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Abstract Aeromonas spp. is the causing agent of motile Aeromonas septicemia (MAS) which 

cause a great loss in Nile tilapia (Oreochromis niloticus) farming. More than 200 bacteria were 

isolated from Nile tilapia exhibiting MAS disease in Nakhon Si Thammarat province, an 

important tilapia culturing area in Southern Thailand, since 2014–2017. Every collected isolates 

was Gram-negative and short rod-shaped. Three isolates of bacteria, A2014–1, A2015–8 and 

A2016–28, were randomly selected. Characterization based on molecular cloning indicated that 

all 3 isolates were A. veronii. This present study aimed to elucidate the appearance of 5 

virulence factor genes considerably relevant to pathogenesis including lipase, elastase, enolase, 

aerolysin (aerA), and heat-labile cytotonic enterotoxin (alt) in these 3 isolates. The differences 

in virulence factor gene profiles were detected; lipase
–
/elastase

+
/enolase

+
/aerA

–
/alt

+
, 

lipase
+
/elastase

+
/enolase

+
/aerA

+
/alt

+
 and lipase

–
/elastase

+
/enolase

+
/aerA

+
/alt

+
 for A2014–1, 

A2015–8 and A2016–28, respectively. Moreover, the effects of diurnal water temperature 

change of 2 different patterns, which were actually recorded from the tilapia culturing pond, on 

the bacterial growth and the mRNA expression level of the virulence factor genes were 

determined. The variable paatern of the bacterial growth as well as the expression of virulence 

factor genes were noticed. These data preliminary suggested the diversity of bacterial 

genotypes especially that of virulence factor gene profiles in the Aeromonas spp. causing MAS 

in Southern Thailand. However, the relationship between the chage of temperature and the 

bacteria growth, virulence and pathogenecity will be further studied.  
  
Keywords: motile Aeromonas septicemia (MAS), Aeromonas veronii, Oreochromis niloticus, 

virulence factor genes, diurnal water temperature change 
 

Introduction 

 

Bacteria in the genus Aeromonas, are generally found in aquatic 

environment including fresh and brackish water. There have been reported that 
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the bacteria belonging to this genus are causative agents of significant diseases 

in fish such as epizootic ulcerative syndrome (A. hydrophila), furunculosis (A. 

salmonicida) and motile Aeromonas septicemia or MAS (A. hydrophila, A. 

caviae and A. veronii) (Vega-Sánchez; 2014; Latif-Eugenin et al., 2016; Sarjito 

et al., 2017; Chandrarathna et al., 2018). Moreover, Aeromonas spp. are 

increasingly concerned since they have been considered as a human pathogen 

causing clinical manifestation, for example, gastroenteritis, wound infection, 

septicemia and pneumonia particularly in immunocompromised patients 

(Igbinosa et al., 2012; Skwor et al., 2014; Price et al., 2017; Wimalasena et al., 

2017). Among the Aeromonas-causing diseases in aquaculture, MAS has been 

reported to cause a devastative loss in cultured fish including cyprinid fish in 

China (Zhang et al., 2014) and catfish in West Alabama and East Mississippi 

(Shoemaker et al., 2018). 

Many studies have focused on the distribution and genetic diversity of 

Aeromonas spp. particularly those relevant to human health, food and 

environment to provide the information for human health management and 

protection (Sechi et al., 2002; Senderovich et al., 2012; Khor et al., 2015) while 

this regard is still scarce in aquaculture. However, the variation of the species 

isolated and pathogenecity of Aeromonas spp. have been noticed. For the latter 

mentioned point, it has been considered due to the virulence factors produced 

by the bacteria. There has been reported that the production of virulence factors 

is essential for bacteria to attack and overcome the host or facilitate the 

infection process (Khor et al., 2015). Several researchers have tried to elucidate 

the virulence determinants in Aeromonas spp. majority based on A. hydrophila. 

