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Abstract

Antibiotics are widely used to treat infectious diseases in humans and animals. However, the indiscriminate use
of antibiotics contributes to the emergence of antibiotic-resistant bacteria, making infections more difficult to treat.
In this study, we randomly collected thirty-six rainbow trout fish from various retail stores in Kerman city, located
in the southeast of Iran. Skin samples were obtained from each fish using a swab, and Escherichia coli (E. coli)
isolates were identified and screened for antimicrobial resistance (AMR) phenotypes, as well as related genes,
using microbiological culturing, disc diffusion, and conventional PCR methods. Our findings showed that the
prevalence of phenotypic resistance against the tested antibiotics was high, with erythromycin (88.57%),
florfenicol (77.14%), oxytetracycline (74.28%), trimethoprim-sulphamethoxazole (71.42%), trimethoprim
(65.71%), chloramphenicol (62.85%), flumequine (60%), ciprofloxacin (54.28%), and tetracycline (54.28%)
having the highest resistance rates. Moreover, 8.57% of the E. coli isolates were found to be ESBL-producing
strains, and 74.28% of the isolates were multi-drug resistant (MDR). The highest frequencies of antibiotic
resistance genes were 5.71 % for blarem, 14.28% for qnrA, 17.14% for sull, and 20% for sul2. E. coli is a
mesophilic bacteria and is not naturally present in fish. Fishes have mostly psychrophilic bacteria in their
microflora. The origin of E. coli on the skin of fish is water contaminated with human and animal feces, so the
antibiotic resistance of this bacterium has an indirect relationship with aquaculture. Our study showed that E. coli
isolates from the skin of rainbow trout has a high level of antibiotic resistance, which may be a risk to public
health. Therefore, it is very important to control the use of antibiotics in fish farming to reduce the selection
pressure to emergence and spread of antibiotic-resistant bacteria.
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Introduction

E. coli is one the most important present in fish microbiota that can be
members of gut microflora in human and acquired  from  sewage-contaminated
warm-blood animals but not naturally aquatic environments (Chigor et al, 2020).
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E. coli is an indicator of fecal contamination
of water and aquatics and this
contamination is an important problem in
aquaculture. Consumption of contaminated
fish may lead to food-borne infections such
as diarrhea (Cardozo et al, 2018), as an
important problem in public health. So, this
research focuses on this bacterium and its
characteristics. Microorganisms can be
present in fish hosts by attaching to the skin,
passing through the gills and intestines
(Tiralongo et al, 2020); fish skin is in
contact with water contaminated with feces
and fecal bacteria (such as E. coli), so the
skin can be one of the suitable samples of
study.

E. coli has the potential to disseminate
some factors such as antibiotic resistance
among various hosts.  Antimicrobial
resistance (AMR) occurs when
microorganisms develop the ability to
evade the effects of antimicrobial agents.
Several factors such as socio-economic
conditions, ecological factors influencing
infections, and misuse of antibiotics can
contribute to the spread of antibiotic
resistance among humans, animals, and the
environment (Wendlandt et al, 2015). The
indiscriminate use of antibiotics exerts
selective pressures in favor of resistant
microorganisms. (Berendonk et al, 2015;
Zhang et al, 2018). These microbes
commonly utilize four fundamental
mechanisms of resistance including: (i)
limiting the wuptake of a drug, (ii)
modification of an antibiotic target, (iii)
inactivating an antimicrobial agent, and (iv)
use of active drug efflux pumps (Reygaert,
2018).

The molecular basis of antimicrobial
resistance mechanisms in bacteria is closely
related to the presence of antibiotic
resistance genes or ARGs (Jian et al, 2021).
There are two main types of ARGs,
including intrinsic (chromosomally) and
acquired (via mutations or horizontal gene
transfer). Most ARGs are transferred
between bacterial strains of the same or
different genera. This transfer occurs

through mobile genetic elements, such as
plasmids or transposons, via conjugation,
transformation, or transduction (Dur&o et al,
2018; Fang et al, 2019).

In aquaculture, antibiotics are commonly
used to treat a wide range of infections
(Done et al, 2015); on average, 500 grams
of antibiotics, such as [-lactams,
tetracyclines, sulfonamides,
aminoglycosides, amphenicols, and
nitrofuran, are used for each ton of
produced rainbow trout (Jara et al, 2021).
Chloramphenicol, oxytetracycline, and
erythromycin are among the antibiotics that
are frequently used to eliminate bacterial
pathogens in aquaculture (Schar et al,
2020). However, the use of antibiotics can
lead to the development of a problem
known as antibiotic residues, which can
easily spread in aquatic environments (Xu
et al, 2015) and affect the microflora of
aquatic or environmental bacteria in water
(Huang et al, 2017; Fang et al, 2019). This
can result in the emergence of antibiotic-
resistant bacteria, which is a cause for a
global concern.

There are various phenotypic and
genotypic  methods  for identifying
antibiotic-resistant bacteria. Five
commonly used techniques include dilution
methods (both broth and agar dilution),
antimicrobial gradient method, disk
diffusion test, chromogenic agar media, and
colorimetric tests. Additionally, there are
several molecular-based methods for
detection of resistance, such as polymerase
chain reaction (PCR), real-time PCR
(quantitative PCR or @PCR), DNA
microarrays, and whole-genome
sequencing (WGS) for antimicrobial
susceptibility testing (Gajic et al, 2022).

As previously mentioned, the objective
of the present study was to investigate the
antibiotic resistance phenotypes and genes
of E. coli isolates obtained from retail
rainbow trout fish samples in Kerman city,
Iran.
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Materials and Methods
Sampling, culture and E. coli isolations
A total of 36 rainbow trout fish were
randomly collected from five different retail
fish stores located in Kerman province,
South-eastern Iran, between February 2020
and February 2021 at two-week intervals.
The fishes were stored in polyethylene bags
with an ice pack and transported to the
microbiology laboratory at Shahid Bahonar
University of Kerman. A skin sample was
taken from each fish using a swab, which
was then cultured on MacConkey agar
(Merck, Germany) and incubated
aerobically at 37°C for 18 to 24 hours.
Suspected colonies of E. coli (i.e., those that
appeared round, smooth, and pink) were
selected for biochemical confirmation using
IMVIC tests (indole, methyl red, Voges
Proskauer, and citrate). Finally, 35 E. coli
isolates were confirmed and used for
subsequent analysis (Markey et al, 2013).

