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Highlights 26 

 S. aureus and MRSA were detected in 33.6% and 21.8% of pig-derived food 27 

samples. 28 

 LA-MRSA CC398 (mostly spa-t011) found in 23% of pig-derived food, all 29 

MDR. 30 

 S. aureus non-CC398 found in 16% of samples, with detection of toxigenic 31 

strains. 32 

 Human-adapted clones (MSSA-CC398, MSSA-CC45) detected, suggesting 33 

human contamination. 34 

 Pig-derived food carry MDR and toxigenic S. aureus, of public health relevance.  35 

 36 

 37 

Abstract  38 

Methicillin-resistant Staphylococcus aureus (MRSA) CC398 is a livestock-associated 39 

(LA) lineage, mainly detected in swine. Its dissemination via the food-chain could be a 40 

food-safety issue. This work aimed to study the diversity of S. aureus lineages in pork-41 

products, to determine the prevalence of MRSA and methicillin-susceptible S. aureus 42 

(MSSA) of lineage CC398, and to study the antimicrobial resistance phenotype/genotype 43 

and the virulence traits of recovered isolates. 44 

One hundred and one samples of pig-derived food were collected in Northern Spain for 45 

S. aureus isolation. Antibiotic resistance profile was analysed, and associated resistance 46 

genes were screened by PCR. Detection of CC398 lineage, spa-type, multilocus 47 

sequence-type (ST), virulence factors, immune evasion cluster (IEC) genes, and phage 48 

ΦSa3 integrase was performed by PCR/sequencing.  49 

The prevalence of S. aureus and MRSA among pig-derived food was 33.6% and 21.8%, 50 

respectively. Thirty-nine S. aureus isolates were recovered and attributed to 19 spa-types 51 

and 12 STs, ST398 being the predominant lineage (n=25; 64 %). MRSA-CC398 isolates 52 

(n=23) were mainly spa-t011 (n=16) and 82.6% were multidrug-resistant (MDR). All 53 
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MRSA-CC398 were tetracycline-resistant and IEC-negative and four hosted either eta, 54 

tst or sea gene. The two MSSA-CC398 isolates detected were spa-t5452, IEC-positive, 55 

and were resistant to penicillin (blaZ) and erythromycin/clindamycin (inducible) (ermT 56 

with/without ermC+msrA). Among the 14 non-CC398 isolates, only two were MRSA 57 

(ST8, PVL-positive, enterotoxin-positive, IEC-negative). The 12 MSSA isolates included 58 

two of lineage CC45 and IEC-positive.   59 

CC398 lineage is prevalent among S. aureus of pig-derived food (both MRSA and 60 

MSSA), LA-MRSA-CC398/t011 being the clone most represented. The presence of the 61 

IEC-positive MSSA-CC398 and MSSA-CC45 in food products highlights the potential 62 

implication of handlers in transmission of foodborne pathogens. Moreover, given the high 63 

frequency of MDR isolates and virulence genes detected, hygienic practices should be 64 

improved to limit the dissemination risk of S. aureus via the food chain.  65 

 66 

Keywords: MRSA, MSSA, CC398, multidrug-resistance, enterotoxins, IEC 67 
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1. Introduction  77 

Since the early 2000s, methicillin-resistant Staphylococcus aureus (MRSA) isolates of 78 

the clonal complex (CC) CC398 have been described as common colonizers of healthy 79 

farm animals, especially swine, and considered as livestock-associated MRSA (LA-80 

MRSA). These isolates have also been found colonizing or causing infections in humans 81 

with livestock exposure (Benito et al., 2014b; Ceballos et al., 2019; Leibler et al., 2016).  82 

Whole genome analysis established that CC398 isolates cluster into distinct phylogenetic 83 

groups: a human-adapted ancestor clade (methicillin and tetracycline susceptible), and a 84 

livestock-adapted derived clade (methicillin and tetracycline resistant) (Price et al., 2012). 85 

