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A B S T R A C T   

Campylobacter has been one of the most common causative agent of bacterial food-borne gastroenteritis in 
humans worldwide. However, in Brazil the campylobacteriosis has been a neglected disease and there is 
insufficient data to estimate the incidence of this pathogen in the country. 
Aims: The current study aimed to determine the phylogenetic relationships among Campylobacter coli strains 
isolated in Brazil and to compare them with international Campylobacter isolates available in some public 
databases. 
Methods and results: A total of 63C. coli strains isolated in Brazil were studied. The MLST analysis showed 18 
different STs including three STs not yet described in the PubMLST database. The cgMLST allocated the Brazilian 
strains studied into five main clusters and each cluster comprised groups of strains with nearly identical cgMLST 
profiles and with significant genetic distance observed among the distinct clusters. The comparison of the Bra-
zilian strains with 3401 isolates from different countries showed a wide distribution of these strains isolated in 
this country. 
Conclusions: The results showed a high similarity among some strains studied and a wide distribution of the 
Brazilian strains when compared to isolates from different countries, which is an interesting data set since it 
showed a high genetic diversity of these strains from Brazil in a global context. This study contributed for a better 
genomic characterization of C. coli strains isolated in Brazil and provided important information about the di-
versity of this clinically-relevant pathogen.   

1. Introduction 

Campylobacter has been one of the most common causative agent of 
bacterial food-borne gastroenteritis in humans worldwide. In an analysis 
performed by the Foodborne Disease Burden Epidemiology Reference 
Group (FERG) of the World Health Organization (WHO), Campylobacter 
spp. were rated second among the most frequent causes of foodborne 
infections after norovirus, and responsible for 96 million cases globally 
each year (Kirk et al., 2015; WHO, 2015; Rokney et al., 2018). 

According to the Centers for Disease Control and Prevention (CDC), 
Campylobacter causes an estimated 1.5 million illnesses each year in the 
United States (CDC, 2020). In 2018, the number of confirmed cases of 

human campylobacteriosis reported was 246,571 in the European 
Union, while the number of salmonellosis cases was 91,857 (EFSA and 
ECDC, 2019). 

The clinical symptoms of campylobacteriosis include diarrhea, 
abdominal cramps, fever, vomiting and can lead to serious medical 
sequelae such as Guillain-Barré Syndrome, a debilitating and sometimes 
fatal paralysis (Nachamkin, 2002; Cameron et al., 2012; Xia et al., 
2013). The most important potential transmission route of Campylo-
bacter spp., specifically Campylobacter coli and Campylobacter jejuni, to 
humans is the consumption and handling of improperly prepared 
poultry meat (Skarp et al., 2016; EFSA and ECDC, 2019). However, the 
consumption of unpasteurized milk, raw red meat, fruits and vegetables, 

* Corresponding authors. 
E-mail addresses: eduardo.taboada@canada.ca (E.N. Taboada), jufalcao@fcfrp.usp.br (J.P. Falcão).  

Contents lists available at ScienceDirect 

Infection, Genetics and Evolution 

journal homepage: www.elsevier.com/locate/meegid 

https://doi.org/10.1016/j.meegid.2021.105018 
Received 1 June 2021; Received in revised form 21 July 2021; Accepted 25 July 2021   

mailto:eduardo.taboada@canada.ca
mailto:jufalcao@fcfrp.usp.br
www.sciencedirect.com/science/journal/15671348
https://www.elsevier.com/locate/meegid
https://doi.org/10.1016/j.meegid.2021.105018
https://doi.org/10.1016/j.meegid.2021.105018
https://doi.org/10.1016/j.meegid.2021.105018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.meegid.2021.105018&domain=pdf


Infection, Genetics and Evolution 95 (2021) 105018

2

activities related to recreational waters and contact with farm animals or 
pets have also been identified as possible causes of transmission (Man, 
2011; Silva et al., 2011; Facciolà et al., 2017). 

Although Brazil is currently the largest exporter of poultry meat in 
the world (ABPA, 2019), campylobacteriosis has been a neglected dis-
ease. Brazil has no surveillance program, which makes it difficult to 
estimate the number of cases and the incidence rate for gastroenteritis 

caused by Campylobacter (Coker et al., 2002; Epps et al., 2013; Gomes 
et al., 2016; Gomes et al., 2018; Silva et al., 2018; Gomes et al., 2019). 

