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Abstract | Crustaceans such as crab, lobster, and shrimps, are considered as rich source of omega-3 polyunsaturated
fatty acids, high biological value protein, minerals, and vitamins. However, crustaceans are regarded as potential
sources for the transmission of foodborne pathogens. Aeromonas spp. is one of the opportunistic microorganisms,
that normally inhabits aquatic environments such as fresh, and marine water bodies. Aeromonas spp. might cause
food-borne gastroenteritis that might be complicated to cause septicemia, meningitis, endocarditis, and osteomyelitis
with high mortalities in immune-compromised persons. This international collaborative research was conducted to
investigate the prevalence of Aeromonas spp., particularly 4. hydrophila in three crustaceans (crab, lobster, and shrimp)
retailed in Zagazig, Egypt, and Al-Ahsa, Saudi Arabia. Detection of virulence associated genes in the recovered 4.
hydrophila isolates was additionally screened using PCR. Furthermore, antimicrobial resistance profiling was examined
among the recovered A. hydrophila isolates. The obtained results of the present study revealed overall isolation rates of
Aeromonas spp. at 48.33%, and 21.66% in the examined crustacean samples collected from Egypt and Saudi Arabia,
respectively. Crab samples had the highest prevalence rates, followed by lobster, and shrimp in samples collected from
Egypt and Saudi Arabia, respectively. Four Aeromonas spp. were identified, namely 4. hydrophila, A. sobria, A. caviae and
A.veronii. The recovered isolates of 4. hydrophila harbored coding genes for hemolytic toxins such as aerolysin (aerA)
and haemolysin (ahhl) with multidrug resistance profiling.
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INTRODUCTION

Crustaceans such as crab, lobster, and shrimps, are
considered as emerging sources of high biological
value protein (16.0-19.2%), rich source of omega-3
polyunsaturated fatty acids, moisture (75.3-79.5%),
carbohydrate (1.3-3.6%), minerals such as calcium,
and phosphorus, and vitamins, particularly vitamin D.

Crustaceans are rich in amino acids (% of total protein)
such as alanine (3.9-8.1%), arginine (4.7-7.1%), aspartic
acid (7.7-10.7%), glutamic acid (10.7-16.2%), glycine
(4.5-8.7%), and lysine (5.5-9.4%) (Sidwell, 1981).
However, crustaceans are regarded potential sources for the
transmission of foodborne pathogens such as Staphylococcus
aureus (Rajkovic, 2016), Salmonella spp., (Hatha and
Lakshmanaperumalsamy, 1997), Vibrio spp., (Traore et al.,
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2012), and Aeromonas spp., (Colakoglu et al., 2006).

Aeromonas spp., is one of the emerging foodborne pathogens
with opportunistic characters. It normally inhabits aquatic
environments such as fresh, and marine water bodies
(Figueras and Beaz-Hidalgo, 2014). Aeromonas spp., is a
major pathogen of fish and shellfish and can be isolated
from healthy or diseased fish. This organism is responsible
for massive economic losses in fish industry (Karunasagar
et al., 2003). Several Aeromonas spp., have been identified
in fish and shellfish worldwide including 4. hydrophila, A.
allosaccharophila, A. salmonicida, and A. veronii biovar sobria
(Beaz-Hidalgo and Figueras, 2013). In humans, Aeromonas
spp., might cause foodborne gastroenteritis that might be
complicated to cause septicemia, meningitis, endocarditis,
and osteomyelitis with high mortalities in immune-
compromised persons (Koca and Sarimehmetoglu, 2009).
Reports related to the pathogenicity of Aeromonas spp.,
are recently increasing (Carvalho et al., 2012; Pessoa et
al., 2019). The pathogenicity of Aeromonas spp., depends
mainly on the release of several virulent-associated
attributes encoded for the production of enterotoxins,
hemolysins, and adhesion-related factors (Puah et al,

2013; Wu et al., 2012).

