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Summary

The study aimed to assess Campylobacter jejuni prevalence in chicken meat, biofilm formation, virulence

factors, antibiotic resistance, and molecular typing. In the study, 200 chicken meat samples were collected
from local outlets and 51 (25.5%) isolates were identified as C. jejuni. Resistance rates to ampicillin, tetra-
cycline, sulfamethoxazole/trimethoprim, and ciprofloxacin were 59%, 60%, 64%, and 64% respectively.
Many of the isolates (49%) exhibited multidrug resistance. Beta-lactamase and tetracycline resistance
genes were found in 82.3% and 86.2% of isolates, respectively. Virulence genes were detected in various
proportions. Biofilm formation was weak to moderate. ERIC-PCR showed varied band profiles. Whole
genome sequencing confirmed findings. The study highlights C. jejuni presence with antibiotic resistance,
virulence and biofilm features in chicken meat, posing public health risks.

Keywords

Introduction

Campylobacter  species are Gram-negative, non-
sporeforming, microaerophilic bacteria, primarily
motile microorganisms, causing foodborne gastroenter-
itis (Kayman et al., 2019). Campylobacter jejuni is one
of the main responsible for campylobacteriosis, with
other species like C. coli, C. upsaliensis, and C. lari
also implicated (Ammar et al., 2021; Hizlisoy
et al., 2023; Alobaidy et al., 2024). C. jejuni, com-
monly found in chicken intestines, contaminates poul-
try carcasses during processing, leading to human
transmission through contaminated foods (Kaakoush
et al., 2015; Thames & Theradiyil Sukumaran, 2020).
Studies worldwide have linked undercooked or raw
poultry consumption with C. jejuni infection (Cokal
et al., 2009; Ahmed et al., 2015; Guyard-Nicodeme
et al., 2015; Biiyiikinal, 2017; Dramé et al., 2020).
C. jejuni, which can cause many diseases and economic
burdens, is found at high rates worldwide, including
the USA, the European Union, China, and Asian
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countries. However, further research is needed to fully
understand Campylobacter spp. prevalence (Wang
et al., 2021).

Consumption of contaminated food can cause
approximately 500 bacterial cells (5 x 10> CFU mL™")
to colonise the small intestine and cause various
diseases (Elhadidy et al., 2020). Symptoms of
C. jejuni-induced gastroenteritis typically appear after
an incubation period of several days to a week (Hizli-
soy et al., 2023) and include abdominal cramps, fever
and acute inflammatory gastroenteritis. Stool analysis
may show leukocytes, erythrocytes and epithelial cells
presence (Mousavi et al., 2020). Several mechanisms
contributed to the pathogenicity of C. jejuni, including
motility, adhesion, host cells invasion, induction of cell
death, and evasion from host defence mechanisms.
Genetic factors, such as flad, cadF, virBll, ciaB,
cdtABC and cgtB have been implicated in virulence
(Hizlisoy et al., 2020). Despite extensive research into
virulence genes, data remain insufficient (Lapierre
et al., 2016; Lim et al., 2016; Lluque et al., 2017).
Although sensitive to environmental factors, C. jejuni
can adopt protective measures such as entering a viable
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but non-culturable (VBNC) state, aerotolerance and
biofilm formation (Zhong et al., 2020). This persistence
therefore poses a challenge to the food industry. Bio-
film formation (extracellular polymeric (EPS) matrix),
which facilitates survival and organisation through
dense populations (Klancnik et al., 2021), also contrib-
utes to antibiotic resistance transmission (Tram
et al., 2020). Numerous antibiotics, notably quinolones,
macrolides and tetracyclines are used to treat C. jejuni
infections (Kayman et al., 2019), while aminoglycosides
are preferred for systemic infections, such as bacterae-
mia (Zhang et al., 2021). The persistence of quinolone
resistance in Campylobacter strains may be related to
the use of quinolones, especially in treating humans
and livestock, as well as the circulation of isolates resis-
tant to many antibiotics among different reservoirs
(Gahamanyi et al., 2021). However, multidrug-resistant
strains are on the rise in both animals and humans,
posing  significant  treatment challenges (Abay
et al., 2014). This trend towards antibiotic resistance in
food of animal origin has significant public health
implications (Elhadidy et al., 2020). Bacterial resistance
to antibiotics is particularly dangerous for immuno-
compromised individuals, as it severely limits the thera-
peutic effect of antibiotics. Therefore, understanding
the drug resistance status of C. jejuni can inform the
clinical use of antibiotics (Wang et al., 2021).

Campylobacter spp. infections are diagnosed using
culture, or molecular-based methods (PCR, MLST,
PFGE, ectc.) (Gerace et al., 2022; Aydin et al., 2023).
Moreover, whole genome sequencing (WGS) is pre-
ferred for its high discriminatory power in identifying
genetic relationships between isolates and understand-
ing molecular aspects of virulence and antimicrobial
resistance in foodborne pathogens (Quino et al., 2022).

During literature review, we noticed the lack of a
comprehensive study on C. jejuni in chicken meat. This
inspired us to investigate and determine the biofilm
characteristics, antibiotic resistance patterns, virulence
factors, and clonal diversity of C. jejuni, one of the
most significant sources of foodborne bacterial infec-
tions in recent times.

Materials and methods

Samples

Totally 200 chicken meat specimens, including
dressed-whole chicken (n = 50), thigh (n = 50), wing
(n = 50), and breast meat (n = 50), were analysed for
the isolation and identification of C. jejuni. Between
2018 and 2020, eight samples were collected per month
from different local supermarkets and chicken meat
sales points in Kayseri, Turkey and the samples
included two dressed-whole carcasses, thighs, wings,
and breasts and were randomly selected.

