I

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Antimicrobial resistance phenotypes and genotypes of methicillin-resistant

Staphylococcus aureus CC398 isolates from Spanish hospitals

. . . . *
Sara Ceballos?, Carmen Aspiroz®, Laura Ruiz-Ripa?, Myriam Zarazaga?, Carmen Torres®, on

behalf of the Spanish study group on clinical LA-MRSA**

*Area de Bioquimica y Biologia Molecular, Universidad de La Rioja, Logrofio, Spain;

bServicio de Microbiologia, Hospital Royo Villanova, Zaragoza, Spain.

*Corresponding author

Professor Carmen Torres

Area de Bioquimica y Biologia Molecular

Facultad de Ciencia y Tecnologia; Universidad de La Rioja
Madre de Dios 51, 26006, Logroiio, Spain

Tel.: +34 941299750; fax: +34 941299721, e-mail: carmen.torres(@unirioja.es

** Spanish study group on clinical LA-MRSA (alphabetic order of hospital)

José Leiva (Clinica Universidad de Navarra, Pamplona); Carmen Ezpeleta, Carmen Martin
(Complejo Hospitalario de Navarra, Pamplona); Javier Castillo, Cristina Seral (Hospital
Clinico Universitario Lozano Blesa, Zaragoza); Jorge Arribas, Carmen Navarro (Hospital de
Alcaiiz, Alcaiiiz, Teruel); Ana Betran, Concepcion Lopez (Hospital de Barbastro, Barbastro,
Huesca); Pilar Berdonces (Hospital de Galdakao, Galdakao, Vizcaya); Inés de Benito, Ana

Belén Campo (Hospital de Sierrallana, Torrelavega, Cantabria); Antonina Arias, Blanca


mailto:carmen.torres@unirioja.es

24

25

26

27

28

29

30

31

32

33

34

35

36

Fortufio (Hospital Ernest Lluch Martin, Calatayud, Zaragoza); Javier Pereira (Hospital Royo-
Villanova, Zaragoza); Ana Milagro, Luis Torres (Hospital San Jorge, Huesca); José Manuel
Azcona-Gutiérrez, Luis Miguel Soria-Blanco, Carla Andrea Alonso (Hospital San Pedro,
Logrono); Carmen Gimeno, Belén Ulibarri (Hospital Santiago Apostol, Miranda de Ebro,
Burgos); Raquel Calleja, Mercé Garcia (Hospital Universitari Arnau de Vilanova, Lleida);
Maria Navarro, Esteban Reynaga, Anna Vilamala (Hospital Universitari de Vic, Vic,
Barcelona); Andrés Canut, M* Luz Cordon (Hospital Universitario de Alava, Vitoria, Alava);
Ledicia Alvarez, Gregoria Megias (Hospital Universitario de Burgos, Burgos); Maria
Gomariz (Hospital Universitario de Donostia, San Sebastian, Guipuzcoa); Emilia Cercenado
(Hospital Universitario Gregorio Maraion, Madrid); Jorge Calvo, Marina Fernandez
(Hospital Universitario Marqués de Valdecilla, Santander); Ana Isabel Lopez-Calleja,
Antonio Rezusta (Hospital Universitario Miguel Servet, Zaragoza), Lorena Lopez-Cerero

(Hospital Universitario Virgen Macarena, Sevilla).



37

38

39

40

41

42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Highlights

A multidrug resistant phenotype was present in 79% of MRSA CC398 strains.
Almost 20% of strains were resistant to six or more antimicrobial families.
The tetM gene was present in all tetracycline-resistant MRSA CC398 strains.
Resistance to CIP (67%), ERY/CLI (48%) or GEN/TOB (21%) were common.

