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HE study aimed to investigate the presence of A. hydrophila in mutton and beef, and

to determine the possible association between resistance to antibiotics and biofilm
formation ability. A total of 91 meat samples; (60) mutton and (31) beef collected from local
slaughterhouse in Duhok city. All samples were cultured and 4. hydrophila strains were isolated
using microbiological and biochemical assays then confirmed molecularly by amplifying
16S rRNA gene. The antimicrobials susceptibility test was implemented using Kirby-Bauer
procedure and biofilm formation ability was quantified by micro-titer plate appliance. The
bacterial identification revealed that 41(45.05%) isolates were belonging to 4. hydrophila
distributed as 28/60 (46.67%) for mutton and 13/31 (41.93%) for beef. Antibiotic susceptibility
test results showed that the highest resistance was recorded for Cephalothin, Amoxicillin, and
Tetracycline at a rate of 90.24%, 82.92%, and 85.36% respectively, while high sensitivity to
Nitrofurantoin, Chloramphenicol, Cefixime, Trimethoprim, Ciprofloxacin, and Ceftriaxone
was detected in 95.12%, 92.68%, 97.56%, 90.24%, 90.24%, and 97.56% of the isolates,
respectively. The biofilm formation assay demonstrated that (90.23%) of obtained isolates were
biofilm producers distributed among strong, intermediate and weak and there was a positive
association between antibiotic resistance and biofilm formation. Our study’s findings imply that
the occurrence of A. hydrophila in food meats is a significant health hazard and may cause food-
borne illnesses. Because Aeromonads can endure cold temperatures, and thrive in a variety of
habitats, it is important to pay them more attention and strict sanitary practices should be used
to limit bacterial contamination.
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Introduction

Aeromonas hydrophila is a widely existing motile
[1], aerobic, Gram negative, mesophilic bacteria,
positive for oxidase- and catalase [2], belonging
to Aeromonadaceae family [3]. These bacteria
can grow and produce toxins at a wide range of
temperatures (2-42) °C [4] indicating that storing
food at refrigeration seems to be ineffective
to control these pathogens [5] and due to their

capability to grow in refrigerated food [6] they
pose a serious risk to people safety and health
[7, 8]. Aeromonas spp. incessantly isolated from
many food products including seafood, fish and
shellfish, raw meat, dairy and vegetables and
have an ample host spectrum, including humans
[9]. Recently, a lot of interest has been focused
on this bacterium because it affects not only
aquatic animals, causing the aquaculture sector
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to suffer tremendous financial losses [10], but
causes infections in humans, such as septicemia,
skin necrotizing fasciitis, gangrene, gastro-
enteritis, and diarrhea among travelers due to
unsuitable handling of meat and consumption of
contaminated food [9].

The pathogenesis of Aeromonas spp. infection
is convoluted and poorly understood [11]. These
pathogens produce a diversified virulence factors;
such as expression of cell membrane components,
toxins, enzymes and other molecules such as
lipopolysaccharides (LPS) present in the cell
walls of Gram-negative bacteria [12]. The
presence of such virulence elements helps these
bacteria to stick, invade, destroy the host cells and
defeat its immunological response [ 13]. Antibiotic
resistance of Aeromonas is typically interposed
by genes mapped to bacterial chromosomes or
plasmids that give out resistance to generality of
beta lactams [ 14]. Aeromonas spp. covers a variety
of species that are broadly disseminated in aquatic
environments like (sewage, oceanic, rivers and
drinking water) as well as facilities used for water
treatment [14], they may form biofilms in water
pipes and are counted to be emerging pathogen
by the Environmental Protection Agency (EPA)
[15]. The development of biofilms is regarded as
a component of many bacteria’s harmful activity
[16], Biofilms have emerged as major contributors
torecurring infections and antimicrobial resistance
[10]. Recently, many microorganisms have been
identified molecularly. The sequences of several
housekeeping genes such as gyrB, rpoB and rpoD
were used as effective tools for the identification
of Aeromonas species, also sequencing of /6S
rRNA is another sturdy molecular criteria for
bacterial species identification [12]. Due to its
stability and specificity, direct sequencing of
16S rRNA is widely used as a unique marker for
bacterial identification. Classification of bacteria
according to genetic sequencing is very effective
for phylogenetic identification at various levels
[17]. Aeromonas’ ability to grow combatively in
cooling temperatures is a public health hazard
[12]. The presence of A. hydrophila in animal
products is a public health problem for humans,
especially people who handle infected animals
and their products [18].

