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Characterization of Aeromonas hydrophila Isolated
from Rainbow Trouts in Korea
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Eight strains of Aeromonas hydrophila isolated from diseased trout in Korea were characterized and
compared with an American type strain by various methods including biochemical and physiological
tests, PCR, randomly amplified polymorphic DNA (RAPD), plasmid profiling, and gel electrophoresis
of total, membrane, and extracellular proteins. Virulence factors such as surface array proteins, cyto-
toxin, hemolysin, haemagglutinin, and protease were also investigated. The Korean strains showed het-
erogeneity in lysine decarboxylase production, utilization of various carbon sources, and production of
acetoin. Five strains had the same profiles of total and membrane proteins. Six strains haemag-
glutinated with trout red blood cells (RBCs) which was inhibited by fucose, galactose, and mannose,
except for No. 1 where haemagglutination was inhibited by only galactose and mannose, but not by
fucose. Four isolates haemagglutinated with human RBCs which was inhibited by fucose and mannose
yet not by galactose. The type strain haemagglutinated only with trout RBCs which was inhibited by
fucose, galactose, and mannose. Every isolate secreted protease, hemolysin, cytotoxin, and siderophore,
but no enterotoxin. Results showed that the Korean isolates, except for No. 7, had very different bio-
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chemical and molecular characteristics from those of the American type strain.
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It is well established in the fish industry that bacterial
infections are responsible for heavy losses in fish farms.
Among the etiological agents of bacterial fish disease, the
motile Aeromonas group, especially Aeromonas hydro-
phila, is considered an important pathogen causing pri-
mary infection in wounds or the secondary problem
following stress from temperature change, handling, or
poor water quality (12, 22). A. hydrophila is a rod-shaped,
gram negative rod, and facultative anaerobic bacterium
(21). This bacterium is responsible for hemorrphagic sep-
ticemnia, a disease affecting a wide variety of freshwater
and marine fish (20) as well as causing a food-borne dis-
ease in humans (19). The contamination of trout with A.
hydrophila can cause a food hazard particularly where
there is a possibility of cross contamination with ready-to
eat food products. In spite of its wide distribution and
pathogenicity, A. hydrophila in Korea has not been inves-
tigated except for a few studies on strains obtained from
a terrestrial source. Since the wide distribution of A.
hydrophila is probably a consequence of its high capacity
to adapt to different environments, it would seem that the
genetic and phenotypic diversity of A. hydrophila is a nat-
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ural result (18). To develop a vaccine for trout as well as
a detection kit for food-borne diseases caused by A.
hydrophila in Korea, the isolation and characterization of
A. hydrophila in Korea is required as the initial step.
In this work, several strains of A. hydrophila were isolated
from diseased trout, characterized, and then compared with
the type strain using various methods including biochemical/
physiological tests, PCR, randomly amplified polymorphic
DNA (RAPD), plasmid profiling, and gel electrophoresis of
total, membrane, and extracellular proteins. Virulence fac-
tors such as surface array proteins, cytotoxin, hemolysin,
haemagglutinin, and protease were also investigated.

Materials and Methods

Reagents

Media was purchased from Difco (Detroit, MI, U.S.A.). Tag
DNA polymerase and 500 bp DNA marker were pur-
chased from Takara (Takara Shuzo Co., Ltd., Shiga,
Japan). Other chemicals, unless otherwise noted, were
obtained from ngma Chemical Co. (St. Louis, MO, U.S.A))

Isolation and identification of A. hydrophila from rainbow
trout
Diseased trout were wrapped in plastic wrap and trans-
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ported in an ice chamber from fish farms (Okdong fishery
and Soyang fishery, Kangwon Province) to the laboratory.
After the surfaces of the trout were washed with 70% eth-
anol, the livers and kidneys were obtained asceptically
and washed three times with sterile saline. The organs
were then homogenized with a tissue tearor (Wheaton,
Millville, NJ, U.S.A.) and the homogenate was inoculated
onto a BHIA (brain heart infusion agar) and incubated at
28°C. After 2 days, every colony was reisolated and sub-
cultured on a new BHIA. The motile, novobiocin-resis-
tant, oxidase positive, and glucose-fermenting colonies
were all considered as Aeromonas spp. and further iden-
tified.