Microbial drug resistance is an emerging issue with
significant public health concern. Antimicrobials are
frequently used in aquacultures for the purposes of
prevention and control of bacterial diseases. However, the
abuse of such antimicrobials, the direct release of animal
dead bodies, and the hospitals drainage to water bodies
in developing countries might lead to the development of
drug resistant pathogens (Alsayegh et al., 2021; Darwish
et al., 2013).

Egypt and Saudi Arabia are big countries in the Middle
East that share many eating habits and culture. Both
countries share Red sea shores and regarded as rich
countries for sea food. However, there are few reports
studying the prevalence of Aeromonas spp. in crustaceans
retailed in the fish markets of both countries. Therefore,
international collaborative research was done to investigate
the prevalence of Aeromonas spp., particularly 4. hydrophila
in three different crustaceans, namely crab, lobster, and
shrimp retailed in fish markets in Zagazig, Egypt, and Al-
Ahsa, Saudi Arabia. Detection of virulence associated genes
in the recovered 4. hydrophila isolates was additionally
screened using PCR. Furthermore, antimicrobial resistance
profiling was examined among the recovered 4. hydrophila
isolates.

MATERIALS AND METHODS

COLLECTION OF CRUSTACEANS SAMPLES
Hundred and twenty crustaceans’ samples of crab

(Portunus pelagicus), lobster (Panulirus penicillatus), and
shrimp (Penacus monodon) (40 of each) were collected
randomly from different fish markets at Zagazig city,
Egypt (60 samples, 20 from each species), and Al-Ahsa,
Saudi Arabia (60 samples, 20 from each species). The
collected samples were identified and packaged separately
in a sterile plastic bag. Samples collected from Egypt were
transported cooled with undue delay to the Laboratory
of Meat Hygiene, Food Control Department, Faculty
of Veterinary Medicine, Zagazig University, Egypt for
bacterial isolation and identification. While in parallel,
samples collected from Saudi Arabia were similarly
transported cooled without delay to the Department of
Public Health, College of Veterinary Medicine, King Faisal
University, Al-Ahsa, Saudi Arabia for bacterial isolation

and identification.

PREPARATION OF  CRUSTACEANS
BACTERIOLOGICAL EXAMINATION
After removal of the shell using sterile scissors and forceps,
a piece of the muscle (about 10 g) is obtained. The muscle
was cut into small pieces and then aseptically homogenized
in 90 ml sterile 0.1% peptone water for 3 min by using a
stomacher, and then to stand for 5 min (Abd-El-Aziz and
Moharam, 2016).

SAMPLES FOR

BACTERIAL ISOLATION

One mL from each prepared homogenate was enriched
in 0.1% alkaline peptone water for 24 h at 37°C. Then, a
looptul of the enriched cultured was streaked on the surface
of Aeromonas agar medium (Himedia, Mumbai, India) and
incubated for 24 h at 37°C (Palumbo et al., 1985). Typical
colonies appeared as pale green with dark centers, 0.5 to 1.5-
mm in diameter. Typical colonies were purified on Nutrient
agar plates and then stored on Nutrient slope agar (Himedia,
Mumbai, India), and kept for further identification.

PRIMARY CHARACTERIZATION AND IDENTIFICATION OF
THE ISOLATES

Pure Aeromonas isolates were identified based on their
morphological, biochemical, and serological characteristics
following the criteria described in the Bergey’s Manual of
Determinative Bacteriology (Garrity, 2001).