Virulence in Aeromonas spp. is multifactorial involving in the production 

and/or secretion of virulence factors, including adhesions, cytotoxins, 

enterotxins, dedrading enzymes; protease, elastase, lipases, and DNases, as well 

as the capacity to form biofilms (Thronley et al., 1997; Cascon et al., 2000; 

Rasmussen-Ivey et al., 2016). However, the growth as well as the expression 

and production of the virulence factors are affected by several environmental 

factors including temperature changes. Yu et al. (2007) have reported that 

virulence proteins such as polar and lateral flagellins are under the control of 

temperature.  

 As mentioned above that virulence in Aeromonas spp. relies on a 

complex process, the detection of virulence factors is necessary in determining 

the potential pathogenecity. The work aimed to study the species identification 

and its virulence factor gene profile of the bacteria isolated from the MAS 

diseased Nile tilapia collected from the tilapia culturing farm in Nakhon Si 

Thammarat, a province in Southern Thailand, where tipalia farming is one of 

the important occupations of local farmers. Even the preliminary study based 
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on Gram-staining and biochemical characterization, indicated that the dominant 

isolated bacteria were Aeromonas spp., the molecular technique was perfomed 

in this study in order to identification in the species level. Moreover, 2 different 

profiles of the diurnal temperature change referred to (1) normal temperature 

range which mostly recorded and (2) hot-rain temperature range which often 

occurred throughout the year in Southern Thailand where the weather is 

tropical climate with high relative humidity. Consequencely, the atmospheric 

and water temperature in each day varies depending on the weather. It has been 

noticed that the infectious diseases in fish culture normally spread with high 

lossing impact when the weather and temperature is fluctuated. The question 

regarding the involving of the temperature change, pathogen growth as well as 

the expression of virulence factor genes is addressed. We tried to figure out this 

question through studying the effects of diurnal water temperature changes on 

the growth of bacteria and the expression of virulence factor-encoded genes. 

The findings will elucidate the diversity of the different virulence factors which 

might be associated with the virulence and pathogenecity in Aeromonas spp. as 

well as the effect of environmental factor on its transcriptional expression. The 

obtained data lead to subsequently provide the promising bacterial disease 

control in aquaculture.  

 

Materials and methods  

 

Isolation of the pathogenic bacteria  

 

 The fish exhibiting MAS disease was collected from the tilapia culturing 

farms in Nakhon Si Thammarat between 2014 and 2017. The bacteria were 

isolated from the target organs of bacterial infection including brain, liver and 

spleen. Each pured isolate was Gram-staining followed by observation under a 

light microscope and biochemical test. Three isolates preliminary characterized 

as Aeromonas spp. were randomly selected from the stock for further 

confirmation of the genus and species identification through molecular 

characterization. The selected isolates were named A2014–1, A2015–8 and 

A2016–28.    

 

Molecular characterization and the appearance profile of virulence factor 

genes 

   

Each selected isolate was cultured in Tryptic Soy Broth (TSB, Difco), 

incubated at 35°C and shaken at 180–200 rpm. After 18 h, the bacterial cell was 

separated for DNA extraction using a Presto
TM

 Mini gDNA Bacteria Kit 
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(Geneaid). In order to genus and species identification, the PCR was performed 

in a T100
TM

 Thermal Cycler (Bio-Rad) using the universal primers 20F/1500R 

(Table 1) to amplify 16S rDNA. The PCR program was set; denaturation at 

94°C for 5 min, followed by 35 cycles of [95°C/1 min-55°C/1 min-72°C/1 min] 

and a 10-min extension at 72°C. The amplified product was visualized by 

agarose gel electrophoresis and the single band with an expected size was 

purified, ligated into the pGEM
®
-T Easy Vector (Promega) and transformed 

into Escherichia coli Top10 cells. Purified plasmids were sequenced and the 

obtained nucleotide sequences were analyzed for genus and species 

identification according to multiple sequence alignment (ClustalW) (Thompson 

et al., 1994) and phylogenetic tree construction (MEGA X). 

