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ABSTRACT

The detection of extended-spectrum B-lactamase (ESBL) production and mobilized colistin resistance
gene (mer) in Escherichia coli isolates reveals the potential for developing bidirectional resistance to both
extended-spectrum B-lactamases and critically important colistin. The risk of transmission of these
resistant bacteria from animals to humans can cause serious difficulties in terms of public health and
veterinary medicine. This study was aimed to investigate the antibiotic resistance profiles of ESBL-
producing E. coli isolates obtained from broilers with colibacillosis in the western part of Tirkiye, the
main ESBL genotypes (blatem, blasuv, blaoxa, blactx-m) and the mcr-1 gene, one of the important
genetic determinants of colistin resistance. In the study, 247 (75%) E. coli isolates obtained by classical
conventional methods from 327 colibacillosis suspected broiler livers brought to the laboratory for routine
diagnosis within the scope of various studies during the last year were used. Bacterial identification was
done by classical conventional methods. ESBL-producing isolates were phenotypically confirmed with
CHROMagar™ ESBL. Genotypes and mcr-1 genes of ESBL-producing isolates were examined by
polymerase chain reaction. Antibiotic resistance profiles of the isolates against 20 antibiotics belonging
to nine antimicrobial families were evaluated by automated microbiology system (BD Phoenix, Becton-
Dickinson, USA). Isolates resistant to at least one antibiotic from three or more antibiotic classes were
considered as multidrug resistant (MDR). ESBL prevalence in isolates was determined as 27% (66
isolates). The most common ESBL gene was dlatem (53%), and dlactxm (27%), blasuy (8%) and
blaoxa (5%) genes were also detected. All ESBL-producing isolates were determined to be MDR. All
of the isolates were resistant to tigecycline, 97% to ampicillin and 91% to ciprofloxacin. The highest
susceptibility was observed against amikacin, ertapenem, imipenem and meropenem (100%). In addition,
the mcr-1 gene was detected in 12% of the ESBL-producing isolates. These results showed that ESBL
production was high in E. cofi isolates obtained from broilers, the dlaTem genotype was more dominant
than other genotypes and the dlarem genotype showed an increasing prevalence. The fact that all
ESBL-producing isolates were MDR displayed the difficulty of treating these bacteria. The coexistence
of ESBL and plasmid-mediated colistin resistance genes revealed that these bacteria pose a serious risk

to public health.
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INTRODUCTION

Extended-spectrum beta-lactamases (ESBLs) are enzymes
that confer resistance to beta-lactam antibiotics, including
third-generation cephalosporins and monobactams. These
enzymes inactivate antibiotics by hydrolyzing the beta-lactam
ring. ESBLs are found primarily in Gram-negative bacteria
such as Escherichia coli and Klebsiella pneumoniae, making
infections caused by these bacteria difficult to treat (1). This
resistance mechanism has become more widespread with in-
creased contact between human and animal populations (2).
This increases the risk of transmission of resistant bacteria
to humans between humans and animals sharing the same
environment (3).

To date, more than 350 ESBL variants are known,
which have been classified into nine distinct structural and
evolutionary families (TEM, SHV, CTX-M, PER, VEB,
GES, BES, TLA, and OXA) based on amino acid sequence
comparisons. The main types of ESBL variants include
TEM, SHV, CTX-M, and OXA (4). The blarem and blasny
genotypes have traditionally been the most common, but the
blactx-m genotype has been observed to be more widespread
in recent years (5). The blatem gene was first isolated from
a patient named Temoneira and generally confers resistance
to broad-spectrum beta-lactam antibiotics such as ampicillin
and piperacillin (6). The b/actx-m gene, called cefotaximase-
Munich, confers high-level resistance to third-generation
cephalosporins (e.g., cefotaxime and ceftazidime) (7). blasnv
genes often produce enzymes called sulthydryl variants. This
gene confers resistance to beta-lactam antibiotics such as
cephalosporins and penicillins (8). Oxacillinase genes (6/aoxa)
often produce enzymes that confer resistance to carbapen-
ems and broad-spectrum cephalosporins (9). Most genes
encoding ESBLs are plasmid-borne and are often found in
transposons and integrons, facilitating their mobilization by
other resistance determinants. Therefore, genes encoding
ESBLs can be easily transferred between bacteria (1).

