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SUMMARY 
 
Background: Information about the prevalence of Staphylococcus aureus 
resistance to antimicrobial drugs has mainly been obtained from invasive 
strains, although the commensal microbiota is thought to be an important 
reservoir of resistance. We aimed to compare the prevalence of nasal S aureus 
carriage and antibiotic resistance, including meticillin-resistant S aureus 
(MRSA), in healthy patients across nine European countries. 
Methods: In this cross-sectional study, nasal swabs were obtained from 32 206 
patients recruited by family doctors participating in existing nationwide family 
doctor networks in Austria, Belgium, Croatia, France, Hungary, Spain, Sweden, 
the Netherlands, and the UK. Eligible patients were aged 4 years or older (≥18 
years in the UK) and presented with a non-infectious disorder. Swabs were sent 
to national microbiological laboratories for identification and isolation of S 
aureus. Antibiotic resistance testing was done at one central microbiological 
laboratory. We established the genotypic structure of the isolated MRSA strains 
with the spa typing method. 
Findings: S aureus was isolated from 6956 (21·6%) of 32 206 patients swabbed. 
The adjusted S aureus prevalence for patients older than 18 years ranged from 
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12·1% (Hungary) to 29·4% (Sweden). Except for penicillin, the highest 
recorded resistance rate was to azithromycin (from 1·6% in Sweden to 16·9% in 
France). In total, 91 MRSA strains were isolated, and the highest MRSA 
prevalence was reported in Belgium (2·1%). 53 different spa types were 
detected—the most prevalent were t002 (n=9) and t008 (n=8). 
Interpretation: The prevalence of S aureus nasal carriage differed across the nine 
European countries assessed, even after correction for age, sex, and family 
doctor. Generally, the prevalence of resistance, including that of MRSA, was 
low. The MRSA strains recorded showed genotypic heterogeneity, both within 
and between countries. 
Funding: European Commission, 7th Framework Programme(grant 
agreement 223083). 

INTRODUCTION 
 
Staphylococcus aureus forms part of the human microbiota, and the most consistent 
body site from which it can be isolated is the anterior nares. 1 and 2 In addition to the 
commensal role of this bacterium, S aureus can cause various infections in human 
beings, ranging from minor skin infections to severe pneumonia. 3 
The potential of S aureus to acquire resistance has been exemplified by the rapid 
emergence of resistance to penicillin and meticillin. The high rates of meticillin-
resistant S aureus (MRSA) reported during the past few decades have been 
especially concerning because of the paucity of alternative treatment options. MRSA 
is the most important cause of antibiotic-resistant health-care-associated infections 
worldwide. 4 Antibiotic use is believed to be the main driver for antibiotic resistance. 
5 
Studies of the prevalence of S aureus resistance have so far mainly focused on 
invasive isolates, often obtained from patients admitted to hospital with bloodstream 
infections. 6 Because of the scarcity of resistance data from the outpatient setting, the 
prevalence of resistance in invasive strains has been translated into guidelines for 
empirical antibiotic treatment of community-acquired infections, which will promote 
excessive use of broad-spectrum antibiotics in outpatients. 6 An individual's 
commensal microbiota is thought to be the reservoir for antibiotic resistance genes 
and, therefore, resistance in this microbiota usually precedes the acquisition of 
resistance in pathogens. 7 For these reasons, the amount of resistance in the 
commensal microbiota should be taken into account in clinical guidelines for general 
practitioners for the control of antibiotic resistance at the source. 8 
In our study (Appropriateness of Prescribing Antibiotics in Primary Health Care in 
Europe with Respect to Antibiotic Resistance; APRES), one of the main objectives 
was to establish the prevalence of antibiotic resistance to commensal S aureus, 
including rates of MRSA, in nine European countries with different rates and 
patterns of antibiotic prescription behaviour, 9 to get an indication of the selection 
pressure that antibiotics exert on the general population. 8 We also aimed to assess 
whether differences exist in the prevalence of nasal S aureus carriage in the nine 
participating countries. Additionally, the population structure of the isolated MRSA 
strains was to be established with spa typing to detect possible clustering of specific 
MRSA strains within one or more countries. 
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METHODS 

