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A B S T R A C T

This work aimed to determine the prevalence, diversity, antibiotic-resistance phenotype/genotype and virulence
factors in staphylococci of farm-animals. Nasal samples of 117 farm-animals (calve: 72; lamb: 37; goat: 8) were
collected from one slaughterhouse in La Rioja/Spain and cultured for staphylococci and methicillin-resistant
Staphylococcus (MRS) recovery. Identification was performed by MALDI-TOF. Antimicrobial resistance pheno-
type/genotype was determined by susceptibility testing and specific PCRs. Molecular typing (spa-typing, mul-
tilocus-sequence-typing, agr-typing, SCCmec), and detection of 12 virulence genes and human Immune-evasive-
cluster (IEC) genes were performed by PCR/sequencing in S. aureus. Two marker genes of arginine catabolic
mobile element (ACME) were determined by PCR (USA300-MRSA detection). Staphylococci were identified in
50%, 54% and 21% of goat, lamb and calve samples, respectively. Among the 13 S. aureus isolates recovered, 11
were susceptible to all antimicrobials tested, and two were multidrug-resistant-MRSA [beta-lactams (blaZ,
mecA), macrolides [(msr(A)/msr(B)] and fluoroquinolones]. The MSSA harboured either tst or enterotoxin genes,
while the MRSA harboured the lukF/lukS-PV genes. Five sequence-types were detected. The two MRSA strains
(from lamb and goat) were typed as t5173/ST8/agr-I/SCCmec-IVa/ACME-positive, corresponding to USA300
clone, and were IEC-B-positive. Among the 47 coagulase-negative staphylococci (CoNS), six species were
identified, predominating S. simulans (n=25) and S. sciuri (n= 11). Fifty-three percent of CoNS showed re-
sistance to at least one antimicrobial agent (six multidrug-resistant strains), and the following resistance phe-
notypes/genotypes were detected: streptomycin [27.6%; ant(6)-Ia, str], tetracycline [23.4%; tet(M), tet(L), tet
(K)], clindamycin [19.1%; lnu(A), vgaA], erythromycin [10.6%; erm(C), msr(A)/msr(B)], chloramphenicol (8.5%;
fexA), tobramycin (6.4%), penicillin-cefoxitin (4.3%; blaZ, mecA), and SXT (2.1%). The detection of the MRSA-
USA300 lineage in food animals is worrisome and should be further monitored.

1. Introduction

Staphylococcal species are divided in two groups: coagulase-posi-
tive staphylococci (CoPS, as S. aureus, S. pseudintermedius or S. inter-
medius, among others), and coagulase-negative staphylococci (CoNS, as
S. sciuri, S. epidermidis, or S. saprophyticus, among others). They gen-
erally colonize the skin and mucous membranes of humans and animals
(mammals and birds), but are also opportunistic pathogens (Kluytmans,
2010). In humans, staphylococci may be responsible for either skin and
soft tissue infections, pneumonia or food intoxication. In livestock,
especially among bovines, they cause mastitis, among others (Pantosti,
2012). Staphylococci are also common contaminants of animal-derived

foods, such as raw meats or milk-derived products (Lozano et al., 2009;
Kluytmans, 2010; Becker et al., 2014). In that context, livestock is a
source of staphylococci that can be transmitted to humans, highlighting
the need to study and characterize the species from food producing
animals.

Methicillin resistant S. aureus (MRSA) of the lineage CC398 is a
colonizer of pigs, humans exposed to pig farming and other farm spe-
cies. MRSA CC398 is also implicated in farm-related infections, and it is
therefore designated as livestock associated (LA) MRSA (Benito et al.,
2014b; Pantosti, 2012). Furthermore, other S. aureus clonal lineages
such as CC130, CC599, CC59, CC9, CC133 or CC425 are animal-
adapted lineages, causing infections in animals and zoonosis in humans
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(Gharsa et al., 2012; Cuny et al., 2013; Ben Said et al., 2017). MRSA is
of great concern for public health, partly due to its pathogenic poten-
tial. S. aureus disposes a large variety of virulence factors, such as the
staphylococcal enterotoxins, toxic shock syndrome toxin (TSST-1), or
Panton-Valentine leucocidin (PVL), among others (Jans et al., 2017). A
very pathogenic and invasive MRSA clone globally distributed, named
USA300, initially emerged in the USA since 1999 in very crowded-
communities, but was then spread to the general population, becoming
an important cause of skin and soft-tissue infections (SSTIs) (Glaser
et al., 2016; Planet, 2017). MRSA USA300 was associated to the com-
munity [Community-Associated (CA)], and combined the following
molecular characteristics: multilocus sequence type 8 (ST8), staphylo-
coccal cassette chromosome mec type IVa (SCCmecIVa) encoding mecA,
presence of PVL, and presence of the arginine catabolic mobile element
(ACME) in 99.9% of the strains (Diep et al., 2008; Planet, 2017). MRSA
USA300 clone has also been described as CA-MRSA in few occasions in
some European countries, such as Spain, Switzerland or France, while
closely related strains have been found in Latin America (Diep et al.,
2008; Gómez-Sanz et al., 2013b; Vindel et al., 2014; Jung et al., 2016;
Planet, 2017). Moreover, MRSA USA300 clone was detected in wild
boar meat in Germany, and from retail meat in the USA (Kraushaar and
Fetsch, 2014; Ge et al., 2017).

Since farm animals are known to be reservoirs for Staphylococcus
spp., the objective of this work was to determine the prevalence and
diversity of staphylococcal species in food producing animals such as
calve, lamb and goat, and to study their antimicrobial resistance phe-
notype/genotype as well as the content in genes encoding virulence
factors.

