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This study was undertaken to assess prevalence of virulent and antibiotic-resistant Aeromonas species 
in chicken meat and fresh water fish washings procured from local market. Isolation was done on three 
selective agar viz. Aeromonas isolation media, ampicillin dextrin agar and Aeromonas starch DNA agar. 
Presumptive colonies were directly screened by multiplex polymerase chain reaction (PCR) targeting 
genus specific 16S rRNA gene, aerolysin (aerA) of Aeromonas hydrophila and hemolysin (asa1) gene of 
Aeromonas sobria. Of the 200 samples (100 each of chicken and fish washings), 21 isolates were 
confirmed as Aeromonas species. We could not detect aer A, however, asa1 of A. sobria was detected 
in six (28.57%) fish isolates. Aeromonas isolates exhibited 100% resistant to amoxicillin, ampicillin and 
95.23% to carbenicillin. Moderate sensitivity was observed to kanamycin (90.47%) and neomycin 
(71.42%). Isolates were 100% sensitive to gentamicin and ciprofloxacin. Maximum sensitivity was 
recorded with chloramphenicol, tobramycin (95.23% each) and amikacin (80.95%). PCR characterization 
revealed presence of class 1 integron and Tet (C) genes in six and 10 isolates, respectively. PSE-1 β-
lactamase was not detected in any of the isolates. This study demonstrate the incidence of antimicrobial 
resistant Aeromonas in chicken and fish environment, which may be a potential source of spread of this 
enteropathogen in food chain. 
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INTRODUCTION 
 
Aeromonas species are ubiquitous Gram negative bacilli, 
nowadays classified within the new Aeromonadaceae 
family (Martin-Carnahan and Joseph, 2005). They are 
widely distributed in aquatic environments and are 
isolated from a wide range of food of animal and plant 

origin. Exotoxins are major virulence factors of 
aeromonads that include a cytotoxic heat-labile 
enterotoxin (Act), also known as aerolysin/hemolysin; a 
cytotonic heat-labile enterotoxin (Alt), known as lipase, 
extracellular lipase, or phospholipase and a cytotonic 
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heat-stable enterotoxin (Ast) (Kingombe et al., 2010). 
Other than gastroenteritis, Aeromonas are responsible for 
meningitis, cellulites, otitis, endocarditis, osteomyelitis, 
peritonitis, bacteremia and septicemia (Albert et al., 
2000). Motile aeromonads due to their ubiquitous 
distribution are considered as bacterial indicators of fresh 
water environment, especially for harboring resistance 
genes (Schmidt et al., 2001). In India, incidence of 
Aeromonas species is reported from various foods of 
animal origin viz. fish, seafood, raw and cooked meat, 
poultry, vegetables, milk and milk products (Khurana and 
Kumar, 1997; Agarwal et al., 2000), however, reports on 
detection of virulence and drug resistance genes are 
limited. Antimicrobial resistance among enteric patho-
gens is a serious problem in developing countries where 
there is a high frequency of gastroenteric illnesses and 
many antibiotics fall routinely into inadequate use. 
Acquisition of new genetic material by susceptible 
bacteria from resistant strains often facilitates the incor-
poration of the multiple resistance genes into the host’s 
genome or plasmids (Tenover, 2006). The consequences 
of horizontal gene transfer are even more alarming. This 
mechanism can often promote the simultaneous spread 
of resistance to several unrelated classes of antibiotics, 
particularly if the genes for such resistance are co-
located on the transmissible genetic element. Antimi-
crobial-resistant populations are present everywhere in 
all bacterial communities. Their expansion follows 
complex pathways through environmental systems, 
people, animals, food and water. Therefore, surveillance 
of antimicrobial resistance in commensal, zoonotic and 
pathogenic bacteria from humans, animals and food is 
crucial while formulating food safety measures (Acar and 
Moulin, 2013). Considering the high frequency of 
Aeromonas in poultry feces, poultry carcasses can be 
considered as a risk group for Aeromonas infections and 
dissemination (Jindal et al., 1993). β-Lactam antibiotics 
are commonly used in the treatment of bacterial 
infections but they are hydrolysed by β-lactamase 
enzymes produced by resistant bacteria (Li et al., 2009). 
Also, class I integrons are usually reported to contain 
antibiotic-resistant gene cassettes and related with other 
mobile elements such as plasmids, which could 
contribute to the dissemination of resistance genes 
(Agersø and Sandvang, 2005). Antimicrobials are also 
used in the aquaculture environment which may create 
selective pressure on bacterial environment. In view of 
these facts, the aim of the study was to estimate 
prevalence of Aeromonas hydrophila and Aeromonas 
sobria in chicken and fish washings and to find their 
antimicrobial resistance pattern.  
 
