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   The phenotypic properties and genotypic characteristics of 44 aeromonads isolated from fish affected by 
epizootic ulcerative syndrome (EUS) in Southeast Asia were investigated. Among the 13 A. hydrophila 

phenospecies 9 were genotypically identical  to  A. hydrophila (HG 1) and 4 were A. veronii biotype sobria (HG8Y) 
or A. veronii biotype sobria-related genospecies. All the 6 A. veronii biotype sobria phenospecies were placed 
in the same genospecies, A. veronii biotype sobria. Of the 12 A. jandaei phenospecies, 5 were A. veronii biotype 
sobria or A. veronii biotype sobria-related genospecies and 7 were A. jandaei genospecies. Of 13 Aeromonas 
isolates unspeciated by phenotyping 9 were genotypically identical to A. hydrophila or very similar to A. hydrophila 
and 2 isolates were A. veronii biotype sobria or very similar to A. veronii biotype sobria; 2 isolates could not be 
identified to genospecies level. These results strongly suggest that Aeromonas species from fish affected by 
EUS could not correctly be identified to the species level using various published biochemical schemes; it needs 

genetic identification like DNA-DNA hybridization.
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 Epizootic ulcerative syndrome (EUS) of freshwater 
fishes is a serious threat to the fish production of South
east Asian countries. It causes mass mortalities both 
cultured and wild fish species every year. Diseased 
fish develop one or more large dermal ulcers with vary
ing degrees of destruction of underlying tissues in all 

parts of the body especially the head, abdomen and 
peduncle region. The syndrome appears to be seasonal 
(Tonguthai, 1985) and may be associated with environ
mental stress (Macintosh and Phillips, 1986) especially 
low water temperature during the winter season. The 
true etiology of the disease is yet unknown though some 
fish biologists suspect that an Aphanomyces fungus is 
associated with EUS (Roberts et al., 1993). This fun

gus alone, however, can not initiate disease because it is 
unable to breach the skin barrier (Willoughby et al., 1995). 
It has been also suggested that motile Aeromonas con
tribute to the pathogenesis of the disease (Costa and 
Wejeyaratne, 1989). Certain phenons of A. hydrophila

 induced EUS-like lesions when they were injected 
subdermally to snakehead and catfish (Lio-Po et al., 
1990). Aeromonas bacteria have frequently been iso
lated from EUS lesions (Anonymous, 1986; Llobrera 
and Gacutan, 1987; Torres et al., 1990; Subasinghe et 
al., 1990; Roberts et al., 1990). This organism pos
sesses the potential to produce a wide range of virulence 
factors including cytotoxins, haemolysins, proteases and 
nucleases (Ljungh and Wadstrom, 1986; Cahill, 1990). 
These evidences support that this bacterium may play 
an important role to cause EUS. However, till now, all 
the reports of Aeromonas associated with EUS were 
based on phenotypic identification which can not dis
criminate the species absolutely. According to Popoff 
et al. (1981) motile aeromonads consist of three species: 
A. hydrophila, A. caviae and A. sobria on the basis of 
biochemical traits. They also stated that each of these 
three species contains more than one-hybridization 

groups. In view of the consistent finding of Aeromonas 
in EUS and taxonomic complexity of the bacterium the 

present experiment was undertaken to identify the 
motile aeromonads isolated from EUSaffected fish of 
Malaysia, Thailand and Bangladesh.
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Materials and Methods

Strains and culture conditions 

 A total of 44 isolates of motile aeromonads were 

investigated in this study; 18 strains from Malaysia, 15 

strains from Thailand and 11 strains from Bangladesh 

(Table 1). All isolates were Gram-negative, rod shaped 

motile bacteria which had positive reactions for oxidase 

and catalase, fermented glucose and were resistant to 

the vibriostatic agent O/129. Fourteen reference strains 

representing the different DNA hybridization groups 

were also used in this study (Table 2). Isolates and refer

ence strains were periodically subcultured on nutrient 

agar slants and stock cultures were maintained at -80•Ž 

in 20% (v/v) glycerol/nutrient broth medium.

phenotypic identification 

 Biochemical tests were done according to "Media for 

isolation-cultivation-identification-maintenance of 

medical bacteria, volume 1" (MacFaddin, 1985) or 

"DIFCO Manual
, dehydrated culture media and reagents 

for microbiology, 10th edition (1984)". All the experi

mental isolates and the reference strains were studied in 

the same conditions and the results were read after 24 h 

at 25•Ž unless otherwise indicated.

