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Phenotypic characteristics and antimicrobial susceptibilities of
motile aeromonads isolated from freshwater fish 

in Korea and Japan
Hyun-Ja Han, Vivekanandhan Govindasami, Ikuo Hirono� and Takahashi Aoki 

Laboratory of Genome Science, Graduate school of Marine Science and Technology, 
Tokyo University of Marine Science and Technology, Konan, 4-5-7, Minato, Tokyo 108-8477, Japan

We investigated the phenotypic characteristics by using API20E, APIZYM and determined minimum
inhibitory concentrations (MICs) of 7 antibiotics in motile aeromonads isolated from freshwater fishes in
Korea and Japan, and 4 American Type Culture Collection (ATCC) strains. All isolates (n=7) were identi-
fied as motile Aeromonas species according to API20E test. Lysine decarboxylase activity and acid produc-
tion from 4 different carbohydrates including mannitol, rhamnose, amygdalin and arabinose were observed
in various strains. In enzymatic activities by APIZYM, all isolates showed negative reactions in valine and
cystine arylamidases, α-chymotrypsin, α-galactosidase, β-glucuronidase, α-glucosidase, α-mannosidase and
α-fucosidase. Although the intensities of each enzymatic activity were diverse in alkaline phosphatase,
esterase-lipase, leucine arylamidase, β-galactosidase and N-acetyl-β-glucosaminidase, all isolates showed
positive reactions. All isolates were resistant to ampicillin sodium (MIC>100㎍/ml), but sensitive to chlo-
ramphenicol (MIC≤1.6㎍/ml). However, recently isolated strains (AC9804, AC0202 and GMA0361) were
commonly resistant to tetracycline (MIC=50㎍/ml). Furthermore, AC9804 was resistant to oxolinic acid
(MIC=12.5㎍/ml). GMA0361 was resistant to kanamycin sulfate (MIC>100㎍/ml) and streptomycin sul-
fate (MIC>100 ㎍/ml). 
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Introduction

The genus Aeromonas, oxidase-positive, faculta-

tively anaerobic and Gram-negative rods, includes

opportunistic and primary pathogens in fish (Aoki,

1999). Motile aeromonads infection is a scourge of

warm freshwater fish farming worldwide and is

considered as a major economic problem (Austin

and Adams, 1996.). Pathogenic motile aeromonads

have been recovered from a wide range of freshwa-

ter fishes, e.g. brown trout (Salmo trutta), rainbow

trout (Oncorhynchus mykiss), ayu (Plecoglossus

altivelis), carp (Cyprinus carpio), channel catfish

(Ictalurus puncta), clariid catfish (Clarias batra-
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chus), goldfish (Carassius auratus), snakehead fish

(Ophicephalus striatus) and tilapia (Tilapia niloti-

ca) (Aoki, 1999). Pathologic conditions attributed

to members of the motile aeromonads may include

dermal ulceration, tail or fin rot, ocular ulcerations,

erythrodermatitis, hemorrhagic septicemia, red

sore, red rot, and scale protrusion (Aoki, 1999;

Austin and Adams, 1996).       

The phenotypic and genetic diversities of motile

aeromonads have posed a great difficulty in diagno-

sis and classification as species (Janda and Abbott,

1998). The phenotypic and genetic associations

amongst strains were demonstrated according to

their geographic origin, source or associated dis-

eases (Moyer et al., 1992; Paniagua et al., 1990).

However, there is no enough phenotypic characteri-

zation of motile aeromonads in cultured freshwater

fish of Korea and Japan. 

Antimicrobials are valuable tools to treat motile

aeromonad infections in fish, but the extensive use

of antibiotics has led to an increase in the resistant

strains in recent years (Aoki, 1999). An increase in

resistance levels of the genus Aeromonas, particu-

larly to β-lactam antibiotics (Saavedral et al., 2004)

and tetracyclines (Nawaz et al., 2006) has been

observed. The studies of recent years show the exis-

tence of multiple antibiotic resistances in these bac-

teria, and therefore there is difficulty in selecting

suitable antibiotic for treatment.

