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Objectives: This study aimed to identify antimicrobial resistance genotypes in 63 Campylobacter coli
strains isolated from humans (12), animals (21), the environment (20), and food (10) in Brazil using whole
genome sequencing (WGS) tools, comparing them with results obtained by antimicrobial susceptibility
testing (AST) against some important antimicrobials in clinical use.

Methods: Phenotypic resistance profiles were determined by minimal inhibitory concentrations and the
disk diffusion technique. The prediction of the resistance genes was performed using ABRicate v.0.8 and
the Resistance Gene Identifier software of the CARD.

Results: The percentage of C. coli strains phenotypically resistant to antimicrobials were: ampicillin,
44.4%; doxycycline, 20.6%; tetracycline, 20.6%; ciprofloxacin, 12.7%; nalidixic acid, 12.7%; streptomycin,
6.3%; erythromycin, 4.8%; and gentamicin, 1.6%. The genes blaoxa-sos | blaoxa-s1, tet(O), cmeB, aadE-Cc, aph
(37) - Illa, sat4 and aad9 were detected in 54%, 22.2%, 9.5%,6.3%, 1.6%, 1.6%, and 1.6% strains, respectively.
Mutations T86I in the QRDR region of gyrA were detected in 8 (12.7%) strains. The agreement between
AST and WGS was 100%, 92.9%, 82.4%, and 80% for quinolones, tetracycline, 8-lactam, and aminoglycoside
classes, respectively.

Conclusions: The rates of C. coli strains resistant to 8- lactams and quinolones may represent a public
health concern. The partial agreement between AST and WGS shows that improvement in antibiotic re-
sistance databases may be required to minimize this discrepancy observed in some antimicrobial classes
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and to become an acceptable tool to both clinical microbiologists and regulatory agencies.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial

Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

One of the biggest public health challenges of our time is an-
timicrobial resistance (AMR). According to the Centers for Disease
Control and Prevention, at least 2.8 million people in the US ac-
quire an antibiotic-resistant infection each year, from which more
than 35 000 people die [1]. High rates of resistance have enhanced
the morbidity and economic burden associated with infections.
Therefore, accurate detection of AMR is necessary to guide treat-
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ment decisions and thereby improve the management of infections
in both the clinic and community [2].

Culture-based antimicrobial susceptibility testing (AST) has
been the most commonly employed method by the majority of
clinical laboratories [2]. However, traditional methods of AST are
time consuming and laborious. In this context, whole genome se-
quencing (WGS) technology has become an important tool for pub-
lic health surveillance and tracking of microorganisms by being
able to define resistance genotypes and predict resistance pheno-
types in several bacterial species [3].

Campylobacter Spp., especially Campylobacter jejuni and Campy-
lobacter coli, have been reported as one of the most frequent
causes of acute gastroenteritis in humans worldwide [4]. The dis-
ease caused by these species is usually self-limiting and typically
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does not require antimicrobial therapy. However, prompt antimi-
crobial treatment is recommended in severe and prolonged cases
of enteritis or extra-intestinal infections. In these cases, fluoro-
quinolones, tetracyclines, macrolides, and selected B-lactams are
the drugs of choice. Alternatively, aminoglycosides have been used
in cases of systemic infections caused by multiresistant strains [5].

Regarding AMR in Campylobacter, the percentage of strains re-
sistant to fluoroquinolones or macrolides has increased consider-
ably in recent years [1]. AMR trends have shown that the increased
antibiotic resistance of Campylobacter strains isolated from humans
is related to use of antimicrobial agents in animal production as a
growth promoter and for the treatment of diseases [3].

In light of the importance of monitoring antimicrobial resis-
tance in Campylobacter, this study aimed to identify AMR geno-
types in C. coli strains isolated from humans, animals, the environ-
ment, and food in Brazil using WGS tools, comparing findings with
results obtained by AST testing of some important antimicrobials
in clinical use.

