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Keywords:
Methicillin resistant Staphylococcus aureus

We report for the first time an oxacillin-susceptible mecA-positive Staphylococcus aureus (OS-MRSA) associated
with a processed food product in Europe. One isolate (MRSA-ST5-type V SCCmec) was found in cheese among

MRSA 600 food samples confiscated from air passengers from international flights in Vienna Airport (Austria). Type V

Oxacillin-susceptible mecA-positive
Staphylococcus aureus

OS-MRSA

Food

SCCmec strains do not harbor functional mecI-mecR1 genes and in such strains mecA expression is regulated by
the bla system (blal-blaR1-blaZ). It has been recently reported that malfunctions in the bla system lead to the
constitutive expression of mecA. The OS-MRSA reported in this study harbored the bla system on a plasmid and

one deletion occurred in the blaR1 gene causing a frameshift variant that lead to an incomplete BlaR1 protein.
This finding highlights the potential role of food as a neglected route of dissemination of emerging MRSA

variants.

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is an opportu-
nistic pathogen associated with nosocomial and community acquired
infections and recently being found in food producing animals and as-
sociated foodstuff (Oniciuc et al., 2015; Rodriguez-lazaro et al., 2015).
MRSA is mediated by the expression of mecA, mecB or mecC genes,
encoding a modified penicillin-binding protein (PBP) designated as
PBP2a with reduced affinity for -lactams or phenotypically having a
minimum inhibitory concentration (MIC) of oxacillin higher than 4 ug/
mL (CLSI, 2012; Conceicao et al., 2015). However, some studies re-
ported oxacillin-susceptible S. aureus strains classified by conventional
phenotypic laboratory testing, but genotypically carrying the mecA
gene (Chen et al., 2012; Pu et al., 2014; Conceicao et al., 2015; Raji
et al., 2016; Guimaraes et al., 2017). Such strains have been defined as
oxacillin-susceptible mecA-positive S. aureus (OS-MRSA) and due to
misinterpretation within phenotypic studies, they can easily be

misdiagnosed, potentially triggering the development of highly new
resistant MRSA variants under antibiotic selection, due to the posses-
sion of mecA (Oniciuc et al., 2017).

The aim of this paper is to report, for the first time, the presence and
the genetic background of an OS-MRSA associated with processed foods
in Europe.

2. Identification of an oxacillin-susceptible mecA-positive
Staphylococcus aureus on processed foods

From August 2012 to March 2013, 600 foods confiscated at the
International Vienna Airport (Austria) from passengers of international
flights from non-EU countries were analyzed for the presence of MRSA
(Rodriguez-Léazaro et al., 2017). The MIC for oxacillin of one mecA
positive S. aureus strain (isolate LBMM3245) isolated from cheese car-
ried by a passenger travelling from Cairo (Egypt) was in the suscept-
ibility range by Microscan (Beckman Coulter S.L.U). This observation
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Table 1

Phenotypic characterization of the OS-MRSA strain LBMM3245.
Test Result
Coagulase production Positive
MIC for erythromycin (ug/mL) >4
MIC for penicillin (ug/mL) > 0.25
MIC for oxacillin (ug/mL) 0.5
MIC for tetracycline (ug/mL) >8

Cefoxitin screening:
- Disc diffusion (mm)
- Brilliance MRSA 2 Agar

Sensitive (24.5)
Sensitive

was further confirmed by both Vitek II automated system (Biomerieux,
France) and Sensititre Gram Positive All-in-One Plate system (Thermo
Scientific, UK). Further screening showed that LBMM3245 was sus-
ceptible to cefoxitin (30 pg/disk, Oxoid) by the disk diffusion method.
The antibiotic susceptibility pattern also showed that the isolate was
positive for inducible clindamycin resistance and tetracycline, resistant
to penicillin, and exhibiting intermediary resistance to erythromycin.
The phenotypic characteristics of the LBMM3245 are detailed in
Table 1.