According to Price et al., LA-MRSA-CC398 might have been evolved from the human-86 

adapted clade, methicillin-susceptible S. aureus (MSSA) CC398. The jump from humans 87 

to animals would have been accompanied by the acquisition of methicillin and 88 

tetracycline resistance in one hand, and by the loss of the phage ΦSa3, that carries the 89 

immune evasion cluster (IEC) genes on the other hand (Price et al., 2012). The IEC 90 

system protects S. aureus against the human immune system; there are several IEC-types 91 

which all include the scn gene (encodes the staphylococcal complement inhibitor), then 92 

considered a marker for IEC detection (van Wamel et al., 2006).  93 

S. aureus (SA) is known to be responsible for foodborne diseases and food poisoning. 94 

Staphylococcal food poisoning is due to the ingestion of sufficient amounts of 95 

staphylococcal enterotoxins (SEs) present in contaminated food (Argudín et al., 2010). 96 

Improper handling of food combined with uncontrolled storage conditions, may increase 97 

the risk of contamination by SA and the production of SEs which are resistant to heat and 98 

low pH (Argudín et al., 2010). MRSA has been isolated with different prevalence from 99 

diverse types of food, especially food of animal origin such as dairy products, or raw meat 100 



5 
 

5 
 

(pork, beef, chicken, turkey etc.) (de Boer et al., 2009; Lozano et al., 2009; Papadopoulos 101 

et al., 2019). 102 

For the all above, we wondered whether the food chain could be a way of transmission of 103 

LA-MRSA-CC398 to humans, whether this specific clone could be a potential agent of 104 

food poisoning, and finally what the prevalence would be in pig-derived food in our 105 

region (La Rioja, Spain). A few years ago, our research group performed two studies 106 

about the prevalence of SA and MRSA in food samples of animal origin including pork, 107 

chicken, beef, lamb, and turkey, among others (Benito et al., 2014a; Lozano et al., 2009). 108 

These works revealed a low prevalence of 2.5% of MRSA-CC398 among pork samples 109 

and the absence of MSSA-CC398, but the number of samples analysed was low. The 110 

present work focussed on pig, as pig-derived products constitute an important sector of 111 

the region’s food industry. The prevalence of CC398 (both MRSA and MSSA) and SA 112 

of other lineages was determined, and the antimicrobial resistance phenotypes/genotypes 113 

and the virulence gene profiles were studied.  114 

2. Material and methods  115 

2.1. S. aureus isolation and identification 116 

A total of 101 samples of pig-derived food [chopped meat (n=54); fillet (n=30); and 117 

ear/pork snout (n=17)] were collected from 18 butcher retail shops of three market places  118 

in La Rioja, Spain, during the period March-October of 2018. Nine visits were performed 119 

to the butcher retail shops, and one or two samples were collected per visit (not all butcher 120 

retail shops were tested in each visit). All types of pig products included in this study are 121 

usually eaten in Spain. 122 

Samples were enriched with 5 ml of Brain Hearth Infusion broth (BHI, +NaCl 6.5%) 123 

(Conda, Madrid, Spain), and incubated at 37ºC during 24h. Aliquots were then inoculated 124 

into mannitol-salt-agar (Conda, Madrid, Spain) and oxacillin-resistance-screening-agar-125 
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base (Oxoid, Hampshire, England) for SA and MRSA recovery, respectively. Up to two 126 

colonies/plate, with different staphylococcal morphologies were chosen and further 127 

identified. The identification was performed by matrix-assisted laser 128 

desorption/ionization time of flight (MALDI-TOF) mass spectrometry (Bruker, 129 

Massachusetts, USA), and SA isolates were characterized.  130 

2.2. Antimicrobial resistance phenotype and resistance genes detection 131 

For all the SA identified, susceptibility to penicillin, cefoxitin, gentamicin, tobramycin, 132 

tetracycline, chloramphenicol, erythromycin, clindamycin and linezolid was analysed by 133 

disk-diffusion method (CLSI, 2018). Cefoxitin resistance was considered the marker of 134 

methicillin resistance phenotype. The detection of the following antimicrobial resistance 135 

genes was performed by PCR, in accordance with resistance phenotype: beta-lactams 136 