2. Material and methods

2.1. Staphylococcus spp. isolation and identification

Nasal samples of 117 farm animals (calve, 72; lamb, 37; goat, 8)
were collected from one slaughterhouse in La Rioja, Spain, during the
period of June-September 2009. The calves came from 4 farms, the
lambs from 2 farms and the goats from one farm. Samples were in-
oculated into mannitol-salt-agar and oxacillin-resistance-screening-
agar-base for staphylococci and methicillin-resistant Staphylococcus
(MRS) recovery, respectively. After incubation at 37 °C for 24 h, up to
five colonies with different staphylococcal morphology were submitted
to identification using the matrix-assisted laser desorption/ionization
time of flight mass spectrometry (MALDI-TOF, Bruker). For identifica-
tion of S. pseudintermedius, digestion of pta gene amplicon with MboI
endonuclease was performed by PCR plus restriction fragment length
polymorphism (RFLP) (Bannoehr et al., 2009). All staphylococci with
different species (or spa-type in case of S. aureus) and/or different
phenotype of antimicrobial resistance per sample were further char-
acterized.

2.2. Molecular typing and virulence study

All coagulase-positive staphylococcal (CoPS) strains were typed. In
the case of S. aureus, spa-, agr- and SCCmec-typing were performed
(Benito et al., 2014a). The presence of the agrD gene was tested in S.
pseudintermedius isolates (Bannoehr et al., 2007). Multilocus sequence
typing (MLST) was performed for both species. For this purpose, PCR
and partial sequencing of seven housekeeping genes for S. aureus and S.
pseudintermedius (www.pubmlst.org) were performed to determine the
sequence type (ST) and the clonal complex (CC), as previously de-
scribed (Enright et al., 2000; Bannoehr et al., 2007; Solyman et al.,
2013).

The presence of the genes encoding Panton Valentine Leukocidin
(lukF/lukS-PV), exfoliative toxins (eta and etb), toxic shock syndrome
toxin (tst) and enterotoxins genes (sea, see, seg, sei, sem, sen, seo, seu) was
studied by PCR for S. aureus (Benito et al., 2014a; Hwang et al., 2007).

The gene scn, belonging to the human Immune Evasive Cluster (IEC),
was studied for S. aureus isolates, and the IEC type was determined for
scn-positive isolates (Benito et al., 2014b). In addition, the virulence
genes for the S. pseudintermedius leucocidin (lukS/F-I), exfoliative toxins
(siet, expA, expB) and enterotoxin (seccanine) were tested for S. pseu-
dintermedius isolates (Gharsa et al., 2015).

Specific PCRs were performed to determine the presence of the
ACME in the CC8 strains, using the primer pairs AIPS.27+AIPS.28 and
AIPS.45+AIPS.46 for arcA, and opp3 genes, respectively (Diep et al.,
2008). The PCR program used in this study consists of an initial de-
naturation for 7min at 94 °C, followed by 30 cycles of denaturation for
1min at 94 °C, annealing for 1min at either 55 °C (arcA) or 61 °C
(opp3), and an extension for 1min at 72 °C, and a final extension for
10min at 72 °C.

2.3. Antibiotic susceptibility testing and antibiotic resistance gene detection

For all the isolates (CoPS and CoNS), susceptibility to penicillin,
cefoxitin (oxacillin in the case of S. pseudintermedius), gentamicin, to-
bramycin, tetracycline, chloramphenicol, erythromycin, clindamycin,
ciprofloxacin, linezolid, and trimethoprim/sulfamethoxazole (SXT) was
analysed by disk-diffusion method (CLSI, 2018). In addition, strepto-
mycin susceptibility was also tested (CASFM, 2018). The detection of
the following antimicrobial resistance genes was performed by PCR,
according to the phenotype of resistance: beta-lactams (blaZ, mecA, and
mecC), tetracycline [tet(K), tet(M), and tet(L)], aminoglycosides [aac
(6′)-aph(2″), and ant(4′)´-Ia], macrolides-lincosamides [erm(A), erm(B),
erm(C), erm(T), msr(A)/msr(B), lnu(A), lnu(B), and vgaA], streptomycin
[str, and ant(6)-Ia] trimethoprim (dfrA, dfrD, dfrG, and dfrK) and phe-
nicols (catpc194, catpc221, catpc223, cfr, fexA, optrA, and poxtA) (Sutcliffe
et al., 1996; Kehrenberg and Schwarz, 2005; Schnellmann et al., 2006;
Gómez-Sanz et al., 2013b; Liu et al., 2013; Benito et al., 2014b; Wang
et al., 2015; Antonelli et al., 2018).

3. Results

3.1. Detection of staphylococcal species

Staphylococcus spp. (CoPS and CoNS) were detected in 50%, 54%
and 21% of goat, lamb and calve samples, respectively. Twelve animals
harboured CoPS isolates, and 14 isolates were obtained (one isolate/
animal, except for two animals in which two S. aureus of different spa-
types were obtained). In addition, 33 animals harboured CoNS and 47
isolates were recovered (1–5 isolates/sample, with different species or
antibiotic resistance phenotypes). Six of the tested animals harboured
both CoPS and CoNS isolates.

Thirteen of the 14 CoPS isolates were identified as S. aureus, and one
isolate as S. pseudintermedius (lamb origin). S. aureus isolates were re-
covered from lamb (n= 11; 29.7%), goat (n=1; 12.5%) and calve
samples (n=1; 1.4%) (Table 1). The 47 CoNS isolates (33/117 ani-
mals) belonged to six distinct species, with predominance of S. simulans
(n= 25) and S. sciuri (n= 11), followed by S. cohnii (n= 5), S. chro-
mogenes (n= 4), S. epidermidis (n= 1) and S. hominis (n= 1) (Table 2).

