Journal of King Saud University - Science 36 (2024) 103191

Contents lists available at ScienceDirect

-5cience

Journal of King Saud University - Science

journal homepage: www.sciencedirect.com

Full Length Article ' :.)

Check for

Molecular analysis of ESBL- and AmpC-producing Enterobacteriaceae in e
fecal samples from broiler and backyard chickens

Balasubramanian Senthamilselvan *', Marimuthu Ragavan Rameshkumar ',
d

Zainulabdin Syed Madani“, Aridass Dhanasezhian b Sarva Kamalakar ¢, Selvaraj Sivakumar “,
Arunagirinathan Nishanth ©, Hisgah Abdulrahman Alodaini’, Ashraf Atef Hatamleh ',
Narasingam Arunagirinathan >

@ Department of Microbiology and Biotechnology, Presidency College (Autonomous), Affiliated to University of Madras, Chennai, Tamil Nadu, India
Y Virus Research and Diagnostic Laboratory, Department of Microbiology, Government Theni Medical College, Theni - 625531, Tamil Nadu. India

¢ Central Research Laboratory, Meenakshi Academy of Higher Education and Research (Deemed to be University), Chennai, Tamil Nadu, India

d Department of Molecular Biology, Medall Healthcare Pvt Ltd., Chennai Reference Lab, Chennai, Tamil Nadu, India

€ Pirogov Russian National Research Medical University, Moscow, Russia

f Department of Botany and Microbiology, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia

ARTICLE INFO ABSTRACT
Keywords: Objective: To analyse the molecular profile of antibiotic resistance in Enterobacteriaceae isolates from fecal
Broiler chickens samples of healthy broilers and backyard chickens in Tamil Nadu, India.
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Methods: A total of 115 and 57 bacterial strains were isolated from fecal samples of broiler and backyard
chickens, respectively using conventional bacterial culture tests. Bacterial isolates were screened for antibiotic
susceptibility by Kirby-Bauer’s disk diffusion method. Colistin susceptibility was tested using the broth micro-
dilution method. Extended-spectrum p-lactamase (ESBL), AmpC p-lactamase and metallo-p-lactamase (MBL)
producers were screened by combination disk method. The drug-resistant genes’ positivity was analysed by
polymerase chain reaction (PCR) method.

Results: Escherichia coli was the predominant bacterium isolated from both broiler (53%) and backyard (64.9%)
chickens. Bacterial isolates from broilers and backyard chickens showed 100% resistance to ampicillin, piper-
acillin, and piperacillin-tazobactam. Five bacterial isolates from broiler chickens were resistant to colistin. ESBL
producers were 34.7% in broilers and 19.1% in backyard chickens. AmpC production was detected in 44.3% of
the isolates from broilers and 26.2% of those from backyard chickens. Molecular analysis revealed that bacterial
isolates from broiler chickens were positive for drug-resistant genes such as blagy (25%), blaspy (5%), blactx-m
(4%), blapmpc (56%), integron (39%), sull (30%), and sul2 (23%). Bacterial isolates from backyard chickens were
positive for the blatem (22%), blasny (14%), blaampc (54.3%), and integron (20%) genes. None of the isolates
from either broiler or backyard chickens harboured New Delhi metallo-f-lactamase (blanpy) or colistin-resistant
genes (mcr-1 to —3).

Conclusions: Bacterial isolates from broiler chickens harboured a higher number of drug resistance genes,
especially blatgm, blacrx-m, sull, sul2, and integron, than those from backyard chickens.

1. Introduction estimated usage of antibiotics in food animals was 63,151 tons in 2010
and 131,109 tons in 2013, and by 2030, it will increase to 200,235 tons.

Antibiotics are extensively employed in poultry farms to enhance In the global consumption of antibiotics in food animals, India con-
animal growth and treat bacterial infections in chickens. Globally the tributes approximately 3 % (Van Boeckel et al., 2015 & 2017).
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Quinolones, tetracyclines, f-lactams, polymixins and sulphonamides are
major antibiotics used in poultry animals (Caneschi et al., 2023). Among
the antibiotics used in poultry farms, 60 % are amoxicillin and colistin
(Habiba et al., 2023).