Detection of ERYS-CLIR strains was frequent, with /inA, linB, IsaB and vgaA genes.
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Abstract

Livestock-associated (LA) methicillin-resistant Staphyloccoccus aureus (MRSA) of lineage
CC398 is an emerging clone causing human infections, although they are most commonly
found in pigs. The aim of this study was to characterize the antimicrobial resistance
phenotypes/genotypes of a collection of 137 MRSA CC398 isolates obtained in a previous
study from 17 Spanish hospitals, using tetracycline resistance as marker for selection. A
multidrug resistant (MDR) phenotype was present in 79% of analysed isolates, with 17% of
them resistant to six or more different antimicrobial families. All tetracycline resistant isolates
(n=137) carried the tetM gene and 75% also carried the tetK gene. Almost 50% of MRSA
CC398 isolates showed macrolide and/or lincosamide resistance: a) 39% of isolates were
ERYR-CLI® (all with constitutive phenotype), with 87% of them carrying the ermC gene,
followed by msr4 (25%), ermB (21%), vgaA (17%), ermA (6%), IsaB (4%), lin4 (2%), linB
(2%), and ermT (2%, this isolate with the new spa-type t18071); b) 9% of MRSA CC398
isolates showed the dissociated ERYS-CLIR phenotype carrying the linA, linB, IsaB and vgaA
genes. Other antimicrobial resistance phenotypes were present in these MRSA CC398
isolates, such as resistance to ciprofloxacin (67%), aminoglycosides (21%), mupirocin (6%),
chloramphenicol (4%) or fusidic acid (2%). The more common resistance genes detected for
some of these antimicrobials were: aac(6’)-Ie-aph(2’’)-1a (16%) and ant(4’)-1a (12%) for
aminoglycosides, and fex4 (3%) for chloramphenicol. The high rate of MDR phenotypes with
a wide range of antimicrobial resistance genes shown in this study reduce the potential

therapeutic options in case of infections.

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

Methicillin-resistant Stapyloccoccus aureus (MRSA) is considered one of the major
therapeutic problems due to its difficulty when treating infections [1]. MRSA clones are
widely spread in hospitals and in the community. Livestock-associated MRSA (LA-MRSA)
clones are emerging as cause of human infections. The LA-MRSA CC398 clone is commonly
found in pigs; however, this genetic lineage has been transmitted from pigs to humans with

subsequent human colonization and infection [2].

Tetracycline is one of the most used antimicrobials in food production animals in Europe
according to the European Medicines Agency, and the use of this agent might have
contributed to the acquisition of tetracycline resistance (TET®) in some LA-MRSA genetic
lineages [3]. In fact, one of the most outstanding phenotypic features of LA-MRSA CC398

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

Mobile genetic elements (MGEs) involve 15-20% of S. aureus genome, including
bacteriophages, SCCmec elements, plasmids or transposons [5]. MGEs can carry resistance
and virulence genes as well as host-specific factors that could be important for this pathogen
adaptation to new hosts [6]. Pig-associated CC398 isolates usually present B-lactam antibiotic
resistance (SCCmec elements) and tetracycline resistance (fetM gene), with absence of the
human immune evasion cluster (IEC) genes (located in ¢$Sa3int prophage). On the other hand,
human-associated S. aureus CC398 strains usually are methicillin and tetracycline susceptible
and carry the human IEC genes [7]. Resistance of MRSA CC398 strains to other antimicrobial
classes, such as macrolides, lincosamides or trimethoprim/sulfamethoxazole, is frequent [8].
The most frequent mechanism of resistance to macrolides is by the production of Erm
methylases (encoded by erm genes) that confers resistance to both macrolides (erythromycin:

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

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

Contact with pigs is a well-known risk factor for human MRSA CC398 colonization or
infection, with pig farmers and veterinarians as the main hosts due to the direct animal contact
[9]. MRSA CC398 isolates found in humans with animal contact share the same
characteristics as those found in animals (fefM positive and IEC negative). However, in recent
years the number of colonization cases with MRSA CC398 have been increasing in people
without direct contact with animals, supporting the theory of a subsequent possible human to
human transmission or additional routes of dissemination [4]. In 2007, the first MRSA CC398

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

A multicentre study has been recently performed by our group to determine the prevalence of
MRSA CC398 genetic lineage in 20 Spanish hospitals of 13 different geographic regions,
obtaining MRSA CC398 isolates in 17 of them. A statistically significant correlation was
evidenced between the MRSA-CC398 prevalence at hospitals and the pig-farming density of
the surrounding regions [11]. The aim of the present study was to characterize the
antimicrobial resistance phenotypes/genotypes of the recovered collection of MRSA CC398

isolates.