2. Material and Methods
2.1. Bacterial strains

In a previous study [6] the whole genomes of 63 C. coli strains
isolated in Brazil from human faeces (12 strains), animals (21
strains), the environment (20 strains), and food (10 strains) were
sequenced between 1995-2011, and their accession numbers re-
ported. Table 1 lists the year, sources, and states of origin of the
63 C. coli strains studied.

2.2. AMR prediction

The prediction of the resistance genes present in the C. coli
strains studied was performed using ABRicate v.0.8 (available
at https://github.com/tseemann/abricate/), which performs a mass
screening for antimicrobial resistance genes in assemblies sub-
mitted based on multiple databases: ResFinder, National Center
for Biotechnology Information (NCBI), Antibiotic Resistance Gene-
ANNOTation (ARG-ANNOT), Comprehensive Antibiotic Resistance
Database (CARD) and MEGARes [7-11]. In addition, the assemblies
were also analysed using the Resistance Gene Identifier software of
the Comprehensive Antibiotic Resistance Database (CARD) database
[10].

2.3. Antimicrobial susceptibility testing

Minimal inhibitory concentrations (MICs) were determined for
the 63 C. coli strains listed in Table 1, of which 39 strains
(highlighted with asterisks) were studied in previous work by
our research group [12] using E-test® (bioMérieux, Marcy-I'Etoile,
France) as recommended by the Clinical Laboratory and Standards
Institute (CLSI) M45Ed3 for the antimicrobials ciprofloxacin, doxy-
cycline, tetracycline, and erythromycin [13].

Furthermore, the phenotypic resistance of the 63 strains bear-
ing AMR genes identified by WGS analyses was also determined
by the disk diffusion technique for the antimicrobials ampicillin
(10ug), azithromycin (15pg), streptomycin (10 pg), gentamicin (10
pg), and nalidixic acid (30 pg) provided by Oxoid (Hampshire,
United Kingdom). The antimicrobials were selected according to
the predicted genotypic resistance profiles of the strains studied,
and as the CLSI does not recommend these antimicrobials for
Campylobacter, we used the protocol for Enterobacterales [14].

The C. coli strains were grown as described by Gomes et al. [12].
After antimicrobial application, the plates were incubated at 42°C
under microaerophilic atmosphere for 24 h and then screened. The
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C. jejuni strain ATCC 33291 was included as quality control for an-
timicrobial susceptibility experiments.

2.4. Statistical analysis

The results of AST and AMR prediction were expressed as per-
centages of strains that were susceptible or resistant, respectively.
The statistical significance of the agreement between AMR pheno-
type and genotype was calculated by the x?2 test, which analyses
the association between two categorical variables, using GraphPad
Prism 5 (GraphPad Software, San Diego, CA). We considered P val-
ues < 0.05 to be significant.

3. Results
3.1. AMR Prediction

According to the ABRicate v. 0.8 software, the blagxa_go5, OXA-
61 family class D B-lactamase, was found in 34 (54%) of the C. coli
strains studied. The tet(O) gene related to tetracycline resistance
was detected in 14 (22.2%) strains, and the aadE-Cc, aph (3’) - Illa,
sat4, aad9 genes that confer resistance to aminoglycosides were
detected in 4 (6.3%), 1 (1.6%), 1 (1.6%), and 1 (1.6%) strain, respec-
tively (Table 1).

In predictions performed by the Resistance Gene Identifier soft-
ware, the blagya.g1 gene was detected in 34 (54%) of the C. coli
strains studied. The tet(O) was detected in 14 (22.2%) strains, and
the cmeB gene that encodes an antimicrobial efflux pump was de-
tected in six (9.5%) strains. The aph (3’) - Illa, sat4 genes were de-
tected in 1 (1.6%) strain, and mutations in the QRDR region of gyrA,
which is related to fluoroquinolone resistance, were detected in 8
(12.7%) strains. Seventeen (27%) strains did not show any antimi-
crobial resistance genes or mutations associated with resistance
(Table 1).

