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Abstract

This study investigated the pathogenic and antimicrobial resistance characteristics of Aeromonas veronii
isolated from imported guppy (Poecilia reticulata) exhibiting dropsy symptoms in a hatchery in Gunsan,
Korea. The affected fish showed scale protrusion, hemorrhage, and abnormal swimming behavior, with
approximately 80% cumulative mortality. The isolate was identified as A. veronii using 16S rRNA
sequencing, species-specific PCR, and gyrB gene analysis. Pathogenicity was evaluated by immersion
challenge, resulting in dose-dependent mortality. At 3.2 x 10° CFU/mL, 60% mortality was observed, and
the LDso was estimated to be < 32 x 10° CFU/mL. The strain harbored virulence genes including act,
aerA, and hly4A. Antimicrobial susceptibility testing based on CLSI (2018) guidelines indicated reduced
susceptibility to several antibiotics. Notably, resistance was inferred for Meropenem and Ciprofloxacin based
on inhibition zone diameters. The tetracycline resistance gene tef(A) was also detected. These findings
suggest that imported ornamental fish may serve as reservoirs of antimicrobial-resistant A. veronii,
highlighting the need for continuous surveillance and prudent antimicrobial management in aquaculture.
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Clinical and pathological features of
naturally infected guppy (P. reticulata).
External manifestations including scale
protrusion and hemorrhagic lesions (white
arrows). Internal pathological findings
showing liver discoloration and viscous
intestinal contents.
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<Table 1> PCR primers used in this study
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Aol e Wole HEE AiNste] b
Aol A AlZE ANFgE -, Tryptic Soy Agar
(TSA; DIFCO™, Sparks, USA)E &1l #|o] F A =
T F 27°CelA 24413F FF wjeFatsich o]
SRES AW F AUNES 33 W A Gl
o7 Y8t #8® #F= Tryptic Soy
Broth (TSB; DIFCO™, Sparks, USA)°l 20%
glycerol S 718t —75TCAA A7) RESAL
daA dllgste] Aol Ag-slth

et & F42 Ald sl del AR
= 16S rRNA universal primer®} Housekeeping -+
AAR1 gyrB2] Primers ©]-&3t] TREAAS
HHS-(PCR)= -3 331 Th(<Table 1>).

P
Primer Primer Sequence 5°-3’ Si;ZdEle;) Reference
primer 1492R R: ACGGTTACCTTGTTACGACTT ’ et al.,, 1991
Isolation and 4. veronii F: GAGGAAAGGTTGGTAGCTAATAA 688 Dorsch
Identification specific primer R: CGTGCTGGCAACAAAGGACAG et al., 1994
) 3F F: TCCGGCGGTCTGCACGGCGT Soler
gyrB primer 1,151
4R R: TTGTCCGGGTTGTACTCGTC et al., 2004
F: AGAAGGTGACCACCAAGAACA
act
R: AACTGACATCGGCCTTGAACTC 232
Entero p F: TGACCCAGTCCTGGCACGGC
. alt
toxin genes R: GGTGATCGATCACCACCAGC
. . 442 Nawaz
Virulence , F: TCTCCATGCTTCCCTTCCACT al
as et al.,
gene R: GTGTAGGGATTGAAGAAGCCG 331 2010
F: CCCGCCGATCTGCAACCGGG
Haemo aerd 489
tio toxi R: CTGGTCTGGATAGACGGGCTCTGCC
ic toxins
" * F: GGCCGGTGGCCCGAAGATACGGG
genes hiyA 597
R: GGCGGCGCCGGACGAGACGGG
TETF* GCGCTNTATGCGTTGATGCA
tet(A),
Tetarcycline tet(E) TAR  ACAGCCCGTCAGGAAATT 387 Aminov
resistance TER  ATGTGTCCTGGATTCCT 246 et al.,
gene S) TSR-F  GAAAGCTTACTATACAGTAGC 6o 2001
et
TSR-R  AGGAGTATCTACAATATTTAC
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43t Kirby-Bauer tAF FAFH(Disk  diffusion
method)®ll W} $-e3FI T (Bauer et al, 1966).
o HAENL 0.5 McFarland standard® 273+ &
MHA Hix|e] FdapA =wsiglon, 344 o
235 wAE 7 35 CTellA 18A1ZF i Fatsitt.