3.2. Coagulase-positive Staphylococcus: molecular typing, antimicrobial
resistance and virulence

Among the 13 S. aureus isolates, six spa-types were detected, in-
cluding one novel, registered as t1754, and five STs, two of them being
especially relevant: ST8-CC8 (n=2) and ST133/CC133 (n=7)
(Table 1). The S. aureus isolates were all typed agr-I, except for one agr-
IV. Most of the strains (n=11, 84.6%) showed susceptibility to all the
antimicrobials tested, while only two (15.4%) showed resistance to
some antimicrobials. The nine isolates of the clonal complexes CC133
and CC522 were included among the antimicrobial susceptible strains;
they all harboured the virulence gene tst and were isolated from lamb
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samples. The two other antimicrobial susceptible isolates (ST45 and
ST2329) hosted enterotoxin genes (seg, sei, sem, sen, seo, seu), while
only one was positive for the scn gene (IEC type-B) (Table 1). The re-
maining two isolates (recovered from lamb and goat samples) showed
resistance to cefoxitin (mecA), penicillin (blaZ), erythromycin [msr(A)/
msr(B)], and ciprofloxacin, and harboured the gene encoding PVL, as
well as the scn gene (IEC type B). Both MRSA strains were typed as
t5173/ST8/CC8/agr-I/SCCmecIVa, thus, considered as the USA300
clone (Table 1). Furthermore, they were positive for the ACME marker
genes (arcA and opp3 genes).

The S. pseudintermedius strain, recovered from a lamb sample, was
resistant to tetracycline [carrying the tet(M) gene] and harboured the
following virulence genes: lukS/F–I, siet, expA and expB. This strain was
typed as agrD-II and presented a new MLST allelic combination (ack:1;
cpn60:9; fdh:2; pta:1; purA:8; sar:1; tuf:1), rendering a new sequence
type registered as ST932. The ST932 is a double locus variant of the
known ST309.

3.3. Coagulase-negative Staphylococcus: antimicrobial resistance phenotype
and genotype

The CoNS isolates presented diverse resistance phenotypes and
genotypes, which are summarized in Table 2. Twenty-five isolates
(53%) were susceptible to all the tested antimicrobial agents while
twenty-two (47%) were resistant to at least one of them. Among the
resistant isolates, six strains of the species S. simulans (3/25), S. sciuri
(2/11) and S. cohnii (1/5) presented a multidrug resistance phenotype
(including at least three antimicrobial families). The following re-
sistance rates were detected among the CoNS isolates: streptomycin
(27.6%), tetracycline (23.4%), clindamycin (19.1%), erythromycin
(10.6%), chloramphenicol (8.5%), tobramycin (6.4%), penicillin
(4.3%), cefoxitin (4.3%), and SXT (2.1%). Streptomycin resistance was
mediated by str gene for most strains, and ant(6)-Ia gene in one case.
Resistance to tetracycline was encoded by either tet(K) or tet(L) genes in
the strains from calve, and by tet(K) alone or associated to either tet(L)
or tet(M) in the isolates from lamb (Table 2). lnu(A) gene was detected
in 66.6% of the clindamycin-resistant strains, and vgaA gene in 22.2%
of them. Resistance to erythromycin was mediated by either erm(C) or
msr(A)/msr(B). All the chloramphenicol-resistant strains harboured the
fexA gene but were negative for the optrA, poxtA and cfr genes. The
penicillin and cefoxitin resistant isolates carried blaZ and mecA genes,
respectively, and SXT-resistant isolates harboured the dfrK gene.

4. Discussion

Staphylococcal species are opportunistic pathogens and commensals
for humans and animals (Pantosti, 2012). Animal-to-human transmis-
sion of bacteria may occur by either contact with the animals or con-
sumption of animal-derived products (Kluytmans, 2010), which can
contribute to the spread of resistance genes and pathogenicity factors in
different ecosystems. In that context, this work aimed to isolate and
characterize staphylococcal strains from food producing animals.

The prevalence rate of S. aureus for lamb (29.7%) was higher than
the rates for goat (12.5%) and calve samples (1.4%). A similar pattern,
but with higher percentages, was observed in a recent similar study
performed in Greece (Papadopoulos et al., 2018). Furthermore, one
isolate of S. pseudintermedius was detected in a lamb sample, although
this staphylococcal species is generally associated to dogs (Gómez-Sanz
et al., 2013a). This species has been formerly identified in equine and
bovine at low rates (Rubin et al., 2011), as well as in wildlife (Mama
et al., 2019a).

Molecular typing revealed CC133 as the most frequent clonal
complex among S. aureus recovered (7/13), always as methicillin-sus-
ceptible S. aureus (MSSA) isolates. Lineage CC133 is particularly fre-
quent among MSSA from small ruminants such as sheep and goat
(Eriksson et al., 2013; Ben Said et al., 2017), as well as from donkeysTa
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(Gharsa et al., 2012). In addition, S. aureus CC133 has also been found
in wildlife in Spain (Mama et al., 2019a). The clonal complex CC522,
commonly observed among ruminants and animal-derived products
(Gharsa et al., 2012; Ben Said et al., 2017), was also present among our
isolates. All strains belonging to the CC133 and CC522 lineages were
obtained from lamb samples and harboured the tst gene related to the
toxic shock syndrome. This was not surprising as such gene was highly
frequent among sheep strains of the same genetic lineages (Ben Said
et al., 2017). On the other hand, the presence of a calve strain MSSA/
ST45 harbouring the egc-like operon genes (seg-sei-sem-sen-seo-seu) is
relevant. This hospital and/or community-associated clone was de-
tected before in healthy humans (Gómez-Sanz et al., 2013b), and in
meat samples in Spain (Benito et al., 2014a). In the last case, the strains
were typed as IEC-B, as in our work, suggesting a human origin.