 
MATERIALS AND METHODS  
 
Sample collection 
 
Chicken meat (100) and fish washings (100) were collected 
aseptically during January to October, 2013 from the local market in 

 
 
 
 
Shirwal. Approximately 50 g chicken and 10 ml fish washing water 
were collected in pre-sterilized specimen tubes and transported on 
ice to the laboratory for bacterial isolation. Samples collected were 
further processed on the day of collection for isolation of 
Aeromonas species. 
 
 
Isolation and identification of Aeromonas species  
 
For isolation, enrichment was done in alkaline peptone water 
(APW). Approximately, 10 g of chicken meat sample homogenized 
with 90 ml sterile normal saline solution (NSS), and 1 ml 
homogenate was further transferred to 9 ml APW. From fish 
washings, 1 ml of sample was inoculated with 9 ml of APW 
according to the methods described by Agarwal et al. (2003) and 
HiMedia (2009). After enrichment at 37°C for 18 h, selective plating 
was done on Aeromonas isolation media, ampicillin dextrin agar 
(ADA) and Aeromonas Starch DNA agar. After inoculation agar 
plates were incubated at 37°C for 24 h. Presumptive identification 
of Aeromonas species was based on colony characteristics, 
morphology and Gram’s staining. Presumptive colonies were further 
subcultured on ADA and subjected to molecular studies. 
Aeromonas colonies on ADA are yellow with dark orange centre, on 
Aeromonas isolation media are dark green colored clear to slightly 
opalescent and on Aeromonas Starch DNA agar are creamy. 
Candidate colonies were further kept at 4°C in brain heart infusion 
(BHI) broth until use. All the bacteriological media were procured 
from HiMedia Laboratories Private Limited, Mumbai, India. 
 
 
Antimicrobial susceptibility testing 
 
Antibiotic sensitivity was determined by single disc diffusion method 
of Bauer et al. (1966) using Mueller Hinton agar (MHA). Bacteria 
were cultivated in BHI broth and incubated for 12 h at 37°C. 
Further, the bacterial suspension were seeded onto MHA plates. 
Antimicrobial profiles of Aeromonas isolates were studied against 
12 different antimicrobials viz. amikacin (AK, 30 mcg/disc), 
amoxicillin (AMX, 30 mcg/disc), ampicillin (AMP,10 mcg/disc), 
carbenicillin (CB, 100 mcg/disc), cephalothin (CEP, 30 mcg/disc), 
chloramphenicol (C, 30 mcg/disc), ciprofloxacin (CIP, 5 mcg/disc) 
gentamicin (GEN, 30 mcg/disc), kanamycin (K, 30 mcg/disc), 
neomycin (N, 30 mcg/disc),  tobramycin (TOB, 10 mcg/disc), 
tetracycline (TE, 30 mcg/disc). Zones of inhibition were read after 
incubation at 37°C for 24 h in accordance with Performance 
Standards for Antimicrobial Disk Susceptibility Tests, CLSI as 
mentioned by the manufacturer of antimicrobial discs (HiMedia 
Laboratories, Mumbai).  
 
 
Molecular detection 
 
Genus and species specific multiplex PCR assay was performed for 
detection of Aeromonas species targeting conserved and virulence 
genes according to the methods described by Wang et al. (2003) 
with suitable modifications. Briefly, presumptive colonies were 
further subcultured on ADA. All PCR reactions, both for virulence 
associated gene and antimicrobial genes were performed by colony 
PCR in 25 µl containing 12.5 µl PCR master mix (HiMedia), 1 µl (10 
picomoles) forward (F) and reverse(R) primers, 7.5 µl nuclease free 
water and a pure single colony as a DNA template. Bacterial 
colonies were picked up with sterilized tooth pick and directly 
transferred to PCR tubes. The program was run on a Verity 96 well 
thermal cycler PCR system (Applied Biosystems). The PCR 
products were cooled at 4°C and resolved by submarine gel 
electrophoresis on 1.5% agarose gel. Each run contained a 100 bp 
DNA molecular weight marker (GeneRuler, Fermentas). The gels 
were stained with ethidium bromide (0.5 µg/ml), observed under UV
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Table 1. Oligonucleotide sequences used for detection of different genes in Aeromonas species. 
 