The virulence factor genes; lipase, elastase, enolase, aerolysin (aerA), 

and heat-labile cytotonic enterotoxin (alt), were amplified using the specific 

primers listed in Table 1. The PCR reactions were performed with the program 

as described above except the annealing temperature was set at 60°C. The 

appearance of the virulence factor genes was analyzed by agarose gel 

electrophoresis, positive result (+) refers to the visualized band at the desired 

amplicon sizes.  

 

Table 1. Primers used in this study 

Primer 

name 

Primer sequence (5  ́to 3 )́ Target PCR 

product 

(bp) 

References 

20F 5'- AGAGTTTGATCATGGCTCAG -3' 
16S rDNA ~1500  

Weisburg 

et al., 1991 1500R 5'- CGGTTACCTTGTTACGACTT -3' 

Lip-F 5'- GACTCCCTCAAGGACAGCAG -3' 
Lipase 594  This study 

Lip-R 5'- AGAGGCTTTCAGGGCATTG -3' 

Elas-F 5'- GCACATGTACCGCAACTGGTA -3' 
Elastase 466  This study 

Elas-R 5'- GGTGTTGGCCAGCAGGTA -3' 

Enol-F 5'- CGACGGTACCGAGAACAAA -3' 
Enolase 212 This study 

Enol-R 5'-  CTTGGATGTCGACGTTGTTG-3' 

Aer-F 5'- GAGAAGGTGACCACCAAGAACAA 

-3' Aerolysin 235 This study 

Aer-R 5'- CATAATTGACCTCGGCCTTG -3' 

Alt-F1 5'- AGGATGCCCTCAACACCATC -3' 
Enterotoxin 272 This stidy 

Alt-R1 5'- GCTCTGTTTCAGGTTGTCGC -3' 

 

Effect of diurnal temperature changes on the expression of virulence factor 

genes 

 
 The stock of all 3 tested bacteria were transferred into the freshly 

prepared media contiaining Tryptic Soy Broth (TSB, Difco) and 0.85% (w/v) 
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NaCl with a ratio of 1:1 and adjusted to a final concentration of 2 x 10
6
 CFU/ml. 

Every bacterium isolate was cultured under the diurnal temperature profile, 

which mimicking that of the culturing pond reported in our previous work, 

using a controlled temperature incubator (RTS-1C Personal bioreactor, Biosan). 

The water temperature was recorded every hour for 24 h in the tilapia culturing 

ponds in Nakhon Si Thammarat province in 2017 using an automatic 

temperature recorder model 571 T2 (Testo). Two temperature patterns, 

representing the normal temperature range (24–30
o
C) and hot-rain temperature 

range (22–30
o
C), were used as the model mimicking the diurnal temperature in 

the ponds to set the temperature for bacteria culture (Figure 1).  

 

 
 

Figure 1. The diurnal water temperature profiles recorded from the tilapia 

culturing pond 

 

The optical density (OD) was automatically detected every 10 min for 24 

h. The growth curve and specific growth rate was constructed according to the 

recorded OD. 

 After incubation for 24 h, bacterial cells were separated by centrifugation 

(8,000 × g for 10 min at 4°C), collected for RNA isolation and further gene 

expression analysis. Total RNA was isolated using Presto™ Mini RNA 

Bacteria Kit (Geneaid) following the manufacturer’s instruction. The obtained 

RNA was checked for the quantity and integrity by spectrophotometric analysis 

and agarose gel electrophoresis, respectively. The cDNA synthesis using 1 g 

of total RNA in a High-Capacity cDNA Reverse Transcription Kit (Thermo 

Fisher Scientific) following the manufacturing instruction was performed in the 

T100
TM

 Thermal Cycler (Bio-Rad). The synthesized cDNA of each sample was 

diluted in DNase/RNase-free water (Promega, US). The amplification of each 

virulence gene was conducted by PCR (30 cycles) according to the above 

described procedure. The expression level of genes encoding virulence factors 
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was analyzed by semi-quantitative PCR. The image densitometry using ImageJ 

software (Schneider et al., 2012) was performed to examine the fold change in 

gene transcript expression. The band of interest was quantified and normalized 

against the band of 16S rRNA as an internal control internal. 