The aim of this study is to obtain fundamental

data for diagnosis and treatment of motile aeromon-

ad infections in freshwater fish. It was also intended

to compare the extended spectrum of antibiotic

resistance and existence of drug resistance in strains

isolated since 1964. We have identified phenotypic

characteristics of motile aeromonads by using

API20E, APEZYM and determined the antibiotic

susceptibility patterns of motile aeromonads isolat-

ed from freshwater fishes in Korea and Japan. 

Materials and Methods

Bacteria
Eleven strains of motile aeromonads were used in

this study (Table 1). Seven strains were isolated

from freshwater fishes (carp, eel, ayu and goldfish)

Table 1. Source and phenotypic profiles as determined by the API 20E system of the motile aeromonads isolated from fresh-
water fish 

GGeeooggrraapphhiiccaall IIssoollaatteedd AAPPII2200EE
ββ- hemolysis

Strain Source
location Year resulting no.

on 5% rabbit Identification
blood agar

A10 Eel Japan 1964 7047137 + Aeromonas sp.

67P-24 Ayu Japan 1967 7047127 + Aeromonas sp.

Y62 Eel Japan 1978 7047135 + Aeromonas sp.

AC9804 Carp Korea 1998 7047127 + Aeromonas sp.

AC0202 Carp Korea 2002 7047127 + Aeromonas sp.

GF1 Goldfish Korea 1995 3047127 + Aeromonas sp.

GMA0361 Ayu Japan 2003 3047127 + Aeromonas sp.

ATCC19570 Pike 7047027 + A. hydrophila

ATCC14715 Sliver salmon 7047127 + A. hydrophila

ATCC15467 Used oil-emulsions 7047125 + A. caviae

ATCC7966
Tin of milk with a

7047124 + A. hydrophilafishy odor
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Table 3.  MICs of the motile aeromonads from freshwater fish

MIC (㎍㎍/ml)

Penicillins Quinolones Aminoglycosides Tetracyclines Macrolides Phenicol

Antibiotics (1BP) AP (≥≥32) OA (≥≥2) KM (≥≥64) SM (≥≥64) TC (≥≥16) EM (≥≥16) CP (≥≥32)

A-10 ＞100 ＜ 0.1 25 25 0.2 6.25 1.6

67 P-24 ＞100 ＜ 0.1 25 50 0.8 6.25 0.8

Y-62 ＞100 ＜ 0.1 12.5 6.25 0.2 12.5 0.4

AC9804 ＞100 12.5 25 50 50 6.25 0.8

AC0202 ＞100 ＜ 0.1 50 25 50 6.25 0.8

GMA0361 ＞100 0.8 �100 �100 50 6.25 0.8

ATCC19570 ＞100 ＜ 0.1 12.5 12.5 0.2 6.25 1.6

ATCC14715 ＞100 ＜ 0.1` 50 100 0.2 25 1.6

ATCC15467 ＞100 ＜ 0.1 25 50 0.4 6.25 1.6

ATCC7966 ＞100 ＜ 0.1 12.5 25 0.4 25 1.6

AP; Ampicillin sodium, OA; Oxolinic acid, KM; Kanamycin sulfate, SM; Streptomycin sulfate, TC; Tetracycline
hydrochloride, EM; Erythromycin, CR; Chloramphenicol. 
1 Equivalent MIC breakpoint ㎍/ml; Values, with the exception of those for oxolinic acid (Giraud et al., 2004), streptomycin
(Yang et al., 2004) and erythromycin (Miller et al., 2005), are based on NCCLS standards (NCCLS 2006).

