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Introduction

Bacteria belonging to the genus Aeromonas cause various 
infections in fish and other cold-blooded animals as well as 
they are responsible for a variety of infectious complications 
in humans. The significant changes in nomenclature of 
Aeromonas genus have taken place in history (from 1890’s 
to present). The number of proposed Aeromonas species has 
shown a logarithmic increase over the past two decades. This 
explosion is considered to due largely to the studies on DNA 
sequencing and the determination of partial or complete 16S 
rRNA gene sequences as well as DNA-DNA hybridization. 
According to current status, eleven species including A. 
hydrophila, A. salmonicida, A. caviae, A. veronii, A. jandaei, 
A. schubertii, A. media, A. trota, A. bestiarum, A. popoffii and 
A. tecta have been defined as clinically important, genetically 

and biochemically distinct species [17]. Identification of 
Aeromonas species is known to be troublesome due to changes 
in taxonomy, phenotypic heterogeneity, identification of 
new species and unavailability of a universally accepted 
identification scheme. Various methods have been used 
for identification of clinically important Aeromonas 
species [2, 13]. Of these, biochemical identification tests 
can not always give reliable results because of diversities 
in metabolic pathways exhibited through biochemical 
reactions. Furthermore, these tests are time-consuming [2, 
18]. Therefore several methods have been used to identify all 
Aeromonas species either as complements or alternatives to 
biochemical tests. Among these, gene-based techniques such 
as Polymerase Chain Reaction (PCR) targeting 16S rDNA 
which is the well-known house-keeping gene have drawn 
much interest [6]. Although these techniques provide the 
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RÉSUMÉ
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advantages including relative ease and rapidity they have 
some handicaps for identifying all species [8]. It has been 
reported that computer analysis of the published 16S rDNA 
gene sequences revealed that restriction fragment length 
polymorphism (RFLP) of the PCR-amplified 16S rDNA gene 
is a good and rapid method for identification of all known 
phylogenetically established Aeromonas species [8].

Due to some limitations and variations especially in 
expression of the putative virulence-associated factors in 
Aeromonas strains in different environmental conditions, 
traditional methods based on in vivo and in vitro biological 
assays for the detection of virulence properties in these 
microorganisms may fall short indication of the potential 
pathogenicity of Aeromonas spp. [23]. Identification of 
virulence factors by molecular methods such as PCR is 
an approach for determination of potentially pathogenic 
Aeromonas spp. isolates. Numerous virulence genes of 
Aeromonas spp. have been described including genes encoding 
lateral flagella [12] and genes encoding secreted extracellular 
proteins such as nuclease, lipase, protease and aerolysin [22, 
24]. Many other factors, among them pili, amylase, chitinase, 
elastase, gelatinase, and lecithinase are also considered as 
virulence factors of Aeromonas genus [19, 24]. Although 
numerous virulence factors contribute to pathogenesis of 
fish and human diseases caused by Aeromonas, none of them 
alone can be responsible for all symptoms of disease stages. 
Because of the complexity in pathogenesis of Aeromonas 
spp, actually due to its multi-factorial nature, identification 
of multiple virulence factors of this genus become important 
[3]. The aims of this study were to identify Aeromonas at 
species level which were isolated from fish farm water and 
diseased fish in three regions of Turkey and to investigate 
them for the presence of some virulence genes.

Materials and Methods

Bacterial strains

A total of sixty Aeromonas spp. constituted the materials 
of this study. Among them, 29 presumptive Aeromonas spp. 
were isolated from both fish farm water and diseased fish 
in Black Sea region. The other isolates (31 strains) which 
have previously isolated from the similar samples in Aegean 
(15 isolates) and Mediterranean regions (16 isolates) were 
also analyzed in this study. A. hydrophila ATCC 6670, A. 
caviae ATCC 15460, A. salmonicida ATCC 33658, A. sobria 
Fnr 2478 and A. bestiarum Fnr 5488 were also analyzed as 
reference strains.