Each sample was individually placed in sterile plastic
bags and packaged to prevent leakage and moisture
loss. Samples were transported to the laboratory
within 12 h under cold storage (+4 °C) and were pro-
cessed immediately. For dressed-whole chickens, sam-
ples were taken from the surface of the meat with
skin, for others, a representative test portion (a piece
of poultry meat with the skin, approximately 25 g, cut
neatly) was taken from the sample.

Isolation and identification

The ISO (ISO 10272, 1995) method was used to isolate
Campylobacter species from a total of 200 fresh
chicken meats. Briefly, 25 g of the meat samples were
enriched in 225 mL Bolton broth medium (Merck,
M100068.0500, Germany) and were incubated at
37 °C for 4-6 h and then at 41.5 °C for 48-72 h in a
microaerobic atmosphere. The samples were then
seeded on modified charcoal-cefoperazone deoxycho-
late (mCCD) agar (Merck, M100070.0500, Germany)
including charcoal-cefoperazone deoxycholate (CCDA)
selective supplement (Oxoid SRO155E, UK) and were
kept microaerobically at 41.5 °C for 48-72 h. When
the incubation period ended, suspected Campylobacter
colonies were selected. Gram staining and microscopic
examination, motility, catalase, oxidase, hippurate
hydrolysis, and H,S formation tests were applied for
phenotypic identification.

Molecular identification

The DNA of the isolates was extracted using an
extraction kit (Ultraclean DNA extraction kit, 50 test
Mobio 12 224-50, USA) in accordance with the manu-
facturer’s instructions. Qubit 3.0 fluorometer (Thermo
Fisher, USA) was used to determine DNA concentra-
tions (ug pL~') of the samples and kept at —20 °C
until analysis. PCR assay conditions using only
C. jejuni (for species-level) and genus primers (for
genus-level) were carried out as reported by Wang
et al. (2002). The primers (Sentromer, Istanbul) used
for PCR were given in Table 1. Briefly, in a reaction
mixture with a total volume of 25 pL for each sample;
2.5 uL. DNA sample, 1x PCR buffer (Thermo Scien-
tific, USA), 20 mM MgCl, (Vivantis, Malaysia),
0.2 mM dNTP mix (Thermo Scientific, USA), 0.5 uM
C. jejuni and 0.2 pM  Campylobacter 23S rRNA
primers and 1.25 U, was prepared as Taq polymerase
(Thermo Scientific, USA). DNA amplification was per-
formed with an initial denaturation of 6 min at 95 °C,
followed by 30 cycles of denaturation at 95 °C for
30 s, primer annealing at 59 °C for 30 s, extension at
72 °C for 30 s and finally 72 °C. This was carried out
in a thermal cycler (Arktic™ Thermal Cycler; Thermo
Fisher, USA) with a final extension of 7 min. The
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Table 1 Primers and expected band sizes
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Primers Sequence 5'-3's Band sizes (bp)
Primer-1 (CJF) 5-ACTTCTTTATTGCTTGCTGC-3 323
Primer-1l (CJR) 5-GCCACAACAAGTAAAGAAGC-3

23SrRNA-F (Genus) 5-TATACCGGTAAGGAGTGCTGGAG-3 650
23SrRNA-R (Genus) 5-ATCAATTAACCTTCGAGCACCG-3

flaAF 5-ATGGGATTTCGTATTAACAC-3 1700
flaAR 5-CTGTAGTAAATCTTAAAACATTTTG-3

cdtAF 5-GGAAATTGGATTTGGGGCTATACT-3 165
cdtAR 5’-ATCACAAGGATAATGGACAAT-3

cdtBF 5-GTTAAAATCCCTGCTATCAACCA-3 495
cdtBR 5-GTTGGCACTTGGAATTTGCAAGGC-3

cdtCF 5-TGGATGATAGCAGGGGATTTTAAC-3 555
cdtCR 5-TTGCACATAACCAAAAGGAAG-3

virB11F 5-TCTTGTGAGTTGCCTTACCCCTTTT-3 494
virB11R 5-CCTGCGTGTCCTGTGTTATTTACCC-3'

ceuEF 5-CCTGCTCGGTGAAAGTTTTG-3 794
ceuER 5-GATCTTTTTGTTTTGTGCTGC-3

cadFR1BF 5-TTGAAGGTAATTTAGATATG-3' 400
cadFR1BR 5-CTAATACCTAAAGTTGAAAC-3

iamF 5-GCGCAAAATATTATCACCC-3 518
iamR 5-TTCACGACTACTATGCGG-3'

ERIC-I 5-ATGTA AGCTCCTGGGGATTCAC-3 -
ERIC-II 5-AAGTAAGTGACTGGGGTGAGCG-3 -
DMT1 (TetOF) 5-GGCGTTTTGTTTATGTGCG-3 559 bp
DMT2 (TetOR) 5-ATGGACAACCCGACAGAAGC-3

23SRNA-F 5-TTAGCTAATGTTGCCCGTACCG-3 697 bp
23SRNA-R 5-AGCCAACCTTTGTAAGCCTCCG-3

ERY2074-R 5-AGTAAAGGTCCACGGGGTCTGG-3 485 bp
ERY2075-R 5-TAGTAAAGGTCCACGGGGTCGC-3

GZgyrA5 5-ATTTTTAGCAAAGATTCTGAT-3 673 bp
GZgyrA6 5-CCATAAATTATTCCACCTGT-3

CampyMAMAgyrA1-F 5-TTT TTAGCAAAGATTCTG AT-3 265 bp
CampyMAMAgyrA5 R 5-CAAAGC ATCATAAACTGC AA-3

cmeB 5-TCCTAGCAGCACAATATG-3’ 241 bp
cmeB 5-AGCTTCGATAGCTGCATC-3'

BlaOXA-61 5-AGAGTATAATACAAGCG-3 372 bp
BlaOXA-61 5-TAGTGAGTTGTCAAGCC-3

aphA-3-1 5-TGCGTAAAAGATACGGAAG-3 701 bp
aphA-3-1 5-CAATCAGGCTTGATCCCC-3

aadE1 5-GAACAGGATGAACGTATTCG-3' 837 bp
aadE1 5-GCATATGTGCTATCCAGG-3'

GZgyrA7 5-TTATTATAGGTCGTGCTTTG-3 FS
GZgyrA8 5-TAGAAGGTAAAACATCAGGTT-3

23SRNA-F 5-TTAGCTAATGTTGCCCGTACCG-3 FS
23SRNA-R 5-AGCCAACCTTTGTAAGCCTCCG-3

FS, for sequencing.