DNA extraction 

 Cultures were grown to mid log-phase at 25•Ž in 1 

liter nutrient broth in a shaker (Eyela, MMS-48GR). 

DNAs were extracted from the bacterial cells and puri

fied according to the procedure of Altwegg et al. (1990), 

with minor modifications. Briefly, cells were harvested, 

washed with 0.15 M saline containing 0.1 M EDTA and 

resuspended in 50 ml of lysing buffer [0.1 M Tris hydro

chloride (pH 8.0), 0.1 M NaCl, 0.002 g proteinase K], 

sodium dodecyl sulfate was added to a final concentra

tion of 1%. The cells were allowed to lyse at 50•Ž for 3 

h. DNA was then extracted firstly with 20 ml saturated 

phenol, secondly with phenol-chloroform-isoamylalcohol 

(25 : 24 : 1) and then with chloroform-isoamylalcohol 

(24 : 1). The solvents were removed from the aqueous 

phase after each extraction by centrifugation at 8400•~g 

for 15 min at 4•Ž. The DNA was precipitated with two 

volumes of absolute ethanol. After spooling, DNA was 

washed with 70% ethanol and redissolved in 15 ml 10 

mm Tris containing 1 mM EDTA (pH 8) buffer. DNA 

was then treated with 1.5 ml RNase (1 mg/ml in dis

tilled water) and incubated at 37•Ž for 3 h. After the 

RNase treatment DNA was reextracted with phenol, 

phenol-chloroform-isoamylalcohol and chloroform

isoamylalcohol as described above. Then DNA was 

washed with 70% ethanol after precipitated with 16 ml 

of isopropanol and redissolved in 2 ml of 10 mm Tris

Table 1. Aeromonas isolates used in this study
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Table 2. Reference strains of Aeromonas species used in this study

ATCC: American Type Culture Collection, Rockville, MD, USA 

NCMB: National Collection of Marine Bacteria, Aberdeen, Scotland 

CDC: Centers for Disease Control, Atlanta, GA., USA

JCM: Japan Collection of Microorganisms, Saitama, Japan

containing 1  mm EDTA (pH 8) buffer.

Determination of the GC contents of DNA 
 The mole percent guanine plus cytosine (G+C) con

tents of DNA were determined by high-performance 
liquid chromatography (HPLC) of its nuclease P1 hy
drolysate according to Kumagai et al. (1988). Standard 
mixtures of nucleotides (Yamasa, Choshi, Japan) were 
used as references for calibration of mole percent mea
surement.

carried out at Tm-25•Ž for 24 h and then streptavidin

conjugated beta-galactosidase was added to bind the 

biotinylated DNA. The enzyme was then reacted with

 4-methylumbelliferyl-beta-D-galactopyranoside. 

After hybridization, the intensity of the resultant fluo

rescence was measured with a microplate photometer 

(Corona electric, MTP-22). The fluorescence intensity 

of the wells with salmon sperm DNA was calculated 

as 0%, and the intensity of the fluorescence for each 

biotinylated reference strain taken as 100%.

