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Highlights 37 

• A multidrug resistant phenotype was present in 79% of MRSA CC398 strains. 38 

• Almost 20% of strains were resistant to six or more antimicrobial families. 39 

• The tetM gene was present in all tetracycline-resistant MRSA CC398 strains. 40 

• Resistance to CIP (67%), ERY/CLI (48%) or GEN/TOB (21%) were common. 41 

• Detection of ERYS-CLIR strains was frequent, with linA, linB, lsaB and vgaA genes. 42 
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Abstract 67 

Livestock-associated (LA) methicillin-resistant Staphyloccoccus aureus (MRSA) of lineage 68 

CC398 is an emerging clone causing human infections, although they are most commonly 69 

found in pigs. The aim of this study was to characterize the antimicrobial resistance 70 

phenotypes/genotypes of a collection of 137 MRSA CC398 isolates obtained in a previous 71 

study from 17 Spanish hospitals, using tetracycline resistance as marker for selection. A 72 

multidrug resistant (MDR) phenotype was present in 79% of analysed isolates, with 17% of 73 

them resistant to six or more different antimicrobial families. All tetracycline resistant isolates 74 

(n=137) carried the tetM gene and 75% also carried the tetK gene. Almost 50% of MRSA 75 

CC398 isolates showed macrolide and/or lincosamide resistance: a) 39% of isolates were 76 

ERYR-CLIR (all with constitutive phenotype), with 87% of them carrying the ermC gene, 77 

followed by msrA (25%), ermB (21%), vgaA (17%), ermA (6%), lsaB (4%), linA (2%), linB 78 

(2%), and  ermT (2%, this isolate with the new spa-type t18071); b) 9% of MRSA CC398 79 

isolates showed the dissociated ERYS-CLIR phenotype  carrying the linA, linB, lsaB and vgaA 80 

genes. Other antimicrobial resistance phenotypes were present in these MRSA CC398 81 

isolates, such as resistance to ciprofloxacin (67%), aminoglycosides (21%), mupirocin (6%), 82 

chloramphenicol (4%) or fusidic acid (2%). The more common resistance genes detected for 83 

some of these antimicrobials were: aac(6’)-Ie-aph(2’’)-Ia (16%) and ant(4’)-Ia (12%) for 84 

aminoglycosides, and fexA (3%) for chloramphenicol. The high rate of MDR phenotypes with 85 

a wide range of antimicrobial resistance genes shown in this study reduce the potential 86 

therapeutic options in case of infections.  87 

  88 

Keywords: LA-MRSA, CC398, antimicrobial resistance, MDR phenotype, multicentre study.  89 
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1. Introduction 90 

Methicillin-resistant Stapyloccoccus aureus (MRSA) is considered one of the major 91 

therapeutic problems due to its difficulty when treating infections [1]. MRSA clones are 92 

widely spread in hospitals and in the community. Livestock-associated MRSA (LA-MRSA) 93 

clones are emerging as cause of human infections. The LA-MRSA CC398 clone is commonly 94 

found in pigs; however, this genetic lineage has been transmitted from pigs to humans with 95 

subsequent human colonization and infection [2]. 96 

Tetracycline is one of the most used antimicrobials in food production animals in Europe 97 

according to the European Medicines Agency, and the use of this agent might have 98 

contributed to the acquisition of tetracycline resistance (TETR) in some LA-MRSA genetic 99 

lineages [3]. In fact, one of the most outstanding phenotypic features of LA-MRSA CC398 100 

lineage is the TETR phenotype, which is commonly used as a marker for its detection [4]. 101 

Mobile genetic elements (MGEs) involve 15-20% of  S. aureus genome,  including 102 

bacteriophages, SCCmec elements, plasmids or transposons [5]. MGEs can carry resistance 103 

and virulence genes as well as host-specific factors that could be important for this pathogen 104 

adaptation to new hosts [6]. Pig-associated CC398 isolates usually present β-lactam antibiotic 105 

resistance (SCCmec elements) and tetracycline resistance (tetM gene), with absence of the 106 

human immune evasion cluster (IEC) genes (located in ϕSa3int prophage). On the other hand, 107 

human-associated S. aureus CC398 strains usually are methicillin and tetracycline susceptible 108 

and carry the human IEC genes [7]. Resistance of MRSA CC398 strains to other antimicrobial 109 

classes, such as macrolides, lincosamides or trimethoprim/sulfamethoxazole, is frequent [8]. 110 