PCR products obtained because of amplification were
visualised using the UVP gel documentation system
(Vilber Lourmat, France) after running on a 1.5%
agarose gel at 90 V for 90 min in an electrophoresis
device (Thermo EC 330, USA).

Antibiotic susceptibility testing

Disc diffusion test was performed on 51 C. jejuni iso-
lates, according to the procedures suggested by

Clinical and Laboratory Standards Institute (CLSI,
2022). Antibiotics were as follows: erythromycin
(E, 15 pg), azithromycin (AZM, 15 pg), enrofloxacin
(ENR, 5 pg), tetracycline (TE, 30 pg), trimethoprim-
sulfamethoxazole (SXT, 1.25/23.75 pg), amoxicillin-
clavulanic acid (AMC, 20/10 pg), gentamicin
(CN, 10 pg), amikacin (A, 30 ug), ciprofloxacin (CIP,
5 pg), nalidixic acid (NA, 30 pg), clindamycin (DA,
2 ng), piperacillin—tazobactam (TZP, 100/10 pg), doxy-
cycline (DO, 30 pg), cefotaxime (CTX, 30 pg) and
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ampicillin (AMP, 10 pg, Oxoid, UK). In the test, iso-
lates were incubated on 5% defibrinated sheep blood
agar in a microaerobic environment at 37 °C for 24—
48 h, and the growing colonies were suspended in
0.075% NacCl solution. After adjusting bacterial den-
sity according to the 0.5 McFarland turbidity stan-
dard, it was inoculated into blood agar in a volume of
0.1 mL and antibiotic susceptibility test discs were
placed on the medium. Petri dishes were incubated in
a microaerobic environment at 37 °C for 24-48 h. The
diameters of the inhibition zones formed at the end of
the test were measured and evaluated according to the
“Clinical and Laboratory Standards Institute (CLSI)”
recommendations.

Reference strains

As positive control for biofilm formation, Campylobac-
ter jejuni NCTC 11168 was utilised. Campylobacter

jejuni ATCC 700819 and Campylobacter jejuni ATCC

33560 were also employed as quality control strains
throughout the study.

Virulence genes

A total of 51 C. jejuni isolates were evaluated for viru-
lence genes using molecular methods (Hizlisoy
et al., 2020). PCR was conducted by combining 1x
PCR buffer (Thermo Scientific, USA), 1.5 mM MgCl,
(Vivantis, Malaysia), 250 mM dNTP mix (Thermo Sci-
entific, USA), 1 uM of each primer, 0.5 U Taq poly-
merase (Thermo Scientific, USA), and adjusting the
final volume to 40 pL with sterile distilled water. PCR
conditions in a thermocycler (Techne TC512, UK)
were as follows: 30 cycles of 94 °C for 1 min, 56 °C
for 30 s and 72 °C for 30 s: followed by a final exten-
sion at 72 °C for 10 min. The PCR products were
electrophoresed on a 1.5% (w/v) agarose gel at 100 V
for 1 h and visualised using a UV transilluminator
(Biorad Gel Doc XR, USA).

Molecular detection of antibiotic resistance

The method described by Gibreel er al. (2004) was
used to determine the presence of tetO gene of 51
C. jejuni isolates for tetracycline resistance. In the test,
the reaction mixture contains 0.5 uM each of primers
(DMT1 and DMT2 primers), 200 pM dNTPs, 1x
reaction buffer (50 pM KCI, 10 mM Tris—HCI pH 8.3,
1.5 mM MgCl,), 1 U Taq polymerase and consists of
template DNA. The reaction was carried out in a total
volume of 25 pL by adding 2 pL of target DNA to
23 uL of the mixture. It was performed in 30 cycles
(95 °C 1 min, 50 °C 1 min, 72 °C 1 min) following
preliminary denaturation at 95 °C for 1 min (Techne
TC512, UK). PCR products obtained of amplification

were subjected to electrophoresis for 1.5 h at 120 Volts
in 1.5% agarose gel and then visualised using a gel
documentation system (Biorad Gel Doc XR, USA).

PCR reactions were performed according to method
described by Alonso et al. (2005) for the detection of
ERY2074 and ERY2075 mutations in macrolide resis-
tance. In the PCR reaction mixture; 1x PCR buffer
(10 mM Tris-HCL, 1.5 mM MgCl,, 50 mM KCI, pH
8.3), 80 ng genomic DNA, 0.2 uM of each primer,
0.2 mM DNTPs and 1 U Taq polymerase. It was car-
ried out in a total volume of 25 pL by adding 5 pL of
target DNA to the 20 pL mixture containing in the
two-stage PCR reactions, first with ERY2074 primer
and then with ERY2075 primer, 5 min of pre-
denaturation at 94 °C, 30 s at 94 °C, 30 s at 59 °C
and 30 cycles of 45 s at 72 °C, and a final extension
step of 5 min at 72 °C was applied (Techne TC512,
UK). The PCR products obtained from amplification
were subjected to electrophoresis in 2% agarose gel at
120 volts for 1.5 h and then visualised using the gel
documentation system.

