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Background and purpose: Athletes participating in contact or collision sports have a great

chance of acquiring Staphylococcus aureus infections. The risk factors for colonization and

infections include frequent antibiotic use, close contact situations, skin trauma, sharing of sports

equipment, and poor hygiene. Therefore, our specific goals were to determine (1) prevalence of

S. aureus among different types of contact sport athletes which were barely studied in the European

region, (2) antimicrobial resistance of S. aureus isolates, and (3) association of carriage with

particular risk factors of spor t practices.

Patients and methods: A cross-sectional study was conducted among contact or collision

sport athletes in Italy. A questionnaire was used to gather information about socio

demographic characteristics, specific sport activities, and participants’ health conditions.

Swabs were collected from the nares, oropharynx, and fingers and tested for S. aureus

isolation and antimicrobial susceptibility.

Results: S. aureus was carried by 42% of 238 enrolled athletes. Colonization was

associated with number of weekly training days, sharing of sports equipment, not taking

a shower immediately after training, and a previous history of pharyngitis or sinusitis and

skin manifestations. Isolates were resistant to clindamycin (24.8%) and erythromycin

(15.8%). Of all athletes, 1.3% carried methicillin-resistant S. aureus (MRSA); MRSA

were 3% of all S. aureus isolates. No strains were resistant to sulfamethoxazole/

trimethoprim.

Conclusion: Our results have shown a high prevalence of S. aureus carriage and a relevant

resistance to antimicrobials used for the treatment of S. aureus infections. Prevention efforts

aimed at reducing S. aureus colonization, and thus potentially reducing infections, should be

improved.

Keywords: S. aureus, MRSA, colonization, athletes, antibiotic resistance, antibiotic

susceptible

Introduction
Staphylococcus aureus is an opportunistic human pathogen that causes skin and soft

tissue infections (SSTIs), as well as more serious conditions, such as pneumonia or

bloodstream infections in both genders and all age groups.

S. aureus has developed resistance to several antibiotics and methicillin-resistant

S. aureus (MRSA) infections have become increasingly common not only in hospitalized

patients, but also in the community.1 The incidence of community-associated MRSA

(CA-MRSA) infections is higher among specific groups, such as athletes, especially
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those who participate in contact or collision sports,2 even

3-times higher compared to general population.3,4

The association between MRSA colonization and

infection is well established.5 Moreover, the risk for

MRSA SSTI among MRSA colonized athletes in the 3

months after colonization screening was found to be 7

times greater compared with noncolonized athletes.6

Once contracted by an athlete, MRSA is a threat to the

entire team; therefore, it is very important to implement pre-

vention of the spread of the pathogen, including good personal

hygiene, cleaning, and dressing of the wounds and avoiding

the sharing of objects that come into contact with the skin.7

Although MRSA has attracted major attention, coloni-

zation by CA methicillin-sensitive S. aureus (CA-MSSA)

resistant to other antimicrobials is also of concern, since

increasing antimicrobial resistance has been reported in

the community in European countries.8 Moreover, coloni-

zation by MSSA has been reported in healthy collegiate

athletes,9 and associated to outbreaks in the general

population10 and also in athletes11 often sustained by

Panton–Valentine leukocidin (PVL) producing strains.

Several studies have been performed in the USA to

define S. aureus carriage among athletes,12–17 while only

a few studies have been conducted in Europe,18–20 and no

studies have been conducted in Italy.

Therefore, our specific goals were to determine (1)

prevalence of S. aureus among different types of contact

sport athletes which were barely studied in the European

region, (2) antimicrobial resistance of S. aureus isolates,

(3) association of carriage with particular risk factors of

sport practices.

Material and methods
We conducted a cross-sectional study betweenMay 2017 and

March 2018 in a region of southern Italy (Calabria).

Participants eligible in the study were subjects ≥16 years of

age that practiced a contact/collision sport as defined by the

American Academy of Pediatrics.21 In particular, “collision”

sports are those in which athletes purposely hit or collide

with each other or inanimate objects, including the ground,

with great force (eg, martial arts, boxing, and wrestling).

Recruitment was performed at the site of practice,

mainly public or private gyms. The eligible subjects were

all well informed about the purpose and contents of the

study and asked to sign a consent form to document their

voluntary participation. In the case of minors, a person

with parental responsibility had to give informed consent

on behalf of the minor.