The strains ST8 (n= 2), isolated from lamb and goat and typed as
t5173/agrI/SCCmecIVa, were PVL-positive and ACME-positive, thus
designated as clone USA300. The clone USA300 is a CA-MRSA that
emerged mainly in the USA, representing an important cause of SSTIs
(Diep et al., 2008; Glaser et al., 2016; Planet, 2017). It was also spor-
adically found in some European countries, while a similar variant was
found in Latin America (Vindel et al., 2014; Jung et al., 2016; Planet,
2017). According to some authors, the CA-MRSA dominant in the USA
is the USA300 North American (USA300-NA) MRSA clone, which des-
cended from USA500-like MSSA strains by acquisition of various mobile
genetic elements (MGEs) (Glaser et al., 2016). The acquired MGEs in-
clude: a) the SCCmecIVa element (with mecA gene); b) S. aureus pa-
thogenicity island 5 containing sek and seq genes; c) phage phiSA2
carrying the Panton-Valentine leukocidin genes; and d) ACME type I,
which are assumed to confer enhance pathogenicity and fitness on
USA300-NA MRSA strains (Diep et al., 2008; Glaser et al., 2016; Planet,
2017). In addition, plasmid analysis showed the presence of the plasmid
p18805-p03 encoding diverse antibiotic resistance genes [aminoglyco-
sides, ant(6)-Ia and aph(3′)-III; beta-lactams, blaZ; macrolides mph(C);
macrolides-lincosamides-streptogramin B, msr(A)] (Glaser et al., 2016).
Our strains could correspond to the USA300-NA clone, and the

multidrug resistance and the presence of PVL genes, suggest the ac-
quisition of MGEs. Furthermore, the presence of IEC system (type B)
confirms the potential adaptation to humans. Unexpectedly, that clone
has been found, as in this work, in animals, such as an infected dog in
France (Haenni et al., 2012), wild boar meat in Germany (Kraushaar
and Fetsch, 2014), and retail meat in the USA (Ge et al., 2017). In those
cases, the USA300 strains detected were suspected to be transmitted by
humans (hypothetically the dog owner or food handlers). These data
are important in the context of the One Health perspective, as it reflects
how the dissemination of bacteria with their mobilizable resistance and
virulence genes content can occur between the clinic, community, an-
imals and food. Additionally, the presence of S. pseudintermedius in a
lamb sample may suggest a contact between the animal and dogs or dog
owners.

Six species of CoNS were identified among the tested animals (28%
were positive): S. simulans, S. sciuri, S. cohnii, S. chromogenes, S. epi-
dermidis and S. hominis. Those species seem to be recurrent in cattle
samples (De Visscher et al., 2014; Cuny et al., 2017). CoNS could be a
reservoir of clinically relevant resistance genes that could be transferred
to S. aureus isolates (Becker et al., 2014). Half of the CoNS strains were
resistant to at least one tested antimicrobial agent. The resistance
phenotypes observed among our isolates were not unexpected since
beta-lactams, tetracyclines, lincosamides and sulphonamides are anti-
microbial families very frequently used in the veterinary sector (food
producing animals and pets) (Prestinaci et al., 2015). In addition, the
phenotypic and genotypic data were in accordance with a previous
study on animal-derived food (Chajecka-Wierzchowska et al., 2015).
Alternatively, the fexA gene, though uncommon, seems to become in-
creasingly present in CoNS isolated from animals (Mama et al., 2019b).
It was first identified in a bovine S. lentus isolate (Kehrenberg and
Schwarz, 2004), and was later found in other staphylococcal species
such as S. sciuri, S. simulans and S. aureus from food producing animals,
equidae and wild boar (Kehrenberg and Schwarz, 2006; Mama et al.,
2019b). In this study, that gene was detected in S. simulans and S.
chromogenes isolates. Recently, the fexA gene has been detected

Table 2
Coagulase negative Staphylococcus of different origins, and antimicrobial resistance phenotypes and genotypes.

Origin (Nº of positive animals) Species (Nº of isolates) Antibiotic resistance phenotypea (Nº of isolates) Genes detected (nº of isolates)

Lamb (16) S. simulans (19) STR (2) str (2)
STR-TET (3) tet(K) (3) - tet(L) (1) - str (3)
TET-SXT (1) tet(K) - tet(L) - dfrK
STR-TET-CLOR (1) tet(K) - tet(M) - ant(6)-Ia - fexA
ERY-CLIN-STR-TET-CLOR (1) tet(K) - tet(M) - erm(C) - fexA
Susceptible (11)

S. sciuri (4) CLIN (1) lnu(A)
CLIN-STR (1) lnu(A) - str
Susceptible (2)

S. cohnii (4) FOX-STR-TET (1) tet(K) - tet(L) - mecA - str
Susceptible (3)

S. chromogenes (2) Susceptible (2)
S. epidermidis (1) PEN blaZ

Calve (14) S. simulans (3) TET (1) tet(K)
ERY-CLIN-STR-CLOR (1) fexA - str
Susceptible (1)

S. sciuri (7) CLIN-TOB (1) lnu(A) (1)
TOB-TET (1) tet(K)
CLIN-TET (1) tet(K) - lnu(A)
FOX-STR-TOB-TET (1) tet(L) - mecA
CLIN-STR-TOB-TET (1) tet(K) - lnu(A)
Susceptible (2)

S. cohnii (1) Susceptible (1)
S. chromogenes (2) ERY-CLIN-CLOR (1) erm(C) - vgaA - fexA

ERY-CLIN-STR (1) erm(C) - vgaA - lnu(A)
S. hominis (1) PEN-ERY blaZ - msr(A)/msr(B)

Goat (3) S. simulans (3) Susceptible (3)

a PEN: penicillin; FOX: cefoxitin; TET: tetracycline; CLIN: clindamycin; ERY: erythromycin; TOB: tobramycin; ClOR: chloramphenicol; SXT: trimethoprim/sul-
famethoxazole.
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associated with the cfr and optrA linezolid resistance genes in the same
plasmid (Li et al., 2016), although those genes were absent in our fexA
positive strains.

