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Abstract

Background: With the increase in human population, the consumption of livestock products such as sheep meat has also
increased. Sheep are the reservoir and shedder of Escherichia coli that can be transmitted to humans. Aims: Characterization of fecal
E. coli isolated from sheep in slaughterhouse. Methods: Stool specimens were collected from 30 apparently healthy sheep from
different flocks in Shiraz industrial slaughterhouse. The resistance of E. coli isolates against 10 antibiotics was determined by disk
diffusion method. The presence of three major extended spectrum beta-lactamase (ESBL) genes and five tetracycline resistance
genes as well as seven virulence genes were investigated by polymerase chain reaction (PCR) technique. Using the microtiter plate
method, the biofilm formation ability of E. coli isolates was investigated. Results: The highest frequency of resistance was to
amoxicillin (100%) followed by tetracycline (25%). All E. coli isolates were susceptible to gentamicin and nitrofurantoin, and only
one isolate was resistant to the tested third-generation cephalosporins. Multidrug resistance phenotype was observed in 16.7% of the
isolates. blatem (25%) was the most prevalent ESBL gene and tetA (62.5%) was the most prevalent tetracycline resistance gene in the
isolates. crl, csgA, fimH, and bcsA genes were present in all isolates, and the prevalence of papC and afa genes was 95.8% and
83.3%, respectively. In total, 62.5% of the isolates were biofilm producers. Conclusion: According to the concept of One Health, the
presence of virulent antibiotic-resistant biofilm producing strains of E. coli in sheep is a risk to public health.
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bacteria (Gemeda et al., 2023). Fecal contamination of
livestock products such as sheep meat during slaughter
or direct and indirect contact between livestock and
humans can be the way of zoonotic transmission of

Introduction

With the increase in human population, the
consumption of livestock products has increased.

Domestic ruminants, including healthy sheep, are natural
reservoirs of Escherichia coli and shed it through feces
(Lanumtiang et al., 2022). Sheep intestinal E. coli is
under selective pressure due to the high use of antibiotics
either to treat or prevent infections or to stimulate growth
(Singh et al., 2019). Since E. coli often carries antibiotic
resistance genes on plasmids or other mobile genetic
elements, it can easily transfer resistance genes to other
intestinal and even pathogenic bacteria (Cheney et al.,
2015). The increasing prevalence of antibiotic-resistant
E. coli in food-producing animals has not only affected
the effectiveness of antibiotic treatment in these
livestock, but also indirectly causes the failure of
antibiotic  treatment in  humans. Because the
antimicrobial resistance of normal flora and pathogens in
the human intestine can be associated with the
antimicrobial resistance of food-producing animals

antibiotic-resistant E. coli to humans (Shabana and Al-
Enazi, 2020). In addition, slaughterhouse wastewater is
contaminated with a large amount of disease-causing
and/or drug-resistant bacteria that can spread if enter
surface and underground water without treatment
(Gemeda et al., 2023). Some strains of E. coli, depending
on the genotype of virulence and resistance, have the
ability to survive and grow in different environments
(Nielsen et al., 2022). One of the reasons for their
survival is the ability to form biofilms. This ability helps
them to show more resistance to adverse environmental
conditions and antimicrobial substances, and after
entering the host, it also causes resistance to the host’s
defense mechanisms and persistence of the infection.
Bacterial adhesion is the prerequisite for biofilm
formation. Adhesion encoding genes play an important
role in the process of E. coli colonization and contribute
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to its invasiveness (Hafez, 2020).

Infections caused by biofilm-producing and
multidrug-resistant (MDR) E. coli are less responsive to
antibiotic treatment. Since E. coli can be transmitted
from sheep to humans, especially through the food chain,
genotypic and phenotypic characterization of apparently
healthy sheep E. coli is essential both for therapeutic
purposes in sheep and for public health. Although several
articles have investigated the characteristics of
pathogenic E. coli strains isolated from sheep (Tahamtan
et al., 2011; Ghanbarpour et al., 2017), there is little
information about characteristics of commensal E. coli
strains isolated from healthy sheep in Iran (Aliasadi and
Saei, 2015; Safavi and Shahbazi, 2017). So, we aimed to
characterize fecal E. coli isolates from apparently healthy
sheep in the slaughterhouse based on resistance to seven
classes of antibiotics (third-generation cephalosporins,
penicillins,  tetracyclines,  quinolones,  nitrofuran,
aminoglycosides, and sulfonamides), the presence of
major extended spectrum beta-lactamase (ESBL) genes,
tetracycline resistance genes, and seven virulence genes
that play a role in adhesion, colonization, and biofilm
formation, and their ability to form biofilm.

