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Detection of Virulence Genes in Aeromonas hydrophila Isolated 
from Poultry Meat Using PCR Technique

The present study was conducted to investigate the presence of Aeromonas species especiallyA. hydrophila 
and to detect the presence of the aerolysin (aerA) and haemolysin (hly) genes in its isolates derived from a 
total of 80 poultry meat samples including 20 of each of breasts, drumsticks,thighs and wings. The samples 
were randomly purchased from some local retail shops in Assiut city, Egypt. Aeromonas spp. were isolated 
from 48(60%) of the samples analyzed, including 11(55%) of chicken breast, 12 (60%) of chicken drumsticks, 
10 (50%) of chicken thigh and 15 (75%) of chicken wing. A total of 48 strains were isolated belonging to six 
species: A. hydrophila 14 (17.5%), A. caviae 5 (6.25%), A. jandaei 7(8.75%), A. trota 1 (1.25%), A. schubertii 
6 (7.5%) and A. allosacharophila 15 (18.75%). All the recovered A. hydrophila organisms were confirmed by 
PCR assay for the presence of 16S rRNA gene and 9 strains of the tested isolates harboured this gene. Whereas 
the aerA and hly virulence genes were present in eight and five of A. hydrophila strains out of nine isolates 
tested, respectively. Strict hygiene measure should be taken to minimize the contamination of poultry meat 
with Aeromonas spp.
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INTRODUCTION

Chickens are hosts to many microorganisms found on their 
skin, feathers, and digestive tract. These microorganisms can 
possibly contaminate meat during processing chain, such as 
slaughtering, defeathering, evisceration, and storage (Bhaisare et 
al., 2014). Moreover, when processed in unhygienic conditions, 
other microorganisms present in the processing environment, 
equipment, and processors hands/apron can contaminate the 
final meat product (Gideon et al., 2017).

Aeromonas bacteria are considered major important patho-
gen and opportunistic pathogens in both immune competent 
and immune depressed persons (Janda and Abbott, 2010). In 
human Aeromonas spp. are the causes of both intestinal and ex-
tra-intestinal infections (Khajanchi et al., 2010). Five Aeromonas 
spp. represented as Aeromonas hydrophila, Aeromonas caviae, 
Aeromonas veronii, Aeromonas jandaei, and Aeromonas schuber-
tii are commonly associated with human intestinal infections 
(Janda and Abbott, 2010).

It was reviewed that aerolysin is a virulence factor take part 
in the pathogenesis of A. hydrophila (Praveen et al., 2016). In ad-
dition, there is good proof that Aeromonas species are able to 
produce several virulence factors at both maximum growth tem-
perature and at refrigerated temperatures (Merino et al., 1995). 
Which may be important to raw food products which are stored 

at refrigeration and have a long validity period at this tempera-
ture. Accordingly, Aeromonas species should be continuously 
monitored in food products as they may be a source of food 
borne infection (Dallal et al., 2012). Chicken products have an 
important role in the transmission of this pathogen to humans 
(Praveen et al., 2016).

Aeromonas spp. can grow and produce toxins in refrigerat-
ed conditions indicating that refrigeration can not be effective 
enough to control the pathogens. As Aeromonas spp. are fre-
quently isolated from food due to their psycrotrophy and the ex-
istence of the pathogens in water, faeces of humans and animals, 
the risks of foodborne infections are increased (Kirov, 1993).

Uma et al. (2010) mentioned that Aeromonas hydrophila is 
an opportunistic and primary bacterial pathogen of a variety of 
aquatic, terrestrial animals, and humans. Its pathogenicity has 
been associated with virulence factors such as aerolysin and he-
molysin. The detection of the presence of such virulence factors 
is a better indicator of the potential health risk.

Dallal et al. (2012) isolated Aeromonads from 80 (32%) of the 
samples analyzed, including 53 (57.6%) of chicken and 27 (17%) 
of minced meat. The isolation rate in chicken was significantly 
higher than minced meat (p<0.001). The highest contamination 
was found in chicken with Aeromonas caviae. 

There is scarce of the published information and limited 
studies about the prevalence of Aeromonas spp. especially A. hy-
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drophila and their virulence in poultry meat in Assiut city, Egypt.
Keeping in view the importance of these pathogens, there-

fore, the main objective of this study was to genetically re-identi-
fy previously biochemically identified A. hydrophila isolated from 
poultry meat intended for human consumption and its capability 
of producing virulence genes of aerolysin and haemolysin were 
also studied which play a key role in their pathogenicity.