Molecular typing methodologies have been of utmost importance in 
epidemiological investigations for determining routes and sources of 
infections, identifying outbreaks and cross-contamination of health- 
related pathogens, identifying virulent strains and assessing the effec-
tiveness of microbiological control measures (Nadeau et al., 2002; 

Table 1 
Sequence Read Archive (SRA) numbers, year, source, State of origin, Sequence Typing (ST), Clonal Complex (CC) and core genome Multilocus Sequence Typing 
(cgMLST) profile of the 63 Campylobacter coli strains studied.  

SRA Number Strains Year Source State ST CC cgMLST cluster 

SRS7405071 CCAMP 771 1995 Sewage RJ 8158 828 D 
SRS7405106 CCAMP 773 1995 Sewage RJ 8157 828 C 
SRS7405094 CCAMP 820 1995 Monkey RJ 1581 – C 
SRS7405083 CCAMP 821 1995 Monkey RJ 8158 828 D 
SRS7405072 CCAMP 840 1995 Sewage RJ 860 828 E 
SRS7405077 CCAMP 625 1996 Monkey RJ 1166 828 B 
SRS7405103 CCAMP 761 1996 Sewage RJ 10,881 828 D 
SRS7405073 CCAMP 764 1996 Sewage RJ 8157 828 C 
SRS7405133 CCAMP 765 1996 Sewage RJ 8157 828 C 
SRS7405134 CCAMP 767 1996 Sewage RJ 8161 – E 
SRS7405076 CCAMP 768 1996 Monkey RJ 1166 828 B 
SRS7405074 CCAMP 774 1996 Sewage RJ 8157 828 C 
SRS7405117 CCAMP 787 1996 Sewage RJ 8157 828 C 
SRS7405128 CCAMP 819 1996 Sewage RJ 1581 – C 
SRS7405075 CCAMP 825 1996 Monkey RJ 8157 828 C 
SRS7405080 CCAMP 775 1997 Sewage RJ 829 828 E 
SRS7405078 CCAMP 791 1997 Monkey RJ 832 828 B 
SRS7405079 CCAMP 818 1997 Sewage RJ 1595 828 E 
SRS7405084 CCAMP 490 1998 Human RJ 830 828 E 
SRS7405082 CCAMP 494 1998 Human RJ 830 828 D 
SRS7405081 CCAMP 495 1998 Human RJ 8159 828 B 
SRS7405085 CCAMP 841 1998 Monkey RJ 829 828 E 
SRS7405087 CCAMP 498 1999 Human RJ 1166 828 B 
SRS7405086 CCAMP 502 1999 Human RJ 10,888 828 A 
SRS7405088 CCAMP 975 1999 Monkey RJ 860 828 E 
SRS7405089 CCAMP 988 1999 Monkey RJ 8157 828 C 
SRS7405091 CCAMP 503 2000 Human RJ 1166 828 B 
SRS7405090 CCAMP 726 2000 Monkey RJ 8157 828 C 
SRS7405092 CCAMP 834 2000 Environmental Water RJ 860 828 E 
SRS7405093 CCAMP 595 2001 Human RJ 8159 828 B 
SRS7405095 CCAMP 667 2002 Monkey RJ 1112 828 A 
SRS7405096 Cc 01 2002 Human SP 1581 – C 
SRS7405101 Cc 03 2003 Human SP 830 828 E 
SRS7405098 Cc 04 2003 Human SP 1581 – C 
SRS7405102 Cc 05 2003 Human SP 830 828 E 
SRS7405097 Cc 10 2003 Human SP 8158 828 D 
SRS7405100 CCAMP 165 2003 Monkey RJ 3858 828 D 
SRS7405105 CCAMP 170 2003 Monkey RJ 860 828 E 
SRS7405099 CCAMP 182 2003 Monkey RJ 3858 828 D 
SRS7405104 CCAMP 73 2003 Monkey RJ 8158 828 D 
SRS7405111 CCAMP 394 2004 Monkey RJ 825 828 E 
SRS7405107 CCAMP 446 2004 Monkey RJ 3858 828 E 
SRS7405108 CCAMP 463 2004 Potable Water MG 860 828 E 
SRS7405110 CCAMP 464 2004 Potable Water MG 2869 828 A 
SRS7405113 CCAMP 465 2004 Environmental Water MG 860 828 E 
SRS7405115 CCAMP 466 2004 Environmental Water MG 860 828 E 
SRS7405114 CCAMP 467 2004 Environmental Water MG 860 828 E 
SRS7405109 CCAMP 469 2004 Potable Water MG 2869 828 A 
SRS7405112 CCAMP 769 2004 Sewage MG 8157 828 C 
SRS7405116 CCAMP 392 2007 Monkey RJ 1096 828 A 
SRS7405119 CCAMP 1000 2007 Monkey RJ 4309 828 – 
SRS7405118 CCAMP 1010 2007 Monkey RJ 854 828 A 
SRS7405120 CCAMP 1117 2009 Monkey RJ 1096 828 A 
SRS7405121 CCAMP 1062 2010 Chicken wing RJ 10,885 – E 
SRS7405122 CCAMP 1067 2010 Chicken liver RJ 1581 – C 
SRS7405123 CCAMP 1063 2010 Chicken gizzard RJ 1166 828 B 
SRS7405124 CCAMP 1064 2010 Chicken wing RJ 830 828 E 
SRS7405125 CCAMP 1066 2010 Chicken liver RJ 830 828 E 
SRS7405126 CCAMP 1068 2010 Chicken wing RJ 830 828 E 
SRS7405127 CCAMP 1071 2011 Chicken wing RJ 1166 828 B 
SRS7405130 CCAMP 1073 2011 Chicken wing RJ 1166 828 B 
SRS7405131 CCAMP 1074 2011 Chicken gizzard RJ 1166 828 B 
SRS7405129 CCAMP 1075 2011 Chicken liver RJ 1166 828 B 