Characterization by biochemical and physiological tests
The isolates were further characterized by an API 20NE
system (Analytab Products, Plainview, NY, U.S.A.) fol-
lowing the procedure as described in the instruction man-
ual.

Identification of A. hydrophila by PCR

PCR was performed with the primers targeted to 16S
rRNA and lipase genes in A. hydrophila as designed by
Dorsch et al. (9) and Cascon et al. (7), respectively. Each
reaction included a negative control to rule out contam-
ination. The PCR products were analyzed on a 1% aga-
rose gel and visualized with ethidium bromide.

Total protein profiling

Bacterial cells which were grown in BHI for 18 h at 28°C
with shaking were harvested by centrifugation (8,000 x g,
10 min) and washed with 25 mM Tris-HCI (pH 8.0). The
proteins were extracted from the cells by boiling in a boil-
ing water bath and then dispersed in 1% SDS/25 mM
Tris-HCI (pH 8.0) for 10 min, separated on a 10% SDS
denaturing polyacrylamide gel, and visualized with 0.1%
Coomassie brilliant blue R-250.

Membrane protein profiling

The bacterial cells at the log phase were harvested by cen-
trifugation, dispersed in 25 mM Tris/Cl (pH 8.0), and bro-
ken in a French pressure cell (SLM-AMINCO, Rochester,
NY, U.S.A.). The unbroken cells were removed by cen-
trifugation at 10,000 x g for 10 min. The supernatant was
then centrifuged at 100,000 x g for 1 h and the pellet con-
taining the membrane parts was suspended in 25 mM
Tris-HCI (pH 8.0). The proteins were extracted from the
membranes with 1% SDS by boiling in a boiling water
bath, electrophoresed, and then visualized as described
above.

Extracellular protein profiling

The bactenial cells were inoculated by spreading on to a
sterile dialysis membrane laid on a BHIA. After 18 h at
28°C, cells which had grown on the surface of the dialysis
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membrane were suspended in 3 ml of 20 mM Tris-HCl
(pH 8.0) and collected by centrifugation at 10,000 x g for 30
min. The supernatant contained the extracellular proteins.

Protein assay

The protein concentration was determined with a BCA
(bicinchoninic acid) assay kit using bovine serum albumin
(BSA) as the standard.

Haemagglutination (HA) assay

The method of Singh and Sanyal (25) was used with some
modification. Red blood cells (RBCs) of human blood
type O stored in Alsever's solution (20.5 g D-glucose, 8.0
g trisodium citrate dihydrate, 4.2 g sodium chloride/L, pH
was adjusted to 6.1 with 10% citric acid) were collected
by centrifugation (300x g, 10 min, 4°C), washed three times
with PBS, and then suspended in the same buffer making
a 3% RBC suspension. The bacterial cells grown in BHI
at 28°C for 18 h were washed twice in PBS and then sus-
pended in PBS to yield 10° CFU/ml. Ten ul of the 3%
RBC suspension and 10 pl of the bacterial suspension
were dropped on a slide glass and mixed gently by rock-
ing. The isolate was considered haemagglutination (HA)-
negative if agglutination did not occur within 5 min. The
sensitivity of the HA to sugars (D-mannose, L-fucose, or
D-galactose) was determined by adding 10 pl of 1% sugar
in PBS to HA test mixture.

Siderophore production
Siderophore production was observed on a CAS agar
plate as described by Schwyn and Neilands (24).

Assay of cytotoxicity

Cytotoxicity was assayed following the procedure used by
others (14). If Vero cells had produced, destroyed, or vac-
uolated the monolayers, the isolate was considered cyto-
toxicity-positive. The cytotoxic titer was expressed as the
highest dilution which showed a positive response.
Enterotoxicity was examined as described previously (8).

Assay of hemolytic activity

The hemolytic activity with sheep RBCs was observed on
an agar plate and that with human and trout RBCs in
broth. Each isolate was streaked on a tryptic soy agar
(TSA II) containing 5% sheep RBCs. When a clear zone
was formed around a colony, it was considered hemol-
ysin-positive. The hemolytic activity with human and trout
RBCs was assayed as described by Asao et al. (3) with
slight modification: human or trout blood was mixed with
an equal volume of Alsever's solution and centrifuged at
300 x g for 10 min. Precipitated RBCs were washed twice
with Alsever's solution and twice with PBS just before
use. Fifty Wl of the diluted bacterial culture filtrate was
mixed with an equal volume of 1% RBC suspension in a
microplate and incubated at 28°C for 12 h. After cen-
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trifugation at 2,000 x g for 5 min, the absorbance of the
supernatant was measured at 540 nm. The hemolytic
activity was considered to be the highest dilution of the
filtrate producing 50% hemolysis. To produce 100%
hemolysis, saponin (final conc. 10%) was added to the
RBC solution.