Materials and Methods

Specimens

During the fall of 2018, stool specimens were
randomly and aseptically collected from 30 apparently
healthy sheep from different flocks that were transported
to Shiraz industrial slaughterhouse for slaughter. This
slaughterhouse is intended for the Islamic slaughter of
ruminants and is located in the southeast of Shiraz city
(Fars, Iran).

Sampling of feces was done based on the principles
of the Declaration of Helsinki and with the permission of
livestock farmers (Shiraz University Ethical Committee
registration number: MSC9731394). The specimens were
placed in sterile containers with lids and transported to
the laboratory for culture within a maximum of 2 h.

Isolation and identification of E. coli

Each stool specimen was diluted with sterile normal
saline at a ratio of 1:10 and then cultured on MacConkey
agar (Merck, Darmstadt, Germany) plate. After
incubating the plates for 24 h at 37°C, a pink lactose
positive colony was randomly selected from each plate
and cultured on Eosin Methylene Blue medium (Merck,
Darmstadt, Germany). After incubating the plates at
37°C for 24 h, Gram-staining and biochemical tests,
including IMVIC and motility tests (Merck, Darmstadt,
Germany) were performed on colonies with a green
metallic sheen to confirm E. coli isolates (Markey et al.,
2013).

Phenotypic investigation of antibiotic resistance

In order to characterize the antibiotic resistance
patterns in sheep E. coli isolates, antibiogram was
performed by disk diffusion method according to the
guidelines of the Clinical and Laboratory Standards
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Institute (CLSI, 2018). Ten common antibiotics used in
livestock and humans, including cefotaxime (30 pg),
ceftazidime (30 pg), ceftriaxone (30 pg), amoxicillin (25
Hg), tetracycline (30 pg), levofloxacin (5 pg), nalidixic
acid (30 pg), nitrofurantoin (300 pg), gentamicin (10
Mg), and trimethoprim-sulfamethoxazole (25 pg) were
used in this investigation. E. coli ATCC® 25922 was
used as a positive control. Based on the diameter of the
inhibition zone around each antibiotic disk (Padtan Teb,
Tehran, Iran) and the information provided in the
instructions (CLSI, 2018), the isolates were divided into
two categories: antibiotic-resistant and antibiotic-
susceptible. According to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), the
isolates with intermediate susceptibility were considered
antibiotic-susceptible (The European Committee on
Antimicrobial Susceptibility Testing, 2019).

Genotypic investigation of antibiotic resistance
genes

Since beta-lactams and tetracyclines are two groups
of widely used antibiotics in humans and livestock, the
presence of blactx-m, blarem, and blasyyv genes, as the
major ESBL genes, and tetA, tetB, tetC, tetD, and tetM
genes, implying tetracycline resistance were investigated
using polymerase chain reaction (PCR) technique on
sheep E. coli isolates. For this purpose, DNA of the
isolates was first extracted by boiling method
(Derakhshandeh et al., 2014). The quality and quantity of
the extracted DNA were checked by reading their
absorbances (OD) at 260 nm and 280 nm by NanoDrop
spectrophotometer (Spectrum Instrumentation,
Grosshansdorf, Germany). The extracted DNAs with an
AvsolAzgo ratio of 1.7-2 were acceptable (Emett et al.,
2020). Also, the extracted DNAs were tested by agarose
gel electrophoresis (Paya Pajoohesh Pars, Tehran, Iran)
to check the formation of a high molecular weight band.

