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Abstract

A total of 8 strains of Aeromonas species were isolated from 100 mullet fish samples which were
collected from different sellers in Port-Said city fish markets. Biochemical characterization indi-
cated that 8 strains were identified as Aeromonas species. A. hydrophila was the highest strains
(62.5%) followed by A. sobria (25%), while the lowest strain was A. caviae (12.5%). All of A. hy-
drophila, A. sobria and A. caviae isolates were recovered from (liver, kidney and spleen) of exam-
ined samples. The antibiotic susceptibility profiles of 8 strains of Aeromonas spp. for to 11 antibac-
terial agents were investigated. The results showed that, all strains were resistant to amoxycillin and
Penicillin G (100%), while half of tested stains were resistant to erythromycin (50%). The molecular
identification of isolated aeromonads by conventional PCR using (16S rRNA for Aeromonas spe-
cies) and the results revealed that the all 8 isolates were positive. Most of the isolates which were
identified were positive for two virulence genes Aerolysin (4dero) and Haemolysin (hly). The ge-
netic determinants revealed 8 acquired antibiotic resistance genes (blargy) were represented in all of
Aeromonas spp. while, mph(A) gene was detected only in 4 strains of Aeromonas species of tested
strains which gave same results by disc diffusion method in Lab. The public health hazards of this
microorganism, as well as recommended measures to improve quality status of market mullet fish
were discussed.
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Introduction fish are economically very important because
The attention all over the world is directed to they have high market value and have been
fish as rapid, highly desirable food and healthy cultivated successfully by fish farmers
compensatory source of good quality animal (Mohamed et al., 2009). The marine water
protein. Fish is a high-protein, low-fat food mullet fish are the most common fish types
that provides a range of health benefits (Cirillo et al., 2009). It is an economically im-
(Fitzsimmons, 2000). Worldwide people ob- portant species contributing to sizable fisheries
tain about 25% of their animal protein from fin of estuarine and coastal regions in many coun-
fish. The protein found in fish is of high bio- tries including Egypt (Saleh, 2008), India
logical value, which means that fish can be (Barman et al., 2005), Italy (Luzzana et al.,
used as sole source of protein in the diet. The 2005), Nigeria (Anyanwu et al., 2007), Tuni-
real importance of fish in the diet is not only sia (Khériji ef al., 2003) and Taiwan (Chang
its protein, but also the omega-3 fat. Omega-3 et al., 2000).

fatty acids are very important for normal Contamination of fish with pathogenic micro-
growth and help preventing heart disease be- organisms reflected environment pollution
cause they make the blood less likely to form (Adeyemo, 2003). So, the microbial flora asso-

clots that cause heart attacks. In Egypt, mullet ciated with fish is a reflection of their aqueous
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environment. If the fish habitats are contami-
nated by pathogenic bacteria, the consumption
of these fish may possess risk to the human
health.

Aeromonas spp. is ubiquitous, opportunistic
bacterium and normal micro- flora in fish as
well as other aquatic mammals. They have
been reported in both marine and fresh water
environments and can cause diseases in fish
under stressful conditions (Conte, 2004). In
humans, Aeromonas causes diarrhea, gastroen-
teritis and extra-enteritic conditions such as
septicemia, wound infection, endocarditis,
meningitis and pneumonia (Ali and Hossein,
2010).

Antibiotic resistance has become a major pub-
lic health concern because the organisms that
cause infections are becoming less sensitive.
However, antibiotic resistance can also arise in
non-pathogenic bacteria as a result of horizon-
tal gene transfer. Moreover, antibiotics are re-
leased daily into the natural environment with
treated wastewater effluents and through use in
animal husbandry. Antibiotic resistance and
reduced efficacy of the drugs due to intense
usage of antimicrobial agents has been identi-
fied in animal pathogens (Grim et al., 2013).
Unlike conventional cultivation methods
which are time consuming and labour inten-
sive, molecular diagnosis tools being highly
powerful, sensitive and rapid are gaining popu-
larity for microbial identification (Bohme et
al., 2014).

Molecular approaches, especially those based
on the use of rRNA genes and related tech-
niques, have provided the opportunity to ana-
lyse complex communities on the basis of se-
quence diversity. Bacterial species can be iden-
tified by generating clone libraries of the 16S
rDNA followed by sequencing and compari-
son with databases containing thousands of
ribosomal sequences to allow a phylogenetic
affiliation to cultured, as well as uncultured
microorganisms (Ercolini, 2004). Since, labo-
ratory isolation and identification of Aeromo-
nas spp. are laborious and time consuming;
PCR reaction was also standardized by
Porteen et al., (2007) for detection of Aero-

monas spp. from chicken and fish samples us-
ing primers 16S rRNA.