It is known that poultry and poultry products are a poten-
tial source of antibiotic-resistant bacteria, including ESBL-
producing E. cofi, to humans (10). Therefore, the presence
of ESBL-producing bacteria in poultry may pose a serious
threat to public health. These bacteria can be transmitted
to humans through direct contact or through contaminated
food products (11). In Africa, 20% of ESBL-producing E. coli
with blactxm, blasuv and blatem genes have been detected

in chicken (12). Comparative analysis in Central Europe
has shown genetic similarity of ESBL-producing E. co/i
from Mongolian migratory birds and clinical isolates from
European hospitals (13). In Egypt, at least one ESBL phe-
notype/gene was phenotypically and genotypically identified
in 47% of 120 chicken farms and in all human samples, and
a high incidence of dlactx-m gene was detected in chicken
isolates (14).

In Turkiye, a limited number of studies have been con-
ducted on the presence of ESBL-producing E. co/i isolates in
broilers, and these studies were conducted with samples taken
from healthy birds. First, in 2017, the prevalence of ESBL
in E. coli isolates obtained from cloacal swabs of healthy
broilers was determined as 8.3%, and the 4/acTx-m gene was
reported in 80% of the isolates (15). In recent studies, ESBL-
producing E. coli was reported in E. co/i isolates obtained from
chicken meat (16) and healthy pigeon cloacal swabs (17).

This study aimed to investigate the antibiotic resistance
profiles of ESBL-producing E. co/i isolates obtained from
broilers with colibacillosis in western Tirkiye, the main
ESBL genotypes (blatem, blasuv, blaoxa, blactx), and the
mer-1 gene, which is one of the most important genetic
determinants of colistin resistance.

MATERIALS AND METHODS
Materials

The liver samples of 327 broilers belonging to the Ross 308
breed, aged between 1 and 40 days, brought to the laboratory
with suspicion of colibacillosis and obtained from farms be-
longing to the same broiler integration company were used as
material in this study. The main clinical symptoms observed
in these broilers were recurrent cough, anorexia, dyspnea,
diarrhea, weight loss and lameness. The minimum sample
size used in the study was calculated as 203 with an estimated
prevalence of 75% (based on the studies of Aberkane and
Seferoglu) (18, 19), a confidence level of 90% and a margin
of error of 5% (20).

Bacterial isolation and identification

Isolation was performed using standard bacteriological meth-
ods. Samples were streaked onto MacConkey Agar (Merck
105465, Germany) and incubated aerobically at 37°C for
24 hours. The next day, a single lactose-positive colony on

MacConkey agar was sub-cultured onto EMB agar (Merck
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101347, Germany). After another 24 hours of incubation
at 37°C, E. coli showing characteristic green metallic sheen
colonies were collected. These colonies were subjected to
biochemical tests (oxidase test, motility, citrate utilization,
indole test, methyl red, etc.) (21). For the confirmation of
bacterial identification, an automated system (BD Phoenix,
Becton-Dickinson, USA) was used for evaluation according
to the manufacturer’s instructions. The isolates were stored in
Brain Heart Infusion Broth (BHIB) containing 20% glycerol
(Merck 110493, Germany) at -20°C.

ESBL-producing E. coli isolation

ESBL-producing E. co/i isolates were identified using
ChromagarTm ESBL agar (France, Chromagar, 201470)
according to the manufacturer’s instructions. Each E. co/i
isolate was incubated at 37°C for 18-24 hours under aerobic
conditions. After incubation, bacteria forming pink (to bur-
gundy) colonies on ChromagarTm ESBL agar were consid-
ered ESBL-producing E. co/i strains. The colonies with pink
colour were tentatively identified as ESBL producer. The
ESBL producing isolates were further verified by Double-
Disc Synergy Test (DDST) using ceftazidime (CAZ-30 pg)
and ceftazidime with clavulanic acid (CAC-30/10 pg) as
well as cefotaxime (CTX, 30 pg) and cefotaxime-clavulanate
(CEC, 30/10 pg) discs. Briefly, E. co/i isolates were inoculated
into nutrient broth (Merck 105443, Germany) and incubated
at 37°C. The bacterial culture with a turbidity equivalent to
0.5 Mac Farland standard unit was inoculated on to Mueller
Hinton Agar (MHA) (Merck 103872, Germany) plates by
spread plate method. The antibiotic discs were placed on the
inoculated MHA plates at a distance of 20 mm apart and
incubated overnight at 37°C. The inhibition zone diameter
was measured for each antibiotic disc and its respective cla-
vulanic acid containing discs. A difference of >5 mm in the
presence of clavulanic acid when compared to its absence
was considered as positive for the production of ESBL (22).