The OS-MRSA LBMM3245 genome was sequenced on a MiSeq
(Illumina) as previously described (Hernandez et al., 2017). Reads were
quality filtered using Prinseq v.0.20.4 (Schmieder and Edwards, 2011)
and assembled by using SPAdes v3.10 (Bankevich et al., 2012), re-
sulting in a 2.83 Mbp draft genome (40 X depth) formed by 176 contigs
(Nso = 47,882) and a GC content of 32.7%. The draft genome was
annotated using RAST (Aziz et al., 2008), showing 2750 coding se-
quences and 63 RNAs. Genome analysis of LBMM3245 by using mlst
v2.10 (T. Seemann, https://github.com/tseemann/mlst), SCCmec-
Finder v.1.2 (International Working Group on The Classification of
Staphylococcal Cassette Chromosome Elements, 2009) and spaTyper
v1.0 (Bartels et al., 2014), revealed ST 5, SCCmec V (5C2) and spa-type
t688. The antibiotic resistance profile of LBMM3245 was predicted by
screening the draft genome against the ResFinder (Zankari et al., 2012)
database by using BLASTN (Zhang et al., 2000). Results are summarized
in Table 2. The presence of virulence genes was inferred by BLASTN
searches against the Virulence Factors DataBase (VFDB) (Chen et al.,
2005), revealing the presence of several enterotoxin and hemolysin
related genes, such as sed (the precursor of staphylococcal enterotoxin
D which is responsible for the symptoms of food poisoning) hly/hla,
hlIgABC and hld (a-, y- and 8-hemolysin genes, respectively). y-hemo-
lysin has a role similar to that of Panton Valentine Leukocidin (PVL).
PVL genes lukE and lukF were not detected, which is in concordance
with other environmental OS-MRSA isolates published so far.

3. Analysis of the mechanisms involved in methicillin resistance
in Staphylococcus aureus strain LBMM3245

The mecA gene in LBMM3245 showed 99.95% identity with mecA
from ResFinder (GenBank accession number AB512767) and BLASTN
search of the contig containing mecA against the GenBank database
showed highest similarity to SCCmec type V S. aureus TSGH17

Table 2
Identification of antimicrobial resistance genes using ResFinder database.

Gene Coverage (%) Identity (%) AN? Predicted phenotype
blaz 100 99.05 AJ302698 B-lactam resistance
erm(C) 100 100 M13761 Macrolide resistance
fexA 100 99.72 AJ549214 Phenicol resistance
fosD 100 79.05 KC989517 Fosfomycin resistance
mecA 100 99.95 AB512767 B-lactam resistance
tet(K) 100 99.93 U38428 Tetracycline resistance
tet(M) 100 99.58 X92947 Tetracycline resistance

2 GenBank accession number.

108

Food Microbiology 82 (2019) 107-110

(GenBank accession number AB512767) (Hisata et al., 2011). Variant
calling performed against S. aureus TSGH17 by using Bowtie2 v.2.3.2
(Langmead and Salzberg, 2012), samtools v.1.4.1 (Li et al., 2009) and
VarScan v.2.3.9 (Koboldt et al., 2012) showed one single-nucleotide
polymorphism (SNP) in position 1771 of mecA gene (T — C), that leads
to an amino acid change from serine to proline at position 591 (S591P)
in PBP2a, which resides in the transpeptidase (non-penicillin-binding)
domain. BLAST searches in the GenBank database showed that the
PBP2a nucleotide and amino acid sequences from LBMM3245 were
unique in the GenBank database.

SCCmec type V possesses the class C mec gene complex, which does
not contain a mecl gene, and its mecR1 gene is truncated and non-
functional. In the absence of functional mecI-mecR1 genes, mecA gene
expression is regulated by the blal-blaR1 system (Sabat et al., 2015).
blal, blaR1 and blaZ were found in a 27,395 bp contig in LBMM3245.
PlasmidFinder v.1.3 (Carattoli et al., 2014) analysis revealed the pre-
sence of repA (SAP074A) (rep-family 20; GenBank accession number
GQ900426) in the same contig of the bla system. A GenBank search
using BLASTN showed that the nucleotide sequence of the contig con-
taining the bla system was most similar (> 99.8% nucleotide identity)
to the 27,268 bp length plasmid pSAP074A (GenBank accession number
GQ900426). (Fig. 1). PLACNETw (Vielva et al., 2017) was used to in-
vestigate the plasmid content in LBMM3245, revealing the presence of a
chromosome and two putative plasmids, supported by the presence of
rep20-repA (SAP074A) and repl10-CDS1(pIM13) (GenBank accession
number M13761, respectively, as identified by using PlasmidFinder.
(Fig. 2).