ek & PP AAHY AAmm)ye S5k
b AlE W " x2d A4S CLSI M45 (3rd

edition, 2015) 7lol=glels Fusith  obwt
CLSI M5l = 45 ulAdd Aol o] v
3 FA slA] 7)ol AlSHA O R AAEHA, &
Spp-O/] 7(:)]_(,3_ o/\gxﬂaﬂ olx\}x%
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30 pug), Imipenem
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G 1),
sulfamethoxazole (25 xg) % Chloramphenicol (30
)1, BE A YlA~F+= Oxoid (Hampshire,
UK) A&S AHg-skalch

Levofloxacin (5 pg), Trimethoprim—
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[Fig. 2] Artificially infection (immersion) of
pathogenic symptoms in experimental
fish. C,D.
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[Fig. 3] The effects of temperature on growth the
present isolates (4. veronii).

ot

7, 9E Wy 43

AI:= NaCl % 5 ppt

A FAo] dsERA o 10 ppteldE @
A8l FAlso] FAE KRl Wb 20 ppt o]
o] TPE FA(20~50 pptyelA= Aol A3
A=A S K([Fig. 4]). ©1+ Aeromonas < /H]
ool A AHEE 2 5o] AFEo] 1

A ZxdelA /‘J%O] o] = B (Janda

5
AT N & 23
grel 28 AR 94 2 g

(¢]

a =
= [ L
EAE Hole A

do rif

= Sppt
0500
e 10 ppt
0400 ~+20ppt

<30 ppt

OD 600nm

0300 40ppt

50 ppt
0200

0100

0.000

Hours (h)

[Fig. 4] The effects of NaCl concentration on the
growth of A. veronii (Isolates) at 27°C.
The cell growth was determined in TSB
at 27°C during.
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hydrophila, A. caviae 2 A. sobria®} 99.0%2] =

FAMS S YERS T 13949 Beaz-Hidalgo et al.

q
(2010)= Agletd B38E EAY vy or 9l
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A AsetA B4 BA Ail<Table 2>), ¥ 75

+  f-galactosidase, Arginine dihydrolase, Indole

production, Gelatinase, Glucose-Mannitol-Sucrose &

& % A3}, Cytochrome oxidase, 0/129, RM/MR,

ESCHYD) Ageld e vhebsich whd,
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<Table 2> The results of Api 20E kit test

Characteristics Isolates ATCC 9071(4,veronii)
bacteria Kim et al., 2013

Arginine dihydrolase + +

Lysine decarboxylase - -

Amino acid dihydrolase Ornithine decarboxylase - -
Urease - +

Gelatinase + -

Tryptophane desaminase - +

Glucose + -

Mannitol + +

Inositol - +

Carbohydrate Sorbitol - -
fermentation/oxidation Rhamnose : :
Sucrose + +

Melibiose - -

Amygdalin - -

Arabinose - +

Indole production + +
Acetoin production - ND

Citrate utilization - +

H2S production - -

Others B- galactosidas§ + +
Cytochrome-oxidase + +
RM/MR + ND
Lipase + ND
Caseinase + ND
ESC (HYD.) + ND

+ : Positive, - : Negative, ND: No data

Melibiose, Amygdalin, Arabinose & /AFs} A] & o]
e 248 ESTh Janda and Abbot(2010)= A
veronii®] A 3}8 REZ-o|A] Ornithine decarboxylase
4l Arginine dihydrolase %¥d& ROl TVt
biovar sobria®] Js}std 5 =
o L e P I = R T
(ATCC 90718} HluE &

Indole “B7dolA= &% o

, Arginine

Lysine 73 52 zte]7} gl .

o) T MM A, w7 F e o7 1 f
A7 ool 71Qldt Aysishy wolz &AE
=3

4. A veroniR|
= A

® 2Apl A
16S tRNA universal primerE ©]-8-3 PCR % <
7194 A4S 8klth (Dorsch, 1994). 2HE.¥
7149 GenBankell  FH®E A
(CP015448.1)2] 168 rRNA A4 7} 100%2] “d&73
= B3lom, 49 10070 AN A Eg BE o4
veroniiZ FAF Tt T} 16S rRNA AL
Aeromonas % Ulo|A & 3 REAO] wof, 24
T FEels @AVE U3 ofel w4

veronii - specific primerg ©]&3%t PCR& F7}=

veronii
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[Fig. 5] Result of A. veronii Specific primer PCR.
L: 100bp DNA marker, I:
(KCCM 90343), 2: A. veronii (isolated
Jung et al., 2024), 3: A. veronii (Present
study), N: 4. hydrophila (SNU-HS7)