(mecA, mecC, and blaZ), aminoglycosides [aac(6′)-Ie–aph(2′′)-Ia, ant(4′)-Ia], 137 

tetracycline [tetK, tetL, and tetM], macrolides-lincosamides [ermA, ermB, ermC, ermT, 138 

msrA, lnuA, lnuB, and vgaA], and chloramphenicol (catpC194, catpC221, catpC223, cfr, fexA 139 

and fexB) (Benito et al., 2014b; Gómez-Sanz et al., 2010; Kehrenberg and Schwarz, 2006; 140 

Ruiz-Ripa et al., 2019).  141 

2.3. Molecular typing and virulence genes study 142 

For all the SA isolates, spa-typing was performed as previously described (Ruiz-Ripa et 143 

al., 2019). Multilocus sequence typing (MLST) was carried out for 19 representative 144 

strains (one of each spa-type detected, and all strains with a new spa-type). For this 145 

purpose, PCR and sequencing of seven housekeeping genes (www.pubmlst.org) were 146 

performed to determine the sequence type (ST) and the clonal complex (CC) (Ruiz-Ripa 147 

et al., 2019). In addition, a specific PCR was carried out for CC398 lineage determination 148 

(Stegger et al., 2011). Furthermore, the presence of the genes encoding the Panton 149 

Valentine Leukocidin (PVL) (lukF/lukS-PV), the exfoliative toxins (eta and etb), the toxic 150 

http://www.pubmlst.org/


7 
 

7 
 

shock syndrome toxin (tst), the haemolysins (hla, hlb, hld, hlg and hlgv) and the 151 

staphylococcal enterotoxins (sea, seb, sec, sed, see, seg, seh, sei, sej, sek, sel, sem, sen, 152 

seo, sep, seq, ser, and seu) was screened by PCR (Benito et al., 2014a). The presence of 153 

scn gene was studied and the IEC type was determined for scn-positive isolates (van 154 

Wamel et al., 2006). Moreover the presence of the Phage ΦSa3 integrase (Sa3int) was 155 

studied for the IEC-positive isolates, as previously described (Goerke et al., 2009). 156 

Positive and negative control strains of the University of La Rioja were included in all 157 

PCR reactions. 158 

3. Results  159 

3.1. Prevalence of S. aureus and MRSA in pig-derived food 160 

Staphylococcus aureus was detected in 33.6% of the samples analysed (34/101). 161 

Considering the different types of samples, the prevalence was of 24.1%, 26.6%, and 162 

76.5% in chopped meat, fillet and ear/snout samples, respectively. The prevalence of 163 

MRSA was of 21.8% (22/101) with different rates depending on food types: 3.3% (fillet), 164 

14.8% (chopped meat) and 76.5% (ear/snout). 165 

A total of 39 isolates were recovered (25 MRSA and 14 MSSA) (Table I), corresponding 166 

to one isolate/positive-sample, except for five samples which harboured two SA isolates 167 

with different spa-types and/or antimicrobial resistance phenotypes (included in Table 168 

II). The antimicrobial resistance rates and genes detected among all the isolates recovered 169 

in this study are shown in Table III. The isolates were assigned to 19 different spa-types 170 

and 12 STs. The CC398 was the predominant lineage, being assigned to 25 isolates, all 171 

of them of sequence type ST398 (64.1%). 172 

3.2. S. aureus-CC398 and characteristics of recovered isolates  173 

The 25 isolates of lineage CC398 were recovered from 21 samples (global prevalence of 174 

20.8%), with the presence in four samples of two distinct CC398 isolates (Table II): a) 175 
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one chopped meat sample carrying both MSSA-CC398 and MRSA-CC398 isolates; b) 176 

three snout/ear samples with two MRSA-CC398 isolates (with different spa-type or 177 

antimicrobial resistance profile). The 25 CC398 isolates were divided into two groups: 178 

