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Nineteen Salmonella strains were isolated from 5,907
randomly selected mussel samples during a moni-
toring programme for the presence of Salmonella in
shellfish in Galicia, north-west Spain (2012-16).
Serovars, sequence type and antimicrobial resistance
genes were determined through genome sequencing.
Presence of the mcr-1 gene in one strain belonging to
serovar Rissen and ST-469 was identified. The mcr-1
gene had not been isolated previously in environmen-
tal Salmonella isolated from mussels in Spain.

The emergence of plasmid-mediated colistin resistance
due to the presence of the mcr-1 gene (encoding a
phospho-ethanolamine transferase) was initially
described in Enterobacteriaceae isolates in China [1] and
has also been documented in Europe in human clinical
cases, food products and food-animal production
settings [2,3]. Increasing antimicrobial resistance in
non-typhoid Salmonella species is considered a public
health concern of the 21st century [4]. The marine
ecosystem has been documented as a reservoir of
antimicrobial resistant (AMR) strain and potential
contributor to the globalisation of antimicrobial
resistance [s].

Currently, we continue monitoring for Salmonella weekly
in the production areas and after purification process,
but until now it has not been possible to carry out
whole genome sequencing on the isolated strains
collected from live mussels from Galicia (north-
west Spain) between 2012-16. Here, we report the
findings from the sequencing and the presence of
the mcr-1 gene and other antimicrobial resistance
genes (aac(6’)-laa,aadA1,aadA2, blaTEM-1B, cmlA1,
sul1, sul3, tet(A), and dfrA1) in a strain of Salmonella
enterica Serovar Rissen sequence type (ST) 469 that has
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not be found before. This is of concern, when factoring
in that AMR analysis is not performed and Galicia is the
third largest producer of mussel aquaculture worldwide
and is considered the main supplier of mussels to the
European market.

Salmonella isolation from mussels

Between 2012 and 2016, 5,907 randomly mussel
samples were taken from 15 production areas and four
processing facilities in Galicia in north-west Spain. Of
these samples, 19 Salmonella strains were isolated.
Raw mussel samples (n = 5,560) were collected from
one raftin each production area and 347 cooked mussel
samples were collected from processing facilities.
The raw and cooked mussel samples were placed in
sterile bags with frozen gel-packs and transported
immediately to the ASMECRUZ Laboratory (Pontevedra,
Spain) in 4°C refrigerated trucks. All samples were
analysed within 12 hours of arrival at the laboratory.
Mussels were removed from the sterile bags, washed
with fresh water, opened under aseptic conditions and
collected in a sterile bucket. Dead or broken mussels
were discarded. Cooked mussels from processing
facilities were analysed following the same procedure
as the raw mussels.

Twenty-five grams obtained from a minimum of 15
individuals (cooked, meat and liquor for raw mussel)
were weighed and 225 mL of Buffered Peptone Water
(BPW) (BioMérieux/Marcy-I’Etoile, France) were added.
Enrichment broths were homogenised in a stomacher
at high speed for 9os and incubated at 37°C for 24
hours. After enrichment, 750 pL were taken for DNA
extraction and PCR analysis. Positive samples were
streaked onto xylose lysine deoxy-cholate agar (M1031
BioMérieux /Marcy-I’Etoile France) and ChromAgar ID



TABLE 1

Characteristics of Salmonella strains from mussels sequenced and analysed, Spain, 2012-2016 (n=19)

