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Abstract: Antimicrobial resistance (AMR) is a growing global issue, driven by the nontar-
geted use of antimicrobials in livestock. Poultry, particularly broilers, may serve as sig-
nificant reservoirs for resistant Escherichia (E.) coli strains. This study aimed to isolate E.
coli from broiler flocks and evaluate their in vitro susceptibility towards B-lactams, ceph-
alosporins, carbapenems, tetracyclines, and fluoroquinolones. Additionally, a multiplex
real-time PCR assay was used to detect extended-spectrum B-lactamase (ESBL)- and
carbapenemase-encoding genes. A total of 48 commensal E. coli isolates from broiler
flocks in Bosnia and Herzegovina (BiH) were analyzed. Phenotypic resistance, deter-
mined using the disc diffusion method, was observed for ampicillin (87.5%), amoxicillin/
clavulanic acid (62.5%), cefepime (41.7%), cefoxitin (45.8%), cefotaxime (50.0%), ceftazi-
dime (47.9%), azithromycin (58.3%), ciprofloxacin (66.7%), and tetracycline (72.9%). PCR
analysis confirmed bla.,,, bla,,,, and bla,,,, genes in 24 isolates (50%), whereas bla,,
and carbapenemase-encoding genes (bla,., bla,,,. bla,,, .. bla,,, and bla ) were not
detected. The high prevalence of multidrug-resistant E. coli strains highlights the need
for enhanced antimicrobial stewardship in poultry production. Reducing antibiotic use,
promoting alternative disease control measures, and implementing systematic resis-
tance monitoring programs are crucial to reduce AMR in broiler farms and potential spill
over to public health.

Introduction

E. coli holds a unigue position in microbiology, functioning
as both a commensal bacterium and a potential pathogen
(7). Most E. coli strains are non-pathogenic in mammals
and poultry, constituting part of the normal intestinal flora
(2). However, pathogenic strains can affect different organs
and systems in diseased poultry, leading to conditions such
as omphalitis, coligranulomatosis, air sac disease, avian
cellulitis, swollen head syndrome, peritonitis, salpingitis,
osteomyelitis, and panophthalmitis (2). Unlike in mammals,

where E. coli may cause intestinal diseases, in poultry, it pri-
marily leads to secondary localized or systemic infections
due to a weakened or insufficiently functional immune sys-
tem (2). Additionally, E. coli infections can contribute to sig-
nificant economic losses in the poultry industry (2). Young
birds, typically between 2 and 12 weeks old, are most sus-
ceptible, with the highest mortality rates occurring around
4 to 9 weeks of age (3). The earliest indications of illness
include reduced appetite, lethargy, and a dejected posture
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with ruffled feathers. Infected birds may retract their heads
and necks into their bodies, and as the condition progress-
es, they exhibit labored, rapid breathing, gasping, or other
signs of respiratory distress (3).

Colibacillosis is a globally prevalent bacterial infection in
poultry, with its incidence varying by region due to differ-
ences in management, climate, and biosecurity practices
(4). It affects broilers, layers, breeders, and other species
such as pigs, rabbits, and pet animals (4). Seasonal pat-
terns influence its occurrence, with cold and wet conditions
promoting E. coli survival and increasing disease outbreaks
(4). Within poultry farms, factors like farm size, biosecurity,
and stocking density play a crucial role in disease dynam-
ics, with largescale farms being more vulnerable to out-
breaks (4).

A significant concern associated with E. coli is the potential
transmission through numerous pathways of virulent and/
or antimicrobial-resistant strains, as these bacteria contrib-
ute to the global challenge of antimicrobial resistance and
the transfer of resistance genes (1).