MRSA-CC398 (n=23; detected in 20 samples) and MSSA-CC398 (n=2; detected in 2 179 

samples).  180 

The 23 MRSA-CC398 isolates belonged to six spa-types (t011, t1451, t1606, t4030, t108 181 

and t779), and most of them were t011 (n=16) (Table I). They all carried the blaZ gene 182 

and showed resistance to tetracycline (always mediated by tetM and tetK genes, combined 183 

with tetL in nine isolates). The frequent resistance to macrolides and lincosamides among 184 

MRSA-CC398 strains was also noted, with the following phenotypes/genotypes: 185 

erythromycin+clindamycin (n=11; ermB, ermC, ermT, msrA, and/or vgaA), erythromycin 186 

(n=1; msrA) and clindamycin (n=5; lnuA and/or vgaA) (Table I). Moreover, 82.6% of the 187 

isolates showed a multidrug resistance (MDR) phenotype, and resistance to beta-lactams, 188 

tetracycline, macrolides and/or lincosamides was the most common profile.  189 

Regarding the virulence, two MRSA-CC398 isolates hosted the eta gene, one harboured 190 

the sea  gene and another one the tst gene. All MRSA-CC398 isolates were IEC-negative. 191 

Concerning the haemolysin encoding genes, hla was present in all these isolates. The 192 

genes hld and hlg were found in all but three isolates, while the gene hlb was undetected 193 

in six. All the isolates lacked the hlgv gene. 194 

On the other hand, the two MSSA-CC398 isolates were assigned to the spa-type t5452. 195 

They were resistant to penicillin (blaZ), and both showed an erythromycin/clindamycin-196 

inducible resistance phenotype mediated by the ermT gene, alone or associated with ermC 197 

and msrA genes (Table I). One isolate was additionally resistant to gentamicin. Both 198 

isolates were typed as IEC-C and carried the phage integrase Sa3int. It is also notable that 199 
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both MSSA-CC398 isolates showed a MDR phenotype, and had the same haemolysin 200 

genes profile (hla, hld and hlg).  201 

3.3. S. aureus of non-CC398 lineages and characteristics of recovered isolates 202 

Among the 14 non-CC398 isolates, two were MRSA (ST8/CC8-t8151) and 12 MSSA (10 203 

ST/CC and 11 different spa-types detected, including two new ones: t18358 and t18461) 204 

(Table I). The MRSA isolates showed only resistance for beta-lactams, carrying the mecA 205 

and blaZ genes. Both harboured the PVL encoding genes, as well as one SE gene (see or 206 

seq); moreover, these MRSA isolates were scn-negative, and consequently, IEC negative. 207 

Additionally, they carried the same haemolysin genes (hla, hlb, hld and hlgv).  208 

The MSSA isolates were mainly resistant to penicillin (n=7; blaZ), tetracycline (n=4; 209 

tetM, tetK, tetL) and clindamycin (n=4; vgaA), although resistance to antibiotics of the 210 

macrolide and aminoglycoside families was also observed (Table I). Eight of the 12 211 

MSSA non-CC398 isolates (of lineages ST45, ST9, ST1, ST22, ST133 and ST581) 212 

harboured enterotoxin genes, being five of them carriers of the egc-like cluster (Table I). 213 

Furthermore, the tst  gene was detected in one isolate (ST133). All the isolates were scn-214 

negative, except the two ST45 (typed as IEC-B and containing the phage integrase 215 

