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ABSTRACT Campylobacter jejuni (C. jejuni) is a
leading foodborne illness causing bacteria, and poultry is
a major reservoir of this pathogen. With the recent
increase in broiler production under the “no antibiotics
ever” (NAE) system, this study aimed to assess the
prevalence, antibiotic resistance, and virulence charac-
teristics of C. jejuni isolated from NAE raised broilers. A
total of 270 cloacal swabs were collected from the live-
hang areas of 3 commercial processing plants over 9 wk.
Each processing plant was visited 3 times at a 1-wk
interval, and 30 samples were collected per visit. Among
the total 270 cloacal swab samples, C. jejuni was iso-
lated from 44 (16.3%) samples . Of these isolates, 65.9%
possessed toxin-producing genes cdtA, cdtB, and cdtC,
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and invasion gene ciaB. The prevalence of antibioitc
resistance genes aph (30)-IIIa, erm(B) were 59.1%, and
50%, respectively. Nine (20.45%) C. jejuni isolates were
identified as multidrug resistant (MDR), and 18
(40.9%) isolates showed resistance to at least 1 tested
antibiotic. The highest resistance was observed against
tetracycline (29.5%), followed by nalidixic acid (25%),
whereas 22.7% of isolates were resistant to 2 clinically
important antibiotics, azithromycin and ciprofloxacin.
These results suggest that there ishigh prevalence level
of multi-drug resistant C. jejuni with toxin producing
virulence genes in the NAE-raised broilers sampled in
this study, indicating the potential for serious human ill-
nesses if transmitted through the food chain.
Key words: NAE raised broiler,Campylobacter jejuni, genotypic and phenotypic antibiotic resistance, virulence
gene, food safety
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INTRODUCTION

Campylobacteriosis, primarily caused by Campylo-
bacter jejuni (C. jejuni), is the leading global foodborne
illness (Kaakoush et al., 2015; Skarp et al., 2016; Collins,
2022). Symptoms of Campylobacter infection to humans
include acute gastroenteritis, diarrhea, vomiting, and
abdominal cramps (Allos, 2001). Sometimes, Campylo-
bacter infection can lead to severe extra gastrointestinal
diseases such as Miller Fisher Syndrome (MFS), Guil-
lain-Barre syndrome (GBS) (Ford et al., 2014), and
reactive arthritis (Pope et al., 2007). In the United
States, the incidence rate of campylobacteriosis was
reported as 19.5 cases per 100,000 people, resulting in an
estimated 1.5 million illnesses annually (Tack et al.,
2020). The economic impact of these human infections
was estimated to be around $6.9 billion annually
(Scharff 2020; Tack et al., 2020). Additionally, attribu-
tion studies have identified that consumption of the con-
taminated chicken and turkey accounts 71.3% of
nondairy human Campylobacter infection (IFSAC,
2021). In 2019, it was estimated that there were 458,400
antibiotic-resistant human Campylobacter infections,
and 70 deaths occurred in the United States (CDC 2019;
Francois Watkins et al., 2021). The incidence of drug-
resistant Campylobacter outbreaks has increased by
44% from 2013 to 2019 (310,000 cases in 2013 to 448,400
cases in 2019) (CDC 2019), with drug-resistant Cam-
pylobacter infection doubling in the last 2 decades
(NARMS 2015). Typically, fluoroquinolones (such as
ciprofloxacin) and macrolides (such as azithromycin)
are prescribed for the treatment of Campylobacter infec-
tion (Allos, 2001; Shane et al., 2017). However, the
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sensitivity of Campylobacter to fluoroquinolones and
macrolides has decreased by approximately 30% (CDC
2019). Infection with antimicrobial resistant bacterial
pathogens significantly increases the infection’s severity
and mortality risk (Cecchini et al., 2015; WHO, 2017;
Dadgostar, 2019).

Poultry provides the optimum condition for the
proliferation of C. jejuni and serves as a reservoir
host (Beery et al., 1988; Horrocks et al., 2009).
Approximately 56.5% of human campylobacteriosis is
connected to consuming and handling contaminated
poultry (Wilson et al., 2008; EFSA, 2021). In the
past, subtherapeutic levels of antibiotics (such as
Bacitracin, Tetracycline, Virginiamycin) have been
consistently used as feed additives in poultry to pro-
mote growth and reduce the occurrence of enteric dis-
eases (Diarra et al., 2007). However, due to growing
concerns about antibiotic resistance in both food ani-
mals and humans, the use of medically important
antibiotics in food animals has been prohibited in the
United States (FDA, 2012; FDA, 2013; Page et al.,
2021), and all antibiotics use in food animals has
been banned in the EU (ESVAC, 2018). This change
in antibiotic usage policy has led to a shift in the
poultry production system, with a move from the
antibiotic used to reduced or no antibiotics ever
(NAE) program (Singer et al., 2020). Approximately
50 to 60% of broilers produced in the United States
are raised under the NAE system (Poultry Health,
2020). The reduction or elimination of antibiotic
usage in broiler feed may have impacted the preva-
lence and characteristics of Campylobacter in the
broilers. Therefore, it is crucial to assess the preva-
lence and characteristics of C jejuni in NAE-raised
broilers. There is limited information available on the
prevalence and characteristics of C. jejuni in NAE-
raised broilers. The present study aims to investigate
the prevalence of C. jejuni in NAE-raised chicken in
2 states (Mississippi and Alabama) of United States
and to determine the phenotypic and genotypic anti-
microbial resistance and virulence characteristics of
the isolated C jejuni strains.
MATERIALS AND METHODS