For each PCR reaction, 3 pL of template DNA was
added to a mixture containing 12.5 plL of Tag DNA
Polymerase 2x Master Mix RED (Ampliqgon, Odense,
Denmark), 1 pL of each forward primer and reverse
primer (SinaClon, Tehran, Iran), and 7.5 pL of sterile
distilled water. Primer sequences, annealing temperature,
and amplicon sizes are listed in Table 1.

Finally, the PCR products were electrophoresed using
1% agarose gel (Pars Tous, Mashhad, Iran) containing
Safe stain (YTA, Tehran, Iran) for 1 h at 80 V. The
photography of agarose gels was done on a UV
transilluminator (Labnet, New Jersey, USA).

Detection of virulence genes

Detecting afa, crl, csgA, fimH, papC, sfa/focDE, and
bcsA genes responsible for bacterial attachment and
biofilm formation, was performed by PCR method.
Primer sequences, annealing temperature, and amplicon
sizes are listed in Table 1. Master mix preparation,
electrophoresis, and visualization of PCR products were
done similar to the methods described in the section of
genotypic investigation of antibiotic resistance genes.
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Table 1: Primer sequences, annealing temperature, and amplicon sizes of studied genes
Genes Primer sequences (5" to 3") A_mpllcon Annealing References
size (bp) temperature

B-lactamase genes

blactx-m F: ACCGCCGATAATTCGCAGAT 588 54°C Tabar et al. (2016)
R: GATATCGTTGGTGGTGCCATA

blarem F: TTCTTGAAGACGAAAGGGC 1150 53°C Brinas et al. (2002)
R: ACGCTCAGTGGAACGAAAAC

blashy F: CACTCAAGGATGTATTIGIG 885 50.5°C Brinas et al. (2002)
R: TTAGCGTTGCCAGTGCTCG

Tetracycline resistance genes

tetA F: GGCCTCAATTTCCTGGACG 372 65°C Srinivasan et al. (2007)
R: AAGCAGGATGTAGCCTGTGC

tetB F: GAGACGCAATCGAATTCGG 228 66°C Srinivasan et al. (2007)
R: TTTAGTGGCTATTCTTCCTGCC

tetC F: TGCTCAACGGCCTCAACC 379 66.4°C Srinivasan et al. (2007)
R: AGCAAGACGTAGCCCAGCG

tetD F: CTGGGCAGATGGTCAGATAA 832 57.5°C Srinivasan et al. (2007)
R: TGACCAGCACACCCTGTAGT

tetM F: GTGGACAAAGGTACAACGAG 406 55°C Warsa et al. (1996)
R: CGGTAAAGTTCGTCACACAC

Virulence genes

fimH F: TGCAGAACGGATAAGCCGIGG 508 60°C Johnson and Stell (2000)
R: GCAGTCACCTGCCCTCCGGTA

papC F: GACGGCTGTACTGCAGGGTGIGGCG 328 60°C Le Bouguenec et al. (1992)
R: ATATCCTTTCTGCAGGGATGCAATA

CSgA F: ACTCTGACTTGACTATTACC 200 60°C Maurer et al. (1998)
R: AGATGCAGTCTGGTCAAC

afa F: GCTGGGCAGCAAACTGATAACTCIC 750 60°C Le Bouguenec et al. (1992)
R: CATCAAGCTGTTTGTTCGTCCGCCG

crl F: TTTCGATTGICIGGCTIGTATG 250 61°C Maurer et al. (1998)
R: CTTCAGATTCAGCGTCGTC

sfa/focDE F: CTCCGGAGAACTGGGTIGCATCTTAC 410 61°C Le Bouguenec et al. (1992)
R: CGGAGGAGTAATTACAAACCTGGCA

bcsA F: AGAGTACGTCGACTGGGTGA 140 61°C Maurer et al. (1998)
R: CCCACACCATACTGACGACC