The most frequent mechanism of resistance to macrolides is by the production of Erm 111 

methylases (encoded by erm genes) that confers resistance to both macrolides (erythromycin: 112 

ERY) and lincosamides (clindamycin: CLI) (phenotype ERYR-CLIR); nevertheless, specific 113 
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mechanisms of resistance for lincosamides, seems to be emerging among MRSA CC398 114 

clone (and very unusual in other MRSA clones) (phenotype ERYS-CLIR) [4].  115 

Contact with pigs is a well-known risk factor for human MRSA CC398 colonization or 116 

infection, with pig farmers and veterinarians as the main hosts due to the direct animal contact 117 

[9]. MRSA CC398 isolates found in humans with animal contact share the same 118 

characteristics as those found in animals (tetM positive and IEC negative). However, in recent 119 

years the number of colonization cases with MRSA CC398 have been increasing in people 120 

without direct contact with animals, supporting the theory of a subsequent possible human to 121 

human transmission or additional routes of dissemination [4]. In 2007, the first MRSA CC398 122 

hospital outbreak was detected [10], suggesting new ways of transmission. 123 

A multicentre study has been recently performed by our group to determine the prevalence of 124 

MRSA CC398 genetic lineage in 20 Spanish hospitals of 13 different geographic regions, 125 

obtaining MRSA CC398 isolates in 17 of them. A statistically significant correlation was 126 

evidenced between the MRSA-CC398 prevalence at hospitals and the pig-farming density of 127 

the surrounding regions [11]. The aim of the present study was to characterize the 128 

antimicrobial resistance phenotypes/genotypes of the recovered collection of MRSA CC398 129 

isolates. 130 

2. Methods 131 

2.1. Selection of strains and molecular typing 132 

A collection of 137 MRSA CC398 isolates, obtained from 17 Spanish hospitals in a previous 133 

work [11], was analyzed in the present study. To obtain this collection, all TETR MRSA 134 

isolates recovered during January-June 2016 in the hospitals were tested, and those 135 

corresponding to lineage CC398 were included in the present study. These MRSA CC398 136 
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isolates were obtained from clinical (74.5%) and epidemiological surveillance (25.5%) 137 

samples. The clinical samples corresponded to skin and soft tissue infections (SSTI, n=52), 138 

respiratory tract infections (RTI, n=24), surgical site infections (n=15), urinary tract infections 139 

(n=6) and blood (n= 5). The epidemiological surveillance samples corresponded in most of 140 

the cases (>85%) to nasal samples. 141 

The IEC system was analysed in the previous study as well as the spa-type, determining that 142 

72% of isolates corresponded to spa-t011 [11]. The sequence type (ST) of new spa-types was 143 

determined by multilocus sequence typing (MLST) in the present study, as previously 144 

described (https://pubmlst.org). 145 

2.2.Antimicrobial resistance phenotypes and genotypes 146 

The resistance phenotype to 13 antimicrobial agents, other than β-lactams and tetracycline, as 147 

erythromycin, clindamycin, ciprofloxacin, trimethoprim/sulfamethoxazole, vancomycin, 148 

teicoplanin, linezolid, daptomycin, fusidic acid, mupirocin, gentamicin, tobramycin, and 149 

chloramphenicol, was performed using automatic methods and/or disk diffusion test. 150 

Breakpoints were considered according to the Clinical and Laboratory Standards Institute 151 

and/or the European Committee on Antimicrobial Susceptibility Testing, depending on 152 

hospitals. PCR technique was used for the detection of 25 antimicrobial resistance genes 153 