Sample Collection

The samples were collected between July 2020 to Sep-
tember 2020. All procedures used were approved by the
Institutional Animal Care and Use Committee
(IACUC) of Mississippi State University with protocol
numbers 19-330. A total of 270 cloacal swab samples
were collected from live hang areas of 3 commercial proc-
essing plants in Mississippi and Alabama that only pro-
cess NAE-raised broilers. Each processing plant was
visited 3 times at 1 wk intervals andfrom each visit, 30
cloacal swab samples were collected. The swab samples
were collected using CultureSwab Cary-Blair Agar
Transportation System (BD BBL, Berkshire, England,
UK), transported in a cooler with ice to the Mississippi
State University laboratory, and processed within 4 h.
Isolation of C. Jejuni

C. jejuni isolation was performed based on the Micro-
biology Laboratory Guidebook (MLG) 41.04 method
with some modifications as described by Moran et al.
(2011). Briefly, the cloacal swab was pre-enriched using
a mixture of 5 mL of 2 £ Blood Free- Bolton Broth
(BF-BB) supplemented with Oxoid Bolton Broth
Selective supplements consisting of vancomycin, cefo-
perazone, trimethoprim, and amphotericin B (Oxoid,
ThermoFisher Scientific, Waltham, MA, USA) and
5 mL of BPW, making total volume 10 mL. The broth
mixture was then incubated at 42°C for 48 h under
microaerobic conditions (85% nitrogen, 10% carbon
dioxide, and 5% oxygen) using Mart anaerobic jars with
an Anoxomat II System (Mart Microbiology B. V., Lich-
tenvoorde, Oost Gelre, Netherlands). The loopfull (»10
ml) enriched samples were cultured onto Campylobacter
selective agar plates 3 times to obtain the pure single iso-
late. Each time a single colony was obtained from the
media plate and streaked into another plate. The Cam-
pylobacter selective agar contained Campylobacter agar
base (Oxoid, ThermoFisher Scientific, Waltham, MA),
selective supplements (Oxoid, ThermoFisher Scientific,
Waltham, MA), and 5% laked horse blood (Remel Laked
Horse Blood, ThermoFisher Scientific, Waltham, MA).
Cultured bacterial plates were incubated under micro-
aerophilic conditions at 42°C for 48 h. After incubation,
colony morphology was observed, and typical C. jejuni
colonies (small to medium, grayish in coloration with an
irregular or round edge and mucoid appearance) were
picked for subsequent culture and storage.
Molecular Identification of C. Jejuni

A previously isolated bacterial colony was cultured in
the 5 mL 1 £ BF-BB supplemented with Oxoid Bolton
Broth Selective supplements (Oxoid, ThermoFisher Sci-
entific, Waltham, MA). The bacterial cell pellet was col-
lected via centrifuge of the broth at 13,000 rpm
(Eppendorf 5415 Centrifuge, Eppendorf, NY) for 3 min.
The genomic DNA was extracted using QIAamp Fast
DNA Stool Mini Kit (Qiagen, Germany) following man-
ufacturer protocol. Following the DNA extraction, the
quality of the DNA was checked via agarose gel electro-
phoresis and quantified via NanoDrop (Thermo Scien-
tific, Wilmington, MA). Two C. jejuni specific gene
hippo [hip400F 50 GAAGAGGGTTTGGGTGGTG,
hip1134R 50 AGCTAGCTTCGCATAATAACTTG]
and Cj-CdtC [Cj-CdtCF 50 TTTAGCCTTTG-
CAACTCCTA, Cj-CdtCR 50 AAGGGGTAG-
CAGCTGTTAA] genes were amplified via PCR. PCR
mixture (10 ml) containing 5 ml of 2£ GoTaq Green
Master Mix (Promega, Madison, WI), 0.25 ml of each
forward and reverse primer (10 mM), 1 ml DNA (20 ng/
ml), and 3.5 ml of sterile molecular H2O. An Eppendorf
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Master cycler (Eppendorf, Westbury, NY) thermocycler
was used under the following conditions: 2 min at 95°C;
and 35 cycles of 30 s denaturation at 95°C, 30 s anneal-
ing at 60°C, and 60 s for the extension at 72°C and final
extension of 5 min at 72°C (Linton et al., 2000; On and
Jordan, 2003; Asakura et al., 2008). The amplified PCR
product was visualized via gel electrophoresis using 2%
agarose gel, and the gel image was visualized using a
Kodak Gel Logic 200 Imaging System (Eastman Kodak
Co., Rochester, NY).
Detection of Virulence Gene