Study design 
 
The APRES study design has been described elsewhere.9 Therefore, we will only 
briefly mention the methods used. The participating family doctors (with an aim for 
20 per country) were recruited from existing national networks of family doctors in 
Austria, Belgium, Croatia, France, Hungary, Spain, Sweden, the Netherlands, and the 
UK from November, 2010, to August, 2011. Every family doctor was asked to 
collect nasal swabs from 200 patients, aged 4 years or older (or ≥18 years in the UK 
because of ethics committee constraints), who visited their practice for a non-
infectious disorder. Patients who had been prescribed antimicrobial drugs or who had 
been admitted to hospital in the previous 3 months were excluded, as were 
immunocompromised patients (eg, those with diabetes mellitus) and nursing home 
residents. The exclusion criteria were intended to guarantee the participation of 
generally healthy patients as a proxy for the general population. In addition to the 
collection of a nasal swab, every participant's background information (ie, age and 
sex) was recorded. 
A recruitment update was done every 2 weeks to ensure equal stratification with 
respect to sex and age groups—ie, children (4–19 years), adults (aged 20–64 years), 
and elderly patients (≥65 years of age). 
Ethics approval for the study was obtained in all participating countries and all 
patients provided written informed consent before inclusion. 

Procedures 
 
Before the start of the study, participating family doctors received a protocol for the 
sampling of the nasal swabs, which was explained to them further by the national 
family doctor coordinator or study nurse. Both anterior nares of the patients were 
swabbed with a charcoal swab (Transystem, 114 C; Copan Italia, Brescia, Italy). The 
swabs were sent to one national microbiological laboratory for isolation and 
identification of S aureus. All laboratories in the APRES study used a standardised 
protocol for the identification of S aureus. 9 Before the start of the study, the quality 
of the S aureus identification procedures of every laboratory had been assessed by 
sending of a masked panel of swabs, and the identification results were reported back 
to the microbiological laboratory of Maastricht University Medical Centre, 
Netherlands. 
When the analysis of the collected swabs had been completed by the national 
laboratory, the isolated S aureus strains were frozen and sent in batches to the 
microbiological laboratory of Maastricht University Medical Centre for antibiotic 
resistance testing. The resistance of S aureus strains was established with the 
microdilution method for azithromycin, ciprofloxacin, clindamycin, daptomycin, 
erythromycin, gentamicin, linezolid, oxacillin, penicillin, tetracycline, co-
trimoxazole, and vancomycin. The control strain was S aureus ATCC 29213. 
Methods were in accordance with EUCAST guidelines, and EUCAST 
epidemiological cutoffs were used as resistance breakpoints. 10 
All isolates susceptible to clindamycin and resistant to erythromycin were tested for 
inducible clindamycin resistance with the D test. 11 In the case of a positive D test, 
strains were judged to be resistant to clindamycin. 
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All isolates with minimum inhibitory concentration (MIC) values of 1 mg/L or 
higher to oxacillin were analysed for the presence of the mecA gene with real-time 
PCR. 12 Real-time PCR for the S aureus-specific genes femA and SA442 provided the 
internal control. 3 
Real-time amplification of the spa locus, with subsequent sequencing, was done as 
described previously. 13 The spa types were clustered into spa clonal complexes with 
the Based Upon Repeat Pattern algorithm with the Ridom StaphType version 1·5 
software package. The default settings recommended by the manufacturer were used. 