DNA-DNA hybridization 

 The purified DNA from 3 phenotypic groups HG1, 

HG8Y, HG9 and 3 other aquatic motile aeromonad 

groups HG2, HG6 and HG7 (Janda and Kokka, 1991) 

were selected for photobiotinylation. Hybridization 

was performed in a microplate coated with DNAs ex

tracted from either experimental isolates or reference 

strains according to the method of Ezaki et al. (1989), 

with minor modifications. Briefly, denatured DNA 

solutions at 40ƒÊg/ml from reference strains or experi

mental isolates were immobilized on microplates. Then 

they were prehybridized with hybridization buffer con

taining carrier DNA (salmon sperm DNA) and then 

hybridized with hybridization mixture containing photo

biotinylated DNA. DNA-DNA hybridization was

Results

phenotypic identification  
phenotypic characteristics of the 44 Aeromonas iso

lates (Table 3) were compared with those of the 14 refer
ence strains (Table 4). Isolates which differed by only 
1 to 5 properties from a reference strain, was presump
tively identified as the same phenospecies. Of the 53 

phenotypic characteristics tested 31 were invariably 
positive or negative. Other 22 tests gave variable 
results as shown in Tables 3 and 4. Of the 44 isolates 
analyzed phenotypically, 13 were identified as A. 
hydrophila (HG1), 6 were A. veronii biotype sobria 

(HG8Y) and 12 were A. jandaei (HG9). The remaining 
13 isolates could not be identified to species level and
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Table 3. Some important phenotypic characteristics of the experimental isolates
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Table 4. Some important phenotypic characteristics of the reference strains

were designated Aeromonas spp. (Table 3).

DNA base composition 

 DNA base composition of all the 44 isolates were 
almost agreed well with that set for the genus Aeromonas 

except T2, T8, T15 and T19 isolates (Table 5). Gua
nine plus cytosine values of  these 4 strains were slightly 

out of the range.

DNA-DNA hybridization 
 DNA-DNA homology results of the 44 Aeromonas 

isolates and the reference strains are shown in Table 5. 
Of 13 phenotypic A. hydrophila isolates 9 belonged to 

HG1 and 4 belonged to HG8Y or HG8Y-related spe
cies. All the 6 phenotypic A. veronii biotype sobria 

belonged to HG8Y or HG8Y-related species. Among 
the 12 phenotypic A. jandaei isolates, 5 belonged to 

HG8Y or HG8Y-related and 7 isolates belonged to 
HG9. Among the 13 isolates of Aeromonas spp. group, 

which could not be identified based on the phenotypic 
characteristics, 9 were genotypically identical to HG1 

or HG1-related species and 2 were HG8Y or HG8Y
-related species. T2 and T8 isolates did not give any 

significant homology value with HG1, HG2, HG6, HG7, 
HG8Y or HG9.

Screening of biochemical properties 
  There was no single phenotypic test, which could be 

used to identify with confidence the 3 species, A. 
hydrophila, A. veronii biotype sobria and A. jandaei 
isolated from EUS-affected fish. Only four phenotypic 

properties were found which could partially differenti
ate these three species (Table 6). A. hydrophila could 
be separated from A. veronii biotype sobria and A. 

jandaei by their positive reactions in esculin hydrolysis, 
acetate utilization and acid production from salicin. On 
the other hand, A. jandaei could be differentiated from 
A. veronii biotype sobria by production of acid from 
sucrose.

Distribution of the identified Aeromonas species 
 All of the three genospecies were represented among 

the Malaysian isolates. (Table 7). Of the 15 isolates 
of Thailand, 9 belonged to A. hydrophila orA. hydrophila
related and 4 isolates belonged to A. veronii biotype 
sobria orA. veronii biotype sobria-related. The remain
ing 2 Thai isolates were not identified to species level. 
Of 11 Bangladeshi isolates, 6 were identified as A. 
veronii biotype sobria orA. veronii biotype sobriarelated 
and 5 were A. jandaei.
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Table 5. Levels of DNA relatedness of reference strains to the experimental isolates selected for 

the DNA-DNA hybridization at Tm-25•Ž and their DNA base composition
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Table 6. Selected biochemical properties based on the analysis of the identified isolates 

       studied in the experiment

Table 7. Geographical distribution of the total identified Aeromonas species

Discussion

  According to the  Bergey'  s manual of determinative 

bacteriology (Holt et al., 1994), the basic morphologi

cal and biochemical properties of the genus Aeromonas 

are Gram negative rod shaped organisms with positive 

reactions for motility, oxidase, glucose fermentation and 

resistance to the vibriostatic compound (O/129). All 

of the reference strains and the experimental isolates were 

agreed with these descriptions of the genus Aeromonas. 

