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In the last years, skin and soft tissue infections (SSTIs) became 
one of the major causes of outpatient care and are associated with 
morbidity and substantial cost. Staphylococcus aureus is the most 
common cause of SSTIs worldwide, while a considerable rate is as-
sociated with methicillin-resistant S. aureus (MRSA) [1]. Although a 
large number of expert opinions, guidelines and recommendations 
for the management of SSTIs have been published over the last de-
cades the change of epidemiology of staphylococcal infections may 
lead sometimes to the failure of antibiotic therapy [2].

During one year period (2016), one hundred twenty three 
(123) non-duplicate S. aureus isolates, were collected from a total 
of 353 skin or soft tissue infected outpatients, aged from 18 to 70 
years old, all admitted to the Department of Dermatology of the 
University Hospital of Larissa (UHL). The Department of Dermatol-
ogy of UHL is the reference center for dermatological diseases in 
Thessaly, a rural area in Central Greece with 1.200.000 inhabitants. 

In Greece, antimicrobial agents such as clindamycin, erythromy-
cin, fusidic acid, tetracycline and trimethoprim-sulfamethoxazole 
are commonly used for the empiric therapy of suspected S. aureus 
skin and soft tissue infections [3]. 

Materials and Methods

Criteria for patients’ inclusion were clinical signs (impetigo, in-
flamed epidermal cyst, furuncles/carbuncles, cellulitis, folliculitis 
or other infections) combined with symptoms of infection includ-
ing increased white blood cell counts, fever, redness, swelling and 
exudate. Demographic data (name, age, gender, residence, occupa-
tion, travel, previous hospitalization) and clinical information (un-
derlying disease, antibiotic therapy) of the patients were collected. 
The research protocol was approved by the Ethics Committee of 
the General University Hospital of Larissa (Permit Number: 368); 
while, a written informed consent was obtained from the patients.
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Introduction

During 2016, a total of one hundred twenty three Staphylococcus aureus isolates were collected from adult-patients skin and soft 
tissue infections (SSTIs) in Thessaly, Central Greece. The isolates were tested for susceptibility to various antimicrobial agents and 
the presence of resistance and virulence determinants. Resistance rates to cefoxitin, fusidic acid, erythromycin, clindamycin, tetra-
cycline, ofloxacin and gentamycin were 22%, 36.6%, 29.3%, 26.8%, 22%, 7.3% and 4.8% respectively, whereas, all were susceptible 
to vancomycin, teicoplanin, linezolid, mupirocin, trimethoprim-sulfamethoxazole and daptomycin. The presence of erm(A), tet(M) 
and aac(6’)-Ie-aph(2’’) genes were found in erythromycin/clindamycin, tetracycline and gentamicin-resistant isolates, respectively. 
Molecular characterization of isolates revealed the presence of two clones among MRSA (ST80-IV and ST225-II), while, among MSSA 
twelve different STs (ST1, 15, 45, 72, 7, 22, 728, 34, 59, 10, 398, 1153) were identified. The Panton-Valentine Leukocidin gene was de-
tected in 39 strains, 18 MRSA which belonged to ST80, and 21 MSSA, which belonged to ST72 and ST728. The Toxic Shock Syndrome 
Toxin gene was found in ST34 MSSA. The results highlight the importance of both MRSA and MSSA as etiological agents in SSTIs, 
emphasizing the need for a close surveillance.

Aim of the present study was to determine the rate of resistance 
to various antimicrobial agents and the molecular characterization 
of S. aureus isolated from SSTIs of adults in Greece, in order to un-
derstand the current epidemiology of S. aureus and so, to establish 
a more targeted empirical therapy.

Aim of the Study

The clinical samples for culturing were obtained from the pa-
tient’s abscesses and skin lesions using sterile swabs and were im-
mediately sent to the Microbiological Laboratory. Identification to 
species level was based on colony morphology, Gram stain, cata-



Antibiotic Resistance Toxin Genes

No of 
strains

P OX E CC FA TE GM NN OFL PVL TSST-1
No % No % No % No % No % No % No % No % No % No % No %