(antimicrobial families to which they confer resistance): tetM, tetK, and tetL (tetracycline); 154 

blaZ (penicillin); ermA, ermB, ermC, ermT, msrA, linA, linB, lsaB, and vgaA (macrolides 155 

and/or lincosamides), ant(4’)-Ia, and aac(6’)-Ie-aph(2’’)-Ia (aminoglycosides), fexA, fexB, 156 

catpC194, catpC221, and catpC223 (phenicols), cfr (lincosamides, streptogramines, phenicols, and 157 

oxazolidinones), optrA (phenicols and oxazolidinones), poxtA (tetracyclines, phenicols, and 158 

oxazolidinones), mupA (mupirocin), fusB (fusidic acid) [4,12]. The presence of mecA gene 159 

was previously determined [11]. Positive and negative controls from the University of La 160 

https://pubmlst.org/
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Rioja were used in each PCR. A multidrug resistant (MDR) phenotype was considered when 161 

the isolate was resistant to, at least, one antimicrobial agent of three or more different 162 

antimicrobial families. Statistical analyses were performed using the RStudio program 163 

(version 1.1.453) (p<0.01 was considered statistically significant). 164 

3. Results 165 

3.1.Multidrug resistant (MDR) phenotypes  166 

Resistance to several groups of antimicrobials was detected in the collection of MRSA CC398 167 

isolates (Figure 1, Table S1). A MDR phenotype was present in 78.8% (108/137) of isolates, 168 

with 31.5% (34/108) of them resistant to three different families, 20.4% (22/108) resistant to 169 

four families, 31.5% (34/108) resistant to five families, and 16.7% (18/108) resistant to six or 170 

more different families of drugs (Table S1). None of the isolates presented resistance to 171 

vancomycin, teicoplanin, linezolid or daptomycin. 172 

Regarding the origin of isolates, 85% of clinical isolates presented a MDR phenotype whereas 173 

60% of epidemiologic surveillance isolates were MDR (p<0.01). Considering epidemiological 174 

surveillance isolates, 14% of them showed resistance to mupirocin or fusidic acid.  175 

3.2.Tetracycline resistance genotypes 176 

As tetracycline resistance was used as phenotypic marker for the selection of strains, all 177 

isolates carried at least one gene responsible for this resistance. All MRSA CC398 were 178 

positive for the tetM gene (Figure 2). In addition, 75% of isolayes also carried the tetK gene 179 

and 6% the tetL gene. The most frequent combination of tet genes within the MRSA CC398 180 

collection was tetM with tetK (69%), followed by tetM by itself (25%). Seven isolates showed 181 

the combination tetM, tetK and tetL, and only one isolate was detected with tetM and tetL 182 

together. 183 
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3.3. Macrolide and lincosamide resistance phenotypes and genotypes 184 

Regarding macrolides and lincosamides, 47.5% (65/137) of MRSA CC398 isolates showed a 185 

resistant phenotype (Figure 1): a) fifty-three isolates (38.7%) presented an ERYR-CLIR 186 

resistance phenotype, and in all cases, clindamycin resistance was constitutive; b) twelve 187 

additional isolates (8.8%) showed an ERYS-CLIR resistance phenotype. The genes responsible 188 

of macrolide and lincosamide resistances are shown in Figure 2. For ERYR-CLIR isolates, the 189 

detected resistance genes were: ermC (46/53), msrA (13/53), ermB (11/53), vgaA (9/53), ermA 190 

(3/53), lsaB (2/53), linA (1/53), linB (1/53), and ermT (1/53). On the other hand, for ERYS-191 

CLIR isolates the genes detected were: linB (7/12), linA (4/12), vgaA (3/12), and lsaB (2/12). 192 