The prevalence of thirteen virulence genes responsible
for adhesion (cadF, jlpA, pebA, porA, and pldA), inva-
sion (ciaB), toxin production (cdtA, cdtB, and cdtC),
flagella gene (flaAB, flgB, and flhB) and type secretion
system IV (virB9) were tested. Information about the
primer is listed in Table 1. The virulence gene was
detected following the procedure and primer described
by Poudel et al. (2022).
Motility Assay

The C. jejuni motility assay was conducted in 0.4%
semi-solid Muller-Hinton Agar Plates following the proce-
dure of Pascoe et al. (2019) with slight modifications.
Briefly, the C. jejuni colonies were picked from the sub-
cultured agar plates and suspended in Muller-Hinton
Broth (MHB) (Oxoid, ThermoFisher Scientific, Wal-
tham, MA). The MHB was standardized with 0.5 McFar-
land Standard solution using spectrophotometry
(Thermo Scientific Sensitire Nephelometer, Thermo-
Fisher Scientific, Waltham, MA). The standardized 1 mL
solution was then transferred to 5 mL of MHB, and 2 ml
diluted MHB was pipetted into the center of 60 mm semi-
solid Muller-Hinton Agar plates in duplicates. The cul-
tured agar plates were incubated at 42 °C for 24 h under
microaerophilic conditions. Following the incubation, the
halo diameter of the bacterial motility was measured
using a vernier caliper. Based on the diameter of the
spread, bacteria were categorized into 3 categories non-
motile, motile, and hypermotile (Pascoe et al., 2019). Bac-
teria that did not spread across the agar plate were
categorized as nonmotile. If a bacterial spread diameter
was >0.5 cm, then categorized as motile, whereas a diame-
ter >1.5 cm was categorized as hypermotile.
Detection of Antibiotics Resistance Genes

Prevalence of 6 antibiotics resistance genes (ARG)
was tested tet(O), aph(20)-Ig, aph(300)-IIIa, blaOXA-61,
blaOXA-184, and ermB. The tested ARGs are responsible
for the resistance to tetracycline [tet(O)], aminoglyco-
sides [aph(20)-Ig, aph(300)-IIIa], b-lactam (blaOXA-61,
blaOXA-184), and erythromycin (ermB). The PCR was
conducted following the primer and thermocycler condi-
tions as previously described by Poudel et al. (2022)
(Table 2).
Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing (AST) was con-
ducted following the broth micro dilution method using
the Sensitire Campylobacter CAMPY2 plate (Thermo-
Fisher Scientific, Waltham, MA) following manufac-
turer protocol. Briefly, the previously isolated and
identified C. jejuni were subcultured in Campylobacter
agar base for 48 h at 42 °C under microaerophilic condi-
tions. The colonies were picked up from the agar plate
and suspended in cation adjusted MHB (Thermo Scien-
tific, Waltham, MA). The MHB was standardized with
0.5 McFarland Standard solution using spectrophotome-
try (Thermo Scientific Sensitire Nephelometer, CatLog:
V301). A 100 ml of standardized MHB solution was then
transferred to 11 mL MHB with lysed horse blood
(Thermo Scientific, Waltham, MA). Subsequently, 50 ml
broth solution was dispensed into CAMPY2 microtiter
plates (Trek Diagnostics System, Thermo Scientific,
Waltham, MA), which contains known concentrations
ranging between 0.12 mg/mL to 128 mg/mL of 8 antibi-
otics (azithromycin, ciprofloxacin, clindamycin, erythro-
mycin, florfenicol, gentamicin, tetracycline, and
nalidixic acid). The microtiter plates were incubated at
37°C for 48 h under microaerophilic conditions. After
incubation, the micro titer plate was visualized using
the Vision System (Thermo Scientific, Waltham, MA),
and the results were read manually. C. jejuni ATCC
33560 strain was used as the positive control.
Statistical Analysis

The MIC breaking point from Central for Disease
Control and Prevention (https://www.cdc.gov/narms/
antibiotics-tested.html) was utilized to interpret pheno-
typic antibiotic susceptibility test results; the breaking
point value is listed in Table 3. For the concordance
analysis and Cohen’s kappa test (k) value between the
genotypic and phenotypic antibiotic resistance was only
calculated for antibiotic tetracycline and tet(O) using
methods described by Mackinnon, (2000). Even though
8 other antibiotics were tested we were unable to do con-
cordance analysis due to the presence of the ≥1 cells hav-
ing value zero resulting error, during calculation, which
might be due to the lower positive sample. Correlation
between the flagellar genes (flgB, flhB, flaAB) and phe-
notypic motility (combined hypermotile and motile) of
C. jejuni was assessed using logistic regression utilizing
SAS 9.4 (SAS, NC) (SAS Institute, 2013). The level of
significance was determined at P ≤ 0.05. The descriptive
calculation and graph were created using GraphPad
Prism 9.1.2 (GraphPad Software, San Diego, CA).
RESULTS

C. jejuni Prevalence, Virulence, and Motility

The overall prevalence of C. jejuni was found to be
16.3% (44/270) (Table 4). There was variation in preva-
lence of C. jejuni between the sampling point and
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Table 1. List of primers used and thermocycler setting1 used for the amplification of the virulence genes.