3.2. Antimicrobial susceptibility testing

The MICs and disk diffusion results are demonstrated in Ta-
ble S1, and the phenotypic AMR patterns of the 63 C. coli strains
are presented in Table 1. Forty-three (68.3%) strains were pheno-
typically resistant to at least one of the antimicrobials tested. The
number of C. coli strains resistant to ampicillin, doxycycline, tetra-
cycline, ciprofloxacin, nalidixic acid, streptomycin, erythromycin,
and gentamicin was 28 (44.4%), 13 (20.6%), 13 (20.6%), 8 (12.7%),
8 (12.7%), 4 (6.3%), 3 (4.8%), and 1 (1.6%), respectively (Table 1
and Table S1). Of note, three strains isolated from animals [2] and
the environment [1] were considered multidrug resistant because
they were phenotypically resistant to three different antimicrobial
agents class (Table 1).

3.3. Agreement between AMR phenotype and genotype

The phenotypic and genotypic resistance profiles did not match
with 100% concordance for the 63 C. coli strains studied (Table 2).
Thirty-four of the 63 strains studied carried the blagxa-gos |
blagxa.g1 gene. However, only 28 strains were phenotypically resis-
tant to B-lactam antibiotics, which represents agreement of 82.4%.
Thirteen of 14 strains were phenotypically resistant to tetracy-
cline and carried the tet(O) gene, showing agreement of 92.9%.
All ciprofloxacin-resistant strains in the AST had a gyrA T86I point
mutation, with 100% agreement among the strains. Four out of 5
strains that were AST aminoglycoside resistant carried the genes
related to this resistance showing 80% agreement. Macrolide re-
sistance was phenotypically present in three strains; however,
no genotypic resistance was found. No statistical significance in
agreement between AMR phenotype and genotype was observed
(Table 2).
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Table 1