 

Results 
 

Three isolates preliminary characterized as Aeromonas sp. through 

biochemical test, A2014–1, A2015–8 and A2016–28, was determined for its 

species by molecular characterization. The result based the phylogenetic tree 

constructed according to the partial sequences of 16S rDNA of all these 3 

isolates, Aeromonas spp., Enterobacteriaceae and out group of Bacillus spp. 

(Figure 2) indicated that they were A. veronii. Their nucleotide sequences 

located in the same clade as other A. veronii.  

 Variation of the appearance of virulence factor gens was observed in the 

3 isolates of A. veronii examined by PCR in this study. Three virulence factor 

genes, elastase, enolase and alt were detected in A2014–1 while 5 genes 

including lipase, elastase, enolase, aerA, and alt were observed in A2015–8. 

There were 4 genes; elastase, enolase, aerA, and alt
 
were found in the isolate 

A2016–28. The information including the fish organs that the bacteria isolated 

as well as the existence of the virulence factor genes in the bacterial genome 

and virulence factor gene profiles of these A. veronii isolates can be 

summarized in Table 2.  

 

Table 2. The appearance of virulence factor genes of A. veronii 3 isolates in 

this study 

 

Isolates 
Fish 

organs 

Virulence factor genes
1
 

Virulence factor 

gene profiles 
lipase elastase enolase  aerA alt 

A2014–1 Brain – + + – + 

lipase
–

/elastase
+
/enolase

+
/ 

aerA
–
/alt

+
 

A2015–8 Brain + + + + + 
lipase

+
/elastase

+
/ 

enolase
+
/aerA

+
/alt

+
 

A2016–28 Liver – + + + + 

lipase
–

/elastase
+
/enolase

+
/ 

aerA
+
/alt

+
 

1/
 + indicates the presence of a gene; – indicates the absence of a gene. 
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Figure 2. Phylogenentic analysis based on partial nucleotide sequences of 16S 

rDNA from the 3 tested isolate of Aeromonas sp. in this study (A2014–1, 

A2015–8 and A2016–28), other Aeromonas spp. and Enterobacteriaceae while 

Bacillus spp. were used as outgroup. The phylogenetic tree was constructed via 

maximum likelihood (ML) with 1000 bootstraps, K2P and BioNJ algorithm 

(MEGA X) 

 

 

 
Figure 3. Growth curve of A. veronii isolate A2014–1, A2015–8 and A2016–

28 cultured under 2 different diurnal temperature patterns, normal temperature 

range (24–30
o
C) and hot-rain temperature range (22–30

o
C) 
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Figure 4. Specific growth rate of A. veronii isolates A2014–1, A2015–8 and 

A2016–28 cultured under 2 different diurnal temperature patterns, normal 

temperature range (24–30
o
C) and hot-rain temperature range (22–30

o
C) 

 

 
Figure 5. Semi-quantitative RT-PCR analysis of virulence factor gene 

expression in A. veronii 3 isolates, A2014–1, A2015–8 and A2016–28 cultured 

under the different diurnal temperature patterns, normal temperature range (24–

30
o
C) and hot-rain temperature range (22–30

o
C). The amplican bands were 

visualized after agarose gel electrophoresis. Each column represents the relative 

fold change of virulence factor gene against 16S rRNA as the internal marker 
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 All 3 A. veronii isolates were cultured under 2 different patterns of 

diurnal water temperature change those mimick the water temperature in the 

tilapia culturing pond, normal temperature range (24–30
o
C) and hot-rain 

temperature range (22–30
o
C) (Figure 1). The growth curves of all A. veronii 

isolates were similar in pattern but slight difference was observed between the 

bacteria cultured under normal and hot-rain temperature rage; the latter 

condition seemed to give higher growth propotion (Figure 3). Conversely, the 

specific growth rates were varied among the bacteria isolates even they were 

cultured in the same temperature profile. Normal temperature range caused 

higher fluctuating pattern in A2014–1 while this phenomenon occurred in hot-

raintemperature range for A2015–8 and A2016–28 (Figure 4). 