Phenotypic investigation of E. coli biofilm
formation ability

The phenotypic investigation of biofilm formation
ability by sheep E. coli isolates was performed using the
microtitre plate method according to the protocol
provided by Hassan et al. (2011). Briefly, the isolates
were inoculated in trypticase soy broth (TSB) (Merck,
Darmstadt, Germany) containing 1% glucose, incubated
at 37°C for 24 h, and diluted at 1:100. From each
dilution, 200 pL were added to three wells of every
microtitre plate (Merck, Darmstadt, Germany), and this
experiment was repeated in three separate microtitre
plates. An equal amount of sterile TSB was added to the
negative control wells. The cultured microtitre plates
were incubated at 37°C for 24 h to recognize the bacteria
with the ability of biofilms formation. The wells were
then washed and fixed, and the bacterial biofilm was
stained. After measuring the absorbance of the contents
of the wells at 570 nm by a micro-enzyme-linked
immunosorbent assay (ELISA) reader (BioTek, Japan).
The results were interpreted according to the instructions
of Stepanovi¢ et al. (2007). For this purpose, ODc was
determined to be three standard deviations higher than
the average OD of the negative control. The average OD
values of repeated wells of each sample were calculated
and compared with ODc. In this way, if the average OD
values of repeated wells of each sample were less than or
equal to ODc, the bacterium was considered as non-
biofilm producers. If this value was less than or equal to

two times the ODc, the bacterium was considered as
weak biofilm producers. If this value was less than or
equal to four times the ODc, the bacterium was
considered as a moderate biofilm producer, and if it was
more than four times ODc, the bacterium was considered
as a strong biofilm producer (Stepanovi¢ et al., 2007).

Statistical analysis

SPSS software was used to perform Chi-square or
Fisher’s exact tests to report and compare the results of
the investigations (SPSS software version 16.0; SPSS
Inc., Chicago, USA). In order to interpret the results of
statistical tests, P<0.05 was considered statistically
significant.

Results

E. coli prevalence in sheep feces
Of a total of 30 sheep fecal specimens, 24 samples
(80%; 95% CI 65-95%) were characterized E. coli.

Antibiotic resistance pattern of sheep E. coli
Resistance frequency of E. coli strains against 10
common antibiotics from seven antibiotic classes is
reported in Fig. 1. In E. coli isolates, the highest
frequency of resistance was observed against amoxicillin
as a member of penicillin group, followed by tetracycline
as a member of tetracyclines group, levofloxacin and
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Fig. 1: Frequencies of antibiotic resistance in sheep fecal E. coli

nalidixic acid as members of quinolones group, and
trimethoprim-sulfamethoxazole as a member of
sulfonamides group. In contrast, all E. coli isolates were
susceptible to gentamicin as a member of
aminoglycosides group and nitrofurantoin as a member
of nitrofuran group. The level of resistance against
cefotaxime, ceftazidime and ceftriaxone as members of
the third-generation cephalosporins was also low. It is
noteworthy that 23 out of 24 (95.8%) isolates were
susceptible to all three tested third-generation
cephalosporins. One  remaining isolate  was
simultaneously resistant to cefotaxime, ceftazidime, and
ceftriaxone.

The statistical analysis of the results obtained
significant associations between resistance to some
antibiotics. For example, between resistance to the tested
third-generation cephalosporins (P=0.042) and also
between resistance to the tested quinolones (P<0.001).
Additionally, significant associations were identified
between resistance to the tested quinolones and
tetracycline (P=0.006), as well as between resistance to
the tested quinolones and trimethoprim-
sulfamethoxazole (P=0.018). Furthermore, a significant
association was found between resistance to tetracycline
and trimethoprim-sulfamethoxazole (P=0.035).

Multidrug resistant (MDR) refers to isolates resistant
to at least one member of three or more antibiotic
classes. Four (16.7%; 95% CI 1-33%) sheep fecal E. coli
isolates were found MDR. Resistance to the quinolones
(P<0.001), tetracycline (P=0.001), and trimethoprim-
sulfamethoxazole (P=0.008) was significantly associated
with the incidence of MDR phenotype.