Phenotypic assessment of antibiotic
resistance in E. coli strains

Antimicrobial susceptibility testing was
performed using the disc diffusion method
in accordance with Clinical and Laboratory
Standards Institute (CLSI) guidelines 2021
(CLSI, 2021). The antibiotics tested were
chosen based on those commonly used in
farm fishes, including florfenicol (FF; 30
ug), erythromycin (E; 30 pg), flumequine
(FLM; 30 pg), oxytetracycline (T; 30 ug),
ciprofloxacin (CP; 30ug), chloramphenicol
(C; 30 pg), trimethoprim-sulfamethoxazole
(SXT; 30 pg), tetracycline (TE; 30 pg),
trimethoprim (TMP; 30 pg), amoxicillin
(AMX; 30 pg), cefotaxime (CTX; 30 pg),
nitrofurantoin (FM; 30 pg), and ceftazidime
(CAZ; 30uQ).

A suspension of each confirmed E. coli
isolate was prepared with a turbidity similar
to that of a 0.5 McFarland standard. A
sterile swab was then inserted into the
suspension and used to culture a lawn of
bacteria on the surface of Muller-Hinton
(MH) agar. After 3 to 5 minutes, antibiotic
discs were placed on the agar surface. The
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plates were incubated at 37°C for 24 hours,
and the zone diameter of growth inhibition
was measured in  millimeters. The
microorganisms were labeled as sensitive
(S), resistant (R), or intermediate (I) based
on the 2021 guidelines from the CLSI
(CLSI, 2021).

The double disc diffusion method was
employed to identify strains that produce
extended-spectrum B-lactamases (ESBLS).
In this method, ESBL-producers were
identified based on a >5 mm increase in the
zone of growth inhibition diameter around
the cefotaxime-clavulanate and/or
ceftazidime-clavulanate discs as compared
to the zone of growth inhibition diameter
around the cefotaxime and/or ceftazidime
discs, respectively (CLSI, 2021).

Genotypic assessment of antibiotic
resistance

The total genomic DNA of confirmed E.
coli strains was extracted using the boiling
technique. A single, confirmed E. coli
colony was suspended in 400 ul of sterile
distilled water and heated to 98-100°C for
10-15 minutes in a heating block
(Eppendorf, Germany). The suspension was
then refrigerated on ice for 10 minutes and
centrifuged at 13,000 x g for 1 minute. The
resulting supernatant was used as the DNA
template in PCR (Jajarmi et al, 2021).

The study examined the presence of
antimicrobial genes, including blaTewm,
blashv, blactx-m, blaoxa, sull, sulll, dhfrl,
dhfrv, catl, gnrA, gnrB, tetA and tetB,
aadA, floR. The clinical E. coli strains
including 17DN for sull and sulll; 21DN for
gnrB; 25DN for tetA, tetB and catl; 170DN
for dhfrl and dhfrV were used as positive
controls that all were supplied by Dr. Reza
Ghanbarpour from Faculty of Veterinary
Medicine, Shahid Bahonar University of
Kerman. Also, the E. coli strains ATCC
35218 (for blarem) and ATCC 700603 (for
blasnv and blactx-m) were used as standard
positive controls for B-lactamase genes.
Distilled water was used as the negative
control.
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PCR was conducted in a total volume of
25 pL, including 12 pL of 2x Master Mix
(Parstous, Iran), 0.5 uM of each primer, 3
pL of DNA template, and distilled water to
reach the final volume. The thermal cycling
program included an initial denaturation at
95°C for 15 minutes, followed by 30 to 35
cycles at 95°C for 1 minute (denaturation),
54-65°C for 1 minute (annealing), and 72°C

72°C. Table 1 displays the specific DNA
sequences, sizes for PCR products, the
number of cycles and annealing
temperatures for each program.

Data for the presence or absence of
phylogenetic  groups and antibiotic
resistance in each isolate were entered into
Excel (Microsoft 2016) and SPSS (SPSS
24; IBM) for descriptive statistical analysis.

for 1 minute (extension).

The final

extension was performed for 10 minutes at

Table 1: Sequences of primers used in this study

Target Sequence (5'-3") ?tl)éi Anealing Reference
blaey | I AAAATT CTT GAAGAC G 108 | _o.c | (Sharmaetal,
R- TTA CCA ATG CTT AAT CA 0 2010)
blagy | F- TTAACT CCC TGT TAG CCA 268 | sgec | (Sharmaetal,
R- GAT TTG CTG ATT TCG CCC 2010)
blacry | ©- CGC TTT GCG ATG TGC AG s50 | soec | (Messaietal,
R- ACC GCG ATA TCG TTG GT 2006)
blage. | I~ TCAACT TTC AAG ATC GCA so1 | agec | (Colometal,
R- GTG TGT TTA GAA TGG TGA 2003)
<l | FFTTCGGCATT CTG AAT CTC AC 672 | sg°C (Vickers,
R- ATG ATC TAA CCC TCG GTC TC 2017)
<ulll | F-GCG CTC AAG GCA GAT GGC ATT 203 | eooc | (Kermetal,
R- GCG TTT GAT ACC GGC ACC CGT 2002)
dhir | F- AAG AAT GGA GTT ATC GGG AAT G o1 | 550 (Vickers,
R- GGG TAA AAA CTG GCC TAA AAT TG 2017)
dhfrv F- CTG CAA AAG CGA AAAACG G 432 58°C (Vickers,
R- AGC AAT AGT TAA TGT TTG AGC TAA AG 2017)
F- GTG AAA CCC AAC ATA CCC C ) (Vickers,
A | R GAA GGC AAG CAG GAT GTA G 887 | S0°C 2017)
F- CCT TAT CAT GCC AGT CTT GC ) (Vickers,
®B | R ACT GCC GTT TTT TCG CC 773 50°C 2017)
catl | - AGT TGC TCA ATG TAC CTATAA CC 17 | seoc (Vickers,
R- TTG TAA TTC ATT AAG CAT TCT GCC 2017)
F- AGA GGA TTT CTC ACG CCA GG ) (Cattoir et al.,
A | R TGC CAG GCA CAG ATC TTG AC 580 | 54°C 2007)
F- GGM ATH GAA ATT CGC CAC TG ) (Cattoir et al.,
aB | B TTT GCY GYY CGC CAG TCG AA 264 | 54°C 2007)
F-TAT CTC CCT GTC GTT CCA G ) (Vickers,
floR | o  AGA ACT CGC CGA TCA ATG 399 | 56°C 2017)
~ada | F- TGATTT GCT GGT TAC GGT GAC 2gn | sgC (Vickers,
R- CGC TAT GTT CTC TTG CTT TTG 2017)
Results 77.14%, 95% CI: 59.86-89.58%) were

Phenotypic antimicrobial resistance
Three isolates (8.57%; 95% CI. 1.80-
23.06%) were ESBL-producers, and four
isolates (11.42%; 95% CI: 3.20-26.74%)
were resistant to only one antibiotic. The
majority of the isolates (27 isolates;

resistant to more than one antibiotic (Table
4), with 74.28% of the isolates being
resistant to three or more antibiotics from
different antimicrobial families (multi-drug
resistant or MDR); The most common
resistance pattern was the
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FF/E/FLM/T/CP/CISXT/ITE/TMP/AMX/C
TX profile, which was detected in six
(17.14%; 95% CI: 6.56-33.65%) isolates
(Table 4).