MOLECULAR CONFIRMATION AND DETECTION OF
VIRULENCE-CODING GENES OF A. HyDRoPHILABY PCR
One or two colonies of an overnight culture were suspended
in 5 ml of sterile distilled water, and heated at 100°C for
20 min (Hafez et al., 2018). After cooling, 200 pl of the
suspension were placed in Eppendorf tube for bacterial
DNA extraction using QIA amp kit according to the
manufacturer’s instructions (Qiagen, Hilden, Germany).
Molecular confirmation of A. hydrophila was done via
detection of the species-specific 7657RNA gene using
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PCR. Similarly, two virulence-associated genes, namely
aerolysin (aerd), and haemolysin (ahhl) were screened in
the recovered 4. hydrophila isolates using PCR. Primer
sequences of the targeted genes were displayed in Table
1, and primers were purchased from Pharmacia Biotech,
Sweden. PCR amplification reaction of A. hydrophila
DNA was performed on a Thermal Cycler (Master cycler,
Eppendorf, Hamburg, Germany). The reaction started with
an initial denaturation at 94°C for 4 min, then proceeded
with 35 cycles consisting of 94°C for 30 sec, 59 °C for 30
sec, and 72 °C for 30 sec, followed by a final extension at
72°C for 7 min. Amplified DNA fragments were analyzed
on 1.5% agarose gel electrophoresis (Applichem, GmbH,
Germany) and visualized on UV transilluminator. A 100 bp
plus DNA Ladder (Qiagen, Germany, GmbH) was used to
determine the fragment sizes (Stratev et al., 2016). Nucleic
acid of the reference strain 4. hydrophila ATCC 7966 was
used as a positive control, while DDW was loaded instead
of the PCR product as a negative control.
ANTIBIOTIC RESISTANCE OF THE ISOLATED A.
HYDROPHILA

Antimicrobial susceptibility of the recovered A. hydrophila
isolates was examined using the disk diffusion method.
The used antimicrobial discs and Nutrient agar were
purchased from Oxoid, Hampshire, UK. We applied the
experimental guidelines of the Clinical and Laboratory
Standards Institute (CLSI) (Wayne, 2013). In addition,
the Multiple Antibiotic Resistance (MAR) index for each
tested A. hydrophila isolate was determined according to
the formula stipulated by Singh et al. (2010) as follow:

MAR index= No. of resistance / Total
No. of tested antibiotics

ISOLATES CLASSIFIED AS INTERMEDIATE WERE
CONSIDERED SENSITIVE FOR MAR INDEX

'The used antimicrobial discs (Oxoid Limited, Hampshire,
UK) were ampicillin (10 pg) (AM), cephalothin (30 pg)
(CET), chloramphenicol (30 pg) (C), ciprofloxacin (5 pg)
(CIP), enrofloxacin (5 pg) (ENR), erythromycin (15 pg)
(E), gentamicin (10 pg) (GEN), kanamycin (30 pg) (K),
nalidixic acid (30 pg) (NA), neomycin (30 pg) (N), oxacillin
(1 pg) (OX), oxytetracycline (30 pg) (OXY), penicillin (10

IU) (P),and trimethoprim/sulfamethoxazole (25 pg) (SXT).

RESULTS AND DISCUSSION

'The obtained results of the present study revealed overall
isolation rates of Aeromonas spp. at 48.33% (29 out of
60 samples), and 21.66% (13 out of 60 samples) in the
examined crustacean samples collected from Egypt and
Saudi Arabia, respectively. Crab samples had the highest
prevalence rates 60%, and 30%, followed by lobster at 50%,
and 20%, and shrimp at 35%, and 15% in samples collected
from Egypt and Saudi Arabia, respectively (Figure 1).
In agreement with the obtained results of the present
study Aeromonas spp. was isolated from fish and seafoods
collected from the Eastern province in Saudi Arabia at
10.4% (Ibrahim et al., 2016). In Egypt, Aeromonas spp. was
isolated from retailed frozen fish at 24% in fillet, 32% in
Mackerel, and 80% in herrings (Hafez et al., 2018). Further
identification of the recovered Aeromonas isolates revealed
that 4. hydrophila had the highest prevalence rates at 20%
(crab), 15% (lobster), and 10% (shrimp) in Egyptian
samples with an overall isolation rate of 15% (9 out of 60
samples), followed by 4. veronii which was isolated at 15%
(crab), 15% (lobster), and 10% (shrimp) with an overall
isolation rate of 13.33% (8 out of 60 samples), followed
byA. sobria which was isolated at 10% (crab), 15% (lobster),
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Figure 1: Prevalence rate (%) of Aeromonas spp. in the

examined crustaceans collected from Egypt and Saudi

Arabia.