3.4.Aminoglycoside resistance phenotypes and genotypes 193 

Twenty-nine MRSA CC398 isolates (21.2%) showed resistance to the aminoglycoside group, 194 

including tobramycin in all cases (Figure 1). The combination of gentamicin and tobramycin 195 

resistance was present in 76% of resistant isolates, with the remaining strains resistant only to 196 

tobramycin (24%). The aminoglycoside resistance genes detected among MRSA CC398 197 

isolates were aac(6’)-Ie-aph(2’’)-Ia (76%), and ant(4’)-Ia (55%) (Figure 2). 198 

3.5. Other antimicrobial resistance phenotypes and genotypes 199 

All MRSA CC398 strains carried the mecA gene [11]. In addition, 75% of isolates carried the 200 

penicillinase-encoding blaZ gene (Figure 2). The studied MRSA CC398 isolates also were 201 

resistant to other antimicrobial classes (Figure 1), with 67% of isolates showing ciprofloxacin 202 

resistance. Resistance to mupirocin, chloramphenicol and fusidic acid were in the range of 2-203 

6% (Figure 1). The fexA gene was responsible for chloramphenicol resistance in 80% of 204 

isolates; mupA gene was present in 12.5% of mupirocin resistant isolates, and the three fusidic 205 

acid-resistant isolates lacked the fusB gene. 206 
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3.6. Relationship between spa-types and antimicrobial resistant phenotypes and genotypes 207 

Table 1 shows the antimicrobial resistance phenotypes and genotypes according to the spa-208 

types previously detected, as well as the summary of resistant isolates for each antimicrobial 209 

agent tested and genes detected. The isolate with a new spa-type (t18071) was the only one 210 

carrying the ermT gene, and was ascribed to ST398. Regarding the human IEC genes, all but 211 

two isolates lacked this cluster. The IEC type E was detected in a MRSA t011 isolate 212 

recovered from a RTI and it was resistant only to tetracycline (tetM, tetK), in addition to β-213 

lactams (mecA, blaZ). The IEC type B was present in a MRSA t1939 isolate recovered from a 214 

SSTI, with a MDR phenotype (gentamicin-tobramycin-clindamycin-erythromycin-215 

ciprofloxacin-tetracyline) and genotype (msrA, ermB, ermC, aac(6’)-Ie-aph(2’’)-Ia, and 216 

ant(4')-Ia). 217 

4. Discussion 218 

Colonization or infection caused by MRSA CC398 lineage is common mostly in pig farmers, 219 

veterinarians and other livestock associated professionals. The emerging MRSA CC398 220 

infections, not directly related to pig contact but in areas with high pig-farming densities, are 221 

becoming more regular [4]. A common feature of MRSA CC398 genetic lineage is its 222 

frequent resistance to a wide spectrum of antimicrobials. 223 

In this study, more than 75% of MRSA CC398 isolates showed a MDR phenotype, supporting 224 

previous studies with clinical MRSA CC398 isolates [4]. Moreover, at least 15% of these 225 

isolates was found resistant to six or more different antimicrobial families. This fact makes 226 

the election of an effective antimicrobial treatment a difficult challenge. 227 

Regarding tetracycline, the tetM gene was detected in all MRSA CC398 isolates analysed, 228 

alone or in combination with other tet genes. The tetM gene encodes a ribosome protection 229 
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protein, in charge of reducing the ribosome affinity to tetracycline (in presence of GTP), to 230 

avoid the inhibition of protein synthesis by tetracycline [13]. In addition to tetM, 75% of our 231 

isolates carried the tetK gene, which is known to integrate in the SCCmec element and is, 232 

therefore, genetically linked to the mecA gene. Because co-presence of tetM and tetK 233 

increases fitness under tetracycline exposure, this compound can lead to the spread of MRSA 234 

by co-selection of the tetK and the mecA genes [3]. As the presence of the tetM gene and the 235 

absence of the IEC system are considered defining features of livestock-associated MRSA 236 

CC398 [7], all MRSA CC398 isolates studied point to an animal origin. The exception is a 237 

couple of MRSA CC398 isolates detected carrying both tetM and IEC genes. These two 238 

isolates could be part of a possible process of re-adaptation of the MRSA CC398 genetic 239 

lineage to the human host [11], posing a threat to public health due to the evolutionary 240 

advantage that facilitates colonization and infection in humans. 241 

Macrolide-lincosamide resistance due to more than one erm gene is common among MRSA 242 