The results indicate a high prevalence of
resistance to the antibiotics erythromycin
(88.57%; 95% CI: 73.26-96.80%) and
florfenicol (77.14%; 95% CI. 59.86-
89.58%), as shown in Table 3 and Figure 1.
Conversely, nitrofurantoin (8.57%; 95% ClI:
1.80-23.06%) and ceftazidime (17.14%;
95% CI: 6.56-33.65%) exhibited the lowest

rates of antibiotic resistance (Table 3 and
Figure 1).

Antimicrobial Resistance Genes

Out of 35 E. coli isolates, the highest
frequencies of antibiotic resistance genes
were 5.71 % for blarem, 14.28% for gnrA,
17.14% for sull, and 20% for sul2, followed
by 5.71 % for blatem and 2.85 % for blactx-
M, blasny, tetB, and dhfrl. The remaining
studied genes were not detected in any of
the strains (Table 2 and Figure 2).

Table 2: Prevalence of each antimicrobial resistance gene and phenotype among E. coli isolates
Antibiotic family AR Phenotype | No. | Prevalence | AR Gene | No. | Prevalence
fB-Lactam AMX 14 40 % blatem 2 571 %

CAZ 6 17.14 % blasyv 1 2.85 %
CTX 12 34.28 % blacTx-m 1 2.85 %
- - - blaoxa - -
Tetracycline TE 19 54.28 % tetA - -
T 26 74.28 % tetB 1 2.85 %
Amphenicol FF 27 77.14 % catl - -
C 22 62.85 % floR - -
Fluoroguinolones CP 19 54.28 % gnrA 5 14.28 %
FLM 21 60 % gnrB - -
Sulphonamide SXT 25 71.42 % sull 6 17.14 %
- - - sul2 7 20 %
Trimethoprim TMP 23 65.71 % dhfrl 1 2.85 %
- - - dhfrv - -
Aminoglycoside - - - aadA - -
Macrolides E 31 88.57 % - -
Others FM 3 8.57 % - - -

Table 3: Number (%) of AR gene-positive isolates among positive isolates for AR phenotypes

Antir_nicrobial Antimicrobial resistance genes

resistance

phenotype sull sul2 anrA | blactxm | blatem | blaswy | tetB dhfrl | ESBL+
AMX 2(14.28) 0 2(14.28) | 1(7.14) 0 0 1(7.14) 0 3(21.42)
CAZ 1(16.16) | 1(16.16) 0 0 0 0 2(33.33)
CTX 1(8.33) | 4(33.33) | 2(16.6) 0 0 0 3(25)
TE 2(10.52) | 4(21.05) | 3(15.78) | 1(5.26) 0 0 1(5.26) 0 3(15.78)
T 5(19.23) | 5(19.23) | 3(11.53) | 1(3.84) 0 0 1(3.84) 0 3(11.53)
FF 6(22.22) | 6(22.22) | 3(11.11) | 1(3.70) 0 1(3.70) 0 0 3(11.11)
C 5(22.72) | 4(18.11) | 3(13.63) | 1(4.54) 0 0 0 0 3(13.63)
CP 5(26.31) | 2(10.52) | 1(5.26) | 1(5.26) | 1(5.26) 0 0 0 3(15.78)
FLM 4(19.04) | 3(14.28) | 1(4.76) | 1(4.76) | 1(4.76) 0 0 0 3(14.28)
SXT 5(20) 4(16) 4(16) 1(4) 0 0 1(4) 1(4) 3(12)
TMP 5(21.73) | 5(21.73) | 4(17.39) | 1(4.34) 0 0 1(4.34) 0 3(13.04)
E 6(19.35) | 5(16.12) | 4(12.90) | 1(3.22) 0 1(3.22) | 1(3.22) | 1(3.22) | 3(9.67)
FM 1(33.33) 0 0 0 0 0 0 0 1(33.33)
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Table 4: various AR phenotype profiles and distribution pattern of AR gene and ESBL variables among

them
Phenotypic resistance pattern | no. (%) | blarem | blaswv | blactx-m | gnrA | gnrB | sull | sul2 | dhfrl | tetB
FF/E/FLM/T/CP/C/SXT/TE/
TMP/AMX/CTX/FMICAZ 3(85) ) ) ) ) ) 1(4) 162 ) )
FF/E/FLM/T/CP/C/SXT/TE/
TMP/AMX/CTX/CAZ 3(85) ) ) 1(4.7) ) ) ) ) ) )
FF/E/FLM/T/CP/CISXT/TE/
TMBIAMX/CTX 6(17.1) | - - - 1652) | - | 1@ | 162 | - -
FF/E/FLM/T/CP/C/SXT/TE/
TMP/AMX 2(57) - j - ] ] } ] ] ]
FREIFLMITICPICISXTITE! | 5 (142) | 137) | - - 2105) | - - 162 | - | 18.3)
FF/E/FLM/T/CP/SXT/TMP 2(5.7) - - B 1(5.2) - 2(8) | 1(5.2) - _
FF/E/T/CISXT/TMP 1(2.8) - - B - - - - - -
FF/E/SXT/TMP 1(2.8) - - - - - - - _ -
FF/E/T/SXT 2(5.7) - - - - - - - _ -
FF/E/T 128 | - - - - - - 162 | - -
FF/E 128 | - - - - - - 12| - -
E 4(11.4) | 13.7) | 1(3.2) - - 145 - 162 - -
No resistance 4(11.4) - - - - - 2 (8) - 1(4.3) -
Total 35(100) | 2(5.7) | 1(2.8) | 1(2.8) | 4(114) | 1(45) | 617.1) | 7(2) | 128) | 1(2.8)
100
90
80
70
60
50
40
30
20
10 I
0 |
SXT TMP FLM AMX CTX CAZ FM
Susceptible 8/57 22/85 25/71 25/71 31/42 31/42 28/57 31/42 40 34/28 37/14 68/57 91/42

Intermediate
M Resistant

2/85 0

0

2/85 2/85 5/71 11/42 14/28 5/71 25/71 28/57 14/28
88/57 77/14 74/28 71/42 65/71 62/85