The effect of the different diurnal temperature patterns on the 

transcription level of virulence factor mRNA was comparatively studied. The 

results showed that the temperature affected the gene expressions (Figure 5). 

Even, there were the genes appeared in the bacterial genomic DNAs, there were 

some virulence factor genes expressed in vitro under the culture condition. 

Only elastase was transcriptional expressed in A2014–1. Two genes, elastase 

and enolase, were expressed in A2016–28 while the transcriptional expressions 

of elastase and enolase and aerA were detected in A2015–8. In all expressed 

genes, hot-rain temperature range seemed to down-regulate the virulence factor 

genes compared to did normal temperature range. 

 

Discussion  

 

 In this present study, we selected 3 isolates of the Gram-negative bacteria, 

A2014–1, A2015–8 and A2016–28, wich cuased MAS in Nile tilapia in 

culturing ponds in Nakhon Si Thammarat, the province in Southern Thailand, 

for elucidation the virulence factor gene profile. According to the molecular 

characterization through phylogenetic tree constructed based on the partial 16S 

rDNA sequence, the results indicated that all selected isolates were A. veronii. 

The 16S rDNA gene sequence is typically molecular identification tool for 

phylogenetic tree construction (Sun et al., 2016). However, several researchers 

have recently suggested that other housekeeping genes such as gyraseB (gyrB) 

and RNA polymerase sigma-factor (rpoD) are more suitable for disguishing 

Aeromnas at the species level (Khor et al., 2015; Sun et al., 2016).  

 The studies relevant to virulence factors, both in transcriptional and 

translational levels, are increased interesting since virulence factors have been 

reported to contribute and manifest the pathogenicity of pathogenic bacteria 

(Senderovich et al., 2012; Rasmussen-Ivey et al., 2016; Sun et al., 2016; 

Chandrarathna et al., 2018). It is well known that Aeromonas infections rely on 
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multiple virulence factors including biologically active substances, secreted 

extracellular toxins and enzymes (Janda and Abbott, 2010). Five virulence 

factor genes including lipase, elastase, enolase, aerA and, alt, were determined 

for their apperarance and transcription level change influenced by the diurnal 

water temperature changes. All 3 A. veronii isolates used in this study 

contained elastase, enolase and alt genes in their genomic DNAs while lipase 

and aerA were occationally found in some isolates. Lipase, elastase and enolase 

are degrading enzymes that contribute to host cell damage resulting in 

facilitating the pathogen invading and infection (Rodriguez et al., 1992). Even 

enolase is one of the enzyme function in glycolysis pathway which involved in 

metabolism and energy conversion in the cell; it has been identified as a 

virulence factor in Aeromonas spp. since it can bind to human plasminogen and 

leads to production of plasmin which can degrade blood plasma proteins) (Sha 

et al., 2009). Heat-labile enterotoxin encoded by alt gene is one of the 

considerably important cytotonic enteroxin in psthogenensis of Aeromonas spp. 

because of its ability to cause significant fluid secretion (Sha et al., 2002; Li et 

al., 2011). Aerolysin is a multifunctional enzyme possesses cytotoxic and 

hemolytic activities which have been reported to correlate with the 

pathogenecity of Aeromonas spp. (Janda and Abbott 2010; Rasmussen-Ivey et 

al., 2016). Our results exhibiting the variation in virulence factor gene 

appearance even they were all A. veronii. There is variation in the genotypic 

profile of virulence-encoded genes reported in A. veronii studied in diseased 

gibel carp (Carassius gibelio) (Sun et al., 2016), A. hydrophila from clinical 

and environmental samples reported by Aguilera-Arreola et al. (2005) and 

Aeromonas spp. isolated from fresh water lakes in Malaysia (Khor et al., 2015). 

Moreover, it is interesting that the difference in virulence factor gene profile 

may result in different pathogenicity (Sun et al., 2016). 