After informed consent was signed, a questionnaire,

assuring confidentiality of responses, was provided and

swab samples were collected from the anterior nares,

oropharynx, and fingers of participating athletes during

the training session.

There were no incentives offered for participation.

The questionnaire was developed by two researchers

and based upon extensive review of the relevant

literature.13,22 It included several sections, and responses

were designed in a variety of formats: closed-ended ques-

tions with multiple answers, yes or no questions and open

option questions.

The first section examined the socio-demographic char-

acteristics (sex, age, marital status, work activity) of parti-

cipating athletes. In the second section, the specific sport

activities were analyzed [type of practiced activity, number

of practicing years and of weekly training days, use and

sharing of personal items (eg, towels, soap, clothes, sports

equipment), hand washing, and frequency of showers].

The third part investigated the participants’ health condi-

tions, recent hospitalization or surgery, antibiotic use, pre-

vious MRSA exposure and/or infection. The last section

was related to availability of prevention programs for

infections in the gyms.

Before collecting data, a pilot test was conducted on

a small sample of athletes to test the comprehensibility of

the items in the questionnaire. Answering the question-

naire lasted an average of 10 mins.

Sterile swabs were used to collect samples from the

anterior nares, oropharynx, and fingers. Each sample was

placed in Amies transport medium, transported to labora-

tory in refrigerated containers and processed within 24 hrs

of collection. The swabs were inoculated on Mannitol Salt

Agar (MSA) plates and incubated at 37°C for 24–48 hrs.

All typical S. aureus colonies were then subcultured onto

Nutrient Agar (NA) plates and incubated at 37°C for 24

hrs. Afterward, Gram stain, catalase, and coagulase tests

were performed. All suspect strains were identified to the

species level using the API Staph identification system

(bioMérieux). All S. aureus isolates were tested for their

antibiotic susceptibility by Kirby–Bauer disk diffusion

method; the antibiotics for which sensitivity was tested

were: ciprofloxacin (5 µg), clindamycin (2 µg), erythro-

mycin (15 µg), gentamycin (10 µg), linezolid (10 µg),

mupirocin (200 µg), sulfamethoxazole/trimethoprim (25

µg), rifampicin (5 µg), tetracycline (30 µg), cefoxitin (30

µg), and oxacillin (1 µg). Oxacillin resistance was inves-

tigated also through the microdilution method.
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Interpretation of results of the antibiotic susceptibility

testing was performed according to the EUCAST guide-

lines and clinical breakpoints (version 8.1);23 in particular

MIC breakpoint for oxacillin was 2 mg/L, whereas cefox-

itin breakpoint was 22 mm. S. aureus strains that showed

oxacillin and/or cefoxitin resistance were confirmed by

a multiplex PCR amplifying the genes mecA, spa gene,

and PVL gene (DTU FOOD, National Food Institute pro-

tocol-September 2012). The polymorphic region of spa

gene was double-strand sequenced by AB prism 3500

sequencer (Applied Biosystem). The sequences (forward

and reverse) were edited by Chromas and Mega v.6.0. The

newly sequences were analyzed by spatyper (http://spaty

per.fortinbras.us/s). The sequence type was determined

upon interrogation of the S. aureus Ridom spa server.

This study was conducted in accordance with the

Declaration of Helsinki and approved by the Institutional

Ethical Committee (“Mater Domini” Hospital of

Catanzaro, Italy) (2017/04/27).

Statistical analysis
Data were summarized using frequencies and percentages for

categorical data and mean and standard deviations for con-

tinuous data. In the primary analysis, Student's t-test for

independent samples (for continuous variables) and

Pearson’s chi-square or Fishers exact test (for categorical

variables) were used to examine the association between

S. aureus carriage and several explanatory variables.

Subsequently, a stepwise multivariate logistic regression

model was performed to determine the association of several

characteristics with S. aureus carriage among athletes

(0=non-carrier, 1=carrier). The model was developed accord-

ing to the Hosmer and Lemeshow strategy, choosing a less

than 0.25 p-value at univariate analysis for inclusion of

variables in the multivariate model.24 The significance level

for variable entering the logistic regression models was set at

0.2 and for removal from the model at 0.4. Adjusted odds

ratio and 95% confidence intervals were calculated.