Target gene Primer sequence 
Amplicon size 

(bp) 
Reference 

16S rRNA 
F- GGGAGTGCCTTCGGGAATCAGA  
R- TCACCGCAACATTCTGATTTG 

356 Wang et al. (2003) 
    

asa1 of A. sobria 
F- TAAAGGGAAATAATGACGGCG  
R- GGCTGTAGGTATCGGTTTTCG  

249 Wang et al. (2003) 
    

aerA of A. hydrophila  
F- CAAGAACAAGTTCAAGTGGCCA  
R- ACGAAGGTGTGGTTCCAGT 

309 Wang et al. (2003) 
    

PSE β-lactamase        
F- ACCGTA TTGAGCCTG ATT TA  
R- ATT GAAGCC TGT GTT TGAGC 

321 Bert et al. (2002) 
    

Class 1 integron 
F- GGC ATC CAA GCA GCA AG 
R- GGC ATC CAA GCA GCA AG 

410 
Igbinosa and Okoh, 
(2012) 

    

Tet C 
F- GGT TGA AGG CTC TCA AGG GC 
R- CCT CTT GCG GGA TAT CGT CC 

505 
Agerso and 
Sandvang, (2005) 

 
 
 

Table 2. PCR conditions used for detection of antimicrobial resistance genes in Aeromonas species. 
 

Target gene 
Initial 
denaturation 

Denaturation  Annealing  Extension  Final extension 

PSE β-lactamase        96°C/5 min 96°C/30 s 55°C/30 s 72°C/60 s 72°C/5 min 
Class 1 integron 94°C/5 min 95°C/45 s 56°C/60 s 72°C/90 s 72°C/10 min 
Tet C 94°C/5 min 94°C/60 s 65°C/60 s 72°C/60 s 72°C/10 min 

 

Repeated 30 cycles for each gene. 
 
 
 

light at a λ 420 nm and images were captures through gel 
documentation system (G Box, Syngene UK). 

For detection of 16S rRNA gene, and two virulence associate 
species specific genes viz. aerolysin gene (aerA) of A. hydrophila 
and hemolysin gene (asa1) of A. sobria, a multiplex PCR assay was 
carried out with pre-denaturation at 95°C for 5 min, followed by 35 
cycles of denaturation at 95°C for 30 s, annealing at 59°C for 30 s, 
extension at 72°C for 30 s, and final extension at 72°C for 7 min. 
Particulars of oligonucleotide sequences and PCR conditions used 
for detection of antimicrobial resistance genes are shown in Tables 
1 and 2. 
 
 
RESULTS  
 
Aeromonads were isolated from 21 (10.5%) out of 200 
samples (100 each of chicken and fish washings). 
Prevalence of Aeromonas was recorded higher (15%) in 
fish washings as compared to chicken (6%). We used 
three selective media viz. ADA, Aeromonas isolation 
media, and Aeromonas Starch DNA agar for isolation of 
mesophillic aeromonads. Findings revealed that ADA is 
the best suitable bacteriological media for recovery of 
Aeromonas species from food samples. The recorded 
prevalence is the actual prevalence based on molecular 
confirmation of the isolates targeting 16S rRNA gene. 
Screening of the Aeromonas isolates for aerolysin A 
(aerA) of A. hydrophila and asa1 hemolysin gene of A. 
sobria revealed presence of asa1 in six (28.57%) 

isolates. None of the isolates were positive for aerolysin 
A (Figure 1). All the isolates showing positivity for asa1 
were from fish source. Thus only A. sobria could be 
detected and we could not isolate virulent A. hydrophila.  

All the Aeromonas isolates irrespective of the source 
exhibited moreover similar profile in terms of sensitivity 
and resistance to the antimicrobials (Table 3). They were 
100% resistant to amoxicillin, ampicillin and 95.23% to 
carbenicillin. Moderate sensitivity was observed to 
kanamycin (90.47%) and neomycin (71.42%). The 
percent sensitivity was observed against gentamicin and 
ciprofloxacin. Maximum sensitivity was recorded with 
chloramphenicol (95.23%), tobramycin (95.23%) and 
amikacin (80.95%). 

Antibiotic resistance profiles of all 21 Aeromonas 
isolates was assessed genotypically for association of 
PSE β-lactamase, class 1 integron and Tet (C) 
tetracycline genes. Genomic resistant to PSE β-
lactamase was not detected in any of the isolates, 
however, distribution of class 1 integron and Tet (C) was 
observed. Class 1 integron cassette was detected in six 
(28.57%) aeromonads and all were from fish washings 
(Figure 2). Ten isolates (47.62%) showed positive 
amplification of Tet (C), three from chicken and seven 
were from fish washings (Figure 3). Combination of class 
1 integron and Tet (C) was also recorded in three 
(14.28%) aeromonads in the present study. 
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Figure 1. Detection of Aeromonas genus specific 16S 
rRNA and asa1 genes. M- 100 bp DNA ladder, Lanes: 
1-4 (16S rRNA gene-356 bp); Lane: 2-16S rRNA and 
asa1 gene (249 bp). 