Assay of proteolytic activity

The bacterial cells were grown on a sterile dialysis mem-
brane laid on a BHI-skim milk (15%, w/v) agar. Extra-
cellular proteases were obtained as described above and
detected following the procedure described previously (5).

Plasmid profile

Plasmid isolation was performed using the alkaline dena-
turation method (23) and visualized with ethidium bro-
mide.

Randomly amplified polymorphic DNA (RAPD)

The genomic DNA was isolated using a Wizard genomic
DNA isolation kit (Promega, U.S.A). RAPD primers were
purchased from Amersham Pharmacia Biotech (Uppsala,
Sweden) as follows: 1, 5' GGTGCGGGAA 3'; 2, 5' GTA-
GACCCGT 3 3, 5 AAGAGCCCQGT 3'; 4, 5" AACGCG-
CAAC 3 5, 5 CCCGTCAGCA 3'. The reaction mixture
(25 pl) contained the following: 250 uM dNTPs, 50 ng of
genomic DNA, 20 pmole of primer, and 1.25 U of Tag
DNA polymerase in buffer A [10 mM Tris-Cl (pH 8.3),
50 mM KCl, and 1.5 mM MgCl,]. Amplification was per-
formed for 40 cycles. Each cycle consisted of denatur-
ation at 94°C for 1 min, annealing at 35°C for 2 min, and
extension at 72°C for 2 min. The last cycle was extended
to 20 min before the reaction products were stored at 4°C.
The amplified fragments were electrophoresed on a 1.5%
agarose gel and visualized with ethidiom bromide.

Results and Discussion

Biochemical and physiological test
It is very important to isolate and characterize Korean iso-
lates in order to develop a vaccine for A. hydrophila in
Korea since A. hydrophila have numerous genomic vari-
ations. Eight isolates were selected randomly from several
hundred colonies isolated for two years that exhibited
characteristics of A. hydrophila including motile, novo-
biocin-resistant, oxidase positive, and fermenting glucose.
Isolates No. 2 and No. 4 were not definitively grouped as
A. hydrophila due to negative lysine decarboxylase. How-
ever, both had the ability to utilize L-arginine, which is the
characteristic of A. hydrophila and thus differentiates
them from A. sorbia and A. caviae (21).

Eight Korean isolates and American-type strain showed
diversity in the following tests (Table 1): lysine decarbox-
ylase, citrate utilization, acetoin production, and utilization
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Table 1. Biochemical and physiological characteristics of isolates

Isolate No.

Test Type

. 2 3 4 5 6
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]
fe el

f-galactosidase +
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate utilization
H,S production
Urease - - - - -
Tryptophan deaminase
Indole production
Acetoin production
Gelatinase production
Utilization of glucose
mannitol
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+
+
+
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of sorbitol, rhamnose, sucrose, amygdalin, and arabinose.
All Korean isolates and the type strain showed different
results in citrate and sucrose utilization. The type strain
could use citrate but no sucrose whereas all the Korean
isolates could not utilize citrate yet could use sucrose.
Since A. hydrophila exhibits various biochemical char-
acteristics, the isolates had to be identified by PCR as
mentioned previouslly (7).

PCR specific to 16S rRNA and lipase genes in A. hydro-
phila

PCR with 16S rRNA targeted primers (Fig. 1a) was per-
formed and all the Korean isolates along with the type
strain produced a fragment with an anticipated size of 685
bp (9). When PCR was performed with lipase gene spe-
cific primers, a 760 bp fragment was produced in six of
the isolates and the type strain with the exception of Nos.
2 and 3 (Fig. 1b). The results of the PCR with primers
specific to 16S rRNA and the lipase gene did not cor-
respond with each other. It appears that PCR with primers
specific to the lipase gene was more specific than PCR
with primers specific to 16S rRNA.