The maximum permissible level of antibiotics in poultry animals
ranges from 100 to 600 ug/kg, depending on the type of poultry animals
and antibiotics (Bahmani et al., 2020). A study by the Centre for Science
and Environment in India found that 40 % of chicken samples tested
positive for antibiotic residues, with 17 % containing more than one
antibiotic. The antibiotics detected were ciprofloxacin, chlortetracy-
cline, oxytetracycline, enrofloxacin, doxycycline, and neomycin. Addi-
tionally, one sample contained doxycycline, enrofloxacin, and
oxytetracycline, indicating the use of multiple antibiotics in poultry
(Centre for Science and Environment, 2014). The primary route of
antibiotic administration in poultry is through food materials. The
indiscriminate use of antibiotics is a major factor contributing to bac-
terial antibiotic resistance in poultry farms (Kim et al.,, 2018).
Contamination of the environment with poultry fecal material is a sig-
nificant public health concern, as it can lead to the transfer of antibiotic-
resistant Enterobacteriaceae from poultry fields to humans. Antibiotic
residues in poultry meat raise food safety issues by causing allergic re-
actions and toxicity to the organs of consumers and by affecting the
human gut microbiota (Zhang et al., 2021). A study reported the spread
of AmpC p-lactamase and extended-spectrum f-lactamase (ESBLSs) pro-
ducing Escherichia coli via fecal and airborne routes in broiler farms and
their surrounding areas (Laube et al., 2014). ESBL producers are
showing resistance to 3rd and 4th generation cephalosporins and
monobactam antibiotics. The most prominent ESBL-producing genes in
bacterial pathogens are blargm, blactx-m, and blasyy (Ewers et al., 2012;
Ramesh Kumar et al., 2021). Along with ESBL production, the high
positivity of tetracycline, erythromycin, sulfonamide, and chloram-
phenicol resistance was also reported in E. coli isolates from broiler
chickens compared to layer chickens (Rahman et al., 2020). In this
study, we investigated the antimicrobial resistance profile of bacterial
strains isolated from fecal samples of broiler and backyard chickens.

2. Materials and Methods
2.1. Bacterial isolates

A total of 125 fecal samples of broiler chickens were collected from
commercial broiler chicken shops at various places in Tamil Nadu, India,
using pre-sterilized containers. From backyard chickens, 70 fecal sam-
ples were collected. The fecal samples of broilers from retail meat shops
and backyard chickens were collected from Namakkal, Chennai, Cud-
dalore and Villupuram districts in Tamil Nadu (Table S1). The samples
were collected by randomized selection and they were transported in the
cold chain to the laboratory. For isolation of gram-negative bacterial
(GNB) strains, a loop-full of fecal sample was inoculated on 5 % Sheep
Blood agar and MacConkey Agar plates followed by incubation of the
plates at 37 °C for 18-24 h. Each bacterial colony of the samples was
taken for further analysis. Isolated colonies were characterized by the
biochemical tests viz. catalase, oxidase, motility, IMViC, TSI, and urease
for bacterial species identification. Isolates were further studied for
antibiotic susceptibility testing and molecular analysis.

2.2. Antibiotic susceptibility test

The antibiotic susceptibility patterns of bacterial isolates from both
broiler and backyard chickens were tested by Kirby-Bauer’s disc diffu-
sion method (Bauer et al., 1996) using amikacin (30 ug), ampicillin (30
ug), chloramphenicol (30 pg), ciprofloxacin (5 pg), ertapenem (30 pg),
fosfomycin (200 pg), meropenem (10 pg), gentamicin (10 ug), nitro-
furantoin (300 pg), nalidixic acid (30 pg), piperacillin-tazobactam
(100/10 pg), piperacillin (100 pg), polymyxin-B (300 units), trimetho-
prim-sulfamethoxazole (1.25 pg /23.75 ng) and tetracycline (30 nug)
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(Himedia, India). An overnight bacterial culture suspension was
adjusted to 0.5 McFarland’s standard and a lawn culture was made on
the Muller Hinton agar (MHA) plates. The discs containing the above-
mentioned antibiotics were placed on the MHA agar surface and incu-
bated at 37 °C for 18-24 h. The zone of inhibition around each disc was
measured to interpret the results (Clinical and Laboratory Standards
Institute, 2020). The standard strain Escherichia coli (25922) was used as
a control.