CC398 isolates. In this study, 48% of isolates were macrolide and/or lincosamide resistant, 243 

consistent with data found in previous studies [14]. The most disseminated erm gene within 244 

the Staphylococcus genus is ermC, mostly found within plasmids [15], and it was detected in 245 

87% of the ERYR-CLIR analysed isolates (or 34% of total MRSA CC398). The only isolate 246 

carrying the ermT gene (with the new spa-type t18071), also presented many other resistance 247 

genes (tetM, tetK, tetL, ermC, aac(6’)-Ie-aph(2’’)-Ia, and ant(4')-Ia). The ermT gene has been 248 

described usually in MSSA CC398 isolates of human origin, but they are uncommon in LA-249 

MRSA strains [16,17], or in hospital- or community-associated MRSA isolates. This gene can 250 

be found both in plasmids or in the chromosomal DNA [18]. The msrA gene is not common in 251 

the MRSA CC398 genetic lineage [8], with 10% of msrA-positive isolates in our MRSA 252 

CC398 collection. 253 
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Resistance to lincosamides associated to macrolides susceptibility (ERYS-CLIR phenotype) is 254 

very unusual among MRSA of human origin, although is more frequent among MRSA 255 

isolates of animal origin [19], and in our study almost 10% of the total analysed isolates had 256 

this particular phenotype (with linA, linB, lsaB or vgaA genes). The absence of MRSA CC398 257 

isolates showing the ERYR-CLIR phenotype with inducible clindamycin resistance is of note, 258 

since this phenotype was frequently found in other human-linked MRSA and MSSA genetic 259 

lineages. 260 

Aminoglycoside resistance is also frequent in staphylococcal species [19]. Specifically, 21% 261 

of analysed isolates showed resistance to this antimicrobial family, and in all cases, isolates 262 

were tobramycin resistant (alone or in combination with gentamicin). 263 

Other antimicrobial resistance phenotypes can be present in MRSA CC398 isolates, with 67% 264 

of isolates resistant to ciprofloxacin. Slightly lower rates of resistance (51-57%) have been 265 

found in previous studies in Spain [4,20], caused by amino acid changes in the quinolone 266 

targets, GrlA/ GyrA, with S80F/S84L changes as the most frequent ones [20]. 267 

Tetracycline, macrolides, lincosamides or fluoroquinolones are important antimicrobial 268 

treatment choices for SSTIs or RTIs. In our study, 74% of clinical MRSA CC398 isolates 269 

were obtained from SSTIs and RTIs [11], 67% were fluoroquinolone-resistant, and almost 270 

50% macrolide and/or lincosamide-resistant. On the other hand, the rates of resistance to 271 

mupirocin and fusidic acid, antimicrobials frequently used for MRSA decolonization, were 272 

6% and 2%, respectively. 273 

In conclusion, the capability of MRSA CC398 of acquiring a great amount of antimicrobial 274 

resistance genes makes this livestock-associated genetic lineage a case of public health 275 

concern, what poses a great challenge in terms of selection of accurate clinical therapies, in 276 
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case of infections. Some phenotypic markers could alert microbiologists about the presence of 277 

this clone: TETR (always detected among MRSA CC398, but infrequent in other clones), and 278 

ERYS-CLIR (relatively frequent among MRSA CC398, and really uncommon in other clones). 279 

Surveillance of this specific MRSA lineage, especially in areas with high pig farming density, 280 

would be required. 281 

 282 
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Table 1. Antimicrobial resistance phenotypes and genotypes of clinical MRSA CC398 isolates according to their spa-types. 371 

spa-typea Resistance phenotype for non-β-lactam agentsa,b Antimicrobial resistance genotypea 

t011c (99) TET (99), ERY (36), CLI (47), GEN (13),  

TOB (19), CIP (62), FUS (2), MUP (6), CLO (3) 

mecA (99), blaZ (73), tetM (99), tetK (76), tetL (5), ermA (1), 

ermB (6), ermC (33), linA (5), linB (6), lsaB (4), vgaA (9), aac(6’)-

Ie–aph(2’’)-Ia (13), ant(4’)-Ia (11), fexA (2) 