Antibiotic susceptibility test

Antibiotic susceptibility testing (AST) of the isolates identi-
fied as E. coli was performed using the BD Phoenix (Becton-
Dickinson, USA) automated system with NMIC/ID 433
panels. The isolates were tested against 20 antibiotics belong-
ing to nine different antimicrobial families (Lipopeptide:

amikacin (AN), gentamicin (GM); Carbapenem: ertape-

nem (E), imipenem (IPM), meropenem (MEM); Cephem:
cefazolin (CFZ), cefuroxime (CXM), ceftazidime (CAZ),
ceftriaxone (CRO), cefepime (FEP); Penicillin: ampicil-
lin (AMP); Beta Lactam: ceftolozane-tazobactam (CT),
amoxicillin clavulanate (AMC), ampicillin sulbactam (AS),
piperacillin-tazobactam (PT); Lipopeptide: colistin (COL);
Folate: trimethoprim-sulfamethoxazole (TS); Quinolone:
ciprofloxacin (CIP), levofloxacin (LF), Tetracycline: tige-
cycline (TIG)). The resistance status of the isolates against
these antibiotics was examined. The results were evaluated
according to the criteria of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (23). E. coli
ATCC 25922 strains were used as quality control organisms.

Phenotypic detection of colistin resistance

During the study, colistin resistance in all isolates was ex-
amined using an automated system. The interpretation of
colistin minimum inhibitory concentration (MIC) results
was carried out using the EUCAST clinical breakpoints
(susceptible < 2 mg/L; resistant > 2 mg/L) (23).

Multidrug resistance (MDR)

MDR was defined as resistance to three or more antimicro-

bial classes (24).

DNA extraction

In this study, DNA extraction was performed using a com-
mercial genomic DNA extraction kit (InstaGene™ Matrix,
Biorad, Dubai) following the manufacturer’s instructions.
DNA purity and quantity were assessed using a nanodrop
spectrophotometer (Maestrogen, Taiwan). An OD260/
OD280 ratio of 1.6-2.0 indicated sufficient DNA purity
(25).

Polymerase chain reaction

PCRs were performed in a volume of 25 pl. The final con-
centrations were adjusted as follows: 1x of 10xTaq enzyme
buffer solution, 2 mM of 25 mM MgCl,,0.2 mM of 10 mM
dNTP, 0.4 pmol of each primer, and 1.5 U of Tag DNA
polymerase (Fermentas, Massachusetts, USA). After prepar-
ing the master mixes, PCR tubes were numbered according
to the number of samples, and 22 pl of master mix with 3 pl
of DNA was added for each sample. PCR pre-denaturation

was performed at 95°C for 5 minutes, denaturation at 95°C
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Table 1. Primers used in the study.

Primer Target Gene Sequence (5™-3) Amplicon size (bp) | Annealing (°C) Referans
usp-F CCGATACGCTGCCAATCAG
uspA 884 59 26
usp-R ACGCAGACCGTAGGCCAGAT
SHV-F CGCCTGTGTATTATCTCCCT
blastrv 293 57 27
SHV-R CGAGTAGTCCACCAGATCCT
CTX-M-F CGCTGTTGTTAGGAAGTGTG
blacTx 569 57 27
CTX-M-R GGCTGGGTGAAGTAAGTGAC
TEM-F ATAAAATTCTTGAAGACGAAA
blatEM 1080 49 28
TEM-R GACAGTTACCAATGCTTAATCA
0XA-F ACCAGATTCAACTTTCAA
blaoxa 598 47 29
0XA-R TCTTGGCTTTTATGCTTG
merl-F CGGTCAGTCCGTTTGTTC
mer-1 309 55 30
merl-R CTTGGTCGGTCTGTAGGG

for 30 seconds, then annealing at temperatures dependent on
the specific primers (Table 1) for 30 seconds and an extension
step at 72°C for 30 seconds, all steps for 30 cycles and a final
extension at 72°C for 10 minutes.

On electrophoresis, a 2% agarose gel stained with Safe
View (100 ml/6 pl) (ABM, Richmond, Canada) was used
and the gel was exposed to 100 volts for 45 minutes. After
electrophoresis, the gel was placed in the chamber of the
transilluminator device which was connected to the com-
puter and photographed under UV light (Vilbert Lourmat,
Collegien, France). When the amplified product formed a
band of the expected size (Table 2.), it was assumed to carry
the gene examined.