Set
Target
genes Accession No. Primer name Sequence (50−30)

Length
(nt)

Tm
(°C)

Amplicon
Size(bp) References

A2 ciaB NP_282066 ciaB.F335 GGTCTAACTTCATCAACCCTTTGC 24 62.9 658 Poudel et al. (2022)
ciaB.R992 CTCATGCGGTGGCATTAGAATG 22 62.7

cadF NP_282616 cadF.F20 GCATCCACTCTTCTATTATCCGC 23 62.8 543 Poudel et al. (2022)
cadF.R562 ATTCCGTCTTAGTGATTCTTTGGC 24 61.2

cdtA NP_281292 cdtA.F3 ATCGTACCTCTCCTTGGCG 19 62.3 440 Poudel et al. (2022)
cdtAR442 CGGAGCAGCTTTAACGGTTTG 21 62.6

cdtC NP_281290 cdtC.F260 GCTCCAAAGGTTCCATCTTCTAAG 24 62.9 263 Poudel et al. (2022)
cdtC.R522 GCAACTCCTACTGGAGATTTGAAAG 25 62.9

cdtB NP_281291 cdtB.F152 GCTTGAGTTGCGCTAGTTGG 20 62.4 180 Poudel et al. (2022)
cdtB.R331 TGGAGGAACAGATGTAGGAGC 21 62.6

B2 virB9 YP_980061 virB9.F429 AAGAACACGCTTTGCAATGGC 21 60.6 535 Poudel et al. (2022)
virB9.R964 CGATGATCCTAGTCTCTACTGGAC 24 64.6

pebA NP_282073 pebA.F40 GCTCTAGGTGCTTGTGTTGC 20 62.4 436 Poudel et al. (2022)
pebA.R476 GTAGTTGCAGCTTGAGCCAC 20 62.4

porA NP_282406 porA.F740 TCAACTGGACACTTGAAGGTGC 22 62.7 342 Poudel et al. (2022)
porA.R1082 CCACCATATACGAAGTCAGCACC 23 64.8

flhB NP_281526 flhB.F531 GGTTGCACAGCTTACTTGGC 20 62.4 257 Poudel et al. (2022)
flhB.R788 ACATCCGCACCTGCAACATC 20 62.4

jlpA NP_282133 jlpA.F998 GCACACAGGGAATCGACAGC 20 64.5 119 Poudel et al. (2022)
jlpA.R1116 AAATGACGCTCCGCCCATTAAC 22 62.7

C3 flaAB NP_282485 (flaA)
NP_282484 (flaB)

flaA.R1094 CAGTTGGAACAGGACTTGGAG 21 62.6 »1500 Poudel et al. (2022)

flaB.R253 GCTCATCCATAGCCTTATCAGCAG 24 64.6
pldA Part of NC_002163 pldA.F422 GCCTATACTCAAACTTCTTGGTGG 24 60.6 499 Poudel et al. (2022)

pldA.R940 AGTCTATAAGGCTTTCTCCATAGCC 25 62.9
flgB NP_281712 flgB.F25 GAACTGGTCACTGGTGCTTTAGC 23 64.6 224 Poudel et al. (2022)

1PCR thermocycler condition was initial denaturation at 95 °C for 3 min followed by 35 cycles of 95° C for 30 s, 60° C for 30 s, 72° C for 60 s, and a final extension step of 72° C for 5 min.
2Virulence genes run as a pentaplex PCR.
3Virulence gene run individually for PCR.
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Table 2. List of primers used and thermocycler setting1 used for the amplification of the antimicrobial resistance genes.

Set Target genes Accession No. Orientation Sequence (50−30) Length (nt) Tm (°C) Amplicon Size (bp) Reference

A2 aph (30)-IIIa NG_047420 Forward TGCACTTTGAACGGCATGATG 21 56.5 432 Poudel et al. (2022)
Reverse TGTCATACCACTTGTCCGCC 20 57.3

aph (200)-Ig NG_047407 Forward GATTTACCTGCCTTGATTCCGG 22 56.0 523 Poudel et al. (2022)
Reverse TTCGCCGAAATCTTTCCCA 19 54.6

blaOXA-184 NG_049485 Forward GCTCTCAAGTGCCTGCTTTT 20 56.0 317 Poudel et al. (2022)
Reverse AAATCCAACAATCCAAGCCAAA 22 53.6

blaOXA-61 NG_049801 Forward CTTTCTCTCCCGCTTCCACT 20 56.8 203 Poudel et al. (2022)
Reverse ACCAATTCTTCTTGCCACTTCTTT 24 55.3

tet(O) NG_048260 Forward AATATTCAGAGAAAAGGCGGCG 22 55.7 686 Poudel et al. (2022)
Reverse GCAGCCATAAAGAACCCCCT 20 57.6

B3 ermB KC575115 Forward GGGCATTTAACGACGAAACTGG 22 62.7 421 Cheng et al. (2020)
1PCR thermocycler condition was initial denaturation at 95 °C for 3 min followed by 35 cycles of 95° C for 30 s, 55° C for 30 s, 72° C for 60 s, and a final extension step of 72° C for 5 min.
2Antibiotics resistance genes run as a pentaplex PCR.
3Antibiotics resistance gene run individually for PCR.