For quinolone resistance, initially, quinolone resis-
tance determining region (QRDR) was examined to
detect quinolone resistance. In the PCR process, the
reaction mixture contains 20 pmol primers (GZgyrA>S
and GZgyrA6 primers), 200 uM dNTPs, 10 mM Tris—
HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 2.5 U
Taq polymerase and template DNA. The reaction was
performed in a total volume of 100 pL. by adding
5 pL target DNA to 95 uL of the mixture. PCR reac-
tion; after pre-denaturation at 94 °C for 3 min, it was
performed in 30 cycles (94 °C 1 min, 50 °C 1 min,
72 °C 1 min) with a final extension step at 72 °C for
5 min (Techne TC512, UK).

Secondly, for the detection of mutations in gyrAd
gene of C. jejuni, the MAMA-PCR reaction described
by Zirnstein et al. (1999) was used. In the PCR, the
reaction mixture contains 20 pmol primers (Campy-
MAMAgyrAl and CampyMAMAgyrAS5 primers),
200 uM dNTPs, 10 mM Tris—HCI (pH 8.3), 50 mM
KCl, 1.5 mM MgCl,, 2.5 U Taq polymerase (Thermo
Scientific, USA) and consists of template DNAs. The
reaction was performed in a total volume of 50 pL by
adding 5 uL target DNA to the 45 pL mixture. PCR
reaction: after pre-denaturation at 94 °C for 3 min, it
was performed in 30 cycles (94 °C for 30 s, 58 °C for
30 s, 72 °C for 30 s) with a final extension step at
72 °C for 3 min (Techne TC512, UK). The PCR prod-
ucts obtained from amplification were subjected to
electrophoresis in 2% agarose gel at 120 volts for
1.5 h and then visualised using the gel documentation
system.

Furthermore, aph-3-1, blagxa.¢1, and cmeB genes
were also screened for aminoglycoside, ampicillin, and
multidrug efflux pumps by multiplex PCR as explained
by Obeng et al. (2012). In mPCR amplification; initial
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denaturation at 94°C for 5 min, followed by 30 cycles
of denaturation at 94°C for 30 s, coupling at 54°C for
30 s and extension at 72°C for 1 min (Techne TC512,
UK). Each reaction consisted of 4 mmol L™', MgCl,,
1 puL of 25 pmol of each primer, 2 pL of 2 mmol L™
dNTP and 4 pL of 5x PCR reaction buffer in a total
reaction volume of 25 pLL with 1 U of Taq polymerase
and 2 pL of DNA template. The PCR products were
electrophoresed on a 1.5% agarose gel containing ethi-
dium bromide in 1X TAE buffer and then visualised
using the gel documentation system.

Biofilm formation

Biofilm formation of 51 C. jejuni isolates was evalu-
ated by the bacterial potential cellulose production
(microtiter plate test) and carried out on Congo red
agar (Merck, Germany) plates according to the
method suggested by Brown er al. (2014). However,
Zhong et al. (2020) declared the quantitative measure-
ment conducted with the microtiter plate test. In the
test, firstly, isolates were inoculated onto Congo red
agar and kept under microaerobic conditions at 37 °C
for 24-48 h and evaluated according to colony mor-
phology; white colonies were referred as non-cellulose
producers and red colonies as cellulose producers
(Brown et al., 2014). The quantification of biofilm for-
mation was then performed using the classification sys-
tem outlined by Stepanovié et al. (2000).

Enterobacterial repetitive intergenic consensus
(ERIC)-PCR

ERIC-PCR  method was reported by Houf
et al. (2002). PCR protocol includes an initial denatur-
ation at 94 °C for 5 min, followed by 40 cycles com-
prising 1 min at 94 °C, 1 min at 25 °C, and 2 min at
72 °C, concluding with a final extension step of
10 min at 72 °C. Subsequently, amplified products
of 51 C. jejuni isolates were analysed through 2% aga-
rose gel electrophoresis and visualised using a UV
transilluminator (Bio-Rad, USA). Band patterns were
captured using gel documentation and band sizes were
manually converted into a binary code indicating the
presence (1) or absence (0) of bands. Band profile simi-
larity indices were determined using open-access online
software iTOL version 5 (UPGMA, Letunic &
Bork, 2019) to build a dendrogram that was con-
structed based on the Jaccard similarity coefficient and
the arithmetic mean unweighted pair-group method.

Whole genome sequencing

Campylobacter jejuni HH22 isolate has been chosen
for whole genome sequencing (WGS) according to its
abundant virulence gene and antibiotic resistance

Campylobacter jejuni from Raw Retail Chicken Meat H. Hizlisoy et al.

profiles from sample HH22 obtained from chicken
whole-dressed carcass. Genomic DNA obtained
was used for library construction according to the
manufacturer’s instructions for Nextera XT library
preparation kit (Illumina, USA). Next-generation
sequencing was carried out as 2x 151 bp pair-end
chemistry (500x depth coverage) with Novaseq6000
(llumina, USA), and raw reads were gained in
‘fastq.gz” format. Raw reads were subjected to Trim-
Galore v0.6.5 open-source software for barcode trim-
ming (Krueger, 2019). SPAdes v3.13.0 (Bankevich
et al., 2012) was used to assemble truncated barcodes.
QUAST v5.0.2 (Gurevich et al., 2013) was used to
assess the quality of the assemblies. Annotation of the
assembled genomes was performed using Prokka (See-
mann, 2014). Assembled contigs were used for some
WGS-based predicted testing. For antibiotic-resistance
genes, the CARD programme was used. VFanalyzer
(Liu et al., 2019) was used for virulence genes. Patho-
genFinder 1.1 was used to predict pathogenicity
towards human hosts of isolate. MLST 2.0 (Larsen
et al., 2012) was used for multilocus sequence typing
(MLST). Also, a phylogenetic dendrogram was con-
structed for understanding the genetic relation of
HH22 with some C. jejuni isolated from chicken sam-
ples published in GenBank. For that aim, BV-BRC
3.28.21 was used for analysis using the programme
RAxML (Stamatakis et al., 2008; Stamatakis, 2014).