 Twenty two variable phenotypic characteristics of the 

experimental isolates were compared with the charac

teristics of the reference strains. Among the 44 isolates 

13 were presumptively identified as A. hydrophila 

(HG1), 6 were A. veronii biotype sobria (HG8Y) and 12 

were A. jandaei (HG9). The remaining 13 isolates 

could not be identified to the species level and were 

designated Aeromonas spp. (Table 3). DNA-DNA 

hybridization was then performed to identify genotypi

cally the three phenotypic and Aeromonas spp. groups. 

Aeromonas genospecies can be defined by DNA-DNA 

hybridization criteria. Homology values of 70% at Tm 

25•Ž with•…5% divergence (Janda, 1991) are included 

in a given genospecies. Isolates with homology values

 of •†70% with any of the reference strains were consid

ered the same species and 60-70% was designated 

respective species related in the present experiment. 

Of the 44 Aeromonas isolates tested in the present 

experiment, 18 were genotypically identical to A. 

hydrophila or A. hydrophilarelated species, 17 were A. 

veronii biotype sobria or A. veronii biotype sobria

related species and 7 were A. jandaei (Table 5). Two 

isolates from Thai did not give any significant homol

ogy value with HG1, HG2, HG6, HG7, HG8Y or HG9. 

Studies are going on to perform DNA-DNA hybridiza

tion among these isolates and all the reference strains 

labeling T2 and T8 isolates separately. Besides, 16S 

rDNA sequence of these isolates and some other identi

fied strains are also going on to know the phylogenetic 

relationship of these isolates with the identified strains. 

 The phenotypic properties of the isolates, which were 

identified to HG1, HG8Y and HG9 groups, did not 

coincide exactly with those of their corresponding refer

ence strain. Also characteristics sometimes varied 

among the isolates in the same group. Identification 

of Aeromonas isolates to the species level based on 

the phenotypic properties is imprecise and strains that 

possess biochemical properties atypical for a given
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Table 8. Correlation between phenotypic and genotypic identification

genospecies are common. Such strains can not be iden
tified accurately using a limited number of phenotypic 

properties. Kuijper et al. (1989), Hickman-Brenner et 
al. (1987) and Allen et al. (1983) reported that phenotypic

 identification of Aeromonas species using various 

published biochemical schemes or the diagnostic keys 
in Bergey's manual was substantially inadequate in 
terms of the genetic heterogenicity of most Aeromonas 
species. They found the differentiation between phenotypic

 and genetic identification. 
 There was no single phenotypic test which could iden

tify the 3 identified Aeromonas species with confidence. 
Only 4 phenotypic properties were found to be able to 

partially differentiate these 3 species (Table 6). These 
results correlate with the results of Abbott et al. (1992) 
and Altwegg et al. (1990). 

As a result of genotypic identification, Malaysian 
isolates represented all the 3 genospecies dominated by 
A. hydrophila and A. veronii biotype sobria (Table 7). 
Among the 15 Thai isolates, 9 belonged to A. hydrophila 
and 4 belonged to A. veronii biotype sobria. Six 
isolates of Bangladesh were identified as A. veronii 
biotype sobria and 5 were A. jandaei. None of the 
isolates from Thai were identified as A. jandaei. There 
was no A. hydrophila among the Bangladeshi isolates. 
This may be because an insufficient number of isolates 
were tested or absence of A. hydrophila in the sampling 
environment. However, it needs further studies. 