The pathogenesis of Aeromonas infection is
complex and multifactorial. Aeromonas spe-
cies secretes many extracellular proteins, in-
cluding amylase, chitinase, elastase, aerolysin,
nuclease gelatinase, lecithinase, lipase and pro-
tease. These proteins are known as virulence
factors that cause disease in fish and humans.
Aerolysin is a representative virulence factor
of Aeromonas spp. and was reported to func-
tion as hemolysins and cytolytic enterotoxins
(Bhowmik et al., 2009). Several virulence as-
sociated genes have been targeted for detection
of potentially pathogenic Aeromonas spp. by
PCR including Aerolysin and hemolysins
genes (Balakrishna et al., 2010).

PCR assay used to detect blargy genes in
Aeromonas spp. which is an alarming public
health concern (Igbinosa and Olcoh, 2012)
while, Poole et al., (2006) reported that the
macrolide resistance operon encodes a mac-
rolide phosphor transferase Mph (A) confers
high level erythromycin resistance.

So the present study was carried out to assess-
ment the bacteriological and antibiotic suscep-
tibility profiles of market mullet fish with spe-
cial reference to Aeromonas spp. and to deter-
mine two virulence genes (4dero and hly) that
may contribute to its pathogenicity, as well as
to detect two antibiotic resistance genes blargy
and Mph(A) using specific primers that may
act as alarming public health concern.

Materials and Methods

Samples collection:

A total of 100 mullet fish samples were col-
lected randomly from different seller in Port-
Said city fish market. The samples were trans-
ferred to the laboratory in an ice-box as soon
as possible to be examined bacteriological for
detection of Aeromonas species.
Bacteriological examination:

Isolation and identification of Aeromonas
Spp.:

Twenty-five grams of fish sample were
weighed aseptically and homogenized for 2
min in stomacher bags containing 225 ml of
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alkaline peptone water, then incubated for 24hr
at 30°C (Villari et al., 2000). A loopful from
alkaline peptone water was subsequently
plated on the surface of starch ampicillin agar
plates (SAA) and incubated for 48 hr at 30°.
Typical yellow colonies of Aeromonas species
were purified on tryptone soya agar then
stained by Gram stain (A.P.H.A., 1992) and
confirmed by the esculin hydrolysis, sugar fer-
mentation and gas production, indole produc-
tion and voges- proskaur test. Identification
was performed on isolates according to the cri-
teria of Castro et al., (2003).

Antimicrobial susceptibility test:

The antimicrobial susceptibility test was per-
formed using agar disc diffusion assay as de-
scribed by Clinical and Laboratory Standards
Institute (NCCLS, 2004). The used antimicro-
bials agents were amikacin 30 mcg ; Amoxicil-
lin 30mg; ceftriaxone 30mg; chloramphenicol
30 pg; colistin sulphate 10mg, doxycycline
hydrochloride 30 pg; erythromycin 15 pg;
nalidixic acid 30 pg; Penicillin G 10 pg, strep-
tomycin 10 pg and trimethoprim / sul-
phamethoxazole (1.25+23.75). Pure colonies
of isolated Aeromonas were emulsified in nor-
mal saline and turbidity was matched with 0.5

McFarland turbidity standards. Selected antim-
icrobial discs were placed on Mueller Hinton
Agar plates seeded with bacteria. These plates
were incubated at 37°C for 24 hours. The or-
ganisms were observed for antimicrobial sensi-
tivity based on diameters of zones of inhibition
on Petri dishes. Susceptible and resistant iso-
lates were interpretated.

Molecular confirmation of Aeromonas spe-
cies and detection of virulence genes and
antibiotic resistant genes:

DNA extraction:

DNA extraction from samples was performed
using the QIAamp DNA Mini kit (Qiagen,
Germany, GmbH) with modifications from the
manufacturer’s recommendations. Briefly, 200
ul of the sample suspension was incubated
with 10 pl of proteinase K and 200 pl of lysis
buffer at 56°C for 10 min. After incubation,
200 pl of 100% ethanol was added to the lys-
ate. The sample was then washed and centri-
fuged following the manufacturer’s recommen-
dations. Nucleic acid was eluted with 100 pl of
elution buffer provided in the kit.
Oligonucleotide Primer: Primers used were
supplied from Metabion (Germany) are listed
in table (1).

Table (1). Primers sequences, target genes, amplicon sizes and cycling conditions.