RAPD

Randomly amplified polymorphic DNA (RAPD) techniques
have been successfully used to demonstrate simple and
reproducible DNA fingerprinting (30). The genomic vari-
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Fig. 1. PCR with primers specific to A. hydrophila. PCR was performed
with primers specific to 16S rRNA (a) and lipase gene (b). PCR prod-
ucts were electrophoresed using a 0.8% agrose gel and visualized with
ethidium bromide.

ation between bacterial species plus the genomic poly-
morphism between bacterial isolates can be identified by
the differences in the sizes and numbers of DNA frag-
ments. RAPD profiles of eight Korean isolates and the
type strain produced various DNA fragments, yet no spe-
cies-specific fragments (Fig. 2). These scattered RAPD pro-
files highlight the genomic variation of A. hydrophila as
previously reported (18).

Protein profiling with SDS denaturing gel electrophoresis
To compare their phenotypic characteristics, the profiles
of the total proteins, membrane and extracellular pro-
teins were analysed by SDS-PAGE. All strains pro-
duced two major proteins with molecular weights bet-
ween 45 and 52 kD. Isolates No. 1, 4, 6, 8, and 9
showed nearly similar total protein profiles and the
remaining isolates revealed no differences. The dif-
ferences in the total protein profiles among the strains
were not clear compared to those of the membrane and
extracellar proteins. The type strain and Nos. 3, 7, and
8 produced two major membrane proteins with 46 kD
and 38 kD and in the case of No. 5, it produced an addi-
tional 15 kD protein. These membrane proteins expressed
in every isolate may be involved in the common virulent
mechanism such as attachment and could be used as a
vaccine. All isolates secreted a protein with 28 kD and
in the case of No. 2, produced various extracellular pro-
teins with a wide molecular weight range. The dif-
ference in the extracellular proteins suggests a different
pathogenicity among the isolates.
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() M1 M2 A1 2 3 45678

(b) M1 M2 A 1234567178

(c) M1 M2 A 1 2345678

(d)M1M2A12345678

@) ML M2 A 12345678

Fig. 2. RAPD of isolates. PCR was performed with various primers and
the products were electrophoresed on a 0.8% agarose gel and visualized
with ethidium bromide. (a), primer 1; (b), primer 2; (c), primer 3; (d),
primer 4; (e), primer 5.

Virulence factors

The ability of A. hydrophila to cause a wide range of
infections in humans and animals suggests a complex
pathogenic mechanism that involves protein toxins (20,
28). Various putative virulence factors of A. hydrophila
have been demonstrated in an effort to explain the process
of pathogenicity. Those factors include hemolysin, aerol-
ysin, cytotoxin, enterotoxin, haemagglutinin, siderophore,
surface array proteins, and other enzymes such as protease
and elastase (2, 10, 13, 15, 17, 20, 29). Adherence to the



Vol. 38, No. 1

Table 2. Haemagglutination test

Human blood type O RBC Trout RBC
Isolate No.
Agglutination Inhibited by Agglutination Inhibited by
Type strain - *d + F+G+M+
1 + F+G-M+° + F-G+M+
2 - * - *
3 - % - *
4 - * + F+G+M+
5 + F+G-M+ + F+G+M+
6 + F+G-M+ + F+G+M+
7 - * + F+G+M+
8 + F+G-M+ + F+G+M+

ot applicable because of no agglutination; “fucose, galactose, and
mannose

host's epithelium has been recognized as an important ini-
tial step in bacterial infection. This is often mediated by
fimbriae which recognizes specific receptors in epithelial
cells. A practical approach to study the various types of
fimbriae is to evaluate either the haemagglutination capac-
ity or the competitive inhibition of the reaction using
receptor analogues (22). Four isolates (Nos. 1, 5, 6, and 8)
were HA-positive with both trout and human RBCs
whereas the type strain and two isolates (Nos. 4 and 7)
were HA-positive only with trout RBCs. Two isolates
(Nos. 2 and 3) were HA-negative with both human and
trout RBCs. The HA with human RBCs was inhibited by
fucose and mannose, yet not by galactose (F+G-M+),
whereas with trout RBCs, the HA was inhibited by all
three showing an F+G+M+ pattern except for No. 1
which showed an F-G+M+ pattern (Table 2). This dif-
ference in the inhibition pattern may be due to the dif-
ference in the receptors in human and trout RBCs. If an
organism can recognize specific receptors, it will then
have the ability to colonize the host with a subsequent
elaboration of tissue damaging toxins that can facilitate
penetration into the host and the establishment of infec-
tion. Therefore, it is not only the adhesive factor but also
the enzymatic capabilities that are essential for patho-
genicity (29).