Currently, there is limited data investigating
A. hydrophila in raw meat in Duhok governorate/
Iraq. Therefore, the present work is designed
and performed to investigate the prevalence of
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A.hydrophila in mutton and beef samples obtained
from Duhok slaughterhouse, and to define the
possible association between antibiotic resistance
and production of biofilms by this species.

Materials and Methods

Sampling

The study was carried out in Duhok
governorate/ Iraq. Meat samples were taken from
Duhok slaughterhouse. A total of ninety-one raw
meat samples were included in this study, 60
samples of sheep carcasses and 31 samples of beef
carcasses were collected after final wash for the
period between 15" September and 30" October
2022. Meat samples were collected aseptically
using a polyethylene bag and placed in an ice box
after that transported immediately to the “research
center” in the College of Veterinary Medicine/
University of Duhok for diagnostic analysis.

Bacterial Isolation

Twenty-five grams from each meat sample
were minced, peptone water added, homogenized
and incubated overnight at 37°C as pre-
enrichment step before being plated on blood agar
(Accumix™/Belgium) with the addition of 5%
blood of sheep then incubated as previous and on
MacConkey agar NEOGEN®/USA) followed by
Gram staining [19].

Biochemical analysis using “VITEK 2" system

According to Elbehiry et al. [20], VITEK® 2
Gram-Negative Identification cards (bioMerieux
Inc, France) were used to identify the isolates.
The method was summarized by suspending 34-
fresh colonies in 0.45% sterile normal saline.
DensiChek™ (bioMerieux Inc, France) used to
measure the optical density of the suspension and
adjusted to 0.50-0.63 Mcfarland. The organism
suspension was placed into the instrument and
the desired organisms were matched with the
strains used as references and stored in the system
software.

Molecular investigation
DNA extraction

Thermal extraction (boiling method) is used
for DNA extraction. According to Taha and Yassin
[21] three morphologically similar colonies were
selected and added to (1.5ml sterile tube) filled
with 300 pl of sterile double distilled water,
vortexed for (30s) and then heated at 95°C for 10
min. The tubes were cooled immediately with ice
and after that centrifuged for 10 min. About 150 pl
supernatant was transferred to another sterile tube
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and used as a template DNA for PCR. The pureness
and concentricity of the DNA were measured
using a Nano-Drop (Thermo Fisher Scientific™
USA). The extracted DNA samples were stored
at -20 °C till used for further investigations by
polymerase chain reaction (PCR).

Conventional PCR

For confirmation of the isolates as A.
hydrophila, 16S rRNA universal gene amplified
and the primer set listed in (Table 1) were used.

The amount of PCR mixture was 25 pL
which contained 1 pL forward primer, 1 uL
reverse primer (Table 1), 12.5 uL AddStart Taq
Master (ADDBIO INC, Korea), 5.5 pL sterilized
double distilled water, and 5 uL. DNA template.
The mixture was put in PCR tubs (KIRGEN-
China). The DNA samples were amplified using
the thermo-cycler program (Applied Biosystems
GeneAmp® PCR System A4Y+:) which was
adjusted to the following settings [22]: Initial
denaturation at 95°C for 3 min, 35 cycles of
denaturation at 95°C for 45 s then annealing at
52°C for 1min. followed by extension at 72°C for
Imin., and a final extension at 72°C for 7 min.
After completion of all cycles, the products were
run on 1.5% agarose gel stained with safe dye
(ADDBIO INC, Korea) and observed under UV
Transilluminator (Vilber Lourmat Super Bright-
France). To find the size of the PCR product
the (100 bp) DNA ladder H3 RTU (GeneDireX,
Taiwan) was used.

Sequencing identity analysis

For confirmation of the results, (10) PCR
amplicons were chosen and sent to (Immunogene
Center / North Korea) for DNA Sequencing. The
outcomes were submitted to the similarity search
using the BLAST search program of the “National
Center for Biotechnology Information” (NCBI) [23].