 From the data presented herein, it is apparent that 
correct identification of Aeromonas species isolated 
from the EUS of fish using a biochemical scheme is 
inadequate. An isolate phenotypically identified as one 
species, but belonging to a different genospecies was 
found in the present study (Table 8). The present 
experiment has confirmed the necessity of genetic iden
tification like DNA-DNA hybridization of Aeromonas 
species and its value as a milestone to clarify the relation

ship between Aeromonas and EUS.

Acknowledgements

 The authors thank Dr. Y. Kosako, Japan Collection 

of Microorganisms, Riken, for providing the reference 

strains and the first author is also grateful to the Monbusho 

for Scholarship support.

References

Abbott, S. L., W. K. W. Cheung, S. K. Bystrom, T. Malekzadeh
 and J. M. Janda (1992): Identification of Aeromonas strains

 to the genospecies level in the clinical laboratory. J. Clin.
 Microbiol., 30, 1262-1266.

Allen, D. A., B. Austin and R. R. Colwell (1983): Aeromonas
 media, a new species isolated from river water. Int. J. Syst. 

Bacteriol., 33, 599-604.
Altwegg, M., A. Steigerwalt, R. A. Bissig, J. L. Hottenstein

 and D. J. Brenner (1990): Biochemical identification of 
 Aeromonas genospecies isolated from humans. J. Clin. 

 Microbiol., 28, 258-264.
Anonymous (1986): Report of the expert consultation on

 ulcerative fish disease in Asia-Pacific region, Food and
 Agricultural Organization of the United Nations TCP/RAS/ 

 4508, Bangkok.
Cahill, M. M. (1990): Virulence factors in motile Aeromonas

 species. J. Appl. Bacteriol., 69, 1-16.
Costa, H. H. and M. J. S. Wejeyaratne (1989): Epidemiology 

of the epizootic ulcerative syndrome occurring for the first
 time among fish in Sri Lanka. J. Appl. Ichthyol., 1, 48-52. 

Difco Manual (1984): Dehydrated culture media and reagents
 for microbiology, 10th ed. Difco Laboratories, Detroit, USA,

 1155 p.
Ezaki, T., Y. Hashimoto and E. Yabuuchi (1989): Fluoromet

ric deoxyribonucleic acid deoxyribonucleic acid hybridiza
tion in microdilution wells as an alternative to membrane 

 filter hybridization in which radioisotopes are used to deter
mine genetic relatedness among bacterial strains. Int. J. 
Syst. Bacteriol., 39, 224-229.

Hickman-Brenner, F. W., K. L. MacDonald, A. G. Steigerwalt,



Identification of motile aeromonads 263

 G. R. Fanning, D. J. Brenner and J. J. Farmer III (1987):
 Aeromonas veronii, a new ornithine decarboxylase-positive

 species that may cause diarrhea. J. Clin. Microbiol., 25, 
900-906.

Holt, J. G., N. R. Krieg, P. H. A. Sneath, J. T. Staley and S.
 T. Williams (1994): Bergey's manual of determinative

 bacteriology. 9th ed., Williams and Wilkins, Baltimore, p
 191.

Janda, J. M. (1991): Recent advances in the study of the tax
onomy, pathogenicity and infectious syndromes associated 
with the genus Aeromonas. Clin. Microbiol. Rev., 4, 397

-410.
Janda, J. M. and R. P. Kokka (1991): The pathogenicity of 

 Aeromonas strains relative to genospecies and phenospecies
 identification. FEMS Microbiol. Lett., 90, 29-34.

Kuijper, E. J., A. G. Steigerwalt, B. S. C. I. M. Schoenmakers,
 M. Peeters, H. C. Zanen and D. J. Brenner (1989): Pheno

typic characterization and DNA relatedness in human fecal 
isolates of Aeromonas spp. J. Clin. Microbiol., 27, 132

-138.
Kumagai, M., M. Fujimoto and A. Kuninaka (1988): Determi

nation of base composition of DNA by high performance
 liquid chromatography of its nuclease P1 hydrolysate.
 Nucleic Acids Res., Symposium series No. 19, 65-68.