Antimicrobial resistance continues to pose a major threat
to human and veterinary medicine (5). Although many AMR
genes originate from the environment and resistance is
a natural phenomenon, the intensive use of antibiotics in
recent decades has been one of the main causes of the
emergence and rapid spread of AMR (6, 7, 8). Another chal-
lenge in combating the spread of AMR is that it is evolv-
ing faster than the development and market introduction of
new antimicrobial drugs (9). The use of antibiotics is wide-
spread in commercial poultry production, one of the most
widespread branches of animal production with an annual
global production of over 90 billion tons of chicken meat in
2018 (10). An important milestone in the fight against the
spread of AMR was the Regulation (EC) No 1831/2003 of
the European Commission, which introduced an EU-wide
ban on the use of antibiotics as growth promoters in the EU
(11). In the United States of America (USA), similar legisla-
tion came into force in 2017 (12). Despite these efforts, the
occurrence of resistant bacteria and antibiotic residues in
poultry and poultry products remains a cause for concern
(10). The digestive tract of poultry and other animals can
serve as a reservoir for resistant bacteria such as E. colj,
Salmonella and Campylobacter (13).

In Bosnia and Herzegovina, the "Law on Medicinal Products
Used in Veterinary Medicine" (14) regulates the production,
trade, testing and control of medicinal products used in vet-
erinary medicine to protect animal health. It also defines
the manner of prescribing and dispensing medicinal prod-
ucts and the conditions for trade of veterinary medicinal
products (15, 16). However, the current regulations in BiH
does not specify how and under what conditions antibiotics
may be used in animal husbandry.
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Of concern is that commensal E. coli strains can contribute
tothe spread of certain beta-(B)lactamases encoding genes
known as extended spectrum B-lactamases (ESBL) encod-
ing genes (13), as well as plasmid-mediated B-lactamases
(pPAMpC) (7). These enzymes are able to hydrolyze penicil-
lins and cephalosporins up to the 3rd generation. ESBLs are
often inhibited by clavulanic acid (18).

Poultry can be a potential source of ESBL-producing bac-
teria that can be transmitted to humans and lead to in-
fections (19). Several EU Member States reported a high
prevalence of ESBL-producing enterobacteria in European
broiler production (20, 21, 22, 23, 24). In a study by Blaak
et al. (23), ESBL-producing E. coli isolates were found to be
highly prevalent in Dutch poultry production, especially in
broiler flocks (81%), which could be related to AMU in broil-
ers, which are more common than in layers. On the other
hand, Mo et al. (22) state that the first ESBL-producing E.
coli strain was isolated from the feces of a healthy broiler
in 2006 and that broiler production in Norway could be a
reservoir for ESBL-producing E. coli (24). Furthermore, Gao
et al. (25) point out that ESBL-carrying E. coli can be spread
from animals via the food chain and water. The ESBL-
producing E. coli isolates were detected in the meconium
of 1-day-old chicks, indicating that ESBL-encoding genes
can be transmitted vertically (26).

In addition to ESBL-producing bacteria in livestock, car-
bapenem resistance in enterobacteria is also of increasing
concern (27). In recent years, several studies have detected
bacteria with carbapenemase-encoding genes in livestock
and wild birds (28, 29, 30, 31, 32, 33, 34). The concern is
justified by the importance of carbapenems as important
antimicrobial agents (35) and their use in severe life-threat-
ening infections with multidrugresistant bacteria in humans
(36, 37, 38). Due to their importance in human therapy, car-
bapenems are not authorized for use in food-producing ani-
mals in the EU (29).

Considering the sparse data on AMR in commensal E. coli
isolates from commercial broiler production in BiH, the aim
of this study was to isolate and identify E. coli from specific
broiler farms and test their in vitro susceptibility to specific
antibiotics from the group of Blactams, cephalosporins,
carbapenems, tetracyclines and fluoroquinolones. In ad-
dition, a screening with multiplex real-time PCR was per-
formed to identify the potential presence of potential ESBL-
and carbapenemase-encoding genes.

