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SUMMARY

A prevalence survey of methicillin-resistant Staphylococcus aureus (MRSA) was performed in
2010 in 19 long-term care facilities in Luxembourg. Of the 954 participating residents, 69 (7-2 %)
were colonized by MRSA. Previous history of MRSA [odds ratio (OR) 7-20, 95 % confidence
interval (CI) 3-19-16-27], quinolone therapy in the previous year (OR 227, 95% CI 1:17-4-41)
and >24 h care administered per week (OR 4-29, 95% CI 1:18-15-56) were independent risk
factors for MRSA colonization. More than 75 % of strains were of clonal complex (CC)5, mainly
spa-type t003 or sequence type (ST)225 and ST710, which is a rapidly emerging linecage prevalent
in central Europe. Five residents were colonized by livestock-associated genotypes belonging to
CC398. Previously dominant CC8 strains have recently been replaced by more resistant CC5

strains in Luxembourg.

Key words: Antibiotic resistance, antimicrobial resistance in agricultural settings, hospital-acquired
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA)
is responsible for a substantial burden of illness due
to healthcare- and community-associated infections.
Within the European Union it is estimated that
150000 patients per year have clinically relevant
MRSA infections resulting in extra annual costs of
€380 million [1]. Over the past two decades, there has
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been a shift away from acute-care hospitals with more
healthcare being delivered in the outpatient setting,
either at home or in long-term care facilities (LTCFs)
[2, 3]. Studies from different European countries have
shown variable prevalence rates of MRSA coloniz-
ation and predominance of MRSA genotypes often
reflecting the national or local MRSA prevalence in
acute-care hospitals [4-16].

The aim of our study was to investigate the role of
LTCFs as potential reservoirs for MRSA in the
community. We conducted a prevalence study of
MRSA colonization in a nationally representative
sample of elderly residents of LTCFs in Luxembourg,
to determine risk factors for colonization and to
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conduct molecular epidemiology of MRSA coloniz-
ation isolates in the long-term care setting.

METHODS
Study population and epidemiological data collection

A nationally representative cross-sectional MRSA
prevalence study in LTCF facilities was conducted
from February to June 2010 in the Grand Duchy of
Luxembourg. At the beginning of the study, in January
2010, 48 LTCFs with a total of 4688 beds (mean 98
beds per LTCF) were accredited by the Ministry
of Family Affairs. According to national statistics
(http://www.statistiques.public.lu), Luxembourg’s eld-
erly population (aged >65 years) consisted of 70046
persons in 2010, so that 67 beds/1000 elderly persons
were available in publicly registered institutions.

Twenty-six LTCFs were selected at random using
the random number generation function in Excel
(Microsoft Corporation, USA) on three sequential
sampling occasions until an approximate target of
1000 participants were recruited. Following an invi-
tation by the Health Directorate, 19 (73%) LTCFs
agreedto participate in the study. While one of the 19
LTCFs was physically adjacent to and associated with
a hospital, the other LTFCs were not, and were geo-
graphically dispersed in different regions.

All residents of the nursing homes were informed
by their local staff about the study and invited to
participate subject to written informed consent given
either by the elderly residents themselves or by an
appropriate family member. The prevalence rate
within the institution was communicated to individual
LTCFs, but not individual test results. At the time of
the study, there were no national guidelines on con-
trol procedures for positive MRSA residents. Ethical
approval for the study was obtained from the national
ethics committee. Demographic and risk factor data
from all residents were collected using an anonymous
paper questionnaire which was completed by nurses
in the LTCFs prior to swab sampling. Data included
date of sampling, date of residence, age in categories,
sex, history of previous MRSA and decontamination,
history of antibiotic therapies within the past
year, hospitalization, comorbidities [chronic wounds,
pressure sores (decubitus), urinary incontinence,
urethral catheter, suprapubic catheter, diabetes, dis-
orientated/dementia] and time allocated to essential
care (minutes per week) according to the formal care
assessment by the national dependency insurance.
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Microbiological methods