The explanatory variables included in the model were

the following: age (ordinal, in years intervals: 0=16–18

years, 1=19–28 years, 2=29–50 years), weekly training

days (ordinal, 0=1–2 days/week, 1=3–4 days/week,

2=5–7 days/week), number of years in practice (ordinal,

0=1–3 years, 1=4–7 years, 2=8–10 years), sharing cream/

lotions (0=no, 1=yes), sharing soap (0=no, 1=yes), sharing

sports equipment (0=no, 1=yes), shower after training

(0=no, 1=yes), pharyngitis/sinusitis within the previous 6

months (no=0, yes=1), skin manifestations within the

previous 6 months (0=no, 1=yes), presence of educational

programs regarding the prevention of infectious diseases

in the gym (0=no, 1=yes).

Data were stored and analyzed using Stata Statistical

Software, Version 14.1.

Results
A total of 238 athletes were invited to take part in the

study, all of them accepted to participate and were enrolled

in the survey. Athletes playing 9 different contact sports

were included in the study [taekwondo, judo, karate,

wushu/kung fu, boxing, kick-boxing, mixed martial arts

(MMA), Muaythai, and football]. A total of 19 gyms

located in Calabria region were involved.

Characteristics of the athletes participating in the study,

as well as of S. aureus carriage are reported in Table 1. Age

of the participants ranged from 16 to 50 years (mean 23.4

years, median 19 years, SD±8.7, interquartile range: 17–28

years). The male to female ratio was 3:1. Taekwondo was

the most practiced sport (26.1%) followed by wushu/kung

fu (17.7%) and boxing (15.6%). The average number of

years of practice was 2.6 (±1.7) and of weekly training days

was 2.2 (±0.8). Sharing of objects was not very common in

the sample except for sports equipment (helmet, shin

guards, headgear, ankle braces, etc.) that was reported to

be shared by 47.1% of the subjects.

S. aureus was carried by 101 athletes (42.4%), ranging

from 23.8% for the judo players to 54.8% for the wushu/

kung fu athletes. The most common site of isolation among

of the 101 S. aureus carriers was the oropharynx (n=68,

67.3%) followed by the anterior nares (n=46, 45.5%) and

the fingers (n=30, 29.7%); in 33 (32.7%) subjects S. aureus

harbored more than one site, whereas in 43 (42.6%) only

the oropharynx, in 20 (19.8%) only the anterior nares and in

5 (5%) only the fingers were colonized.

Univariate analysis showed that S. aureus colonization

was associated, although not significantly, with athletes’

age, ranging from 35.2% in the 16–18 years old subjects

to 49.2% in those 29–50 (χ2=4.03, p=0.13), with increasing

number of years of practice (χ2=15.6, p=≤0.001), as well as
with number of weekly training days (χ2=27.6, p=<0.001).
Also, the results showed that S. aureus colonization was

more common among the athletes who share the sports

equipment (χ2=4.95, p=0.02) and in those who do not take

showers immediately after training (χ2=10.8, p=≤0.001).
Moreover, there was a statistically significant association

with a previous history of pharyngitis or sinusitis (χ2=52.9,
p=≤0.001), skin manifestations (χ2=3.59, p=0.05) and the
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Table 1 Characteristics of athletes included in the study

Total, N (%) S. aureus colonization, N (%) p-value

Total 238 101 (42.4)

Sociodemographic characteristics

Gender

Female 62 (26) 25 (40.3) p=0.69*

Male 176 (74) 76 (43.2)

Age (years)

16–18 105 (44.1) 37 (35.2) p=0.13*

19–28 74 (31.1) 35 (47.3)

29–50 59 (24.8) 29 (49.2)

Marital status

Married/cohabitees 22 (9.2) 9 (40.9) p=0.87*

Other 216 (90.8) 92 (42.6)

Education level (years of schooling)

<8 52 (21.9) 20 (38.5) p=0.51*

≥8 178 (78.1) 81 (43.5)

Sport

Sport category

Taekwondo 62 (26.1) 23 (37.1)

Judo 21 (8.8) 5 (23.8)

Karate 20 (8.4) 8 (40)

Wushu/kung fu 42 (17.7) 23 (54.8) p=0.30*
Boxing 37 (15.6) 14 (37.9)

Kick-boxing 22 (9.2) 10 (45.5)

Football 8 (3.4) 4 (50)

Other 26 (10.9) 14 (53.9)

Number of years in practice

1–3 78 (32.8) 19 (24.4) p=<0.001*

4–7 78 (32.8) 39 (50)

8–10 82 (34.5) 43 (52.4)