Materials and methods

Sampling of diagnostic material was conducted between
March 2019 and October 2020 on 48 broiler farms in BiH.
The selection of these 48 flocks was based on a stratified
random sampling method, ensuring representation from
various regions within the country and accounting for fac-
tors such as farm size, production system, and biosecurity



practices. This approach aimed to capture a diverse range
of conditions and practices that could influence the preva-
lence of E. coli infections. Broiler flocks consisted of at least
10 000 animals per farm. The sampled broiler flocks, all of
COBB 500 provenance, were between 27 and 35 days old.
Sampling was performed using two pairs of boot swabs
per flock in the production area of each farm. The shoe
covers were required to have adequate moisture absorp-
tion capacity and were pre-soaked with sterile 0.8% saline
solution 0.8% saline (Centrohem d.o.o., Serbia). To ensure
representative sampling, the designated area was walked
through whole area. Upon completion, the boot swabs were
carefully removed, turned inside out to retain the collected
material, and properly packaged and labeled. Samples were
transported to the laboratory as soon as possible in airtight,
sealed containers under cold chain conditions. The time
frame between sample collection and laboratory process-
ing did not exceed 24 hours, ensuring sample integrity and
minimizing potential changes in microbial composition.

Isolation of E. coli

The boot swabs were incubated for 18 + 2 hours at 37
°C in 225 ml buffered peptone water (Condalab, Madrid,
Spain). After incubation, the contents were inoculated onto
MacConkey agar (Condalab, Madrid, Spain) to isolate E. coli,
meanwhile another loopful was streaked onto MacConkey
agar containing 1 mg/l cefotaxime (MC+CTX) (Acros
Organics, China) to screen for E. coli resistant to third gen-
eration cephalosporins and incubated overnight at 37 °C.
A presumptive E. coli colony was inoculated onto eosin
methylene blue agar (Liofilchem s.rl., Italy) and incubated
overnight at 37 °C. API 20 E biochemical strips (BioMerieux,
France) were used to confirm E. coli according to the man-
ufacturer's instructions. Confirmed E. coli isolates were
stored as stab cultures in nutrient agar for further antibiotic
susceptibility testing and real-time PCR.

Antibiotic susceptibility testing (AST)

To test the antibiotic susceptibility of E. coli isolates, the
disc diffusion method was performed according to the rec-
ommendations of the Clinical and Laboratory Standards
Institute (CLSI) and the European Commission for
Antimicrobial Susceptibility Testing (EUCAST) (39, 40). In
addition, the Combination Disc Test (CDT) was performed
to detect ESBL-producing E. coli isolates.

a) Disc diffusion method

For the disc diffusion method, isolates were suspended in
sterile 0.8% saline solution and adjusted to a turbidity of 0.5
McFarland (BioMerieux, France) and inoculated uniformly
onto Mueller-Hinton agar (Condalab, Madrid, Spain). After
drying of the plate surface, antibiotic discs [ampicillin (10
1g), amoxicillin + clavulanic acid (20 ug + 10 ug), cefepime
(30 pg), cefoxitin (30 ug), cefotaxime (30 pg), ceftazidime
(30 pg), meropenem (10 pg), imipenem (10 ug), ertapenem

(10 pg), ciprofloxacin (5 ug), azithromycin (15 ug), tetra-
cycline (30 ug), tigecycline (15 ug)] (Liofilchem s.rl, Italy)
were added and the plates were incubated overnight at 37
°C (39). Growth inhibition around the discs was measured
the next day. The results were interpreted in accordance
with the CLSI recommendations (39), with the exception
of tigecycline, for which the interpretation was according
to EUCAST (40). Depending on the diameter of the zone
of inhibition, the E. coli isolates tested were classified as
sensitive (S), intermediate (1), resistant (R) and susceptibil-
ity dosedependent (SDD). E. coli isolates were classified as
SDD if the zone diameter for cefepime was 19-24 mm, as
CLSI (39) does not have a breakpoint value for classifying
isolates as “intermediate” for the above antibiotic. The in-
terpretation categories and zone diameter breakpoints are
listed in Table 1

Table 1; Interpretative categories and zone diameterin mm 600 breakpoints
for selected antibiotics