Sa3int). Moreover, they all carried the genes hla and hld, and only one lacked the gene 216 

hlb. Interestingly, all the isolates carried the hlgv gene, except three which were positive 217 

for hlg. None of the isolates hosted both hlg and hlgv; most of the isolates CC398 were 218 

hlg-positive while the non-CC398 were mostly hlgv-positive.  219 

 220 

4. Discussion  221 

Livestock, especially swine, constitutes a reservoir for SA and MRSA belonging to 222 

different clonal lineages, including mostly CC398. The contamination of animal-derived 223 

food by SA isolates would be a concern for human health and transmission could occur 224 

through the food chain by eating or manipulating.  225 
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The present work revealed a prevalence of SA among pig products of 33.6%. Previous 226 

studies found the presence of SA in pig-derived food with a higher frequency ranging 227 

from 45 to 60% (Jackson et al., 2013; Tang et al., 2017). The rate of MRSA isolates in 228 

pig-derived food in our work is high (21.8%) compared to results obtained few years ago 229 

in different countries, including Spain (2-10%) (Benito et al., 2014a; Lozano et al., 2009; 230 

O’Brien et al., 2012). Comparing the different types of food analysed in our study, it 231 

appears that samples with skin (ears and snout: 76.5%) carry more frequently MRSA than 232 

those without skin (chopped meat and fillet: 10.7%), which could explain the high rate 233 

observed in our study. Previous studies also found higher rates of SA and/or MRSA in 234 

samples with skin (snout, nares, carcasses, etc.) compared to samples without skin 235 

(minced meat, bacon, etc.) (Verhegghe et al., 2016). This was expected since this 236 

bacterium is described as commensal of animals and humans’ skin and nares.  237 

Our SA isolates belonged to a great diversity of genetic lineages with predominance of 238 

CC398 (64.1%). Many studies consider the MRSA-CC398 clone as the most frequent 239 

among livestock in Europe, particularly in pig and pig-derived food (Lozano et al., 2011; 240 

Sharma et al., 2016). It is worth noting that t011 was the spa-type mostly associated with 241 

cases of LA-MRSA-CC398, as was the case in our study. Moreover, t011 was the 242 

predominant spa-type detected among MRSA-CC398 of Spanish hospitals located in 243 

areas with high pig density (Ceballos et al., 2019). This highlights the easy ability of 244 

adaptation of MRSA-CC398, especially t011 to distinct ecosystems, its potential ways of 245 

dissemination and the important role of swine as MRSA-CC398 carrier.  246 

MSSA-CC398 is considered of human-adapted origin and the ancestor of the LA-MRSA-247 

CC398 of specific spa-types (Price et al., 2012). MSSA-CC398 has been increasingly 248 

reported in human infection cases mainly in Europe, and the spa-type t571 was associated 249 

with cases of bacteremia in French patients, living in animal free environments (Bonnet 250 
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et al., 2018). Both MSSA-CC398 (t5452) isolated obtained in our study were susceptible 251 

to tetracycline and interestingly, were typed as IEC-C. The presence of IEC in these 252 

MSSA-CC398 isolates suggests an human origin (Cuny et al., 2019). To the best of our 253 

knowledge, the detection of MSSA-CC398/IEC-positive, out of the human niche, is 254 

scarce. However, MSSA-CC398 isolates (t571, IEC-C, tetracycline-susceptible, 255 

erythromycin-resistant) were detected from white storks nestlings exposed to human 256 

residues in Spain (Gómez et al., 2016). These results highlight the spread of MSSA-257 

CC398 of human clade in animals and animal-derived food.  258 

Comparing the MRSA-CC398 and MSSA-CC398 isolates of this study, it appears that 259 

resistance to tetracycline is a constant phenotype among MRSA-CC398 isolates, while 260 

absent among MSSA-CC398 isolates. Resistance to macrolides and lincosamides was 261 

also frequently observed among both groups, but the phenotype erythromycin-262 

clindamycin-inducible was only notable among MSSA isolates. Based on these results, it 263 

should be further investigated the erythromycin-clindamycin inducible resistance 264 

phenotype as a potential marker for MSSA-CC398 detection. The gene ermT, present in 265 

both MSSA-CC398, has been previously suggested as marker of the MSSA-CC398 266 

human clade (Bonnet et al., 2018). Otherwise, the carriage of both MRSA and MSSA-267 