Statistical analysis 
 
To control for the known effects of age and sex on the prevalence of S aureus nasal 
carriage 1 and the possible clustering of S aureus carriage at a family practice level, 
we calculated the S aureus prevalence for each country with a multilevel logistic 
regression model. This model had three levels (country, family doctor, and patient) 
and estimated the country prevalence of S aureus on the basis of the age and sex 
sample structure (the total sample population). The multilevel analysis was done with 
the software package MLwiN. 14 
Because UK participants had a minimum age of 18 years, compared with 4 years in 
the other participating countries, the adjusted S aureus prevalence was calculated 
twice: first, with all participants of all ages (excluding UK participants) to provide 
the age and sex sample structure, and second, with all study participants aged 18 
years or older (including UK participants). 
For calculations of MRSA prevalence, both the number of isolated S aureus strains 
and the total study population were used as denominators. 15 
Multidrug resistance was defined as a strain being resistant to three or more 
antibiotic classes.16 For this reason, azithromycin, erythromycin, and clindamycin 
were grouped together in the calculation of the number of antibiotic classes to which 
S aureus was resistant. 
PASW version 18·0 was used for the statistical analyses; a p value of less than 0·05 
was defined as significant. 

Role of the funding source 
 
The sponsor of the study had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for the decision to submit for 
publication. 

RESULTS 

Table 1 shows the baseline characteristics of the APRES patient population. The 
number of patients recruited per country ranged from 3132 (Belgium) to 4017 
(Hungary), constituting a total of 32 770 patients (table 1). Patients who did not meet 
the age inclusion criterion (people aged <18 years in the UK or <4 years in the other 
participating countries), incompleteness of data (missing patient background or 
laboratory data), or incorrect sampling (no bacterial growth recorded at laboratory 
analysis) was noted in 564 cases (1·7% [95% CI 1·6–1·9]; range 0·3% [0·2–0·5] in 
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France and Spain to 4·2% [3·7–4·9] in Hungary; table 1). Thus, 32 206 patients were 
included for analysis. 

[TABLE 1] 
 
The overall crude prevalence of S aureus nasal carriage was 21·6% (n=6956). Older 
age was associated with low S aureus prevalence (overall odds ratio [OR] 0·992, 
95% CI 0·991–0·993). For more data about prevalence in different age groups, see 
appendix. Additionally, men had a higher chance of nasal carriage of S aureus 
(overall OR 1·38, 1·31–1·46) than did women. The adjusted S aureus prevalence for 
patients older than 18 years was highest in Sweden (29·4%) and lowest in Hungary 
(12·1%; table 2). 

[TABLE 2] 
 
Antibiotic resistance results were available for 6908 (99·3%) of 6956 S aureus 
isolates. Resistance to penicillin was most common (5056 [73·2%] of 6908). Apart 
from penicillin, macrolide (azithromycin and erythromycin) and clindamycin 
resistance had the greatest variability between countries, with the highest resistance 
in France (16·8%) and Belgium (14·6%), and the lowest in Sweden for both 
macrolides (1·6%) and clindamycin (1·5%; table 3). Antibiotic resistance was less 
than 10% for all other drugs tested in all participating countries ( table 3). 

[TABLE 3] 
 
When the MIC distribution of azithromycin was studied, all countries showed a peak 
at MIC of 1 mg/L, and more than 78% of azithromycin-resistant S aureus were 
highly resistant (MIC ≥32 mg/L) to this drug in all countries. 
Multidrug resistance was most common in the UK (3·0%, n=24) and least common 
in Sweden (0·2%, n=2; table 4). Six isolates were resistant to five antibiotic classes 
(one isolate in Belgium, one in Croatia, two in the Netherlands, and two in the UK) 
and one S aureus isolate was resistant to six classes (Croatia). 

[TABLE 4] 
 
In total, 91 MRSA isolates were identified, with the prevalence ranging from no 
isolates in Sweden to 16 in France (table 5). When the number of isolated S aureus 
was used as denominator in calculations of MRSA prevalence, Belgium had the 
highest prevalence (2·1%; table 5). Based on the total study population per country, 
Belgium, Croatia, France, and the UK had the highest MRSA prevalence (0·4%; 
table 5). There was no evidence to suggest clustering of MRSA strains in any family 
doctor practice; the only occurrence was two Dutch MRSA strains with spa type t002 
that originated from patients from the same practice ( table 5). All other similar spa 
types per country belonged to patients from different practices. 

