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Characters of motile aeromonads isolated from
imported ormamental fish

Se-yun Jin, Chang-yong Ko, Ye-ji Lee, Yun-hee Jung,
Seong-cheol Ju, and Eunheui Kim'

Department of Aqualife Medicine, Chonnam National University Yeosu 59626, Korea

The majority of freshwater ornamental fish are imported and distributed domestically, causing high
risk of exposure to exotic pathogens and drug resistant bacteria in Korea. Aeromonas hydrophila
is known as a common species of fresh water bacteria and opportunistic fish pathogen, as well as
a species causing zoonotic infection. In this study, we isolated motile acromonads from various im-
ported freshwater ornamental fish and studied the characters of the isolates. Imported freshwater orna-
mental fish were purchased on day 1 after the fish were deposited in the aquarium. Bacteria were
isolated from the liver, kidney and spleen of fish using 0.5% NaCl containing tryptic soy agar medium.
Bacteria were grouped on the basis of their morphological characteristics. The colonies with clear
zone on starch-ampicillin agar (SA agar) were tentatively identified as Aeromonas spp. Two hundred
and twenty-six strains, about 70% of total isolates were assumed to be Aeromonas spp. Nine isolates
were further identified based on the result of the API 20E test and PCR using primers specific for
A. hydrophila 16S tRNA gene. The isolates were identified as A. hydrophila and the API 20E test
showed differences in trisodium citrate, D-sucrose, D-melibiose, amygdalin and L-arabinose availability
between the nine isolates and standard A. Aydrophila. The susceptibilities of the isolated bacteria
to 10 antibacterial agents were confirmed by the disk diffusion method. Isolated strains were found
to be resistant to amoxicillin and ampicillin and sensitive to florfenicol. However, 7 isolates showed
multiple drug resistances to erythromycin, oxytetracycline, nalidixic acid etc. Pathogenicity of the
isolates was determined by the artificial challenge test on goldfish (Carassius auratus). Three isolates
caused 60 ~ 80% mortality in goldfish within 5 days after the initiation of challenge. These results
indicate that multiple drug resistant, highly pathogenic and exotic A. hydrophila can spread to domestic
aquarium and the preventive treatment of fish before sale is necessary.
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7} A AT Rlov, g+ o2Es)
B2 Aol E A FUEE Bl o3l o

HedAd e 4 ¥ 3 9} (Martinez-
Murcia et al., 2008) Iqbal 5 (2013)2 I =8O
2 $YHE BAolE 534U B APl
o3 ZHAAE EIEH I, Nolan 5 (2014)

AZVE =2, D o] Ao}, 2 FTlo A i"ri T

H AFojoll A Megalocytivirus®] EAE &21staL

o]&0] A= W s34 4 Hukd F A= vh
A B

< ofgstr] AE Weke] g At A
LS Bfolo] AMARE fal AHSShe At
A2 QT FANAE T =3 Vs E BaEA
t} (Dias et al., 2012; Dobiasova et al., 2015). ©] £l
= A Fgd 9o vztg oy vl EZ QI Al
o] W, g T AL o WEolu oFF o
F& 2 FAA WA A T FATE HFET
A 71= 3L AT} (Yoon et al., 2012 ; Rose et al., 2013).
Aeromonas hydrophila= W70, 550, 291,
dol T FA4 7Y A dERUY. HEF
o] ARl o E, ol o WFolo] HAF H o
Ade] A= ol g Hart F53] o]0l
A= A. hydrophila®] 7+
o2 F59 (Carrassius auratus)®t Y (Cyprinus
carpio koi)7t ¥ HAFSIH I (Citarasu et al.,
2011), ERIE9] /o] T o] T/doe} Ao
A= kAW A QL 4. hydrophila?} B2 E o] 1 ¢
e R (Vivekanandhana et al., 2002).
Park F(2012)° T g AU AT tetracy-
cline WA FAAS 24519 2™, Skwor 5 (2014)
2 Holu g7} E4olA et A hydrophila© A
tetracycllned} ciprofloxacin®] W/do] 7t )
< AASES TebA Y ERTE B2
01-/] 37, 22 HAA Y Fd WAE AT B
A7V BostH, £ F FUGERE T84
2 BujE 7] A dAC A HAAE Aojst= Alo]
HEEAHY F Aok TR B AFE kA
oAl A= A @A FYd #FIZFRE mo-
tile aecromonadsE 2] 3] OZ]

e2H Sl f

o of

INE-RRN TS

TY #HEE AH
Al Al o= 7] A SA]
olf & AR Axstglor 20159 11A5H 2016
g 297kA % 73)e A RE s