Interpretative categories and zone
diameter breakpoints

Antibiotics

S | R SDD
Ampicillin =17 14-16 <13
Amoxicillin + clavulanic acid =18 1417 <13
Cefepime >25 <18 19-24
Cefoxitin >18 15-17 <14
Cefotaxime 226 23-25 <22
Ceftazidime =21 18-20 <17
Meropenem >23 20-22 <19
Ertapenem =22 19-21 <18
Imipenem 223 20-22 <19
Ciprofloxacin >26 22-25 <21
Azithromycin =13 <12
Tetracycline >15 12-14 <11

b) Combination Disc Test (CDT)

E. coli isolates grown on MacConkey with 1T mg/| cefo-
taxime (Acros Organics, China) were subjected to CDT.
For CDT, the E. coli isolates were adjusted to a turbidity of
0.5 McFarland (BioMerieux, France) and inoculated onto
Mueller-Hinton agar (Condalab, Madrid, Spain). After drying
the plate surface for 15 min, cefotaxime (30 ug), cefotaxi-
meclavulanic acid (30 ug and 10 ug), ceftazidime (30 ug)
and ceftazidime-clavulanic acid (30 plus 10 ug) (Liofilchem
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s.rl, Italy) were applied at least 25 mm apart from another
(39). The test was positive if the zone of inhibition with cla-
vulanic acid was = 5 mm compared to that without clavu-
lanic acid (e.g. ceftazidime = 16, ceftazidime + clavulanic
acid = 21) (39). The E. coli strain ATCC 25922 was used as
quality control.

Detection of potential AMR-associated genes
a) Bacterial DNA extraction by thermal lysis

The DNA template was prepared by the adapted boiling
method according to Roschanski et al. (44). Thermal lysis
was performed with 1 ml of an overnight culture of E. coli
in BPW (Condalab, Madrid, Spain). The culture was centri-
fuged at 14 000 rpm for five minutes, the supernatant was
discarded and the remaining pellet was resuspended in 300
ul of sterile TE buffer (10 mM Tris, 0.1 mM EDTA, pH 8). To
lyse the cells, this was heated to 99 °C for 10 minutes. The
suspension was cooled on ice for three minutes, vortexed
centrifuged at 14000 rpm for two minutes. Finally, 100 ul of
the supernatant was stored at -20 °C for subsequent real-
time PCR (44).

b) Real-time PCR for potential ESBL and carbapenemase-
encoding AMR genes

The bacterial DNA of the isolates was subjected to a screen-
ing method by multiplex realtime PCR for the detection of
AMR genes, using the specific primer pairs and fluorescent
probes from previous studies (41, 42, 43). PCR cycling con-
ditions for the detection of ESBL and carbapenemase-en-
coding genes were performed according to the protocol of
Roschanski et al. (44) and van der Zee et al. (43).

Results

Isolation and identification of E. coli

Of atotal of 48 broiler flocks examined, E. coli was detected
in booth swabs from all broiler farms (n=48). All 48 isolates
showed pink colour, shiny and smooth colony on the sur-
face of MacConkey agar and characteristic metallic green
sheen on EMB agar. By using CDT for ESBL identification,
the presence of both ESBL-producing and non-producing
E. coli isolates were confirmed. The results showed that 10
(20.83%) isolates were ESBL producers.

Antimicrobial susceptibility testing

The results of the antimicrobial susceptibility testing re-
vealed variations in the susceptibility of E. coli isolates, as
presented in Table 2. E. coli isolates derived from broiler
farms showed the highest resistance rates, particularly
to tetracycline (75%), ampicillin (72.92%), ceftazidime
(66.67%), ciprofloxacin (31.25%), cefotaxime (20.83%),
amoxicillin-clavulanic acid (18.75%), cefepime (14.58%),
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Table 2: Results of antibiotic susceptibility testing using the disc diffusion
method

Interpretative categories and zone diameter
breakpoints

Antibiotics
S | R SDD
_— . 10 35
Ampicillin 3(6.25%) (2083%)  (72.92%)
Amoxicillin/ o o o
clavalanicacid  38(7917%)  1(208%) 9 (18.75%)