60

0

54/28 54/28 40 34/28 17/14 8/57

Figure 1: Prevalence of susceptible, intermediate and resistant isolates to various antibiotics including
florfenicol (FF), erythromycin (E),
chloramphenicol (C), trimethoprim sulphamethoxazole (SXT), tetracycline (TE), trimethoprim (TMP),
amoxicillin (AMX), cefotaxim (CTX), nitrofurantoin (FM), ceftazidime (CAZ).

flumequine (FLM), oxytetracycline (T),

ciprofloxacin (CP),
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Figure 2: Gel electrophoresis of PCR products. A: M, marker (50 bp); 1, positive control for blaTEM (1080
bp); 2, negative control; 3 and 4, positive samples. B: M, marker (100 bp); 1, negative control; 2, positive
control for blaSHV (768 bp); 3, negative sample; 4, positive sample. C: M, marker (50 bp); 1, negative
control; 2, positive control for blaCTX-M (550 bp); 3, positive sample; 4, negative sample. D: M, marker
(50 bp); 1, negative control; 2, positive control for gnrA (580 bp); 3 to 6 and 8, positive samples; 7, negative
sample. E: M, marker (50 bp); 1, negative control; 2, positive control for dhfrl (391 bp); 3, positive sample;
4, negative sample. F: M, marker (50 bp); 1, negative control; 2, positive control for tetB (773 bp); 3, negative
sample; 4, positive sample. G: M, marker (100 bp); 1, negative control; 2, positive control for sul2 (293 bp);

3 to 7 and 9 to 10, positive samples; 8, negative sample. H: M, marker (100 bp); 1, negative control; 2
positive control for sull (822 bp); 3 to 8, positive samples; 9, negative sample.

Discussion

In this study, the highest prevalence of
phenotypic  resistance  belonged to
macrolides familly (erythromycin), with
more than 85% of strains, followed by
tetracycline, amphenicol, sulphonamide
and trimethoprim families. Interestingly,
previous studies have mostly shown a low
prevalence of erythromycin resistance
(Ellis-Iversen et al, 2020; Ishida et al, 2010;
Ryu et al, 2012).

57 | Iranian Veterinary Journal

The prevalence of ESBL-producing E.
coli strains was less than one-tenth of the
isolates phenotypically. This finding is in
contrast to an Indian study, which reported
a prevalence of 71.58% in fish (Singh et al,
2020). However, our results are similar to
those of a study in Tanzania (Moremi et al,
2016), which found a prevalence of 13.3%
of  ESBL-producing isolates.  The
prevalence of resistant E. coli strains to 3-
lactams in our study ranged from 17% to
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40%  phenotypically.  The  highest
prevalence was related to AMX, followed
by CTX and CAZ, respectively. Our results
are comparable to those reported by Onmaz
et al. (2020) and Odumosu et al., (2021)
with prevalence rates ranging from 20% to
50%. In contrast, Brahmi et al. (2018) in
Algeria showed a high prevalence of 90%
for resistance to CAZ, which was not
similar to our study. Several genes have
been identified to produce resistance agents
against p-lactams. Among these genes,
blatem, blasnv and blactx-m are some of the
most frequently reported genetic sequences
that encode resistance against B-lactams. In
the present study, low frequencies of these
genes were observed, while high levels of
prevalence have been reported in other
countries for blatem and blactx-m-positive
isolates from fish, such as China (Liao et al,
2021) and Pakistan (Shah et al, 2012). The
results of the present study on the blactx-m
were similar to those of a study conducted
by Ellis-lversen et al. (2020) on pangasius
fillets and prawns in Danish retail imported
from Asia (Ellis-Iversen et al, 2020). The
order of frequencies observed in our study
(blatem > blactx-m) is consistent with
findings reported from aquaculture farms
and their environment in Zhanjiang, China
(Liao et al, 2021). Effluents discharged into
aquatic ecosystems, by waste water
treatment plants, treating urban and hospital
wastewater, have been clearly identified as
a source of extended-spectrum p-lactamases
producing E. coli that are disseminated in
aquatic environments (Blaak et al, 2014,
Bréchet et al, 2014; Franz et al, 2015).

The results of our study indicate that the
prevalence of tetracycline-resistant E. coli
strains was phenotypically between 54%
and 75%. This prevalence is comparable to
that reported by studies in other countries,
such as Turkey (Onmaz et al, 2020) with
50%. Also, our findings are consistent with
a study conducted in Nigeria, which
reported a prevalence of 77.8% for
oxytetracycline resistance (Odumosu et al,
2021). In this research, two tetracycline-

resistance genes, tetA and tetB, were
screened; the frequency of the tetB gene in
our isolates was higher than that of tetA, but
much lower than that reported in studies
conducted in Japan (Furushita et al, 2003)
and Republic of Korea (Ryu et al, 2012)
with approximately 100% and 40%
frequencies, respectively.

Our study revealed a high prevalence of
amphenicol (FF and C)-resistant E. coli
strains This prevalence was considerably
higher than that reported in studies
conducted in different countries, including
India (Saharan et al, 2020), the Republic of
Korea (Ryu et al, 2012) and Mangalore
(Kumar et al, 2005). Despite the high
prevalence of phenotypic resistance to
amphenicols in our study, the frequency of
catl and floR genes among the isolates was
zero. However, Ng et al. (2014) in Malaysia
(Ng et al, 2014), Liao et al. (2021) in China
(Liao et al, 2021), Ellis-Iversen et al. (2020)
in Denmark (Ellis-Iversen et al, 2020)
reported resistance gene percentages
ranging from less than 1% to more than
20%.

The results of our study regarding
fluoroquinolone, especially CP, showed
frequencies similar to those reported in
research conducted in India, ranging
between approximately 40% to 60%
(Saharan et al, 2020; Singh et al, 2020). In
contrast, a study conducted in Egypt on
Oreochromis niloticus (Nile Tilapia)
reported lower antibiotic resistance to CP
and FLM, with frequencies of 4.1% and
4.3%, respectively (Abdel-Latif and
Sedeek, 2017) which is less than our
findings. Among the studied resistance
genes associated with fluoroquinolone
resistance, gnrA was one of the most
prevalent genes, consistent with the
findings (14.7%) reported by Lima et al. in
Brazil (2022); however, our results were
higher than those observed by Ishida et al.
(5.8%) in Egypt (2010) and Liao et al. (6.6
%) in China (Liao et al, 2021).