Weekly training days

1–2 days/week 43 (18.1) 8 (18.6) p=<0.001*

3–4 days/week 114 (47.9) 41 (36)

5–7 days/week 81 (34) 52 (64.2)

Shower after training

Yes 112 (47.1) 35 (31.3) p=0.001*

Information/training programs

Yes 14 (5.9) 2 (14.3) p=0.002*

Sharing of objects

Sports equipment (helmet, shin guards, headgear, ankle braces, etc.)a

Yes 112 (47.1) 56 (50) p=0.02*

Soapa

Yes 15 (6.3) 4 (26.7) p=0.202**

Deodoranta

Yes 27 (11.3) 11 (40.7) p=0.85*

Flip-Flopsa

Yes 30 (12.6) 10 (33.3) p=0.28*

(Continued)
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lack of appropriate information or training programs regard-

ing the prevention of infectious diseases (χ2=4.82, p=0.002)
(Table 2).

Results of the multivariate analysis confirmed those of

the univariate analysis except for number of year of prac-

tice and the lack of training and information programs at

the gym (Table 2).

Antibiotic susceptibility of S. aureus isolates revealed

varying degrees of susceptibility patterns against the anti-

microbial agents: 66 (65.4%) S. aureus strains did not

exhibit any resistance to the tested antibiotics, 13

(12.9%) were resistant to one antibiotic class, 12 (11.9%)

to two antibiotic classes, while multidrug-resistant (MDR)

strains were 10 (9.9%).

The most frequent resistance attained was to clindamy-

cin (24.8%), followed by erythromycin (15.8%) whereas 3

(3%) strains were MRSA, for an overall prevalence in the

sample of 1.3%. In our sample of 238 athletes, the resis-

tance to clindamycin and erythromycin was 10.5% and

6.7%, respectively, whereas the resistance was low for

the other tested antibiotics. All strains were susceptible

to sulfamethoxazole/trimethoprim.

Of the 101 individuals harboring S. aureus, 22 (40%)

had taken antibiotics in the previous 6 months and amox-

icillin was the most frequently used antibiotic, followed by

macrolides and fluoroquinolones.

Three S. aureus strains were resistant to both oxacillin and

cefoxitin, and one to oxacillin only.Molecular characterization

showed that only the 3 strains resistant to both antibiotics were

mecA positive, these strains were all PVL negative and their

spa type was t022. This spa type has been associated to UK

EMRSA-15 clone and to the SCCmec type IV, that is likely to

be a CA-MRSA strain.25 The antimicrobial resistance profiles

were quite different among these 3 MRSA strains. In

Table 1 (Continued).

Total, N (%) S. aureus colonization, N (%) p-value

Clothesa

Yes 33 (13.9) 15 (45.5) p=0.70*

Hair pliersa

Yes 19 (8) 8 (42.1) p=0.97*

Razorsa

Yes 1 (0.4) 0 (-)

Creams/Lotionsa

Yes 14 (5.9) 3 (21.4) p=0.101**

General health

Pharyngitis/sinusitisb

Yes 79 (33.2) 49 (83.1) p=<0.001*

Skin manifestationsb

Yes 33 (13.9) 19 (57.6) p=0.05*

Eye Infectionb

Yes 8 (3.4) 3 (37.5) p=0.774**

Ear infectionb

Yes 13 (5.5) 6 (46.2) p=0.78*

Common coldb

Yes 145 (60.9) 61 (42.1) p=0.88*

Antibiotics useb

Yes 55 (23.1) 22 (40) p=0.67*

Hospitalizationb

Yes 4 (1.7) 2 (50) p=0.758**

History of MRSA infection

Yes 2 (0.8) 0 (-) p=0.223**

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; S. aureus, Staphylococcus aureus.
Notes: aYes:included often/always; No: included never/hardly ever/sometimes. bIn the previous 6 months. *Chi-square test. **Fisher exact test.
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particular, two MRSA strains showed resistance also to cipro-

floxacin, and one also to clindamycin, erythromycin, and

mupirocin. No association was observed between MRSA

colonization and previous antibiotic use.