CC398 by the same sample highlights the coexistence of isolates of different phylogenetic 268 

clades, and the presence of IEC genes in MSSA-CC398 suggests a human contamination.  269 

The detection of toxin encoding genes (sea, eta or tst) among MRSA-CC398, though 270 

infrequent, is worrisome especially in food products (Argudín et al., 2010). Globally, it 271 

was observed a high frequency of MDR among CC398 isolates and the presence of 272 

relevant virulence genes, which is a concern for public health, knowing the easiness of 273 

adaptation of this lineage to distinct environments.  274 
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A great diversity of genetic lineages was observed among the non-CC398 isolates. MRSA 275 

isolates were ascribed to CC8, while MSSA were assigned to ten other CCs being 276 

especially relevant CC45 and CC1. Both CC8 isolates harbored the PVL encoding genes, 277 

which is a marker of Community-associated (CA) MRSA (Planet et al., 2015), but 278 

interestingly lacked the scn gene, suggesting an animal origin. Three MRSA-CC8/PVL-279 

positive/scn-positive isolates were previously detected in pork samples in Denmark (Tang 280 

et al., 2017), and two MRSA-CC8-USA300/scn-positive isolates in lamb and goat 281 

samples in Spain (Mama et al., 2019). Consequently, the CA-MRSA-CC8 should be 282 

considered a potential contaminant of animal-derived food, and its dissemination and 283 

adaptation in livestock should be further investigated. MSSA-ST45 has been found in 284 

chicken meat samples (Benito et al., 2014a) and in calve nasal samples in Spain (Mama 285 

et al., 2019). In both cases, the isolates carried the egc-like cluster genes, and were thought 286 

of human origin (IEC-B), as noted in the present study. MRSA-CC1/t127 is well-known 287 

as an important human pathogen, although it is increasingly being recognized as an LA-288 

MRSA lineage (Elstrøm et al., 2019). The high presence of pyrogenic toxin superantigens 289 

in our isolates is worrisome, knowing their role in food poisoning (Argudín et al., 2010).  290 

Overall, transmission of SA CC398 and of other genetic lineages from food of animal 291 

origin to the handlers could occur during manipulations at the butchery level, and vice-292 

versa (Verhegghe et al., 2016). Hence the importance to respect the good hygiene and 293 

manufacturing practices and to instore surveillance measures in pork production chains.  294 

5. Conclusion  295 

Pig-derived food frequently contain the LA-MRSA-CC398 clone, which is characterized 296 

by a tetracycline resistance phenotype. Moreover, the detection of MSSA-CC398 isolates 297 

carrying the IEC system highlights the risk of meat contamination by isolates of possible 298 

human origin through manipulation. Finally, high rates of MDR CC398 isolates and high 299 
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frequency of toxigenic isolates among non-CC398 isolates, including those of 300 

community-associated lineages (ST8 and ST45) in food products, is worrisome for human 301 

health. Therefore, hygienic practices of the food production chain should be improved in 302 

order to limit the presence of food-borne pathogens, as well as their resistance and 303 

virulence genes.  304 
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Table I: Molecular characteristics, antimicrobial resistance phenotype/genotype and virulence factors of MRSA and MSSA isolated from 101 samples of pig-derived food 

ST/CC 

(Nº isolates) 

spa-type 

(Nº isolates) 

Antimicrobial resistance phenotypea 

(Nº isolates) 

Beta lactams / Others  

Antimicrobial resistance genes 

(Nº isolates) 

Virulence genes 

(Nº isolates) 

IEC type 

(Nº isolates) 

ST398/CC398 (25) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other lineages (14) 

ST8/CC8 (2) 

 

ST45/CC45 (2) 

 

ST9/CC9 (2) 

 

ST1/CC1(1) 

t011 (16) 

 

 

 

 

 

 

 

t1451 (2) 

 

t1606 (2) 

 

 

t4030 (1) 

t108 (1) 

t779 (1) 

t5452 (2) 

 

