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Brazilian poultry meat samples were screened for colistin-resistant Salmonella enterica. Sixty Salmonella isolates
were tested for in vitro colistin resistance and mcr-1, mcr-2, mcr-3 and mcr-4 genes. Two isolates harbored the
mcr-1 gene and whole-genome analysis determined the serovar to be Schwarzengrund, ST96, harboring the
IncX4 plasmid. This is the first report ofmcr-1-harboring Salmonella enterica serovar Schwarzengrund in Brazil.
x: +55-2111-3091-7928.
© 2018 Elsevier Inc. All rights reserved.
The recent rise of colistin resistance and the rapid spread of mcr-1-
harboring bacterial pathogens from humans and animals have become
a major public health issue and require enhanced epidemiological sur-
veillance. The intensive usage colistin in veterinary medicine promotes
the maintenance and spread of foodborne mcr-1-positive isolates
(Poirel and Nordmann, 2016).

Recently, poultry have been reported as an important reservoir of
mcr-1-harboring E. coli worldwide (Lima Barbieri et al., 2017; Monte
et al., 2017; Trung et al., 2017). However, poultry associated mcr-1-
positive Salmonella enterica is less frequently reported. However, the
mcr-1 gene has been detected in low frequency from different Salmo-
nella serotypes isolated from Portugal, Spain, France and England over
the last 5 years (Doumith et al., 2016; Figueiredo et al., 2016; Quesada
et al., 2016; Webb et al., 2016).

Here we present the evaluation of colistin resistance and the preva-
lence of mcr-1, mcr-2, mcr-3 and mcr-4 genes in Salmonella enterica
strains isolated from poultry meat cuts sold at municipal markets,
butchers and small markets of São Paulo city. A total of 60 strains, iso-
lated between 2013 and 2016 from 33 poultry cuts of 24 markets,
were studied. Meat samples (wing = 27, thigh = 7, chest = 21,
drumstick = 5) were submitted and processed in accordance to the
methodologies described by Holt et al. (1994). Salmonella enterica iden-
tification was confirmed using biochemical tests and through invA gene
amplification as previously described (Rahn et al., 1992). Serotyping
was performed by the Enteric Pathogens Laboratory from Oswaldo
Cruz Institute Foundation, Rio de Janeiro (FIOCRUZ-RJ).

Isolates were subjected to mcr-1, mcr-2, mcr-3 and mcr-4 PCR
screening as previously described (Carattoli et al., 2017; Liu et al.,
2016; Xavier et al., 2016; Yin et al., 2017). Colistin resistancewas evalu-
ated by minimal inhibitory concentrations (MIC) assessed through
brothmicrodilution technique as recommended by the Clinical and Lab-
oratory Standards Institute (M31-A3, 2008). The colistin-resistant
strains were further evaluated against a panel of eight antimicrobial
agents (ampicillin, ciprofloxacin, fosfomycin, gentamicin, tetracycline,
ceftiofur, spectinomycin, florfenicol) by disk diffusion method.

From the 60 studied strains, seven demonstrated colistin MIC
≥2 mg/L and only two strains were positive for mcr-1 gene (MIC =
8 mg/L). Among the colistin-resistant Salmonella isolates, none pre-
sented multidrug resistance phenotype; 71,4% were susceptible to all
tested antimicrobials. The remaining isolates which presented colistin
MIC ranging from 8 to 16 mg/L were resistant to at least one more anti-
microbial class (Table 1).
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Table 1
Colistin-resistant Brazilian Salmonella enterica strains isolated from poultry meat.

Strain Cut Market Region Serotype Colistin MIC (mg/L) Resistance profile⁎ PCR

mcr-1 to − 4

A206–1.5 Chest M52 South Heidelberg 8 COL -
A206–1.8 Chest M52 South Derby 8 COL -
A265–1.1 Thigh M67 West Abony 8 COL -
A268–1.1 Wing M68 West Abony 2 COL -
A276–1.2 Wing M70 West Muenchen 8 COL / FLOR -
A323–1.5 Chest M82 North Schwarzengrund 16 COL / FLOR mcr-1
A323–1.11 Chest M82 North Schwarzengrund 16 COL mcr-1