All strains were grown on Trypticase soy agar containing 
1% (final concentration) NaCl at 25 ±1°C for 24 hours and 
stored in 15% glycerol in trypticase soy broth at -70°C. These 
strains were identified at genus level by classical phenotypical 
tests including Gram staining, cytochrome oxidase, catalase, 
D-glucose (Triple Sugar Iron) fermentation, growing in 
nutrient broth with 6% NaCl and acid production from 
inositol [1].

Genetic analyses

16S rDNA-RFLP Analysis

To identify all Aeromonas strains genetically, 16S 
rDNA RFLP analysis was carried out. DNA extraction was 
performed by a commercial DNA extraction kit (DNAeasy 
Tissue Kit, Qiagen, GmbH) according to the manufacturer’s 
instructions. Amplification of 16S rDNA, endonuclease 
digestion and electrophoresis were carried out according 
to previous studies [8, 11]. Four restriction endonuclease 
enzymes (AluI, MboI, NarI and PstI) were used to 
discriminate 16S rDNA sequences among the 60 Aeromonas 
strains in this study.

A. salmonicida specific PCR

To discriminate A. salmonicida from A. salmonicida/A. 
bestiarum complex determined by 16S rDNA RFLP analysis, 
a PCR protocol which has previously described was used [7]. 
Fer3 and Fer4 oligonucleotides, flanking a fragment of the 
fstA gene (coding for the ferric-siderophore receptor) were 
used for this aim. The isolates given a single 422 bp band 
were identified as A. salmonicida [7].

Determination of virulence genes by Hexaplex PCR

To determine the presence of six virulence genes, aerolysin 
(aer), glycerophospholipid cholesterol acyltransferase (gcat), 
serine protease (ser), nuclease (nuc), lipase (lip) and lateral 
flagella (laf), a Hexaplex-PCR was carried out according 
to the protocol of NAM and JOH [22]. The presence of 
these virulence genes were also investigated in reference 
Aeromonas strains. The sizes of PCR-amplified gene targets 
of the six gene types were 417 bp, 339 bp, 211 bp, 504 bp, 155 
bp and 624 bp, respectively.

Results

Among the 60 strains which 30 (50.0%) and 30 
(50.0%) were isolated from water and diseased fish were 
phenotypically identified as Aeromonas spp. Furthermore, 
all Aeromonas isolates gave the specific 1502 bp band by 
amplification of 16S rDNA.

Throughout PCR-RFLP pattern analysis using the 
4 restriction enzymes (AluI, MboI, NarI and PstI), the 
simultaneous digestion of the amplified fragment by AluI 
and MboI (figure 1a) allowed identification of A. sobria, A. 
hydrophila and A. veronii in 23 (38.33%), 14 (23.33%) and 6 
(10.00%) isolates, respectively. However, 17 (28.33%) strains 
have shown a mix pattern compatible with A. salmonicida, 
A. bestiarum, A. encheleia, A. HG11 or A. popoffii. Ulterior 
digestion with NarI of these 17 isolates resulted in a pattern 
common for A. salmonicida and A. bestiarum. After a last 
digestion of these amplicons with PstI (figure 1b), 4 (6.66%) 
strains were identified as A. salmonicida but 13 (21.66%)  
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Figure 1: RFLP patterns of the 16S rDNA specific of Aeromonas spp. 
segment using the restriction endonucleases AluI and MobI (a) and 
PstI (b). 
a. Lane M: Molecular weight marker (25-700 bp); lane 1: A. hydrophila 
ATCC 7966; lane 2: A. caviae ATCC 15460; lane 3: A. sobria Fnr 2478; 
lane 4: A. salmonicida ATCC 33658; lane 5: A. bestiarum Fnr 5488; lane 
6: A. veroni field isolate.
b. Lane M1: Molecular weight marker (100-3000 bp) ; lane P1: A. 
salmonicida field isolate; lane P2: A. bestiarum Fnr 5488; lane P3: A. 
salmonicida/A. bestiarum complex (field isolate).

 
strains remained as A. salmonicida/A. bestiarum complex. 
At the end of the PCR protocol using amplification of the A. 
salmonicida specific fstA gene to discriminate A. salmonicida 
strains from A. salmonicida/A. bestiarum complexes, 12/13 
isolates gave the specific 422 bp fragment and were identified 
as A. salmonicida.