Another virulence factor is the ability to scavenge
required nutrients such as iron. Many pathogenic bacteria
utilize iron uptake pathways, such as the production of
siderophore to access iron for growth. These uptake path-
ways are considered to be one of the virulence factors,
since they facilitate the growth of pathogenic bacteria and
the subsequent production of other virulence factors (1, 4,
16, 27). When the isolates were grown on a CAS agar,
where siderophore production can be detected, all isolates
produced a clear zone.

Other virulence factors such as cytotoxin, enterotoxin,
and hemolysin were also examined. Although the titers of
cytotoxicity and hemolysin were various among the iso-
lates, there was no significant difference between the titers
of the type strain and the Korean isolates. In contrast to
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Isolate No.
Fig. 3. Cytotoxic activity of the culture filtrate. The culture filtrate of
each isolate was serially diluted two fold in PBS and then 50 ul of it
was added to Vero cells. After 9 h, the cells were observed under a
microscope and the cytotoxic activity was expressed as the highest dilu-
tion which showed the cytopathic effect.

the results of Vadivelu et al. (28), which suggested a rela-
tion between the production of cytotoxin and hemolysin,
the results in this study did not show a correlation
between these two factors. However, cytotoxicity and
hemolytic activity appear to be significantly correlated
with acetoin production; the isolates which produced ace-
toin exhibited both cytotoxicity and B-hemolytic activity.
The cytotoxicity level of every isolate, except for Nos. 2
and 6, increased as the incubation time increased (Fig. 3),
while the culture filtrate of No. 2 did not show any cyto-
toxicity and No. 6 showed very little activity. When the
supernatant was heated at 56°C for 20 min to destroy

12
z i OHuman RBC .
o 10 M M Trout RBC
5 %
— 1
” 6
2
S 4
5
T 2
0 .

A1 2 3 45 6 7 8

[solate No.

Fig 4. Hemolytic activity of the culture filtrate. Human or trout RBCs
were incubated in the presence of a serially two-fold diluted culture fil-
trate at 30°C for 16 h. The highest dilution which showed 50% hemol-
ysis was determined as the hemolysis titer.
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1 23 4 5 6 7 8 9

Fig. 5. Proteolytic activity of the culture filtrate detected on a native gel.
The culture filtrate was electrophoresed on a 7.5% SDS-polyacrylamide
copolymerized with skim milk. After electrophoresis, the gel was
stained with Coomassie brilliant blue R-250 and the bands with pro-
teolytic activity were white due to the degradation of skim milk.

cytotoxic activity and then incubated with Vero cells,
there was no cytopathic effect, indicating that enterotoxin
was not present. When the isolates were grown in the
presence of sheep blood, every isolate showed -hemol-
ysis and hemolytic activity with human or trout RBCs,
except for No. 2 which exhibited no hemolytic activity
with human RBCs and showed o-hemolysis with sheep
blood. The hemolytic activity of every isolate, except for
isolate No. 7, was stronger with human RBCs than trout
RBCs (from four fold in the case of Nos. 4 and 5 to sixty-
four fold in the case of No. 3). In the case of No. 7, the
hemolytic activity with trout RBCs was sixteen fold
higher than with human RBCs (Fig. 4). Among the var-
ious enzymes involved in penetration, protease production
was checked. Each isolate secreted several proteases
which were able to degrade not only milk protein (Fig. 5),
but also gelatin, lysozyme, and immunoglobulin G (data
not shown).

Plasmid analysis

Since A. hydrophila can be transferred from animals to
humans and several bacterial phenotypic properties such
as antimicrobial resistance or virulence factors have been
demonstrated to be plasmid encoded, the presence of plas-
mids may present a potential public health hazard. A pre-

) - 17-24 Kbp
«4.8 kbp

Fig. 6. Plasmid analysis. Plasmids were isolated and electrophoresed on
a 0.8% agarose gel and visualized with ethidium bromide.