Table 3. Cut-off values used to determine the antibiotic resistance of Campylobacter along with the information about the concentration of the disc used.

CLSI1 Class
Antimicrobial

agents
Antimicrobial

concentration range (mg/mL) MIC2 interpretive criteria (mg/mL)

Susceptible Resistance Reference source

Macrolides AZI 0.015-64 ≤0.25 ≥0.5 NARMS3

ERY 0.03-64 ≤4 ≥8 NARMS
Lincosamides CLI 0.03-16 ≤0.5 ≥1 NARMS
Aminoglycosides GEN 0.25-32 ≤2 ≥4 NARMS
Quinolones CIP 0.015-64 ≤0.5 ≥1 NARMS

NAL 4-64 ≤16 ≥32 NARMS
Tetracyclines TET 0.06-64 ≤1 ≥2 NARMS
Phenicol FLO 0.03-64 ≤4 ≥8 NARMS

Abbreviations: AZI, azithromycin; CIP, ciprofloxacin; CM, clindamycin; ERY, erythromycin; FLO, florfenicol; GEN, gentamycin; NAL, nalidixic acid; TET, tetracycline.
1Clinical and Laboratory Standards Institute.
2Minimum Inhibatory Concentration.
3National Antimicrobial Resistance Monitoring System.
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Table 4. Isolation statistics of chicken C. jejuni strains.

Processing Plant Location Sampling Time No of swab No. of PCR positive (%) No. of PCR positive (%)

Plant 1 Mississippi 2020 July 30 4 (13.3%) 14 (15.5%)
Mississippi 2020 July 30 7 (23.3%)
Mississippi 2020 August 30 3 (10.0%)

Plant 2 Alabama 2020 August 30 1 (3.3%) 7 (7.7%)
Alabama 2020 August 30 4 (13.3%)
Alabama 2020 August 30 2 (6.7%)

Plant 3 Mississippi 2020 September 30 2 (6.7%) 23 (25.5%)
Mississippi 2020 September 30 0 (0%)
Mississippi 2020 September 30 21 (70.0%)

270 44 (16.3%)
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between the processing plant. Among the 3 processing
plant visit, plant 3 had higher prevalence compared to
plant 1 and 2. Of the 44 C. jejuni positive samples, the
adhesion gene pldA and flagellar gene flgB were present
in 81.8% of the isolates, followed by another flagellar
gene flaAB in 79.55% of the isolates. The Campylobacter
adherence factor gene cadF, toxin gene cluster cdtA,
cdtB, and cdtC, and invasion gene ciaB were present in
65.9% of the isolates. However, the genes porA and type
IV secretion gene virB9 were absent in all isolates
(Figure 1).

The swarming motility of the isolated C. jejuni was
determined in the semisolid agar. Out of the 44 C. jejuni
isolates, 61.36% (27/44) were hypermotile, 15.9% (7/44)
were motile, and 22.7% (10/44) were nonmotile
(Figure 2). The phenotypic motility (combined hyper-
motile and motile) of C. jejuni was highly correlated
with all 3 tested flagellar genes (flgB, flhB, flaAB), with
respective P-values of P < 0.001, 0.0059, and <0.001.
Figure 1. Percentage of virulence genes in C. jejuni isolates from NAE-
genes in C. jejuni isolates obtained from broilers. These results provide insig
lence factors in broiler.
C. Jejuni Antibiotics Resistance and
Antibiotics Susceptibility

Six antibiotic resistance genes (aph(30)-IIIa, aph(200)-
Ig, blaOXA-61, blaOXA-184, tet(O), and ermB) associated
with resistance against 4 antibiotic classes (aminoglyco-
side, b-lactamase, tetracycline, and macrolide) were
tested. The most prevalent resistance gene was aph(30)-
IIIa conferring resistance to aminoglycoside detected in
26 (59.9%) isolates. The erythromycin resistance gene
ermB was detected in 22 (50%) isolates. The tetracycline
resistance gene tet(O) was present in 21 (47.7%) isolates.
The b-lactamase resistance gene blaOXA-184 was detected
in 4 (9.09%) isolates, whereas blaOXA-61 was absent in all
isolates (Figure 3).
The 44 C. jejuni isolates were tested for susceptibility

to 8 antibiotics from 6 different antimicrobial classes,
and the results are summarized in Figure 4. The highest
resistance was observed against tetracycline, with 13
raised broilers (n = 44). The bar plots display the presence of virulence
hts into the genetic profiles of C. jejuni strains and their potential viru-