Monkey: not diarrheal faeces; Human diarrheal faeces; MG: Minas Gerais; RJ: Rio de Janeiro; RS: Rio Grande do Sul; SP: São Paulo. 
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Müllner et al., 2009; Batz et al., 2012; Taboada et al., 2013). In this way, 
bacterial typing has contributed substantially for improving the effec-
tiveness of surveillance systems and control strategies in public health 
(Tenover et al., 1997; Maccannell, 2013; Ranjbar et al., 2014). 

Several molecular subtyping schemes have been developed and used 
successfully in characterization, epidemiological and phylogenetic 
studies of C. coli and C. jejuni isolates (Meinersmann et al., 1997; Dingle 
et al., 2001; Clark et al., 2005; Price et al., 2007; Sheppard et al., 2009; 
Ahmed et al., 2012; Gomes et al., 2016; Cody et al., 2017; Llarena et al., 
2017). Of these methods, Multilocus Sequence Typing (MLST), which 
measures the allelic diversity of seven conserved housekeeping genes, 
has been a widely used method in part due to the facility of comparison 
of nucleotide sequence based typing among different laboratories 
worldwide (Dingle et al., 2001). 

The recent development of high-throughput sequencing technologies 
for genome sequencing, specifically using next-generation sequencing 
(NGS) has greatly increased the amount of genetic information available 
for the characterization of bacterial isolates (Cody et al., 2017; Llarena 
et al., 2017; Medini et al., 2008). 

Core genome Multilocus Sequence Typing (cgMLST), which extends 
MLST from seven conserved genes found in all members of the popu-
lation to all such conserved genes within a genus, has been widely used 
to study the molecular epidemiological characteristics of several path-
ogens owing to the higher resolution compared to MLST (de Been et al., 
2015; Janowicz et al., 2018; Guglielmini et al., 2019; Fida et al., 2020; 
Lan et al., 2020). However, for Campylobacter there is a paucity of 
studies using this methodology (Clark et al., 2016; Cody et al., 2017; 
Marotta et al., 2020). It is important to highlight that in Brazil there is a 
lack of data on this pathogen of worldwide importance, which makes the 
characterization of Campylobacter strains isolated in Brazil extremely 
important. 