Antibiotic Susceptibility

According to Jorgensen & Turnidge [24]
Standard Kirby-Bauer disk diffusion technique
and Mueller-Hinton agar were used to estimate
the sensibility of A. hydrophila isolates against

TABLE 1. Primers used for amplification of 165 rRNA gene

12 different antibiotics (Bioanalyse®/Turkey):
Tetracycline (TE 10pg), Cephalothin (KF 30ug),
Amoxicillin  (AX 10pg), Ciprofloxacin (CIP
10pg), Cefixime (CFM 5pg), Streptomycin (S
5ug), Ceftriaxone (CRO 10pg), Erythromycin
(E 10pg), Gentamycin (CN 10pg), Trimethoprim
(TMP 10pg), Nitrofurantoin (F 100pg) and
Chloramphenicol (C 10ug). The suspension
solution of the isolates was prepared equivalent to
0.5 McFarland opacity and transferred to Mueller-
Hinton agars (Himedia®/India) . Discs saturated
with antimicrobial agents were fixed on the agar
then incubated at 37 °C for 24hrs. The inhibition
zone was measured using a digital calibrator, and
the test results were divided into three categories:
resistant, intermediate and sensitive.

Biofilm detection

The 96 well micro-titer Plate method for
biofilm detection described by Stepanovic et
al. [25] was used to rate the potential of biofilm
production of A. hydrophila. Trypticase Soy Broth
(TSB) (Neogen®/USA) was used to reach an
optical density (OD) of 0.8 at 630 nm of bacterial
suspension by inoculation of the isolates and
incubate for 24hrs, then 100 puL of the suspension
piped in the wells (triple samples). The negative
controls were the wells not inoculated with
“TSB”, the plate incubated for 96hrs at 28°C.
After that, the wells were washed with sterilized
normal saline three times, (200 pL) methanol was
added to each well for 15 min. after drying at room
temperature. The drying step was repeated, then
the plate was stained with 200 uL of 2% solution
of Hucker’s crystal violet (2g crystal violet, 0.8g
ammonium oxalate, 20ml ethanol and 80ml
distilled water). Five minutes later, the washing
and drying steps were done again. After 15 min.,
200pL of (ethanol-acetone) as discoloring solution
was added. Finally, the intensity of absorption
was measured using ELISA plate reader at 630
nm. The (ODs) of each sample were calculated
by finding the mean of absorbance of three wells
and comparing it to the mean absorbance of
negative controls (ODnc), and classified to: non-
biofilm production (ODnc<0.0600), weak biofilm

Gene Primers Sequences (5'-3') Amplicon Reference
name size
168 Forward AGAGTTTGATCCTGGCTCAG 1498 bp Abdulhasan et al. [22]
‘RNA
" Reverse GGTTCACTTGTTACGACTT
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production  (0.0600<0Ds<0.0950), moderate
(0.0950<0Ds<0.1500), and strong production
(ODs > 0.1500).

Results

The results of conventional cultural methods
and gram staining revealed that out of 91 samples,
49 (53.84%) were positive for motile Aeromonas
spp. distributed among 31/60 (51.66%) for mutton
and 18/31 (58.06%) for beef (Table 2). These
methods investigated (i) the hemolytic activity
of the bacteria when after overnight incubation
at 37°C, a zone of hemolysis around the colonies
were observed on blood agar plates enriched with
5% of sheep blood and (ii) pale like colonies
appeared on MacConkey agar indicating that the
isolates are unable to ferment lactose sugar.

For identification of the isolates, the VITEK
2 system was applied and (41) isolates were
identified to be A. hydrophila distributed between
28/60 (46.67%) for mutton and 13/31(41.93%)
for beef with a high level of Discrimination for
identifying of A. hydrophila up to 99%, (Fig. 1,
Table 2).

The results of polymerase chain reaction
(PCR) revealed that all the biochemically
identified isolates were molecularly confirmed to
be A. hydrophila (Fig. 2).

The sequences of /16S rRNA gene compared
with (NCBI) GenBank data through BLAST
program. The following Accession Numbers
(KR819398, KC252600 and MT279533) were
matched with our study results and affirmed as 4.
hydrophila with 98-100% identity.