MATERIALS AND METHODS

Collection of samples

In this study, a total of 80 samples of chicken parts repre-
sented by 20 from each of breasts, drumsticks, thighs, and wings 
were purchased from randomly selected local retail shops in As-
siut province, Egypt during the period from June to September 
of 2018. Samples were transferred immediately in the purchased 
consumer bags to be examined in the Animal Health Research 
Institute, Assiut laboratory.

Isolation of Aeromonas spp. (Agarwal et al., 2003)

Enrichment

Twenty five grams of each piece of chicken samples were 
transferred aseptically and homogenized with 225 ml of 0.1 % 
alkaline peptone water (pH 8.4 – 8.6; Oxoid CM 9), in stomacher 
for 2 min. and incubated at 28ºC for 24 h.

Selective plating

After the incubation, enrichment fluid streak plated onto 
Aeromonas Selective Agar Base (Biolife, CN0801) which contains 
10 mg/l ampicillin (cat. N° 4240012) and plates were incubated 
at 30ºC for 24 h. Following the incubation, Aeromonas colonies 
showed a visible yellow color were accepted as suspected. From 
the typical colonies at least 5 were chosen, subcultured onto 
Tryptone Soy Agar plates (TSA, Oxoid CM 131) and incubated at 
30ºC for 24 h. The colonies which grew on TSA were tested for; 
Gram stain, oxidase, catalase, motility, growth in Nutrient broth 
whether containing 5 % of NaCl or none. 

Identification of Aeromonas spp.

 From the colonies detected as Aeromonas, esculin hydro-
lysis, gas formation from d-glycose, acid formation from arab-
inose, d-mannitol and salisin fermentation, methyle red, voges 
proskauer and indol tests were done for the identification as de-
scribed by Carahan and Joseph (2005).

PCR assay for identification of 16S rRNA, aerolysin (aerA) and hae-
molysin (hly) virulence genes of A. hydrophila

The isolated A. hydrophila strains were sent to the Reference 
laboratory for veterinary Quality Control on poultry production 
in Animal Health Research Institute, Dokki, Giza, Egypt, for iden-
tification of 16S rRNA, aerolysin (aerA) and haemolysin (hly) viru-
lence genes of Aeromonas hydrophila as follow:

DNA extraction

DNA extraction from pure isolates was performed using the 
QIAamp DNA Mini kit (Qiagen, Germany, GmbH) with modifica-
tions from the manufacturer’s recommendations. Briefly, 200 µl 
of the sample suspension was incubated with 10 µl of proteinase 
K and 200 µl of lysis buffer at 56OC for 10 min. After incubation, 
200 µl of 100% ethanol was added to the lysate. The sample was 
then washed and centrifuged following the manufacturer’s rec-
ommendations. Nucleic acid was eluted with 100 µl of elution 
buffer provided in the kit.

Oligonucleotide Primer 

 Primers were supplied from Metabion (Germany) and listed 
in Table 1.

PCR amplification

Primers were utilized in a 25- µl reaction containing 12.5 µl 
of EmeraldAmp Max PCR Master Mix (Takara, Japan), 1 µl of each 
primer of 20 pmol concentration, 4.5 µl of water, and 6 µl of DNA 
template. The reaction was performed in an Applied biosystem 
2720 thermal cycler.

Analysis of the PCR Products

The products of PCR were separated by electrophoresis on 
1.5% agarose gel (Applichem, Germany, GmbH) in 1x TBE buffer 
at room temperature using gradients of 5V/cm. For gel analysis, 
15µl of the products was loaded in each gel slot. 100 bp and 100 
bp plus DNA Ladders (Qiagen, Germany, GmbH) were used to 
determine the fragment sizes. The gel was photographed by a 
gel documentation system (Alpha Innotech, Biometra) and the 
data was analyzed through computer software.

RESULTS AND DISCUSSION

A total of 80 chicken parts were examined during this study 
and 48 (60%) of the chicken parts were positive for Aeromonas 
spp. According to the data in Table 2, it was determined that the 
highest isolation rate was from the chicken wings (75%), followed 
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Table 1. Oligonucleotide sequences used for detection of different genes in Aeromonas hydrophila and cyclic condition.