2. Methods

2.1. Selection of strains and molecular typing

A collection of 137 MRSA CC398 isolates, obtained from 17 Spanish hospitals in a previous
work [11], was analyzed in the present study. To obtain this collection, all TET® MRSA
isolates recovered during January-June 2016 in the hospitals were tested, and those

corresponding to lineage CC398 were included in the present study. These MRSA CC398
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isolates were obtained from clinical (74.5%) and epidemiological surveillance (25.5%)
samples. The clinical samples corresponded to skin and soft tissue infections (SSTI, n=52),
respiratory tract infections (RTI, n=24), surgical site infections (n=15), urinary tract infections
(n=6) and blood (n= 5). The epidemiological surveillance samples corresponded in most of

the cases (>85%) to nasal samples.

The IEC system was analysed in the previous study as well as the spa-type, determining that
72% of isolates corresponded to spa-t011 [11]. The sequence type (ST) of new spa-types was
determined by multilocus sequence typing (MLST) in the present study, as previously

described (https://pubmlst.org).

2.2. Antimicrobial resistance phenotypes and genotypes

The resistance phenotype to 13 antimicrobial agents, other than B-lactams and tetracycline, as
erythromycin, clindamycin, ciprofloxacin, trimethoprim/sulfamethoxazole, vancomycin,
teicoplanin, linezolid, daptomycin, fusidic acid, mupirocin, gentamicin, tobramycin, and
chloramphenicol, was performed using automatic methods and/or disk diffusion test.
Breakpoints were considered according to the Clinical and Laboratory Standards Institute
and/or the European Committee on Antimicrobial Susceptibility Testing, depending on
hospitals. PCR technique was used for the detection of 25 antimicrobial resistance genes
(antimicrobial families to which they confer resistance): tetM, tetK, and tetL (tetracycline);
blaZ (penicillin), ermA, ermB, ermC, ermT, msrA, linA, linB, IsaB, and vgaA (macrolides
and/or lincosamides), ant(4’)-1a, and aac(6’)-Ie-aph(2’’)-Ia (aminoglycosides), fexA, fexB,
catpcivs, catpc221, and catpc223 (phenicols), cfr (lincosamides, streptogramines, phenicols, and
oxazolidinones), optrA (phenicols and oxazolidinones), poxtA (tetracyclines, phenicols, and
oxazolidinones), mupA (mupirocin), fusB (fusidic acid) [4,12]. The presence of mecA gene

was previously determined [11]. Positive and negative controls from the University of La
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Rioja were used in each PCR. A multidrug resistant (MDR) phenotype was considered when
the isolate was resistant to, at least, one antimicrobial agent of three or more different
antimicrobial families. Statistical analyses were performed using the RStudio program

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

3. Results

3.1.Multidrug resistant (MDR) phenotypes

Resistance to several groups of antimicrobials was detected in the collection of MRSA CC398
isolates (Figure 1, Table S1). A MDR phenotype was present in 78.8% (108/137) of isolates,
with 31.5% (34/108) of them resistant to three different families, 20.4% (22/108) resistant to
four families, 31.5% (34/108) resistant to five families, and 16.7% (18/108) resistant to six or
more different families of drugs (Table S1). None of the isolates presented resistance to

vancomyecin, teicoplanin, linezolid or daptomycin.

