Journal of Applied Biology & Biotechnology Vol. 12(2), pp. 231-238, Mar-Apr, 2024

Available online at http://www.jabonline.in
DOI: 10.7324/JABB.2024.150557

CrossMark

< clickfor updates

B-lactamases-dependent antimicrobial resistance in enterobacteria
isolated from commercial poultry farms in the Makkah province,

Saudi Arabia

Tariq Alpakistany!, Taher M. Taha®?, Khaled S. Gazi®, Mohammed A. Thabet®, Ali A Hroobi’, Mohammad Melebari**

'Ministry of Health, King Faisal Medical Complex, Taif, Saudi Arabia.

2Depanment of Botany and Microbiology, Faculty of Science, Al-Azhar University, Assiut 71524, Egypt.
SDepartment of Biology, Faculty of Science, Al-Baha University, Al-Baha 65431, Saudi Arabia.

ARTICLE INFO ABSTRACT

Article history:

Received on: October 23, 2023
Accepted on: January 10, 2024
Available online: February 20, 2024

Key words:

Antibiotic resistant,
Enterobacteriaceae,

Extended spectrum f3-lactamase,
Multidrug-resistant,

Mobile genetic elements.

The emergence of antibiotic-resistant bacterial isolates is one of the intractable problems in the health-care sector that
threatens human and livestock health. -lactamases are among the most common enzymes involved in antibiotic-
resistance mechanisms. Enterobacterial isolates were isolated from commercial poultry farms from the Makkah
region. A collection of 40 Enterobacteriaceae isolates resistant to one or more third-generation cephalosporins was
examined for the existence of B-lactamases, including extended-spectrum B-lactamase (ESBL), AmpC f-lactamase,
and metallo-f3-lactamase (MBL), both phenotypically and genotypically. Based on the phenotypic examinations,
97.5% of the isolates were ESBL, 5% were AmpC, and only 2.5% were MBL. Out of these 40 resistant isolates,
9 (22.5%) were multidrug-resistant (MDR). Based on genotypic examinations, five resistance genes were detected,
with the most prevailing gene being TEM (10, 25%), followed by CMY-2 (5, 12.5%), FOX (5, 12.5%), SHV
(1,2.5%), and CTX-M universal (1, 2.5%). The gene mobile factors of Class 1 integrons, transposons, and plasmids
were also detected in 5 (12.5%), 5 (12.5%), and 2 (5%) of the examined isolates, respectively. An interesting ESBL
MDR isolate was identified which includes genetic elements (transposon and plasmid). In conclusion, the data
presented in this study indicated that commercial farm poultry in the Makkah province, Saudi Arabia, is colonized by
[B-lactamases producing Enterobacteriaceae. This supports the hypothesis that non-human sources could be a source

of ESBL/AmpC-producing bacteria in humans.

1. INTRODUCTION

Antimicrobial resistance is among the greatest threats and challenges
facing human health worldwide, including the Kingdom of Saudi
Arabia. The number of annual deaths due to antibiotic-resistant
pathogens is expected to rise to up to 10 million by 2050 [1]. The
number of recorded antibiotic-resistant isolates (including important
human pathogens) is increasing worldwide [2]. Enterobacteriaceae,
considered to be normal flora in the intestine of food-producing
livestock [3-5], make up a large proportion of these resistant isolates.

The emergence and spreading proliferation of resistance among
Enterobacteriaceae are serious threats to public health [6]. Extended-
spectrum B-lactamase (ESBLs) and AmpC f-lactamases both have
epidemiological and clinical importance since they are capable of
inactivating broad-spectrum cephalosporins and penicillin. The
emergence of metallo-beta-lactamase (MBL) producers makes the
treatment of ESBL and AmpC producers more complicated. The ideal
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treatment of ESBL and AmpC producers was carbapenems which can
be hydrolyzed by MBL producers [7]. The most significant reservoir is
the intestine of humans and animals, especially those who frequently
take antibiotics, particularly -lactams, in sub-therapeutic doses, as in
prophylaxis and growth promotion, and/or therapeutic doses, as in the
treatment of bacterial diseases in livestock [8].