2.3. Broth microdilution method for assessing colistin susceptibility

The susceptibility of bacterial isolates from broiler and backyard
chickens to colistin was screened using the broth microdilution method.
A stock of the colistin drug was made by dissolving 2 mg of colistin
sulfate (MP Biomedical, France) in 1 mL of double distilled water. The
colistin drug was diluted using cationic adjusted Mueller-Hinton broth
(MHB)-2, and various concentrations ranging from 64 to 0.06 pug/mL
were prepared. A bacterial culture suspension was made using 3-5 iso-
lated colonies from agar plates in saline or Mueller-Hinton broth (MHB).
The optical density (OD) of the liquid bacterial culture was adjusted to
0.5 McFarland standard. In the 96-well plate, 100 pL of diluted drug was
added to the first well and 50 pL of MHB-2 was added to the next 9 wells
in each row. 50 pL of diluted drug was transferred from 1st well to the
next wells for serial dilution. Furthermore, 50 pL of culture suspension of
the respective bacterial isolates was added to all the wells from 1 to 12
except for the 11th well. The 11th well was the medium control, and the
12th well was the culture control. The plate was incubated at 37 °C for
16-24 h. The minimum inhibitory concentration (MIC) of colistin was
assessed by the lowest concentration that inhibited the growth of bac-
teria (Wiegand et al., 2008). The strain Escherichia coli (25922) was used
as a control.

2.4. Identification of ESBL, MBL and AmpC production

All the bacterial isolates from broiler and backyard chickens were
screened for beta-lactamase production by combination disc method
(CDM). For this assay, the overnight bacterial culture suspension was
adjusted to 0.5 McFarland’s standard and lawn culture was made on the
MHA plate using a sterile cotton swab. For the detection of ESBL pro-
duction, cefotaxime (30 pg) and cefotaxime in combination with clav-
ulanic acid (30 pg/10 pg) and ceftazidime (30 pg) and ceftazidime in
combination with clavulanic acid (30/10 pg) were used. MBL producers
were detected using imipenem (10 pg) and imipenem in combination
with EDTA (10/750 pg) discs, and AmpC production was detected using
cefoxitin (30 pg) and cefoxitin-cloxacillin (30/200 pg) discs (Hosuru
Subramanya et al., 2020).