5. Conclusion

Farm animals are reservoir for Staphylococcus spp., including CoPS
and CoNS carrying relevant resistance genes [mecA, lnu(A), vgaA, fexA],
and important virulence factors (lukF/lukS-PV, tst, enterotoxins). The
presence of the CA-MRSA-USA300/ACME+/IEC-B in farm animals as
well as the CA-MSSA/ST45/ IEC-B is a subject of concern, which opens
the question about the origin of the isolates and the transference of
virulent staphylococci between different ecosystems.

Acknowledgments

This work was supported by project SAF2016-76571-R from the
Agencia Española de Investigación (AEI) and FEDER. OMM has a pre-
doctoral fellowship of Mujeres por África-Universidad de La Rioja
(Spain). LRR has a predoctoral FPI fellowship of the Universidad de La
Rioja (Spain).

References

Antonelli, A., D’Andrea, M.M., Brenciani, A., Galeotti, C.L., Morroni, G., Pollini, S.,
Varaldo, P.E., Rossolini, G.M., 2018. Characterization of poxtA, a novel phenicol-
oxazolidinone-tetracycline resistance gene from an MRSA of clinical origin. J.
Antimicrob. Chemother. 73, 1763–1769. https://doi.org/10.1093/jac/dky088.

Bannoehr, J., Ben Zakour, N.L., Waller, A.S., Guardabassi, L., Thoday, K.L., Van Den
Broek, A.H., Fitzgerald, J.R., 2007. Population genetic structure of the Staphylococcus
intermedius group: insights into agr diversification and the emergence of methicillin-
resistant strains. J. Bacteriol. 189, 8685–8692. https://doi.org/10.5021/ad.2011.23.
3.338.

Bannoehr, J., Franco, A., Iurescia, M., Battisti, A., Fitzgerald, J.R., 2009. Molecular di-
agnostic identification of Staphylococcus pseudintermedius. J. Clin. Microbiol. 47,
469–471. https://doi.org/10.1128/JCM.01915-08.

Becker, K., Heilmann, C., Peters, G., 2014. Coagulase-negative staphylococci. Clin.
Microbiol. Rev. 27, 870–926. https://doi.org/10.1128/CMR.00109-13.

Ben Said, M., Abbassi, M.S., Gómez, P., Ruiz-Ripa, L., Sghaier, S., El Fekih, O., Hassen, A.,
Torres, C., 2017. Genetic characterization of Staphylococcus aureus isolated from nasal
samples of healthy ewes in Tunisia. High prevalence of CC130 and CC522 lineages.
Comp. Immunol. Microbiol. Infect. Dis. 51, 37–40. https://doi.org/10.1016/j.cimid.
2017.03.002.

Benito, D., Gómez, P., Lozano, C., Estepa, V., Gómez-Sanz, E., Zarazaga, M., Torres, C.,
2014a. Genetic lineages, antimicrobial resistance, and virulence in Staphylococcus
aureus of meat samples in Spain: analysis of immune evasion cluster (IEC) genes.
Foodborne Pathog. Dis. 11, 354–356. https://doi.org/10.1089/fpd.2013.1689.

Benito, D., Lozano, C., Rezusta, A., Ferrer, I., Vasquez, M.A., Ceballos, S., Zarazaga, M.,
Revillo, M.J., Torres, C., 2014b. Characterization of tetracycline and methicillin re-
sistant Staphylococcus aureus strains in a Spanish hospital: is livestock-contact a risk
factor in infections caused by MRSA CC398? Int. J. Med. Microbiol. 304, 1226–1232.
https://doi.org/10.1016/j.ijmm.2014.09.004.

CASFM, 2018. Comité De l’antibiogramme De La Société Française De Microbiologie.
Recommendations vétérinaires. https://www.sfm-microbiologie.org/.

Chajecka-Wierzchowska, W., Zadernowska, A., Nalepa, B., Sierpińska, M., Laniewska-
Trokenheim, L., 2015. Coagulase-negative staphylococci (CoNS) isolated from ready-
to-eat food of animal origin - phenotypic and genotypic antibiotic resistance. Food
Microbiol. 46, 222–226. https://doi.org/10.1016/j.fm.2014.08.001.

CLSI, 2018. Performance Standards for Antimicrobial Susceptibility Testing, 28th ed. CLSI
supplement M100, clinical laboratory standards institute, Wayne, PA. https://clsi.
org/.

Cuny, C., Köck, R., Witte, W., 2013. Livestock associated MRSA (LA-MRSA) and its re-
levance for humans in Germany. Int. J. Med. Microbiol. 303, 331–337. https://doi.
org/10.1016/j.ijmm.2013.02.010.