Phenotypic and genotypic resistance profiles of the 63 Campylobacter coli strains studied.
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Strains Year Source State Phenotypic Antimicrobial Resistance Genes Mutations QRDR  Antimicrobial class
Resistance Profile gyrA
ABRicate v. 0.8 RGI RGI
CCAMP 7717 1995 Sewage RJ] Amp blaoxa-so0s blaoxa-61 ND Beta-lactam
CCAMP 773¢ 1995 Sewage R] Amp blaoxa-s0s blaoxa-s1 ND Beta-lactam
CCAMP 820° 1995 Monkey R] ND blaoxa-sos blaoxa-¢1 ND Beta-lactam
CCAMP 821 1995 Monkey R] Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 840 1995 Sewage RJ ND ND ND ND
CCAMP 625 1996 Monkey RJ ND blaoxa-s0s blapxa-¢1, cmeB ND Beta-lactam, efflux pump
membrane transporter
CCAMP 761° 1996 Sewage RJ] Amp, Ery, blaoxa-so0s blaoxa-s1 ND Beta-lactam
CCAMP 764 1996 Sewage RJ Amp blaoxa-sos blaoxa-¢1 ND Beta-lactam
CCAMP 765 1996 Sewage RJ] Amp blaoxa-60s blaoxa-¢1 ND Beta-lactam
CCAMP 767° 1996 Sewage RJ ND ND ND ND
CCAMP 768° 1996 Monkey R] ND blaoxa-s05 blaoxa-s1, cmeB ND Beta-lactam, efflux pump
membrane transporter
CCAMP 774 1996 Sewage R] Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 787 1996 Sewage RJ Amp blaoxa-s0s blaoxa-s1 ND Beta-lactam
CCAMP 819° 1996 Sewage RJ Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 825 1996 Monkey RJ] Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 775 1997 Sewage RJ ND ND ND
CCAMP 7912 1997 Monkey RJ Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 818° 1997 Sewage R] Amp, Dox, S, Tet, blaoxa-eos, tet(0), aadE-Cc  blaoxa-1, tet(O) ND Beta-lactam, tetracycline,
aminoglycoside
CCAMP 490° 1998 Human R] Amp blaoxa-s05 blaoxa-61 ND Beta-lactam
CCAMP 494° 1998 Human RJ Amp blaoxa-gos, aadE-Cc blaoxa-s1 ND Beta-lactam,
aminoglycoside
CCAMP 495° 1998 Human RJ Amp, Cip, Na blaoxa-s0s blaoxa-s1 T861 Beta-lactam, quinolones
CCAMP 841 1998 Monkey RJ ND ND
CCAMP 498° 1999 Human R] Cip, Na blaoxa-s0s blaoxa-s1 T861 Beta-lactam, quinolones
CCAMP 502 1999 Human RJ Cip, Na, S tet(0), aadE-Cc tet(0) T861 Tetracycline,
aminoglycoside,
quinolones
CCAMP 975¢ 1999 Monkey RJ ND ND ND ND
CCAMP 988 1999 Monkey RJ Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 503¢ 2000 Human RJ ND ND ND ND
CCAMP 726 2000 Monkey 1N} Amp blaoxa-so0s blaopxa-s1 ND Beta-lactam
CCAMP 834 2000 Water R] Dox,Tet, tet(0) tet(0) ND Tetracycline
CCAMP 5952 2001 Human RJ Amp, Cip, Na blaoxa-0s blaoxa-¢1 T861 Beta-lactam, quinolones
Cc 012 2002 Human SP Dox, Tet blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 667 2002 Monkey RJ] Amp, Cip, Gen,  blaoxa-eos, aph(3’)-Illa, sat4, blaoxa-61, T86I Beta-lactam,
Na aad9 aph(3’)-1lla, sat4 aminoglycoside,
quinolones
Cc 032 2003 Human SP Dox, Ery, Tet tet(0O) tet(0) ND Tetracycline
Cc 042 2003 Human SP Amp blaoxa-sos blaoxa-s1 ND Beta-lactam
Cc 05 2003 Human SP ND tet(0O) tet(0) ND Tetracycline
Cc 10 2003 Human SP Amp blaoxa-so0s blaopxa-s1 ND Beta-lactam
CCAMP 73 2003 Monkey RJ Amp, Dox, Tet blaoxa-sos, tet(O) blaoxa-s1, tet(O) ND Beta-lactam, tetracycline
CCAMP 165° 2003 Monkey RJ Amp blaoxa-0s blaoxa-¢1 ND Beta-lactam
CCAMP 170 2003 Monkey RJ ND ND
CCAMP 182° 2003 Monkey RJ Amp blaoxa-so0s blaoxa-s1 ND Beta-lactam
CCAMP 394° 2004 Monkey RJ ND blaoxa-sos blaoxa-¢1 ND Beta-lactam
CCAMP 4462 2004 Monkey IN} Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 463° 2004 Potable Water MG  Dox, Tet tet(0O) tet(0) ND Tetracycline
CCAMP 464 2004 Potable Water MG  Dox, Tet tet(0) tet(0), cmeB ND Tetracycline, efflux pump
membrane transporter
CCAMP 465° 2004 Water MG  Dox, Tet tet(0O) tet(0) ND Tetracycline
CCAMP 466 2004 Potable Water MG Dok, Tet tet(0O) tet(0) ND Tetracycline
CCAMP 467 2004 Water MG  Dox, Tet tet(0O) tet(0) ND Tetracycline
CCAMP 469° 2004 Potable Water MG  Dox, Tet tet(0O) tet(0), cmeB ND Tetracycline, efflux pump
membrane transporter
CCAMP 769 2004 Sewage MG Amp blaoxa-s0s blaoxa-¢1 ND Beta-lactam
CCAMP 392° 2007 Monkey RJ ND ND ND ND
CCAMP 10007 2007 Monkey RJ] Amp blaoxa-so0s blaopxa-61, cmeB ND Beta-lactam, efflux pump
membrane transporter
CCAMP 1010° 2007 Monkey RJ Cip, Dox, Na, S,  tet(0), aadE-Cc tet(0) T86I Tetracycline,
Tet aminoglycoside,
quinolones
CCAMP 1117 2009 Monkey RJ ND ND ND ND
CCAMP 1062° 2010 Chicken wing R] Cip, Dox, Na, Tet tet(O) tet(0), cmeB T861 Tetracycline, efflux pump
membrane transporter,
quinolones
CCAMP 10632 2010 Chicken gizzard RJ ND ND ND ND
CCAMP 1064° 2010 Chicken wing RJ ND ND ND ND