Statistical analysis

The association between C. jejuni positivity and
chicken meat samples was assessed using Chi-square
analysis, conducted with SPSS 28.0.1.0 (IBM Inc., Chi-
cago, IL, USA). The relationship between the profiles
of antibiotic resistance and the resistance genes was
also investigated. The statistical significance level in
the study was set at P < 0.05.

Results

At the end of the isolation and phenotypic identifica-
tion tests, 51 (25.5%) of 200 samples were positive for
Campylobacter spp. In molecular identification tests
(mPCR), isolates were confirmed as C. jejuni.

Among 51 C. jejuni isolates, 59% exhibited resis-
tance to ampicillin, 60% to tetracycline, 64% to sul-
phamethoxazole/trimethoprim, 50% to enrofloxacin,
and 64% to ciprofloxacin (Table 2). Moreover, 49%
of the isolates exhibited multidrug resistance. While
23.5% of the isolates were resistant to three antibiotic
types, 17.6% were resistant to four classes of antibi-
otics (Table 3).

The virulence genes including cdtC, cadF, cdtB,
cdtA, ceuE, and flaAd were detected in 92.1%, 80.3%,
43.1%, 43.1%, 15.6% and 11.8% of 51 C. jejuni
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Table 2 Antimicrobial resistance of C. jejuni isolates

Name of antibiotics’ S (%) 1(%) R (%)

31 (60%) 5(9%) 15 (29%)
33 (64%) 1(1%) 17 (35%)

Amoxicillin/clavulanic acid (AMC)
Piperacillin/tazobactam (TZP)

Erythromycin (E) 43 (84%) - 8 (15%)
Ampicillin (AMP) 21 (41%) - 30 (59%)
Tetracycline (TE) 20 (39%) - 31 (60%)
Trimethoprim/sulphamethoxazole (SXT) 18 (33%) - 33 (64%)
Cefotaxime (CTX) 37 (72%) 3(5%) 11(21%)
Azithromycin (AZM) 43 (84%) - 8 (15%)
Enrofloxacin (ENR) 25 (49%) - 26 (50%)
Gentamycin (CN) 43 (84%) - 8 (15%)
Ciprofloxacin (CIP) 18 (33%) - 33 (64%)
Doxycycline (DO) 31 (60%) - 20 (39%)
Amikacin (AK) 43 (84%) - 8 (15%)

Nalidixic acid (NA) 27 (62%) 3 (5%) 21 (41%)

S; susceptible, I; intermedier, R; resistance.
Since it does not provide a breakpoint for Campylobacter species, the
limits given for Enterobacterales were used as a reference.

Table 3 Multidrug resistance profiles of C. jejuni isolates

Number of

Antibiotics isolates

AMP, TE, SXT 12
AMP, TE, SXT, CTX 3
E, AMP, TE, SXT 2
DA, E, AMP, TE 1
ENR, CN, CIP, DO 1
SXT, CTX, AZM, ENR 1
CIP, DO, AK, NA 1
TE, SXT, AZM, CTX, ENR 1
SXT, CTX, AZM, ENR, CN, CIP 1
AMP, TE, SXT, CTX, AZM, ENR, CN, CIP 1
AMP, TE, SXT, CTX, AZM, ENR, CN, CIP, NA, AK, 1
DO

isolates, respectively. However, in any isolates, iam
and virBll could not be found (Table 4) in 51
C. jejuni isolates.

Quinolone and macrolide resistance genes were not
found in the isolates, whereas tetracycline resistance
genes (tetO) were found in 44 (86.2%) isolates, and
beta-lactamase resistance (blaOXA) genes were
detected in 42 (82.3%) of 51 C. jejuni isolates.

In Congo red agar method, biofilm positivity was
observed in five isolates, from which two isolates had

Table 4 The distribution of virulence genes in C. jejuni isolates

weak, and three isolates had moderate biofilm ability.
In the microtiter plate method, seven isolates had
moderate, 42 isolates showed weak biofilm production
ability, while two of them could not have biofilm abil-
ity. Biofilm formation and antibiotic sensitivity tests
indicated that the biofilm-forming strains were multi-
drug resistant.

In the study, we typed 51 C. jejuni isolates by
ERIC-PCR. Band patterns showed 1-14 fragments of
DNA ranging in size from 100 to 1800 bp. Cluster
analysis showed that ERIC-PCR patterns, classified
with a Jaccard coefficient of 0.72, were separated into
14 (A-N) main clusters and two singletons.
ERIC-PCR patterns of C. jejuni strains demonstrated
that isolates were genetically diverse and had heteroge-
neous populations in spite of their common ancestry
(Fig. 1).

Assembled contigs (Campylobacter jejuni HH22)
were submitted to GenBank and the accession number
was assigned as JARGYB000000000. Results of the
predicted genomic characterisation of isolate were
given in Table 5 and the phylogenetic relationships of
Campylobacter jejuni HH22 with references isolated
from other chicken meat samples and randomly cho-
sen from NCBI GenBank were presented in Fig. 2. In
Fig. 3, the schematic representation of the draft
genome sequence of an isolate was given. Moreover,
In Fig. 4, the general distribution of antibiotic resis-
tance genes of isolate according to the CARD-RGI
programme was demonstrated.