2.5. Molecular detection of drug resistance genes

Bacterial cultures were used for the detection of ESBL-producing
genes, such as blargy;, blasyy & blacrx.m; AmpC producing gene, such
as blanmpc; MBL-producing genes, such as blanpy; sulfamethoxazole
(SMX) resistance genes, such as sull and sul2, and integrons, by the
conventional polymerase chain reaction (PCR) method. Bacterial cul-
tures showing colistin resistance by microdilution method were also
tested for colistin-resistant genes viz. mcr-1 to —3 by PCR method
(Oliver et al., 2002; Mugnaioli et al., 2005; Sunde, 2005; Arabi et al.,
2015; Féria et al., 2022; Nordmann et al., 2011; Lescat et al. (2018). The
set of primers used for amplification of each gene is presented in Table 1.
The PCR mixture had 12.5 pL of master mix (Takara, India), 0.5 pL each
of forward and reverse primers of respective genes, 10.5 pL of molecular
grade water, and 1 pL of bacterial DNA template, for a total reaction
volume of 25 uL. PCR reactions were run on a BioRad Thermal cycler.
Amplified PCR products were visualized using 1.5 % agarose gel by
electrophoresis technique and the size of the product was compared with
a 100 bp DNA ladder (Table 1).
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Table 1
Primers used for screening drug-resistant genes.
Target Gene Primer Sequence Target
Size
BlaTEM Forward  ATGAGTATTCAACATTTCCG 867 bp Oliver et al.
—___ Reverse CTGACAGTTACCAATGCTTA (2002)
BlaSHV Forward ~ GGTTATGCGTTATATTCGCC 867 bp
Reverse TTAGCGTTGCCAGTGCTC R —
BlaCTX- Forward ~ ATGTGCAGYACCAGTAARGT 593 bp Mugnaioli
M Reverse TGGGTRAARTARGTSACCAGA et al. (2005)
BlaAMPC Forward CCCCGCTTATAGAGCAACAA 634 bp Féria et al.
Reverse TCAATGGTCGACTTCACACC (2002)
BlaNDM Forward  GGTTTGGCGATCTGGTTTTC 621 bp Nordmann
Reverse CGGAATGGCTCATCACGATC etal. (2011)
sull Forward CGGCGTGGGCTACCTGAACG 433 bp Arabi et al.
Reverse GCCGATCGCGTGAAGTTCCG (2015)
sul2 Forward ~ GCGCTCAAGGCAGATGGCATT 293 bp
Reverse GCGTTTGATACCGGCACCCGT
Int1 Forward  GCCACTGCGCCGTTACCACC 898 bp Sunde
Reverse GGCCGAGCAGATCCTGCACG (2005)
mer-1 Forward  ATGCCAGTTTCTTTCGCGTG 502 bp Lescat et al.
Reverse TCGGCAAATTGCGCTTTTGGC (2018)
mcr-2 Forward ~ GATGGCGGTCTATCCTGTAT 379 bp
Reverse AAGGCTGACACCCCATGTCAT
mer-3 Forward =~ ACCAGTAAATCTGGTGGCGT 296 bp
Reverse AGGACAACCTCGTCATAGCA

2.6. Statistical analysis

The SPSS version 26 and R version 4.3.3 software were used for
statistical analysis. This study used the t-test to find the antibiotic
resistance rate between broilers and backyard chickens. The data were
pre-processed and structured using SPSS software. The t-test and 95 % CI
were done using R software. The p < 0.05 was considered statistically
significant. Significance at the 5 % level was indicated with * and at the
10 % level was indicated with **.

3. Results

A total of 125 fecal samples were collected from broiler chickens, and
115 bacterial strains were isolated from them. Escherichia coli (53 %)
was the major organism isolated, followed by Proteus mirabilis (14.8 %)
and Proteus vulgaris (10.4 %). From the backyard chickens, 70 fecal
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samples were collected, and 57 bacterial strains were isolated from
them. E. coli (64.9 %) was the predominant isolated bacterium, followed
by P. vulgaris (14 %) and Serratia sp. (10.5 %). Other bacterial species
isolated from both broiler and backyard chickens are given in Fig. 1.

3.1. Antibiotic susceptibility profile

In this study, 100 % of the E. coli isolates from broiler chickens
showed resistance to ampicillin, piperacillin, and piperacillin/tazo-
bactam followed by trimethoprim-sulfamethoxazole (29.5 %).
K. pneumoniae strains exhibited 100 % resistance to piperacillin, ampi-
cillin, and piperacillin/tazobactam and 57 % to ertapenem. K. oxytoca
showed 100 % resistance to piperacillin, ampicillin, and piperacillin/
tazobactam and 50 % resistance to ertapenem and gentamicin.
P. mirabilis isolates showed 100 % resistance to ampicillin, piperacillin,
and piperacillin/tazobactam and 52.9 % to gentamicin. P. vulgaris
showed 100 % resistance to piperacillin, ampicillin, and piperacillin/
tazobactam and 58.3 % to chloramphenicol. Salmonella sp. strains
exhibited 100 % resistance to piperacillin, ampicillin, piperacillin/
tazobactam, and polymixin B. A total of five Enterobacteriaceae isolates
from broiler chickens were colistin-resistant (MIC, 16-32 pg/mL)
(Table S2).

