3F 32 2 uff, ASMK.T} ASSol|A]
theFst Q)F-FAto] TEEGOH, ASMOA = A
& o] HAE A kST
Al-Mokaddem et al.(2022) ol w2 wjokstA
EX oA A salmonicida®) 733 W|FF ] 73
2ol 7y A Aol A fyekal shglth
AT el T FollA ASSH A
25 XSS tH(Table 3). SFAWF Lian et al.
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