Regarding the origin of isolates, 85% of clinical isolates presented a MDR phenotype whereas
60% of epidemiologic surveillance isolates were MDR (p<0.01). Considering epidemiological

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

3.2.Tetracycline resistance genotypes

As tetracycline resistance was used as phenotypic marker for the selection of strains, all
isolates carried at least one gene responsible for this resistance. All MRSA CC398 were
positive for the tetM gene (Figure 2). In addition, 75% of isolayes also carried the fetK gene
and 6% the fetL gene. The most frequent combination of fef genes within the MRSA CC398
collection was tetM with tetK (69%), followed by tetM by itself (25%). Seven isolates showed
the combination tetM, tetK and tetL, and only one isolate was detected with tetM and tetL

together.
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3.3. Macrolide and lincosamide resistance phenotypes and genotypes

Regarding macrolides and lincosamides, 47.5% (65/137) of MRSA CC398 isolates showed a
resistant phenotype (Figure 1): a) fifty-three isolates (38.7%) presented an ERYR-CLI®
resistance phenotype, and in all cases, clindamycin resistance was constitutive; b) twelve
additional isolates (8.8%) showed an ERYS-CLIR resistance phenotype. The genes responsible
of macrolide and lincosamide resistances are shown in Figure 2. For ERYR-CLI® isolates, the
detected resistance genes were: ermC (46/53), msrA (13/53), ermB (11/53), vgaA (9/53), ermA
(3/53), IsaB (2/53), lin4 (1/53), linB (1/53), and ermT (1/53). On the other hand, for ERY5-

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

3.4.Aminoglycoside resistance phenotypes and genotypes

Twenty-nine MRSA CC398 isolates (21.2%) showed resistance to the aminoglycoside group,
including tobramycin in all cases (Figure 1). The combination of gentamicin and tobramycin
resistance was present in 76% of resistant isolates, with the remaining strains resistant only to
tobramycin (24%). The aminoglycoside resistance genes detected among MRSA CC398

isolates were aac(6’)-Ie-aph(2’’)-1a (76%), and ant(4’)-1a (55%) (Figure 2).

3.5. Other antimicrobial resistance phenotypes and genotypes

All MRSA CC398 strains carried the mecA4 gene [11]. In addition, 75% of isolates carried the
penicillinase-encoding blaZ gene (Figure 2). The studied MRSA CC398 isolates also were
resistant to other antimicrobial classes (Figure 1), with 67% of isolates showing ciprofloxacin
resistance. Resistance to mupirocin, chloramphenicol and fusidic acid were in the range of 2-
6% (Figure 1). The fexA gene was responsible for chloramphenicol resistance in 80% of
isolates; mupA gene was present in 12.5% of mupirocin resistant isolates, and the three fusidic

acid-resistant isolates lacked the fusB gene.
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3.6. Relationship between spa-types and antimicrobial resistant phenotypes and genotypes
Table 1 shows the antimicrobial resistance phenotypes and genotypes according to the spa-
types previously detected, as well as the summary of resistant isolates for each antimicrobial
agent tested and genes detected. The isolate with a new spa-type (t18071) was the only one
carrying the ermT gene, and was ascribed to ST398. Regarding the human IEC genes, all but
two isolates lacked this cluster. The IEC type E was detected in a MRSA t011 isolate
recovered from a RTI and it was resistant only to tetracycline (tetM, tetK), in addition to B-
lactams (mecA, blaZ). The IEC type B was present in a MRSA t1939 isolate recovered from a
SSTI, with a MDR phenotype (gentamicin-tobramycin-clindamycin-erythromycin-
ciprofloxacin-tetracyline) and genotype (msrA, ermB, ermC, aac(6’)-le-aph(2’’)-1a, and

ant(4')-1a).

4. Discussion

Colonization or infection caused by MRSA CC398 lineage is common mostly in pig farmers,
veterinarians and other livestock associated professionals. The emerging MRSA CC398
infections, not directly related to pig contact but in areas with high pig-farming densities, are
becoming more regular [4]. A common feature of MRSA CC398 genetic lineage is its

frequent resistance to a wide spectrum of antimicrobials.

In this study, more than 75% of MRSA CC398 isolates showed a MDR phenotype, supporting
previous studies with clinical MRSA CC398 isolates [4]. Moreover, at least 15% of these
isolates was found resistant to six or more different antimicrobial families. This fact makes

the election of an effective antimicrobial treatment a difficult challenge.