m

(continued on next page)
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Table 1 (continued)
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Strains Year Source State Phenotypic Antimicrobial Resistance Genes Mutations QRDR  Antimicrobial class
Resistance Profile gyrA
ABRicate v. 0.8 RGI RGI
CCAMP 1066° 2010 Chicken liver RJ ND ND ND ND
CCAMP 10672 2010 Chicken liver RJ] Amp, Cip, Na blaoxa-so0s blaoxa-s1 T86I Beta-lactam, quinolones
CCAMP 1068° 2010 Chicken wing RJ ND ND ND ND
CCAMP 1071° 2011 Chicken wing RJ S ND ND ND Aminoglycoside
CCAMP 1073 2011 Chicken wing RJ ND ND ND ND
CCAMP 1074* 2011 Chicken gizzard RJ Ery ND ND ND Macrolides
CCAMP 1075° 2011 Chicken liver RJ ND ND ND ND

2 Results published in Gomes et al., 2019.

Chicken, non diarrheal faeces; Cip, ciprofloxacin; Dox, doxycycline; Ery, erythromycin; Human, diarrheal faeces; MG, Minas Gerais; Monkey, non-diarrheal faeces; ND, not
detected; R, resistance; RJ, Rio de Janeiro; RS, Rio Grande do Sul; SP, Sdo Paulo; Tet, tetracycline;.

Table 2

Analysis of the phenotypic and genotypic antimicrobial resistance agreement among the 63 Campylobacter coli strains studied.

Number of isolates with
genotypic resistance

Number of isolates with
phenotypic resistance

Antibiotic class

Number of discordant isolates
between genotypic and
phenotypic resistance

Agreement between AMR P value*
phenotype and genotype

(%)

Aminoglycoside 4 5
Beta-lactam 28 34
Quinolones 8 8
Tetracycline 13 14
Macrolide 3 0

w =0 o =

80 0.284989 (NS)
82.4 0.729406 (NS)
100 1 (NS)

92.9 0.82812 (NS)
0 0.30023 (NS)

2 P < 0.05 indicates significance, calculated by x? test.
NS, not significant.

4. Discussion

Antibiotic resistance is one of the world’s most challenging and
urgent health problems; it has the potential to affect healthcare
systems and the veterinary and agriculture fields [1]. Detecting an-
timicrobial resistance is necessary to guide treatment decisions for
managing bacterial infections in both clinical and community set-
tings. AST based on bacterial culture is still the most widely used
method in clinical laboratories. However, WGS has been described
as a rapid, consistent, and accurate tool for prediction of every
known resistance phenotype of a strain [2].

This study assessed the AMR phenotypes and genotypes of C.
coli strains isolated from different sources over 16 years in Brazil,
using WGS tools and comparing findings with results obtained by
AST, by testing eight clinically important antimicrobials.

According to published data, resistance to ampicillin and other
antimicrobial agents belonging to a B-lactams class has been
widely reported among Campylobacter species. In this work, 44.4%
of the C. coli studied was resistant to ampicillin. Similarly, Corcoran
and colleagues reported 48.5% ampicillin resistance among Campy-
lobacter isolates in Ireland [15].