M= 22 ¥ S8

o] 7o 3k, A%, HIAE 0.5% NaClo] *E3Hd
tryptic soy agar (TSA, BD) wlA| ol & F3}l] 25T
Al 24417 FF ml Rk & 1AF 02 e FE
of ZA8tA A& £/t Starch-ampicillin
agar M1177 (SA, Himedia)E Al ZAF2] ®iol uje}
T F7] HeEE F 10 pgmle FEZ ampicillin
& FHH o R Huteto AlxstAot 12 2+
< SA HiA A 25CE 2413 B3 w st
Lugol’s iodine solution (BD) 5 mlE F&2lol £+
3t ek 2~38 A F, = FH clear zone©|
FAH 7S FAHAH S E aeromonadsZ A A5
o} (Palumbo ef al., 1985). E3F &2 Aol
AAGE = 97-Fol sl A= Astsrz 543 API
20E (Biomerieux, France) testS A A3}y F71 &
7 3} 93 S (https://apiweb.biomerieux.com). £2] <]
16S IRNA 82 A &4 A8 A hydrophila
16S rRNA FAAE vtg o2 |23k 0] primer
(Nielsen et al., 2001; Fattahi et al., 2015; P1)$} 16S
rRNA universal primer (Weisburg et al., 1991; P2)E
AHE-3}1ATF (Table 1). PCR pre-mix (Bioneer)E ©]
43} pre-denaturation (94C, 5~7 min) 1 cycle, de-
naturation (94°C, 30~60 sec)-annealing (42~58C,
30~60 sec)- extension (72°C, 30~60 sec)3}-A 2 30
cycles, final-extention (72°C, 5~10 min) 1 cycle2]
ZZ 02 PCRE AASIAT. 1.5% agarose geloll 4]
201 FF B719E - F, P12 ©F 700 bp, P2
oF 1400 bp2] AHES ERISHA T PCR 4H=-2 PCR
purification kit (AccuPrep, Bioneen)Z FA|g &
Solgent/\} (http://www.solgent.com)ol] 2] 3}o]
714 dS 249351992 NCBI (National Center for
Biotechnology Information, USA)2] BLAST program
< 53l 7] RaFEodE MEES 58S vl
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Table 1. PCR primers used for the analysis of 16S rRNA gene sequences in the isolates and the standard strain

of Aeromonas hydrophila

. ok
Primer code

Sequence ( 5’ to 3°)

Product size Reference

. FES-AH

GAAAGGTTGATGCCTAATACGA

Fattahi et al.,

Pl RES-AH CGTGCTGGCAACAAAGGACAG 700 bp 2015
D1 AGAGTTTGATCCTGGCTCAG .
P2 P2 ACGGCTACCTTGTTACGACTT 1400 bp Weisburg e al., 1991

"P1=A. hydrophila specific primer; P2 =universal primer

" FES, fD1 = forward; RES, rP2 = reverse

stttk Eelite] 54 42 2% vlal #FEE
A. salmonicida, Vibrio anguillarum, Escherichia coli
£ Agstgon, dEAEEsrd T WA EA
YA AN A B B2 4 hydrophila (KCTC 2358)
E EF #FE o]g3rh

of| Zt44 AR
2elaEe) oA BEAe Uad gayos
ﬁ_uaaau} (Matuschek et al., 2014; =+ 44+ 3}8}
d, 2014). FA] disee F2 o Foll AHESES
APR S4E IOHE 53 HEE TR 3
10322 OxoidAFY] amoxycillin, ampicillin, dox-
yeycline, enrofloxacin, erythromycin, florfenicol, na-
lidixic acid, oxolinic acid, oxytetracycline®} BDA}<]
norfloxacing AF&-3}H th. Tryptic soy broth (TSB,
BD)oll Al 25C & 6~8A1ZF v 3t S d4 &