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

alone or in combination with other fef genes. The fetM gene encodes a ribosome protection
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protein, in charge of reducing the ribosome affinity to tetracycline (in presence of GTP), to
avoid the inhibition of protein synthesis by tetracycline [13]. In addition to fetM, 75% of our
isolates carried the fetK gene, which is known to integrate in the SCCmec element and is,
therefore, genetically linked to the mecA gene. Because co-presence of tetM and tetK
increases fitness under tetracycline exposure, this compound can lead to the spread of MRSA
by co-selection of the fetK and the mecA genes [3]. As the presence of the tetM gene and the
absence of the IEC system are considered defining features of livestock-associated MRSA
CC398 [7], all MRSA CC398 isolates studied point to an animal origin. The exception is a
couple of MRSA CC398 isolates detected carrying both tetM and IEC genes. These two
isolates could be part of a possible process of re-adaptation of the MRSA CC398 genetic
lineage to the human host [11], posing a threat to public health due to the evolutionary

advantage that facilitates colonization and infection in humans.

Macrolide-lincosamide resistance due to more than one erm gene is common among MRSA
CC398 isolates. In this study, 48% of isolates were macrolide and/or lincosamide resistant,
consistent with data found in previous studies [14]. The most disseminated erm gene within
the Staphylococcus genus is ermC, mostly found within plasmids [15], and it was detected in
87% of the ERYR-CLI® analysed isolates (or 34% of total MRSA CC398). The only isolate
carrying the ermT gene (with the new spa-type t18071), also presented many other resistance
genes (tetM, tetK, tetL, ermC, aac(6’)-le-aph(2’’)-1a, and ant(4')-1a). The ermT gene has been
described usually in MSSA CC398 isolates of human origin, but they are uncommon in LA-
MRSA strains [16,17], or in hospital- or community-associated MRSA isolates. This gene can
be found both in plasmids or in the chromosomal DNA [18]. The msrA gene is not common in
the MRSA CC398 genetic lineage [8], with 10% of msrA-positive isolates in our MRSA

CC398 collection.
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Resistance to lincosamides associated to macrolides susceptibility (ERYS-CLI® phenotype) is
very unusual among MRSA of human origin, although is more frequent among MRSA
isolates of animal origin [19], and in our study almost 10% of the total analysed isolates had
this particular phenotype (with linA, linB, IsaB or vgaA genes). The absence of MRSA CC398
isolates showing the ERYR-CLI®R phenotype with inducible clindamycin resistance is of note,
since this phenotype was frequently found in other human-linked MRSA and MSSA genetic

lineages.

Aminoglycoside resistance is also frequent in staphylococcal species [19]. Specifically, 21%
of analysed isolates showed resistance to this antimicrobial family, and in all cases, isolates

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

Other antimicrobial resistance phenotypes can be present in MRSA CC398 isolates, with 67%
of isolates resistant to ciprofloxacin. Slightly lower rates of resistance (51-57%) have been
found in previous studies in Spain [4,20], caused by amino acid changes in the quinolone

targets, GrlA/ GyrA, with S§0F/S84L changes as the most frequent ones [20].

Tetracycline, macrolides, lincosamides or fluoroquinolones are important antimicrobial
treatment choices for SSTIs or RTIs. In our study, 74% of clinical MRSA CC398 isolates
were obtained from SSTIs and RTIs [11], 67% were fluoroquinolone-resistant, and almost
50% macrolide and/or lincosamide-resistant. On the other hand, the rates of resistance to
mupirocin and fusidic acid, antimicrobials frequently used for MRSA decolonization, were

6% and 2%, respectively.

In conclusion, the capability of MRSA CC398 of acquiring a great amount of antimicrobial
resistance genes makes this livestock-associated genetic lineage a case of public health

concern, what poses a great challenge in terms of selection of accurate clinical therapies, in
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case of infections. Some phenotypic markers could alert microbiologists about the presence of
this clone: TETR (always detected among MRSA CC398, but infrequent in other clones), and

ERYS-CLIR (relatively frequent among MRSA CC398, and really uncommon in other clones).
Surveillance of this specific MRSA lineage, especially in areas with high pig farming density,