The most common antimicrobial resistance in Enterobacteriaceae is
observed against P-lactams, fluoroquinolones, and aminoglycosides.
B-lactam resistance in Enterobacteriaceae is mainly conferred by
[B-lactamases capable of hydrolyzing [-lactam antibiotics. The
mechanisms of resistance are genetically diverse since they can be
present on chromosomes, plasmids, integrons, and transposons [9].
The most important [-lactamases are ESBLs, AmpCs,
and MBLs [10]. ESBLs are [-lactamases that show resistance to
penicillins, cephalosporins, and aztreonam (but not to cephamycins or
carbapenems) by hydrolyzing these antibiotics and can be inhibited by
clavulanic acid [11]. AmpC B-lactamases can hydrolyze cephalosporins,
aminopenicillins, cephamycins, and monobactams but are not inhibited
by clavulanic acid [12]. MBL producers are resistant to all B-lactam
antibiotics with the exception of monobactams and can be inhibited
by ethylene diamine tetraacetic acid (EDTA) [13]. The epidemiology
of ESBLs/AmpCs is complex: There are several reservoirs, including
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the environment (e.g., water and soil), wild animals, pets, and farm
animals. The contamination of food and the environment is a crucial
route for its spread, whether from humans or livestock, and is therefore
an important area for control [14]. Thereby, they serve as spreaders of
[-lactam-resistance genes. (-lactam-resistance genes can be acquired
by pathogenic human bacteria through horizontal transfer and,
consequently, complicating infections and antibacterial therapy [15].

The transmission of ESBL-producing pathogens or ESBL genes
between animals and owners/raisers/consumers is currently a subject
of intense, controversial discussion. Transmission of the resistance
might occur through either direct contact with animals harboring the
resistant bacteria or consumption of food [16,17]. There are many
reports with evidence of zoonotic spread of B-lactamase genes [18-21].

Surveillance studies to assess animals and food of animal origin
as potential sources and disseminators of B-lactamases-producing
bacteria have been done in different countries [22-24]. Unfortunately,
there is scarce information on P-lactamase-producing bacteria in
animals and food in Saudi Arabia. The focus of this study was to
investigate the prevalence and characterization of [-lactamases-
producing Enterobacteriaceae isolates obtained from poultry farms
in the Makkah Province, Saudi Arabia, using phenotypic methods in
addition to molecular techniques.

2. MATERIALS AND METHODS

2.1. Sample Collection

Fecal samples of poultry were aseptically collected from different
commercial poultry farms in the Makkah Province, including
Makkah, Jeddah, and Taif cities. A total of 60 samples were collected
(20 samples from each city). Random farms from the three different
cities covering the study region were selected for sampling. The fecal
samples were directly transported within 2h to the laboratory on ice
and then directly subjected to further tests.

2.2. Isolation and Identification of Enterobacteria

A loopful of the semisolid fecal sample was inoculated onto
MacConkey agar and then incubated aerobically for 24 h at 37°C.
Bacterial colonies were streaked several times until obtaining
completely purified colonies, and then a single colony from the
purified isolates was selected and identified. In addition to culturing
on MacConkey, the purified colonies were also subcultured on Eosin
methylene blue agar. Identification of enterobacteria was done based
on colony characteristics on MacConkey agar and Eosin methylene
blue agar. Confirmation of enterobacteria identification was done by
VITEK 2 (bioMérieux, France).