The current study analyzed C. coli strains isolated from human, an-
imal, food and environmental sources isolated during a 16-year period 
in Brazil. These strains were typed by MLST and cgMLST and compared 
with 3401 international Campylobacter isolates that had been deposited 
in Bacterial Isolate Genome Sequence Database (BIGSdb), Sequence 
Read Archive (SRA) and National Center for Biotechnology Information 
(NCBI) sequence databases. We aimed to achieve a better understanding 
of the genotypic diversity of these strains. 

2. Materials and methods 

2.1. Bacterial strains 

A total of 63C. coli strains were studied. Those strains were isolated 
from human faeces (12 strains), animals (21 strains), the environment 
(20 strains) and food (10 strains) from Rio de Janeiro, Sao Paulo and 
Minas Gerais States in the Southeast region of Brazil between 1995 and 
2011. These strains were selected from the collection of the Campylo-
bacter Reference Laboratory of the Oswald Cruz Institute of Rio de 
Janeiro (FIOCRUZ) as described by Gomes et al. (2018). Table 1 lists the 
year, source, State of origin and accession numbers of the 63C. coli 
strains studied. 

2.2. Genome sequencing 

The DNA of each strain was extracted according to Campioni and 
Falcão (2014). Libraries were prepared using 0.05 ng/ μL of genomic 
DNA with the Nextera XT Sample Prep Kit (Illumina, San Diego, CA). 

The genomes were sequenced using the NextSeq 500 desktop 
sequencer using the NextSeq 500/550 Mid Output Kit V2 (300 cycles) 
(Illumina, San Diego, CA) according to the manufacturer’s instructions 
in the Public Health Agency of Canada, National Microbiology Labora-
tory, Winnipeg, Manitoba, Canada. 

2.3. Genome assembly 

The assemblies were generated from raw reads using Shovill 0.9.044, 
which uses SPAdes 3.1245 as the assembler (available at https://github. 
com/tseemann/shovill). The contigs for each isolate (draft genomes) 
were annotated using Rapid Prokaryotic Genome Annotation (PROKKA) 
(Seemann, 2014). 

2.4. RefSeqMasher Pipeline 

All the assemblies were submitted to RefSeqMasher Pipeline, avail-
able in the Integrated Rapid Infectious Disease Analysis platform 
(IRIDA) (Matthews et al., 2018). RefSeqMasher compares the Jaccard 
distances between MinHash k-mers of the query genome, and those of 
the subject genomes in RefSeq. This allows the identification of the 
RefSeq species most similar to the submitted query sequence (Ondov 
et al., 2016). 

2.5. Multilocus Sequence Typing (MLST) and Core genome Multilocus 
Sequence Typing (cgMLST) 

The MLST profile of the strains studied was obtained using the MLST 
prediction software developed by Seemann (available at https://github. 
com/tseemann/mlst), which identifies the allelic sequence of each of the 
seven housekeeping genes comprising the Campylobacter MLST schema 
in submitted assemblies and compares them with sequences deposited in 
the PubMLST database (pubmlst.org). Thus, allele numbers and allelic 
profiles were obtained, which were then used to identify the ST 
(Sequence Type) and CC (Clonal Complex) of each strain studied. 

The assemblies were analyzed for genetic similarity based on a 
comparison using cgMLST. Initially the assemblies were submitted to 
the chewBBACA Pipeline (available at https://github.com/B-UMMI/ch 
ewBBACA) to define a highly conserved gene set that was considered 
the core genome for C. coli and the alleles for each core gene were 
identified in the 63C. coli strains studied. The phylogenetic analysis of 
these C. coli strains was performed using a cgMLST scheme comprising 
646 genes (Table S2). The result of this analysis was subjected to clus-
tering using the program GrapeTree (Zhou et al., 2018). The resulting 
phylogenetic tree was subsequently visualized using the Interactive Tree 
of Life (iTOL) v5 program (available at https://itol.embl.de) annotated 
to indicate the number of allele differences. 