Antibiotic susceptibility test

The results of the antibiotic susceptibility test
for 41 molecularly confirmed isolates showed that
the highest resistance was recorded for Cephalothin,
Amoxicillin, and Tetracycline at a rate of 90.24%,
82.92%, and 85.36% respectively, while the moderate
resistance to Streptomycin, Erythromycin, and
Gentamycin was reported in 80.48%, 75.61%, and
82.92% of the isolates respectively. High sensitivity
to Nitrofurantoin, Chloramphenicol, Cefixime,
Trimethoprim, Ciprofloxacin, and Ceftriaxone was
detected in 95.12%, 92.68%, 97.56%, 90.24%,
90.24%, and 97.56% of the isolates respectively as
shown in (Fig. 3).

Quantification of biofilm in micro-titer plates

The results of biofilm production for A.
hydrophila isolates using micro-titer plate method
showed that 37 (90.23%) of the isolates were
biofilm producers at different levels (strong,
intermediate and weak biofilm producers); 17
(41.46%) isolates were strong biofilm producer,
11 (26.82%) were moderate biofilm producer and
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Fig. 1. Identification of bacterial species by VITEK 2 system.
TABLE 2. Isolation rates of A. hydrophila using cultural methods and VITEK 2 system.
Sample type No. of Cultural methods VITEK 2 system
Samples No. No. %
Mutton 60 31 51.66 28 46.67
Beef 31 18 58.06 13 41.94
Total 91 49 53.84 41 45.05
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Fig. 2. Gel electrophoresis of PCR amplification of 16S rRNA gene (1498 bp) of A.hydrophila isolates (Lane M; 100
bp Marker), Lane 1-12: bacterial isolates.
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Fig. 3. Results of the Antibiogram of A. hydrophila isolated from the slaughterhouse in Duhok city.

Fig. 4. Biofilm production Assay for A. hydrophila isolates using micro-titer Plate method

Egypt. J. Vet. Sci. Vol. 54, No.3 (2023)



484

SHEREEN A. YOUSIF et al.

TABLE 3. Distribution of biofilm forming isolates of 4. hydrophila.

Pattern of biofilm production Range of ODs (nm) Number of Isolates %
Strong 0.1560 —0.2230 17 41.46
Moderate 0.0950 - 0.1440 11 26.82
Weak 0.0650 - 0.0920 9 21.95
Total 37 90.23

9 (21.95%) were weak biofilm producer. And only
4 (9.77%) isolates were non-biofilm producers as
shown in (Fig. 4) and (Table 3), the mean OD=
0.0600 was calculated for negative controls on the
uncultured TSB.

Association between Biofilm producing Ability
and Resistance to Antibiotics

The results of the antibiotic susceptibility test
and biofilm production of 4. hydrophila isolates
revealed that there was a positive correlation between
antibiotic resistance and biofilm production.

The isolates of higher resistance to the
Cephalothin, Amoxicillin and Tetracycline were
strong biofilm producers at a rate of 41.46%,
while the ability of moderate biofilm production
at a rate of 26.82% was for the isolates that
showed intermediate resistance to Streptomycin,
Erythromycin and Gentamycin also 21.95% of the
isolates showed weak biofilm production which
was sensitive to Nitrofurantoin, Chloramphenicol,
Cefixime, Trimethoprim, and Ceftriaxone, except
of Ciprofloxacin which was strong biofilm
producer (Table 4).

Discussion

The study paid particular attention to evaluating
the presence of pathogenic bacteria in meat, as
this is a key point for ensuring consumer health
and safety, because microbial contamination

shortens food shelf life posing serious health risks
[1, 26]. Aeromonas has received great attention
because some strains of this microorganism tend
to cause a significant intestinal disorders that are
transmitted through food and have been linked
to serious illnesses in human [12]. Existence of
Aeromonads has been documented in food of
animal origins like meat, poultry, dairy products
and seafood, as well as in vegetables. Worldwide
isolation of Aeromonas spp. from food revealed
that the dominant spp. was A. hydrophila [27]
and has been linked to 85% of gastroenteritis in
human [28]. A. hydrophila strains are important
emerging foodborne pathogens because they have
the ability to grow at low temperatures as well as
their exceptional ability to acclimate the extreme
conditions in the environment [29].