Among our isolates of E. coli, the
abundance of resistance phenotype against
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SXT was considerable, exceeding 70%.
This level of resistance is higher than that
reported in the Republic of Korea (less than
10%) and Egypt (less than 50%), but
comparable to findings from Turkey (more
than 50%) and Algeria (more than 50%)
(Brahmi et al, 2018; Ishida et al, 2010;
Onmaz et al, 2020; Ryu et al, 2012).
Phenotypic resistance to TMP was similar
to that of SXT, which is consistent with
results reported in Nigeria (Odumosu et al,
2021) and India (Saharan et al, 2020).
Among the most common genes
responsible for resistance to sulfonamides
and trimethoprims, sull, sul2 (encoding
resistance agents against sulfonamides),
dhfrl and dhfrV (encoding resistance agents
against trimethoprims) are highlighted; the
frequency of these genes in our study was
generally lower than the results reported in
Tanzania (Shah et al, 2012); the sull and
sul2 genes had the highest prevalence in our
study similar to China (Liao et al, 2021) and
Pakistan (Shah et al, 2012).

Nitrofurantoin (FM) was the last
antibiotic investigated in our study, and the
level of phenotypic resistance against this
antibiotic was less than 10%. However,
Jagoda et al. (SSSdS et al, 2014) and
Miranda and Zemelman (Miranda and
Zemelman, 2001) reported a higher
frequency of FM resistance among various
bacterial agents in fish.

The results of the present study showed
that over 70% of the isolates were
multidrug-resistant (MDR), which is
comparable to the findings in Algeria
(Brahmi et al, 2018). The use of B-lactam
antimicrobials,  aminoglycosides, and
fluoroquinolones administered to fish via
water or food may contribute to the
emergence of MDR bacterial species
carrying relevant co-resistance genetic
determinants (Cabello et al, 2013; Heuer et
al, 2009). Antibiotic resistance genes from
MDR bacteria are often transferred to other
bacterial ~ strains  through  plasmid
conjugation (Naik et al, 2018). ESBL-
producers, in particular, often exhibit MDR
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to several major antimicrobial groups due to
the co-presence of ESBL genes and other
AMR genes on the same plasmid; cross-
resistance and co-resistance can facilitate
the selection of MDR bacteria (Thornber et
al, 2020). The rapid increase in MDR
bacteria in the food chain poses a serious
threat to public health.

The presence of antibiotics in water is the
primary factor contributing to the
emergence of antibiotic-resistant bacteria in
fish and aquatic environments. In addition
to antibiotics, other compounds such as
herbicides, pesticides, heavy metals, and
human waste in water, as well as high-
density and high-stress  conditions,
infections, and global climate warming,
also create selective pressures in favor of
resistant bacteria (Ben et al, 2019;
MacFadden et al, 2018; Thornber et al,
2020). However, data on antibiotics used in
aquaculture are limited, as only a few
countries monitor the amount of antibiotic
usage in aquaculture systems. In Europe,
North America, and Japan, regulations on
the use of antibiotics in aquaculture are
strict (Smith, 2008). For instance, in
Canada, only a small amounts of
erythromycin, florfenicol, oxytetracycline,
and sulfonamides, are approved for use in
aquaculture (Thornber et al, 2020).
Furthermore, cephalosporins are not
approved for use in aquaculture operations
in the European Union or North America
(Young et al, 2022). The presence of AMR
microorganisms in fish and aquatic
environments highlights the need for a One
Health approach to address the global health
crisis of antimicrobial resistance. It is
estimated that there are currently 700,000
deaths per year due to antimicrobial
resistance, and this number is projected to
increase to 10 million by 2050 (Oneill,
2016). Therefore, it is crucial to better
understand the environmental hotspots for
the spread of AMR, such as livestock and
aquaculture systems. Aquaculture farms are
particularly concerning, as they can act as
genetic reactors and hotspots for AMR
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genes due to opportunities for genetic
transfer and recombination.

This survey showed the high frequencies
of resistance to florfenicol, erythromycin,
flumequine, oxytetracycline, ciprofloxacin,
chloramphenicol, trimethoprim
sulphamethoxazole,  tetracycline, and
trimethoprim.  Resistance  levels to
amoxicillin, cefotaxim, nitrofurantoin, and

Acknowledgments

ceftazidime were low. These strains were
identified as multi-drug resistant (MDR) as
they were resistant to three or more
antibiotics  belonging  to  different
antimicrobial classes. These findings
suggest that commercial fishes could act as
carriers of antibiotic-resistant E. coli
obtained from contaminated water, posing a
health risk to consumers of fish.

The authors would like to express their gratitude to personals of microbiology laboratory of
Faculty of Veterinary Medicine in Shahid Bahonar University of Kerman for their assistance in

this research.

Conflict of interest

The authors declare that they have no confict of interest.

Funding

The present study was financially supported by Shahid Bahonar University of Kerman.

References

Abdel-Latif, H. M. R., & Sedeek, E. K. (2017).
Diversity of Enterobacteriaceae retrieved from
diseased cultured Oreochromis niloticus.
International Journal of Fisheries and Aquatic
Studies, 5(1), 29-34.

Ben, Y., Fu, C., Hu, M., Liu, L., Wong, M. H., &
Zheng, C. (2019). Human health risk assessment
of antibiotic resistance associated with antibiotic
residues in the environment: A review.
Environmental Research, 169, 483-493.

Berendonk, T. U., Manaia, C. M., Merlin, C., Fatta-
Kassinos, D., Cytryn, E., Walsh, F., Blrgmann,
H., Sgrum, H., Norstrom, M., & Pons, M.-N.
(2015). Tackling antibiotic resistance: the
environmental framework. Nature Reviews
Microbiology, 13(5), 310-317.

Blaak, H., van Hoek, A. H. A. M., Veenman, C., van
Leeuwen, A. E. D., Lynch, G., van Overbeek, W.
M., & de Roda Husman, A. M. (2014). Extended
spectrum B-lactamase-and constitutively AmpC-
producing Enterobacteriaceae on fresh produce
and in the agricultural environment. International
Journal of Food Microbiology, 168, 8-16.

Brahmi, S., Touati, A., Dunyach-Remy, C., Sotto,
A., Pantel, A., & Lavigne, J.-P. (2018). High
prevalence of extended-spectrum p-lactamase-
producing Enterobacteriaceae in wild fish from
the Mediterranean Sea in Algeria. Microbial Drug
Resistance, 24(3), 290-298.

Bréchet, C., Plantin, J., Sauget, M., Thouverez, M.,
Talon, D., Cholley, P., Guyeux, C., Hocquet, D.,
& Bertrand, X. (2014). Wastewater treatment
plants release large amounts of extended-
spectrum B-lactamase—producing Escherichia coli
into the environment. Clinical Infectious
Diseases, 58(12), 1658-1665.