Table 2.  Enzymatic profiles of the motile aeromonads from freshwater fish as determined by the API ZYM system

Strain Enzymatic activities 

AKP E EL L LA T ACP NP GA GL AG

A10 ++ ++ +++ ++ +++++ ++ +++++ - +++ ++ +++

67P-24 + + +++ ++ +++ + ++++ - ++++ +++++ +++

Y62 + + + - ++ ++ ++++ - ++ - ++

AC9804 +++ - +++ - ++++ - +++++ - ++++ - +++

AC0202 ++ ++ +++ - +++ + +++++ - ++++ - +++

GF1 ++ ++ ++++ - ++++ - ++++ - ++++ +++ +++

GMA0361 + + +++ + +++ - - + ++++ - ++++

ATCC19570 + + +++ + ++++ + ++ - ++ ++ +++

ATCC14715 +++ ++ ++++ ++ +++++ + +++++ - +++ +++++ +++

ATCC15467 +++ + +++ + +++ - +++++ - +++ - ++

ATCC7966 ++ +++ ++++ + ++++ + ++++ - ++ +++

AKP; Alkaline phosphatase, E; Esterase (C4), EL; Esterase-lipase (C8), L; Lipase (C14), LA; Leucine arylamidase, T;
Trypsin, ACP; Acid phosphatese, NP; Naphthol-AS-BI-phosphohydrolase, GA; β-Galactosidase, GL; β-Glucosidase, AG;
N-Acetyl-β-glucosaminidase, - ; Negative reaction, + ; Positive reaction, + to +++++ indicates grade of positive reaction. 
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and four strains were obtained from American Type

Culture Collection (ATCC).  

Phenotypic characterization
All strains were tested for 20 biochemical charac-

teristics by using API20E system (bioMerieux,

France). The enzymatic activities were detected by

using APIZYM commercial kits (bioMerieux,

France), according to the manufacturer’s protocol.

Hemolytic activity was determined by 5% rabbit

RBCs containing TSA. 

Antimicrobial susceptibilites
The minimum inhibitory concentrations (MICs)

of 7 antibiotics (refer to Table 3) were determined

by the agar dilution method following NCCLS

guidelines (NCCLS 2006), with Mueller-Hinton

agar (Difco, USA) and a multipoint inoculator with

an inoculum of 104 colony forming units (CFU) per

spot. After 24h of incubation at 28℃ organisms

were classified as sensitive or resistant according to

NCCLS 2006 guidelines. All antibiotics were pur-

chased from Wako Chemical, Japan. 

Results

Phenotypic characterization
All seven strains tested were identified as motile

Aeromonas species according to API20E test (Table

1). Lysine decarboxylase and acid production in

four different carbohydrates including mannitol,

rhamnose, amygdalin and arabinose were detected

in various strains (Table 1). In enzymatic activities

by APIZYM test, all isolates showed negative reac-

tions in valine and cystine arylamidases, α-chy-

motrypsin, α-galactosidase, β-glucuronidase, α-glu-

cosidase, α-mannosidase and α-fucosidase.

Although the intensities of each enzymatic activity

were diverse in alkaline phosphatase, esterase-

lipase, leucine arylamidase, β-galactosidase and N-

acetyl-β-glucosaminidase, all isolates showed posi-

tive reactions (Table 2). The enzymatic activities of

esterase, lipase, trypsin, acid phosphatase, naphthol-

AS-BI-phosphohydrolase and β-glucosidase were

different in different isolates (Table 2). 

Antimicrobial susceptibilities
All isolates were resistant to ampicillin sodium,

and sensitive to chloramphenicol. Three strains,

AC9804, AC0202 and GMA0361, were commonly

resistant to tetracycline. AC9804 was resistant to

oxolinic acid, which had an MIC of 12.5㎍/ml.

GMA0361 was resistant to two different aminogly-

cosides; kanamycin sulfate, streptomycin sulfate.

Two type strains, ATCC14745 and ATCC7966,

were resistant to erythromycin. 