MRSA-ST80 18 18 100 18 100 6 33.3 6 33.3 15 83.3 12 66.6 18 100
MRSA-
ST225

9 9 100 9 100 9 100 9 100 6 66.6 3 33.3 6 66.6 6 66.6 9 100

MSSA-45 12 11 91,6 3 25 3 25
MSSA-398 3 3 100 3 100 3 100 3 100 3 100
MSSA-1 12 11 91,6 3 25 3 25
MSSA-728 9 9 100 3 33.3 3 33.3 6 66.6 3 33.3 9 100
MSSA-72 12 12 100 3 25 3 25 6 50 12 100
MSSA-34 6 6 100 3 50 3 50 3 50 6 100
MSSA-15 12 12 100 3 25 3 25 3 25
MSSA-22 9 9 100 3 33.3
MSSA-59 6 6 100 3 50
MSSA-7 9 9 100
MSSA-10 3 3 100
MSSA-1153 3 3 100
Total 123 121 98.3 27 21.9 36 29.2 33 26.8 45 36.5 27 21.9 6 4.8 6 4.8 9 7.3 39 31.7 6 4.8

Regarding the type of skin lesions 57 isolates were recovered from furuncle 
or carbuncle (46%), 24 from folliculitis (19.5%), 18 from impetigo (14.6%), 18 
from inflamed epidermal cyst (14.6%) and 6 from cellulitis (4.8%). The patients 
were 78 women (63.4%) and 45 men (36.6%) patients, between 18 and 70 years 
(mean age: 39 ± 5 years). All patients did not have hospitalization during the 
past year or risk factors and comorbidities associated with recent infection and 
surgery so, infections were characterized as community-onset. 

Results

According to susceptibility results for oxacillin and cefoxitin, 22% of S. aureus 
(27 isolates) were classified as MRSA. Molecular typing of these strains revealed 
that 18 (66.7% of MRSA) belonged to ST80-SCCmec IV, while the remaining 9 
(33.3%) belonged to ST225-SCCmec II. On the other hand, the molecular typ-
ing of the 96 MSSA strains revealed twelve different STs: ST1, ST15, ST45, ST72, 
ST7, ST22, ST728, ST34, ST59, ST10, ST398 and ST1153. In more details, ST1, 
ST15, ST45 and ST72 were the most prevalent ones accounting for 12 strains 
each (12.5% of MSSA), followed by ST7, ST22 and ST728 identified in 9 strains 
each (9.3%). The remaining MSSA strains belonged to ST34 and ST59, each cor-
responding to 6 strains (6.25%), while ST10, ST398 and ST1153 corresponded 
to 3 strains each (3.12%) (See Table 1). 

Table 1: Distribution of Staphylococcus aureus to different sequence types (STs), antimicrobial resistance rates and prevalence of PVL and TSST-1.
No: Number of strains; TE: Tetracycline; E: Erythromycin; CC: Clindamycin; FA: Fusidic Acid; OFX: Ofloxacin; OX: Oxacillin; P: Penicillin; GM: Gentamicin; NN: To-

bramycin; PVL: Panton Valentine Leukocidin; TSST-1: Toxic Shock Syndrome Toxin-1
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lase, coagulase production and detection of nuc gene. Susceptibility to various an-
timicrobial agents (benzylpenicillin, oxacillin, cefoxitin, clindamycin, erythromycin, 
fosfomycin, fusidic acid, gentamicin, levofloxacin, linezolid, ofloxacin, nitrofuran-
toin, rifampicin, teicoplanin, tetracycline, tigecycline, tobramycin, trimethoprim-
sulfamethoxazole and vancomycin) was assessed by using the automated system 
VITEK-2 (bioMerieux, Marcy l’ Etoile, France); interpretation was done according 
to CLSI criteria (except fusidic acid and fosfomycin, for which EUCAST breakpoints 
were used) [4]. Determination of MICs to cefoxitin, daptomycin, mupirocin, vanco-
mycin and teicoplanin was performed by Etest (bioMerieux, Marcy l’Etoile, France) 
according to manufacturer guidelines. Additionally, antimicrobial resistance genes 
[mecA, mecC, erm(A), erm(B), erm(C), msr(A), tet(M), tet(O), tet(L), tet(K), aac(6’)-
Ie-aph(2’’)] as well as the genes encoding Panton-Valentine Leukocidin (lukS/lukF-
PV), Toxic Shock Syndrome Toxin-1 (tsst) and enterotoxins (sea, seb, sec, sed, see, 
seg, sei, seq, sek) were detected by PCR [5,6]. Positive and negative control strains 
were included in each PCR run. SCCmec types were identified by multiplex PCR 
amplification of the SCCmec region, while; molecular typing of all isolates was per-
formed according to Multi Locus Sequence Typing (MLST) as described elsewhere 
[7,8]. Differences between MRSA and MSSA regarding the antimicrobial resistance 
rate and PVL presence were evaluated using χ2 or Fisher’s exact tests. P ≤ 0.05 was 
considered statistically significant.