[TABLE 5] 
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53 different spa types and two non-typeable strains were recorded in the 91 MRSA 
isolates ( table 5). Spa type t002 was the type most commonly identified in MRSA 
isolates (n=9), followed by t008 (n=7). 70 (77%) of 91 strains could be clustered into 
eight spa clonal complexes, 16 were classified as singletons, and three strains were 
excluded because the spa types identified were less than five repeats in length ( 
figure). All MRSA strains belonging to spa clonal complex 011 (n=10) were resistant 
to tetracycline, compared with 17·3% (14 of 81) of the non-spa-clonal complex 011 
MRSA (OR 1·71, 95% CI 1·22–2·40). 

[FIGURE 1] 

DISCUSSION 
 
This study included samples from more than 32 000 patients who did not have 
traditional risk factors for antibiotic resistance (an infectious disease at inclusion, 
recent antibiotic use, or recent admission to hospital) and is the first study in which 
standardised methods have been used to compare the prevalence and antibiotic 
resistance of commensal S aureus within and between countries ( panel). The use of 
a central microbiological laboratory to do the antibiotic resistance analyses removes 
interlaboratory bias. The participation of nationwide family doctor networks, 
together with the relatively large study population, enables accurate estimates of the 
levels of resistance in commensal S aureus in every country in patients visiting 
family doctor practices for a non-infectious disorder. 

[BOX 1] 
 