Among bacterial isolates from backyard chickens, 100 % of E. coli
isolates showed resistance to ampicillin, piperacillin/tazobactam, and
piperacillin. K. oxytoca showed 100 % resistance to piperacillin, ampi-
cillin, and piperacillin/tazobactam. K. pneumoniae strains exhibited 100
% resistance to piperacillin, ampicillin, piperacillin/tazobactam, and 50
% resistance to polymyxin B. P. vulgaris strains exhibited 100 % resis-
tance to piperacillin, piperacillin/tazobactam, and ampicillin followed
by 50.0 % resistance to chloramphenicol and 25 % resistance to genta-
micin and tetracycline. All the bacterial isolates from both the broiler
and backyard chickens showed 100 % susceptibility to amikacin and
fosfomycin (Fig. 2 and Table S3).

It was observed that ciprofloxacin resistance was significantly higher
in backyard chickens (95 % CI: 0.4421-0.0570; p = 0.0054*) than in
broiler chickens. However, the gentamycin resistance was significantly
higher in broiler chickens (95 % CI: 0.0164-0.3052; p = 0.0961**) than
in backyard chickens.
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Fig. 1. Bacterial isolates from fecal samples of broiler and backyard chickens.
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Fig. 2. Antibiotic susceptibility of bacterial strains from broiler and backyard chickens.

3.2. Phenotypic detection of p-lactamase production

Phenotypic detection of beta-lactamase production revealed that
34.7 % of the bacterial isolates from broilers and 19.1 % from backyard
chickens were ESBL producers. AmpC production was noted among
44.29 % and 26.2 % of the isolates from broiler and backyard chickens,
respectively. None of the isolates from either the broiler or backyard
chickens produced MBL (Table 2). Positivity for both ESBL and AmpC
was noted for 17.4 % and 7.4 % of the Enterobacteriaceae from broiler
and backyard chickens, respectively. E. coli isolates (10.4 %) from
broiler chickens were the major contributors to the positivity of both
ESBL and AmpC production.

3.3. Drug-resistant genes

Molecular detection of drug-resistant genes revealed that 25 % of the
isolates from broiler chickens harboured the blatgym, 5 % blasyy, 4 %
blacrx.m, 56 % blapmpc and 39 % integron genes. Furthermore, 30 % of
the isolates harboured sull, and 23 % harboured sul2. None of the

Table 2
ESBL and AmpC producers from broiler and backyard chickens.

S. Organism Broiler Chicken (n = 115) Backyard Chicken (n =
No 57)
ESBL AmpC ESBL AmpC
n % n % n % n %
1 Escherichia coli 22 19.1 23 20 6 10.5 8 14.0
2 Klebsiella 2 1.7 2 1.7 1 1.7 1 1.7
pneumoniae
3 Klebsiella 1 0.9 1 0.9 1 1.7 0 0
oxytoca
4 Proteus mirabilis 7 6.1 11 9.6 0 0 0 0
5 Proteus vulgaris 5 4.3 7 6.9 3 5.2 4 7.0
6 Salmonella sp. 0 0 2 1.7 0 0 0 0
7 Serratia sp. 3 2.6 2 1.7 0 0 2 3.5
8 Citrobacter sp. 0 0 3 2.6 0 0 0 0
Total 40 347 51 4429 11 191 15 26.2

isolates were positive for blanpy. All five phenotypically colistin-
resistant isolates tested negative for the mcr-1 to —3 genes. In back-
yard chickens, 22 % of the isolates harboured blargy gene and other
genes detected were blasyy (14 %), blaampc (54.3 %) and integron (20
%) (Fig. 3). The positivity rate of blagyy gene was significantly higher in
backyard chickens (95 % CI: 0.2039-0.0232; p = 0.0941**) than in
broiler chickens. The positivity rates of sull (95 % CI: 0.1964-0.4036; p
= 0.0000*%) and sul2 (95 % CIL: 0.1337-0.3263; p = 0.0002*) were
significantly higher in broiler chickens than in backyard chickens.