2.3. Antimicrobial Susceptibility Test

Antibiotic susceptibility was determined by the disk diffusion
method on Mueller-Hinton agar [25]. Briefly, a single colony from
each bacterial isolate was cultured on Mueller-Hinton agar for 18h.
These bacteria were used for the preparation of bacterial suspension
with an optical density equivalent to 0.5 McFarland standards by
suspending bacteria in sterile saline solution (0.85% NaCl aqueous
solution). A volume of 100 uL of bacterial suspension was spread on
Mueller-Hinton agar plats, and then antibiotic disks were applied on
the prepared plats. After incubation for 24 h at 37°C, the inhibition
zones were measured and the bacterial isolates classified as sensitive or
resistant based on the Clinical and Laboratory Clinical and Laboratory

Standards Institute [6]. The susceptibility test was conducted against
28 antibiotics [Table 1] (Oxoid, USA, and Biomerieux, France).

2.4. Phenotypic Detection of p-lactamases Production

2.4.1. Detection of ESBLs production

Isolates that showed cephalosporin resistance were subjected to the
double-disk synergy test (DDST). The synergy between cefotaxime
and clavulanate was detected by placing a disk containing a
combination of amoxicillin (20 pg) and clavulanate (10 ng) between
cefotaxime 30 ug (up) and ceftazidime 30 pug (down) at a distance
of 20 mm. A clear-cut extension of the edge of the cefotaxime and
ceftazidime inhibition zone toward the disk containing clavulanate.
The DDST was considered positive when the decreased susceptibility
to cefotaxime was combined with the synergy between ceftazidime
and clavulanate. We detect the ESBL enzymes by several methods
(DDST), determination of minimum inhibitory concentration,
VITEK®2 system, and E-test) [26].

Table 1: Antibiotic resistance pattern of the isolated Enterobacteriaceae
isolates against selected antibiotics.

Antibiotics No. of resistant % of resistant
enterobacterial isolates strains

Ampicillin

Amoxicillin/Clavulanic acid

Cefotaxime

Ceftazidime

Cefepime 11 27.50

Cefuroxime 21 52.50

Ceftriaxone 22 55

Cefoxitin 3 7.50

Cefazolin

Imipenem 19 47.50

Ertapenem 2 S

Aztreonam 21 52.50

Meropenem 11 27.50

Piperacillin

Piperacillin/tazobactam 10 25

Tetracycline

Moxifloxacin

Ciprofloxacin 2 5

Norfloxacin 10 25
Gentamycin 8 20
Fosfomycin 3 7.50
Nitrofurantoin

sulfamethoxazole

I .

Highest Lowest
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2.4.2. Detection of AmpC production

Detection of AmpC fB-lactamase production was done using the disk
antagonism test. Volumes of 100 pL of the isolates with an optical
density equivalent to that of 0.5 McFarland standards were spread
out over Mueller-Hinton agar plates. Antibiotic disks contained a
combination of cefoxitin-cloxacillin disk diffusion tests and cefoxitin-
EDTA disk diffusion tests. The appearance of an inhibition zone
around a disk indicates a positive result [27].

2.4.3. Detection of metallo-f-lactamase production

This method is based on the synergy between inhibitors like EDTA and
imipenem for metallo-f-lactamase detections. This method takes advantage
of metalloenzymes’ dependence on zinc ions using chelating agents like
EDTA to inhibit zinc-dependent hydrolysis of antibiotics. The appearance
of an inhibition zone around a disk indicates a positive result [28].

2.5. Detection of B-lactamases Genes

2.5.1. Extraction of genomic DNA

Gram-negative bacteria whose plasmid DNA was to be extracted were
grown overnight at 37°C in tryptic soy broth. The bacterial cells were
harvested using a centrifuge at 4000 rpm for 10 min. Pelleted cells
were collected directly for the extraction step. Extraction of genomic
DNA was performed using the boiling method. A volume of 250 uL Q
water was added to an Eppendorf tube, followed by one or two fresh
colonies of bacteria which were completely dissolved by vortex for
1 min. All samples were loaded into a thermal block device and heated
to 100°C for 15 min. The tubes were then transferred to an ice block
for 10 min and then centrifuged at 1300 rpm for 5 min. A volume of
1.5 uL of the supernatant was transferred to another Eppendorf tube
and stored at —20°C.