Only the anterior nares were used as a sampling site, which could lead to 
underestimation of the true prevalence of S aureus and MRSA carriage, because the 
pharynx, skin, and perineum are also common habitats of commensal S aureus. 1 
However, to keep this large surveillance study feasible, we chose to limit data 
collection to nasal swabs. 
The prevalence of S aureus carriage might have been affected by interlaboratory 
differences, although we have reduced these differences by the use of protocols for 
the isolation and identification of S aureus and with a validation study before the 
start of this investigation. 9 
S aureus nasal carriage in healthy adult populations has previously been suggested to 
be about 27%, although several recent studies have reported a prevalence of about 
20%, which is similar to our results. 1, 20 and 21 In this study, a wide range in nasal S 
aureus carriage was noted between the participating countries, with participants in 
Sweden having a prevalence more than double that of Hungarian participants (29·4% 
vs 12·1%), even after controlling for age, sex, and family doctor. Whether actual 
differences in S aureus nasal carriage exist between the participating countries is 
difficult to assess with the present study design, because genetic factors have been 
reported to contribute to the S aureus colonisation status of an individual and these 
factors were not measured here. 22 However, in view of the extent of the intercountry 
variations, future studies of S aureus nasal carriage might explore reasons for these 
differences. 
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The prevalence of antibiotic resistance was low in the isolated S aureus, with no 
resistance detected for linezolid and vancomycin. Furthermore, resistance was less 
than 3% for gentamicin and co-trimoxazole, and ciprofloxacin and tetracycline 
resistance did not exceed 8% in any participating country. However, three isolates 
were resistant to daptomycin. The restricted use of this drug in clinical practice 
makes it remarkable that resistance was identified in healthy people in the outpatient 
setting. 23 
Apart from the well known high prevalence of penicillin resistance, the highest 
resistance and largest intercountry variation was reported for the macrolides. The 
relatively high extramural use of these drugs in Gram-positive infections could be an 
explanation for this result.24 The situation is especially serious in France and 
Belgium, where azithromycin and erythromycin resistance rates approach 20%. 
These rates of resistance in commensal S aureus create the question of whether 
macrolides should still be prescribed empirically for putative S aureus infections in 
these countries. Apart from penicillin and tetracycline, the Swedish commensal S 
aureus had the lowest prevalence of resistance to all antibiotics tested by comparison 
with the other participating countries. This result was further exemplified by no cases 
of MRSA being isolated in Sweden, and the discovery of only two multidrug-
resistant S aureus strains there (0·2% of all Swedish S aureus strains). These data are 
partly consistent with data for outpatient antibiotic use from the European 
Surveillance of Antibiotic Consumption, which for example show high macrolide use 
in France. 17 However, the high ciprofloxacin resistance recorded in UK S aureus 
strains is notable, because UK fluoroquinolone use was reportedly the lowest in 
Europe. 17 In the APRES project, antibiotic use in the participating family doctor 
networks is being investigated and the relation between use and resistance will 
possibly explain the results presented here. 
The low MRSA prevalence noted in this report, which did not exceed 2·1% in any 
country, contrasts with the data from S aureus strains causing bloodstream infections, 
in which the MRSA prevalence ranged from 0·5% in Sweden to 30·2% in Hungary, 
when only countries participating in APRES are taken into account. 4 The low 
prevalence of MRSA in healthy people has been reported previously in several 
countries. 19 and 25 The continuing low MRSA prevalence in this population could be 
the result of increased public awareness of MRSA and subsequent public health 
measures taken to control MRSA in the past few years. 
The population structure of the MRSA strains showed great heterogeneity, with 53 
unique spa types identified in the 91 MRSA strains. When these were clustered into 
spa clonal complexes, much heterogeneity remained, although in a few countries one 
cluster predominated. In France, more than half of the MRSA belonged to spa clonal 
complex 008, which corresponds to MRSA clonal complex 8, and more than 60% of 
the UK MRSA strains were clustered in spa clonal complex 022/032 (MRSA clonal 
complex 22; EMRSA-15). Grundmann and colleagues, 26 who studied the 
geographical distribution of dominant invasive S aureus in Europe, reported spa 
types t008 and t032 to be unexpectedly common in France and the UK, respectively. 
In the Netherlands, more than 50% of the MRSA were grouped in spa clonal 
complex 011, which included livestock-associated spa types. 27 The increase in the 
proportion of MRSA associated with livestock in the Netherlands had been reported 
previously. 27 and 28 
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All MRSA strains within spa clonal complex 011 showed resistance to tetracycline, 
which has been implicated as a good initial marker for MRSA CC398. 29 The high 
tetracycline use in the veterinary sector could provide a rationale for this association. 
The genetic diversity noted for MRSA strains contrasts with the clustering of 
invasive MRSA strains.26 In a European multicentre study,30 a convenience sample 
of 568 S aureus strains (infectious and commensal) isolated during a 10 year period 
from patients attending a health-care centre or hospital also revealed genotypic 
diversity. Together with the low resistance reported in this study, this diversity 
implies that most S aureus resistance genes do not expand clonally or spread easily 
in the community, but once inside a health-care setting they can transfer from one 
host to another. This finding contrasts with a French study by Dufour and colleagues, 
31 who reviewed 14 patients with community-acquired MRSA infections in 2002 and 
concluded that a super-adapted MRSA strain seemed to be spreading in the 
community. To control the amounts of MRSA in the extramural setting, continuous 
surveillance and translation of the results into guidelines for family doctors are of the 
utmost importance. 
In conclusion, in healthy people recruited from family doctor practices in nine 
European countries with different amounts and patterns of antibiotic prescription 
behaviour, a low prevalence of MRSA was identified. MRSA strains showed a 
notable genotypic heterogeneity within and between countries, suggesting low spread 
of MRSA in the community. Additionally, the prevalence of S aureus nasal carriage 
varied substantially by country and the rates of antibiotic resistance were low, with 
the exception of penicillins (all countries) and the macrolides (France and Belgium). 
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TABLE 
 

Table 1. Baseline characteristics of the participating patients 
 

 

Total 
patient 

populatio
n (n) 

Excluded from analysis 
(n) 

 

Wome
n (% 

of 
total) 

Age distribution 
(% of total) 

 

  
Age

* 
Mismatc

h† 

Incorrec
t 

samplin
g‡ 

 
4–19 
years 

20–
64 

years 

≥65 
years 

Austria 3380 4 56 11 56·6% 5·3% 72·3
% 

22·4
% 

Belgium 3132 6 101 0 54·2% 5·2% 57·9
% 

37·0
% 

Croatia 4013 1 35 17 59·4% 16·0
% 

53·9
% 

30·1
% 

France 3870 0 12 0 55·0% 9·5% 64·6
% 

25·9
% 

Hungary 4017 3 17 150 55·0% 28·2
% 

50·4
% 

21·3
% 

Netherlan
ds 3873 14 12 0 57·1% 10·3

% 
63·8
% 

25·9
% 

Spain 4001 0 11 0 58·6% 12·0
% 

57·2
% 

30·8
% 

Sweden 3273 33 26 0 57·4% 12·6
% 

54·9
% 

32·5
% 

UK 3211 3 52 0 59·2% 1·6% 69·1
% 

29·3
% 

Total 32 770 64 322 178 57·0% 11·6
% 

60·3
% 

28·2
% 

 
 