3.4. Gene sequencing

The blatgm and blagyygenes were sequenced using the Sanger
sequencing method. The gene sequences were deposited at NCBI (USA).
Sequence accession numbers were OR492284 for the blargy gene and
OR492283 for the blagyygene. BLAST analysis revealed that the blargm
gene from E. coli and K. pneumoniae had 100 % similarity with the
reference blargygene. Similarly, blasyy.; detected in K. pneumoniae
showed 99.75 % similarity with the reference gene blagyy (Fig. S1 and
S2).

4. Discussion

The global threat of AMR jeopardizes both human and animal health,
raising concerns about the effectiveness of current antimicrobial agents
used to treat bacterial infections (Tang et al., 2017). Antibiotic resis-
tance emerges not only in pathogenic bacteria but also in the normal
bacterial flora of animals and humans who are exposed to antibiotics
(Hosuru Subramanya et al., 2020). This study was focussed on isolating
Enterobacteriaceae from fecal samples of both broiler and backyard
chickens, to analyse their molecular antimicrobial resistance profiles.

Among the broiler and backyard chicken fecal samples processed,
E. coli was the predominant isolated bacterium. Besides E. coli,
K. pneumoniae, P. vulgaris, Serratia sp., and Salmonella sp., were also
isolated from both types of chickens. Broiler chicken-associated E. coli,
Salmonella, and other Enterobacteriaceae cause enteritis in humans, and
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Fig. 3. Molecular detection of antibiotic-resistant genes in bacterial strains from fecal samples of broiler and backyard chickens.

these bacteria are considered major organisms that are transmitted from
poultry farms to humans (Mehdi et al., 2018). Bacterial isolates from
broiler chickens exhibited resistance to tetracycline, gentamicin, nali-
dixic acid, nitrofurantoin, chloramphenicol, and trimethoprim-
sulfamethoxazole. Bacterial isolates from backyard chickens also
showed resistance to these antibiotics but at a lower rate than isolates
from broiler chickens. Heightened exposure of broiler chickens to anti-
biotics could also explain the elevated drug resistance profile of the
bacterial isolates from broilers. In a study, tetracycline and nalidixic acid
resistant E. coli strains were isolated from broiler chickens (Miles et al.,
2006). Backyard chickens may acquire antimicrobial-resistant bacteria
from their environment, and it could potentially contribute to the spread
of antibiotic resistance between animals and humans (Lepper et al.,
2022). Antibiotics and drug-resistant bacteria can enter the environment
through various sources such as hospitals, animal farms, and aquacul-
ture. This environmental exposure exerting selective pressure on bac-
teria, leads to the development of drug resistance. Additionally, the
transfer of drug-resistant genes between bacteria in the environment
could increase the prevalence of multidrug-resistant bacteria. This poses
a risk of transmission from the environment to animals and humans
through contaminated water and food (Bobate et al., 2023).

Antibiotic resistance in GNB is mediated mainly by ESBL, AmpC, and
carbapenemase production, and the prevalence of these bacteria in
poultry has been extensively reported (Ghodousi et al., 2015; Gonzalez-
Torralba et al., 2016). In this study, ESBL production was highly noted
among bacterial isolates from broiler chickens. A high percentage of
AmpC production was also observed among bacterial isolates from
broiler and backyard chickens. E. coli is the major organism that
phenotypically produces both ESBL and AmpC enzymes. Studies have
reported that broilers in Europe carried ESBL/AmpC-producing E. coli
(Dierikx et al., 2013; Laube et al., 2014). A study from Greece reported
that 13.6 % of isolates from broiler chickens produced ESBLs and only
2.7 % produced AmpC. However, ESBL (10.2 %) and AmpC (1 %) pro-
ducers from backyard chickens were found at lower levels compared to
that of broiler chickens (Xexaki et al., 2023).