g5l FF5HE A AT F MacFarland standard
0.5% ¥ % 733} A Tk, Muller-Hintone (MH,
BD) Hi=| oﬂ AL HEog 2 HEsa &

on
A discE 28], 25C oA 24Xk vl F & A3
AAYe] A71E A4

=%
=

Sojoll cHet HAY A~

+J&°§TE1 °f6~8¢g A719] HEolE T
Jste 6 L FetE ‘r‘}—oﬂ ok ¥ Fskar
43%x107 CFU/fish9] = FNe B =3 T
1047 3ol f\Pﬂ @l £ #Es . g
Fole kAl &gkon £ ok 23CTE {41515
om Aol b, AR, HIZCZRE HEH
& A=A

Ao o D

Motile aeromonads 22| H|&

FZUC ZRE ARG SR F 10 o
F 70 ntg o, £ I7PEEE w35 380t
g, A7tx=2 5% 177k, S5 2% 157 T
(Table 2). TFojolA EeE M2 e FH)
A EAS TAR St 4575 AYE & O &
A 54 S T O 2 A oxidase YA, OF
test®] F, novobiocin A 34, inositol Bl &3] EA
= TS +54 Aderomonas® F743FaL F 322
Z3lATt olE T SA HlA| AN A clear
St T2 2F 70.18%¢] 226 ¥F= (Fig. 1,

NN

Rin=
B
RU

r:t.l mlo

_‘:-—'_
T=

zoneS FAT

Fig. 1. Clear zone formed around Aeromonas isolates
and comparative bacteria in starch-ampicillin agar. A:
1(421), 2(431), 3(292), 4(446), 5(Vibrio sp), 6(445); B:
7(624), 8(614), 9(701), 10(702), KCTC (2358, standard A.
hydrophila); C: isolates (446), KCTC (2358, standard A.
hydrophila), V.ang (V. anguillarum); D: A.sal (4. salmo-
nicida), E. coli.
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Table 2. Percentage of the bacteria that formed clear zone in starch-ampicillin agar medium and the fish samples
with presumptive Aeromonas spp. according to the origin of imported ornamental fish

Fish Percent of
. The number . . Fish with Bacterium formed
Species of sample Weight(g) Origin Aeromonas spp. clear zone
Angel fish 1 0.02 .
Black neon tetra 14 0.01~0.04 China 933 62.30 (38/61)
Algae Eater 10 0.01~0.04
Crowntail beta 2 0.01, 0.03
Gold fish 2 0.01, 0.02 Singapore 76,47 64.04 (57/89)
Halfmoon beta 2 0.01, 0.04
Pealscale 1 0.01
Corydoras 5 0.01~0.03
Serpae tetra 21 0.01~0.03 Thailand 92.10 76.16 (131/172)
Sumatra 12 0.01~0.02
Table 2) =< goi9} A FU=E= A F mo- 73 complex adenosine ¥41-8 53l A. hydropohila,
tile deromonas®] B1-&°] Nl 2 AL & & A. sobria, B A. caviae 3 FFZ TE3 v} At

AT

22| FFo| Ysisy Y

API 20E kitE ©] &3 57} &4 A9 23} 702
T ®F #5 KCTC 23587 5Ua A6l S
Sl

gul

o
e N

2 dFE-2 trisodium citrate, D-meli-
biose, amygdalin, L-arabinose, saccharose ©]-8 1 4]
EF A9 AolE BT} (Table 3).