t1451 (10) TET (10), ERY (5), CLI (5), GEN (4), TOB (4), 

CIP (7), FUS (1) 

mecA (10), blaZ (8), tetM (10), tetK (8), ermB (1), ermC (5),  

vgaA (1), aac(6’)-Ie–aph(2’’)-Ia (4), ant(4’)-Ia (1) 

t034 (6) TET (6), ERY (3), CLI (4), CIP (3), CLO (1) mecA (6), blaZ (5), tetM (6), tetK (6), ermB (1), ermC (2),  

msrA (1), linB (2), fexA (1) 

t899 (4) TET (4), ERY (1), CLI (1), TOB (1), CIP (2) mecA (4), blaZ (4), tetM (4), tetL(1), msrA (1), vgaA (1),  

ant(4’)-Ia (1) 

t1939c (3) TET (3), ERY (1), CLI (1), GEN (3), TOB (3), 

CIP (3), MUP (2) 

mecA (3), blaZ (1), tetM (3), ermB (1), ermC (1), msrA (1), 

aac(6’)-Ie–aph(2’’)-Ia (3), ant(4’)-Ia (1), mupA (1) 

t108 (2) TET (2), ERY (1), CLI (1), CIP (2) mecA (2), blaZ (1), tetM (2), tetK (1), ermA (1) 

t1197 (2) TET (2), ERY (1), CLI (1), CIP (1) mecA (2), blaZ (2), tetM (2), tetK (1), tetL (1), ermB (1), ermC (1) 

t1255 (2) TET (2), ERY (2), CLI (2), CIP (2) mecA (2), tetM (2), tetK (2), ermB (1), ermC (2) 

t2346 (2) TET (2), ERY (1), CLI (1), CIP (1), CLO (1) mecA (2), blaZ (2), tetM (2), tetK (2), ermC (1), fexA (1) 
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t1456 (1) TET (1), ERY (1), CLI (1), CIP (1) mecA (1), blaZ (1), tetM (1), tetK (1), ermA (1), msrA (1), vgaA (1) 

t2123 (1) TET (1), GEN (1), TOB (1) mecA (1), blaZ (1), tetM (1), tetK (1), aac(6’)-Ie–aph(2’’)-Ia (1), 

ant(4’)-Ia (1) 

t2370 (1) TET (1) mecA (1), blaZ (1), tetM (1), tetK (1) 

t2383 (1) TET (1) mecA (1), blaZ (1), tetM (1), tetK (1) 

t2741 (1) TET (1) mecA (1), tetM (1) 

t2970 (1) TET (1), CIP (1) mecA (1), blaZ (1), tetM (1), tetK (1) 

t18071 (1) TET (1), ERY (1), CLI (1), GEN (1), TOB (1),  

CIP (1) 

mecA (1), blaZ (1), tetM (1), tetK (1), tetL (1), ermC (1), ermT (1), 

aac(6’)-Ie–aph(2’’)-Ia (1), ant(4’)-Ia (1) 

TOTAL 

16 spa-types 

(137) 

 

TET (137), ERY (53), CLI (65), GEN (22),  

TOB (29), CIP (92), FUS (3), MUP (8), CLO (5) 

 

mecA (137), blaZ (102), tetM (137), tetK (102), tetL (8), ermA (3), 

ermB (11), ermC (46), ermT (1),  msrA (13), linA (5), linB (8), 

lsaB (4), vgaA (12), aac(6’)-Ie–aph(2’’)-Ia (22), ant(4’)-Ia (16), 

fexA (4), mupA (1) 

aNumber of isolates in parenthesis. 372 
bAntimicrobial agents: TET, tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; 373 
FUS, fusidic acid; MUP, mupirocin; CLO, chloramphenicol. 374 
cIEC positive isolates (one t011 IEC type E and one t1939 IEC type B) with its corresponding antimicrobial resistance phenotype and 375 
genotype marked in bold letters.376 
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Figure 1. Antimicrobial resistance phenotypes detected in the collection of 137 TETR-MRSA CC398 isolates. Antimicrobial agents: TET, 377 

tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; FUS, fusidic acid; MUP, 378 

mupirocin; CLO, chloramphenicol. R in superscript: resistant; S in superscript: susceptible. 379 

 380 
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Figure 2. Antimicrobial resistance genes detected in the collection of 137 TETR-MRSA CC398 isolates. 381 

 382 



Table S1. Multidrug resistant (MDR) phenotypes exhibited in the collection of MRSA CC398 isolates with their associated sample origins and spa-types. 