Amplified Primary Amplification (35 cycles) )
Target gene Primers sequences segment denatura- Secondary Anneal- . Fma'l Refer-
. denatura- . Extension extension ence
(bp) tion tion ing
GAAAGGTTGATGCCT Nielsen
AATACGTA 94°C 94°C 55°C 72°C 72°C etal.
16S rRNA CGTGCTGGCAACAAA 685 10 min. 45 sec. 45 sec. 45sec. 20 min. (2001’)
GGACAG
CA-
Acrolysin | CAOCCAATATGTCGE 126 94°C 94°C 52°C 72°C 72°C S“:g_}" et
(Aero) GICACCTICTCGCTCA 5 min. 30 sec. 30 sec. 30 sec.. 7 min. 2008)
GGC
CTATGAAAAAAC-
Haemolysin TAAAAATAACTG 94°C 94°C 55°C 72°C 72°C Yousr et
(hly) CAGTA- 1500 15 min. 1 min. 1 min. 1.5 min. 15 min. al,
TAAGTGGGGAAATGG (2007)
AAAG
ATCAGCAATAAAC-
bl CAGC S16 94°C 94°C 54°C 72°C 7rc | Colomer
TEM CCCCGAA- 5 min. 45 sec. 45 sec. 45 sec. 10 min. (20")’3)
GAACGTTTTC
GTGAGGAG- N
mph(A) GAGCTTCGCGAG 403 94°C 94°C 58°C 72°C 72°C egt‘:lyle“
TGCCGCAG- 5 min. 45 sec. 45 sec. 45 sec. 10 min. (200'9’)
GACTCGGAGGTC
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PCR amplification:

Primers were utilized in a 25- ul reaction con-
taining 12.5 pl of Emerald Amp Max PCR
Master Mix (Takara, Japan), 1 pl of each
primer of 20 pmol concentrations, 4.5 pl of
water, and 6 ul 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 elec-
trophoresis on 1.5% agarose gel (Applichem,

Results

Germany, GmbH) in 1x TBE buffer at room
temperature using gradients of 5V/cm. For gel
analysis, 15 pl 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.

Table (2). Prevalence of Aeromonas species in examined market mullet fish (Total no. of samples=100).

Aeromonas species No. of isolates %
A. hydrophila 5 62.5
A. sobria 2 25
A. caviae 1 12.5

Total no. of isolates 8 -

Percentage was calculated based on number of each strain.

Table (3). Frequency distribution of Aeromonas species from different organs in examined mullet fish sam-

ples.
Mullet fish
Aeromonas spp ls\ig;l?lf Body Internal organs Muscle
: surface Liver Kidney Spleen (Flesh)
No. % No. % No. % | No. | % No. %
A. hydrophila 5 0 0 2 40 2 40 1 20 0 0
A. sobria 2 - 0 2 40 0 0 0 0 0 0
A. caviae 1 - 0 1 20 0 0 0 0 0 0
Percentage was calculated based on number of each strain
Table (4). Antibiogram of (8) Aeromonas strains isolated from (100) examined mullet fish samples.
Aeromonas isolates
Antibiotic agents Disc Potency Sensitive Resistant
No. % No. %
Amikacin “AKk” (30mg) 8 100 0 0
Amoxicillin "Amx" (25 mg) 0 0 8 100
Chloramphenicol “C” (30mg) 7 87.5 1 12.5
Ceftriaxone “CRO” (30mg) 8 100 0 0
Colistin sulphate “CT” (10mg) 6 75 2 25
Doxycycline “DO” (30mg) 7 87.5 1 12.5
Erythromycin “E” (15mg) 4 50 4 50
Nalidixic acid “NA” (30mg) 6 75 2 25
Penicillin G “P” (10 units) 0 0 8 100
Streptomycin “S” (10mg) 7 87.5 1 12.5
Trimethoprim-sulfamethoxazole “SXT” (1.25+23.75) 8 100 0 0
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Table (5). Molecular characterization, virulence and antibiotics resistant genes present in Aeromonas isolates.

Sample Aeromonas spp. Results
16SrRNA aerolysin hemolysin Mph(A) blargy
1 A. caviae + - - - +
2 A. caviae + - - - +
3 A. hydrophila + - + - +
4 A. hydrophila + + - + +
5 A. hydrophila + + - + +
6 A. sobria + - - - +
7 A. hydrophila + - + +
8 A. hydrophila + - + + +
[ Neg | 4 | 3 | 2 | 1+ [ L [Ps]| 5 | 6] 7 | 8 |

100

Figure 1: Agarose gel electrophoresis of PCR prod-ucts after amplification of:
Aeromonas spp. 16STRNA gene. MWM-molec-ular weight marker (100 — 1500 bp DNA ladder), + control (Positive,
Negative) + different strains of Aeromonas spp. (Aeromonas spp. 16S rRNA gene products at 685 bp).