Cabello, F. C., Godfrey, H. P., Tomova, A., lvanova,
L., D6lz, H., Millanao, A., & Buschmann, A. H.
(2013). Antimicrobial use in aquaculture re-
examined: its relevance to antimicrobial
resistance and to animal and human health.
Environmental Microbiology, 15(7), 1917-1942.

Cardozo, M. V., Borges, C. A., Beraldo, L. G.,
Maluta, R. P., Pollo, A. S., Borzi, M. M., dos
Santos, L. F., Kariyawasam, S., & Avila, F. A. de.
(2018). Shigatoxigenic and atypical
enteropathogenic Escherichia coli in fish for
human consumption. Brazilian Journal of
Microbiology, 49(4), 936-941.

Cattoir, V., Pairel, L., Rotimi, V., Soussy, C., &
Nordmann, P. (2007). Multiplex PCR for
detection of plasmid-mediated quinolone
resistance qgnr genes in ESBL-producing
enterobacterial isolates. 60(2), 394-397. h

Chigor, V., Ibangha, I.-A., Chigor, C., & Titilawo,
Y. (2020). Treated wastewater used in fresh
produce irrigation in Nsukka, Southeast Nigeria is
a reservoir of enterotoxigenic and multidrug-
resistant Escherichia coli. Heliyon, 6(4), e03780.

Iranian Veterinary Journal




Antibiotic resistance phenotypes and genes of . . .

CLSI. (2021). Performance Standards for
Antimicrobial  Susceptibility ~Testing (CLSI
supplement M100) (31st ed.). Clinical and
Laboratory Standards Institute.

Colom, K., Pérez, J., Alonso, R., Fernandez-
Aranguiz, A., Larifio, E., & Cisterna, R. (2003).
Simple and reliable multiplex PCR assay for
detection of blaTEM, blaSHV and blaOXA-1
genes in Enterobacteriaceae. FEMS Microbiology
Letters, 223(2), 147-151.

Done, H. Y., Venkatesan, A. K., & Halden, R. U.
(2015). Does the recent growth of aquaculture
create antibiotic resistance threats different from
those associated with land animal production in
agriculture? The AAPS Journal, 17(3), 513-524.

Durdo, P., Balbontin, R.,, & Gordo, . (2018).
Evolutionary ~ mechanisms  shaping  the
maintenance of antibiotic resistance. Trends in
Microbiology, 26(8), 677-691.

Ellis-Iversen, J., Seyfarth, A. M., Korsgaard, H.,
Bortolaia, V., Munck, N., & Dalsgaard, A.
(2020). Antimicrobial resistant E. coli and
enterococci in pangasius fillets and prawns in
Danish retail imported from Asia. Food Control,
114, 106958.

Fang, H., Huang, K., Yu, J., Ding, C., Wang, Z.,
Zhao, C., Yuan, H., Wang, Z., Wang, S., & Hu, J.
(2019). Metagenomic analysis of bacterial
communities and antibiotic resistance genes in the
Eriocheir  sinensis  freshwater  aquaculture
environment. Chemosphere, 224, 202-211.

Franz, E., Veenman, C., van Hoek, A. H. A. M.,
Husman, A. de R., & Blaak, H. (2015).
Pathogenic Escherichia coli producing extended-
spectrum B-lactamases isolated from surface
water and wastewater. Sci Rep, 5(1), 1-9.

Furushita, M., Shiba, T., Maeda, T., Yahata, M.,
Kaneoka, A., Takahashi, Y., Torii, K., Hasegawa,
T., & Ohta, M. (2003). Similarity of tetracycline
resistance genes isolated from fish farm bacteria
to those from clinical isolates. Applied and
Environmental Microbiology, 69(9), 5336-5342.

Gajic, l., Kabic, J., Kekic, D., Jovicevic, M.,
Milenkovic, M., Mitic Culafic, D., Trudic, A,
Ranin, L., & Opavski, N. (2022). Antimicrobial
susceptibility testing: A comprehensive review of
currently used methods. Antibiotics, 11(4), 427.

Heuer, O. E., Kruse, H., Grave, K., Collignon, P.,
Karunasagar, I., & Angulo, F. J. (2009). Human
health consequences of use of antimicrobial
agents in aquaculture. Clinical Infectious
Diseases, 49(8), 1248-1253.

Huang, L., Xu, Y.-B., Xu, J.-X,, Ling, J.-Y., Chen,
J.-L., Zhou, J.-L., Zheng, L., & Du, Q.-P. (2017).

61 | Iranian Veterinary Journal

Antibiotic resistance genes (ARGS) in duck and
fish production ponds with integrated or non-
integrated mode. Chemosphere, 168, 1107-1114.

Ishida, Y., Ahmed, A. M., Mahfouz, N. B., Kimura,
T., El-Khodery, S. A., Moawad, A. A, &
Shimamoto, T. (2010). Molecular analysis of
antimicrobial  resistance in  Gram-negative
bacteria isolated from fish farms in Egypt.
Journal of Veterinary Medical Science, 72(6),
727-734.

Jajarmi, M., Asadabadi Safat, A., Sakhaee, E., &
Ghanbarpour, R. (2021). Study of the presence of
blaTEM, blaSHV and blaCTX-M genes in
Escherichia coli strains isolated from sheep in
Kerman province. Iranian Veterinary Journal,
16(4), 16-23.

Jara, B., Tucca, F., Srain, B. M., Mejanelle, L.,
Aranda, M., Fernandez, C., & Pantoja-Gutiérrez,
S. (2021). Antibiotics florfenicol and flumequine
in the water column and sediments of Puyuhuapi
Fjord, Chilean Patagonia. Chemosphere, 275,
130029.

Jian, Z., Zeng, L., Xu, T., Sun, S., Yan, S., Yang, L.,
Huang, Y., Jia, J., & Dou, T. (2021). Antibiotic
resistance genes in bacteria: Occurrence, spread,
and control. Journal of Basic Microbiology,
61(12), 1049-1070.

Kerrn, M. B., Klemmensen, T., Frimodt-Mdller, N.,
& Espersen, F. (2002). Susceptibility of Danish
Escherichia coli strains isolated from urinary tract
infections and bacteraemia, and distribution of sul
genes conferring sulphonamide resistance.
Journal of Antimicrobial Chemotherapy, 50(4),
513-516.

Kumar, H. S., Parvathi, A., Karunasagar, |., &
Karunasagar, I. (2005). Prevalence and antibiotic
resistance of Escherichia coli in tropical seafood.
World  Journal of  Microbiology and
Biotechnology, 21(5), 619-623.