In this study, C. jejuni presence in chicken meat
samples and the correlation between antimicrobial
resistance of isolates and resistance genes were exam-
ined using Chi-square analysis in SPSS 28.0.1.0 (IBM
Inc., Chicago, IL, USA), with differences considered
insignificant when P > 0.05.

Discussion

Poultry meat and products are favoured by consumers
for their affordability, availability and nutritional
value (Barbut & Leishman, 2022). However, C. jejuni,
which is naturally found in the poultry microbiota,
can cause diseases such as gastroenteritis (Thames &
Theradiyil Sukumaran, 2020). Foodborne gastroenteri-
tis cases caused by Campylobacter species are the sec-
ond most common bacterial infections worldwide,
following infections caused by Salmonella spp. (Kaa-
koush et al., 2015). However, foods contaminated with

Virulence genes
Number of positive isolates CdtC CadF

cdtB cdtA ceuE flaA

51 47 (92.1%) 41 (90.3%)

22 (43.1%) 22 (43.1%) 8 (15.6%) 6 (11.8%)

International Journal of Food Science and Technology 2024 © 2024 The Author(s). International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food Science & Technology (IFST).

858017 SUOWILLOD @A 11810 3cedldde 8y Aq pausenob afe ssoiie YO ‘@S Jo ss|n. 10y Ariq1]8UlUO AB]IM UO (SUOTIPUD-PUB-SWBIWI0D A8 |IMAlelq1jeul|UO//SdIY) SUORIPUOD PUe SWie | 8U18eS " [202/TT/62] U0 AkidiTauluo A8|IM ‘UOSINOIG lUOIRN A8XINL A 22z, T'S)II/TTTT OT/I0pA0D A8 ARe.d joulu0"IS /Sty Wolj pepeoumod ‘g ‘v20Z ‘T292S9ET



e
00 01 02 03 04 05 06 07 08 09 10

—

Mo
e —

o e e e
(g}

1
4{—* D
I E
—L——— |«
' — I
. } o
-[_,_—E Lt
—{ ]
) -
J

}x
}e
]-M
Fn

h..Hl‘h

—

—

Figure 1 ERIC-PCR Dendogram of Campylobacter jejuni isolates.

Campylobacter species can be made safe through effec-
tive cooking and processing (Santos-Ferreira et al.,
2021).

Campylobacter jejuni from Raw Retail Chicken Meat H. Hizlisoy et al.

Table 5 Predicted genomic characterisation of Campylobacter
jejuni HH22 isolate based on WGS

Characteristics Method Profile

Antibiotic resistance CARD blaOXA-61; tet(0/32/0);
genes’ ant(6)-la

Virulence genes’ VFanalyzer Adherence: CadF; JIpA;

MOMP; PEB1/CBF1
Invasion: ciaB
Immun evasion: LOS
Secretion system: virB4;
virB8-10; virD4
Toxin: cdtA; cdtB; cdtC

Probability of being a PathogenFinder  0.919
human pathogen 1.1
MLST type MLST 2.0 C. jejuni 11 846

"Detailed virulence profiles of H22 isolate were given as Appendix S1.

In the study, the general prevalence of C. jejuni was
25.5%. Similarly, the occurrence of C. jejuni in the
samples was found to be 33.1% by Salem et al. (2019).
However, Mikuli¢ et al. (2016) documented a higher
prevalence compared with the findings in our study. In
line with our investigation, Nowaczek er al. (2019)
declared that in 140 chicken samples, C. jejuni was
found at the rate of 22.1%. However, in some studies,
researchers found a relatively low prevalence.
Biiytikiinal (2017) found the prevalence of C. jejuni to
be 8.52% in a study on the presence of thermophilic
Campylobacter species from chicken meat. Differences
in study rates may be due to seasonal fluctuations, cli-
mate variations and chicken meat sampling quality,
regional disparities and hygiene standards in proces-
sing plants (Cokal et al., 2009).

Administering antibiotics in small amounts over
extended periods to promote livestock growth leads to
the development of resistant bacteria, posing a threat
to public health. The utilisation of enrofloxacin and
quinolones in veterinary practices has resulted in the
emergence of ciprofloxacin resistance in Campylobacter
spp. found in both poultry and humans (Hizlisoy
et al., 2023). Recent reports indicate elevated rates of
antibiotic resistance among Campylobacter species iso-
lated globally (Casagrande Proietti et al., 2020; Dramé
et al., 2020; Wang et al, 2021). As a result,
multidrug-resistant (MDR) campylobacteria isolated
from both humans, animals and foods have become
widespread (Abay et al., 2014; Abebe et al., 2020). In
the antibiotic susceptibility testing of 51 C. jejuni iso-
lates revealed that 59%, 60%, 64%, 50%, and 64% of
the strains have shown resistance to ampicillin, tetracy-
cline, sulphamethoxazole/trimethoprim, enrofloxacin
and ciprofloxacin, respectively. Cokal et al. (2009)
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Campylobacter jejuni, PHXG00000000, Chicken carcass, Brazil, 2015

Campylobacter jejuni, CP023447, Chicken meat, Brazil, 2016

Campylobacter jejuni, CP041584, Retail chicken, USA, 2014

Campylobacter jejuni, JAJUMJ0O00000000, Poultry meat, 2020, China

Campylobacter jejuni, RVKP00000000, Chicken carcass, USA, 2018

100

100

Campyiobacter jejuni, CP028933, Chicken meat, South Korea, 2018

Campylobacter jejuni, JAJUNQOO0000000, Poultry meat, China, 2020

== Campylobacter jejuni, AKODO0000000, Chicken meat, Bosnia and Herzegovina, 2013