Our findings in current study revealed that
the level of contamination with A. hydrophila
in total analyzed raw meat samples were
45.05%, the bacterial isolates were found in
(46.67%) and (41.94%) of mutton and beef meat
samples respectively. As traditional culturing
and biochemical-based methods for bacterial
identification are time-consuming and have
some difficulties, Vitek-2 compact system and
molecular assays were appreciably used for the
identification of 4. hydrophila from meat samples
as simple, rapid and precise methods [30]. There
were some diversities in the results obtained from

TABLE 4. Association between antibiotic susceptibility and biofilm production of A. hydrophila isolates.

Antibiotics
Biofilm pattern = A = a Total
Strong 7 5 3 0 0 0 0 0 0 0 2 0 17
Moderate 0 0 0 3 5 3 0 o0 0 0 0 0 11
Weak 0 0 0 0 0 0 2 2 2 1 0 2
Non 0 0 1 0 0 0 0 1 0 1 0 1
Total 7 5 4 3 5 3 2 3 2 2 2 3 41
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previously mentioned methods. The problem with
misidentification is due to two factors; The first
reason is that these methods can identify strains at
the genus level (Aeromonas) and not at the species
level, the second one is misidentification with
other strains such as Vibrio spp. [20]. Molecular
assays particularly PCR is the most precise
method for identification of microorganisms
because of their stability and specificity, the 765
rRNA gene is usually applied as a characteristic
biomarker for bacterial identification via direct
sequencing. [31, 32].

Since there is genetic heterogeneity among
several /6S rRNA genes in bacterial genomes,
amplification of this gene alone is ineffective for
identifying Aeromonas spp. unless it is followed
by nucleotide sequencing [33, 34]. The identified
bacteria were confirmed and the sequences were
related to the GenBank database using “BLAST”
program of the (NCBI) and more than 98% identity
was found between the /65 rRNA sequencing data
from the current study and the /6S rRNA gene
sequences of A.hydrophila registered by other
authors accessible at GenBank.

Our findings agreed with the results obtained
by Kadry et al. [35] who found A. hydrophila in
(40%) of beef meat samples and approximately
similar to Elmanama et al. [36] who found that the
occurrence of 4. hydrophila in beef samples was
(35%) but clearly different from ratio obtained by
Rossi Junior et al. [37] who isolated A. hydrophila
from (3.3%) of beef samples. The isolation rate
obtained in our study was greater than the rate
registered in previous studies; Sharma and Kumar
[38] and Ahmed et al. [39] founds that (13.13%)
and (25%) of meat samples were contaminated
with 4. hydrophila respectively, also A. hydrophila
registered in (12%) of goat meat and (7.69%) of
beef samples in a study conducted by Kumar et al.
[40], and lower rate obtained by Osman et al. [26]
who found this pathogen in (6.5%) of mutton meat
samples and in (0.0%) of beef raw meat samples.
Higher incidence was reported by Ibrahim et
al. [41] who found (60%) of beef and (58%) of
mutton samples in Australia to be contaminated
with this bacterium. The degree of variations in
the results obtained by many authors can be due
to the disparity of geographical locations, the
methods and techniques adopted for isolation,
samples collecting seasons [42], nutrition factors,
livestock density, breeding systems, methods
used in the slaughtering process, and the level