*  Number of patients who did not meet the age inclusion criterion—ie, aged <18 
years in the UK and <4 years in the other participating countries. 
† Defined as the absence of patient background information or laboratory data. 
‡ Defined as the absence of bacteria (including normal nasal microbiota) on the agar 
plate at laboratory analysis. 
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Table 2. Unadjusted and adjusted Staphylococcus aureus prevalence by 
country 

 
Swabs 

tested (n) 

Prevalence ofS aureusnasal carriage (% [95% 
CI]) 

 

  Unadjusted Adjusted* (all 
ages†) 

Adjusted* (aged 
≥18 years only‡) 

Austria 3309 16·6% (15·4–
17·9) 

16·2% (13·2–
19·8) 15·7% (12·7–19·2) 

Belgium 3025 19·3% (17·9–
20·8) 

19·4% (15·9–
23·4) 18·8% (15·3–22·9) 

Croatia 3960 20·0% (18·8–
21·3) 

19·4% (16·0–
23·3) 18·5% (15·1–22·5) 

France 3858 22·7% (21·4–
24·0) 

21·9% (18·2–
26·2) 21·1% (17·4–25·4) 

Hungary 3847 14·1% (13·0–
15·2) 

12·7% (10·3–
15·6) 12·1% (9·7–15·1) 

Netherlands 3847 27·9% (26·5–
29·3) 

27·3% (22·9–
32·1) 26·3% (22·0–31·3) 

Spain 3990 19·3% (18·2–
20·6) 

18·8% (15·6–
22·6) 17·3% (14·2–21·0) 

Sweden 3214 29·8% (28·2–
31·4) 

29·4% (24·7–
34·5) 29·4% (24·6–34·8) 

UK 3156 25·8% (24·3–
27·3) ..§ 25·4% (21·0–30·3) 

 
*   Multilevel logistic regression model, which adjusted for age, sex, and family 
doctor. 
†  All participants of any age (excluding UK participants) were used as the standard 
population. 
‡  All participants aged ≥18 years (including UK participants) were used as the 
standard population. 
§  Not applicable to the UK since no patients younger than 18 years were included 
because of ethics committee constraints. 
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Table 3. Lowest and highest prevalence of antibiotic resistance of commensal 
Staphylococcus aureus 
 

 

Lowest antimicrobial 
resistance 

 

Highest antimicrobial 
resistance 

 

 
Countr

y 

Prevalenc
e (% 

[95% CI]) 

Antibioti
c use* 
(rank) 

Countr
y 

Prevalenc
e (% 

[95% CI]) 

Antibioti
c use* 
(rank) 

Azithromyci
n Sweden 1·6% 

(1·0–2·6) 0·63 (1) France 
16·9% 
(14·6–
19·6) 

4·15 (9) 

Ciprofloxaci
n Sweden 0·6% 

(0·3–1·4) 0·79 (2) UK 5·2% 
(3·8–6·9) 0·48 (1) 

Clindamycin Sweden 1·5% 
(0·9–2·4) 0·63 (1) Belgium 

14·6% 
(12·0–
17·7) 

2·96 (5) 

Erythromyci
n Sweden 1·6% 

(1·0–2·6) 0·63 (1) France 
16·5% 
(14·2–
19·1) 

4·15 (9) 

Gentamicin Sweden, 
France 

0·0% 
(0·0–0·4) ..† Austria 2·2% 

(1·3–3·8) ..† 

Penicillin Austria 
64·8% 
(60·8–
68·7) 