 

t8151(2) 

 

t230 (2) 

 

t1939 (1) 

t4644 (1) 

t127 

PEN, FOX  / TET, ERY, CLI (6) 

 

PEN, FOX  / TET, CLI (4) 

 

PEN, FOX  / TET (3) 

PEN, FOX  / TET, GEN, TOB, CLI (1) 

PEN, FOX  / TET, ERY, CLI, CHL (1) 

PEN, FOX  / TET, CHL (1) 

PEN, FOX  / TET, ERY, CLI (1) 

PEN, FOX  / TET (1) 

PEN, FOX  / TET, ERY, CLI, TOB, CHL (1) 

 

PEN, FOX  / TET, ERY, CLI, CHL (1) 

PEN, FOX  / TET, ERY, CLI 

PEN, FOX  / TET, ERY, CHL 

PEN, FOX  / TET, GEN, TOB 

PEN            / ERY, CLIc (1) 

PEN            / ERY, CLIc, GEN (1) 

 

PEN, FOX (2) 

 

PEN (2) 

 

PEN            / TET, ERY, CLI 

PEN 

                    / ERY, CLI 

blaZ(6), mecA(6), tetM(6), tetK(6), tetL(5), ermB(2), 

ermC(4), ermT(4), msrA(1), vgaA(1) 

blaZ(4), mecA(4), tetM(4), tetK(4), tetL(1), lnuA(1), 

vgaA(2) 

blaZ(3), mecA(3) tetM(3), tetK(3), tetL(1) 

blaZ, mecA, tetM, tetK, aac(6′)-Ie-aph(2″)-Ia, vgaA 

blaZ, mecA, tetM, tetK, ermT, vgaA, fexA 

blaZ, mecA, tetM, tetK 

blaZ, mecA, tetM, tetK, ermC, msrA 

blaZ ,mecA, tetM, tetK 

blaZ, mecA, tetM, tetK, tetL, ermC, msrA, ant(4')-Ia, 

fexA 

blaZ, mecA, tetM, tetK, ermC,ermT, msrA, fexA 

blaZ, mecA, tetM, tetK, tetL, ermC, msrA, vgaA 

blaZ, mecA, tetM, tetK, msrA, fexA 

blaZ, mecA, tetM, tetK, aac(6′)-Ie-aph(2″)-Ia 

blaZ, ermT, ermC,  msrA 

blaZ, ermT, aac(6′)-Ie-aph(2″)-Ia 

 

blaZ(2), mecA(2) 

 

blaZ(2) 

 

blaZ, tetM, tetK, ermB, vgaA 

blaZ 

ermA 

eta(1), hla(6), hlb(5), hld(5), hlg(4) 

 

sea(1), hla(4), hlb(4), hld(2), hlg(4)  

 

hla(3), hlb(2), hld(3), hlg(3) 

hla, hlb, hld, hlg 

hla, hlb, hld, hlg 

eta, hla, hlb, hld, hlg 

tst, hla, hlb, hld, hlg 

hla, hld, hlg  

hla, hld, hlg  

 

hla, hld, hlg  

hla, hlb, hld, hlg 

hla, hlb, hld, hlg 

hla, hld 

hla, hld, hlg  

hla, hld, hlg  

 

lukF/lukS-PV(2), seq(1), see(1), hla(2), 

hlb(2), hld(2), hlgv(2) 

egc-liked(2), sec(2), hla(2), hlb(2), 

hld(2), hlg(2) 

egc-liked, hla, hlb, hld, hlgv 

egc-liked, hla, hlb, hld, hlgv 

seh, hla, hlb, hld, hlgv 

- 

 

- 

 

- 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

C 

C 

 

- 

 

B (2) 

 

- 

- 

- 
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a PEN: penicillin; FOX: cefoxitin; TET: tetracycline; ERY: erythromycin; CLI: clindamycin; GEN: gentamicin; TOB: tobramycin; CHL: chloramphenicol 

b new spa-type 

c inducible resistance phenotype  

d egc-like cluster (seg, sei, sem, sen, seo and seu) 