A study reported that the AmpC gene was detected in > 50 % of
Enterobacteriaceae isolates from both broiler and backyard chickens.
They emphasized that backyard chickens also harboured AmpC-
producers similar to broiler chickens (Hosuru Subramanya et al.,
2020). Another study analysed the antibiotic resistance in E. coli isolates
from broiler and backyard chickens with extraintestinal pathogenic
E. coli from humans. They found that broiler chicken isolates shared the

ESBL genes with human isolates. However, backyard chickens do not
carry any one of the ESBL genes (Borges et al., 2019). In this study, ESBL
genes (blatgy and blacrx.y) are prevalent in bacterial isolates from
broiler chickens. However, the blagyy gene was prevalent among isolates
from backyard chickens. The positivity of blasyy in bacterial isolates
from backyard chickens revealed that ESBL genes might be disseminated
in the environment. A study reported that most of the ESBL producers
harbored blacrx-m (13 %), and other genes detected were blatgy (0.8 %)
and blagyy (0.52 %) (Chishimba et al., 2016). In this study, all the
phenotypically colistin-resistant isolates were tested negative for mcr-1
to —3 genes. However a study reported that the mcr-1 gene was detected
in 22.7 % of isolates from broiler chickens, but none of the mcr genes
was detected from backyard chickens (Xexaki et al., 2023).

In this study, sull and sul2 genes for sulfamethoxazole resistance
were detected among the broiler chickens but none among the backyard
chickens. In a study from Bangladesh, 37.2 % of the Salmonella sp.
strains isolated from broiler chicken fecal samples harboured the sull
gene (Das et al., 2022). These findings revealed that sulfamthoxazole
drug usage might be high in poultry farms. Integrons are widespread in
bacterial isolates from chicken droppings. The integron has gene cas-
settes that capture the ESBL and other f-lactam antibiotic resistance
genes and transfer them to other organisms (Langata et al., 2019). In our
study, 39 % of bacterial isolates from broiler chickens harboured the
integron gene. However, only 20 % of bacterial isolates from backyard
chickens harboured integron. Gene cassettes of Integrons had cephalo-
sporins, carbapenems, sulfamethoxazole, trimethoprim, and tetracy-
cline antibiotic-resistant genes (Ramesh Kumar et al., 2017; Girlich
et al., 2020). The positivity of integrons in poultry droppings could in-
fluence the transmission of ESBL/AmpC genes to susceptible bacterial
species in the environment, and these genes can further be transmitted
to humans. Racewicz et al. (2022) identified 75 % of MDR bacteria from
broiler chicken harbored integrons, of which class 1 was the majorly
detected one than class 2 integron. In the class 1 integron, aadA1 and
dfrAl-aadA1l gene cassettes were detected. Class 2 integron had no gene
cassettes. In this study, the integron was not studied for gene cassettes.

Antimicrobial stewardship in poultry is crucially needed to combat
the high prevalence of antibiotic-resistant bacteria. The emergence of
AMR bacteria in poultry is also threatening food safety since antibiotics
cause other health issues (Patel et al., 2020). The findings of this study
highlight the importance of implementing alternative strategies and
judicious antibiotic use in poultry production. To control the AMR
spread in poultry, biosecurity should be improved. Vaccine
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introduction, use of alternatives of antibiotics as growth promoters, and
reduced antibiotic use are major strategies that should be implemented
in poultry farms (Van Boeckel et al., 2017).

The limitation of this study is the smaller sample size from both
broiler and backyard chickens and a lack of bacterial sequence typing.
Sequence typing could identify the prevalent sequence types of bacteria
in poultry farms and backyard chickens. Additionally, environmental
samples from areas where backyard chickens consume food and water
were not analysed, which could provide more insights into the envi-
ronmental acquisition of antimicrobial-resistant bacteria in backyard
chickens. Another limitation of this study is not detecting gene cassettes
found on integrons that would provide more light on drug-resistant
genes.

5. Conclusion

In this study, E. coli was the predominant bacterium isolated from
both broiler and backyard chickens. Broiler chicken fecal isolates
exhibited higher levels of antibiotic resistance compared to backyard
chickens. Nonetheless, antibiotic resistance was still evident in backyard
chicken isolates, suggesting possible environmental acquisition. The
prevalence of ESBL/AmpC-producing bacteria in poultry is a serious
public health concern. Strengthening surveillance efforts is crucial to
assess the emergence of antimicrobial-resistant bacteria in poultry farms
and their potential impact on the surrounding environment and human
health.
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