Table 1: Primer sequences of virulence-coding genes in A. hydrophila.

Target Oligonucleotide sequence (5’ — 3') Product size (bp) Reference
168rRNA (F) 5'GGGAGTGCCTTCGGGAATCAGA'3 356 Stratev et al.
16SrRNA (R) 5'CAAGAACAAGTTCAAGTGGCCA'3 (2016)

aerd (F) 5'CAAGAACAAGTTCAAGTGGCCA’3 309

aerd (R) 5'ACGAAGGTGTGGTTCCAGT"3

ahh1 (F) 5'GCCGAGCGCCCAGAAGGTGAGTT3 130

ahh1 (R) 5'GAGCGGCTGGATGCGGTTGT'3
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and 5% (shrimp) with an overall isolation rate of 10% (6
out of 60 samples), and 4. caviae with isolation rates of
15%, 5%, and 10% in crab, lobster, and shrimp respectively,
with an overall isolation rate of 10% (6 out of 60 samples)
(Table 2).In samples collected from Saudi Arabia, 4. veronii
had the highest isolation rates at 15% (crab), 10% (lobster),
and 5% (shrimp) with an overall isolation rate of 10% (6
out of 60 samples), followed by 4. hydrophila with isolation
rates at 10% (crab), 10% (lobster), and 5% (shrimp) with
an overall isolation rate of 8.33% (5 out of 60 samples),
while both of 4. caviae, and A. sobria were isolated at 1.66%
(Table 2). In correspondence with the obtained results of
the present study A. hydrophila was isolated from shrimp
collected from the Eastern province in Saudi Arabia at
6.12% (Ibrahim et al., 2016). In Egypt, 4. hydrophila was
isolated from Nile tilapia at 19.2% (48 out of 250 samples)
(Zaher et al., 2021). Globally, Aeromonas spp. was isolated
from imported shrimps in USA. The identified Aeromonas
spp- were A. enteropelogenes, A. caviae, and A. sobria (Shakir
etal.,2012). Similarly, Aeromonas spp. was also isolated from
marine shrimps cultured in Thailand, and the identified
Aeromonas species were 4. veronii (70%), A. aquariorum
(18%), A. caviae (7%), A. jandaei (2%), and A. schubertii
(2%) (Yano et al., 2015). Microbial contamination of fish
and shellfish might be attributed to a variety of sources
such as soil, water, fish handlers, improper handling of
fish during transportation, processing, and preservation.
Such factors facilitate bacterial cross contamination, and
bacterial migration from gut to the fleshy parts (Hafez et
al., 2018).

The pathogenicity of Aeromonas spp. is attributed to
various virulence associated genes (Chacon et al., 2003).
The mechanisms of pathogenesis are complex and
multifactorial. Aeromonas spp. have the ability to produce
four different kinds of enterotoxins (Gonzalez-Serrano
et al, 2002), and many of these virulence attributes
exhibit hemolytic, cytotoxic, and enterotoxic activities
(Chopra and Houstan, 1999). The obtained results of
the present study revealed detection of hemolytic toxins
such as aerolysin (aerA) and haemolysin (ahbl). As aerd