A. veronii

3t A}, 688 bp 7|9 Eo] W=7} &
B dF7F A veroniiS THA $F W &
3 =

([Fig. 5)). & &49 I8

e i

A AR grBE EFICE PCR ¥
71N wAs st 43, 2 759 grB
=9 A veronii 4T

99.27-100%2] “H5dE Bolow, A9 FOoE
= A sobria (98.56%)7} YEFRLTE o]efst Ayj=
16S RNA 7|WF Mo 2= F 5359 T
At 4 & HolFH, 5] Primer PCR 2
grB® 22 Housekeeping +3#+ 7|4k tha
B40] deromonas & Al FHI F FH
a4 9E AJAFSFCH(AravenaRoman et al., 2011;
stA, AE

T 4S5 3l Phylogenetic trees M 3HE
v, 229 A veronii= NCBIS 5% 4. veronii
9} L Clusters A st A& & & 5 9%

TH(Fig. 6)).

Fernandez-Bravo and Figueras, 2020).

5. 4

L

o

HEN RHEAL A=
2 A M= A dERYUATY A=A
2=l Cytotonic

faiAel

Cytotoxic enterotoxin (act),

enterotoxins  (alt, ast) I WHWHA

- 2o - =l

0.000
MKB75441.1 Aeromonas sobria

0.000

0.000
5851 MKB75440.1 Aeromonas sobria

0.000

MK675457 1 Aeromonas sobria
2217

0.000

CP072325.1:4059-4900 Aeromonas veronii
072 T':
Isolates A-veronii

.08

’7 OP121118.1 Aeromonas hydrophila
3.58 0.000
OP121112.1 Aeromonas hydrophila

PQB56130.1 Escherichia col
2573

[Fig. 6] Phylogenetic tree analysis results using the
neighbor joining method of isolate 4.
veonii using the gyrB gene.

Aecrolysin (aerd) % Haemolysin (hly4)S] R o
= 23] 9l PCR w4& AASHTE 1
A, B9 A veronii ToNAE act, aerd W
hiy4 2 LA FH27F A= A K([Fig. 7).

1kb

500bp

[Fig. 7] Result of Enterotoxin and Haemolytictoxine
gene PCR analysis (L: 100 bp DNA
maker, /: act, 2: aerd, 3: hlyA)

o]t A= Nawaz et al(2010)°] 2] H|7]
ol E&st A veronii w7} FLI A 7HA
WEA RUAS nAsY 45T 54 e

a9} A sl Wb, Jung et al.(2024)

oAlM  act FHARRO] HEFH
o

oM, Kim et
al.(2019)> I AYTS do7
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[Fig. 8]. ©]&13t AIN=2 deromonas 59 WA

Q2lo2 Ad#HZ Gelatinase, Caseinase, 2! Lipase

Al s

T A, OF, AREAE wEsel A &
a4 WS fEshv, Lipases AEE 39S
8 AT B 24 e RSk JoE Ha

[)
¥ HF Y} (Casto et al, 2003; Pemberton et al.,
1997). wetr & AFoNA F2E 4 veroniic
Wi 8 K act, aerd, hlyA)} 7] Sd &
| & (Caseinase, Lipase, Gelatinase) & st
54 ARE wAek o), TN B

w2 i

Wegol ¥ AEFE B7hE 5 ovk

[Fig. 8] Detection of virulence factors in the
isolated A4. veromii. A: B -hemolytic
activity on sheep blood agar. Clear
hemolytic zones indicate B -hemolysis.
B: Caseinase activity on casein agar.
Transparent halos around the colonies
indicate casein hydrolysis.
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B edx
e B