Campylobacter jejuni, CAKKKH000000000, Chicken, Sweden, 2018

Campylobacter jejuni HH22, JARGYB000000000, Chicken carcass, Turkiye, 2019

Campylobacter jejuni, VTZE00000000, Chicken meat, Austria, 2016

= Campylobacter jejuni, LBEDO0000000, Chicken breast, USA, 2013

Campylobacter jejuni, ANGO00000000 Chicken meat, UK, 2005

Campylobacter jejuni, JAMHFM000000000, Retail raw chicken, South Korea, 2017

Campylobacter jejuni, CYPY00000000, Raw chicken, UK, 2011

Campylobacter jejuni, JADWZF000000000, ATCC Reference strain 81-176, USA, 2019

— Campylobacter jejuni, CP048763, Chicken meat, China, 2018

Campylobacter coli, FBFG0O0000000, Farm environment, UK, 2014

Figure 2 Phylogenetic relationships of Campylobacter jejuni HH22 (identified in this study are coloured with red) and other chicken meat iso-
lates deposited in NCBI GenBank based on whole genome sequences (Number of genes: 1000). The sequences are given as GenBank accession
number, isolation source country, and isolation years (Campylobacter coli FBFG00000000 from farm environment is used as outgroup).

found resistance to 79.4% nalidixic acid, 76.3% tetra-
cycline and 74.2% ciprofloxacin in C. jejuni isolates.
Yildirim et al. (2005) reported that 31.3% of C. jejuni
strains have exhibited resistance to quinolones. In the
study of Abay et al. (2014), 93% ciprofloxacin, 88%
enrofloxacin and 7% erythromycin resistance were
reported. In Switzerland, Wirz er al. (2010) reported
that quinolone resistance was determined in 19.8% of

isolates. In France, resistance to ciprofloxacin (32.9%),
nalidixic acid (32%), and tetracycline (53.6%) were
found in isolates (Guyard-Nicodeéme et al., 2015). In
Canada, Dramé er al. (2020) stated that among
C. jejuni isolates, tetracycline had the highest resis-
tance at a rate of 39%, and quinolone-tetracycline
was the second with 6.6%. In Italy, Casagrande
Proietti et al. (2020) reported 20 C. jejuni isolates were
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Figure 3 Schematic representation of the draft genome sequence of a

found to have beta-lactam resistance. In addition,
C. jejuni isolates were reported to have 10% resistance
to ticarcillin/clavulanic, 60% to ampicillin/sulbactam
and 90% to amoxicillin/clavulanic acid.

As mentioned above, some studies (Yildirim
et al., 2005; Abay et al., 2014) are consistent with the
results of the presented study, while others have differ-
ent rates (Cokal er al., 2009; Wirz et al., 2010;
Guyard-Nicodeme et al., 2015; Casagrande Proietti
et al., 2020; Klancnik et al., 2021). The variations in
the results might have resulted from the antibiotics,
antibiotic susceptibility method or the different mecha-
nisms that caused antibiotic resistance in microorgan-
isms (Jeon et al., 2008).

Beyond the host response to C. jejuni, the pathogenic
characteristics of bacteria play a crucial role in the
diversity of clinical symptoms (Hizlisoy et al., 2020).
Campylobacters synthesise toxins with cdtA, B and C.

PSV-1
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FlaA is responsible for motility, cadF is for adhesion
and invasion to the intestinal epithelial cells and ceuFE
gene encoding a lipoprotein in C. jejuni (Gharbi
et al., 2022). In the study, cdtC, cadF, cdtB, cdtA, ceuEl
and flad were detected in 92.1%, 80.3%, 43.1%,
43.1%, 15.6% and 11.8% of isolates, respectively. The
presence of these virulence genes poses a significant risk
to human health in terms of the pathogenic potential of
the bacterium and Campylobacter-related diseases. Of
note, iam and virBI1 genes could not be found. In Cam-
pylobacters, the iam and virB11 genes have been associ-
ated with invasion (Gharbi et al., 2022). Although many
genes play a role in the invasion of campylobacters into
epithelial cells, the absence of iam and virBIl1l genes is
an important deficiency in terms of invasion. A study
by Lluque et al. (2017) determined the presence of
cdtABC, cadF and iam, in C. jejuni isolates. In Chile,
the most common genes were reported to be flad and
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Figure 4 General distribution of antibiotic resistance genes of a
Campylobacter jejuni isolate according to the CARD-RGI program
in whole genome sequence analysis.

cdtA (63%), followed by cdtC (60%) (Lapierre
et al., 2016). In a study by Lim et al. (2016), the pres-
ence of 12 virulence factors in campylobacters was
examined and flaA, cdtA, cdtB and cdtC were found in
all isolates. In Campylobacter isolates obtained from
different slaughterhouses, cdtC, flaA and iam were
found in 7, 6 and 1 of the C. jejuni isolates, respectively
(Hizlisoy et al., 2020).

According to the PCR analysis, the tetracycline resis-
tance gene, fetO, was detected in 86.2% of isolates,
while beta-lactamase resistance genes were detected in
82.3% of isolates. Macrolide and quinolone resistance
genes were not found in C. jejuni isolates. The mecha-
nism of resistance has not been revealed genotypically.
Other resistance mechanisms (efflux pumps) in quino-
lone (Engberg et al., 2001) and in macrolide resistances
(reduced permeability, enzymatic pathways or efflux
pumps) may be involved (Iovine, 2013). In contrast to
our study, the studies of Aydin et al., 2023, Hizlisoy
et al., 2023, and Alobaidy et al., 2024 have reported the
presence of quinolone resistance genes in C. jejuni iso-
lates. A group of tet determinants, typically found on
plasmids, is responsible for tetracycline resistance,
potentially transferred between bacteria (Kayman
et al., 2019). The mechanism involves membrane pro-
teins like zetO actively expelling tetracyclines (Taylor &

Tracz, 2005). All tetracycline-resistant isolates carried
the tetO gene. Similar to Kayman et al., 2019, the study
did not specify tetO’s location. Additional information
about fetO genes’ plasmid origin is detailed in studies
by Gibreel et al. (2004) and Dasti et al. (2007). How-
ever, Oyarzabal et al. (2008), nine isolates were found to
carry the tetO gene, but it was stated that they were of
genomic origin and not plasmid origin.