J. Microbiol.

vious report (11) has shown that the presence of plasmids
in clinically important bacteria increases their virulence.
In contrast, the presence of plasmids has a negative effect
on bacterial virulence factors in some cases. For example,
Smith and Tucker (26) reported that the loss of plasmid
increased the pathogenicity of some bacteria. In this case,
plasmid is thought to be involved in the regulation of
genes that are coded for virulence. Six isolates, except
Nos. 1 and 4, had a large plasmid of 20 Kbp, however
Nos. 1 and 4 did not have any plasmid (Fig. 6). Isolates
No. 5 and 8 had an additional plasmid of 4.8 Kbp. Plas-
mids of similar size have been observed by Vadielu et al.
(29) and Borrego et al. (6). However, a correlation among
plasmids, biochemical characteristics, and virulence fac-
tors has not been observed. The role of these plasmids
may be identified by observing their various character-
istics after curing them.

In sum, the results indicated diversity among the A.
hydrophila isolates of trout in Korea and great differences
from the type strain. Accordingly, these isolates are cur-
rently being used to develop a vaccine and detection
method for A. hydrophila infections in trout as well as
food-borne diseases of humans.

Acknowledgments

This work was supported by a research grant BSRI-95-
4414 from the Ministry of Education, Korea. Sookyung
Kim and Yoojung Oh were supported by the Brain Korea
21 Project.

References

1. Actis, L.A., W. Fish, J.H. Crosa, K. Kellerman, S.R. Ellen-
berger, F. M. Hauser, and J. Sanders-Loehr. 1986. Character-
ization of anguibactin, a novel siderophore from Vibrio
anguillarum775(pIM1). J. Bacteriol. 167, 57-65.

2. Allan, B.J. and RM.W. Stevenson. 1981. Extracellular viru-
lence factors of Aeromonas hydrophila in fish infections. Can.
J. Microbiol. 27, 1114-1122.

3. Asao, T., Y. Kinoshita, S. Kozaki, T. Uemura, and G. Sak-
aguchi. 1984, Purification and some properties of Aeromonas
hydrophilia hemolysin. Infect. Immun. 46, 122-127.

4. Bagg A. and J.B. Neilands. 1987. Molecular mechanism of reg-
ulation of siderophore-mediated iron assimilation. Microbiol.
Rev. 51, 509-518.

5. Beynon, R.J. and J.S. Bond. 1989. Proteolytic enzymes-a prac-
tical approach. 1989. IRL Press, Oxford, England.

6. Borrego, J.J., M.A. Morinigo, E. Martinez-manzanares, M.
Bosca, Dolores Castro, J.L. Barja, and E.A. Toranzo. 1991.
Plasmid associated virulence properties of environmental iso-
lates of Aeromonas hydrophila. J. Med. Microbiol. 35, 264-269.

7. Cascon, A., J. Anguita, C. Hernanz, M. Sanchez, M. Fernan-
dez, and G. Naharro. 1980. Identification of Aeromonas hydro-
phila hybridization group 1 by PCR assays. Appl. Environ.
Microbiol. 62, 1167-1170.



Vol. 38, No. 1

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chakraborty, T., M.A. Montenegro, S.C. Sanyal, R. Helmuth,
E. Bulling, and K.N. Timunis. 1984. Cloning of enterotoxin
gene from Aeromonas hydrophila provides conclusive evidence
of production of a cytotoxic enterotoxin. Infect. Immun. 46,
435-441.

. Dorsch, M., N.J. Ashbolt, PT. Cox, and A.E. Goodman. 1994.

Rapid identification of Aeromonas species using 16S rRNA tar-
geted oligonucleotide primers: a molecular approach based on
screening of environmental isolates. J. Appl. Bacteriol. 77, 722-
726.

Handfield, M., P. Simard, M. Couillard, and R. Letarte. 1996.
Aeromonas hydrophila isolated from food and drinking water:
hemagglutination, hemolysis, and cytotoxicity for a human
intestinal cell line (HT-29). Appl. Environ. Microbiol. 62, 3459-
3461.

Hanes, D.E. and D.K.F. Chandler. 1993. The role of a 40-mega-
dalton plasmid in the adherence and hemolytic properties of
Aeromonas hydrophila. Microb. Pathogen. 15, 313-317.
Inglis, V., R.J. Roberts, and N.R. Bromage. 1993. Bacterial dis-
eases of fish. Blackwell Science Ltd., UK.

