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Aeromonas veronii has been identified as a causative agent of fish and human disease outbreaks.
However, there is no definitive data on A. veronii infection in cultured snakehead fish Ophiocephalus
argus (Cantor). In this study, a virulent strain S-L was isolated from the farmed snakehead fish suffering
from epizootic ulcerative syndrome, and identified as an A. veronii strain using ARIS 2X system. Its
taxonomic position was further determined through nucleotide blast search in NCBI website and
phylogenetic analysis. The constructed phylogenetic tree using neighbor-joining method further showed
that the S-L isolate was the A. veronii strain (GenBank accession no. JQ301790), which was also
previously isolated from diseased freshwater fish. In addition, five genes encoding aerolysin,
haemolysin, serine protease and two cytotonic enterotoxins were all found present in the S-L isolate
which further confirmed its potential virulence. As far as we know, this is the first report of farmed

snakehead fish infected with A. veronii.
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INTRODUCTION

Snakehead fish Ophiocephalus argus (Cantor) is widely
distributed and cultivated in Asia, Tropical Africa (Hu and
Chen, 1964). Especially in China, the snakehead fish has
become an important commercial fish species with the
production of above 358 thousand tons since 2009
(Zhang et al., 2011). However, Aeromonas infection has
become a major economic problem in the snakehead fish
farming. Thus, diseases caused by Aeromonas should be
given more attention for the sustainable development of
shakehead fish farming industry.

Aeromonas veronii has been described as an important
fish and human pathogen (Singh et al.,, 2012.). It has
been reported as a causative agent of outbreaks such as
hemorrhagic septicemia and epizootic ulcerative
syndrome (Austin and Austin, 1999; Rahman et al., 2002;
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Cai et al.,, 2012). These diseases caused by A. veronii
are usually associated with its production of toxins such
as proteases (Song et al., 2004), as well as cell-surface
components such as lipopolysaccharide and bundle-
forming pilus (Turska-Szewczuk et al., 2012; Hadi et al.,
2012). A. veronii pathogens has been isolated from
Ictalurus punctatus, Colisa lalia, Misgurnus
anguillicaudatus, Acipenser baerii, Astronotus ocellatus,
Leiocassis longirostris Gunther (Nawaz et al., 2006;
Hossain, 2008; Qin et al., 2008; Ma et al., 2009; Gong et
al., 2010; Sreedharan et al., 2011 ; Cai et al., 2012).
However, there is no definitive data on A. veronii infection
in cultured snakehead fish.

In this paper, a virulent A. veronii strain was isolated
from the diseased snhakehead fish with epizootic
ulcerative syndrome in Lingtang, Jiangsu China, and its
phenotypic characterization, taxonomic position and

virulence genes were also examined. As far as we know, this is
the first report of farmed snakehead fish infected with A. veronii.



Table 1. Specific virulence gene primers for PCR amplification.

Virulence Primer (5'—3") Sequence length
gene (bp)
A Forward: CCTATGGCCTGAGCGAGAAG 431
aer Reverse: CCAGTTCCAGTCCCACCACT
hiyA Forward: GGCCGGTGGCCCGAAGATACGGG 592
Reverse: GGCGGCGCCGGACGAGACGGGG
Forward:
ATTGGATCCCTGCCTATCGCTTCAGTTCA
ahpA 1011
Reverse:
GCTAAGCTTGCATCCGTGCCGTATTCC
Alt Forward: TGACCCAGTCCTGGCACGGC 412
Reverse: GGTGATCGATCACCACCAGC
Ast Forward: TCTCCATGCTTCCCTTCCACT 331

MATERIALS AND METHODS

Snakehead fish samples

As described by Ruso (1987), 36 diseased snakehead fish (380+10
g in weight) were sampled and transported to the laboratory from
Lintang snakehead fish farm, Jiangsu China during June 2012.

Isolation of bacteria

Each sampled moribund snakehead fish, judged as still ventilating
but unable to hold position or remain upright (Hruska et al., 2010),
was disinfected externally with 75% alcohol and dissected in the
laboratory. 0.2 g of the internal organ samples such as livers, and
kidneys were cut to isolate and purify the bacteria according to
Song et al. (2011).

Identification of bacteria

Phenotypic identification using ARIS 2X system

The isolate was biochemically identified using ARIS 2X system as
recommended by Pattern et al. (1995). Briefly, the isolate was
grown on nutrient agar (NA) plates (Sinopharm Chemical Reagent
Co., Ltd.) at 28°C for 24 h, and then the bacterial suspension was
used to inoculate the GNID plate (Sensititre, USA) following the
manufacturer’s instruction. The plate was incubated at 37°C and
observed after 18 h for checking against the ARIS identification
index and database. The type strain ATCC35624 of A. veronii, the
type strain ATCC7966 of A. hydrophila and the type strain
ATCC43979 of A. sobria were used as the control.