In the study of the resistance pattern against 10
common antibiotics, it was found that E. coli isolates
showed resistance against the studied antibiotics with 7
different patterns (Table 2). All isolates were resistant to
at least one antibiotic. The dominant resistance pattern
was resistance to amoxicillin alone, which was observed
in 16 (66.6%) isolates. On the other hand, the maximum
number of antibiotics to which the isolates showed
resistance at the same time was eight, and this pattern
was observed only in 1 (4.2%) of the sheep E. coli
isolates. Therefore, the resistance score, defining the
number of antibiotics to which the isolates were
resistance, for the E. coli isolates was between 1 and 8.
The score median and the mean were respectively 1 and
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Table 2: Frequencies of different antibiotic resistance and
virulence patterns and the resistance scores and the virulence
scores in sheep fecal E. coli isolates”

Resistance

Patterns /Virulence Frequency
score

Antibiotic resistance pattern
AMX 1 16 (66.6%)
AMX-TE 2 2 (8.3%)
AMX-SXT 2 1 (4.2%)
AMX-LEV-NA 3 1 (4.2%)
AMX-LEV-NA-TE 4 1 (4.2%)
AMX-TE-LEV-NA-SXT 5 2 (8.3%)
AMX-TE-LEV-NA-SXT-CAZ-CRO-CTX 8 1 (4.2%)
Virulence genes pattern
fimH-papC-csgA-bcsA-crl 5 4 (16.6%)
afa-fimH-csgA-bcsA-crl 5 1 (4.2%)
afa-fimH-papC-csgA-bcsA-crl 6 19 (79.2%)

" AMX: Amoxicillin, TE: Tetracycline, SXT: Trimethoprim-
sulfamethoxazole, LEV: Levofloxacin, NA: Nalidixic acid,
CAZ: Ceftazidime, CRO: Ceftriaxone, and CTX: Cefotaxime

Prevalence of major ESBL and tetracycline
resistance genes

Among the three tested major ESBL genes, blarem
had the highest prevalence and was found in six sheep E.
coli isolates. In contrast, blassy was not present in any of
the isolates and blactx-m was found in only one isolate.
Regarding the tetracycline resistance genes, the most
prevalent gene was tetA, followed by tetM, and tetB. On
the other hand, tetD was not found in any of the sheep E.
coli isolates and tetC was present in only one isolate. Fig.
2 shows frequencies of major ESBL and tetracycline
resistance genes in sheep fecal E. coli isolates (Fig. 2).

tetM R 10 (41.7%; 95% CI 20-63%)

tetD | 0(0.0%)

tetC Ml 1(4.2%; 95% Cl -4-13%)

tett | 5 (20.8%; 95% C| 3-38%)
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bla SHV | 0 (0.0%)
bla TEM = 6 (25.0%; 95% Cl 6-44%)

blaCTX [l 1(4.2%; 95% Cl -4-13%)
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Fig. 2: Frequencies of major ESBL and tetracycline resistance
genes in sheep fecal E. coli
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In the study of the pattern of presence of ESBL
genes, it was found that 18 (75%) of the E. coli isolates
lacked the three studied ESBL genes. The most common
ESBL genes pattern was the presence of blarem gene
alone in 5 (20.8%) of the isolates and then the
simultaneous presence of blarem and blacrx-m genes in 1
(4.2%) of the E. coli isolates.

The presence of the blacrx-m gene in E. coli isolates
had a statistically significant association with their
resistance to the three tested third-generation
cephalosporin antibiotics (P=0.042). Moreover, the
presence of the blarem gene in E. coli isolates had
statistically significant associations with their resistance
to the tested quinolones antibiotics (P=0.006),
trimethoprim-sulfamethoxazole (P=0.035), and MDR
phenotype (P=0.035).

The highest number of tetracycline resistance genes
that were simultaneously present in the isolates was three
tet genes, which were observed in 3 (12.5%) E. coli
isolates. In contrast, 5 (20.8%) isolates do not have any
of the tested tet genes. The most common pattern of tet
genes presence in E. coli isolates was the presence of
tetA alone, which was observed in 6 (25%) of the
isolates.

Prevalence of virulence genes

A high frequency of studied virulence genes was
observed in E. coli isolates from sheep feces, so that
except for the sfa/focDE gene which was not present in
any of the isolates, crl, csgA, fimH, and bcsA genes were
present in all (100%) of the E. coli isolates, and the
prevalence of papC and afa genes were 95.8% and
83.3%, respectively.