L

Aerolysin (Aero) Haemolysin (hly)

1500  1500bp

326 bp

100

Figure 2: Agarose gel electrophoresis of PCR prod-ucts after amplification of:

1.MWM-molec-ular weight marker (100 —1500 bp DNA ladder), + control (Positive, Negative) + different strains of
Aeromonas spp.

2.Aerolysin gene. (Aerolysin gene products at 326 bp).

3.Hemolysin gene (Hemolysin gene products at 1500 bp).
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Figure 3: Agarose gel electrophoresis of PCR prod-ucts after amplification of:

1. MWM-molec-ular weight marker (100 — 600 bp DNA ladder), + control (Positive, Negative) + different strains of
Aeromonas spp.

2. mphA gene. (mphA products at 403 bp)

3. blargy gene (blargy products at 516bp).

Discussion

The Port Said Governorate is fortunate to have
the greatest water surface compared with other
governorates in Egypt. It is bounded from the
north by the Mediterranean Sea and in the
southwest by Lake Manzala, which is the larg-
est brackish water body in the country. In the
circumstances, fishing activities sustain a large
number of people in Port Said Governorate,
and fish is a most favored dish to people in ur-
ban as well as rural communities. So, there is
high ability of fish diseases to occur in this
area especially bacterial one and its ability to
affects the human as an agent of food borne
diarrheal diseases in healthy people (Isonhood
and drake 2002). The complex concept of fish
quality consists of safety, nutritional value,
availability, integrity, and freshness, eating
quality and product size and type (Abbas et
al., 2008).

So total 100 samples of market mullet fish
were examined bacteriological for presence of
Aeromonas spp., the percentage of Aeromonas
spp. was 8% (8 isolates out of 100 samples) as
shown in Table (2). These results were nearly
similar to that recorded by Ahmed (2013) who
showed that Aeromonas spp. were isolated
from mullet fish in a percentage of 9%. How-
ever; the current results were less than Neyts et
al. (2000) who isolated acromonads from fish
and shrimps in proportion of 72% and Yucel e?

al., (2005) who isolated Aeromonas spp. in a
percentage of 80.3% from market fish. The
obvious results resume to differences in sam-
pling period, sampling types, geographical lo-
cation, origin of the samples, total number of
samples and methodology for analysis, these
differences make the comparison a little bit
difficult of Aeromonas spp. incidence pub-
lished by different authors. However, the pre-
sent data clearly confirm the presence of mo-
tile aeromonads in market mullet fish.

Table (2) cleared that the A. hydrophila was
highest frequent isolates (62.5%) followed by
A. sobria (25%) and A. caviae (12.5%). These
results were agreed with Abou El-Atta (2003)
and Sharma and Kumar (2011) who's re-
corded that the identification of Aeromonas
spp. isolated from fish demonstrated the pre-
ponderance of A. hydrophila, followed by A.
sobria and A. caviae. Also Hatha et al.,
(2005) reported that, 100% of A. hydrophila
77.8% of A. caviae and 50% of A. sobria were
isolated from fresh water fishes.

Table (3) showed that all of Aeromonas spp.
isolates were recovered from internal organs
(liver, kidney and spleen) of examined sam-
ples. These results were agreed with Enany et
al., (2011) who isolated 4. hydrophila from
internal organs (liver, kidney and spleen) of
cultured mugil capito were collected from pri-
vate fish farm (El-Kantara west) in Ismailia
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Governorate.

Concerning to the results of antibiotic sensitiv-
ity, Table (4) revealed that Aeromonas spp.
isolates were resist to Amoxycillin (100%) and
erythromycin (50%) but sensitive to Amikacin,
Ceftriaxone and trimethoprim- sulphamethoxa-
zole (100%); Chloramphenicol, doxycycline
and Streptomycin (87.5%); Colistin sulphate
and Nalidixic acid (75%). The result agreed
with Guz and Kozinska (2004) and Adanir
and Turutoglu (2007) who founded that A.
sobria strains were resistant to 3-lactam antibi-
otics, such as amoxicillin. Also results were
agreed with Enany et al., (2011) who recorded
that A. hydrophila had been resistant to eryth-
romycin. These results also agree with Nifty
and Hatha (2013) who said that all the Aero-
monas 1isolates from freshwater ornamental
fish were found to be sensitive to chloram-
phenicol, ciprofloxacin and gentamicin and
resistant to amoxicillin. Also the results
agreed with Hatha et al., (2005) who recorded
that motile aeromonads isolated from fish sam-
ples in India, showed relatively low level
(<10%) of resistance to nalidixic acid, gen-
tamicin and ciprofloxacin. Our results agreed
with (Krishnan et al., 2012) who mentioned
that all Aeromonas isolates were resistant to
erythromycin. However, Shuang-Hu et al.,
(2012) reported sensitivity of Aeromonas
strains to erythromycin. The development of
antibiotic resistant strains is a great extent at-
tributed to the misuse of antibiotics in culture
systems for treatment and for better feed con-
version, these levels are bound to vary accord-
ing to local practice. These differences in resis-
tance patterns to antibiotics of the isolates from
author to other could be as a result of sampling
locations, anthropogenic activities, and other
environmental factors.