The distribution of strains isolated in this study according 
to the regions of Turkey and the type of samples (water 
versus diseased trout) was presented in Table I. It was 

observed that whatever the sample type, the A. sobria and 
A. hydrophila strains were predominant in Black Sea and 
in the Mediterranean regions, respectively. The A. veronii, 
A. salmonicida strains and A. salmonicida / A. bestiarum 
complexes were identified in the Black Sea and in the Aegean 
regions but were absent in the Mediterranean region.

The distribution of the virulence genes among Aeromonas 
species were presented in Table II. Isolates in this study 
were observed to show 14 different virulence profiles (A-N) 
according to the association of the virulence genes (figure 2) 
and 7 isolates (5 A. sobria, 1 A. hydrophila and 1 A. veronii) 
were determined to have no virulence genes. The aer gene 
was found to be the most common virulence gene (66.66%) 
among the studied isolates and was present in 8 profiles 
(profiles B, C, D, E, I, L, M and N). The ser gene (including in 
11 profiles) was also generally present (61.67%) whereas the 
lip (11 profiles) and gcat (6 profiles) genes were identified in 
30 (50.00%) and 20 (33.33%) strains respectively and the nuc 
and laf genes (sharing by 4 and 2 profiles, respectively) have 
remained rare (< 15%). All the 6 virulence genes have been 
found in various A. hydrophila strains, 4 genes (aer, ser, gcat 
and lip), 3 genes (aer, ser and lip) and only 2 genes (aer and 
ser) were detected in A. salmonicida, A. sobria and A. veronii, 
respectively. The only not clearly identified A. salmonicida 
/ A. bestiarum complex strain isolated in the Black Sea 
region has not presented either the gene aer or the gene laf 
(Profile G). The laf gene was detected only in 2 A. hydrophila 
strains isolated from fish farm water samples collected from 
Mediterranean region and the lip gene was found only in 2 A. 
sobria isolates from the Aegean region.

Geographic origin /

Sample type
A. sobria A. hydrophila A. veronii A. salmonicida

A. salmonicida 
/

A. bestiarum
Black Sea (n = 29)
     Water (n = 24)
     Rainbow trout (n = 5)

Aegean Sea (n = 15)
     Water (n = 0)
     Rainbow trout (n = 15)

Mediterranean Sea (n = 16)
     Water (n = 6)
     Rainbow trout (n = 10)

Total (n = 60)
     Water (n = 30)
     Rainbow trout (n = 30)

14
11
3

3
0
3

6
0
6

23
11
12

3
2
1

1
0
1

10
6
4

14
8
6

3
2
1

3
0
3

0
0
0

6
2
4

0
0
0

4
0
4

0
0
0

4
0
4

9
9
0

4
0
4

0
0
0

13
9
4

Table I: Distribution of the Aeromonas spp. using PCR-RFLP pattern analysis in Turkish coastal regions according to the geographic localization (Black sea, 
Aegean and Mediterranean regions) and to the sample type (water versus diseased fish).
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Figure 2: Virulence genes [aer (417 bp), ser (211 bp), lip (155 bp), gcat 
(339 bp), nuc (504 bp) and laf (624 bp)] and some virulence profiles of 
Aeromonas strains. Lane M: Molecular weight marker (100-1000 bp); 
lanes 1-6: virotypes N (aer + ser + lip + gcat + nuc), M (aer + ser + lip + 
gcat + nuc + laf), D (aer + ser + lip + gcat), C (aer + ser + lip + nuc), E 
(aer + ser) and H (lip), respectively.