was detected in all recovered 4. hydrophila isolates from

Egypt and Saudi Arabia. While ahh1 gene was detected
in 8 out of 9 A. hydrophila isolates from Egypt, and 2 out
of 5 A. hydrophila isolates from Saudi Arabia (Tables 3,
4). Hemolysin is a group of enzymes with multifunction,
which contribute significantly to the pathogenicity of A.
hydrophila. Hemolysins include aerd, ahhl, ahyA, and asal,
ahh1 is the most widely distributed extracellular heat-labile
hemolysin, the synergistic combination of aer4 and ahhlis
the most cytotoxic genotype (Wang et al., 2003). In
agreement with the obtained results of the present study,
aerAd and ahhl were detected in A. hydrophila and other
Aeromonads isolated from imported shrimps in USA
(Shakir et al., 2012), cultured marine shrimp in Thailand
(Yano et al., 2015), seafoods in Saudi Arabia (Ibrahim et
al., 2016), frozen fish (Hafez et al., 2018), and Nile tilapia
retailed in Egypt (Zaher et al., 2021). Aeromonas induced
foodborne disease occur in two forms; an acute self-
limiting gastroenteritis which is more apparent in children
and elders; and a fatal extra intestinal infection especially
among the immunocompromised patients (Rasmussen-

Ivey et al., 2016).

'The abuse of antimicrobials in aquacultures without a proper
veterinary supervision led to development of multidrug
resistance among foodborne pathogens (Alsayeqh et
al., 2021). In this regard, the recovered A. hydrophila
isolates were subjected to antimicrobial sensitivity testing.
Interestingly, all collected isolates from Egypt, and Saudi
Arabia (100%) exhibited multidrug resistance profiling
with at least resistance to three tested antimicrobial classes
The calculated MAR index for the recovered A. hydrophila
isolates from Egypt ranged between 0.214 to 1.0 with an
average of 0.587 (Table 3). 4. hydrophila isolates collected
from Saudi Arabia had relatively similar MAR index values
as MAR index ranged between 0.286 and 0.786 with an
average of 0.557 (Table 4). The recovered A. hydrophila
isolates from Egyptian samples showed resistance to the
tested antimicrobials in the following order: 88.88% to
erythromycin > 77.77% to gentamicin, kanamycin, nalidixic
acid, neomycin, and oxacillin > 66.66% to cephalothin, and
oxytetracycline > 44.44% to ampicillin, enrofloxacin, and
trimethoprim/sulfamethoxazole > 33.33% to ciprofloxacin,

Table 2: Prevalence of Aeromonas spp. in the examined crustaceans’ samples collected from Egypt and Saudi Arabia.

Sample origin  Crustacean samples Positive samples

Egypt Crab 12/20 (60%)
Lobster 10/20 (50%)
Shrimp 7/20 (35%)
Total 29/60 (48.33%)

Saudi Arabia Crab 6/20 (30%)
Lobster 4/20 (20%)
Shrimp 3/ 20 (15%)
Total 13/60 (21.66%)

A. hydrophila  A. sobria A. caviae A. veronii
4 (20%) 2 (10%) 3 (15%) 3 (15%)

3 (15%) 3 (15%) 1 (5%) 3 (15%)

2 (10%) 1 (5%) 2 (10%) 2 (10%)

9 (15%) 6 (10%) 6 (10%) 8 (13.33%)
2 (10%) 0 (0%) 1 (5%) 3 (15%)

2 (10%) 0 (0%) 0 (0%) 2 (10%)

1 (5%) 1 (5%) 0 (0%) 1 (5%)

5 (8.33%) 1 (1.66%) 1 (1.66%) 6 (10%)
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Table 3: Molecular confirmation, virulence attributes, and antimicrobial resistance profiles of A. hydrophila isolates
recovered from crustaceans collected in Egypt.