Krovacek, K., V. Pasquale, S.B. Baloda, V. Soprano, M. Conte,
and S. Dumontet. 1994. Comparison of putative virulence fac-
tors in Aeromonas hydrophila strains isolated from the marine
environment and human diarrheal cases in southern Italy. Appl.
Environ. Microbiol. 60, 1379-1382.

Kawula, TH., M.J. Lelivelt, and PE. Omdorff. 1996. Using a
new inbred fish model and cultured fish tissue cells to study
Aeromonas hydrophila and Yersinia ruckeri pathogenesis.
Microb. Pathogen. 20, 119-125.

Krovacek, K., S. Dumontet, E. Erikson, and S.B. Baloda. 1995.
Isolation and virulence profiles of Aeromonas hydrophila impli-
cated in an outbreak of food poisoning in Sweden. Microbiol.
Immunol. 39, 655-661.

Lindsay, J.A., Y.V. Riley, and B.J. Mee. 1994. Production of
siderophore by coagulase negative Staphylococci and its rela-
tion to virulence. Eur. J. Clin. Microbiol. Infect. Dis. 13, 1063-
1066.

Mateos, D., J. Anguita, G. Naharro, and C. Panlagua. 1993.
Influence of growth temperature on the production of extra-
cellular virulence factors and pathogenicity of environmental
and human strains of Aeromonas hydrophila. J. Appl. Bateriol.
74, 111-118.

Miyata, M., T. Aoki, V. Inglis, T. Yoshida, and M. Endo. 1995.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Aeromonas hydrophila in Rainbow Trout 7

RAPD Analysis of Aeromonas salmonicida and Aeromonas
hydrophila. J. Appl. Bacteriol. 79, 181-185.

Palumbo, S.A., M-M. Bencivengo, ED. Corral, A.C. Williams,
and R. L. Buchanan. 1989. Characterization of the Aeromonas
hydrophila group isolated from retail foods of animal origin. J.
Clin. Microbiol. 27, 854-859.

Paniagua, C., O. Rivero, J. Anguita, and G. Naharro. 1990.
Pathogenicity factors and virulence for rainbow trout (Salmo-
gairdneri) of motile Aeromonas spp. isolated from a river. J
Clin. Microbiol. 28, 350-355.

Popoff, M. 1984. Aeromonas in Bergey's manual. Vol. 1. 1st ed.
Williams and Wilkins, MD, U.S.A.

Salyers, A.A. and D.D. Whitt. 1994. Bacterial Pathogenesis.
ASM Press, Washington DC, U.S.A.

Sambrook, J.E., F. Fritsch, and T.M. Maniatis. 1989. Molecular
cloning-a laboratoty mannual, 2nd ed. Cold Spring Habor Lab-
oratory Press, US.A,

Schwyn, B. and J.B. Neilalnds. 1987. Universal chemical assay
for the detection and determination of siderophores. Anal. Bio-
chem. 160, 47-56.

Singh, D.V. and S.C. Sanyal. 1992. Enterotoxicity of clinical
and environmental isolates of Aeromonas spp. J. Med. Micro-
biol. 36, 269-272.

Smith, HW. and J.F. Tucker. 1979. The effect on the virulence
and infectivity of Salonella typhimurium and Salmonella
gallnarum of acquiring antibiotic resistance plasmids from
organisms that had caused serious outbreak of disease. J.
Hygiene 83, 305-307.

Tolmasky, M.E., P.C. Salinas. L.A. Actis, and J.H. Crosa. 1988.
Increased production of the siderophore anguibactin mediated
by pJMl-like plasmids in Vibrio anguillarum. Infect. Immun.
56, 1608-1614.

Vadivelu, J., S.D. Puthucheary, and P. Navaratnam. 1991. Exo-
toxin profiles of clinical isolates of Aeromonas hydrophila. J.
Med. Microbiol. 34, 363-367.

Vadivelu, J., S.D. Puthucheary, M. Phipps, and Y.W. Chee.
1995. Possible virulence factors involved in bacteraemia caused
by Aeromonas hydrophila. J. Med. Microbiol. 42, 171-174.

Williams, J.G., K., A.R. Kubelik, K.J. Livak, J.A. Rafalski, and
S.V. Tingey. 1990. DNA polymerase amplified by arbitrary
primers are useful as genetic maker. Nucleic Acids Res. 18,
6531-6535.