Discussion

It is known that the conventional identification scheme 
based on biochemical characteristics may often lead 
to misidentification due to lack of uniformity of some 
biochemical characteristics and atypical reactions. Although 
other conventional identification techniques such as 
serotyping [16], phage typing [5], and whole-cell protein 
electrophoresis [27] have been used, a lack of sensitivity to 
identify species exactly was also been reported. Similarly, 

a number of phenotypical identification methods such 
as multilocus enzyme electrophoresis, cellular fatty acid 
analysis and DNA-based methods such as ribotyping, 
amplified fragment length polymorphism study, randomly 
amplified polymorphic DNA analysis have all been reported 
to have some handicaps to discriminate all Aeromonas 
species [13]. MARTINEz-MURCIA et al. [21] have reported 
that rDNA signatures might be useful to differentiate most 
Aeromonas species. In another study the gyrB gene has 
been considered to be useful as a target to identify species 
and strains simultaneously [28]. Among the DNA-based 
approaches for identification of Aeromonas species, the 16S 
rRNA gene RFLP in which different digestion combinations 
with restriction endonucleases were used has been shown 
to be able to discriminate most Aeromonas species [8, 11]. 
The method performed by BORRELL et al. [8] has enabled 
identification of most Aeromonas spp. Therefore, an extended 
method for discrimination of Aeromonas spp. by 16S rDNA 
RFLP analysis using additional restriction enzymes has 
been reported by FIGUERAS et al. [11]. The discrimination 
range of the 16S rDNA RFLP analysis has been extended to 
include two newly described species, A. bestiarum [4] and 
A. popoffii [15]. In the present study, the 16S rDNA RFLP 
method was used to identify 60 Aeromonas strains isolated 
from fish farm water and diseased fish from three regions of 
Turkey according to a protocol combining the methods used 
by BORRELL et al. [8] and FIGUERAS et al. [11]. The 16S 
rDNA RFLP analysis including digestion with AluI, MboI, 
NarI and PstI has allowed identification of 78.33% of isolates 
but discrimination between A. salmonicida and A. bestiarum 
species could not be achieved for 13 strains.

Virulence genes A. sobria 
(n = 23)

A. hydrophila 
(n = 14)

A. veronii 
(n = 6)

A. 
salmonicida 

(n = 16)

A. 
salmonicida / 
A. bestiarum 

(n = 1)

No virulence gene
Profile A (ser)
Profile B (aer)
Profile C (aer + ser + lip + nuc)
Profile D (aer + ser + lip + gcat)
Profile E (aer + ser)
Profile I (aer + ser + lip)
Profile L (aer + ser + lip + laf)
Profile M (aer + ser + lip + gcat + nuc + laf)
Profile N (aer + ser + lip + gcat + nuc)
Profile G (ser + lip + gcat + nuc)
Profile J (ser + lip)
Profile K (ser + lip + gcat)
Profile F (lip + gcat)
Profile H (lip)