Molecular Identification of E. coli Isolates

In order to perform molecular verification of E. co/i isolates
at species level, the presence of the universal stress protein
gene ‘uspA’ in the isolates was examined by PCR (26).
In molecular studies, E. co/i ATCC 35150 was used as
positive control and Sa/monella Typhimurium ATCC 14028

as negative control.

Sequencing of PCR Products

In phenotypically ESBL producing isolates, the presence
of blatem, blasnv, blaoxa, blactx genes was examined by
PCR. In order to confirm the accuracy of the subtypes of
the detected bla genes, the PCR product of a sample that
gave a positive result from each gene subtype was purified and
sent to Macrogen Company (Netherlands) for sequencing

analysis. Sequencing results were analyzed using the BLAST
program (www.ncbi.nlm.-nih.gov/BLAST). Sequences
showing more than 97% homology were accepted as the
detected gene types and used as positive control in PCR.

Genotypic Detection of Colistin Resistance

The presence of the mcr-1 gene, which is a plasmid colistin
resistance gene, was examined in phenotypically colistin
resistant isolates. In PCR procedures, E. co/i NCTC 13846
strain was used as a positive control and E. co/i ATCC 25922
strain was used as a negative control.

RESULTS
Bacterial isolates

In this study, 327 broiler samples suspected of colibacillosis
were analyzed using an automated microbiology system (BD
Phoenix, Becton-Dickinson, USA) and E. co/i was identified
in 247 (75%) of them. 27% of these isolates (66 isolates) were
detected as ESBL positive with ChromagarTm ESBL agar.
In all isolates, an amplification product of 884 bp was ob-
tained in PCR analysis performed with uspA specific primers
and the isolates were confirmed as E. co/i (Figure 1). Then,
ESBL resistance genes and antibiotic resistance profiles of
66 ESBL positive isolates were examined.

Characterization of ESBL-producing E. coli isolates

ESBL prevalence in isolates was detected as 27% (66 iso-
lates). The most common ESBL gene was blatem (53%),
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Table 2. Antibiotic resistance status of ESBL-producing E. co/i isolates.

L . L ESBL positive isolates (n=66)
Antimicrobial Family-Antibiotic Name
R | (%) | s | (%)
Aminoglycoside
Amikacin 0 (0) 66 (100)
Gentamicin 20 (30) 44 (67)
Carbapenem
Ertapenem 0 66 (100)
Imipenem 0 66 (100)
Meropenem 0 (0.0) 66 (100)
Cephem
Cefazolin 48 (73) 16 (24)
Cefuroxime 53 (80) 11 (17)
Ceftazidime 34 (51) 29 (44)
Ceftriaxone 32 (48) 33 (50)
Cefepime 30 (45) 34 (52)
Penicillin
Ampicillin 64 | 97) | 2 | )
Beta Lactam
CeftolozaneTazobactam 8 (12) 58 (86)
Amoxicillin Clavulanate 59 (89) 7 (11)
Ampicillin Sulbactam 52 (79) 14 (18)
Piperacillin Tazobactam 7 (11) 59 (84)
Lipopeptid
Colistin | 8 | (12) | 58 | (89)
Folate
Trimethoprim Sulfamethoxazole ‘ 54 ‘ (82) ‘ 12 ‘ (15)
Quinolone
Ciprofloxacin 60 (91) 6 9)
Levofloxacin 57 (86) 9 (11)
Tetracycline
Tigecycline | 66 | (1000) | 0 | (0.0)

while dlactx-m (27%), blasty (8%) and blaoxa (5%) genes
were also detected (Figure 2).

Antimicrobial resistance and multiple
antibiotic resistance

In this study, antibiotic resistance profiles of 66
ESBL-producing E. co/i isolates were evaluated using
an automated microbiology system. All isolates were
found to be susceptible to amikacin, ertapenem,
imipenem, and meropenem, while they were found