7·09 (4) Spain 
87·1% 
(84·6–
89·3) 

12·31 (7) 

Tetracycline Spain 1·8% 
(1·1–3·0) 0·60 (1) Croatia 7·2% 

(5·5–9·2) 1·57 (4) 

Co-
trimoxazole Sweden 0·0 % 

(0·0–0·4) 0·54 (5) UK 1·0% 
(0·5–1·9) 1·18 (9) 

 
 
No resistance to linezolid or vancomycin was reported; three isolates were resistant 
to daptomycin (two from the Netherlands and one from the UK). 
*   The national outpatient antibiotic use per antibiotic class according to the 
European Surveillance of Antimicrobial Consumption data, expressed in defined 
daily dose per 1000 inhabitants and per day.17 The national outpatient antibiotic use 
rates of all participating countries are ranked, in which rank 1=country with the 
lowest antibiotic use, and rank 9=country with the highest antibiotic use. 
†   The national outpatient use of aminoglycosides is not given by European 
Surveillance of Antimicrobial Consumption. 
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Table 4.:Number of antibiotic classes to which Staphylococcus aureus was resistant 
by country 

 n 0 classes (%) 1 class (%) 2 classes (%) ≥3 classes (%)* 
Austria 549 29·9% 55·7% 12·4% 2·0% 
Belgium 582 20·1% 64·9% 12·9% 2·1% 
Croatia 755 20·0% 67·8% 9·4% 2·8% 
France 874 19·1% 67·4% 11·6% 1·9% 
Hungary 539 19.5% 65·7% 12·1% 2·8% 
Netherlands 1073 28·5% 61·5% 8·0% 2·0% 
Spain 769 10·8% 75·6% 11·6% 2·1% 
Sweden 955 33·2% 63·6% 3·0% 0·2% 
UK 812 23·0% 63·4% 10·6% 3·0% 
*    A strain that was resistant to three or more antibiotic classes was 
classified as multidrug resistant. 

 
 
Table 5. : Prevalence of MRSA and spa types recorded by country  
 

 

Total 
number of 

cases of 
MRSA 

% of 
MRSA in 

all S aureus 
strains 

(95% CI) 

% of MRSA in 
total study 
population 
(95% CI) 

Spa types recorded 

Austria 8 1·5% (0·7–
2·8) 0·2% (0·1–0·5) 

t003, t005 (n=2), 
t008, t010, t015, 
t034, t127 

Belgium 12 2·1% (1·2–
3·6) 0·4% (0·2–0·7) 

t008, t011 (n=2), 
t038, t062, t231, 
t447 (n=3), t1923, 
t2346, t10847 

Croatia 15 2·0% (1·2–
3·3) 0·4% (0·2–0·6) 

t002, t003, t005, 
t011, t014, t015, 
t045, t050, t127, 
t330, t535, t550, 
t2018, t5933, 
t10807 

France 16 1·8% (1·1-
3·0) 0·4% (0·3–0·7) 

t002 (n=3), t008 
(n=5), t010, t121, 
t622, t681, t777 
(n=2), t2054, t5708 

Hungary 8 1·5% (0·8–
2·9) 0·2% (0·1–0·4) 

t002 (n=2), t032, 
t127 (n=2), t330 
(n=2), t1218 
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Total 
number of 

cases of 
MRSA 

% of 
MRSA in 

all S aureus 
strains 

(95% CI) 

% of MRSA in 
total study 
population 
(95% CI) 

Spa types recorded 

Netherlands 9 0·8% (0·4–
1·6) 0·2% (0·1–0·4) 

t011 (n=2), t034, 
t038, t108, t267, 
t740, t1457, t10812 

Spain 10 1·3% (0·7–
2·4) 0·3% (0·1–0·5) 

t002 (n=2), t022, 
t230, t846, t1081, 
t1203, t1610, 
t10814 

Sweden 0 0·0% (0·0–
0·4) 0·0% (0·0–0·1) None 

UK 13 1·6% (0·9–
2·7) 0·4% (0·2–0·7) 

t002, t020, t025, 
t032, t127 (n=2), 
t223, t852, t1214, 
t2436, t5414, t7922 

 
MRSA=meticillin-resistant Staphylococcus aureus. 
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Box  
 