Molecular identification

The genomic DNA extract, 16S rRNA genes’ PCR amplification and
sequencing of the isolate were performed according to Cao et al.
(2010). Its partial 16S rRNA sequence was assembled using
MegAlign, Editseq and Segman software with a Power Macintosh
computer. Search was done against the National Centre for
Biotechnology Information (NCBI) database using the Basic Local
Alignment Search Tool (BLAST) program. The phylogenetic tree
from partial 16S rRNA sequence of the isolate and its homologous
sequences was further constructed using neighbor-joining method.

Bacterial virulence assay

After evaluation by a careful exam of physical appearance and
behavior as well as internal organs such as liver and kidney for
bacterial pathogens as recommended by Zheng et al. (2012), 40
healthy snakehead fish (360+8 g in weight) were obtained from
Shuixiang Aquaculture Co., Ltd. in Hangzhou, Zhejiang China, and
were respectively maintained in 4 aquaria (10 fish per aquaria)
supplied with 100 L de-chlorinated tap water at 28°C for 14 days.
Prior to the bacterial virulence assay, the isolate’ live cells were
respectively prepared as recommended by Cao et al. (2010), and
its cell density was determined using the dilution and spread plate
technique. 10 healthy fish were respectively challenged by being
immersed in 100 L of water containing the isolate’s live cells at a

final cell density of 5.0x10 cfu/ml as described by Ma et al. (2009)
and Murray et al. (1992). Another 10 healthy fish were
unchallenged as the control. The experimental snakehead fish were
kept at 28°C and observed daily for 10 days. Dead fish were
immediately removed for pathogen isolation according to Bucke
(1989), and the signs and mortalities were recorded. Each
experiment was conducted in two parallel.

Virulence gene assay

The genomic DNA was extracted from the pure cultures of the
isolate using a genomic DNA extraction kit following instructions of
the manufacturer (Shanghai Sangon Biological Engineering
Technology & Services Co., Ltd.). Five virulence genes encoding
aerolysin (aerA), haemolysin (hlyA), serine protease (ahpA), and
two cytotonic enterotoxins (alt and ast) were respectively amplified
by PCR using specific aerA, hly, ahp, alt and ast gene primers as
recommended by Nawaz et al. (2010) and Zhu et al. (2006). A. veronii
strain NQ, previously identified as the pathogen of diseased Misgurnus
anguillicaudatus (Qin et al., 2008), and Escherichia coli DH5a were
respectively taken as the positive and negative control bacteria. The
specific primers for virulence gene amplification are listed in Table
1. The PCR products were electrophoresed on 1% agarose gel and
visualized via ultraviolet trans-illumination.

RESULTS
Identification of the isolate

95% of the challenged fish acutely died with the same



Figure 1. The pathological symptoms of naturally infected
snakehead fish. A. Arrow indicated the ulcerative skin. B. Arrow
indicated the faint yellow liver; C: arrow indicated the hyperaemia
of the intestine wall.

clinical ulcerative syndrome signs similar to the originally
infected fish (Figure 1), and no acute mortality or visible
changes were observed in the control snakehead fish
(Table 2). The ARIS 2X system identified the S-L isolate
as an A. veronii strain (Table 3), and showed an identity
of 96.9% with the Type strain ATCC35624 in phenotypic
characterization. In addition, the partial 16S rRNA
sequence (ca. 1.4 kb) of the S-L isolate was submitted to
GenBank database with the accession no. JX262992.
Similarities between its 16S rRNA sequence and those of
A. veronii strains in the GenBank database were 99 to
100%, and the constructed phylogenetic tree using
neighbor-joining method further demonstrated the S-L
isolate as the A. veronii strain (GenBank accession no.
JQ301790) (Figure 2). This proved the initial
identification.

Virulence genes of the isolate

The specific PCR amplification of virulence genes is
shown in Figure 3. The specific virulence gene (aerA,
hlyA, ahpA, alt and ast) fragments were obtained with the
S-L isolate using a pair of aerA-specific primers, hlyA-
specific primers, ahpA-specific primers, alt-specific
primers and ast-specific primers, respectively. This was in
accordance with that with the positive control A. veronii
strain NQ. No fragments were present with the negative
control strain DH5a (Data not shown). The result
demonstrates that the virulence genes (aerA, hlyA, ahpA,

alt and ast) were all present in the S-L isolate.

DISCUSSION

Epizootic ulcerative syndrome is one of the most
destructive diseases affecting over 100 species of wild
and cultured freshwater as well as estuarine finfish since
1971 (Saikia and Kamilya, 2012). Thus, more attention
should be paid to its novel pathogen. So far, several
virulent bacteria such as A. salmonicida, and A.
hydrophila have been reported to cause epizootic
ulcerative syndrome of Cyprinus carpio, Clarias
batrachus, Carassius carassius, and Glossogobius giurus

(Evenberg et al., 1986; Llobrera and Gacutan, 1987).
However, no relevant information is available about the A.
veronii infection in snakehead fish. In this study, we
isolated a virulent strain of A. veronii from the cultured
snakehead fish with epizootic ulcerative syndrome, and
assayed its phenotypic characteristics, taxonomic
position, and virulence genes. As far as we know, this is
the first report of farmed snakehead fish infected with A.
veronii.