to be resistant to tigecycline (Table 2, Figure 3).
It was determined that the isolates showed low-level
resistance (11%-30%) to some antibiotics (gentamicin,
ceftolozane-tazobactam, piperacillin-tazobactam, colistin),
moderate resistance (31%-75%) to some antibiotics
(cefazolin, ceftazidime, ceftriaxone, cefepime) and high-
level resistance (76%-99%) to several antibiotics (ce-
furoxime, ampicillin, amoxicillin-clavulanate, ampicillin-
sulbactam, trimethoprim-sulfamethoxazole, ciprofloxacin,
levofloxacin).
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Figure 1. Agarose gel electrophoresis images of PCR products belonging to specific genes 1. uspA gene (884 bp, E. coli ATCC 35150) 2. NC (8.
Typhimurium ATCC 14028) 3. dlastv gene (293 bp) 5. blacTx gene (569 bp) 7. blacxA (598 bp) 9. blareM gene (1080 bp) 4, 6, 8,10: NC
(DNA-free master mix). M: 100bp DNA Ladder (100 bp, Vivantis, Malaysia).
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Figure 2. ESBL genotypes and prevalence.
Colistin resistance DISCUSSION

In this study, the 7cr-1 gene was detected in 12% of ESBL-
producing isolates. It was determined that all isolates deter-
mined to be phenotypically resistant to colistin also carried
the mer-1 gene genotypically (Figure 4). These findings
indicated that all phenotypically colistin-resistant isolates
had the plasmid-mediated mcr-1 gene.

These results indicated that ESBL-producing E. coli
strains developed resistance to a wide range of antibiot-
ics and therefore treatment options should be carefully
evaluated.

Detection of ESBL production is of great importance
because ESBL-positive strains have been associated with
higher mortality rates compared to ESBL-negative strains
(1). ESBL-producing bacteria are often multidrug resistant,
which significantly limits treatment options (31). The spread
of these strains can occur both through direct animal contact
and through consumption of contaminated animal products,
which increases the risk of zoonotic transmission (32). In
our study, the prevalence, antibiotic resistance profiles, and

significant ESBL and colistin resistance genotypes of ESBL-
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Figure 3. Antibiotic resistance rates of ESBL-producing E. co/i isolates.

All ESBL-producing isolates (100%) were multi-antibiotic resistant.

Figure 4. Gel electrophoresis for colistin resistance encoded by the mcr-1 gene: 1. mcr-1 gene (309 bp, E. coli NCTC 13846);
2. mer-1 gene positive field isolate; 3. NC (E. co/i ATCC 25922); M: Marker (100 bp, Fermentas, USA).

producing and multidrug resistant E. co/i strains isolated from
broilers in western Turkiye were investigated. The findings
indicate a possible zoonotic transmission risk and that these
bacteria limit treatment options. In particular, the coexistence
of two critically important resistance mechanisms, such as
ESBL and colistin resistance, reduces the ability of bacteria to
respond to treatment, posing a serious risk for both veterinary

and public health.

In recent years, the prevalence of ESBL-producing E.
coli strains has been increasing worldwide and this is a sig-
nificant problem, especially in poultry farming (5). It has
been reported that ESBL production is common in E. co/i
strains isolated from poultry in Brazil and that these strains
have developed resistance to a wide range of antibiotics (33).
Similarly, a high prevalence of ESBL-producing strains was
detected in our study, and it was observed that the majority
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of these strains were resistant to broad-spectrum antibiotics.
This confirms once again that the use of antibiotics in the
livestock industry contributes to the development of resis-
tance in bacteria (34). In particular, the widespread use of
broad-spectrum antibiotics in animal farming accelerates the
spread of antibiotic resistance.

The potential for transmission of ESBL-producing
bacteria from animals to humans poses a serious threat to
public health. A previous study emphasized that transmis-
sion of ESBL-producing E. co/i strains commonly found
in poultry has become a global problem (35). Our findings
are consistent with this global trend and indicate that the
poultry production chain plays a critical role in the spread of
antimicrobial resistance (36). This situation highlights the
need to develop effective strategies to ensure the safety of
animal products and combat antimicrobial resistance.

In our study, the most common ESBL genotype was the
blatem gene, with a prevalence of 53%; this prevalence is
higher than the prevalence in a study conducted in Brazil
(17%) (33) and lower than the prevalence in Egypt (100%)
(37). The second most common ESBL genotype was the
blacTx M gene, with a prevalence of 27%. This prevalence is
higher than some studies in South America (38), but lower
than other studies (39). In addition, the dlasnv gene was
detected with a low prevalence of 8% in our study, whereas
the prevalence of this gene in poultry farms in Brazil was
reported as high as 45% (33). In Germany and Spain, b/asmy-
like enzymes have been reported to be common in retail
poultry products (40). The prevalence of the rarely studied
blaoxa gene was 5% in our study, while it was reported as 11%
in the Egyptian study (37). These proportional differences
may be due to various factors such as geographical variations
and antibiotic utilization policies.