Both MRSA and MSSA of our collection were susceptible to vancomycin, teico-
planin, mupirocin, nitrofurantoin, rifampicin, linezolid, tigecycline, trimethoprim-
sulfamethoxazole, fosfomycin and daptomycin. The rate of resistance among MRSA 
and MSSA isolates is described on table 1. The resistance of MRSA strains seemed to 
be superior to erythromycin, clindamycin, tetracycline, fusidic acid, gentamycin, to-
bramycin and ofloxacin than MSSA (P ≤ 0.001). Resistance to cefoxitin, tetracycline 
and gentamycin/ tobramycin was associated with the presence of mecA, tet(M) and 
aac(6’)-Ie-aph (2’’) genes, respectively. In the group of the erythromycin-resistant 

strains, thirty three, which exhibited simultaneous resistance to erythromycin 
and clindamycin, were found to carry the erm(A) gene, while the remaining 
three, which were susceptible to clindamycin, carried the msr(A) gene. 

The PVL-gene was detected in 39 strains (31.7%), while its presence was sig-
nificant higher in MRSA than in MSSA (P ≤ 0.001). Among PVL-positive S. aureus, 
eighteen were MRSA and belonged to ST80, while, twenty-one were MSSA and 
belonged to ST72 and ST728 (twelve and nine respectively). Thirty-two (80%) of 



In Greece, until now, the epidemiology of S. aureus isolated from 
SSTIs of adults is unknown, while the cost differs according to the 
chosen first line treatment [9]. Although previous national studies 
have shown the association of ST80 with skin infections, the pres-
ent study demonstrates that multiple MSSA clones are also respon-
sible [3,7]. 

Recently, a survey from a pediatric Hospital in Greece was pub-
lished underlining the presence of ST121 clone as responsible for 
the outbreak of SSTIs among children [10]. However, this clone was 
not detected in adults of our study. As confirmed in the present re-
search, CA-MSSA skin infections can present with similar epidemio-
logic and clinical characteristics to CA-MRSA skin infections, a fact 
that has important clinical implications for the choice of empirical 
therapy of suspected community-acquired S. aureus skin and soft 
tissue infections.

Discussion

PVL-positive S. aureus strains recovered from outpatients with 
SSTIs were also reported in Europe and worldwide [11-13]. How-
ever, differences are observed regarding firstly the percentage of 
PVL-positive strains (31.7% in our study) and secondary the pre-
dominance of specific clones and susceptibility profile [11,14]. It 
is known that the epidemiology of S. aureus varies from continent 
to continent; the most prevalent genotypes are ST80-MRSA in Eu-
rope, ST30 in the southwest Pacific region, and ST8-MRSA in the 
USA and Japan [11,14]. So, it is very difficult to propose a common 
anti-staphylococcal therapy worldwide for the management of SS-
TIs [15].

In Greece, both MSSA and MRSA can play role as etiological 
agents of SSTIs. Close national surveillance of S. aureus strains by 
phenotypic and molecular identification procedures is essential to 
design a suitable treatment.

During 2016, a total of 123 Staphylococcus aureus isolates 
(27 MRSA and 96 MSSA) were collected from 353 adult-patients 
skin and soft tissue infections (SSTIs) in Thessaly, Central Greece 
(34.8%). High rates of resistance to fusidic acid (36.5%), erythro-
mycin (29.2%), clindamycin (26.8%) and tetracycline (21.9%) were 
detected. ST80 was the prevalent clone among MRSA, while, ST1, 
ST15, ST45 and ST72 were the most prevalent among MSSA. The 
PVL-gene was detected in 39 strains (31.7%), while, its presence 
was significant higher in MRSA than in MSSA (P ≤ 0.001).

Conclusion
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the 39 PVL-positive strains were associated with furuncles or car-
buncles, indicating the association of PVL with deep-seated SSTIs. 
Finally, the TSST-1 gene was found in all ST34 S. aureus. None of the 
remaining virulent genes was detected in any strain (See Table 1). 
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