) 22 . . 19
Cefepime (45.83%) 0% 7 (14.58%) (39.58%)
Cefoxitin 46 1(2.08%) 1(2.08%)

(95.83%) i '
Cefotaxime 38(7917%) 0% 10
: (20.83%)
Ceftazidime 14(2917%) 2 (4.16%) 82
: : (66.67%)
Meropenem 48 (100%) 0% 0%
Ertapenem 48 (100%) 0% 0%
Imipenem 48 (100%) 0% 0%
Ciprofloxacin 7 (14.58%) 26 (54.17%) 15 (31.25%)
Azithromycin 46 0% 2 (4.17%)
(95.83%) '
Tetracycline 12 (25%) 0% 36 (75%)
Tigecycline 48 (100%) 0% 0%

azithromycin (4.17%), and cefoxitin (2.08%). Notably, the
resistance was towards tigecycline or carbapenems (me-
ropenem, ertapenem, and imipenem) was not detected.

Screening of potential ESBL-associated and
carbapenemase-encoding AMR genes

Among the 48 E. coli isolates obtained from broiler farms,
resistance genes encoding ESBL/pAmpC were identified—
either individually or in combination—in 24 (50%) isolates
as shown in Figure 1. Among these, the most prevalent
resistance genes were bla,, (35.42%), bla ., (6.25%),
and bla,,, (2.08%). Some isolates carried combinations
of resistance genes, including bla . .cuy (417%) and
bla e (2.08%). Neither blag,, nor carbapenemase-
encoding genes (bla, .., bla bla,,, . bla,, and bla

KPC’ GES)
were detected.

NDM’

Discussion

Antimicrobial resistance has become a major threat to pub-
lic health, leading to problems in the prevention and treat-
ment of persistent infections (44). Despite scientific efforts
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Figure 1: Detected ESBL/pAMPC resistance genes

to address this problem in recent decades, the spread of
antimicrobial resistance remains a problem (44). The main
reason for the emergence of AMR is considered to be AMU
in veterinary, human medicine and in agricultural produc-
tion (45). Antimicrobial resistance is influenced by spon-
taneous evolution, bacterial mutation and the transfer of
resistant genes by horizontal gene transfer (44). It is par-
ticularly important to emphasize the role of Gramnegative
bacteria such as E. coli, which are ubiquitous in humans
and animals (7). E. coli can serve as a reservoir for AMR-
encoding genes that can be transferred between different
bacterial species, including zoonotic bacteria (1, 46, 47).

AmongtheE. coliisolates examined in this study, the highest
resistance rate was found for tetracycline (75%), ampicillin
(72.92%) and ceftazidime (66.67%), followed by ciprofloxa-
cin (31.25%), cefotaxime (20.83%), amoxicillin + clavulanic
acid (18.75%), cefepime (14.58%), azithromycin (4.17%) and
cefoxitin (2.08%) (Table 2). A similar observation was made
by Persoons et al. (51), where high resistance to ampicil-
lin, nalidixic acid, streptomycin, tetracycline and a combi-
nation of trimethoprim and sulfonamides was found in E.
coli isolates from cloacal swabs and carcasses of broilers.
Furthermore, the high levels of resistance to tetracyclines
and ampicillin may be associated with the frequent use of
these antibiotics in poultry production in our country. On
the other hand, Much et al. (52) reported a high resistance
rate to ciprofloxacin (69.1%) in E. coli isolated from appen-
dix samples of conventionally reared broilers in Austria. In
addition, Gholami-Ahangaran et al (50) reported a high rate
of resistance to B-lactam antibiotics, macrolides, tetracy-
clines, fluoroguinolones, nitrofurans, aminoglycosides, fo-
late pathway antagonists and phenicols in ESBL-producing
E. coli isolates from turkey meat samples. According to
these findings, it is hypothesized that the high resistance
to B-lactams and other antibiotic classes may be due to
the co-transfer of a plasmid carrying MDR-encoding genes
(50).