aer
ser
lip
gcat
nuc
laf

5
5
8
0
0
3
1
0
0
0
0
0
0
0
1

12
9
2
0
0
0

1
0
1
4
1
0
0
1
1
2
0
1
0
1
1

10
10
12
7
5
2

1
0
4
0
0
1
0
0
0
0
0
0
0
0
0

5
1
0
0
0
0

0
1
0
0

13
0
0
0
0
0
0
1
1
0
0

13
16
15
14
0
0

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0

0
1
1
1
1
0

Table II: Distribution of the virulence genes using hexaplex-PCR analysis among Aeromonas species isolated in Turkish regions near the Black Sea, the 
Aegean Sea and the Mediterranean Sea. 
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In addition, the PCR protocol previously described by 
BEAz-HIDALGO et al. [7] was carried out and 12 Aeromonas 
strains having the fstA gene were identified as A. salmonicida. 
As the primers used in this protocol have been reported to 
be unable to discriminate A. salmonicida subspecies (A. 
salmonicida subsp. salmonicida, A. salmonicida subsp. 
masoucida and A. salmonicida subsp. achromogenes), the 
one isolate which was not found as fstA positive remained 
as A. salmonicida/A. bestiarum complex. Furthermore it is 
unknown whether the other two subspecies, A. salmonicida 
subsp. simithia and A. salmonicida subsp. pectinolytica can 
be discriminated by this protocol or not. Therefore only one 
strain was referred as A. salmonicida/A. bestiarum complex. 
LEE et al. [20] have identify five Aeromonas species, namely 
A. hydrophila, A. caviae, A. media, A. sobria and A. popoffii 
and two different pairs, A. bestiarum-A. salmonicida and 
two biogroups of A. veronii from the PCR-RFLP analysis 
of 238 strains in a trout farm. Although they have modified 
the RFLP protocols which have previously described 
BORRELL et al. [8] and FIGUERAS et al. [11] and they have 
obtained more accurate results by electrophoresis than these 
protocols, they failed to discriminate from each other using 
AluI, CfoI, PvuII and XhoII restriction endonucleases the 
A. bestiarum-A. salmonicida pair which has been found as 
dominant in their study. The reason why these two species 
could not be discriminated has been explained with the only 
two base-pair differences near the terminal region of the 
PCR-amplified product.

The pathogenesis of Aeromonas infections are known to 
be multi-factorial [16]. Because no single virulence factor 
or defined combinations of these factors has been found to 
clearly correlated to virulence in the different Aeromonas 
species, the presence of certain accepted virulence factors 
should be monitored to investigate the pathogenesis and 
epidemiology of Aeromonas infections [3]. To determine the 
distribution of virulent genes in Aeromonas spp., several PCR 
protocols have been used as speed and sensitive tool [10, 30]. 
Here, the presence of six virulence factor genes (aer, laf, nuc, 
ser, gcat and lip) among Aeromonas species was locked for 
by a hexaplex PCR. The pathogenicity of Aeromonas spp 
has been linked to exotoxins such as cytolytic enterotoxin, 
haemolysin/aerolysin, lipases and proteases. Aerolysin which 
is the channel-forming toxin has been reported to play an 
important role in Aeromonas virulence as haemolysins and 
cytolytic enterotoxins [22]. HEUzENROEDER et al. [14] 
have proposed a reliable method to detect aerA in potentially 
pathogen Aeromonas strains. It has been reported that the 
aerA gene was widespread in A. veronii biotype sobria and A. 
hydrophila strains, but less in A. caviae [29]. Other previously 
performed studies have showed that the aerA gene was only 
found in haemolytic, cytotoxic and enterotoxic strains of A. 
hydrophila but not in A. veronii biotype sobria and A. caviae 
[25]. In the present study, 10 out of 14 (71.42%) A. hydrophila 
isolates were aer positive. This gene was also detected in A. 
sobria (52.17%), A. salmonicida (81.25%) and A. veronii 
(83.33%).