Discussion

Based on Overman and Overley's API20E result

(1986), seven isolates except 4 ATCC strains in our

study were identified as A. hydrophila. However,

these isolates were classified in A. hydrophila, A.

caviae or A. sobria, and could not be identified at

species level according to the other reports (Toranzo

et al., 1986; Kozinsaka et al., 2002). At present, 18

species have been reported in this genus

Aeromonas, which includes the mesophilic species,

A. hydrophila, A. caviae and A. sorbia well- known

as fish pathogens (Aoki, 1999). Identification of the

genus has been controversial due to their phenotyp-

ic heterogeneity and the taxonomy of Aeromonas

still confused (Abbott et al., 2003). Although the

strains could not be identified at species level in this

study, the general phenotypic characteristics by

API20E of motile aeromonad isolates were recon-

firmed. 

APIZYM test is very useful both for determina-
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tion of bacteria’s enzymatic capabilities and contri-

bution for bacterial identification (Groom et al.,

1985; Waltman et al., 1982). In our study, all strains

were able to exhibit five different enzymatic activi-

ties (alkaline phosphatase, esterase-lipase, leucine

arylamidase, β-galactosidase and N-acetyl-β-glu-

cosaminidase) and did not produce eight enzymes

(valine and cystine arylamidases, α-chymotrypsin,

α-galactosidase, β-glucuronidase, α-glucosidase, α-

mannosidase and α-fucosidase). These characteris-

tic features differ from those of other bacterial

species in Vibrionaceae (Al-Dagal and Bazaraa,

2001) and they should be a useful indicator for

motile aeromonads identification. However, some

of enzymatic activities in motile aeromonads

showed different reactions in the previous study

(Waltman et al., 1982). The α-glucosidase enzymat-

ic reactions were negative in our study, but motile

aeromonads isolated from environment, fish,

human and bovine, showed α-glucosidase positive

reaction 21% (Waltman et al., 1982). This implies

that all motile aeromonads do not exhibit enzyme

activity of α-glucosidase. 

Interestingly, multiple-antibiotic resistance was

found in recently isolated three motile aeromonad

strains such as AC0202 (resistance to ampicillin

and tetracycline), AC9804 (resistance to ampicillin,

tetracycline and oxolinic acid) and GMA0361

(resistance to ampicillin, tetracycline, kanamycin

and streptomycin). But all the strains isolated before

1978 were found to be sensitive to these antibiotics

except for ampicillin. Extensive use of antibiotics in

aquaculture might have lead to an increase in resis-

tant strains of motile aeromonads and it may to be

needed to pay more attention to concern of antibi-

otics usage to prevent acquisition of multiple-antibi-

otic resistance. 

The incidence of antibiotics resistance in motile

aeromonads isolated from cultured fish has been

increased in recent years in other countries except

Korea and Japan, and was found to be higher com-

pared to those of naive (Huddleston et al., 2006;

Nawaz et al., 2006). In the previous studies with A.

hydrophila isolates, 62% from rainbow trout were

resistant to ampicillin (Saavedra et al., 2004), 48%

from tilapia to tetracycline, 57% to streptomycin,

and 43% to erythromycin (Rhodes et al., 2000). On

the other hand, no strain was found to be resistant to

kanamycin, nalidixic acid, ofloxacin and tetracy-

cline in aeromomonds (n=282) isolated from lake

and river in USA (Huddleston et al., 2006). 

The results of the present study will be useful for

identification of motile aeromonad isolated from

freshwater fish, and also have important clinical

implications in the selection of antibiotics for treat-

ment of Aeromonas infections in fish.
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요 약

본 연구에서는 우리나라와 일본의 담수어에서

분리된 운동성 aeromonads 7균주와 American

Type Culture Collection (ATCC)에서 분양받은

Aeromonas hydrophila 4균주의 표현형적 특성을

API20E와 APIZYM방법으로 평가하고, 7종류의

항생제에 한 최소 성장 억제 농도 (minimum

inhibitory concentrations; MICs) 를 측정하 다.