Target gene Primers sequences Amplified 
segment (bp)

Primary 
denaturation

Amplification (35 cycles)
Final 

extension ReferenceSecondary 
denaturation Annealing Extension

16S rRNA
F-GAAAGGTTGATGCCTAATACGTA

685
94˚C 94˚C 55˚C 72˚C 72˚C Nielsen et al. 

(2001)10 min. 45 sec. 45 sec. 45sec. 20 min.R-CGTGCTGGCAACAAAGGACAG

Aerolysin
(aerA)

F-CACAGCCAATATGTCGGTGAAG
326

94˚C 94˚C 52˚C 72˚C 72˚C Singh et al. 
(2008)5 min. 30 sec. 30 sec. 30 sec.. 7 min.R-GTCACCTTCTCGCTCAGGC

Hemolysin
(hly)

F-CTATGAAAAAACTAAAAATAACTG
1500

94˚C 94˚C 55˚C 72˚C 72˚C Yousr et al. 
(2007)15 min. 1 min. 1 min. 1.5 min. 15 min.R-CAGTATAAGTGGGGAAATGGAAAG
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by drumsticks and breasts and the lowest rate was from the thigh 
samples. The incidence of aeromonads was detected with varying 
percentage in the range of 8 to 55% in previous reports. Kumar 
et al. (2000) isolated Aeromonas spp. from 16.7% of examined 
poultry meat samples. Shinde et al. (2005) observed moderate in-
cidence of 24% in poultry meat, however, very high prevalence of 
55% was found in the studies of Bhong and Brahmbhatt (2010). 
Literatures from other part of the world revealed widespread 
distribution of Aeromonas spp. in poultry meat. Fricker and 
Tompsett (1989) and Barnhart et al. (1989) found that 79.3% and 
98% of poultry meat were positive for Aeromonas, respectively. 
Okrend et al. (1987) found that 100% of chicken meat was posi-
tive with levels of Aeromonas ranging from 44 to > 4.44 x 103 /g. 
In another study, Akan et al. (1998) isolated motile aeromonads 
in 90.5% of the chicken carcasses. The finding of this study was 
nearly agreed with Dallal et al. (2012) who isolated the bacterium 
from 53(57.6%) of examined chicken meat samples. 

The current study showed that, the predominant species in 
chicken breast was A. hydrophila and A. allosacharophila (20%), 
followed by A. caviae (10%) and A. schubertii (5%). While the pre-
dominant species in chicken drumsticks and chicken wing was 
A. allosacharophila 25% and 20%, respectively. Moreover, A. hy-
drophila isolated from 25% of chicken thigh samples. These re-

sults agree with Sarker et al. (2020) who isolated A. hydrophila 
from skin (59.26 %) followed by leg (22.22 %) and breast samples 
(18.52 %). Hygiene at retail chicken shop where samples were 
collected, was heavily compromised and the water used for car-
cass washing may be an important critical point in carcass con-
tamination from wide number of gastrointestinal food-borne 
zoonotic pathogens. 

The isolated A. hydrophila organism from chicken parts (14 
strains), in this study, were confirmed by PCR assay for detec-
tion of 16S rRNA gene and only 9 strains of the tested isolate 
were harboring this gene (Table 4 and Fig.1). The 16S rRNA gene 
was included as an internal control and has become the gold 
standard method for definitive species identification (Wang et al., 
2003 and Geetha and Michael, 2015).
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Type of samples No. of samples 
Positive samples

No. %

Chicken breast 20 11 55

Chicken drumsticks 20 12 60

Chicken thigh 20 10 50

Chicken wing 20 15 75

Total 80 48 60

Table 2. Isolation rate of Aeromonas spp. from chicken meat samples.

Type of samples No. of 
samples 

A. hydrophila A. caviae A. jandaei A. trota A. schubertii A. allosacharophila

No. % No. % No. % No. % No. % No. %

Chicken breast 20 4 20 2 10 - - - - 1 5 4 20

Chicken drumsticks 20 2 10 - - 3 15 1 5 1 5 5 25

Chicken thigh 20 5 25 1 5 2 10 - - - - 2 10

Chicken wing 20 3 15 2 10 2 10 - - 4 20 4 20

Total 80 14 17.5 5 6.25 7 8.75 1 1.25 6 7.5 15 18.75

Table 3. Distribution of Aeromonas spp. in the examined chicken meat samples.