Regarding genotypic resistance, in a study carried out by Griggs
and collaborators, 380 isolates were studied, of which 347 (91.3%)
had the blagxa.s1 gene [16]. In the study carried out by our group,
the presence of the blagxa_gos and blagxa.g1 gene was found in 54%
(n = 34) of the studied strains, corroborating literature in which
this gene was reported in a large number of strains (Table 1).

In a study performed by Wozniak-Biel and collaborators, 78.6%
of Campylobacter strains isolated from broiler and 58.1% from
turkey isolates were resistant to tetracycline [17]. Ferro and col-
leagues reported a similarly high prevalence of tetracycline resis-
tance of C. jejuni and C. coli isolated from broiler carcasses in Brazil
[18].

In contrast to studies observing that C. coli strains isolated from
diverse countries have high rates of tetracycline resistance, in the
present work, only 13 (20.6%) strains showed phenotypic resistance
to this antimicrobial class, and the tet(O) gene was detected in 14
(22.2%). Our findings might be attributable to the fact that most of
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our strains were isolated from healthy monkeys and the environ-
ment, and they were probably not indiscriminately exposed to this
antimicrobial class.

Fluoroquinolones are often used in veterinary and human
medicine, especially for enteric infections. Thus, a high prevalence
of resistance to this antimicrobial class has been reported in sev-
eral studies. Wozniak-Biel and collaborators, for example, found
fluoroquinolone resistance in all (n = 45) strains studied [17]. Like-
wise, Campylobacter isolates presenting high levels of resistance to
fluoroquinolones have also been found in Spain [19].

Mutations in the QRDR region of the gyrA gene are related to
fluoroquinolone resistance and were detected in 8 (12.7%) of the
63 C. coli strains studied, showing a 100% agreement between AMR
phenotype and genotype.

Despite a relatively low proportion observed in this study, resis-
tance of Campylobacter to fluoroquinolones is extremely important
and has been monitored by public health agencies in several coun-
tries worldwide [1,4].

The results obtained in this study showed a low prevalence of
resistance to antibiotics of the aminoglycosides class, which cor-
roborates studies performed in different countries [3,17,19].

The CmeABC and CmeDEF efflux pumps have been frequently
described as the main drug efflux mechanism for Campylobacter,
and they confer resistance to several antimicrobial agents [3]. The
cmeB gene was detected in 6 (9.5%) of strains studied, differing
substantially from previous work by our research group, where this
gene was identified by polymerase chain reaction in 38 of the 39
(97.4%) C. coli strains studied [12]. Likewise, a study performed by
Marotta and colleagues evaluated the presence of cmeB gene in
644 C. jejuni strains from the collection at the National Reference
Laboratory for Campylobacter, and this gene was detected in 100%
of strains [3].

Comparing results obtained in the present work by AST and
by in silico search of AMR genetic profiles, agreement was ob-
served between phenotype and genotype profiles of 100%, 92.9%,
82.4%, 80%, for quinolones, tetracycline, B-lactam, and aminogly-
coside classes, respectively (Table 2). Specifically in relation to
macrolide resistance, CCAMP 761, Cc03, and CCAMP 1074 strains
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were phenotypically erythromycin-resistant with no mutation in
the 23S rRNA gene, suggesting that another mechanism, such as
other points of mutation and/or efflux pumps, may be responsi-
ble for such resistance. Although the results obtained in the agree-
ment between AMR phenotype and genotype were not statistically
significant, they are clinically relevant.

The prediction of resistance genes by WGS may estimate the re-
sistance phenotype that is usually verified according to the guide-
lines of the CLSI [14]| and/or the European Committee on An-
timicrobial Susceptibility Testing. For this, it is necessary to use
a database containing the gene sequences linked to antibiotic re-
sistance phenotypes, and software to perform the query between
the unknown sequence and the gene sequences deposited in the
databases [20]. Because of a scarcity of genomic studies involving
the species C. coli, few genomic annotations are available, which
may have contributed to the relatively low proportion of resis-
tance genes found. Furthermore, the research literature demon-
strates that genome fragmentation generated by next-generation
sequencing can affect the prediction of resistance genes and make
it difficult to determine whether the resistance genes are located
on a chromosome or mobile element due to gaps between the con-
tigs [2].