Discussion
To the best of our knowledge, this is the first study investi-

gating overall S. aureus and MRSA colonization in Italian

contact sports athletes. Moreover, most studies have focused

on single contact sports and predominantly on male athletes,

while we evaluated S. aureus colonization in both male and

female athletes practicing nine different contact sports.16,26,27

In our population of athletes, overall S. aureus carriage

was 42.4%, that is higher than that observed in the general

population, approximately estimated to be 20–30%.28,29 In

a recent study conducted in nine European countries in the

adult population, an overall carriage of 21.6%, ranging

from 12.1% in Hungary to 29.4% in Sweden was

found.30 Analogously, in a survey conducted in central

Italy in the adult population, S. aureus carriage was

25.9%,31 whereas it was 28.3% in the population of

Italian biomedical students.32 However, most studies

investigating S. aureus carriage in the general population

have performed nasal swabs only, whereas in our study

oropharynx and fingers were also swabbed. Indeed, we

observed a higher S. aureus carriage in the oropharynx

(42.6%) than in the anterior nares (19.8%), as recently

reported in several populations worldwide,33 as well as

in Italy in healthy children.34 Although nasal carriage is

a well-documented risk factor for S. aureus infections,

recent studies have identified the oropharynx as

a potential site of S. aureus colonization, occurring even

Table 2 Multiple logistic regression results for estimates of associations of Staphylococcus aureus colonization with potential

determinants

Variable OR 95% CI p

Weekly training days (ordinal) 2.44 1.56–3.83 <0.001

Pharyngitis/sinusitis

No 1.00a

Yes 13.79 5.64–33.71 <0.001

Shower after training

No 1.00a

Yes 0.42 0.20–0.86 0.018

Age, years (ordinal) 1.76 1.14–2.71 0.011

Sharing sports equipment (helmet, shin guards, headgear, ankle braces, etc.)

No 1.00a

Yes 2.08 1.01–4.30 0.048

Skin manifestations

No 1.00a

Yes 2.73 0.90–8.30 0.076

Training programs regarding the prevention of infectious diseases in the gym

No 1.00a

Yes 0.19 0.03–1.18 0.074

Sharing creams/lotions

No 1.00a

Yes 0.20 0.03–1.28 0.089

Number of years in practice (ordinal) 1.19 0.96–1.48 0.120

Sharing soap

No 1.00a

Yes 0.33 0.07–1.65 0.178

Notes: Log likelihood = −105.4; χ2=109.13 (10 df); p<0.4000, No. of observations=234. aReference category.
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in the absence of nasal colonization,35,36 and its assess-

ment could sustain a higher detection of S. aureus coloni-

zation in healthy individuals.

Our findings showed an MRSA carriage of 1.3% in the

total population and of 3% among the colonized athletes.

This figure is higher than that reported in the European

community population, ranging from 0% in Sweden to

0.4% in several countries, such as Belgium, UK, and

France, and from 0 in Sweden to 2.1% in Belgium in the

colonized European community population.30 In Italy,

a substantially lower colonization by MRSA was found

in the community, 0.1% in the total population and 0.4%

in the population of S. aureus carriers,31 in children in the

community (0.6%),34 whereas no MRSA carriers were

found among Italian biomedical students.32

Results from studies on MRSA colonization in athletes

performed in different countries display substantial variation

in prevalence of carriage, and it turns out to be difficult to

compare results reported by different authors because of

differences in sampled population, practiced sports, sites of

swabs collection, and MRSA circulation in the community.

Indeed, in a recently published systematic review and meta-

analysis involving 15 studies in asymptomatic athletes, the

pooled prevalence of MRSA colonization was 6%, but an

extreme variability of prevalence was found, and the higher

frequencies were detected in studies conducted in the USA.6

In particular, collegiate athletes had the highest colonization

(13%), whereas in professional athletes no MRSAwere iso-

lated. Moreover, in this meta-analysis, the three studies con-

ducted in Europe reported a 6% prevalence of MRSA

colonization in water sports athletes in Russia,20 whereas

no MRSA colonization was revealed in rugby players in

the UK37 and in soccer players in the Netherlands,19 although

these two latter studies were carried out in response to an

outbreak and involved a small number of athletes. Low

MRSA prevalence (0.3%) has also been reported in French

athletes involved in contact and non-contact sports.18 The

1.3% MRSA prevalence found in this study is within the

range reported in the literature in Europe, but should be

interpreted in the light of a widely spread methicillin-

sensitive S. aureus (MSSA) colonization, since it has been

reported that some MRSA strains have probably evolved

from MSSA through horizontal transfer of mobile

elements,38 with SCCmec IV and ACME being likely

acquired from S. epidermidis.39

Pattern of antimicrobial resistance of isolates deserves

an in depth evaluation: first of all, the high percentage of

susceptible strains (64.4%) is related to our choice of

excluding penicillin from the tested antibiotics, because of

the very high reported resistance of S. aureus strains both in

Europe (87.1%)30 and in Italy (80.4%)31 in healthy subjects.