— 4,
40 I
= M
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'y

. veronii @2 ¥

st 9] (P. reticulata)s

2 HAAYE o] g3 T gAd NS
Stk 2 Ay, dAAMES HE sl we
= A%%S HAK(Fig. 9]). 32 x 10°

CFU/mL A TolA= 20mte] & 12018 7F HAF
sto] 60%2] HAMES YERHem, 32 x 10°
CFUmML oA % 593 60%2] HAbEo] #7
gtk 32 x 107 CFUmL wolxE 14mte
(70%), 3.2 x 10® CFU/mL T4+ 18912](90%)
o] HApZ} wAgEeIth olE FARZ LDso 3.2
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B A uF, AR E
o 9% Fgst @A B 0 WY AR, 9
NE 5 U g7

AL RAZHE AL

A

=t}
=

of

<]
#FE PCR ¥

i)

A9 Fs BAE B3 4 veroniz FAH AT
Casto et al.(2003)7} Pemberton et al.(1997) oA

A xzE LdH A Gelatinase ¥ Caseinase’} 3

H

M o M ok -
fo i i &
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g
=
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&
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Bl A& G dF7) act, aerd, hiyA<t

2% 9 AgxAe Rastel At F94
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Days (d)
Cumulative mortality of guppy (P.
reticulata) exposed to A. veronii using
immersion test for 14 days.



Foe A 22 wiE Fe s A4y
Gdol Zahe FFolh et olef el
"ol 14 7%

I 30Tk (Smallbone et
al,, 2016; 2021). ol2fst A2 AL LA
et AP FAE zgsie], 1UE AR 2
T4 ofste} e BAA AEYAY APE
5 A ol 7o) ekstE o] Aol Eﬂ"
7k 4 lth (Kigigha et al, 2012).
Aeromonas 7 e TR 7172 o)Al HupSel
2 & AR HESEA Aerolysin AlQ
(act, aerd, hiyA)yg sk Aoz L&A gl
H, o5 Hal tiAAEA AT FE AIE
7+Q1 9 Eicosanoid AIE dA7=49 WS %
z‘ﬂ-oi)yq z;d _/,\_)\1—31} j.”oﬂ E;_H]E-L %Ea—%

2] 7131 & 7} th(Krovacek et al., 1991; Chopra et

ol OIN o

o _l}-ﬂ < -
o b

l"

ok

al, 2000). %38k Sreedharan et al.(2012)> A
veronii?t =4 - K act, alt, as))¥ ol e}

haemolysin |2 = 2x(aerd, hiyA), Type Il L 1V

=y

0] A]AEL Cholesterol acyltransferase 5 UFFst
WA JAE EAsthal Balskgith

AT HFNME Al FEA acrst &
A = aerd, hiyA7} 7 @ uwie), &
Bl FEll A veronii TS WYY A

173
Aska EA] HExo] g

T/Ht}‘l— _‘1‘7}’3-}?1 T':X}’ RS B B
[
=

B9 A veronii 7F2 A LA A E
A, F 1559 A T

Cefepime, Cefoxitin, Cefuroxime sodium, Gentamicin,

Piperacillin-Tazobactam,
Trimethoprim-sulfamethoxazole 2 Chloramphenicol
o M= Jdld o2 -2 inhibition zone®] FAJH
oleh.

AR, Cefotaxime, Meropenem, Imipenem,
Ciprofloxacin, Levofloxacin, Amikacin gl Tetracycline
o] ]+ inhibition zone Z 7o) AthFR oz ZA

LEFSTH(<Table 3>).

CLSI VET04-A2 7}o|Eg}elo] wEw, A &
A Aol g FAA geA Hoke 1323
Al WS B FyE ok 3, HAAAE

TMIC) 71t 4 E S0 F 1734 breakpoint

<Table 3> Result of antimicrobial susceptibility test of isolated A. veronii

o isolated Zone Diameter
Antibiotics .. . o
A. veronii Interpretive Criteria
Penicilliums Piperacillin-tazobactam 29 mm = 21 mm
Cefepime 30 mm = 25 mm
Cefotaxime 18 mm = 26 mm
Cephems -
Cefoxitin 33 mm = 18 mm
Cefuroxime sodium 31 mm = 21 mm
Imipenem 19 mm = 23 mm
Carbapenems
Meropenem 6 mm = 23 mm
) . Amikacin 13 mm > 17 mm
Aminoglycosides -
Gentamicin 24 mm = 15 mm
Tetracyclines Tetracycline 6 mm = 15 mm
. Ciprofloxacin 8 mm > 21 mm
Quinolone ;
Levofloxacin 13 mm = 17 mm
Folate pathway inhibitors Trimethoprim-sulfamethoxaole 16 mm = 16 mm
Phenicols Chloramphenicol 35 mm = 18 mm
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A T2 g Ae] Bl AgA o s o gkt uk
S5 Yepd oz 4%} Carbapenem A