API20E 시험 결과 시험한 모든 균주는 (n=7)

운동성 aeromonads로 동정되었다. API20E시험

에서 lysine decarboxylase와 mannitol, rhamnose,
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amygdalin, arabinose를 포함한 4종류의 carbohy-

drates의 산 생성은 균주에 따라 다른 반응을 나

타내었다. APIZYM시험을 이용한 효소 활성능

을 평가한 결과, 모든 시험된 균주가 valine ary-

lamidase, cystine arylamidase, α-chymotrypsin, α-

galactosidase, β-glucuronidase, α-glucosidase, α-

mannosidase, α-fucosidase반응에서 음성 반응을

나타내었으나, 비록 그 효소 활성의 강도에서

차이는 있었으나 alkaline phosphatase, esterase-li-

pase, leucine arylamidase, β-galactosidase, N-

acetyl-β-glucosaminidase모든 균주에서 양성 반

응이 나타났다. 최소 성장 억제농도를 시험한

결과, 시험된 모든 균주는 ampicillin sodium

(MIC>100㎍/ml) 에 내성을 가지며 chloram-

phenicol (MIC≤1.6㎍/ml) 감수성을 나타내었다.

그러나 1998년 이후에 분리된 3균주 (AC9804,

AC0202, GMA0361)는 tetracycline (MIC=50㎍

/ml) 모두 저항성이 있었으며, AC9804는 oxolin-

ic acid (MIC=12.5㎍/ml), GMA0361는 kanamycin

sulfate (MIC>100㎍/ml)와 streptomycin sulfate

(MIC>100㎍/ml)에도 저항성을나타내었다. 

References

Abbott, S.L., Cheung, W.K.W. and Janda, J.M.: The

genus Aeromonas: biochemical characteris-

tics, atypical reactions, and phenotypic iden-

tification schemes. J. Clin. Microbiol., 41:

2348-2357, 2003.

Al-Dagal, M.M. and Bazaraa, W.A.: Enzymatic

profile and antibiotic sensitivity of some Vib-

rio and Aeromonas strains. Fishery Technol.,

38: 36-42, 2001.   

Aoki, T. : Motile Aeromonads (Aeromonas

hydrophila). In Fish Diseases and Disorders,

Vol. 3: Viral, Bacterial and Fungal Infec-

tions, Woo, P.T.K. and Bruno, D.W. (Edi-

tors), CABI Publishing, Wallingford, UK,

pp. 427-453, 1999. 

Austin, B. and Adams, C. : The genus Aeromonas.

In Fish Pathogens, Austin, B., Altwegg, M.,

Gosling, P.J., Joseph, S. (Editors), J. Wiley

and Sons, Chichester, UK, pp. 197-243,

1996.

Giraud, E., Blanc, G., Bouju-Albert, A., Weill, F.X.

and Donnay-Moreno, C.: Mechanisms of

quinolone resistance and clonal relationship

among Aeromonas salmonicida strains iso-

lated from reared fish with furunculosis. J.

Medical Microbiol., 53: 895-901, 2004. 

Groom, S.C., Hazlett, M.J. and Little, P.B.: An eval-

uation of the API ZYM system as a means

of identifying Haemophilus somnus and

related Taxa. Can. J. Vet. Res., 50: 238-244,

1986.  

Huddleston, J.R., Zak, J.C. and Jeter, R.M.: Antimi-

crobial susceptibilities of Aeromonas spp.

isolated from environmental sources. Appl.

Environ. Microbiol., 72: 7036-7042, 2006.  

Janda, J.M. and Abbott, S.L.: Evolving concepts

regarding the genus Aeromonas: an expand-

ing panorama of species, disease presenta-

tions, and unanswered questions. Clin.

Infect. Dis., 27: 332-344, 1998.