In our study, 10 isolates showed resistance to cefotaxime.
In a study by Hadzi¢-Hasanovi¢ et al (51), resistance to
penicillins, nalidixic acid, cephalexin and ceftriaxone was

found in E. coli isolates from chicken skin samples, includ-
ing fresh and frozen meat samples, while Fetahagic¢ et al.
(52) reported resistance to amoxicillin, cefazolin, cefotaxi-
me and ceftriaxone in cefotaxime-resistant E. coli isolates
from poultry in BiH.

In addition, Gholami-Ahangaran et al. (50) state that AMR
could be influenced by geographical location. Even though
the resistance rate of E. coli varies in different European
countries such as Poland, Germany, France and the United
Kingdom, the resistance rate to penicillins is high in all
countries (70%) (47). In addition, Blaak et al. (23) pointed
out that ESBL-producing E. coli are widespread in poultry
production in the Netherlands, especially in broiler flocks.

Inthe studies by Hadzi¢-Hasanovi¢ et al. (51) and Fetahagi¢
et al. (52), phenotypically confirmed ESBL-producing E. coli
isolates were sensitive to carbapenems. This was also con-
firmed in our study, as selected E. coli isolates were sensi-
tive to meropenem, ertapenem and imipenem. According
to the EFSA report 2021/2022 (53), resistance of E. coli to
carbapenems was less common. In this regard, resistance
to meropenem was detected in one isolate from broilers
in 2021/2022. The less resistance to selected carbapen-
ems can be explained by the fact that these antibiotics are
not approved for use in food-producing animals (54, 55).
According to Silva et al (56), the detection of carbapene-
mases in enterobacteria is less pronounced in E. coli and
Salmonella spp. than in Klebsiella (K.) pneumoniae. This is
confirmed by several studies from Europe in which sporad-
ic carbapenem resistance was found in E. coli from pigs
and their environment (33, 57, 58, 59). Resistance to tigecy-
cline was found only in three isolates from broilers and pigs
from Belgium and three isolates from pigs from Malta (53).
No resistance to tigecycline was detected in our study.

Since B-lactams are used in veterinary and human medi-
cine (60), the most common Blactamases in Gram-negative
bacteria contain genes encoding resistance to these an-
tibiotics, represented by different genes belonging to bla-
e blag,, bla,,,. bla,,, and bla,,, (60, 61). In our study,
the bla.,, gene was the most represented (41.6%) (n=17)
(Figure 1), but further molecular subtyping of this gene was
not performed, so it is not possible to specify which sub-
type of bla,,, it is and whether or not it is associated with
ESBL production. A similar observation about the presence
of the bla,,, gene in E. coli isolates from poultry was made
in a study from Thailand (65). The bla,,,, gene was found
in three isolates that were also phenotypically resistant to
cefotaxime. GholamiAhangaran et al (50) state that the
presence of high resistance as well as the frequency of the
bla.,,, gene can be associated with the presence of the
ESBL gene and resistance to cefotaxime. It is important to
point out that the combination of bla.,, . ..., (0=2) and bla-
rewmacn (N1=1) genes was detected in some isolates. The
bla.,,, gene was detected in one E. coli isolate. Previous
studies have observed that combinations of different AMR
genes are present in E. coli isolates (50, 63). Jafari et al.
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(66) detected a combination of two or three ESBL genes
in 15 (10 %) E. coli isolates from broiler chickens. The most
frequent gene combinations in E. coli isolates were bla.,,
+ b/aCTx—M—ws‘ b/aTEM + b/aSHV’ b/aSHV + b/aCTX—M—15 and as b/aTEM
+ blag,, + bla.,,,.. type (66). In Iran, Gholami-Ahangaran
et al (50) detected a combination of two ESBL genes in E.
coli isolates from meat and intestinal contents of turkeys,
with the most common gene combination being bla,.,, +
bla,,,, Molecular analysis in our study revealed that 7 out
of 10 phenotypically confirmed ESBLproducing E. coli iso-
lates carried at least one of the potential ESBL-associated
genes: bla,,,, (n=1), bla,,, (n=3), bla,,, + bla,,, (n=2), and
bla,,, + bla.,,, (n=1). On the other hand, in 3 out of 10
phenotypically confirmed ESBL-producing E. coli isolates,
no AMR genes were detected using the molecular screen-
ing method. The lack of a genotypephenotype association
could be explained by other resistance genes (67) or fac-

tors that were not investigated in this study.