PAAE A R Hopld FoE ARAZ
AgEe, B9 0 S g Al g
Adel g Aoy Wakh wusn ek A

Drk et al.(2023)> =A] 9 e FHgoA Held
Aeromonas spp.°ll<] Carbapenem A€} Ciprofloxacin
of digt AP SAo] FRHEUSS R

4o 47 A% w@ olaw A% fAkH
AR A A oA Inhibition zone A WS H
ek

T

%=k Fluoroquinolone A2 &3 A|?1 Ciprofloxacin
] Inhibition 9 mmz FAHNOH,
Levofloxacin®| A = A& oz 22 X7} &
25 1T}, Fluoroquinolone A4 DNA gyrase %
Topoisomerase IVE X402 3= FHS ot
A2 vheFst Al 79 AR &850 gon)
HT A E % AA FACM Eed
Aeromonas spp.oA 3 AQD Al dist 7+

T A e AA A BFe] HarEar gl

zone<

& Aeromonas veroni/?l HelAM 4 SMH LM EM B4

o} (Nawaz et al., 2010; Yang, 2017). ¥ <-¢lA]
T Ak Agko] HEE I
oak 2 Al A= CLSIONA AAshe &
o] g3t 2 #E(QC) AlE 2 MIC 7]
YA kgkon, Ed 4
veroniioll T3+ UAA BreakpointZ} FATH 2
g u, 54 A O WA oAFE
X“qoi dtet= dells Algto]l Stk whEbA
A= FAA e dofAl A B
ED}L, ] Al

P B S

AN

#40]

o 4!
ot N
o =

|

Jﬁ.‘l

AN 712 ARE A4eHe o] Byt

olelat Avhe wAe] A4 W FaR 87
oA cherg FAA et we S0l Wl
9SS MM, FFelE EEe
MIC 710 253 Hohsh wiel W A B
Mg TP BAAETH AT WYHolor &
Ao weEth £ A% FAA A5
BUHGS 0, S4F BAeING FAA AL
Bel W o B PAE 8 AAF B
A2 S3lo) e,

8. Tetracycline (Tc) LHA CIA} BA Z 1}

Tc WA T2 7142 efflux pump Al2~E1Z}
ribosomal protection T WHO T FE I,
tet (A) A= A AE W Te F2& FAs
© efflux P @A) s fFioshe Zow
oA QIt} (Lizel et al, 2007; Kim, 2023). &
Aol M= —EE]Q A. veronii TFZH-E] Tetracycline

(Te) WA A F tet (A), tet (B), tet (S)2] &
A %5 PCRE &3l st A, ter (A) F4
A7E AZ A K([Fig. 10]). 1A 18 4

oA #HE He Zo=Z BuH fer (K), tet (S)
9 et (W) 2Z2AMIA AE =HA &Stk F71
Aoz I3 I o4 BT HEHAAE A
o7 4R et M)A AL Fsttka A
S¥Th sh, 2 AbelA Rl dFE T
FAAZE gy AFEHE
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[Fig. 10] Result of Tetracycline resistance PCR Hol 90%°] HAA AMES FEetelal, Ao EE
analysis. L: 100bp DNA marker, 1: tet QJHZF, AXE =4, vlE == 59 AFZHA

(A), 2: tet (B), 3: tet (S) Aeromonas X9 S7do] #EEHTE FA

A3 gl Aow Uehfglon, o] Hyls € A A8 A= Tetracyclines X3 AR S|
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Ak He) Aol olx s okAl A9 w77 A gl 8 uAds F5ES

i =A]8 xALE OkAl 3 2] o] BFA A
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=X SF o) 2T
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