Previous reports showed that the occurrence of genes
encoding haemolysin (hlyA), aerolysin (aerA), serine
protease (ahpA), and cytotonic enterotoxins (alt and ast)
may contribute to the virulence of Aeromonas pathogens
(Wong et al., 1998; Sha et al., 2002). Aeromonas isolates
with hlyA, aerA and ahpA genes were confirmed as
strong virulent strains (Zhu et al., 2006). In the present
study, the S-L isolate was highly virulent to healthy
shakehead fish (Table 2) and contained the five virulence
genes (Figure 3). This was in accordance with previous
findings (Nawaz et al., 2010). Apart from pathogenicity of
the S-L isolate, there might be other causes for the
incidence of epizootic ulcerative syndrome such as high
densities of fish, lack of food disinfection and water
degradation (Cao et al., 2010). These should also raise
concerns.

The excellent performance and accuracy of ARIS 2X
system allows its good use in routine identification of
gram-negative bacteria in the clinical laboratory (Fritsche
et al.,, 2011). For example, Dickenson et al. (2006)
accurately identified over 330 gram-negative isolates at
the species level using ARIS 2X system. Thus, in the
present study, ARIS 2X system was employed to
correctly identify the S-L isolate as an A. veronii strain
(Table 3). Additionally, in order to make a better
understanding of its taxonomic position, molecular
phylogenetic study was conducted as recommended by
Lee et al. (2000). The identification result from
phylogenetic analysis (Figure 2) was also consistent with
that found through the ARIS 2X system. This agrees with
the previous finding obtained by Clapini et al. (2002).

In conclusion, the present study for the first time
reported A. veronii infection in the farmed snakehead fish.
The virulence of the isolate supported this infection



Table 2. Virulence of the S-L isolate to snakehead fish.

Group Concentration (cfu/ml) Fish Dead fish number per day Average mortality (%)

number 12 3 456 7 8 910

Control 0 10 0 0 0 0 0O 0 00O 0
6 10 0 0 0O 0 0O 0 00O

S-L 5.0x10 10 00 0000 2 421 95
10 0 O 0 0 01 3 2 22

64 Aeromonas veronii strain 08005 [FJ494906]
99 L Aeromonas veronii strain SJ-2 [GU294303]

99

100

the S-L isolate
99, Aeromonas veronii strain pWw16 [FJ940827]

Aeromonas veronii bv. veronii strain ATCC 35624 [X60414]
-~ Aeromonas sobria strain hs-1 [FJ4353]

69| Aeromonas sp. CFC1P.24 [FR873789]
Aeromonas veronii strain DF201101 [JQ301790]

80 Aeromonas media strain CDC0862-83 [AY987773]

Aeromonas media strain ATCC33907 [X60410]

| —
0.002

Figure 2. The phylogenetic analysis of the S-L isolate constructed using neighbor-joining method.

1000 bp

400 bp

strain S-L

strain NQ

Figure 3. The PCR amplification of virulence genes in the S-L isolate. Lane M, DNA
marker; lane 1, aerA gene; lane 2, hlyA gene; lane 3, ahpA gene; lane 4, Ast gene;

lane 5, Alt gene.



Table 3. Phenotypic characterization of the S-L isolate in comparison with the type strain ATCC35624
of A. veronii, the type strain ATCC7966 of A. hydrophila and the type strain ATCC43979 of A. sobria.

Test item Reaction
S-L ATCC35624 ATCC7966ATCC43979
7AMC-Lysine R. R. R- R-
Xylose R. R. R R-
4MU-Phostate R R" R R
Maltose R* R* R+ R+
7AMC-Proline Rt R+ R+ R*
Arabinose R R R R
- + + +
7AMC-y-Glutamine R R R R
Malonate
R- R- R R
Urea R. R. R R.
4MU-2-Acetamido-2- R R ~ R
Deoxyglucopyranoside
+ + + +
Trehalose R R R R
4MU-a-D-Glucopyranoside R R- R R
Fructose Rt R* R Rt
Lysine R, R_ R_ R,
Arginine R R R R
Pyruvate R R R R
Ornithine R: R; R: R:
Sucrose R R_ R_ R
4MU-Bis-Phosphate R_ R R R
Inositol R R R R
Esculin R R_ R R
Tryptophan deaminase R R R R
4MU-a-D-Galactopyranoside R: R- R- R:
Citrate R R R R
Sorbitol R R R R
4MU-Glucuronide R R R R
Mannitol R* R* R* R*
4MU-B-D-Galactopyranoside R R R R
Arabitol R R R R
Raffinose R R R R
Cellobiose R R* R: Rt
Agmatine R R R R

+ -
R ,positive reaction; R , negative reaction.

as an emerging threat in snakehead fish farming
and food safety.
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