Panel. Research in context 

Systematic review 

We searched PubMed with the term “Staphylococcus aureus AND (healthy OR 
commensal OR community) AND carriage AND resistance AND Europe” for 
reports involving human patients, published in English before Jan 3, 2013. We 
identified 40 publications. Of these results, 23 articles contained data for 
Staphylococcus aureus prevalence or resistance. The other articles were reviews; 
studies about the composition of the nasopharyngeal microbiota, the interaction of S 
aureus colonisation between animals and human beings, or other staphylococcal 
species; (exclusively) molecular publications; case reports; or small case series. 

Of the 23 articles about S aureus prevalence and resistance, five were based on 
samples from patients with specific diseases (eg, coeliac disease) or within specific 
health-care settings (hospital or long-term care facilities). In three studies, the S 
aureus strains originated from sites other than the anterior nares, and infectious S 
aureus strains were the focus in seven studies. In one study, the investigators focused 
primarily on the carriage status of S aureus without consideration of the antibiotic 
resistance pattern of the isolates, and in two studies the investigators reported the 
prevalence of meticillin-resistant S aureus (MRSA) carriage only, without giving 
information about the S aureus prevalence. In the remaining five studies—done in 
the UK (n=2), Spain, Italy, and Portugal—investigators reported the prevalence of 
both S aureus and MRSA nasal carriage. The prevalence of nasal S aureus carriage 
ranged from 16% in UK resident adults 16 years or older (n=5917) in a controlled 
observational study by Costelloe and colleagues, 18 to 46% in Portuguese high-school 
students (n=107) in a cross-sectional study by Sá-Leão and colleagues. 19 Costelloe 
and colleagues 18 reported the highest prevalence of MRSA (3·3%), whereas all other 
studies reported an MRSA prevalence of less than 1%. All five studies were done in 
one country and did not exclude patients with recent antibiotic use or hospital 
admission, thereby potentially affecting the prevalence and resistance within their 
collection of S aureus. 

Interpretation 

Our study adds to existing knowledge by giving insight into the geographical 
variation of the prevalence of commensal S aureus carriage; the presence of 
antibiotic-resistant S aureus in asymptomatic carriers, which is an important 
reservoir of genetic resistance elements in the community; and the molecular 
epidemiology of asymptomatic MRSA carriage in nine countries in Europe. 
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Table. Age-stratified prevalence of S. aureus carriage by country 

Country Swabs 

tested (n) 

Prevalence of S aureus nasal carriage (% [95% CI]) by age (years)* 

 4-19 20-64 ≥65 years 

Austria 3,309 23·9 (18·5–30·3) 17·6 (14·3–21·5) 14·6 (11·6–18·2) 

Belgium 3,025 26·8 (20·8–33·8) 21·6 (17·6–26·3) 14·5 (11·7–17·9) 

Croatia 3,960 26·7 (22·0–32·1) 20·7 (16·9–25·1) 15·5 (12·6–19·0) 

France 3,858 29·9 (24·4–36·0) 23·3 (19·2–28·0) 17·0 (13·8–20·9) 

Hungary 3,847 19·9 (16·3–24·2) 13·8 (11·0–17·1) 14·5 (11·5–18·0) 

The Netherlands 3,847 36·2 (30·2–42·8) 29·6 (24·8–35·0) 21·1 (17·2–25·5) 

Spain 3,990 31·5 (26·2–37·3) 19·4 (15·9–23·5) 14·6 (11·9–17·8) 

Sweden 3,214 31·8 (26·1–38·0) 33·0 (27·6–38·8) 25·2 (20·8–30·3) 

UK 3,156 25·0 (17·9–33·7) 27·0 (22·3-32·3) 24·0 (19·6–28·9) 

CI, confidence interval; UK, United Kingdom. 

*Calculated using a multilevel logistic regression model, which adjusted for family doctor, sex and age (within the specified age 

category). 
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