Results of agarose gel electrophoresis using
16S rRNA gene for 8 tested Aeromonas
strains in table (5) and figure (1) indicated that
all tested strains were Aeromonas spp. with
molecular weight 685bp. Shuang-Hu ez al.,
(2012) used 16S rRNA sequence for identified
of Aeromonas Veronii bv. Veronii associated
with Ulcerative syndrome from catfish. The

presence of plasmids may present a potential
public health hazard. Thus, the presence of
plasmids in clinically important bacteria in-
creases their virulence. Aeromonas spp. exhib-
ited very high levels of overall 16S rDNA se-
quence similarity to each other (Martinez-
Murcia et al., 1992).

PCR assays were developed with specific
primers for the detection of different virulence
genes (aerolysin and haemolysin) of Aeromo-
nas species, which may be considered a sig-
nificant in food safety threat. Aeromonas spp.
possesses a variety of virulence factors that
may contribute to its pathogenicity. Our results
showed that aerolysin genes were detected in
strains 4 and 5 tested isolates. But haemolysin
genes detected in 3 and 8 isolates table (5) and
figure (2). These results agreed with Kin-
gombe et al., (1999) who recorded that the
pathogenicity of aeromonads has been linked
to exotoxins such as hemolysin and aerolysin.
Also the results of hemolysin genes presence
in this study were confirmed by several re-
searchers Seethalakshmi er al., (2008) and
Sanaa et al., (2014). Otherwise several viru-
lence factors have been studied in Aeromonas
spp. including aerolysin / hemolysin (Chacén
et al., 2003). Bhowmilk et al., (2009) men-
tioned that the pathogenesis of Aeromonas in-
fection is complex and multifactorial. But
Yucel et al., (2003) report of that A. hydro-
phila and A. sobria were stronger producer of
hemolysin, while 4. caviae strains were non
haemolytic. Yogananth et al., (2009) reported
that the PCR assay proved to be a useful tool
for the detection of virulent A. hydrophila by
detecting haemolysin and aerolysin genes as
genetic virulence markers. The differences in
the distributions of virulence factor genes in
the populations strengthen the probability that
some Aeromonas spp. are better adapted to the
specific conditions found in specific infectious
sites that may returned to the different environ-
mental and geographical sources.

Table (5) and figure (3) showed the genetic
determinants of resist genes which rerevealed
8 acquired antibiotic resistance genes (blargyy)
were represented in all of Aeromonas spp.
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while, mph (A) gene detected only in 4 strains
of Aeromonas spp. 4,5,7 and 8 tested strains
which gave the same result for disc diffusion
method in Lab. These results were agreed with
Igbinosa and Okoh (2012) who reported that
the presence of (blargy) genes in Aeromonas
spp. act as alarming public health concern.
Aeromonads are known to carry plasmids en-
coding antibiotic resistance determinants
(Majumdar et al., 2007).

The present work highlights an important inci-
dence of Aeromonas spp. in market mullet fish
intended for human consumption in Port- Said
city. The share of Aeromonas spp. could pose
a risk for human health after consumption of
undercooked fish or cross-contamination. Col-
lectively, results in current study clarified that,
PCR is considered as a rapid, reliable and sen-
sitive tool which will help in prevention and
cure of diseases in various aquatic animals.
These days modern epidemiologists have been
using a variety of tools which provide good
molecular differentiation and which can be tai-
lored to fit the needs of the both laboratory and
clinical study. Several of these molecular
methods could enable the creation of large ref-
erence libraries of typed organisms to which
new outbreak strains can be compared across
the world in order to monitor change in bacte-
rial populations. These techniques will be use-
ful for species identification of bacteria and
should be applicable in the studies of epidemi-
ology, diagnosis, virulence and molecular tax-
onomy.
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