In addition, a larger panel of genes encoding B-lactamases
could help determine the genetic determinants of resis-
tance in these isolates (65). Furthermore, despite the pres-
ence of blaTEM genes (n=17), no phenotypic resistance
was observed. In this context, we did not characterize the
subtypes of AMR genes detected, which would provide
valuable information for a better understanding of the mo-
lecular AMR epidemiology. Discrepancies in genotype—phe-
notype association have been demonstrated in previous
studies with clinical isolates of E. coli and K. pneumoniae
(66, 67). Zhang et al. (66) investigated whether ESBL genes
are present in clinical, non-ESBL-producing, antibiotic-sus-
ceptible K. pneumoniae isolates. A total of 8.9% (18/202)
of the isolates carried only one ESBL gene, including the
blag,,, andbla,,,, genes. Nine of the isolates carrying ESBL
genes did not exhibit phenotypic resistance (66). In their
study, Kazemian et al. (67) observed the phenotypic and
genotypic characteristics of ESBL-, AmpC- and carbapene-
mase-producing K. pneumoniae and E. coli recovered from
clinical isolates. With the exception of one E. coliisolate, the
genotypic method confirmed the phenotypic results (67).
It is likely that the antibiotic regulates the antimicrobial re-
sistance genes so that they are only slightly expressed in
vitro, or that the phenomenon of heteroresistance associ-
ated with unstable tandem gene amplification, rare muta-
tion and environmental modulation of the resistant genes
may explain the different susceptibilities (64). Moreover, in
a previous study, bla.,, .. bla,,, ., and blag, ., genes were
observed as the most represented types of ESBLencoding
genes in poultry (26). An increase in the prevalence of
the CTX-M type was previously described in the United
Kingdom, the Netherlands and Germany (26). In the study
by Hadzi¢-Hasanovi¢ (51), ESBL-producing E. coli isolates
from BiH obtained from chicken skin contained different
ESBL-encoding genes, including bla,,,, ,, type genes, as well
as mutations in TEM and SHV, encoding ESBL enzymes.

In different studies from African, American, Asian and
European countries (43, 68, 59, 70, 71, 72, 73, 74, 75),
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carbapenemase-encoding genes were detected in bacte-
ria from farm animals (cattle, pigs, poultry), domestic ani-
mals (dogs, cats, ornamental birds) and wild animals. In
Europe, carbapenemase-encoding genes are only sporadi-
cally detected in poultry. In our study, no carbapenemase-
encoding resistance genes (bla,,., bla,,,, bla,,,.. bla,,,
and bla ., genes) were detected. It should be noted that
the route of transmission of carbapenemase-resistant en-
terobacteria from food-producing animals, pets and food
is not yet fully understood (54). Although the origin of most
carbapenemase-encoding genes is not fully understood, it
is believed that carbapenemase-encoding genes are most
likely acquired from environmental bacteria (76) or from the
human field, where carbapenems are used to treat serious
life-threatening human infections (77).