 
 
 

Table 3. Antimicrobial sensitivity test of Aeromonas isolates 
 

Antibiotic 
Resistant Moderate sensitive Sensitive 

(No.) (percent) (No.) (percent) (No.) (percent) 

Amikacin 4 19.04 0 0.00 17 80.95 
Amoxicillin 21 100.00 0 0.00 0 0.00 
Ampicillin 21 100.00 0 0.00 0 0.00 
Carbenicillin 20 95.23 1 4.76 0 0.00 
Cephalothin 14 66.66 2 9.52 5 23.80 
Chloramphenicol 0 0.00 1 4.76 20 95.23 
Ciprofloxacin 0 0.00 0 0 21 100.00 
Gentamicin 0 0.00 0 0 21 100 
Kanamycin 0 0.00 19 90.47 2 9.52 
Neomycin 0 0.00 15 71.42 6 28.57 
Tetracycline 0 0.00 6 28.57 15 71.42 
Tobramycin 0 0.00 1 4.76 20 95.23 

 
 
 
DISCUSSION 
 
Observed prevalence in the present study is comparable 
with previous reports from India especially from foods of 
animal origin (Yadav and Verma, 1998; Agarwal et al., 
2000; Kumar et al., 2000; Rathore et al., 2005; Shinde et 
al., 2005; Smita et al., 2011). Aforementioned 
researchers observed the incidence of aeromonads with 
varying percentage in the range of 8 to 55%. Agarwal et 

al. (2000) isolated aeromonads from fish (22%) and goat 
meat (8.9%). Kumar et al. (2000) also reported close 
prevalence of Aeromonas, 16.7% in poultry meat, 12% in 
chevon and 7.7% in buffalo meat. Rathore et al. (2005) 
recorded higher prevalence of aeromonads in water and 
fish with A. hydrophila as a predominant species (43%) 
followed by A. sobria and A. veronii (13%, each). Shinde 
et al. (2005) observed moderate incidence of 24% in 
poultry meat, however, very high prevalence of 55% was  
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Figure 2. Detection of Class 1 integron gene in Aeromonas isolates (410 bp). 
M- 100 bp DNA ladder, Lanes : 1- 6 (class 1 integron genes). 

 
 
 

 
 
Figure 3. Detection of tetracycline Tet (C) gene in Aeromonas isolates (505 bp). M- 100 
bp DNA ladder, Lanes: 1- 10 (Tet C- gene). 

 
 
 
found in the studies of Smita et al. (2011). Variation in 
geographical distribution to certain extent has also been 
documented by Sinha et al. (2004). Literatures from other 
part of the world revealed widespread distribution of 
Aeromonas species in meat, fish and fresh water 
environment (Hanninen and Sitonen, 1995; Akan et al., 
1998; Neyts et al., 2000; Villari et al., 2000; Dallal et al., 
2012). Presence of Aeromonas species in foods of 
animal origin, water environment and retail foods as 
evident from the available literatures may indicate that 
these products can act as possible source of vehicles for 

dissemination of food-borne Aeromonas gastroenteritis 
(Neyts et al., 2000; Bhowmik et al., 2009).  

Present findings emphasize the need of more intensive 
study on distribution of aeromonads in soil, water 
environment and foods of animal origin considering its 
public health implications. Hygiene at retail chicken shop 
where samples were collected, was heavily compromised 
and water use for carcass washing may be important 
critical point in carcass contamination from wide number 
of gastrointestinal food-borne zoonotic pathogens. It was 
observed that water kept in bucket for washing either fish  
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or chicken carcass was not subject to frequent change 
and used for dipping of number subjects. 