 However, the transcriptional expression level of the virulence factor 

genes are scarce especially those affected by environmental factors. 

Temperature is one of the crucial environmental factors that have to be 

concerned in aquaculture because of global warming and climate change effect. 

In this study, 2 different profiles of the diurnal temperature change referred to 

the normal temperature range and hot-rain temperature range mimicking that 

recorded in Southern Thailand was used for studying the effect of diurnal 

temperature changes on the growth and the expression profile of the genes 

encoding virulence factors of these A. veronii. Based on our obtained results, 

we could not conclude the effect on how the temperature involves in the growth 

and transcriptional expression of virulence factor genes. To our knowledge, 

most of the researches have focused on the growth of bacteria towards the 

constant temperature (Zwietering et al., 1994; Van Derlinden et al., 2008; Zotta 
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et al., 2013) while our study aimed to verify the effect of the dynamic changes 

of temperature. We found that more fluctuating temperature increased the 

growth or total number of bacteria but the correlate between the temperature 

pattern and specific growth rate is still unclear. Similarly, the temperature 

change probably affected the expression level of virulence factor genes but the 

correlation was still in doubt. The results showed that the normal temperature 

range caused the higher expression level than did the hot-rain temperature 

range. There has been reported that the expression of virulence factors depends 

on the ability of the pathogen to sense of multiple environmental cues, for 

example, temperature, pH, oxygen, amount of certain anion such as phosphate 

and bicarbonate, and osmorlaity (Thomas and Wigneshweraraj, 2014). In 

addition, the virulence gene expression also be employed in response to a single 

environmental parameter fluctuation and single regulatory mechanism 

especially some quorum sensing regulation (Antunes et al., 2010). 

This study demonstrated the first time of a variety of virulence factor 

gene profiles in A. veronii isolated from MAS–exhibiting Nile tilapia. In 

addition, the effects of environmental factor, diurnal temperature changes, on 

the growth and expression of the genes encoding virulence factors were also 

examined. However, the correlation of virulence factor gene appearance and 

pathogenicity degree has to be further evaluated. The findings will be beneficial 

data for development of vaccine applied in aquaculture to reduce the losses 

caused by virulent A. veronii and Aeromonas spp.     
 

Acknowledgement 
 

 This research was a part of the project entitled “Effect of Abrupt Climate Change on 

Immune System and Susceptibility to Antibiotic-Resistant Aeromonas veronii Infection in Nile 

Tilapia (Oreochromis niloticus)” under the research program No. 2919 granted by the National 

Research Council of Thailand (NRCT) and Rajamangala University of Technology Srivijaya.  
 

References 

 
Aguilera-Arreola, M. G., Hernández-Rodríguez, C., Zúñiga, G., Figueras, M. J. and Castro-

Escarpulli, G. (2005). Aeromonas hydrophila clinical and environmental ecotypes as 

revealed by genetic diversity and virulence genes. FEMS Microbiology Letters. 

242:231-240. 

Antunes, L. C, Ferreira, R. B., Buckner, M. M. and Finlay, B. B. (2010). Quorum sensing in 

bacterial virulence. Microbiology. 156:2271-2282. 

Cascón, A., Yugueros, J., Temprano, A., Sanchez, M., Hernanz, C., Luengo, J. M. and Naharro, 

G. (2000). A major secreted elastase is essential for pathogenicity of Aeromonas 

hydrophila. Infection and Immunity. 68:3233-3241. 



1126 

 

 

 

Chandrarathna , H. P. S. U., Nikapitiya C., Dananjaya, S. H. S., Wijerathne, C. U. B., 

Wimalasena, S. H. M. P., Kwun, H. J., Heo, G. J., Lee, J. and De Zoysa, M. (2018). 

Outcome of co-infection with opportunistic and multidrug resistant Aeromonas 

hydrophila and A. veronii in zebrafish: Identification, characterization, pathogenicity 

and immune responses. Fish and Shellfish Immunology. 80:573-581. 