16S rRNA gene sequence H|n

A. hydrophila®] 16S rRNA 32} E-©] primerg&
AH83t] PCRE 43¢t & PCR productE 7]
Fse A7 701 459 EF T 700 bpoll A
single band& UYEFH U THE 52 1400 bpell
A} single bandE E.o] A1} 700 bp<}t 1400 bpoll A
double bandE YEFH AT} (Fig. 2). 16S TRNA gene
sequences Pl 3 A¥ FdES R 4 hy-
drophila$} 98% ©1739] &4 & L]-E]-IH Rot 4.
2 deromonas SIE =L
AEA-S Ba] (Table 4), 16S IRNA A 0w 7Ho
2= B3 7 40l o Eo] A+ AlASE
Ath Wahli 5 (2005)% A. hydrophila 57 Aol
et olet FARGE ZAIE A71E bk 9o
Popoffe} Lallier (1984)= =573 Aeromonas spp.2]

caviae, A. veronii &

T3t aerolysin gene (Pollard et al., 1990)°]1}, hemo-
lysin gene (Jun et al., 2010)S AT 22 Lero-
monas spp.& FAsH= F7HA] WSl AHEH
I At} $H PCR productoll A1 YEFS 700 bp band
2} 1400 bp band 2] sequenceS Bl g Z 3} 700 bp
band®] F71AE o] 1400 bp band2] H7] A Lol
°F 90% ol Z3ZEo eyt o3 AAE
HE O 2 37} PCR band7} YEh = 43} 3
Assta Agae] afolrzt Aol < Al A 7
H A. hydrophila ¥52] EXH 2 AAA Y o]

1 2 S R R R TARR R O S ] () STV

Fig. 2. PCR products of Aeromonas isolates obtained us-
ing Aeromonas hydrophila specific primer. M, DNA size
marker; 1, 421; 2, 431; 3, 292; 4, 446; 5, Vibrio sp.;
6, 445; 7, 624; 8, 614; 9, 701; 10, 702; S, KCTC 2358
A. hydrophila.
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Table 3. Comparisons of biochemical characters based on the results of the API 20E test for the isolates and standard
Aeromonas hydrophila

Isolate KCTC 2358
292 421 431 445 446 614 624 701 702 A.hydrophila

Test

OPNG + +
ADH + +
LDC + +
oDC - - - - - - - - - -
CIT + - - - - - - - - -
st - - - - - - - - - -
URE - - - - - - - - - -
TDA - - - - - - - - - -
IND - - - - - - - - - -

VP - - - - - - - - - -

GEL + + + + + + + + + +
GLU + + + + + + + + + +

MAN + + + + + + + + + +
INO - - - - - - - - - -
SOR - - - - - - - - - -
RHA - - - - - - - - - -
SAC +
MEL + - - - - - - - - -

AMY - + + + + + + + - -
ARA - - - - - - - + + +

+ o+ o+
+ + +
+ + +
+ o+ +
+ + +
+ o+ +
+ o+ o+
+ + +

Identity(%) 89.8 56.5 56.5 56.5 56.5 56.5 56.5 91.3 98.3 98.3
Identified species” A.h Ah Ah Ah Ah Ah Ah Ah Ah Ah
"Ah=A. hydrophila
OPNG, [-galactosidase; ADH, arginie dihydrolase; LDC, lysine decarboxylase; ODC, ornithine decarboxylase; CIT,
citrate utilisation; H,S, H,S production; URE, urease; TDA, tryptophane deaminase; IND, indole production; VP,
acetoin production; GEL, gelatinase; GLU, glucose; MAN, mannitol; INO, inositol; SOR, sorbitol; RHA, rhamnose;
SAC, saccharose; MEL, melibiose; AMY, amygdalin; ARA, arabinose.

Table 4. Identification of presumptive Aeromonas hydrophila based on the analysis of 16S rRNA gene sequences
using BLAST program in NCBI

Similarity (%)

Isolate name Identified species 1 )
292 A. hydrophila /A. veronii 98 98
421 A. hydrophila /A. caviae 99 94
431 A. hydrophila 99 99
445 A. hydrophila /A. dhakensis 97 99
446 A. hydrophila 99 99
614 A. hydrophila 99 99
624 A. hydrophila / A. veronii 99 99
701 A. hydrophila / A. veronii 99 99
702 A. hydrophila / A. veronii 99 99

*P1=A. hydrophila specific primers; P2 = universal primers.
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Table 5. Drug susceptibility of the Aeromonas spp. isolated from the imported ornamental fish