Strain CFSAN number Year/Region Mussel source ST Serotype?
AMC 28 CFSAN080361 2012/Ria Arosa Raw 316 Montevideo
AMC 90 CFSAN080362 2014/Ria Arosa Raw 469 Rissen
AMC 200 CFSAN080365 2014/Ria Arosa Raw 2031 Wentworth
AMC 238 CFSANo080366 2015/Ria Arosa Raw 34 Typhimurium
AMC 239 CFSANo080367 2015/Ria Arosa Raw 469 Rissen
AMC 240 CFSAN080368 2015/Ria Arosa Raw 469 Rissen
AMC 253 CFSAN080388 2015/Ria Vigo Raw new Liverpool
AMC 257 CFSANo80370 2015/Ria Arosa Cooked 4873 Offa
AMC 265 CFSAN080371 2015/Ria Arosa Cooked 316 Montevideo
AMC 266 CFSANo080372 2015/Ria Arosa Cooked 14 Senftenberg
AMC 267 CFSANo080373 2015/Ria Arosa Cooked 14 Senftenberg
AMC 268 CFSANo080374 2015/Ria Vigo Raw 19 Typhimurium
AMC 270 CFSANo080375 2015/Ria Vigo Raw 13 Agona
AMC 289 CFSANo080379 2015/Ria Arosa Raw 14 Senftenberg
AMC 291 CFSAN080381 2015/Ria Arosa Raw 19 Typhimurium
AMC 294 CFSAN080382 2015/Ria Arosa Raw new Typhimurium
AMC 299 CFSAN080383 2015/Ria Arosa Raw 19 Typhimurium
AMC 301 CFSAN080385 2015/Ria Arosa Raw 306 Bredeney
AMC 327 CFSANo080387 2016/Ria Vigo Raw 1959 Liverpool

CFSAN: Center for Food Safety and Applied Nutrition; ST: sequence type.

2 The serotypes and genotype characteristics of Salmonella isolates were determined by in silico analyses of the whole genome sequencing
using Seqgsero [11] and the multilocus sequence typing website (Enterobase).

Salmonella (43621 BioMérieux/Marcy-I’Etoile, France).
Suspected colony-forming units (CFU) were selected
based on typical colonial morphology and re-isolated
onto the agars mentioned above.

The strains were screened for virulence (invA) and
antimicrobial resistance genes using conventional
PCR with specific primers [6-10]. The antimicrobial
susceptibility tests were performed by the VITEK 2
microbial ID/AST testing system (BioMerieux, Macy-I’
Etoile, France).

All strains were confirmed as Salmonella spp. by a
positive PCR result for the invA gene (284 pb) [6]. Of
the 19 Salmonella strains analysed, four were isolated
from cooked mussels (Table 1). The antimicrobial
susceptibility-resistance testing showed positive
results for antimicrobial resistance (AMR) to at least
four of the antibiotics tested. Two strains (AMC 9o
isolated from Ria de Arosa in 2014 and AMC 270
isolated from Ria de Vigo in 2015) were resistant to
eight and nine antimicrobials, respectively (Table 2).

Characterisation of Salmonella strains

Whole genome sequencing and sequence processing
were performed with genomic DNA extraction of 19
strains from overnight cultures using the DNeasy
Blood and Tissue Kit (QIAGEN, Hilden, Germany). We
sequenced the genomes using MiSeq (Illumina, San
Diego, California (CA), United States (US)) using a

two by 250 pair-end protocol with a V2 cartridge (500
cycles) for a minimum coverage of 40 X per genome.
The DNA sequencing libraries were prepared with the
Nextera XT DNA Sample preparation-kit (Illumina) and
the de novo assembly for each strain was performed
with CLC Genomics Workbench version 9.5.2 (QIAGEN,
Valencia, CA, US). The in silico ST and serotype for
those 19 Salmonella strains are shown in Table 1.

We identified 12 different STs among the
19 Salmonella strains isolated from mussels by in silico
multilocus sequence typing (Table 1). Among the most
prevalent STs were ST-14, 19 and 469 that corresponded
to serotypes Senftenberg, Typhimurium and Rissen,
respectively by in silico serotyping using SeqSero [11].
The analysis of the 19 Salmonella genomes showed a
high diversity of AMR gene profiles (Table 2). Strain
AMC 90 (CFSAN080362) identified as Salmonella enter-
ica Serovar Rissen ST469 showed a high resistance
in the antimicrobial susceptibility testing: (@ampicillin
(minimum inhibitory concentration (MIC)=32 mg/L),
gentamicin (MIC<1 mg/L), tobramycin (MIC<1mg/L),
trimethoprim-sulfamethoxazole ~ (MIC>320  mg/L),
cefoxitin (MIC<4 mg/L), cefuroxime (MIC=4 mg/L), and
cephalothin (MIC=8 mg/L). The AMR genes profile was
different from otherisolates; aac(6’)-laa, aadA1, aadA2,
blaTEM-1B, mcr-1, cmlA1, suli, sul3, tet(A), dfrA1, while
other two Risen strains (AMC 239 and 240) had the
same phenotypic and genotypic profile (aac(6’)-laa,
aadA2, blaTEM-1B, mph(A), suli, dfrA12). Interestingly,
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TABLE 2