Isolate ID Origin 16S  Virulence Resistance profile MAR
rRNA factor value

A. hydrophila 1~ Crab + aerA,ahhl AM, CET, C, CIP, ENR, E, GEN, K, NA, N, OX, OXY, P, SXT 1
A. hydrophila 2 Crab + aerA,ahhl AM, CET, CIP, ENR, E, GEN, K, NA, N, OX, OXY, P, SXT 0.929
A. hydrophila 3~ Crab + aerA,ahh1l CET, CIP, ENR, E, GEN, K, NA, N, OX, OXY 0.714
A. hydrophila 4 Crab + aerA CET, GEN, K, NA, N, OX, OXY, P, SXT 0.643
A. hydrophila 5 Lobster + aerA,ahhl ENR, E, GEN, K, NA, N, OX, OXY 0.571
A. hydrophila 6  Lobster + aerA,ahhl E, GEN, K, NA, N, OX, OXY 0.500
A. hydrophila 7 Lobster + aerA,ahhl E, GEN, K, NA, N, OX 0.429
A. hydrophila 8  Shrimp + aerA,ahhl AM, CET, E, SXT 0.286
A. hydrophila 9 Shrimp  + aerA,ahhl AM,CET E 0.214
Average 0.587

Table 4: Molecular confirmation, virulence attributes, and antimicrobial resistance profiles of A. hydrophila isolates
recovered from crustaceans collected in Saudi Arabia.

Isolate ID Origin 16S rRINA Virulence factor Resistance profile MAR value

A. hydrophila 1 Crab + aerA AM, CET, C,CIP, E, GEN, K, NA, N, OX, OXY 0.786

A. hydrophila 2 Crab + aerA, ahh1 AM, CET, CIP, ENR, E, GEN, K, NA, N 0.643

A. hydrophila 3 Lobster + aerA CET, GEN, K, NA, N, OX, OXY, P 0.571

A. hydrophila 4 Lobster + aerA E, GEN, K, NA, N, OX, OXY 0.500

A. hydrophila 5 Shrimp + aerA, ahhl AM, CET, P, SXT 0.286
Average 0.557
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Figure 2: Antimicrobial resistance rates (%) of the
recovered A. hydrophila isolates recovered from raw
crustaceans in Egypt.

and penicillin > 11.11% to chloramphenicol, respectively
(Figure 2). While the recovered 4. hydrophila isolates
from Saudi samples had antimicrobial resistance profiling
in the following descending order: 80% to cephalothin,
gentamicin, kanamycin, nalidixic acid,and neomycin, > 60%
to ampicillin, erythromycin, oxacillin, and oxytetracycline
> 44.44% to ampicillin, enrofloxacin, and trimethoprim/
sulfamethoxazole > 40% to ciprofloxacin, and penicillin
> 20% to chloramphenicol, and trimethoprim/
sulfamethoxazole, respectively (Figure 3). In agreement
with the obtained results of the present study, 4. hydrophila
isolated from seafoods in Saudi Arabia (Ibrahim et al.,

2016), and from frozen fish in Egypt (Hafez et al., 2018)

had multidrug resistance profiling. Therefore, it would
be of interest to minimize the use of antimicrobials in
aquaculture and avoid direct disposal of animal dead
bodies and hospital wastes to the main water streams in
Egypt, and Saudi Arabia.
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Figure 3: Antimicrobial resistance rates (%) of the

recovered A. hydrophila isolates recovered from raw
crustaceans in Saudi Arabia.

CONCLUSIONS AND
RECOMMENDATIONS

The obtained results of the current study revealed
contamination of crustaceans like crab, lobster, and shrimp
retailed in Egypt and Saudi Arabia with Aeromonas
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spp. The isolates of A. hydrophila harbored virulence-
associated genes in addition to their resistance to different
antimicrobials. Therefore, hygienic measures should be
followed to minimize the microbial contamination of
crustaceans either in the aquatic environment or in fish
markets. In addition, efficient cooking of crustaceans
before serving to humans is highly recommended. To the
best of our knowledge, this is the first report to investigate
the prevalence, antibiogram and virulence attributes of
A. hydrophila in crustaceans retailed in Egypt, and Saudi
Arabia.
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