The study of the presence pattern of seven virulence
genes in E. coli isolates showed that the isolates had at
least five and at most six tested virulence genes.
Therefore, the virulence score of E. coli isolates, which
is the number of their virulence genes, varied from five
to six (median=6; mean=5.79). Overall, three different
virulence profiles were detected in E. coli isolates, as
reported in Table 2.

Prevalence of E. coli with biofilm formation
ability

Among all E. coli isolates, 15 (62.5%; 95% CI 42-
83%) isolates could form biofilm. Frequencies of isolates
with weak and moderate biofilm-producing E. coli were
8 (33.3%) and 7 (29.2%), respectively.

Discussion

As an intestinal microflora, E. coli is increasingly
exposed to antibiotics and is prone to antibiotic
resistance, so even healthy livestock can carry antibiotic-
resistant E. coli. This bacterium can potentially be
considered a zoonotic foodborne pathogen for which
ruminants such as sheep are one of the main reservoirs
(Lanumtiang et al., 2022). In E. coli isolates from sheep
feces examined in this study, the highest antibiotic

resistance was observed against amoxicillin (100%),
followed by tetracycline (25%). Since these antibiotics
belong to the previous antibiotics generation, a higher
level of resistance to amoxicillin and tetracycline would
develop due to using a long time in livestock populations
and resulting in selective pressure (Gemeda et al., 2023).
Similar to our finding, in a study in France, the highest
antibiotic resistance in E. coli isolates of diseased sheep
and goat was observed against tetracycline and
amoxicillin (>50%). The prevalence of resistance to
trimethoprim-sulfamethoxazole and amoxicillin-
clavulanic acid were mostly 20-40%. Also, in a study on
sheep clinical E. coli isolates in United Kingdom, the
highest resistance (35-65%) was observed against
tetracyclines and ampicillin. The prevalence of resistance
to trimethoprim-sulfamethoxazole, amoxicillin-
clavulanic acid, and neomycin were 6-35% (Nielsen et
al.,, 2022). Also, Cheney et al. (2015) reported the
highest resistance in E. coli isolates from diseased farm
livestock in England and Wales to tetracycline (56.4%).
Frequencies  of  resistance  to  trimethoprim-
sulfamethoxazole (16.8%), gentamicin (1%), cefotaxime
(0%), and nalidixic acid (0%) were very similar to the
present study (Cheney et al., 2015). In a similar study
conducted in another province in Iran, 22.7% of E. coli
isolated from sheep’s rectum was resistant to
trimethoprim-sulfamethoxazole, 18.2% to gentamicin,
and 4.5% to cefotaxime (Safavi and Shahbazi, 2017)
Studies conducted in other Asian countries also reported
diverse results, for example, in a study of stool samples
from healthy and diarrheal sheep and goats in Saudi
Arabia, the frequency of isolation of E. coli from healthy
sheep was 58.5%. The prevalence of resistance to
nalidixic acid (23.8%), gentamicin (2.5%), cefotaxime
(0%), and ceftazidime (0%) in E. coli isolates from
healthy animals was almost similar to the results of the
present study (Shabana and Al-Enazi, 2020). In
comparison with the present study, a higher frequency of
resistance to ceftazidime (36.2%), a relatively similar
frequency of resistance to tetracycline (31%), and a same
frequency of resistance to gentamicin (0%) have been
reported in E. coli isolated from pneumonic and
septicemic sheep and goats in India (Singh et al., 2019).
Moreover, in a study in China on E. coli isolates of
diarrheal sheep, higher frequencies of resistance were
against sulfisoxazole (82.4%), tetracycline (53.2%),
gentamicin (20.4%), and ceftazidime (17.8%) (Zhao et
al.,, 2021). In another study in China, frequencies of
resistance  to  trimethoprim-sulfamethoxazole and
tetracycline in E. coli isolated from sheep feces samples
were 70.83% and 29.17%, respectively (Wu et al., 2024).
In a study in Qatar, 84.2% of sheep stool samples
contained E. coli. Among E. coli isolates, 47.2% and
45.8% were resistant to nitrofurantoin and trimethoprim-
sulfamethoxazole, respectively (Eltai et al., 2020).
Moreover, E. coli isolates from diarrheic sheep in Egypt
were resistant to cefotaxime (92%), amoxicillin (85%),
gentamicin (82%), tetracycline (80%), nalidixic acid
(35.7%), and nitrofurantoin (3%) (Hafez, 2020). In a
study in the African country of Ethiopia, E. coli was
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isolated from 77.8% of sheep feces samples. Of these,
5.8% was resistant to tetracycline, 4.5% to gentamicin,
45% to cefotaxime, 3.6% to trimethoprim-
sulfamethoxazole, 1.5% to nalidixic acid, and 0.8% to
nitrofurantoin (Gemeda et al., 2023).