Resistance to cefoxitin (FOX), and tst, eta, enterotoxins, and PVL encoding genes are marked in bold  

ST6/CC6 (1) 

ST7/CC7 (1) 

ST12/CC12 (1) 

ST22/CC22 (1) 

ST133/CC133 (1) 

ST581 (1) 

ST692 (1) 

t701 

t091 

t156 

t1862 

t18461b 

t18358 b 

t2247 

PEN              / TET 

Susceptible 

Susceptible 

Susceptible 

Susceptible 

PEN              / TET, ERY, CLI 

PEN              / TET, CLI, GEN, TOB 

blaZ 

- 

- 

- 

- 

blaZ, tetM, ermB, msrA 

blaZ, tetL, aac(6′)-Ie-aph(2″)-Ia, ant(4')-Ia 

hla, hlb, hld, hlgv  

hla, hlb, hld, hlgv  

hla, hlb, hld, hlgv  

egc-liked, hla, hlb, hld, hlg 

tst, sec, hla, hlb, hld, hlgv  

see, hla, hlb, hld, hlgv 

hla, hld, hlgv 

- 

- 

- 

- 

- 

- 

- 
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Table II: Pattern of coexistence of S. aureus isolates in a same pig-derived food sample  

 

a the STs in brackets are assumed according to the spa-type detected. The MLST has been determined by PCR/sequencing for the STs without brackets  

b PEN: penicillin; FOX: cefoxitin; TET: tetracycline; ERY: erythromycin; CLI: clindamycin; GEN: gentamicin; TOB: tobramycin; CHL: chloramphenicol 

c inducible resistance phenotype  

Sample Origin MRSA/MSSA Isolate spa-type STa PCR CC398 IEC-type 
Antimicrobial resistance 

phenotypeb 

1 Ear MRSA X74 t1451 (ST398) + - PEN, FOX, TET, ERY, CLI 

  MRSA X42 t1606 (ST398) + - PEN, FOX, TET, ERY, CLI, CHL 

30 Ear MRSA X358 t011 (ST398) + - PEN, FOX, TET 

  MRSA X352 t011 (ST398) + - PEN, FOX, TET, CHL 

6 Snout MRSA X65 t011 (ST398) + - PEN, FOX, TET, CLI 

  MRSA X48 t4030 ST398 + - PEN, FOX, TET, ERY, CLI 

CP17 Chopped meat MSSA X504 t5452 ST398 + C PEN, ERY, CLI c, GEN 

  MRSA X488 t011 (ST398) + - PEN, FOX, TET, CLI 

F15 Fillet MSSA X699 t127 (ST1/CC1) - - ERY, CLI 

  MRSA X664 t011 (ST398) + - PEN, FOX, TET, ERY, CLI 
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Table III: Antibiotic resistance rate and resistance genes detected among 39 S. aureus isolates 

obtained from 101 samples of pig-derived food 

 

Antibiotics tested 
Nº of resistant 

isolates (%) 

Resistance genes detected 

(Nº of positive isolates) 

Penicillin 35 (89.7%) blaZ (33) 

Cefoxitin 25 (64.1%) mecA (25) 

Tetracycline 27 (69.2%) tet(M) (26), tet(K) (25), tet(L) (9) 

Clindamycin 23 (58.9%) lnu(A) (1), vgaA (7) 

Erythromycin 17 (43.6%) erm(A) (1), erm(B) (4), erm(C) (10), erm(T) (9), msrA (9) 

Tobramycin 5 (12.8%) ant(4')-Ia (2) 

Gentamicin 4 (10.3%) aac(6′)-Ie-aph(2″)-Ia (4) 

Tobramycin + gentamicin  3 (7.7%) aac(6′)-Ie-aph(2″)-Ia (3),  ant(4')-Ia (1) 

Chloramphenicol 4 (10.3%) fexA (4) 

Linezolid 0 - 