Liao, C.-Y., Balasubramanian, B., Peng, J.-J., Tao,
S-R., Liu, W.-C., & Ma Y. (2021).
Antimicrobial resistance of Escherichia coli from
aquaculture farms and their environment in
Zhanjiang, China. Frontiers in Veterinary
Science, 8, 1534.

Lima, L. S., Proietti-Junior, A. A., Rodrigues, Y. C.,
da Silva Vieira, M. C., Lima, L. N. G. C., de
Oliveira Souza, C., Dias Gongalves, V., de
Oliveira Lima, M., dos Prazeres Rodrigues, D., &
Lima, K. V. B. (2022). High Genetic Diversity
and Antimicrobial Resistance in Escherichia col i
Highlight Arapaima gigas (Pisces: Arapaimidae)
as a Reservoir of Quinolone-Resistant Strains in
Brazilian Amazon Rivers. Microorganisms,
10(4), 808.



Parvin Mohseni, Reza Ghanbarpour, et al.

MacFadden, D. R., McGough, S. F., Fisman, D.,
Santillana, M., & Brownstein, J. S. (2018).
Antibiotic resistance increases with local
temperature. Nature Climate Change, 8(6), 510-
514.

Markey, B., Leonard, F., Archambault, M.,
Cullinane, A., & Maguire, D. (2013). Clinical
Veterinary Microbiology E-Book. Elsevier Health
Sciences.

Messai, Y., Benhassine, T., Naim, M., Paul, G., &
Bakour, R. (2006). Prevalence of beta-lactams
resistance among Escherichia coli clinical isolates
from a hospital in Algiers. Revista Espanola de
Quimioterapia : Publicacion Oficial de La
Sociedad Espanola de Quimioterapia, 19(2),
144-151.

Miranda, C. D., & Zemelman, R. (2001). Antibiotic
Resistant Bacteria in Fish from the Concepcion
Bay, Chile. Marine Pollution Bulletin, 42(11),
1096-1102.

Moremi, N., Manda, E. V, Falgenhauer, L., Ghosh,
H., Imirzalioglu, C., Matee, M., Chakraborty, T.,
& Mshana, S. E. (2016). Predominance of CTX-
M-15 among ESBL Producers from Environment
and Fish Gut from the Shores of Lake Victoria in
Mwanza, Tanzania. Frontiers in Microbiology, 7.

Naik, O. A., Shashidhar, R., Rath, D., Bandekar, J.
R., & Rath, A. (2018). Characterization of
multiple antibiotic resistance of culturable
microorganisms and metagenomic analysis of
total microbial diversity of marine fish sold in
retail shops in Mumbai, India. Environmental
Science and Pollution Research, 25(7), 6228-
6239.

Ng, K. H., Samuel, L., Kathleen, M. M., Leong, S.
S., & Felecia, C. (2014). Distribution and
prevalence of chloramphenicol-resistance gene in
Escherichia coli isolated from aquaculture and
other environment. International Food Research
Journal, 21(4), 1321.

Odumosu, B. T., Obeten, H. I., & Bamidele, T. A.
(2021). Incidence of Multidrug-Resistant
Escherichia coli Harbouring blaTEM and tetA
Genes Isolated from Seafoods in Lagos Nigeria.
Current Microbiology, 78(6), 2414-24109.

Onmaz, N. E., Yildirim, Y., Karadal, F., Hizlisoy,
H., Al, S., Gungor, C., Disli, H. B., Barel, M.,
Dishan, A., & Tegin, R. A. A. (2020). Escherichia
coli O157 in fish: Prevalence, antimicrobial
resistance, biofilm formation capacity, and
molecular characterization. LWT, 133, 109940.

Ozaktas, T., Taskin, B., & Gozen, A. G. (2012).
High level multiple antibiotic resistance among
fish surface associated bacterial populations in

non-aquaculture freshwater environment. Water
Research, 46(19), 6382-6390.

Reygaert, W. C. (2018). An overview of the
antimicrobial resistance mechanisms of bacteria.
AIMS Microbiology, 4(3), 482-501.

Ryu, S.-H., Park, S.-G., Choi, S.-M., Hwang, Y.-O.,
Ham, H.-J., Kim, S.-U., Lee, Y.-K., Kim, M.-S.,
Park, G.-Y., Kim, K.-S., & Chae, Y.-Z. (2012).
Antimicrobial resistance and resistance genes in
Escherichia coli strains isolated from commercial
fish and seafood. International Journal of Food
Microbiology, 152(1-2), 14-18.

Saharan, V. V., Verma, P., & Singh, A. P. (2020).
High prevalence of antimicrobial resistance in
Escherichia  coli, Salmonella spp. and
Staphylococcus aureus isolated from fish samples
in India. Aquaculture Research, 51(3), 1200-
1210.

Schar, D., Klein, E. Y., Laxminarayan, R., Gilbert,
M., & Van Boeckel, T. P. (2020). Global trends in
antimicrobial use in aquaculture. Scientific
Reports, 10(1), 21878.

Shah, S. Q. A, Colquhoun, D. J., Nikuli, H. L., &
Sgrum, H. (2012). Prevalence of antibiotic
resistance genes in the bacterial flora of integrated
fish farming environments of Pakistan and
Tanzania. Environmental Science & Technology,
46(16), 8672-8679.

Sharma, J., Sharma, M., & Ray, P. (2010). Detection
of TEM & SHV genes in Escherichia coli &
Klebsiella pneumoniae isolates in a tertiary care
hospital from India. Indian Journal of Medical
Research, 132(3), 332-337.

Singh, A. S., Nayak, B. B., & Kumar, S. H. (2020).
High prevalence of multiple antibiotic-resistant,
extended-spectrum B-lactamase (ESBL)-
producing Escherichia coli in fresh seafood sold
in retail markets of Mumbai, India. Veterinary
Sciences, 7(2), 46.

Smith, P. (2008). Antimicrobial resistance in
aquaculture. Revue Scientifique et Technique
(International Office of Epizootics), 27(1), 243-264.

SSSdS, J., TG, W., Arulkanthan, A., lgarashi, Y.,
Tan, E., Kinoshita, S., Watabe, S., & Asakawa, S.
(2014). Characterization and antimicrobial
susceptibility of motile aeromonads isolated from
freshwater ornamental fish showing signs of
septicaemia . Diseases of Aquatic Organisms,
109(2), 127-137.

Oneill, J. (2016). The Review on Antimicrobial
Resistance, cited in: Tackling drug-resistant
infections  globally: ~ final  report and
recommendations. (2016). Government of the
United Kingdom .

Iranian Veterinary Journal




Antibiotic resistance phenotypes and genes of . . .