Figure 2. Motility profiles of C. jejuni isolates from NAE-raised
broiler cloacal swabs (n = 44). The bar plot shows the distribution of
motility profiles among C. jejuni isolates obtained from broiler cloacal
swabs. The categories include nonmotile (NM), motile (M), and hyper-
motile (HM) isolates.
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(29.5%) isolates showing resistance, followed by nali-
dixic acid with 11 (25%) isolates, azithromycin and cip-
rofloxacin with 10 (22.7%) isolates each, clindamycin
with 8 (18.1%) isolates, erythromycin and gentamicin
with 6 (13.6%) isolates each. The lowest resistance was
observed against florfenicol, with 2 (4.5%) isolates
(Figure 4). Among the tested antibiotics, 9 (20.45%) C.
jejuni isolates exhibited multidrug resistance (MDR),
and 26 (59.09%) isolates were susceptible to all tested
antibiotics. One isolate (2.27%) showed resistance to all
Figure 3. Percentage of antimicrobial resistance gene presence in C. je
the percentage of antimicrobial resistance gene presence in C. jejuni isolate
resistance genes [aph(30)-IIIa, aph(200)-Ig, blaOXA-61, blaOXA-184, tet(O),
glycoside, b-lactamase, tetracycline, fluoroquinolones, macrolide) were tested
6-antimicrobial classes, followed by 3 (6.81%) isolates
resistant to 5 antimicrobial classes (Table 5).
The concordance analysis of the tet(O) and tetracy-

cline antibiotics shows moderate agreement between the
antibiotic’s resistance and presence of the gene in the
genome, as we observed the Cohen’s kappa test (k) value
0.68 with the specificity 87% and 48% sensitivity.
DISCUSSION

In the present study, we aimed to evaluate the preva-
lence, virulence genes, ARGs, and phenotypic antimicro-
bial susceptibility (AST) of C. jejuni isolates obtained
from NAE-raised broilers. Our study revealed a preva-
lence of 16.3% for C. jejuni in NAE-raised broilers,
which aligns with our previous investigation reporting a
15.7% prevalence of C. jejuni in environmental samples
including broiler feces, cloacal swab, and litter samples
from NAE broiler farms (Poudel et al., 2022). Current
C. jejuni prevalence in NAE-raised birds was similar to
(15 % -19.7 %) the previous studies, which studied the
prevalence of C. jejuni in conventionally raised birds
(Rosenquist et al., 2013; Gaucher et al., 2015; Golden
and Mishra, 2020). Additionally, a meta-analysis pre-
dicts the prevalence of Campylobacter spp in conven-
tionally raised birds to be 15.8% (Golden and Mishra,
2020). These findings indicate that the prevalence of
C. jejuni has not increased in NAE-raised birds com-
pared to conventionally raised birds. Although it is gen-
erally expected that the removal of antibiotics from the
bird’s diet could potentially increase enteric pathogen
juni isolates from NAE-raised broilers (n = 44). The bar plots illustrate
s obtained from the cloacal swab of NAE-raised broilers. Six antibiotic
and ermB] associated with resistance against 5 antibiotic classes (amino-
.



Figure 4. Phenotypic antibiotics resistance profile of C. jejuni isolated from NAE-raised broiler cloacal swabs (n = 44). The bar plots show the
percentage distribution of antibiotic resistance among C. jejuni isolates derived from broiler cloacal swabs. The bar represents the percentage to spe-
cific antibiotics, including AZI: azithromycin, CIP: ciprofloxacin, CM: clindamycin, ERY: erythromycin, FLO: florfenicol, GEN: gentamycin, NAL:
nalidixic acid, TET: tetracycline.
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along with the C. jejuni colonization compared to a con-
ventional system (Cox, 2005), our finding suggests that
the prevalence of C. jejuni has not increased in NAE-
raised broilers compared to conventionally raised birds.
Potentially, the enhanced biosecurity and adoption of
modern housing facilities in poultry farms might have
played a significant role in maintaing similar levels of
contamination. These modern houses can reduce the
contact between commercial boilers with rodents, flies,
cockroaches, beetles, and wild birds that may serve as a
potential reservoir for bacteria transmission.

C. jejuni has many virulent factors, i.e., flagellar,
adherence, toxins, invasion, and secretion. The virulence
genes are the key to the pathogenesis of the bacteria.
The current study tested 13 virulence genes associated
Table 5. Antimicrobial resistance patterns of the tested C. jejuni isola

Resistance pattern

GEN, AZI, ERY, FLO, CIP, NAL, TET, CM, Aminoglycoside, Macrolide, P
GEN, AZI, ERY, FLO, CIP, NAL, TET, Aminoglycoside, Macrolide, P
GEN, AZI, ERY, CIP, NAL, TET, CM, Aminoglycoside, Macrolide, Q
GEN, AZI, CIP, NAL, TET, CM, Aminoglycoside, Macrolide, Q
AZI, ERY, CIP, NAL, TET, CM, Macrolide, Quinolones, Tetra
GEN, AZI, CIP, NAL, CM, Aminoglycoside, Macrolide, Q
GEN, AZI, CIP, NAL, Aminoglycoside, Macrolide, Q
AZI, ERY, TET, CM, Macrolide, Tetracycline, Linc
CIP, NAL, TET Quinolones, Tetracycline
AZI, CM Lincosamides Macrolide
TET Tetracycline
NAL Quinolones
CM Lincosamides
None None