Recent studies highlight the ongoing challenges in man-
aging antimicrobial resistance in veterinary pathogens.
Gioushy et al. (78) emphasize the difficulty in treating
Mycoplasma bovis mastitis due to variable resistance pat-
terns, underlining the necessity of susceptibilityguided
therapy. Given the increasing difficulties in treating resis-
tant bacterial infections, alternative strategies are being ex-
plored. Phage therapy, in particular, is regaining attention.
Stilec et al. (79) highlighted the potential of bacteriophages
as precision tools that specifically target pathogenic bacte-
ria, thus minimizing collateral damage to beneficial micro-
biota. Sumonja and Kotnik (80) further demonstrated the
utility of phages in managing skin dysbiosis in atopic dogs,
presenting a case for phage therapy as a viable alternative
to antibiotics in veterinary medicine (80). These findings
support the notion that alongside efforts to monitor anti-
microbial gene spread, the veterinary field must begin inte-
grating alternative treatment approaches.

To the best of our knowledge, this is among the few studies
in Bosnia and Herzegovina that have identified ESBL and/
or pAmpC resistance genes in E. coli isolates from broilers.
Nevertheless, the study has certain limitations. The sample
size was relatively small, and a more comprehensive inves-
tigation involving a larger number of samples and more
detailed genetic characterization of the resistant isolates
would have provided deeper insights. Antimicrobial resis-
tance is a global challenge for veterinary and human medi-
cine. Coordinated multidisciplinary initiatives focusing on
antibiotic alternatives and reducing overall antibiotic con-
sumption are being used to reduce antimicrobial resistance
on chicken farms. It is necessary to develop and implement
programs to monitor and control antibiotic resistance. In
this regard, as in other countries, it is very important that
the current legislation in BiH introduces a framework for the
control of antibiotic use in the veterinary sector.
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Profiliranje protimikrobne odpornosti izbranih izolatov E. coli in
odkrivanje genov, ki kodirajo ESBL/pAmpC, v jatah brojlerjev v Bosni in
Hercegovini z uporabo PCR v realnem casu

A. Koro-Spahi¢, S. HadZiabdi¢, T. Goleti¢, A. Ali¢, A. Kustura, A. Softi¢, E. ReSidbegovi¢

Izvleéek: Protimikrobna odpornost (AMR) je vse vecji globalni problem, ki ga povzro¢a neciljna uporaba protimikrobnih
sredstev pri zivini. Perutnina, zlasti brojlerji, lahko predstavlja pomemben rezervoar odpornih sevov Escherichia (E.) coli.
Namen Studije je bil izolirati E. coli iz jat brojlerjev in oceniti njihovo in vitro ob&utljivost za B-laktame, cefalosporine,
karbapeneme, tetracikline in fluorokinolone. Poleg tega je bil za odkrivanje genov, ki kodirajo B-laktamaze z raz$irjenim
spektrom (ESBL) in karbapenemaze, uporabljen hkratni PCR v realnem ¢asu. Analizirali smo skupno 48 izolatov ko-
menzalne E. coli iz jat brojlerjev v Bosni in Hercegovini (BiH). Fenotipska odpornost, dolo¢ena z metodo difuzije z diski,
je bila opazena pri ampicilinu (87,5 %), amoksicilinu/klavulanski kislini (62,5 %), cefepimu (41,7 %), cefoksitinu (45,8 %),
cefotaksimu (50,0 %), ceftazidimu (479 %), azitromicinu (58,3 %), ciprofloksacinu (66,7 %) in tetraciklinu (72,9 %). Analiza
PCR je potrdila gene bla__ ,, bla inbla,,, v 24 izolatih (50 %), medtem ko genov bla,,, in genoy, ki kodirajo karbapen-

TEM’ CTX-M SHV
emaze (bla,,, bla,,, bla,,, .. bla,,, in bla.), nismo odkrili. Visoka prevalenca veckratno odpornih sevov E. coli poudarja
potrebo po izboljSanem upravljanju s protimikrobnimi sredstvi v perutninski proizvodnji. Zmanjsanje uporabe antibio-
tikov, spodbujanje alternativnih ukrepov za nadzor bolezni in izvajanje sistematicnih programov spremljanja odpornosti

so klju¢ni za zmanjsanje AMR na farmah brojlerjev in potencialnega prenosa na ljudi.

Kljucne besede: protimikrobna odpornost; E. coli; brojlerji; Bosna in Hercegovina
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