Variant calling of the contig containing the bla system in
LBMM3245 using pSAP074A as reference revealed 10 variants (7 SNPs,
1 insertion, 2 deletions). One deletion occurred in nucleotide position
466 of blaR1 causing a frameshift variant that leads to amino acid
changes N158I, I159L and finally a stop codon in amino acid position
160, leading to an incomplete BlaR1 protein.

4. Discussion and conclusions

The  appearance of  oxacillin-susceptible = mecA-positive
Staphylococcus aureus (OS-MRSA) has been reported worldwide in
clinical isolates (Chen et al., 2012; Conceicao et al., 2015) and in an-
imal-associated foodstuffs (Pu et al., 2014; Raji et al., 2016; Guimaraes
et al., 2017). OS-MRSA strains can be misidentified by routine clinical
laboratories, potentially triggering the development of new resistant
MRSA variants and B-lactam treatment failure (Pournaras et al., 2013).
To our knowledge, this is the first report on the presence of OS-MRSA
on processed foods in Europe. This finding together with previous re-
sults obtained in our group (Oniciuc et al., 2015; Rodriguez-lazaro
et al., 2015, 2017) draws attention to a neglected dissemination route
of MRSA via the entrance of illegal food in Europe.

The OS-MRSA isolate LBMM3245 was found in a cheese confiscated
from an air passenger travelling from Cairo, Egypt. It has an oxacillin
MIC in the susceptible range of the EUCAST breakpoint (< 2 pg/mL),
indicating that presence of mecA gene does not confer a high level re-
sistance to oxacillin. Based only on the result of conventional anti-
microbial susceptibility tests such as Microscan, VITEK, or Sensitrite
screening, the isolate could have been misinterpreted as methicillin-
sensitive S. aureus (MSSA).

Methicillin-resistance in MRSA is conferred by the expression of
mecA, mecB or mecC genes (regulated by mecRI-mecl), encoding a
modified penicillin-binding protein (designated as PBP2a) (Conceicao
et al., 2015). Genome analysis of the isolate LBMM3245 revealed a
novel amino acid substitution (S591P) in the transpeptidase (non-pe-
nicillin-binding) domain of PBP2a. Amino acids variants in the non-
penicillin-binding domain have been previously reported in other
MRSA isolates and does not affect methicillin resistance (Mendes et al.,
2012; Sabat et al., 2015).

In the absence of functional mecl-mecR1 genes (as in type V
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Fig. 1. Comparison of the 27,395 bp containing bla system in OS-MRSA strain LBMM3245 and plasmid pSAP074A (27,268 bp, GenBank accession number
GQ900426). Image performed by using BRIG (Alikhan et al., 2011).

SCCmec), mecA expression is regulated by the bla system, which is
usually carried on a plasmid or located on a transposon. Blal can bind to
the operator region of mecA and repress its transcription (Sabat et al.,
2015). We found that the bla system together with repA-rep20 in
LBMM3245 present in a 27,395 bp contig was highly similar to plasmid
PSAP074A. We also found a deletion in blaR1 that led to a premature

stop codon in BlaR1. In accordance with the experiments performed by
Sabat et al. (2015), this incomplete BlaR1 might not be able to suc-
cessfully cleave Blal in the presence of B-lactams, leading to the con-
stitutive repression of mecA and the oxacillin susceptibility of
LBMM3245.

In conclusion, we report for the first time the presence of OS-MRSA
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Fig. 2. PLACNETw investigation of the plasmid content of the OS-MRSA strain LBMM3245. Antibiotic resistance genes (ABRG) and plasmid replicons (PR) found in
each constellation are shown.

109



N.M. Quijada et al.

in a processed food in Europe. Although this MRSA variant seems to be
rare, it is of particular public health relevance because of its potential
for the development of highly resistant MRSA under treatment with [3-
lactam antibiotics, and because it might not be detected by standard
test procedures. The demonstration that new emerging MRSA variants,
such as OS-MRSA, are already present in food in Europe, highlights that
food should not be neglected as a route of MRSA transmission, as well
as the need for monitoring the presence and evolution of OS-MRSA in
food and environmental reservoirs.
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