Abbreviations: AZI, azithromycin; CIP, ciprofloxacin; CM, clindamycin; ER
TET, tetracycline.
with adhesion (cadF, jlpA, pebA, porA, pldA), toxin
production (cdtA, cdtB, cdtC), invasion (ciaB), secre-
tion (virB9), and motility (flaAB, flgB, and flhB). The
cytolethal distending toxins (CDT) are a major heat-
labile exotoxin produced by Gram-negative bacteria,
which play a crucial role in the pathogenesis of Campylo-
bacter (Jain et al., 2008). These toxins could interact
with eukaryotic cells, leading to cell cycle arrest at the
G2/M stage and ultimately resulting in cell death (Gargi
et al., 2012; Bezine et al., 2014). In the present study,
65.9% of the C. jejuni isolates possessed all 3 cytotoxin
subunit genes (cdtA, cdtB, and cdtC). The prevalence of
cdt complex in our study was lower compared to previ-
ous studies, where the cdtA, cdtB, and cdtC were
detected at frequencies 90-100% in C. jejuni isolated
tes against 9 antimicrobial agents of 6 antimicrobial class.

Antimicrobial class
No of resistance
isolates (%)

henicol, Quinolones, Tetracycline, Lincosamides 1 (2.27%)
henicol, Quinolones, Tetracycline 1 (2.27%)
uinolones, Tetracycline, Lincosamides 1 (2.27%)
uinolones, Tetracycline, Lincosamides 1 (2.27%)
cycline, Lincosamides 2 (4.54%)
uinolones, Lincosamides 1 (2.27%)
uinolones 1 (2.27%)
osamides 1 (2.27%)

2 (4.54%)
1 (2.27%)
4 (9.09%)
1 (2.27%)
1 (2.27%)
26 (59.09%)

Y, erythromycin; FLO, florfenicol; GEN, gentamycin; NAL, nalidixic acid;
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from human and poultry feces (Datta et al., 2003; Rozy-
nek et al., 2005; Wieczorek et al., 2018). Similar to the
cdt genes, the observed frequency of flagellar genes flgB
(81.8%), flaAB (79.5%) had lower prevalence compared
to C. jejuni isolated from the human, poultry feces, and
poultry meat, where they detected approx. 100% occur-
rence (Datta et al., 2003; Quetz et al., 2012; Wieczorek
et al., 2018; Melo et al., 2019; Sierra-Arguello et al.,
2021). Additionally, in our study, 77.26% (combined
hypermotile and motile) of isolated C. jejuni were
motile, and there was a high correlation between the fla-
gellar gene and the motility of C. jejuni. The primary
role of flagella of the bacteria is to provide chemotactic
motility and help them reach the favorable niche, adhe-
sion, colonization, and invasion (Ottemann and Miller,
1997; Josenhans and Suerbaum, 2002; Lux and Shi,
2004; Haiko and Westerlund-Wikstr€om, 2013; Chaban
et al., 2018). Therefore, it has been postulated that the
higher motility of Campylobacter means higher the risk
of invading host-cell and higher the pathogenesis of bac-
teria (Hazell et al., 1986; Lertsethtakarn et al., 2011;
Baldvinsson et al., 2014). Additionally, a positive corre-
lation was observed between the motility and invasive-
ness of C. jejuni isolated from the poultry samples in
human intestinal epithelial cells (Corcionivoschi et al.,
2015). These findings suggest that the majority of C.
jejuni isolated from NAE broilers sampled in this study
possess greater colonizing and invasion potential but
possess lower capabilities to produce cytolethal-distend-
ing toxins compared to human and other poultry meat
C. jejuni isolates.