⁎ COL = colistin; FLOR = florfenicol.
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Considering that the twomcr-1-positive isolates originated from the
same meat sample, only the SA323 strain was selected for whole ge-
nome sequencing. Genomic DNA was purified with Illustra™ bacteria
Fig. 1.Circular representation of theBrazilian Salmonella enterica serovar Schwarzengrundmcr-1
genes and blue arrows the respective proteins. Numbers indicate nucleotide positions.
genomicPrep Mini Spin Kit (GE Healthcare do Brasil Ltda, São Paulo,
Brazil) and used for paired-end library preparation with Nextera™
DNA Sample Prep Kit (Illumina®) and sequencing through Illumina®
-harboring IncX4 plasmid. In yellow, themcr-1 sequence. Green arrows indicate annotated
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NextSeq platform. Base calling, trimming and de novo assembly were
performedwithCLCMainWorkbench 7.5.1 (CLC Bio, QIAGEN).With ge-
nome coverage of ~300×, the assembly resulted in 23 scaffolds with a
N50 of 412,101 bp.

The SA323 draft genome (NIWS00000000) comprises ~4.6Mb, with
anoverall G+C content of 52%. Automatic genomeannotationwas per-
formed with NCBI Prokaryotic Genome Annotation Pipeline (Tatusova
et al., 2016). The in silico multilocus sequence typing (MLST) analysis,
serotyping and detection of acquired antibiotic resistance genes were
performed using the Center for Genomic Epidemiology tools – MLST-
1.8, SeqSero and ResFinder (Larsen et al., 2012; Zhang et al., 2015).
The SA323 strain was characterized as ST96 and confirmed as serovar
Schwarzengrund.

Scaffolds' ordering with reference strain Salmonella enterica serovar
Schwarzengrund CVM19633 (GenBank accession No. CP001127) was
performed with CLC Microbial Genomics Module (CLC Bio, QIAGEN)
and demonstrated the existence of two extrachromosomal sequences
that presented high identity with the Escherichia coli strain CSZ4 plas-
mid pCSZ4 (KX711706) and Salmonella serovar Anatum strain GT-01
plasmid PDM03 (CP013223).

The smaller extrachromosomal sequence (~3.3 kb) codifies onlymo-
bilization and hypothetical proteins similar to plasmids previously de-
scribed in serovars Heidelberg and Anatum (Labbé et al., 2016;
Marasini et al., 2016). The larger plasmid (32.6 kb) belongs to IncX4
group and presents a typical mcr-1 cassette, with ParA and a hypothet-
ical protein upstream frommcr-1 gene that is followed by a PAP2 super-
family protein (Fig. 1). No other resistance genes were detected in the
chromosome or the plasmids.

Salmonella enterica serovar Schwarzengrund has been reported as an
emerging pathogen in Asia, Denmark and the United States since early
2000 (Aarestrup et al., 2007; Asai et al., 2009). The identification of
multidrug-resistant clones disseminated among poultry and chicken
meat with proven human transmission indicates the worldwide impor-
tance of this serovar (Aarestrup et al., 2007).

In Brazil, serovar Schwarzengrund has also been isolated from poul-
try and chicken meat (Tejada et al., 2016; Voss-Rech et al., 2015), but
with few reports of antimicrobial resistance (Silva et al., 2013; Voss-
Rech et al., 2015). Nevertheless, Salmonella enterica serovar
Schwarzengrund had not yet been associated with colistin resistance
or the respective mcr genes.

In Brazil, chicken meat had previously been identified as a reservoir
for mcr-1-harboring E. coli isolates (Monte et al., 2017). However, re-
cently, Rau et al. (2018) detected mcr-1-harboring Salmonella enterica
serovar Typhimurium from retail frozen pork in southern Brazil. Our re-
sults highlight that commercial poultrymeat is also an important reser-
voir ofmcr-1-carrying Enterobacteriaceae and therefore it may be a risk
for public health, contributing to the spread of mcr genes and also pos-
ing a greater threat to human health.

To date, all theplasmids harboring themcr-1 gene described in Brazil
have been identified as belonging to the IncX4 family (Aires et al., 2017;
Dalmolin et al., 2017; Fernandes et al., 2016; Monte et al., 2017; Sellera
et al., 2017). The IncX4 plasmids have been previously detected in
human and animal Enterobacteriaceae; besides being self-transferable,
it was demonstrated that they can also be transferred between Entero-
bacteriaceae species (Sun et al., 2017). Regarding colistin resistance,
the IncX4 plasmids have only been associated withmcr-1mobilization
(Li et al., 2017) and appear to be key vectors for intercontinental dis-
semination of themcr genes.
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