Antimicrobial susceptibility of strains isolated from mussels and their antimicrobial resistance gene profiles, Galicia, Spain

2012-16 (n=19)

Strain CFSAN number Antibiotic resistance phenotype? AMR genes®

AMC 28 CFSAN080361 CEF, CXM, FOX, GMN, TMN aac(69-laa, fosAy

AMC 90 CFSAN080362 AMP, CEF, CXM, FOX, GMN, TMN, SXT ”“(67"““’"a‘:ﬁ;l’,as‘z‘f;zge’;}z)ri’#ﬁ"”" 1, cmlAz,
AMC 200 CFSAN080365 CEF, CXM, FOX, GMN, TMN aac(6‘)-laa

AMC 238 CFSAN080366 AMP, CXM, FOX, GMN, AKN aac(69-laa, aph(6)-1d, ?é’t’gg”)"b' blaTEM-1B, sulz,
AMC 239 CFSAN080367 AMP, CXM, FOX, GMN, AKN aac(69)-laa, aadA2, blaTEM-1B, mph(A), suli, dfrA12
AMC 240 CFSAN080368 AMP, CXM, FOX, GMN, AKN aac(69)-laa, aadA2, blaTEM-1B, mph(A), suli, dfrA12
AMC 253 CFSAN080388 CXM, FOX, GMN, AKN aac(6)-laa

AMC 257 CFSANo080370 CEF, CXM, FOX, GMN, TMN aac(69)-laa

AMC 265 CFSANo080371 CEF, CXM, FOX, GMN, TMN aac(6)-laa

AMC 266 CFSAN080372 CEF, CXM, FOX, GMN, TMN aac(69)-laa

AMC 267 CFSAN080373 CEF, CXM, FOX, GMN, TMN aac(6)-laa

AMC 268 CFSAN080374 CEF, CXM, FOX, GMN, TMN aac(69)-laa

AMC 270 CFSANo080375 AMP, CEF, CXM, Fgl);’ GMN, TMN, NAL, aac(6)-laa, fosA

AMC 289 CFSANo80379 CXM, FOX, GMN, AKN aac(6)-laa

AMC 291 CFSAN080381 CEF, CXM, FOX, GMN, TMN aac(69)-laa

AMC 294 CFSAN080382 AMP, CXM, SXT aac(6‘)-laa

AMC 299 CFSAN080383 CXM, FOX, GMN, AKN aac(69-laa

AMC 301 CFSAN080385 CXM, FOX, GMN, AKN aac(6‘)-laa

AMC 327 CFSAN080387 CXM, FOX, GMN, AKN aac(6‘)-laa

AMC: amoxicillin/ clavulanic acid; AKN: amikacin; AMP: ampicillin; AMR: antimicrobial resistance; CEF: cephalothin; CFSAN: Center for Food
Safety and Applied Nutrition; CIP: ciprofloxacin; CT: cefditoren; CTL: cefotaxime; CXM: cefuroxime; CZD: ceftazidime; ETP: ertapenem; FEP:
cefepime; FOS: fosfomycin; FOX: cefoxitin; FTN: nitrofurantoin; GMN: gentamycin; IPM: imipenem; NAL: nalidixic acid; PTZ: piperacillin/

tazobactam; SXT: trimethoprim/sulfamethoxazole; TGC: Tigecycline; TMN: tobramycin.
2 Antimicrobial susceptibility was determined with the VITEK 2 system (BioMérieux, Marcy-I’Etoile, France).