Table 2: Primers used for the detection of all genes in this study.

2.5.2. Polymerase chain reaction (PCR) assays for f-lactamase
genes

[B-lactamase-producing  isolates were tested for [-lactamases
genes — namely, TEM, SHV, CMY-2, DHA, OXA, FOX, and CTX-M
1,2,4 and universal by PCR using the primers listed in Table 2 under
amplification conditions specified in Table 3. PCR was performed using
25 uL PCR reaction tubes, 12.5 uL of 2x master mix (0.05 U/uL Taq
DNA polymerase, reaction buffer, 4 mM MgCl,, 0.4 mM of each dNTP
(dATP, dCTP, dGTP, and dTTP) (Thermo Fisher Scientific, USA), primer
(2 uL), the sample (3 uL), and Q water (7.5 uL) were added to the reaction
tubes. The DNA template was prepared using a simple boiling method.

2.5.3. Electrophoresis of amplified products

Agarose (1.4 g) was added to 100 mL of 10x TBE buffer (40 mM tris-
acetate, 20 mM acetic acid, | mM EDTA, pH 8.0). The agarose was
solubilized by heating it in a microwave oven for about 10 min, after
which 20 uL of ethidium bromide was added. The gel mixture was
then poured into an electrophoresis mold and allowed to cool to room
temperature. Then, 5 uL of each of the PCR product samples was put
into the gel alongside 5 uL of a suitable molecular weight marker; in
each case, this was applied after mixing with 1 uL loading buffer on a
piece of parafilm. Each mixture was applied to a slot prepared in the
gel using a 10 uL micropipette. The electrophoresis gel was covered,
and the power supply was switched on and adjusted to 10 V/cm. After
running, the gel was visualized in a UV transilluminator.

2.6. Extraction of Plasmid DNA

Gram-negative bacteria whose plasmid DNA was to be extracted were
grown overnight at 37°C in tryptic soy broth. The bacterial cells were
harvested using a centrifuge at 4000 rpm for 10 min. Pelleted cells were

Assay Gene name Primer sequence Size of pattern (bp)
Setl CTX-M 4 F*-GACAAAGAGAGTGCAACGGATG 501
R*-TCAGTGCGATCCAGACGAAA
TEM F-AGTGCTGCCATAACCATGAGTG 431
R-CTGACTCCCCGTCGTGTAGATA
OXA F-ATTATCTACAGCAGCGCCAGTG 296
R-TGCATCCACGTCTTTGGTG
SHV F-GATGAACGCTTTCCCATGATG 214
R-CGCTGTTATCGCTCATGGTAA
Set2 CMY-2 F-AGCGATCCGGTCACGAAATA 695
R-CCCGTTTTATG CACCCATGA
CTX-M 1 F-TCCAGAATAAGGAATCCCATGG 612
R-TGCTTTACCCAGCGTCAGAT
CTX-M 2 F-ACCGCCGATAATTCGCAGAT 588
R-GATATCGTTGGTGGTGCCATAA
DHA F-GTGGTGGACAGCACCATTAAA 314
R-CCTGCGGTATAGGTAGCCAGAT
Set3 CTX-M Universal F-CCGCTGRTTCTGGTSACYTAYTTYACCCA 591
R-GGCGACYAAGACCASTGRATRAARTGGGT
Set4 FOX F-AACATGGGGTATCAGGGAGAT 191
R-CAAAGCGCGTAACCGGATTGG
Set5 merA F-TCCGCAAGTNGCVACBGTNGG) 288
R-ACCATCGTCAGRTARGGRAAVA)
Set6 intl 1 F-GGCATCCAAGCAGCAAG 491

R-AAGCAGACTTGACCTGA

F*: Forward, R*: Reverse.
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Table 3: PCR conditions used for the detection of ESBL genes.