MDR E. coli was more prevalent in diarrheal sheep in
China (75.4%) (Zhao et al., 2021), healthy sheep stool
samples in China (29.17%) (Wu et al., 2024), sheep stool
samples in Qatar (44%) (Eltai et al., 2020), stool samples
from healthy and diarrheal sheep and goats in Saudi
Arabia (51.5%) (Shabana and Al-Enazi, 2020). In
comparison, a lower frequency (16.7%) of MDR strains
was observed among the sheep fecal E. coli isolates in
our study. Although this frequency can also be an alarm
for the possibility of ineffectiveness of several classes of
antibiotics against E. coli as well as other bacteria due to
the possibility of resistance genes transfer. The
consequences of this issue are increased treatment failure
and treatment costs, as well as zoonotic implications. On
the other hand, 100% susceptibility of tested isolates to
gentamicin and nitrofurantoin, as well as low resistance
to tested third generation cephalosporins, can make these
antibiotics potential candidates for the treatment of E.
coli infections in sheep in the study area. This result was
consistent with results reported in studies in England and
Wales (Cheney et al., 2015), Saudi Arabia (Shabana and
Al-Enazi, 2020), and Ethiopia (Gemeda et al., 2023).
However, it is always recommended to perform
antimicrobial susceptibility testing before choosing an
antibiotic for treatment.

In the present study, only one E. coli isolate was
resistant to the studied third generation cephalosporins,
which was the only isolate that had two ESBL genes
(blatem and blacrx-m) at the same time. ESBLs are
mainly plasmid-mediated enzymes that degrade the B-
lactam ring of penicillins, first- to third-generation
cephalosporins, and monobactams (aztreonam). But they
have no inhibitory effect on cefoxitin and carbapenems
(Aliasadi and Saei, 2015; Singh et al., 2019; Zhao et al.,
2021). Investigating the relationship between the
presence of ESBL genes and resistance to cephalosporins
in the isolates showed that there is a significant
association between the presence of more than one ESBL
gene and the occurrence of the third generation
cephalosporins resistance phenotype (P=0.042). Also, the
presence of the blacrx-.m gene had a statistically
significant association with the resistance to the tested
third generation cephalosporins (P=0.042).

As in our study, blatem had the highest prevalence
(25%) among the three tested major ESBL genes, in
related studies by Wu et al. (84.62%), Singh et al.
(69.8%) and Hafez (64.3%) this gene was the most
prevalent gene, but its frequency was higher in their
studies (Singh et al., 2019; Hafez, 2020; Wu et al.,
2024). Similar to our study, the blasyv gene was not
detected in any of the fecal E. coli isolates from sheep in
another study in Iran. Also, in their study, the prevalence
of blactx-m and blarem genes was reported as 27.2% and
18.2%, respectively (Aliasadi and Saei, 2015). A low
prevalence (only in one isolate) of the blashv gene was
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also observed in E. coli isolates from pneumonic and
septicemic sheep and goats in India (Singh et al., 2019).