® AMR genes were identified by in silico analyses of their genome sequences and queried against the AMR database (ResFinder v 3.1) hosted
at the Center for Genomic Epidemiology, Technical University of Denmark (https://cge.cbs.dtu.dk/services/ResFinder).

we discovered that strain AMC 9o carried the mcr1
gene which provides polymixin E (colistin) resistance.

Discussion and conclusions

Here, we describe the characterisation
of Salmonella strains isolated from mussels from
2012 to 2016 in north-west Spain. The mcr-1 gene was
detected in one of 19 Galician Salmonella isolates
recovered from mussels. The Salmonella strains
isolated during a previous study from molluscs from
the same marine environment belonged to different
serotypes and AMR profiles [12]. Marine environments
may represent a source of AMR genes as they are
subjected to contamination with terrestrial effluents
such as agricultural wastes, discharges from human
dwellings/hospitals/industry and sewage treatment
plants [5]; tourism can also be a source of AMR genes,
especially in the summer months when the population
increases in coastal areas.

Wastewater treatment plants have been recognised
as a source of AMR bacteria. Antibiotics and their
metabolites access sewage through direct disposal of
unused medicines or human and/or animal excretion.
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These compounds and bacteria are not eliminated
during the treatment process. Thus, the antimicrobial
agents and resistant bacteria are released into water
ecosystems together with the final effluent [13].

In 2015, a study of AMR and molecular typing
of Salmonella enterica serovar Rissen from various
sources in Spain [14], showed that serovar Rissen was
the second most common Salmonella serovar in pigs,
with resistance to one or more antimicrobials being
found in 78.6% of the strains and multidrug resist-
ance in 19%. However, none of the strains came from
marine or freshwater environments and none of them
carried the mcr-1 gene. According to Cabello F et al. [5],
the plasmid-associated colistin resistance mediated by
the mcr-1 gene might have originated in aquaculture
environments, with this gene already spread widely
among animals and humans in China and in Europe.
The current global distribution has been achieved
through multiple translocations. A likely driver for the
global spread is trade, in particular food animals and
meat, although direct global movement by colonised or
infected humans is also likely to have played a role in



the current distribution. The origin of mcr-1 prior to its
geographical spread remains elusive [15].

The emergence of transferable colistin resistance
by mcr-1 undermines the revival of colistin as the
‘antibiotic of last resort’ for carbapenem-resistantce
bacterial infections. Spread and global prevalence
of mcr1 raises a serious challenge to agricultural
production and public health worldwide. Currently,
the use of colistin for treatment in both animals and
aquiculture environs is legal in Europe. The European
Medicines Agency has raised concerns regarding the
increased risk to humans from the use of colistin in
animals, including aquaculture farms [16]. The One
Health concept recognises the health of humans is
connected to the health of animals and the environment
and understanding the relative importance of the
contribution of each component is important in tackling
AMR [15].

To our knowledge, there is no previous identification of
the presence of this mcr-1 gene in strains of Salmonella
enterica serovar Rissen/ST469 isolated from ready-
to-eat mussels in the European marine environment
or in Spain. The mcr-1 gene is still the predominant
determinant of transmissible colistin resistance,
11 more genetic variants of mcr-1 (designated mcr-
1.2, mcr-1.3... mcr-1.12) were detected in different
countries [17-19]. This may suggest the possibility
of ongoing evolution of mcr-1 under some unknown
selective pressure in the environment [17-19].

Our results showed the presence of AMR genes
in Salmonella isolated from raw mussels and highlights
the need for continuing surveillance of this food
commodity. There is a need for public health authorities
and mussel producers to ensure correct management,
an efficient purification process and extensive sanitary
control in ready-to-eat molluscs. The presence of
a Salmonella strain carrying the mcr-1 gene in Galicia
marine environment constitutes a potential risk to
food safety and public health since this gene is usually
located in plasmids that can easily be transferred
among bacteria in this environment. Implementation
of routine pathogens investigations and screening
of the presence of resistance genes could contribute
to a better understanding of the role of the marine
environment and seafood in the transmission of AMR
among human pathogens and resident bacteria.
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