Different antibiotic 
familiesa 

Phenotypea,b,c Sample originc spa-typesc 

7 GEN-TOB-CLI-ERY-MUP-CIP (2) Clinical (2) t011 (2) 
 

6 GEN-TOB-CLI-ERY-CIP (7) Clinical (5), Epidemiological (2) t011 (2), t1451 (3), t1939 (1), t18071 (1) 
 TOB-CLI-ERY-CIP (5) Clinical (4), Epidemiological (1) t011 (3), t899 (1) 
 CLI-ERY-CLO-CIP (2) Clinical (2) t2346 (1), t034 (1) 
 GEN-TOB-CLO-CLI-ERY (1) Clinical (1) t011 (1) 
 CLI-ERY-CIP-FUS (1) Epidemiological (1) t011 (1) 

 
5 CLI-ERY-CIP (24) Clinical (21), Epidemiological (3) t011 (18), t034 (1), t108 (1), t1255 (2), t1451 (1), 1456 (1) 
 GEN-TOB-CLI-CIP (3) Clinical (3) t011 (3) 
 GEN-TOB-MUP-CIP (2) Clinical (2) t1939 (2) 
 GEN-TOB-CIP-FUS (1) Clinical (1) t1451 (1) 
 GEN-TOB-CLI-ERY (1) Epidemiological (1) t011 (1) 
 GEN-TOB-CLO-CIP (1) Clinical (1) t011 (1) 
 CLI-MUP-CIP (1) Epidemiological (1) t011 (1) 
 TOB-CLI-CIP (1) Clinical (1) t011 (1) 

 
4 CLI-ERY (9) Clinical (7), Epidemiological (2) t011 (6), t034 (1), t1197 (1), t1451 (1) 
 CLI-CIP (6) Clinical (5), Epidemiological (1) t011 (5), t034 (1) 
 GEN-TOB-CIP (2) Clinical (2) t011 (2) 
 CLI-ERY-CIP (1) Epidemiological (1) t011 (1) 
 CIP-FUS (1) Clinical (1) t011 (1) 
 CLO-CIP (1) Clinical (1) t011 (1) 
 MUP-CIP (1) Clinical (1) t011 (1) 
 TOB-CIP (1) Clinical (1) t011 (1) 

 
3 CIP (29) Clinical (24), Epidemiological (5) t011 (22), t034 (1), t108 (1), t899 (1), t1197 (1), t1451 (2), t2970 

(1) 
 GEN-TOB (2) Epidemiological (2) t011 (1), t2123 (1) 
 MUP (2) Clinical (1), Epidemiological (1) t011 (1) 
 CLI (1) Clinical (1) t011 (1) 
TOTAL GEN (22), TOB (29), CLO (5), CLI 

(65), ERY (53), MUP (8), CIP (92) 
Clinical (87), Epidemiological (21) t011 (79), t034 (5), t108 (2), t899 (2), t1197 (2), t1255 (2), t1451 

(8), 1456 (1), t1939 (3),t2123 (1), t2346 (1), t2970 (1), t18071 (1) 
aFamilies considered for MDR phenotype were: β-lactams, aminoglycosides, folate pathway antagonists, glycopeptides, lincosamides, lipopeptides, macrolides, 
oxazolidinones, phenicols, fluoroquinolones, fusidanes, tetracyclines, mupirocin. All isolates were resistant to both β-lactam and tetracycline families, not 
considered in the phenotype description but included in the number of different families for the MDR count. 
bAntimicrobial agents: TET, tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; FUS, fusidic acid; 
MUP, mupirocin; CLO, chloramphenicol. 
cNumber of isolates in parenthesis. 
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