In past years, tetracycline has been a useful broad-
spectrum antibiotic, but bacteria have become resistant to
it through three mechanisms. The first mechanism is to
limit the access of this antibiotic to ribosomes by
pumping them out of the cell. Most of the tet genes,
including tetA, tetB, tetC, and tetD, which were tested in
the present study, are tetracycline efflux genes. A second
mechanism is ribosome alternation to prevent proper
binding to tetracycline. The tested tetM gene is one of the
most common ribosome protection resistance genes.
Finally, the third mechanism is the production of
enzymes that inactivate tetracycline, which is not a
widespread strategy (Speer et al., 1992; Velhner and
Milanov, 2015). In the present study, tetA is the most
common tetracycline resistance gene. This result is
consistent with those observed by Hafez (2020), who
reported the prevalence of 78.6% for tetA gene in E. coli
of diarrheic sheep in Egypt (Hafez, 2020). In addition, in
a study in China, the tetA gene was detected in 42.86%
of E. coli isolates from different organs of sheep, and
frequencies of tetB and tetM genes were 18.68% and
16.48%, respectively (Wu et al., 2024). Investigating the
relationship between the presence of tetracycline
resistance genes and tetracycline resistance in the
isolates, showed that all six tetracycline resistant E. coli
isolates had at least one of the studied tet genes.
Although the presence of tet genes in tetracycline-
resistant isolates (100%) was more common than
tetracycline-susceptible isolates (72.2%), but this
difference was not statistically significant. The presence
of tet genes in tetracycline-susceptible isolates can
indicate the potential of these isolates in developing the
phenotype of resistance to tetracycline.

Statistically significant associations that were
observed between resistance to different antibiotics as
well as resistance to certain antibiotics and the presence
of the blarem gene can be attributed to the simultaneous
presence of these antibiotic resistance genes on mobile
genetic elements such as plasmids.

In the present study, observing the high prevalence of
virulence genes involved in adhesion in E. coli isolated
from sheep feces can indicate the potential ability of
these isolates to colonize in host tissues and initiate
invasion as well as biofilm formation. Frequencies of
98.9% (Wu et al., 2024) for csgA, 97.4% (Gu et al.,
2023) and 64% (Hafez, 2020) for crl, 100% (Mohammed
et al., 2020), 97.4% (Gozi et al., 2019), 92.24% (Gu et
al., 2023) and 60.7% (Hafez, 2020) for fimH, 5.4%
(Zhao et al., 2021) and 0% (Gozi et al., 2019) for
sfa/focDE, and 3.8% (Zhao et al., 2021) for papC have
been reported in related studies conducted in different
countries.

Biofilm, which is a structured community of bacteria
in a polymer matrix produced by them, can form on
living or non-living surfaces under the influence of a
series of bacterial surface structures (Van Houdt and
Michiels, 2005). Genes encoding type 1 fimbriae (fimH),
P fimbriae (papC), S and F1C fimbriae (sfa/focDE), curli



Iranian Journal of Veterinary Research, Shiraz University

31

fimbriae (csgA, crl) and afimbrial adhesins (afa), as well
as the gene involved in exopolysaccharide production
(bcsA) can affect the ability of bacteria to produce
biofilm (Naziri et al., 2021). The ability of biofilm
formation in 62.5% of E. coli isolates from sheep in this
study, due to the possibility of transmission of these
strains among sheep and also to humans, can endanger
public health. Because the bacterium can increase
survival, antibiotic resistance, and pathogenicity.
Similarly, 63.7% of E. coli isolated from different organs
of sheep in China were biofilm producers (Wu et al.,
2024). In another study conducted in China, 6.6% and
74.6% of E. coli isolates from sheep were moderate and
weak biofilm producers, respectively (Zhao et al., 2021).

In general, the origin of E. coli isolates, the amount
and type of antibiotics prescribed by veterinarians, the
amount of free access of livestock farmers to antibiotics,
the genetic difference of bacterial strains in different
geographical areas can affect the results obtained in
different studies. To overcome the limitations of the
present study, a greater number of samples, a complete
epidemiological study on the genotypic and phenotypic
characteristics of sheep fecal E. coli isolates, and a study
on more antibiotic resistance genes and virulence factors
are recommended.

The results of the present study revealed that sheep
can be the reservoir of virulent antibiotic-resistant
biofilm producing E. coli strains. Since, according to the
concept of One Health, human health depends on
animals’ health and their environment (CDC, 2023), the
presence of these strains in sheep and their spread in the
slaughterhouse environment and subsequently in sewage
is a risk to public health. Therefore, continuous and strict
monitoring of the health of food animals as well as the
potential of pathogenicity and antibiotic resistance of
their microbial population seems mandatory.
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