The antibiotic susceptibility results obtained in our study
are parallel to the findings of a similar study conducted in
Algeria (18). High resistance rates to antibiotics such as am-
picillin (100%), tetracycline (100%), nalidixic acid (95%) and
ciprofloxacin (87%) have been reported in avian pathogenic
E. coli strains isolated in Algeria. Similarly, high resistance
rates to these antibiotics were observed in our study. However,
trimethoprim-sulfamethoxazole resistance was reported at a
lower rate of 62% in the Algerian study, while it was 82%
in our study. These findings are consistent with the study
conducted in Algeria in 2023 (18) and emphasize the high

prevalence of multiple antibiotic resistant strains. Differences

in antibiotic resistance rates may be due to geographical,
socio-economic factors and diversity in antibiotic use habits.

The risk of transmission of the mcr-1 gene from animals
to humans through direct contact, contaminated food, and
environmental sources is high (41). The spread of this gene
threatens public health by causing infections that limit treat-
ment options in humans and nosocomial infections (42). In
our study, the mer-1 gene was detected in 12% of ESBL-
producing isolates; this finding is consistent with previous
studies. In a study conducted in Argentina in 2019, the
presence of the 7cr-1 gene was confirmed in E. co/i strains
isolated from domestic animals and it was stated that this
gene plays a critical role in the spread of resistance between
humans and animals (38). The ability of the mer-1 gene to
be transmitted via plasmid allows rapid spread of resistance
and poses a risk especially between poultry and domestic
animals (42). Colistin is one of the antibiotics of last resort,
and the presence of mcr-1-carrying strains severely limits
treatment options (30,41). The low rates of colistin resistance
observed in our study indicate that careful management of
antibiotics may be effective in limiting the development of
resistance, but other environmental and genetic factors also
play a role. In a recent study conducted in Algeria (18), 14%
colistin resistance was reported, in line with the findings in
this study. The rapid spread of resistance genes via horizontal
gene transfer (conjugation, transduction, transformation) via
plasmids is accelerated in environments with high antibiotic
pressure, especially via conjugation. In environments where
antibiotics are used intensively, the mobilization ability of
plasmids and environmental stress factors promote this gene
transfer (30). This situation may cause the rapid spread of
resistant bacteria, especially in places such as hospitals and
animal husbandry facilities.

Ditferences in antibiotic use among countries have a sig-
nificant impact on the prevalence of ESBL-producing bac-
teria. While antibiotic use is strictly regulated in developed
countries, uncontrolled and widespread antibiotic use is still a
major problem in developing countries. For example, the ban
on growth-promoting antibiotics in the European Union has
reduced the spread of ESBL strains (43), while in countries
such as India and Brazil, the easy accessibility of antibiotics
and their uncontrolled use in animal husbandry have led to
an increase in antibiotic resistance (43). Similarly, in countries
such as the USA and China, the use of antibiotics in the
animal husbandry sector contributes to the spread of resistant
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bacteria (42, 44). Similarly, in Tirkiye, the uncontrolled use
of antibiotics in animal husbandry, especially due to over-
the-counter sales and inadequate regulations, contributes to
the increase in antibiotic resistance. This situation highlights
the need for stricter regulations at the local and global level
to limit antibiotic resistance.

Our study demonstrates the presence of both ESBL
production and the 7cr-1 gene in E. co/i strains isolated from
broilers in Tiirkiye, indicating that these two important resis-
tance mechanisms coexist. In particular, the dominance of the
blatenm genotype, the increasing prevalence of the dlactx-m
gene, and the detection of the mcr-1 gene at a rate of 12%
indicate regional differences in the antimicrobial resistance
profile in poultry farming in Tiirkiye. These findings, while
being consistent with the data reported in the international
literature, suggest that Tirkiye’s different geographical and
production conditions make significant contributions to
the dynamics of resistance spread. The increase in multiple
antibiotic resistance and colistin resistance causes a decrease
in the effectiveness of existing antibiotics, necessitating the
development of new treatment strategies. These strategies
include innovative approaches such as new antibiotic classes,
bacteriophage treatments, and antimicrobial peptides. In
addition, methods that reduce the risk of resistance, such
as probiotics, can be evaluated among alternative treatment
options. Given that multiple antibiotic resistance and colistin
resistance limit current treatment options, the develop-
ment and implementation of such alternatives is of critical
importance.
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