Lio-Po, G. D., L. J. Albright and E. V. Alapide-Tenencia
 (1990): Aeromonas hydrophila in the epizootic ulcerative

 syndrome (EUS) of snakehead, Ophicephalus striatus and
 catfish, Clarias batrachus: quantitative estimation in natural

 infection and experimental induction of dermo-mascular
 necrotic lesion, In "Diseases in Asian aquaculture I" (ed. by

 M. Shariff, R. P Subasinghe and J. R. Arthur). Fish Health
 Section, Asian Fisheries Society, Manila, pp. 461-474.

Ljungh, A. and T. Wadstrom (1986): Aeromonas toxins. In
 "Pharmacology of bacterial toxins"

, (ed. by F. Dorner and J. 
Drew), International Encyclopaedia of Pharmacology and 

 Therapeutics, Section 119. Pergamon Press, Oxford pp.
 289-305.

Llobrera, A. T. and R. Q. Gacutan (1987): Aeromonas
 hydrophila associated with ulcerative disease epizootic in

 Laguna de Bay, Philippines. Aquaculture, 67, 273-278.

MacFaddin, J. F. (1985): Media for isolation-cultivation-iden
tification-maintenance of medical bacteria. Vol. 1, Willi
ams and Wilkins, Baltimore, p 928.

MacIntosh, D. J. and M. J. Phillips (1986): The contribution of 
 environmental factors to the ulcerative disease condition in
 South East Asia. In "Field and laboratory investigations

 into ulcerative fish diseases in the Asia-Pacific region", (ed. 
by R. J. Roberts). FAO, Bangkok, pp. 175-207.

Popoff, M. Y., D. Coynault, M. Kiredjian and M. Lemelin
 (1981): Polynucleotide sequence relatedness among motile 

Aeromonas species. Curr. Microbiol., 5, 109-114.
Roberts, R. J., G. N. Frerichs and S. D. Millar (1990): Epi

zootic ulcerative syndrome-the current position, In "Diseases
 in Asian aquaculture I" (ed. by M. Shariff, R. P Subasinghe 

 and J. R. Arthur). Fish Health Section, Asian Fisheries
 Society, Manila, pp. 431-436.

Roberts, R. J., L. G. Willoughby and S. Chinabut (1993): My
cotic aspects of epizootic ulcerative syndrome (EUS) of 

 Asian fishes. J. Fish Dis., 16, 169-183.
Subasinghe, R. P., L. P. Jayasinghe, K. S. W. Balasuriya and

 M. Kulathilake (1990): Preliminary investigations into the
 bacterial and fungal pathogens associated with the ulcerative 

fish disease syndrome in Sri Lanka, In "The second Asian
 fisheries forum" (ed. by R. Hirano and I. Hanyu), The Asian
 Fisheries Society, Manila, pp. 655-657.

Tonguthai, K. (1985): A preliminary account of ulcerative fish
 disease in the Indo-Pacific regions (A comprehensive study 

 based on Thai experience). National Inland Fisheries Instit
ute, Bangkok, FAO/TCP/RAS/4508.

Torres, J. L., M. Shariff and A. T. Law (1990): Identification
 and virulence screening of Aeromonas spp. isolated from

 healthy and epizootic ulcerative syndrome (EUS)-infected 
fish, In "The second Asian fisheries forum" (ed. by R. Hirano

 and I. Hanyu), The Asian Fisheries Society, Manila, pp. 663
-666.

Willoughby, L. G., R. J. Roberts and S. Chinabut (1995):
 Aphanomyces invaderis sp. nov., the fungal pathogen of 

 freshwater tropical fish affected by epizootic ulcerative
 syndrome. J. Fish Dis., 18, 273-275.