2.6. Genomes for comparison 

The genetic diversity of the 63C. coli strains isolated in Brazil was 
compared against an international cohort of 3401 sequenced Campylo-
bacter strains isolated from different countries between 1992 and 2019 
(Table S1) using cgMLST analysis as described above. Initially the whole 
genome sequences of 2400 Campylobacter isolates from Europe, 
367C. coli isolated from unidentified countries, 606C. coli isolated from 
North America, 14C. coli isolated from Oceania, 11C. coli isolated from 
Asia and 3C. coli isolated from Africa, were downloaded. These genomes 
were available in BIGSdb (https://pubmlst.org/organisms/campylobact 
er-jejunicoli) and SRA; NCBI (https://www.ncbi.nlm.nih.gov/sra) da-
tabases (Table S1). 

All assemblies were analyzed using the chewBBACA Pipeline, which 
was used to define a cgMLST scheme for C. coli and to identify alleles in 
the submitted sequences. The result of this analysis was visualized using 
a Minimum Spanning Tree (MST) generated using GrapeTree version 
1.5.0 (Zhou et al., 2018). 

3. Results 

3.1. Species confirmation and metadata 

All the 63 sequences submitted to RefSeqMasher Pipeline were 
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confirmed to belong to the Campylobacter coli species (Table 1). The 
metadata of the 3401 sequenced Campylobacter strains isolated from 
different countries is available at Supplementary Table 1 (Table S1). 

3.2. Multilocus Sequence Typing (MLST) and Core Genome Multilocus 
Sequence Typing (cgMLST) 

The MLST analysis showed 18 different STs among the 63C. coli 
strains studied, including three STs (10,881, 10,885 and 10,888) not yet 
described in the database among the strains CCAMP 502, CCAMP 761 
and CCAMP 1062 (Table 1). The ST 1166 was represented by nine C. coli 
strains isolated from humans, animals, and food, as well as ST 8157 that 
was represented by 9C. coli strains isolated from animals and the envi-
ronment. The ST 860 and 830 were represented by eight C. coli strains 
isolates from animals and the environment, and seven C. coli strains 
isolated from humans and food. The STs 1581, 8158 and 3858 were 
represented by five C. coli strains isolated from humans, animals, food 
and the environment, four strains isolated from humans, animals and the 
environment and three strains isolated from animals, respectively. The 
STs 829, 1096, 2869 and 8159 were represented by two C. coli strains 
each one and the STs 825, 832, 854, 1112, 1595, 4309 and 8161 were 

represented by only one strain each. Fifteen out of the 18 STs found 
belong to the Clonal Complex (CC) 828, which is the main CC of C. coli 
species. The STs 1581, 8161 and 10,885 were not related to any Clonal 
Complex (Table 1). 

The 63C. coli strains in this study were allocated into 5 main clusters 
denoted A, B, C, D and E by cgMLST (Fig. 1). Each cluster comprised 
groups of strains with nearly identical cgMLST profiles and with sig-
nificant genetic distance observed among the clusters. Cluster A 
comprised seven strains and included a pair of strains with very high 
genetic similarity that were strains CCAMP464 and CCAMP 469. These 
two strains were isolated from the environment in 2004 in the State of 
Minas Gerais and differed in only one allele among the 646 core genome 
genes studied. Cluster B grouped 12 strains, including a main sub-cluster 
that included 11 strains with a high similarity among them and one 
additional strain (CCAP 791) which differed in 365 alleles from the 
remaining strains in the cluster. Cluster C comprised 14 strains that 
could be further divided into two sub-clusters of nine strains (CCAMP 
726, CCAMP 774, CCAMP 988, CCAMP 764, CCAMP 765, CCAMP 769, 
CCAMP 787, CCAMP 825 and CCAMP 773) and five strains (CCAMP 
820, CCAMP 819, CCAMP 1067, Cc 04 and Cc 01) respectively. Each 
sub-cluster shared a large number of alleles. Cluster D grouped nine 

Fig. 1. Phylogenetic tree of the core genome Multilocus Sequence Typing (cgMLST), of the 63 Campylobacter coli strains studied, generated by the Interactive Tree Of 
Life (iTOL) v5 program. The STs of the strains studied are represented in purple and the number shown on the branches of the phylogenetic tree indicated the number 
of alleles that the strains differed among them. 
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strains, with four strains (CCAMP 761, CCAMP 182, CCAMP 165 and 
CCAMP 446) that shared high genetic similarity and differed from the 
remaining strains in the cluster by 411 alleles. In the same way, a high 
genetic similarity could be observed among the strains Cc 10, CCAMP 
73, CCAMP 771 and CCAMP 821, which differed from the strain CCAMP 
494 by 397 alleles. Cluster E grouped 20 strains of which seven (CCAMP 
975, CCAMP 834, CCAMP 840, CCAMP 466, CCAMP 465, CCAMP 467, 
CCAMP 170) shared a large number of alleles. Finally, the strain CCAMP 
1000 did not group with any other strain in the dataset and differed by a 
minimum of 499 alleles when compared to the other strains of this study 
(Fig. 1). 