Cuny, C., Arnold, P., Hermes, J., Eckmanns, T., Mehraj, J., Schoenfelder, S., Ziebuhr, W.,
Zhao, Q., Wang, Y., Feßler, A.T., Krause, G., Schwarz, S., Witte, W., 2017. Occurrence
of cfr-mediated multiresistance in staphylococci from veal calves and pigs, from
humans at the corresponding farms, and from veterinarians and their family mem-
bers. Vet. Microbiol. 200, 88–94. https://doi.org/10.1016/j.vetmic.2016.04.002.

De Visscher, A., Supré, K., Haesebrouck, F., Zadoks, R.N., Piessens, V., Van Coillie, E.,
Piepers, S., De Vliegher, S., 2014. Further evidence for the existence of environmental
and host-associated species of coagulase-negative staphylococci in dairy cattle. Vet.
Microbiol. 172, 466–474. https://doi.org/10.1016/j.vetmic.2014.06.011.

Diep, B.A., Stone, G.G., Basuino, L., Graber, C.J., Miller, A., Etages, S., des Jones, A.,
Palazzolo‐Ballance, A.M., Perdreau‐Remington, F., Sensabaugh, G.F., DeLeo, F.R.,
Chambers, H.F., 2008. The arginine catabolic mobile element and staphylococcal
chromosomal cassette mec linkage: convergence of virulence and resistance in the
USA300 clone of methicillin‐resistant Staphylococcus aureus. J. Infect. Dis. 197,

1523–1530. https://doi.org/10.1086/587907.
Enright, M.C., Day, N.P.J., Davies, C.E., Peacock, S.J., Spratt, B.G., 2000. Multilocus se-

quence typing for characterization of methicillin-resistant and methicillin-susceptible
clones of Staphylococcus aureus. J. Clin. Microbiol. 38, 1008–1015. https://doi.org/
10.1128/jcm.01546-06.

Eriksson, J., Espinosa-Gongora, C., Stamphøj, I., Larsen, A.R., Guardabassi, L., 2013.
Carriage frequency, diversity and methicillin resistance of Staphylococcus aureus in
Danish small ruminants. Vet. Microbiol. 163, 110–115. https://doi.org/10.1016/j.
vetmic.2012.12.006.

Ge, B., Mukherjee, S., Hsu, C.H., Davis, J.A., Tran, T.T.T., Yang, Q., Abbott, J.W., Ayers,
S.L., Young, S.R., Crarey, E.T., Womack, N.A., Zhao, S., McDermott, P.F., 2017. MRSA
and multidrug-resistant Staphylococcus aureus in U.S. retail meats, 2010–2011. Food
Microbiol. 62, 289–297. https://doi.org/10.1016/j.fm.2016.10.029.

Gharsa, H., Ben Sallem, R., Ben Slama, K., Gómez-Sanz, E., Lozano, C., Jouini, A., Klibi,
N., Zarazaga, M., Boudabous, A., Torres, C., 2012. High diversity of genetic lineages
and virulence genes in nasal Staphylococcus aureus isolates from donkeys destined to
food consumption in Tunisia with predominance of the ruminant associated CC133
lineage. BMC Vet. Res. 8, 203. https://doi.org/10.1186/1746-6148-8-203.

Gharsa, H., Slama, K., Ben Gómez-Sanz, E., Gómez, P., Klibi, N., Zarazaga, M., Boudabous,
A., Torres, C., 2015. Characterisation of nasal Staphylococcus delphini and
Staphylococcus pseudintermedius isolates from healthy donkeys in Tunisia. Equine Vet.
J. 47, 463–466. https://doi.org/10.1111/evj.12305.

Glaser, P., Martins-Simões, P., Villain, A., Barbier, M., Tristan, A., Bouchier, C., 2016.
Demography and intercontinental spread of the USA300 community-acquired me-
thicillin-resistant Staphylococcus aureus lineage. mBio 7, e02183-15. https://doi.org/
10.1128/mBio.02183-15.

Gómez-Sanz, E., Torres, C., Ceballos, S., Lozano, C., Zarazaga, M., 2013a. Clonal dy-
namics of nasal Staphylococcus aureus and Staphylococcus pseudintermedius in dog-
owning household members. Detection of MSSA ST398. PLoS One 8. https://doi.org/
10.1371/journal.pone.0069337.

Gómez-Sanz, E., Torres, C., Lozano, C., Zarazaga, M., 2013b. High diversity of
Staphylococcus aureus and Staphylococcus pseudintermedius lineages and toxigenic
traits in healthy pet-owning household members. Underestimating normal household
contact? Comp. Immunol. Microbiol. Infect. Dis. 36, 83–94. https://doi.org/10.1016/
j.cimid.2012.10.001.

Haenni, M., Saras, E., Châtre, P., Médaille, C., Bes, M., Madec, J.Y., Laurent, F., 2012. A
USA300 variant and other human-related methicillin-resistant Staphylococcus aureus
strains infecting cats and dogs in France. J. Antimicrob. Chemother. 67, 326–329.
https://doi.org/10.1093/jac/dkr499.

Hwang, S.Y., Kim, S.H., Jang, E.J., Kwon, N.H., Park, Y.K., Koo, H.C., Jung, W.K., Kim,
J.M., Park, Y.H., 2007. Novel multiplex PCR for the detection of the Staphylococcus
aureus superantigen and its application to raw meat isolates in Korea. Int. J. Food
Microbiol. 117, 99–105. https://doi.org/10.1016/j.ijfoodmicro.2007.02.013.

Jans, C., Merz, A., Johler, S., Younan, M., Tanner, S.A., Kaindi, D.W.M., Wangoh, J.,
Bonfoh, B., Meile, L., Tasara, T., 2017. East and West African milk products are re-
servoirs for human and livestock-associated Staphylococcus aureus. Food Microbiol.
65, 64–73. https://doi.org/10.1016/j.fm.2017.01.017.