Ampicillin resistance in C. jejuni isolates may stem
from the synthesis of beta-lactamases, low-affinity bind-
ing of beta-lactams to penicillin-binding proteins (PBP),
or decreased permeability of outer membrane porins
(Aslantag, 2019). In the study, the resistance was related
to enzymatic inactivation by blaoxa.¢1. In 42 (82.3%) of
isolates, blapxa.c1 genes were detected. However, in
C. jejuni isolates only 30 (59%) of isolates have ampicil-
lin resistance. In the studies conducted around the
world, the authors reported that the ampicillin resis-
tance in C. jejuni isolates from poultry was between
33.3% and 65% (Obeng et al., 2012; Sierra-Arguello
et al., 2015; Casagrande Proietti et al., 2020). The antibi-
otic resistance gene rate was higher than the present
study’s phenotypic resistance rate. Other factors
involved in antibiotic susceptibility and resistance may
explain this situation (Hedayatianfard et al., 2014). As it
is known, microorganisms can transfer genes between
each other in several ways (transformation, transduc-
tion, conjugation, etc.). During the transfer of genes,
losses may occur in the chromosome. This may be the
reason why some genes could not be identified (Jeon
et al., 2008). Although C. jejuni is microaerophilic, it
can survive for extended periods in biofilms under nor-
mal or harsh conditions (Zhong et al., 2020), becoming
highly antibiotic-resistant (Kim ez al., 2015). Antibiotics
act slowly on bacteria within biofilm layers, providing
protection to Campylobacter species. Sublethal antibi-
otic concentrations encountered by biofilm bacteria not
only slow growth but also induce resistance genes
(Klan¢nik et al., 2021). In the study, when examining
the biofilm features, isolates have weak or moderate bio-
film abilities. In earlier studies examining the biofilm
ability of C. jejuni, isolates with biofilm production
capacity at different levels have been noted (Zhong
et al., 2020; Wang et al., 2021). In the study, the isolates
capable of forming biofilms exhibited multiple resis-
tance to antibiotics tested. Hence, this sheds light on the
issue of biofilm-forming isolates and their resistance to
multiple antibiotics (Tram et al., 2020). Similarly, in the
study of Bae & Jeon (2013), increased fluoroquinolone
resistance was reported from the biofilms of isolates.
These results provide an opportunity for further
research to explore new approaches and develop inno-
vative solutions to address the interplay between the for-
mation of biofilms and resistance to antibiotics. The
flagella of Campylobacter spp., play a key role in adher-
ing to various surfaces and forming biofilms. Activation

International Journal of Food Science and Technology 2024 © 2024 The Author(s). International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food Science & Technology (IFST).

858017 SUOWILLOD @A 11810 3cedldde 8y Aq pausenob afe ssoiie YO ‘@S Jo ss|n. 10y Ariq1]8UlUO AB]IM UO (SUOTIPUD-PUB-SWBIWI0D A8 |IMAlelq1jeul|UO//SdIY) SUORIPUOD PUe SWie | 8U18eS " [202/TT/62] U0 AkidiTauluo A8|IM ‘UOSINOIG lUOIRN A8XINL A 22z, T'S)II/TTTT OT/I0pA0D A8 ARe.d joulu0"IS /Sty Wolj pepeoumod ‘g ‘v20Z ‘T292S9ET



of flagellin A (flad) expression has been reported to be
associated with biofilm formation (Ohadi et al., 2022).
In this study, it was understood that six flad-positive
C. jejuni isolates had weak or moderate biofilm ability.
Although our study only covers chicken samples offered
for retail sale, the presence of C. jejuni isolates with bio-
film characteristics in chicken slaughter units and equip-
ment, and thus the possibility of cross-contamination
poses a risk to public health.

Although various typing methods (PFGE, Rep-
PCR, MLST, RFLP) have been used in different stud-
ies to reveal Campylobacter spp. genetic relatedness
(Abay et al., 2014; Aydin et al., 2023), ERIC-PCR was
preferred in this study due to its ease of use, economic
cost, and the fact that it can be performed even by
simple microbiology laboratories without the need for
additional software and/or hardware (Ranjbar
et al., 2017). Concerning cluster analysis based on
ERIC-PCR results, in spite of their common ancestry,
raw chicken C. jejuni isolates exhibited clonal diversity
and heterogeneous populations. Similar to the study
conducted, some authors (Wieczorek, 2009; Ahmed
et al., 2015; Staji et al., 2018) found genetic heteroge-
neity among isolates in their studies investigating
genetic similarity using ERIC-PCR.

In the analysis of antibiotic resistance in WGS,
blaOXA-61, tetO/32/O and ant(6)-la resistance genes
were found. Similarly, these genes were found in a
study conducted by Chen et al. (2020). Investigations
showed that the isolate has a 91.9% probability of
being a human pathogen, indicating that the organism
has a very high potential to cause human diseases.

Conclusion

C. jejuni, forming biofilms on chicken meat surfaces,
has virulence properties and is resistant to antibiotics.
It has been detected in raw chicken meat as an impor-
tant cause of gastroenteritis, strict hygiene practices
should be followed during processing, and awareness
should be raised among consumers and food proces-
sors. Besides, effective cooking and processing can ren-
der chicken meat contaminated with Campylobacter
species safe. Therefore, we should make sure that the
poultry meat consumed is sufficiently cooked.
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