Type of samples No. of samples 
Conventional method Molecular method 16S rRNA

No. % No. %

Chicken breast 20 4 20 2 10

Chicken drumsticks 20 2 10 1 5

Chicken thigh 20 5 25 3 15

Chicken wing 20 3 15 3 15

Total 80 14 17.5 9 11.25

Table 4. Relationship among the conventional biochemical and molecular method for identification of A. hydrophila isolates.

Type of samples No. of A. hydrophila 
detected by 16S rRNA

Aerolysin (aerA) gene Haemolysin (hly) gene

No. % No. %

Chicken breast 2 2 100 2 100

Chicken drumsticks 1 1 100 0 0

Chicken thigh 3 3 100 1 33.3

Chicken wing 3 2 66.7 2 66.7

Total 9 8 88.9 5 55.6

Table 5. Characterization of A. hydrophila virulence genes Aerolysin (aerA) and Haemolysin (hly) by PCR from different samples.

Figure 1. Agarose gel electrophoresis of PCR products of 16S rRNA for characterization of 
A. hydrophila. Lane (L): 100 bp ladder as molecular size DNA marker; Lane (pos): Con-
trol positive A. hydrophila for 16S rRNA; Lane (Neg): Control negative; Lanes (1-3): 16S 
rRNA gene-positive strains isolated from Chicken wing; Lane 4: 16S rRNA gene-positive 
strains isolated from Chicken drumsticks Lanes 6, 8 and10: 16S rRNA gene-positive strains 
isolated from Chicken thigh; Lane 13and14: 16S rRNA gene-positive strains isolated from 
Chicken breast.
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PCR was done for detecting aerolysin (aerA) as well as haemo-
lysin (hly) genes as genetic markers for virulence determinants. 
The illustrated results in Table (5) and Figure (2) revealed that, 
eight of nine A. hydrophila stranis tested harbor aerolysin gene, 
the presence and frequency of the aerolysin gene in this study 
agreed with an earlier PCR study of Yogananth et al. (2009) and 
Enany et al. (2013) who detect this gene in all examined strains 
with a percentage of 100%. The results were nearly higher than 
that reported by Oliveira-Samira et al. (2012) and Yousr et al. 
(2007) who detect aerolysin gene with a percentage of 78.95%, 
50.5% respectively, this gene indicate presence of virulent strains 
because aerolysin gene is one of the most important virulence 
factors for A. hydrophila bacteria. This agrees with Heuzenroeder 
et al. (1999) who stated that the presence of aerolysin is a strong 
indication of virulence in pathogenic isolates of Aeromonas spp. 

Results in Table (5) and Figure (3) revealed that, five of nine 
A. hydrophila stranis tested harbor haemolysin gene. Nagar et al. 
(2011) also revealed prevalence of hly and aerA positive aero-
monads isolated from chicken, fish and ready to eat sprouts from 
Mumbai. Hassan et al. (2020) revealed that 12 isolates of A. hy-
drophila were specific for 16S rRNA gene of which 9 isolates were 
positive for aerolysin (aerA) and 10 of isolates were positive for 
haemolysin (ahhl), with incidence of 75% and 83.3%, respectively. 
The 16S rRNA gene is an excellent and rapid way to assess the 
identity of A. hydrophila. It has been used for molecular identifi-
cation of species by restriction fragment length polymorphism or 
direct gene sequencing (Kupfer et al., 2006). Hemolysin is a group 
of multi-functional enzymes, which play important role in the 

pathogenicity of A. hydrophila. Hemolysins include aerA, ahh1, 
ahyA, and asa1; ahh1 is the most widely distributed extracellular 
heat labile hemolysin, the synergistic combination of aerA and 
ahh1is the most cytotoxic genotype (Wang et al., 2003).

CONCLUSION

The results achieved in the current study indicated the con-
tamination of chicken products by Aeromonas spp. which may 
play a major role as a source of the transmission of Aeromonads 
from animals to human. The isolated A. hydrophila exhibited vir-
ulence properties on the bases of aerA and hly genes. It is im-
portant to give more attention to Aeromonads because they are 
able to produce toxin, grow under low temperatures and broad 
spectrum of environments so hygienic measures should be ad-
opted to control microbial contamination.
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