Jung, J., Song, E.H., Park, S.Y., Lee, S., Park, S., Sung, H., Kim, M., 2016. Emergence of
Panton-Valentine leucocidin-positive ST8-methicillin-resistant Staphylococcus aureus
(USA300 clone) in Korea causing healthcare-associated and hospital-acquired bac-
teraemia. Eur. J. Clin. Microbiol. Infect. Dis. 35, 1323–1329. https://doi.org/10.
1007/s10096-016-2668-y.

Kehrenberg, C., Schwarz, S., 2004. fexA, a novel Staphylococcus lentus gene encoding
resistance to florfenicol and chloramphenicol. Antimicrob. Agents Chemother. 48,
615–618. https://doi.org/10.1128/AAC.48.2.615.

Kehrenberg, C., Schwarz, S., 2005. Florfenicol-chloramphenicol exporter gene fexA is part
of the novel transposon Tn558. Antimicrob. Agents Chemother. 49, 813–815. https://
doi.org/10.1128/AAC.49.2.813-815.2005.

Kehrenberg, C., Schwarz, S., 2006. Distribution of florfenicol resistance genes fexA and cfr
among chloramphenicol-resistant Staphylococcus isolates. Antimicrob. Agents
Chemother. 50, 1156–1163. https://doi.org/10.1128/AAC.50.4.1156-1163.2006.

Kluytmans, J.A.J.W., 2010. Methicillin-resistant Staphylococcus aureus in food products:
cause for concern or case for complacency? Clin. Microbiol. Infect. 16, 11–15.
https://doi.org/10.1111/j.1469-0691.2009.03110.x.

Kraushaar, B., Fetsch, A., 2014. First description of PVL-positive methicillin-resistant
Staphylococcus aureus (MRSA) in wild boar meat. Int. J. Food Microbiol. 186, 68–73.
https://doi.org/10.1016/j.ijfoodmicro.2014.06.018.

Li, D., Wang, Y., Schwarz, S., Cai, J., Fan, R., Li, J., Feßler, A.T., Zhang, R., Wu, C., Shen,
J., 2016. Co-location of the oxazolidinone resistance genes optrA and cfr on a mul-
tiresistance plasmid from Staphylococcus sciuri. J. Antimicrob. Chemother. 71,
1474–1478. https://doi.org/10.1093/jac/dkw040.

Liu, Y., Wang, Y., Schwarz, S., Li, Y., Shen, Z., Zhang, Q., Wu, C., Shen, J., 2013.
Transferable multiresistance plasmids carrying cfr in Enterococcus spp. from swine
and farm environment. Antimicrob. Agents Chemother. 57, 42–48. https://doi.org/
10.1128/AAC.01605-12.

Lozano, C., López, M., Gómez-Sanz, E., Ruiz-Larrea, F., Torres, C., Zarazaga, M., 2009.
Detection of methicillin-resistant Staphylococcus aureus ST398 in food samples of
animal origin in Spain. J. Antimicrob. Chemother. 64, 1325–1346. https://doi.org/
10.1093/JAC/DKP378.

Mama, O.M., Ruiz-Ripa, L., Fernández-Fernández, R., González-Barrio, D., Ruiz-Fons, J.F.,
Torres, C., 2019a. High frequency of coagulase-positive staphylococci carriage in
healthy wild boar with detection of MRSA of lineage ST398-t011. FEMS Microbiol.
Letters. https://doi.org/10.1093/femsle/fny292.

Mama, O.M., Ruiz-Ripa, L., Lozano, C., González-Barrio, D., Ruiz-Fons, J.F., Torres, C.,
2019b. High diversity of coagulase negative staphylococci species in wild boars, with
low antimicrobial resistance rates but detection of unusual genes. Comp. Immunol.

O.M. Mama, et al. Veterinary Microbiology 233 (2019) 5–10

9

https://doi.org/10.1093/jac/dky088
https://doi.org/10.5021/ad.2011.23.3.338
https://doi.org/10.5021/ad.2011.23.3.338
https://doi.org/10.1128/JCM.01915-08
https://doi.org/10.1128/CMR.00109-13
https://doi.org/10.1016/j.cimid.2017.03.002
https://doi.org/10.1016/j.cimid.2017.03.002
https://doi.org/10.1089/fpd.2013.1689
https://doi.org/10.1016/j.ijmm.2014.09.004
https://www.sfm-microbiologie.org/
https://doi.org/10.1016/j.fm.2014.08.001
https://clsi.org/
https://clsi.org/
https://doi.org/10.1016/j.ijmm.2013.02.010
https://doi.org/10.1016/j.ijmm.2013.02.010
https://doi.org/10.1016/j.vetmic.2016.04.002
https://doi.org/10.1016/j.vetmic.2014.06.011
https://doi.org/10.1086/587907
https://doi.org/10.1128/jcm.01546-06
https://doi.org/10.1128/jcm.01546-06
https://doi.org/10.1016/j.vetmic.2012.12.006
https://doi.org/10.1016/j.vetmic.2012.12.006
https://doi.org/10.1016/j.fm.2016.10.029
https://doi.org/10.1186/1746-6148-8-203
https://doi.org/10.1111/evj.12305
https://doi.org/10.1128/mBio.02183-15
https://doi.org/10.1128/mBio.02183-15
https://doi.org/10.1371/journal.pone.0069337
https://doi.org/10.1371/journal.pone.0069337
https://doi.org/10.1016/j.cimid.2012.10.001
https://doi.org/10.1016/j.cimid.2012.10.001
https://doi.org/10.1093/jac/dkr499
https://doi.org/10.1016/j.ijfoodmicro.2007.02.013
https://doi.org/10.1016/j.fm.2017.01.017
https://doi.org/10.1007/s10096-016-2668-y
https://doi.org/10.1007/s10096-016-2668-y
https://doi.org/10.1128/AAC.48.2.615
https://doi.org/10.1128/AAC.49.2.813-815.2005
https://doi.org/10.1128/AAC.49.2.813-815.2005
https://doi.org/10.1128/AAC.50.4.1156-1163.2006
https://doi.org/10.1111/j.1469-0691.2009.03110.x
https://doi.org/10.1016/j.ijfoodmicro.2014.06.018
https://doi.org/10.1093/jac/dkw040
https://doi.org/10.1128/AAC.01605-12
https://doi.org/10.1128/AAC.01605-12
https://doi.org/10.1093/JAC/DKP378
https://doi.org/10.1093/JAC/DKP378
https://doi.org/10.1093/femsle/fny292