Igbinosa, I. H., Igumbor, E. U., Aghdasi, F., Tom, M. and Okoh, A. I. (2012). Emerging 

Aeromonas species infections and their significance in public health. Scientific World 

Journal. 

Janda, J. M. and Abbott, S. L. (2010). The genus Aeromonas: Taxonomy, pathogenicity, and 

infection. Clinical Microbiology Reviews. 23:35-73. 

Khor, W. C., Puah, S. M., Tan, J. A. M. A., Puthucheary, S. and Chua, K. H. (2015). 

Phenotypic and genetic diversity of Aeromonas species isolated from fresh water lakes 

in Malaysia. PLoS ONE. 10: e0145933. doi:10.1371/journal.pone.0145933. 

Latif-Eugenin, F., Beaz-Hidalgo, R. and Figueras, M. J. (2016). Evaluation of different 

conditions and culture media for the recovery of Aeromonas spp. from water and 

shellfish samples. Journal of Applied Microbiology. 121:883-891. 

Li, J., Ni, X. D., Liu, Y. J. and Lu, C. P. (2011). Detection of three virulence genes alt, ahp and 

aerA in Aeromonas hydrophila and their relationship with actual virulence to zebrafish. 

Journal of Applied Microbiology. 110:823-830. 

Price, S. J., Ariel, E., Maclaine, A., Rosa, G. M., Gray, M. J., Brunner, J. L. and Garner, T. W. J. 

(2017). From fish to frogs and beyond: impact and host range of emergent ranaviruses. 

Virology. 511:272-279. 

Rasmussen-Ivey, C. R., Figueras, M. J., McGarey, D. and Liles, M. R. (2016). Virulence 

factors of Aeromonas hydrophila: In the wake of reclassification. Frontiers in 

Microbiology. 7:1337.  

Rodriguez, L. A., Ellis, A. E. and Nieto, T. P. (1992). Purification and characterization of an 

extracellular metalloprotease, serine protease and haemolysin of Aeromonas hydrophila 

strain B32: all are lethal for fish. Microbial Pathogenesis. 13:17-24. 

Sarjito, C., Hadimoto, A. H. C., Ariyati, R. W. and Prayitno, S. B. (2017). The diversity of 

causative agent associated with bacterial diseases on catfish (Clarias gariepinus) with 

molecular based from Kendal, Indonesia, Advanced Science Letters. 23:6479-6482. 

Schneider, C. A., Rasband, W. S. and Eliceiri, K. W. (2012). NIH image to ImageJ: 25 years of 

image analysis. Nature Methods.  9:671-675. 

Sechi, L. A., Deriu, A., Falchi, M. P., Fadda, G. and Zanetti, S. (2002). Distribution of 

virulence genes in Aeromonas spp. isolated from Sardinian waters and from patients 

with diarrhoea. Journal of Applied Microbiology. 92:221-227. 

Senderovich, Y., Ken-Dror, S., Vainblat, I., Blau, D., Izhaki, I. and Halpern, M. (2012). A 

molecular study on the prevalence and virulence potential of Aeromonas spp. recovered 

from patients suffering from diarrhea in Israel. PLoSONE. 7:e30070. 

doi:10.1371/journal.pone.0030070. 



International Journal of Agricultural Technology 2018 Vol. 14(7): 1115-1128  

 

1127 

 

 

 

Sha, J., Erova, T. E., Alyea, R. A.,Wang, S., Olano, J. P., Pancholi, V. and Chopra, A. K. 

(2009). Surface-expressed enolase contributes to the pathogenesis of clinical isolate 

SSU of Aeromonas hydrophila.  Journal of Bacteriology. 191:3095-3107. 

Sha, J., Kozlova, E. V. and Chopra, A. K. (2002). Role of various enterotoxins in Aeromonas 

hydrophila-induced gastroenteritis: generation of enterotoxin gene-deficient mutants 

and evaluation of their enterotoxic activity. Infection and Immunity. 70:1924-1935.  

Shoemaker, C. A., Mohammed, H. H., Bader, T. J., Peatman, E. and Beck, B. H. (2018). 