Although the removal of the antibiotics can nega-
tively impact the growth performance of birds, to
address the increased problem of antibiotic resistance,
the usage of antibiotics in poultry production has been
reduced, and a “no antibiotic ever” program has been
introduced (Gaucher et al., 2015; Cowieson and
Kluenter, 2019; EFSA, 2019). When the birds are con-
stantly exposed to antibiotics, bacteria present in poul-
try can develop resistance against treated antibiotics,
and these antibiotic-resistance bacteria can spread to
humans through the food chain (Dibner and Richards,
2005; Diarra et al., 2007; Diarra and Malouin, 2014).
Antimicrobial resistance (AMR) is a major public
health concern throughout the world, and antibiotic
resistant Campylobacter spp. has been categorized as a
serious public health threat (CDC, 2019). In this study,
we analyzed the presence of AMR and AST on C. jejuni
isolated from the cloacal swab of an NAE-raised broiler.
In our study, 20.45% C. jejuni isolates were multidrug
resistance (MDR), and isolates possess ARGs and show
resistance against tetracycline, nalidixic acid ciprofloxa-
cin, azithromycin, clindamycin, gentamicin and erythro-
mycin at varying intensity. The European Union and
the United States have banned fluoroquinolones since
2001 in poultry and have progressively removed the
usage of other antibiotics from poultry diet since 2006 in
the EU and 2013 in the United States (FDA, 2012;
FDA, 2013; ESVAC, 2018; Page et al., 2021). The
impact of these regulatory changes on antibiotic usage
has been significant. In chickens, the usage of medically
important antibiotics has decreased by 69% in total
from 2016 to 2021 (FDA, 2021). Furthermore, aminogly-
cosides, macrolides, sulfonamides, and tetracyclines
have seen reductions of 19%, 89%, 66%, and 59%,
respectively, in chicken production (FDA, 2021). The
prevalence of multidrug-resistant (MDR) C. jejuni
reported in our study was higher compared to <3%
reported by (Bailey et al., (2019), who collected samples
in midwest USA. However, the prevalence of MDR
obtained in this study was slightly lower then MDR
reported (30%) by Hull et al., (2021), who collected sam-
ples from chicken in North Carolina. Additionally, the
resistance of C. jejuni against the tested antibiotics falls
within a similar range or even higher compared to previ-
ous studies in which C. jejuni was isolated from either
conventionally raised birds or undefined poultry sources
(Cody et al., 2012; Obeng et al., 2012; Giacomelli et al.,
2014; Sifr�e et al., 2015; Sierra-Arguello et al., 2015; Nar-
vaez-Bravo et al., 2017; Premarathne et al., 2017; Szcze-
panska et al., 2017; Khan et al., 2018; Schiaffino et al.,
2019; NARMS, 2019; Varga et al., 2019; Rivera-Men-
doza et al., 2020; Tang et al., 2020; Cobo-Díaz et al.,
2021; Uddin et al., 2021; Liao et al., 2021). These results
indicate that despite removing antibiotics from broiler
production, antibiotic resistance to C. jejuni still pre-
vails in broiler production system. The higher frequen-
cies of resistance observed may be attributed to the
previous availability of these antibiotics as growth pro-
moters in poultry (Miranda et al., 2008; Apata, 2009;
Elviss et al., 2009; Giacomelli et al., 2014; Diarra and
Malouin, 2014; Ljubojevi�c et al., 2017; Miranda et al.,
2018) and C. jejuni was still maintaining it in their
genome, as Erythromycin resistance gene was found to
be stable in C. jejuni even after 33 passage in nonantibi-
otics medium (Caldwell et al., 2008).
Although in this study we did not test the presence of

all the genes associated with resistance to the tested phe-
notypic antibiotics susceptibility, but among the tested
there was higher ARGs compared to the showed pheno-
typic resistance. Aminoglycoside phosphotransferases
(aph) is mainly coded by aph(30)-IIIa and aph(200)-If,
which confers resistance against amikacin, gentamicin,
and kanamycin (Fong and Berghuis, 2009; Yao et al.,
2017). In our study aminoglycoside resistance genes aph
(30)-IIIa was present in 59.9% of isolates; however, only
13.63% isolates were resistance to Gentamicin. Simi-
larly, a total of 50% C. jejuni isolated in this study pos-
sess ermB gene whereas only 13.6% isolates were
resistance against erythromycin phenotypically. The
potential reasons for the higher ARGs compared to the
phenotypic resistant might associated with unexpression
resistance genes due to potential mutation in the genes
and other factors associated with the gene expression
like temperature and growth medium (Ocejo et al.,
2021).
In this study, 29.5% isolates were resistant to tetracy-

cline and 47.7% isolates possess tetracycline resistance
gene tet(O). The results obtained for tet(O) gene was
close to the results obtained by Cobo-Díaz et al. (2021),
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who observed 36.4% isolates positive for tet(O) gene
while analyzing 39,789 C. jejuni genome sequence avail-
able in the NCBI database. Furthermore, Abdi-Hache-
soo et al. (2014) observed 51.8% tet(O) gene in C. jejuni
isolated from poultry carcass. However, Wozniak-Biel et
al. (2018) observed higher frequency (70-100%) of tet
(O) gene in the broiler and turkey samples. The observa-
tion of a higher frequency of tetracycline resistance
might be due to its availability as growth promoters in
poultry (Ljubojevi�c et al., 2017) and tetracycline
accounts for 71% of total antibiotics used in USA up to
2015 . However, the use of tetracycline as a growth pro-
moter was restricted in the USA from 1 January 2017,
and its use was confined to therapeutic purposes only
(US FDA, 209 Guideline). In our study, we observed
moderate concordance (k = 0.68) between genotypic
and phenotypic resistance of tetracycline, which was
lower compared to other studies that utilizes WGS to
identify concordance (Marotta et al., 2019; Whitehouse
et al., 2018; Painset et al., 2020). The lower concordance
might be due to the robust ness of WGS compared to
PCR for the accurate identification of target genes
(Moran et al., 2011).
CONCLUSION

The present study showed that the prevalence of C.
jejuni has not increased in NAE-raised broilers. How-
ever, C. jejuni isolated from cloacal swabs of NAE-
raised broilers possessed a higher resistance to clini-
cally important antibiotics (tetracycline, ciprofloxa-
cin, and azithromycin), which are commonly used
during human clinical cases of campylobacteriosis.
Additionally, majority C. jejuni isolated in this study
were hypermotile and possessed virulence genes that
can play a crucial role in the pathogenesis of campy-
lobacteriosis in human. The observed resistance to
clinically important antibiotics and the presence of
virulence genes indicates that the C. jejuni from
NAE-raised broilers still pose a public health threat
even though there was a shift in the poultry produc-
tion system from the conventional to NAE.
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