5. Conclusion

In conclusion, the rates of C. coli strains resistant to antimicro-
bials, especially to B-lactams and quinolones, and the prediction of
genes related to resistance in these strains may represent a public
health concern for Campylobacter infections in humans when treat-
ment is needed. In addition, this is the first study performed in
Brazil that used next generation sequencing technology to assess
AMR genotypes in C. coli isolated from humans, animals, the envi-
ronment, and food, comparing them with results obtained by AST
testing in some important antimicrobials of clinical use.

The present results improve the characterization of C. coli
strains from different sources circulating in Brazil over a span of 16
years. WGS is an important tool in genomic analysis and offers po-
tential for accurate predictions of phenotype resistance for C. coli.
However, the partial agreement between the phenotypic and geno-
typic profiles of antimicrobial resistance using WGS shows that im-
provement in antibiotic resistance databases may be required to
minimize the discrepancy observed in some antimicrobial classes
and to become an acceptable tool to both clinical microbiologists
and regulatory agencies.

Funding: We thank Sdo Paulo Research Foundation (FAPESP) (Proc.
2016/24716-3, Proc. 2019/ 19338-8 and Proc. 2022/07013-0) for fi-
nancial support, under the supervision of ].P. Falcdo. During the
course of this work, C.N. Gomes was supported by a scholarship
from Sdo Paulo Research Foundation (FAPESP) (Proc. 2015/23408-0
and 2018/26043-1), and ]J.P. Falcdo received a scientific production
from the National Council for Scientific and Technological Develop-
ment (CNPq 304399/2018-3 and CNPq 304803/2021-9).

Competing Interests: None to declare.

Ethical approval: The authors declare that ethical approval was
not required. The study was conducted using isolates belonging to
the culture collection of the Oswaldo Cruz Institute (FIOCRUZ-RJ).

113

Journal of Global Antimicrobial Resistance 33 (2023) 109-113
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jgar.2023.03.004.

References

[1] Centers for Disease Control and Prevention (CDC) Antibiotic/Antimicrobial Re-
sistance; 2021 www.cdc.gov/drugresistance/index.html [accessed 16.05.22].

[2] Su M, Satola SW, Read TD. Genome-based prediction of bacterial antibiotic re-
sistance. ] Clin Microbiol 2019;57:e01405-18. doi:10.1128/JCM.01405-18.

[3] Marotta F, Garofolo G, di Marcantonio L, Di Serafino G, Neri D, Romantini R,
et al. Antimicrobial resistance genotypes and phenotypes of Campylobacter je-
juni isolated in Italy from humans, birds from wild and urban habitats, and
poultry. PLoS ONE 2019;14:e0223804. doi:10.1371/journal.pone.0223804.

[4] European Food Safety Authority; European Centre for Disease Prevention
and ControlThe European Union One Health 2021 Zoonoses Report. EFSA ]
2022;20:e07666. doi:10.2903/j.efsa.2022.7666.

[5] Silva ], Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P. Campylobacter spp.

as a foodborne pathogen: a review. Front Microbiol 2011;2:200. doi:10.3389/

fmicb.2011.00200.

Gomes CN, Barker DOR, Duque SS, Che EV, Jayamanna V, Taboada EN, et al.

Campylobacter coli isolated in Brazil typed by core genome Multilocus Se-

quence Typing shows high genomic diversity in a global context. Infect Genet

Evol 2021;95:105018. doi:10.1016/j.meegid.2021.105018.

Ea Zankari, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O,

et al. Identification of acquired antimicrobial resistance genes. ] Antimicrob

Chemother 2012;67:2640-4. doi:10.1093/jac/dks261.