3.3. Genomes for comparison 

The phylogenetic analysis by cgMLST of the 63C. coli strains isolated 
from different sources in Brazil compared to 3401 isolates from Europe, 
North America, Oceania, Asia, Africa and from countries not identified 
in the databases was performed based on cgMLST scheme of 484 genes 
described for the first time in this present study. Fig. 2 shows a wide 
distribution across the minimum spanning tree of the 63C. coli strains 
studied. However, some Brazilian strains clustered closely to one 
another, indicating a high genomic similarity among this specific strains 
(Fig. 2). 

4. Discussion 

The genome sequencing analyses has been successfully used in 
Campylobacter strains characterization, especially C. jejuni species, both 
in epidemiological and phylogenetic studies (Biggs et al., 2011; Revez 
et al., 2014; Clark et al., 2016; Cody et al., 2017; Joensen et al., 2018). 
However, it is important to note that there is a relative paucity of 
genomic studies on C. coli and that there are no published studies using 
NGS methodologies comparing C. coli strains circulating in Brazil among 
them and with other C. coli strains isolated in other countries (Cody 
et al., 2017; Liu et al., 2016; Ghatak et al., 2017; Cantero et al., 2018). 

The molecular epidemiology of C. coli remains a challenge due to the 
nature of genome evolution of this microorganism and the extensive 
genomic and phenotypic diversity of this bacterial species. The genomic 
evolution of C. coli and C. jejuni has been strongly influenced by 
recombination, including frequent genomic rearrangements and genetic 
exchanges (De Boer et al., 2002; Ridley et al., 2008; Wilson et al., 2009); 
however, there is evidence of stability for some clones (Nielsen et al., 
2001). Thus, some molecular subtyping methods has been developed for 
characterization and for epidemiological investigation of C. jejuni and 
C. coli isolates. 

The MLST methodology is highly reproducible, and the results can be 
made available and shared in specific databases that make it possible to 
compare the genetic diversity of bacteria isolated from different coun-
tries (Maiden et al., 1998; Dingle et al., 2001; Schouls et al., 2003; 
Sheppard et al., 2009; Oporto et al., 2011; Llarena et al., 2015; Collado 
et al., 2018; Levican et al., 2019). 

The MLST analysis showed 18 different STs among the 63C. coli 
strains studied, with three strains presenting STs not yet described in the 
database (Table 1). The MLST analysis allowed us to observe a high 
genetic similarity among some strains studied suggesting that the 
environment and food represent a possible source of contamination and/ 
or transmission to humans and animals in Brazil and no predominance of 
specific STs was observed when the strains were compared based on 
their year of isolation. Moreover, 15 out of the 18 STs found belong to 
the Clonal Complex (CC) 828 (Table 1), which suggested the presence of 
a 3-clade C. coli population structure. In this genetic structure, hori-
zontal gene transfer within each clade would be more common than 
among members of different clades resulting in a low diversity of CCs 
(Sheppard and Maiden, 2015). 

In addition, the CC-828 is represented by approximately 70% of the 
C. coli isolates submitted to PubMLST / campylobacter database; the 
majority of the other isolates shared alleles with this Clonal Complex 
and are therefore phylogenetically related (Table 1). The ST 1166 and 
ST 8157 were commonly found among the strains of the present study 
and it is important to note that these STs have not been frequently 

Fig. 2. Minimum Spanning Tree (MST) generated by GrapeTree version 1.5.0 program for the genomic phylogenetic analysis based on the core genome Multilocus 
Sequence Typing (cgMLST) of 3401 Campylobacter strains isolated from different countries (yellow circles) and 63 strains isolated in Brazil (blue circles). 
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reported in C. coli studies in other countries. In China, for example, the 
most commonly STs found have been ST 9227 (Zhang et al., 2020) while 
in the United States the predominant ST has been ST 1413 (Thakur et al., 
2006). Thus, data reported by different researchers highlight the week 
clonality and high genomic diversity of this bacterial species. 