High level of resistance encountered against amoxicillin 
is alarming since this antibiotic is frequently used in 
aquaculture operations in order to treat fish diseases. 
The present findings are in tune with John and Hatha 
(2012) wherein amoxicillin, carbenicillin and cephalothin 
resistant strains were detected from fresh water fish. 
Antimicrobial resistance in fish could be attributed to the 
practice of using antimicrobials in hatcheries and 
aquaculture for control of bacterial diseases in fish.  Our 
findings are not in agreement with the findings of Dallal et 
al. (2012) wherein, number of the aeromonads isolated 
from ground meat and chicken exhibited resistance to 
cephalothin (82.5%), tetracycline (69%), kanamycin 
(25%) and neomycin (4%). Results of the present study 
are also in tune with the findings of Sharma et al. (2010) 
who isolated ciprofloxacin and amikacin sensitive 
Aeromonas strains from various foods of animal origin 
including fish. Ghenghesh et al. (2013) recorded 
significantly higher tetracycline resistance in aeromonads 
from chicken carcass (33%) in contrast with the present 
study. Tetracyclines are common additives in poultry feed 
which can contribute to acquired resistance in poultry. 
We could not record resistance to tetracycline 
phenotypically but could detect presence of Tet (C) 
genes Aeromonas isolates. As tetracycline has been a 
widely used antibiotic because of its low toxicity and 
broad spectrum activity, tetracycline resistance gene was 
studied. The broad ecological presence of tet(C) is not 
surprising, since it has been widely distributed in different 
bacterial genera (Aminov et al., 2002). 

Since, laboratory procedures for isolation and 
identification of aeromonads are laborious and time 
consuming, several virulence associated genes have 
been targeted for detection of potentially pathogenic 
aeromonads by PCR including hemolysin, cytolysin, 
aerolysin genes (Wang et al., 2003; Aslani and Hamzeh, 
2004; Balakrishna et al., 2010). Earliest report on 
development of PCR assay to detect aerolysin gene in A. 
hydrophila is from Pollard et al. (1990) with a detection 
limit of 1 ng of total nucleic acid. Recently, multiplex PCR 
method for detection of three Aeromonas enterotoxin 
genes viz. cytotoxic (act), heat labile (alt), and heat stable 
(ast) was developed by Kingombe et al. (2010). Their 
finding revealed act and alt as most dominant genes in 
food-borne Aeromonas isolates. A PCR reaction was also 
standardized by Porteen et al. (2007) for detection of 
Aeromonas species from chicken and fish samples using 
primers against 16S rRNA and aerolysin gene. 

Based on the results of PCR, only A. sobria could be 
detected and we could not isolate A. hydrophila. 
However, as the strains were confirmed as aeromonads 
targeting 16S rRNA genes, further studies on isolation 
and characterization of Aeromonas species from wide 
range of food and environmental sources is needed. 
Wang  et  al. (2003)  detected  aerolysin gene in 55% and  

 
 
 
 
asa1 gene in 12.05% of the aeromonads isolated from 
sporadic cases of human diarrhoea. The hly and aerA 
positive genotype was most common genotype found in 
the study of Aslani and Hamzeh (2004) conducted on 
Aeromonas species isolated from diarrheal human cases 
and Gonzalez-Rodriguez et al. (2002) in raw and cold-
smoked freshwater fish. Nagar et al. (2011) also revealed 
prevalence of hly and aerA positive aeromonads isolated 
from chicken, fish and ready to eat sprouts from Mumbai.  

Genotypically, resistance to PSE1β-lactamase could 
not be detected, however, distribution of class 1 integron 
and Tet (C) was observed. Findings of the present study 
are in corroboration with Schmidt et al. (2001) and 
Igbinosa and Okoh (2012) in terms of detection of class 1 
integron but contrast for Tet (C). Both authors could not 
detect Tet (C) in Aeromonas species; however class 1 
integron gene cassette was detected. Agerso and 
Sandvang (2005) investigated the role of environmental 
bacteria as a reservoir for spread of antimicrobial 
resistance between the animals and human population. 
Their study revealed that soil bacteria may play important 
role in horizontal transfer of plasmid mediated resistance 
encoded by class 1 integron genes cassette and tet 
genes. Diversity in the gene cassette of class 1 integron 
was also observed in another study, wherein 13.9% 
Aeromonas isolates from human clinical cases were 
positive for class 1integron (Lee et al., 2008). The 
detection of class 1 integron indicates the potential 
spread of antimicrobial resistance genes within the 
Enterobacteriaceae family in the simulated environment. 
Presence of β-lactamase genes in Aeromonas has been 
reported by Igbinosa and Okoh (2012) which is an 
alarming public health concern.  

Member of the genus Aeromonas readily develop 
single or multiple antimicrobial resistance phenotypes, 
and R-plasmids are commonly found, thus they are well 
suited for monitoring the incidence of antibiotic 
resistance, as well as for investigating the conjugative 
spread of resistance genes (Schmidt et al., 2001). Since 
antibiotic resistance exists in bacteria in different and 
potentially linked reservoirs, an integrated laboratory-
based surveillance programme for monitoring resistance 
in all relevant reservoirs is needed.  
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