Isolate KCTC 2358

Drug (ug) 292 421 431 445 446 614 624 701 702 Ahydrophila
Amoxycillin (10) R’ R R R R R R R R R
Ampicillin (10) R R R R R R R R R R
Doxycycline (30) S R/ S R/ R S S R IE S
Oxytetracycline (30) R/ R/ S R/ R S R/ R S S
Florfenicol (30) S S S S S S S S S S
Nalidixic acid (30) R/ R S R R/I R R R S S
Oxolinic acid (2) R/ R/ S R/ R R R R S S
Enrofloxacin (5) S S S S S S R S S S
Norfloxacin (10) S S S S R/1 R/I R/I S S S
Erythromycin (15) S R/1 S R R/I R/I R/ S R/I

'S, sensitive; R, resistance; R/I, resistance or intermidiate

(Smith ef al., 2012; %E‘**Nrfi} , 2014).

W F7b el Basio F o WA 900 T B2l 2 5 spelol

g g3t} ol 2 YR FEHE ofFy 24t

N IEIESY, B T TN A M i
oo Al S dobd A3} (Table L3t U I E F F = 7HsEE AV

5) amoxycillin, ampicillin®]| A 25 A4S UEF St A A3 (Verner-Jeffreys et al., 2009; Rose et

WA 9 florfenicold] DI A= BF Aol AT al., 2013)0ll ZA3}e] Rolx el el

$tH 7 #FF tetracyclin AT kAL eryth-

Eﬁﬂ o]2] Agto] B Q3HS YERATE T Yoon

romycin, nalidixic acid 5ol th3l] ThFANAE S (2012)2 94 g AUdA BEEEHE &
BRI JATh =3 FA SElyetelA 4o Oﬂﬁ AU Aol 2SS Rgh vl lou=g
2 3UME A &L enrofloxacin®| Y norfloxacin®l| ol AT EA HYTF el U Hol 7t
HAAE WAA RS Hol 2RV} BelEel & A% o e
100
21 ——431 292 ——446 5445
—=0624 -=—0614 —=T701 —-=T702 —a—Control
" 446
614,701
Eo i A4 £ £ £ £ £ £ £
§ 431
g
Z w0 L + + » > > - 4
292
445
20 421 ’_‘J_L = = =
624
702
Control
0 - = = * * * 5
0 1 2 3 4 5 (1] 7 8 9 10

Days post-injection

Fig. 3.

Cumulative mortality of goldfish after artificial infection

with isolated Aeromonas spp.
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o AstE o2 AFEs Faol 7Hesk of
Foll 204 dF o E 283+ Aeromonas hy-
drophilas B3 T4 BT 25H £}
o EAS B4t A stk U F 12 o9
B s FHFHBORRY #7354 0.5% NaCl=

Ssh= TSA viA| ol 2b, A1, HlAS =2dho

x

As Eestdn Ao =, Aststy 54
9 starch- ampicillin agar (SA)oll 41 2] clear zone &
3 ol 2ASKA E2l e oF 70%<1 226 T
7} Aeromonas spp.= 1= o] o] £ H=EI}H
e E5S ¢ T AJTE ol F o7FTE A}
& 16S rRNA gene2| sequences £ 23 =5
A. hydrophilaZ 5735 2.0 API 20E testol A Tf

BEo B ¥+ amygdalin, D-melibiose, D-su-

crose, trisodium citrate, L-arabinose ©]-&°l| A X =
#59} 2polE Bk 1052 A td 2
75 rde vxa o s glg A3
amoxycillin, ampicillin®]] 3| X= ZE 571 A
A o)L florfecicoldll A= 25 7H44 o]

erythromycin, nalidixic acid o EdUHA4<S 2
th. A. hydrophila® FA3E 97 8] +TE
of A TES AAIT A, 3 FFE 59 ]

o
AN dolHA FHo] Y& deromonas7t YT
Aol & wel SUHE FYE Aad 7 Joerug
TFAANA LB ZE D= 7] Ao o] =
7F a3t es AS AlARRH
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