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

spa-type? Resistance phenotype for non-B-lactam agents® Antimicrobial resistance genotype®
t011¢ (99) TET (99), ERY (36), CLI (47), GEN (13), mecA (99), blaZ (73), tetM (99), tetK (76), tetL (5), ermA (1),
TOB (19), CIP (62), FUS (2), MUP (6), CLO (3) ermB (6), ermC (33), linA (5), linB (6), IsaB (4), vgaA (9), aac(6’)-
le—aph(2°’)-la (13), ant(4’)-1a (11), fex4 (2)
t1451 (10) TET (10), ERY (5), CLI (5), GEN (4), TOB (4), mecA (10), blaZ (8), tetM (10), tetK (8), ermB (1), ermC (5),
CIP (7), FUS (1) vgaA (1), aac(6’)-le—aph(2°’)-1a (4), ant(4’)-1a (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), msr4 (1), vgaA (1),
ant(4’)-1a (1)
t1939¢ (3) TET (3), ERY (1), CLI (1), GEN (3), TOB (3), mecA (3), blaZ (1), tetM (3), ermB (1), ermC (1), msrA (1),
CIP (3), MUP (2) aac(6’)-le—aph(2°°)-1a (3), ant(4’)-1a (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), msr4 (1), vgaAd (1)

t2123 (1) TET (1), GEN (1), TOB (1) mecA (1), blaZ (1), tetM (1), tetK (1), aac(6’)-le—aph(2°’)-1a (1),
ant(4’)-1a (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)

2741 (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), mecA (1), blaZ (1), tetM (1), tetK (1), tetL (1), ermC (1), ermT (1),
CIP (1) aac(6’)-le—aph(2°’)-1a (1), ant(4’)-Ia (1)

TOTAL

16 spa-types TET (137), ERY (53), CLI (65), GEN (22), mecA (137), blaZ (102), tetM (137), tetK (102), tetL (8), ermA (3),

(137) TOB (29), CIP (92), FUS (3), MUP (8), CLO (5) ermB (11), ermC (46), ermT (1), msrA (13), linA (5), linB (8),

IsaB (4), vgaAd (12), aac(6’)-le—aph(2’’)-1a (22), ant(4’)-1a (16),
fexA (4), mupA (1)

372 *Number of isolates in parenthesis.

373 "Antimicrobial agents: TET, tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin;
374  FUS, fusidic acid; MUP, mupirocin; CLO, chloramphenicol.

375  °IEC positive isolates (one t011 IEC type E and one t1939 IEC type B) with its corresponding antimicrobial resistance phenotype and

376  genotype marked in bold letters.
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377  Figure 1. Antimicrobial resistance phenotypes detected in the collection of 137 TETR-MRSA CC398 isolates. Antimicrobial agents: TET,
378 tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; FUS, fusidic acid; MUP,

379  mupirocin; CLO, chloramphenicol. R in superscript: resistant; S in superscript: susceptible.
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381

382

Figure 2. Antimicrobial resistance genes detected in the collection of 137 TETR-MRSA CC398 isolates.
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Table S1.

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

Different antibiotic ~ Phenotype™®* Sample origin® spa-types®
families®
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), 1034 (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), 12970
€]
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 Clinical (87), Epidemiological (21) t011 (79), t034 (5), t108 (2), t899 (2), t1197 (2), t1255 (2), t1451

(65), ERY (53), MUP (8), CIP (92)

(8), 1456 (1), t1939 (3),2123 (1), £2346 (1), £2970 (1), t18071 (1)

*Families considered for MDR phenotype were: B-lactams, aminoglycosides, folate pathway antagonists, glycopeptides, lincosamides, lipopeptides, macrolides,
oxazolidinones, phenicols, fluoroquinolones, fusidanes, tetracyclines, mupirocin. All isolates were resistant to both B-lactam and tetracycline families, not
considered in the phenotype description but included in the number of different families for the MDR count.

® Antimicrobial agents: TET, tetracycline; ERY, erythromycin; CLI, clindamycin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; FUS, fusidic acid,
MUP, mupirocin; CLO, chloramphenicol.
“Number of isolates in parenthesis.
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