This choice, that was driven by the fact that penicillin is no

more available in Italy as a therapeutic choice since it has

been excluded from the drug market, has also probably led

to an underestimation of the percentage of MDR strains

(9.9%), since resistance to penicillin could not be included

in the calculation of the number of classes involved in the

antimicrobial resistance. The highest resistance in our find-

ings was associated with clindamycin (24.5%). This figure

is higher than that reported in healthy subjects in Italy

(7.6%)31 and in Europe (14.6%),30 but is lower than that

reported in a meta-analysis of studies conducted in healthy

athletes (62.%),6 although in this latter study the antimicro-

bial susceptibility was evaluated in MRSA strains.

Clindamycin is an alternative drug for the treatment of

SSTI caused by both MSSA and MRSA, particularly in

Europe.40 In addition, this antibiotic is an alternative drug

to be used in penicillin-allergic patients.41 Therefore, our

findings have revealed that, in the population of athletes,

clindamycin represents a limited option for treatment and

demand more careful evaluation on the choice of the anti-

biotic to be used as an empirical treatment.6,14 Resistance to

erythromycin (15.8%) appears to be in line with that

reported in healthy adults in Europe, and particularly in

France (16.5%)30 and in Italy (12.8%)31 and lower than

that found in MRSA strains isolated in athletes (40%).6

The resistance to macrolides is common among MRSA

isolates, including community strains, creating the question

of whether macrolides should still be prescribed empirically

for S. aureus infections.30 Indeed, we found a discrepancy

between resistance rates for macrolides and lincosamides,

although resistance to these antibiotic classes in S. aureus is

usually mediated by erm genes.42 However, there is

a description in the literature of the detection of lnu genes,

conferring lincosamide resistance exclusively, in MRSA

and MSSA strains of human origin,43 that could explain

the presence of a phenotypic resistance to clindamycin and

susceptibility to erythromycin. No resistance was detected

to sulfamethoxazole/trimethoprim, an old antibiotic used as

a treatment option for S. aureus infections in health care

setting and in the community,44 and this finding is in line

with the statement of some Italian researchers who, con-

sidering the CA-MRSA epidemiology in Europe, strongly

suggest sulfamethoxazole/trimethoprim and clindamycin as

appropriate first-line therapeutic options for the treatment of

SSTI due to CA-MRSA.45
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Consistent with other reports, our results implicate the

sharing of personal sports equipment, poor hygiene prac-

tices, as well as frequency of sports activity, as factors

associated to S. aureus colonization.27,46,47 The Centers for

Disease Control and Prevention (CDC) recommend mea-

sures to control MRSA among sports participants, includ-

ing hand hygiene both before and after contact, wound

care, regular cleaning of the personal athletic equipment,

and avoid the sharing of towel and personal items.7,48

Effectiveness of these preventive measures has been indir-

ectly confirmed by our results showing that athletes attend-

ing gyms where educational programs regarding the

prevention of infectious diseases were organized were

less likely to be colonized by S. aureus.

Interpretation of results should take into account some

limitations of the study. Sites other than the nares, orophar-

ynx, and fingers were not cultured; thus, underestimation of

the true frequency of S. aureus carriage may have occurred,

but this decision ensured high participation by athletes.

Underestimation of MRSA prevalence might also be related

to the use of non-selective medium instead of chromogenic

agars where MRSA strains are easily discerned. Moreover,

athletes were sampled only once, and no information other

than cross-sectional carriage is available. Despite these lim-

itations, the study has added data on S. aureus colonization

in European athletes unlike most studies that have been

conducted in the USA, addressing overall antimicrobial

resistance, not only methicillin resistance, that does not

seem to represent a high priority in European athletes.

Conclusion
In conclusion, the results described in this paper have

shown, in the context of European contact sports athletes,

an emerging scenario of a high prevalence of S. aureus

carriage, as well as a relevant resistance to antimicrobials

frequently used for the treatment MSSA and MRSA infec-

tions. Moreover, colonization has been shown to be related

to several preventable practice characteristics. Prevention

efforts aimed at reducing S. aureus colonization, and thus

potentially reducing infections, should target contact

sports athletes also in Europe.
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