Assay PCR Target gene PCR conditions
reaction

Setl Multiplex CTX-M 4 Initiation for 5 min at 94°C;
TEM 30 cycles of 94°C for 60 s,
OXA 55°C for 60s, 72°C for 60 s;
SHV and final extension of 72°C

for 5 min.

Set2 Multiplex CMY-2 Initiation for 5 min at 94°C;
CTX-M 1 30 cycles of 94°C for 60 s,
CTX-M 2 55°C for 60 s, 72°C for 60 s;
DHA and final extension of 72°C

for 5 min.

CTX-M UNIVERSAL Initiation for 15 min at
95°C; 30 cycles of 94°C for
30 s, 62°C for 90 s, 72°C for
60 s; and final extension of
72°C for 10 min.

Initiation for 90 s at 94°C;
30 cycles of 94°C for 90 s,
57°C for 630 s, 72°C for
60 s; and final extension of
72°C for 10 min.

Initial DNA denaturation step
at 94°C for 5 min, followed
by 35 cycles, beginning

with 1 min of denaturation

at 94°C, 30 s of primer
annealing at 62°C, and 30

s of extension at 72°C. The
final extension step was
performed at 72°C for 7 min;
final storage at 4°C.

Set3  Uniplex

Set4  Uniplex FOX

Set5 Uniplex merA

Set6 Uniplex intl 1 PCR was performed for

30 cycles of 94°C for

30 s, 55°C for 30 s, and
extension at 72°C for 45

s for amplification of the
integrase genes or 4 min for
amplification of the cassette
region.

PCR: Polymerase chain reaction, ESBL: Extended-spectrum beta-lactamase.

collected directly for the extraction step. The protocol for purifying large
plasmid DNA is presented in Table 4, according to the manufacture
protocol (Thermo Fisher Scientific, USA). Agarose gel electrophoresis was
performed in a tris-acetate buffer containing 40 mM Tris, 20 mM acetic
acid, and 2 mM Na,EDTA (pH 8.1). The gels contained 0.6% agarose, and
electrophoresis was performed at 100V (3.6 V/cm) for five hours. Gels
were stained with 0.5 pg/mL of ethidium bromide and photographed.

2.7. Detection of Integrons and Transposons

Class 1 integrons and transposons were scanned in chromosomal DNA
using intl 1 and merA primers [Table 2], respectively. The uniplex PCR
technique was used under amplification conditions specified in Table 3.

3. RESULTS

3.1. Prevalence of Enterobacteriaceae

From the collected 60 poultry fecal samples, 40 different bacterial
isolates belonging to Enterobacteriaceae were recovered [Figure 1].

Table 4: Protocol of plasmid extraction from Gram-negative bacteria.

Steps  Procedure

1 Pelleted cells were resuspended in 379 uL of 6.7% sucrose, 50 mM
Tris, 1 mM EDTA (pH 8.0), and warmed to 37°C.

2 96.5 uL of lysozyme was added (10 mg/mL in 25 mM Tris,
pH 8.0). Then, it was incubated for 5 min at 37°C.

3 48.2 uL of 0.25M EDTA, 50 mM Tris (pH 8.0) was added.

4 27.6 uL of sodium dodecyl sulfate was added (20% [wt/vol] in

50 mM Tris, 20 mM EDTA, pH 8.0) and immediately mixed.

5 The solution was incubated in 1.5 mL Eppendorf for 5-10 min at
37°C to complete lysis, and then vortexed at the highest setting for
30 s in an appropriate tube.

6 27.6 uL Fresh 3.0N NaOH was added and mixed gently by
intermittent inversion for 10 min.

7 49.6 uL of 2.0M tris-hydrochloride (pH 7.0) was added and mixed
for 3 min.

8 71.7 uL of 5.0M NaCl was added.

9 700 puL Phenol saturated with 3% NaCl was added, and then mixed

thoroughly and centrifuged for 5 min.

EDTA: Ethylene diamine tetraacetic acid.