A cgMLST scheme defines a comprehensive set of loci present in most 
members of a bacterial group, balancing very high resolution with 
comparability across the diversity of the group (Cody et al., 2017). In 
this study, the phylogenetic analysis of these C. coli strains was per-
formed using a cgMLST scheme comprising 646 genes while the MLST 
measures the allelic diversity based on seven conserved housekeeping 
genes. The cgMLST analysis of the 63 sequenced C. coli strains clustered 
the strains into 5 main clusters which presented a high genomic diversity 
among them (Fig. 1). Nevertheless, a more detailed analysis of each of 
these clusters allowed us to observe a high genetic similarity among 
some of the strains studied. 

The high similarity among some strains isolated in Brazil studied in 
this present work differed from previous studies in which the C. coli 
strains showed a high genetic diversity (Giacomelli et al., 2012; Zhang 
et al., 2014) and corroborate with the data from Pulse-field gel elec-
trophoresis (PFGE) published by our research group (Gomes et al., 
2016). It is important to mention that the whole genome sequencing 
provided more detailed and precise data than PFGE. Instead of only 
having the ability to compare bacterial genomes using 15–30 bands that 
appear in a PFGE pattern, the WGS have millions of bases to compare 
(CDC, 2021). 

In addition, a cluster analysis based on the source of isolation allows 
us to observe that this high genetic similarity occurred among some 
strains from different sources suggesting that the environment and food 
have been a possible source of contamination and/or transmission to 
humans and animals, over 16 years in Brazil. No correlation based on the 
year of isolation was observed (Table 1). 

Moreover, strains with the same ST were grouped in the same cluster 
except for strains belonging to ST 830, which could be found in clusters 
D and E (Fig. 1). It was also observed that some strains belonging to the 
same cluster differed in a large number of alleles that demonstrate a 
genetic diversity among strains belonging to the same ST and the high 
discriminatory power of the cgMLST methodology, which uses a much 
larger number of core or housekeeping genes when compared to the 
MLST. 

The phylogenetic analysis by cgMLST of the 63C. coli strains isolated 
from different sources in Brazil compared to 3401 isolates from different 
countries showed a wide distribution of the 63C. coli strains, suggesting 
that strains isolated in Brazil have a high genetic diversity and represent 
many of the different lineages that have been found globally. This is 
interesting data since Brazil is the largest poultry meat exporter in the 
world and its main importers have been countries in Africa, America, 
Asia, Europe, Oceania and the Middle East of which strains were used for 
comparisons in this study (ABPA, 2019). Despite the high prevalence of 
Campylobacter in several countries worldwide, until now the research on 
this pathogen has not been included in the legislation that establishes 
the microbiological standards of food produced in Brazil (Agência 
Nacional de Vigilância Sanitária, 2020). 

Efforts to reduce the Campylobacter infections have been directly 
related to knowledge about the genetics, the pathogen-host relation-
ships, and possible contamination and transmission routes of this 
pathogen. Thus, the results obtained in this study are extremely 
important since they highlighted the need for a broader analysis of the 
circulating strains in Brazil. 

In conclusion, the MLST and cgMLST analyses showed a high simi-
larity among some C. coli strains studied suggesting that the environ-
ment and food have been a possible source of contamination and/or 
transmission to humans and animals in Brazil over the years studied. 
Besides that, a wide distribution of the 63C. coli strains isolated in Brazil 
when compared to isolates from different countries is an interesting data 
since it shows a high genetic diversity of Brazilian strains. 

This study contributed for a better genomic characterization of C. coli 
strains isolated from various sources in Brazil and provided important 
information about the diversity of this clinically relevant pathogen. 
Moreover, this study is unique about the fact that genome sequencing 
data has never been published for C. coli strains isolated in Brazil, 
contributing to the limited amount of genomic data of this species in the 
literature. 
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