Thornber, K., Verner-Jeffreys, D., Hinchliffe, S.,
Rahman, M. M., Bass, D., & Tyler, C. R. (2020).
Evaluating antimicrobial resistance in the global
shrimp industry. Reviews in Aquaculture, 12(2),
966-986.

Tiralongo, F., Messina, G., Lombardo, B. M.,
Longhitano, L., Li Volti, G., & Tibullo, D. (2020).
Skin mucus of marine fish as a source for the
development of antimicrobial agents. Frontiers in
Marine Science, 760.

Vickers, N. J. (2017). Animal communication: when
i’'m calling you, will you answer too? Current
Biology, 27(14), R713-R715.

Wendlandt, S., Shen, J., Kadlec, K., Wang, Y., Li,
B., Zhang, W.-J., FeBler, A. T., Wu, C.,, &
Schwarz, S. (2015). Multidrug resistance genes in
staphylococci from animals that confer resistance
to critically and highly important antimicrobial
agents in  human medicine. Trends in
Microbiology, 23(1), 44-54.

Xu, J., Xu, Y., Wang, H., Guo, C., Qiu, H., He, Y.,
Zhang, Y., Li, X.,, & Meng, W. (2015).
Occurrence of antibiotics and antibiotic resistance

63 | Iranian Veterinary Journal

genes in a sewage treatment plant and its effluent-
receiving river. Chemosphere, 119, 1379-1385.

Young, K. M., Isada, M. J., Reist, M., Uhland, F. C.,
Sherk, L. M., & Carson, C. A. (2022). A Scoping
Review of the Distribution and Frequency of
Extended-Spectrum  f-lactamase (ESBL)-
Producing Enterobacteriaceae in Shrimp and
Salmon. Epidemiology & Infection, 1-36.

Zhang, R., Zhang, R., Yu, K., Wang, Y., Huang, X.,
Pei, J., Wei, C., Pan, Z,, Qin, Z., & Zhang, G.
(2018). Occurrence, sources and transport of
antibiotics in the surface water of coral reef
regions in the South China Sea: Potential risk to
coral growth. Environmental Pollution, 232, 450—
457,

Zhou, L.-J., Ying, G.-G., Liu, S., Zhang, R.-Q., Lai,
H.-J., Chen, Z.-F., & Pan, C.-G. (2013). Excretion
masses and environmental occurrence of
antibiotics in typical swine and dairy cattle farms
in China. Science of the Total Environment, 444,
183-195.

Received: 10.05.2023
Accepted: 20.08.2023



’f"’jgé_"@[«ﬁ-ﬁ.’jf'@}.} lefd\fu
DOI: 10.22055/1VJ.2023.396587.2581

oo a3 (ASLudy pudf (S dghan (ST gas (T 0 glis 5o () 9 L sl 938
ol g 8 yu ouddi 4 ye (Oncorhynchus mykiss) gles (i y s¥71 J38 31 el

Ol Ole S ya b9 58 cu A sla
T 8L L 5% cosala HLoL a8 Lo, & Suas (g

Ol Ol S (Ola Sl dgd ol&tils ¢ Kb ppals oAl (oulid (5 S 55 6555 gameiils
2 Pt B o S T TPl N e CS A o
Ol 0l S (0l S il g oKl ¢ )5S0 (55 00 Son Sl 055 slol |
Sl 0l S Ol S il dugd ol o Kb juals 0 ASEN5 (558 gm 5L 03,5 Hbatial |

1l Ol S Bl jS Al g oKl s 1 (53,518 KLl (I o 5 o she 03,8 St |
VEY/OYA 5y sl VEYYY il Rl

oS

Loy e sl (Jla pl b o o suliied allpa 5 olasl Ju Ssde slaglan Gloy sl sloa i b 4 &S gu ol
O 5 on alllas Cpl 5o S e 55l pdn 1) e sie losa 5 uS pe SaS S s BT @ gle (sLasISL s 4 LAKS g BT 5
2298 oulaen (Bolial o) e 4 Ol Bod i 59 a8l OlesS el it (sla o558 susa SV LS (S5, YT U8 ale
slatlaa PCR 5 S Hlamil o5 Koo oS lagigs 5l soliinl b 5 ok s i sy sladsad ol s Sl soliieal b ale a5
A R 5 olalbid o)se Liise slag3 Oinas 3 (AMR) o5 S s e slie lagus g ks 51 (E. coli) Klus s/
AJBY) Eysesbo s siss) Jold 555 YU Ginlo3T )50 oS s BT sl 53 a3 caoslie g sad 4 uls olis Lo glaaisly .S
propsie 555 weo,8 VV/YY) Js5lasS sioldl seumps 5 sias 53 (auo s VE/TA) CalSolaal 535 oSl (aam 50 VYY) J5S038 5518 (a0
4S (aeo 50 OF/YA) Gl 555 5 (as 50 OF/YA) Cacolaas 518 5 s (dem 50 £0) (o sSo 88 (aus 50 FY/AQ) JSuidol HK (s 50 £O/VY)
VYA 5 2305 ESBL 6ui€ w55 (slads s o Kl o5/ (sladslan 31 aum ;0 MOV ool o s sdle aiiils | oo glia o) ae oo 3¥L
B/VY blatem (slss (S5m0 BT o slie sLas3 SIols8 (oYL s (MDR) 4 lie losen sl €0 5ol win 4 Ladglus 5l aas 5
G 5l e 8L S KLt 3/ g demyo Ve SUIZ s 5 wea ;0 WY SULL 65 a5 VE/YA ONIA (555 a0
oo A/ Late wilian 5 i 5k 5 Sue 5o o Loses Lo 1ol Base Laale o)l spm s oale 5o o b
ol piens a2 LSl 55508 02T b s SL l (S s (BT e sle Gl sl el lsan 5 Ol psbae 2T OT (pale iy
oS cacal (S5 51 BT caolie ) oYU o gl LS S5 YT 38 oale crusy 5 st laa BTt 8/ 4S als Sl Lo aalllas
s AT HLas (2alS gl oale (i oo WSSy BT 31 suliionl LTS (olpslis bl o sae cadles (5hps (5 b ael (Ko
sl g Dlaes S5 5 BT 0 psle (slas SL (BS 5 sek

OlesS oale (S5 50 T i gl o KLk o5/ cguals Silals

Ol Dl jS Dl jS sl doged olKtils (S8 5oals 0aSCls (558 0m5 098 Dsbiol (o e S5l 1 gt ki 5
E-mail: maziar.jajarmi@uk.ac.ir

[oNolel

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

VPeY Jaals o jlach aduy g3 0590 (O il (oS jaala da pulis | V0 A