The isolated bacteria were identified as Escherichia coli (n = 36),
Klebsiella pneumoniae (n = 2), Enterobacter cloacae (n = 1), and
Providencia alcalifaciens (n = 1).

3.2. Prevalence of Antibiotic Resistance

The results of antibiotic resistance tests of the isolated bacteria
against 28 antibiotics are summarized in Table 1. Thirty-six bacterial
isolates (90%) were resistant against ampicillin, while 35 bacterial
isolates (87.5%) were resistant against amoxicillin/clavulanic acid
and ceftazidime. All the studied bacterial isolates were sensitive
to nine antibiotics — namely, cefazolin, cephalothin, piperacillin,
mezlocillin, tetracycline, moxifloxacin, levofloxacin, tobramycin, and
nitrofurantoin. The number of resistant bacterial isolates to the rest of
the used antibiotics ranged from 2 to 28.

3.3. Phenotypic Detection of p-lactamases Producers and
Multidrug-resistant (MDR) Isolates

This work was designed to detect p-lactamase-producing
Enterobacteriaceae, including ESBL-, AmpC-, and MBL-producing
isolates using phenotypic tests. Out of the studied 40 isolates,
39 (97.5%) were ESBL-positive; the only ESBL-negative isolate was
P. alcalifaciens. Of the 39 ESBL-positive isolates, 36 (90%) were
E. coli, 2 (5%) were K. pneumoniae, and 1 (2.5%) was E. cloacae
[Figure 2].

Out of the 40 isolates, two isolates (5%) were AmpC producers,
while only one isolate (2.5%) was an MBL producer. In this study,
we considered any isolates that showed resistance to three or more
antibiotic groups to be MDR. Based on this criterion, nine isolates
(22.5%) were potentially MDR [Table 5]. Of these potential MDR
isolates, eight were E. coli and one was K. pneumoniae.

3.4. Genotypic Distribution of p-lactamases Genes

The existence of 10 B-lactamase genes was tested in the chromosomal
DNA of bacterial isolates. Of these 10 genes, eight genes — TEM,
SHV, CMY-2, OXA, CTX-M-1, CTX-M-2, CTX-M-4, and
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B Escherichia coli

W Klebsiella pneumoniae

i Enterobacter cloacae

Providencia alcalifaciens

Figure 1: Distribution of isolated bacterial species and their ESBL production
results. Only Providencia alcalifaciens is ESBL negative. ESBL: Extended-
spectrum beta-lactamase.

E. cloacae

K. pneumoniae

|

E. coli
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Figure 2: Uniplex PCR shows the positive FOX isolates with a marker (1kb).
PCR: Polymerase chain reaction.

DHA — were tested using the multiplex PCR technique, while the
FOX and CTX-M-universal genes were tested using the uniplex PCR
technique [Figure 3]. The detected chromosomal genes were TEM,
FOX, CMY-2, SHV, and CTX-M universal [Table 6]. The TEM gene
was detected in ten isolates [Figure 3]. Eight of them were E. coli and
the other two were K. pneumoniae and E. cloacae. The FOX gene
was detected in three E. coli isolates, one K. pneumoniae isolates, and
one E. cloacae isolates. The other genes were detected only in E. coli
isolates: CMY-2 (5), SHV (1), and CTX-M- universal (1).

3.5. Detection of Gene Transfer Factors of Antibiotic Resistance

The detection of three gene transfer factors — Classl integrons
(intl gene), transposon (merA), and plasmids — was carried out.
Class 1 integrons were detected in five E. coli isolates (12.5%).
Interestingly, all the isolates that contained the intl gene also contained
the TEM gene. Four of them contained the CMY-2 gene, three of
them contained the FOX gene, one of them contained the CTX-M
universal gene, and one contained the SHV gene. The transposable
element merA was detected in two isolates of E. coli, both of which
had the TEM, CMY-2, and FOX genes. Five E. coli isolates were

E. cloacae E. coli

DNA ladder l K. pneumoniae l

800 b

700 b
600 bp

500 b

400 bp TEM
300b
200 b SHV

Figure 3: Multiplex PCR shows the positive isolates for TEM and SHV with
a marker (1kb). PCR: Polymerase chain reaction.