Microbiol. Infect. Dis. 64, 125–129. https://doi.org/10.1016/j.cimid.2019.03.006.
Pantosti, A., 2012. Methicillin-resistant Staphylococcus aureus associated with animals and

its relevance to human health. Front. Microbiol. 3, 1–12. https://doi.org/10.3389/
fmicb.2012.00127.

Papadopoulos, P., Papadopoulos, T., Angelidis, A.S., Boukouvala, E., Zdragas, A., Papa,
A., Hadjichristodoulou, C., Sergelidis, D., 2018. Prevalence of Staphylococcus aureus
and of methicillin-resistant S. aureus (MRSA) along the production chain of dairy
products in north-western Greece. Food Microbiol. 69, 43–50. https://doi.org/10.
1016/j.fm.2017.07.016.

Planet, P.J., 2017. Life after USA300: the rise and fall of a superbug. J. Infect. Dis. 215,
S71–S77. https://doi.org/10.1093/infdis/jiw444.

Prestinaci, F., Pezzotti, P., Pantosti, A., 2015. Antimicrobial resistance: a global multi-
faceted phenomenon. Pathog. Glob. Health 109, 309–318. https://doi.org/10.1179/
2047773215Y.0000000030.

Schnellmann, C., Gerber, V., Rossano, A., Jaquier, V., Panchaud, Y., Doherr, M.G.,
Thomann, A., Straub, R., Perreten, V., 2006. Presence of new mecA and mph(C)
variants conferring antibiotic resistance in Staphylococcus spp. isolated from the skin
of horses before and after clinic admission. J. Clin. Microbiol. 44, 4444–4454.

https://doi.org/10.1128/JCM.00868-06.
Solyman, S.M., Black, C.C., Duim, B., Perreten, V., Van Duijkeren, E., Wagenaar, J.A.,

Eberlein, L.C., Sadeghi, L.N., Videla, R., Bemis, D.A., Kania, S.A., 2013. Multilocus
sequence typing for characterization of Staphylococcus pseudintermedius. J. Clin.
Microbiol. 51, 306–310. https://doi.org/10.1128/JCM.02421-12.

Sutcliffe, J., Grebe, T., Tait-Kamradt, A., Wondrack, L., 1996. Detection of erythromycin-
resistant determinants by PCR. Antimicrob. Agents Chemother. 40, 2562–2566.
https://doi.org/10.1097/00005537-200307000-00001.

Vindel, A., Trincado, P., Cuevas, O., Ballesteros, C., Bouza, E., Cercenado, E., 2014.
Molecular epidemiology of community-associated methicillin-resistant
Staphylococcus aureus in Spain: 2004-12. J. Antimicrob. Chemother. 69, 2913–2919.
https://doi.org/10.1093/jac/dku232.

Wang, Y., Lv, Y., Cai, J., Schwarz, S., Cui, L., Hu, Z., Zhang, R., Li, J., Zhao, Q., He, T.,
Wang, D., Wang, Z., Shen, Y., Li, Y., Feßler, A.T., Wu, C., Yu, H., Deng, X., Xia, X.,
Shen, J., 2015. A novel gene, optrA, that confers transferable resistance to ox-
azolidinones and phenicols and its presence in Enterococcus faecalis and Enterococcus
faecium of human and animal origin. J. Antimicrob. Chemother. 70, 2182–2190.
https://doi.org/10.1093/jac/dkv116.

O.M. Mama, et al. Veterinary Microbiology 233 (2019) 5–10

10

https://doi.org/10.1016/j.cimid.2019.03.006
https://doi.org/10.3389/fmicb.2012.00127
https://doi.org/10.3389/fmicb.2012.00127
https://doi.org/10.1016/j.fm.2017.07.016
https://doi.org/10.1016/j.fm.2017.07.016
https://doi.org/10.1093/infdis/jiw444
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1128/JCM.00868-06
https://doi.org/10.1128/JCM.02421-12
https://doi.org/10.1097/00005537-200307000-00001
https://doi.org/10.1093/jac/dku232
https://doi.org/10.1093/jac/dkv116

	Diversity of staphylococcal species in food producing animals in Spain, with detection of PVL-positive MRSA ST8 (USA300)
	Introduction
	Material and methods
	Staphylococcus spp. isolation and identification
	Molecular typing and virulence study
	Antibiotic susceptibility testing and antibiotic resistance gene detection

	Results
	Detection of staphylococcal species
	Coagulase-positive Staphylococcus: molecular typing, antimicrobial resistance and virulence
	Coagulase-negative Staphylococcus: antimicrobial resistance phenotype and genotype

	Discussion
	Conclusion
	Acknowledgments
	References