[8] Agarwala R, Barrett T, Beck J, Benson DA, Bollin C, Bolton E, et al. Database
resources of the National Center for Biotechnology Information. Nucl Acids Res
2016;44:D7-19. doi:10.1093/nar/gkv1290.

[9] Gupta SK, Padmanabhan BR, Diene SM, Lopez-Rojas R, Kempf M, Landraud L,
et al. ARG-ANNOT, a new bioinformatic tool to discover antibiotic resistance
genes in bacterial genomes. Antimicrob Agents Chemother 2014;58:212-20.
doi:10.1128/AAC.01310-13.

[10] McArthur AG, Waglechner N, Nizam F, Yan A, Azad MA, Baylay A, et al. The
Comprehensive Antibiotic Resistance Database. Antimicrob Agents Chemother
2016;57:3348-57. doi:10.1128/AAC.00419-13.

[11] Lakin SM, Dean C, Noyes NR, Dettenwanger A, Ross AS, Doster E, et al.
MEGARes: an antimicrobial resistance database for high throughput sequenc-
ing. Nucl Acids Res 2017;45:D574-80. doi:10.1093/nar/gkw1009.

[12] Gomes CN, Frazio MR, Passaglia J, Duque SS, Medeiros MIC, Falcdo JP.
Molecular epidemiology and resistance profile of Campylobacter jejuni and
C. coli strains isolated from different sources in Brazil. Microb Drug Resist
2020;26:1516-25. doi:10.1089/mdr.2019.0266.

[13] Clinical and Laboratory Standards Institute Methods for antimicrobial dilution
and disk susceptibility testing of infrequently isolated or fastidious bacteria.
3rd ed. Wayne, PA: CLSI; 2016. CLSI guideline M45.

[14] Clinical and Laboratory Standards Institute Performance standards for antimi-

crobial susceptibility testing. 30th Ed. Wayne, PA: CLSI; 2020. CLSI Supplement

M100.

Corcoran D, Quinn T, Cotter L, Whyte P, Fanning S. Antimicrobial resistance

profiling and fla-typing of Irish thermophillic Campylobacter spp. of human and

poultry origin. Lett Appl Microbiol 2006;43:560-5. doi:10.1111/j.1472-765X.

2006.01987.x.

Griggs DJ, Peake L, Johnson MM, Ghori S, Mott A, Piddock LJV. B-lactamase-

mediated SB-lactam resistance in Campylobacter species: prevalence of Cj0299

(blapxa-61) and evidence for a novel B-lactamase in C. jejuni. Antimicrob

Agents Chemother 2009;53:3357-64. doi:10.1128/AAC.01655-08.

Wozniak-Biel A, Bugla-Ploskonska G, Kielsznia A, Korzekwa K, Tobiasz A,

Korzeniowska-Kowal A, et al. High prevalence of resistance to fluoroquinolones

and tetracycline Campylobacter spp. isolated from poultry in Poland. Microb

Drug Resist 2018;24:314-22. doi:10.1089/mdr.2016.0249.

Ferro ID, Benetti TM, Oliveira TC, Abrahdo WM, Farah SM, Luciano FB,

et al. Evaluation of antimicrobial resistance of Campylobacter spp. isolated

from broiler carcasses. Br Poult Sci 2015;56:66-71. doi:10.1080/00071668.2014.

981796.

Perez-Boto D, Herrera-Leon S, Garcia-Pena FJ, Abad-Moreno JC, Echeita MA.

Molecular mechanisms of quinolone, macrolide, and tetracycline resistance

among Campylobacter isolates from initial stages of broiler production. Avian

Pathol 2014;43:176-82. doi:10.1080/03079457.2014.898245.

Xavier BB, Das A], Cochrane G, De Ganck S, Kumar-Singh S, Aarestrup FM, et al.

Consolidating and exploring antibiotic resistance gene data resources. | Clin

Microbiol 2016;54:851-9. doi:10.1128/JCM.02717-15.

[6

(7

[15]

(16]

[17]

(18]

(19]

(20]