Immersion vaccination with an inactivated virulent Aeromonas hydrophila bacterin 

protects hybrid catfish (Ictalurus punctatus X Ictalurus furcatus) from motile 

Aeromonas septicemia. Fish and Shellfish Immunology. 82:239-242. 

Skwor, T., Shinko, J., Augustyniak, A., Gee, C. and Andraso, G. (2014). Aeromonas 

hydrophila and Aeromonas veronii predominate among potentially pathogenic 

ciprofloxacin- and tetracycline-resistant Aeromonas isolates from Lake Erie, Applied 

and Environmental Microbiology. 80:841-848. 

Sun, J., Zhang, X., Gao, X., Jiang, Q., Wen, Y. and Lin, L. (2016). Characterization of 

virulence properties of Aeromonas veronii isolated from diseased gibel carp (Carassius 

gibelio). International Journal of Molecular Sciences. 17:496. doi: 

10.3390/ijms17040496. 

Thomas, M. S. and Wigneshweraraj, S. (2014). Regulation of virulence geneexpression. 

Virulence. 5:832-834. 

Thompson, J. D., Higgins, J. D. and Gibson, T. J. (1994). CLUSTAL W: improving the 

sensitivity of progressive multiple sequence alignment through sequence weighting, 

position-specific gap penalties and weight matrix choice. Nucleic Acids Research. 

22:4673-4680. 

Thornley, J. P., Shaw, J. G., Gryllos, I. A. and Eley, A. (1997). Virulence properties of 

clinically significant Aeromonas species: Evidence for pathogenicity. Reviews in 

Medical Microbiology. 8:61-72. 

Van Derlinden, E., Bernaerts, K. and Van Impe, J. F. (2008). Dynamics of Escherichia coli at 

elevated temperatures: effect of temperature history and medium. Journal of Applied 

Microbiology. 104:438-453. 

Vega-Sánchez, V., Latif-Eugenín, F., Soriano-Vargas, E., Beaz-Hidalgo, R., Figueras, M. J., 

Aguilera-Arreola, M. G. and Castro-Escarpulli, G. (2014). Re-identification of 

Aeromonas isolates from rainbow trout and incidence of class 1 integron and β- 

lactamase genes. Veterinary microbiology. 172:528-533. 

Weisburg, W. C., Barns, S. M., Pelletier, D. A. and Lane, D. J. (1991). 16S ribosomal DNA 

amplification for phylogenetic study. Journal of Bacteriology. 173:697-703. 

Wimalasena, S. H. M. P., Shin, G. W., Hossain, S. and Heo, G. J. (2017). Potential 

enterotoxicity and antimicrobial resistance pattern of Aeromonas species isolated from 

pet turtles and their environment. The Journal of Veterinary Medical Science. 79:921-

926. 

Yu, H. B., Kaur, R., Lim, S. M., Wang, X. H. and Leung, K. Y. (2007). Characterization of 

extracellular proteins produced by Aeromonas hydrophila AH-1. Proteomics. 7:436-449. 



1128 

 

 

 

Zhang, X., Yang, W., Wu, H., Gong, X. and Li, A. (2014). Multilocus sequence typing revealed 

a clonal lineage of Aeromonas hydrophila caused motile Aeromonas septicemia 

outbreaks in pond-cultured cyprinid fish in an epidemic area in central China. 

Aquaculture. 432:1-6. 

Zotta, T., Guidone, A., Ianniello, R. G., Parente, E. and Ricciardi, A. (2013). Temperature and 

respiration affect the growth and stress resistance of Lactobacillus plantarum C17. 

Journal of Applied Microbiology. 115:848-858. 

Zwietering, I., De Wit, J. C., Cuppers, H. G. A. M. and Van 'T Riet, K. (1994). Modeling of 

bacterial growth with shifts in temperature. Applied and Environmental Microbiology. 

60:204-213. 

 

 

 

 

 

(Received: 2 September 2018, accepted: 3 November 2018) 

 