Mesophilic Aeromonas are known to have a single polar 
unsheathed flagellum which is expressed constitutively and 
allows them to swim in liquid environment [26]. When 
these bacteria grow on surface (e.g. growth on media) they 
express peritrichous lateral flagella. Lateral flagella mediates 
swarming motility in a solid matrix and hyper-flagellated 
mesophilic Aeromonas spp. show an increased adhesion to 
eukaryotic cells and the ability to form biofilms. It may also 
facilitate host cell invasion. Thus, the ability to express lateral 
flagella encoded by laf gene cluster has been considered as a 
significant virulence determinant for the Aeromonas strains 
[12]. Many investigations on the determination of virulence 
genes among Aeromonas spp. have included the detection of 
laf genes [3, 22]. Although the data which have previously 
obtained [12] suggested that the lateral flagella are required 
for A. hydrophila adherence, only 14.28% of A. hydrophila 
strains were found to have laf gene. Mutations have been 
reported to cause loss of lateral flagella. AGUILERA-
ARREOLA et al. [3] have found that 36.7% of their total 
isolates carried the laf A genes and they have reported that 
these genes showed a strong species-specific and geographic-
specific distribution. A. hydrophila isolates have reported 
to have a high prevalence for laf A (89% in Spain isolates). 
In this study, laf gene was found only in two A. hydrophila 
isolates from the Mediterranean region. Being lacking of this 
gene in other isolates may suggest that lateral flagella have 
not primary importance for colonization in these strains.

The nuclease involvement in the Aeromonas pathogenicity 
was discussed but it has been found as a virulence factor 
especially in clinical samples and it was reported to participate 
to the development of host infection [22]. In this way, the nuc 
gene was found only in 50% (7/14) of A. hydrophila isolates 
and in 1 A. salmonicida/A. bestiarum complex. 

Lipases have been considered to be important for bacterial 
nutrition and also play role as virulence factors by interacting 
with human leukocytes or by affecting several immune 
system functions through free fatty acids generated by 
lipolytic activity. Extracellular lipases secreted by Aeromonas 
spp. actively participate in the alteration of the host plasma 
membrane and thus increase the severity of infection [24]. 
Glycerophospholipid cholesterol acyltransferase is also a 
lipase that is known to be secreted by A. salmonicida and 
causes furunculosis in fish. Actually it has been known to 
be lethal to salmons since 1981. Among Aeromonas strains 
isolated in the present study, 93.75% of A. salmonicida, 85.71% 
of A. hydrophila and only 8.70% (2/23) A. sobria isolates were 
found to have lip gene. The gcat gene was detected frequently 
in A. salmonicida (87.50%) and more scarcely (35.71%) in A. 
hydrophila isolates and was absent in A. sobria and A. veronii 
strains isolated in the present study.

Serine protease is known to be associated with the 
activation of toxins such as aerolysin, gcat and other 
extracellular enzymes, thus overall affecting the virulence of 
Aeromonas spp. In this study, the ser gene could be considered 
as a major virulence gene because of its high frequency in 
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various Aeromonas isolates: 100% in A. salmonicida, 71.42% 
in A. hydrophila and 39.13% of A. sobria isolates. By contrast, 
only 16.66% of A. veronii isolates were found to have ser gene. 
CHACON et al. [9] have found ser gene in A. salmonicida, 
A. sobria and A. caviae, but not in A. hydrophila isolates and 
NAM and JOH [22] reported the presence of this gene in all 
A. salmonicida and A. hydrophila isolates but not in A. sobria 
isolates. Discrepancies between studies may result from the 
influence of the geographic origin on the presence of the 
ser gene and suggest that this virulence gene is not primary 
required for the Aeromonas pathogenicity.

As a conclusion, Aeromonas isolates both isolated from 
Black Sea region and previously isolated from the Aegean 
and Mediterranean regions could be identified by 16S 
rDNA RFLP analysis using AluI, MboI, NarI and PstI as 
restriction enzymes in a great majority (78.33%). However, 
an additional PCR protocol evidencing the presence of the 
fstA gene could be useful to discriminate A. salmonicida from 
strains which could not be identified as a certain species by 
this16S rDNA RFLP protocol. A hexaplex-PCR used in this 
study was useful to exhibit different virulence profiles among 
Aeromonas strains. Rapid identification by combining 
16S rDNA RFLP with fstA-PCR and determination of the 
potential pathogenicity by detection of six virulence genes 
among Aeromonas strains by a hexaplex-PCR was considered 
to be useful for disease control programs and minimizing 
human health risk.
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