Table 5: Antimicrobial resistance pattern of MDR ESBL-producing isolates.

Bacteria Quinolone Other resistance
resistance
E. coli Ciprofloxacin- Trimethoprim/Sulfamethoxazole,
Norfloxacin Gentamycin
E. coli (3) Norfloxacin Trimethoprim/Sulfamethoxazole
E. coli (2) Norfloxacin Trimethoprim/Sulfamethoxazole,
Amikacin
E. coli (2) Norfloxacin Trimethoprim/Sulfamethoxazole,
Gentamycin
K. Pneumoniae Norfloxacin Trimethoprim/Sulfamethoxazole

E. coli: Escherichia coli, K. pneumonia: Klebsiella pneumonia, MDR: Multidrug
resistant, ESBL: Extended-spectrum beta-lactamase.

found to possess plasmids. The genotypes of these isolates were CM Y-
2 (5), TEM (5), FOX (3), SHV (1), and CTX-M UNIVERSAL (1).
Interestingly, an MDR E. coli isolates that contained two gene transfer
factors (transposon and plasmid) also contained TEM, CMY-2, and
FOX genes.

4. DISCUSSION

This study investigates the distribution of [-lactamases, including
ESBL-, AmpC-, and MBL-producing Enterobacteriaceae in fecal
collected from poultry farms in the Makkah Region. A total of
40 bacterial isolates were isolated from the collected samples
(n=60). These bacterial isolates were identified as E. coli, (n = 36),
K. pneumoniae (n=2), E. cloacae (n=1), and P. alcalifaciens (n =1).
Based on phenotypic tests, out of these 40 isolates, 39 (97.5%) were
ESBL producers, while AmpC and MBL production was detected in
two isolates (5%) and one isolate (2.5%), respectively. Concerning
the prevalence of ESBL-producing Enterobacteriaceae in poultry,
our results are in accordance with many records from different
countries, such as Germany (100%) [29], Denmark (93%) [30],
Finland (94.5%) [31], and the Netherlands (94%) [32]. However,
other studies have reported a lower prevalence of ESBL producers in
poultry farms. For example, Nossair et al. [33] reported 25% of ESBL
producers in poultry farms in Egypt, and Falgenhauer reported 29%
of ESBL producers in poultry in Ghana [34]. In this study, our results
show that E. coli was most prevalent among the isolates (90%), while
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Table 6: Distribution of B-lactamase genes in the bacterial isolates.

Genotype Bacterial spp.

Escherichia Klebsiella Enterobacter  Total

coli pneumoniae cloacae

CMY (CMY II) 5 0 0 5
CTX-M 1 0 0 1
UNIVERSAL
TEM 8 1 1 10
SHV 1 0 0 1
AmpC (FOX) 3 1 1 5
Total 18 2 2 22

K. pneumoniae and E. cloacae were the least prevalent (5% and 2.5%,
respectively). These results are similar to those obtained by Chenouf
et al. [35], who recorded ESBL-producing E. coli isolates (73) and
K. pneumoniae isolates (5) among 78 isolates (93.6% and 6.4%,
respectively) in poultry livers. E. coli is prevalent in poultry farms as
well as the surrounding environments [24,36].

Out of the 40 bacterial isolates, 9 (22.5%) MDR isolates were detected;
eight of them were E. coli, while the ninth isolate was K. pneumoniae.
These results are lower than that obtained by Bushen et al. [37], who
found that MDR enterobacterial isolates from droppings of farm
chickens in Ethiopia were 52.5% of the total isolates. Higher percentages
of MDR isolates were also reported from Bangladesh (39%) [38] and
China (88.2%) [39]. The disagreement of results may be due to the use
of different types and concentrations of antibiotics in the poultry industry
in the different countries. Following are some examples explaining that.
In France, using of tetracyclines and penicillins is allowed in the poultry
industry, penicillins are stably used from 2006 to 2016 while there is
a decrease in using of tetracyclines during this period. The results of
antibiotic resistance showed the existence of around 40% of amoxicillin
(belonging to penicillins) resisting E. coli accompanied with a decrease
in tetracycline resistant £. coli during this period [40]. Another example,
in the USA the resistance rates of E. coli against gentamicin (allowed)
and ampicillin (not allowed) are 40% and 20%, respectively [40].