Kozinska, A., Figueras, M.J., Chacon, M.R. and

Soler, L.: Phenotypic characteristics and

pathogenicity of Aeromonas genomospecies

isolated from common carp (Cyprinus car-

pio L.) J. Appl. Microbiol., 93: 1034-1014,

2002.

Miller, R.A., Walker, R.D., Carson, J., Coles, M.,

Coyne, R., Dalsgaard, I., Gieseker, C., Hsu,

H.M., Mathers, J.J., Papapetropoulou, M.,

Petty, B., Teizel, C. and Reimschuessel, R.:

Standardization of a broth microdilution sus-

ceptibility testing method to determine mini-

mum inhibitory concentrations of aquatic



255Characteristics of motile aeromonads isolated from freshwater fish

bacteria. Dis. Aquat. Org., 64: 211-222,

2005.

Moyer, N.P., Luccini, G.M., Holcomb, L.A., Hall,

N.H. and Altwegg, M.: Application of ribo-

typing for differentiating aeromonads isolat-

ed from clinical and environmental sources.

Appl. Environ. Microbiol., 58: 1940-1944,

1992.

Nawaz, M., Sung, K., Khan, S.A., Khan, A.A. and

Steele, R.: Biochemical and molecular char-

acterization of tetracycline-resistant

Aeromonas veronii isolates from catfish.

Appl. Environ. Microbiol., 72: 6461-6466,

2006.

National Committee for Clinical Laboratory Stan-

dards.: Methods for dilution antimicrobial

susceptibility tests for bacteria that grow aer-

obically. Approved standard M7-A3.

National Committee for Clinical Laboratory

Standards, Villanova, Pa, 2006. 

Overman, T.L. and Overley, J.K.: Feasibility of

same-day identification of members of the

family Vibrionaceae by the API 20E system.

J. Clin. Microbiol., 23: 715-717, 1986.

Paniagua, C., Rivero, O., Anguita, J. and Naharro,

G.: Pathogenicity factors and virulence for

rainbow trout (Salmo gairdneri) of motile

Aeromonas spp. isolated from rivers. J. Clin.

Microbiol., 28: 350-355, 1990.

Rhodes, G., Huys, G., Swings, J., McGann, P.,

Hiney, M., Smith, P. and Pickup, R.W.: Dis-

tribution of oxytetracycline resistance plas-

mids between aeromonads in hospitals and

aquaculture environments: implication of

Tn1721 in dissemination of the tetracycline

resistance determinant Tet A. Appl. Environ.

Microbiol., 66: 3883-3890, 2000.   

Saavedra1, M.J., Guedes-Novais, S., Alves, A.,

Rema, P., Tacao, M., Correia, A. and Mar-

tinez-Murcia, A.: Resistance to β-lactam

antibiotics in Aeromonas hydrophila isolated

from rainbow trout (Oncorhynchus mykiss).

Int. Microbiol., 7: 207-211, 2004.

Toranzo, A.E., Santos, Y., Nieto, T.A. and Barja,

J.L.: Evaluation of different assay systems

for identification of environmental

Aeromonas strains. Appl. Environ. Microbi-

ol., 51: 652-656, 1986. 

Waltman, W.D., Shotts, E.B. and Hsu, T.: Enzymat-

ic characterization of Aeromonas hydrophia

complex by the API ZYM system. J. Clin.

Microbiol., 16: 629-696, 1982.

Yang, H., Chen, S., White, D.G., Zhao, S., McDer-

mott, P., Walker, R. and Meng, J.: Character-

ization of multiple-antimicrobial-resistant

Escherichia coli isolates from diseased

chickens and swine in China. J. Clin. Mico-

biol., 42: 3483-3489, 2004.

Manuscript Received : September 27, 2007
Revision Accepted : November 28, 2007

Responsible Editorial Member : Myung-Joo Oh 
(Chonnam Univ.)