of sanitation, which considered among the most
important factors that affect the different levels
of contamination with A. Aydrophila in animal
food samples [43]. The findings obtained in
this study are concerning because different spp.
of Aeromonas genus can be captured during
various stages of the slaughtering process; via
carcass surface, intestinal content, water, poorly
cleaned equipment and handling. The broad use
and misuse of antibiotics are important factors
in the increased incidence of antibiotic-resistant
microorganisms in food posing a risk to consumers
[27]. The isolates obtained in our study showed
strong resistance to Cephalothin, Amoxicillin, and
Tetracycline while the intermediate resistance were
to Streptomycin, Erythromycin and Gentamycin,
the largest number of the isolates were sensitive
to Nitrofurantoin, Chloramphenicol, Cefixime,
Trimethoprim, Ciprofloxacin, and Ceftriaxone,
these findings are nearly in line with the results
reported by Moori-Bakhtiari et al. [48] who
found that (100%) of 4. hydrophila strains were
susceptible to Ciprofloxacin and Trimethoprim,
while Dias et al. [54] reported that (100%) of
A. hydrophila isolates obtained from different
animal samples were resistant to Ciprofloxacin,
the variations in the findings could be attributed
to the differences of the samples types and
Aeromonas strains. A study conducted by Yang et
al. [44] aimed to investigate the prevalence and
antibiotic susceptibility of A. hydrophilia from
grass carp in China, the authors found that most
strains were resistant to Ampicillin (95.24%) and
Tetracycline (88.89%), these results are strongly
agreed with our findings, while we found opposite
results regarding susceptibility to Streptomycin
since they found that (79.37%) were resistance
to Streptomycin. Another study conducted
by Matyar et al. [45] revealed that (14.4%),
(7.2%) and (11.3) of 4. hydrophila isolates were
resistance to Tetracycline, Gentamycin and
Chloramphenicol respectively, on the other hand
they found that a high proportion of A. hydrophila
isolates were resistance to Cephalothin (86.6%),
this is nearly similar to our finding in regards to
Cephalothin (90%). Antibiotic resistance occurs
due to different mechanisms; chromosomal
mutation, change in drug target, formation of
biofilms and etc. [46]. Numerous studies on food
and animal products conducted in last few years
revealed high detection rate of resistant bacteria
as a result of antibiotic overuse and misuse in
animal husbandry [47].
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The results revealed that 90.23% of the
examined isolates were capable to form biofilms
and classified in terms of biofilm productivity as
strong, intermediate and weak biofilm producers,
this percentage is lower than results reported in
previous studies by Moori-Bakhtiari et al. [48]
and Mohamed et al. [49] who found that (100%)
and (96%) of the isolates respectively are biofilm
producers at different levels (strong, intermediate
and weak). The biofilm formation ability of
A. hydrophila and its relation to antibiotics
susceptibility was evaluated, the results revealed
that strong biofilm producer isolates were also
resistant to 25% of the antibiotics used in the study
(Cephalothin, Amoxicillin and Tetracycline). The
isolates with strong biofilm production, which can
act as a protective wall against antibiotics, may
lead to easy transmission of resistant genes within
this protective structure [50, 51]. The bacterial
isolates that show moderate ability to produce
biofilms exhibit intermediate resistance to several
types of antibiotics (Gentamycin, Erythromycin
and Streptomycin), while the isolates that
classified as weak and non-biofilm producer
were susceptible to 50% of the studied antibiotics
(Nitrofurantoin, Chloramphenicol, Cefixime,
Trimethoprim, Ciprofloxacin and Ceftriaxone).
Biofilm production is a mutually beneficial
behavior between microorganisms to enhance
their survival. The possibility of gene transfers
between microorganisms to develop antibiotic
resistance and biofilm production cannot be ruled
out. This fact confirms the great relationship
between the two mechanisms [52]. Many studies
have confirmed the existence of antibiotic-
resistance bacterial isolates that have the ability
to produce biofilm, while several bacterial
isolates have the ability to form biofilm yet are
not resistant to antibiotics. Additionally, there are
some isolates who lack both abilities [53]. This
was shown by the findings of our study when some
isolates expressed high sensitivity to ciprofloxacin
and strong biofilm production. Other studies are
needed to investigate this association with other
types of antibiotics and to provide evidence on the
development of this resistance and its relationship
with production of biofilms [48], bacterias ability
to adhere to the surfaces of various materials and
visceral organs may have clinical implications in
terms of disease>s prolongation and emergence of
antibiotic resistance [15].

Egypt. J. Vet. Sci. Vol. 54, No.3 (2023)

Conclusions

Our findings showed that red meat produced
in Duhok slaughterhouse is contaminated with
A. hydrophila which may pose a risk to human
health, and it is an indication of unhygienic
procedures used in slaughterhouses. The study
revealed multidrug resistance of A.hydrophila
and its association with the production of biofilm
that facilitate escape from antibiotics effect.
Biofilm formation is a potent threat to public
health and consequently the effectiveness of the
antibiotics will decrease. It is essential that all
meat processing and handling must take place
under high standard of hygienic conditions, and
the products must be as far away from all sources
of contamination. To fully visualize the threats
that these organisms bring to public health, more
studies are needed to explore the abundance of 4.
hydrophila in clinical, food, and water samples.
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