In this study, out of the 10 genes that were checked for, only five were
detected. The most prevailing gene was TEM (25%), followed by CMY-2
and FOX (12.5%), and CTX-M universal, and SHV (2.5%). These genes
were previously detected in several reports; TEM and CMY-2 genes were
detected in antimicrobial-resistant enterobacterial isolates in Egypt from
septicemic broilers [41] and healthy broilers [24], while the SHV gene
was detected in 96% of 180 E. coli isolates from healthy farm chickens
in Al-Taif, Saudi Arabia [42]. The TEM gene was also detected in
E. coli isolates isolated from chicken meat in Al-Taif, Saudi Arabia [43].
Another study detected many genes, including TEM, SHV, and FOX, in
E. coli isolated from poultry hatcheries in Egypt, with TEM being the
most prevailing gene [44]. In our study, the most prevailing resistance
gene was TEM, which is in complete accordance with the report by
Moawad et al., [24], who detected the TEM gene in 85.7% of ESBL and
AmpC B-lactamase-producing isolates, Broadly, the conflictions in the
detected resistance genes in different studies may be due to the targeting
of different genes from different bacterial species in different studies, the
use of different sources for isolating resistant bacterial isolates, and the
conducting of these studies in different countries that may use different
antimicrobial regimes in poultry industry.

The gene-transferring factors integrons, plasmids, and transposons
were detected in 5 (12.5%), 5 (12.5%), and 2 (5%) E. coli isolates,

respectively. In this study, we targeted the Class 1 integron using the
intl 1 marker, as it was the most common integron in ESBL-producing
E. coli isolated from different sources [45,46]. The Class 1 integron
is also detected in all multi-resistance E. coli isolates from chicken
meat in Taif, Saudi Arabia [43], and in 29.3% of avian pathogenic
E. coli [45]. Plasmids carrying antibiotic-resistant genes are also
detected in many studies: Abbassi [47] detected plasmids in 35% of
MDR E. coli isolated from healthy broilers in Tunisia, which is higher
than our results. It is worth mentioning that mobile genetic elements,
including integrons, transposons, and plasmids, have central roles in
the horizontal spread of antibiotic resistance among bacteria in the
environment [47].

The complex epidemiology of ESBLs/AmpC is quite complicated
since there are several reservoirs, containing the environment (soil
and water), wild animals, domestic animals, and pets, making it
an essential region for control. Horizontal transfer of beta-lactam
resistance genes from human disease-causing bacteria to discharged
enterobacteria could be the initial reason. Nowadays, the main subject
of deep and debatable discussion is the spread of ESBL gens or ESBL-
producing pathogens among animals and people (owner/caretaker/
consumer). Transmission of the resistance may arise either through
direct connection with animal sheltering the resistant bacteria or by
food [48].

5. CONCLUSION

This study has shown that healthy chickens in commercial poultry farms
in the Makkah Province, Saudi Arabia, are colonized by [-lactamase-
producing Enterobacteriaceae, including the P-lactamases ESBL,
AmpC, and MBL. Some of these -lactamase producers were MDR.
The genotypic analysis of these isolates showed the existence of
important antibiotic-resistance genes such as TEM, CMY-2, and FOX.
Gene transferring factors, including Class 1 integrons, transposons,
and plasmids, were also detected in some of the isolates. Extended
research is required to prove the transfer of antibiotic resistance genes
to the environment and humans.
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