For each resident, separate swabs for nose and throat
were taken by the same nurse of the Health
Directorate (in 18 LTCFs, respectively, in one LTCF
by the infection control nurse) and additional swabs
were taken if wounds were present. Urine samples
were taken if the resident had a urethral or suprapubic
catheter. Samples were transported on the same day
to the laboratory for testing. Following incubation
of pooled swabs in Todd-Hewitt enrichment broth
(bioMérieux, France) for 18-24h at 35°C, 10 ul
broth was plated onto chromID MRSA agar
(bioMérieux) and incubated for 18-24 h at 35°C.
Putative green MRSA isolates were biochemically
confirmed with the ID32 Staph gallery (bioMérieux).
Following genomic DNA extraction by NucliSENS
easyMAG (bioMérieux) an in-house multiplex real-
time PCR on the LightCycler II platform (Roche
Diagnostics, Germany) was used to simultaneously
detect the presence of nuc and mecA genes,
Panton—Valentine leukocidin (PVL) toxin coding
gene and Toxic Shock Syndrome Toxin 1 (TSST-1)
coding gene (see the Supplementary Material for a
more detailed description). Isolates were tested by the
disk diffusion method and the SIRSCAN automatic
reader (i2a, Perols, France) for susceptibility to
penicillin, cefoxitin, kanamycin, tobramycin, genta-
micin, erythromycin, clindamycin, ciprofloxacin, rifam-
picin, tetracycline, fosfomycin, vancomycin, cotrimox-
azole, furanes and mupirocin using CLSI breakpoints.

Molecular typing

All isolates were spa-typed using PCR conditions and
the spa-F2 forward primer as described previously
[17-19]. Analysis of spa sequences and assignment of
spa-types were performed using the spa-typing plug-in
tool of BioNumerics 5.10 (Applied Maths, Belgium).
In addition, a selection of strains (one isolate of a
particular spa-type per LTCF) was typed by multi-
locus sequence typing (MLST) [20].

Statistical analysis

All statistical testing was performed using Stata 10.1
(StataCorp., USA). Variation of the prevalence of
MRSA colonization by LTCFs was assessed using
StatXact-4 (Cytel Software Corp., USA). Risk factors
for MRSA colonization were first estimated by
univariate analysis and then by multiple logistic re-
gression.
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Table 1. Number of residents invited to participate, participants and M RSA-
positive residents by long-term care facility (LTCF)

MRSA- Participation Prevalence
LTCF Residents Participants positive rate (%) rate (%)
A 70 43 3 61-4 7-0
B 56 24 2 429 83
C 79 12 2 152 167
D 154 71 8 46°1 11-3
E 200 144 17 720 11-8
F 100 35 1 35-0 29
G 100 69 2 69-0 29
H 108 44 1 40-7 2-3
I 59 24 3 40-7 12-5
J 144 130 12 90-3 92
K 143 63 4 44-1 63
L 132 72 5 54-5 69
M 43 20 1 465 5-0
N 80 23 3 28-8 13-0
O 126 42 0 333 0-0
P 85 16 1 18-8 63
Q 100 50 3 50-0 60
R 111 42 0 37-8 0-0
S 72 30 1 417 33
Total 1962 954 69 486 72

RESULTS

In 19 LTCFs, 1962 residents (mean 103 per LTCF)
were invited to participate. Swab samples with epi-
emiological questionnaires were collected from 954
residents yielding an overall effective participation
rate of 48-6%. Participation varied significantly by
LTCF (see Table 1) with a range from 152% to
90-3% (Pearson’s x%, P<0:0001). Women comprised
71:3% of the participants and 46 % were aged >85
years. Overall, 69 residents were colonized by MRSA
yielding a prevalence rate of 7-2% [95% confidence
interval (CI) 5-7-9-1]. MRSA colonization did not
vary significantly between LTCFs (range 0-16:7%;
Monte Carlo estimate of exact P value of Pearson’s 2
test, P=0-185).

In univariate analysis, significant risk factors for
MRSA colonization were length of stay [odds ratio
(OR) of starting residency before 2007: 1-93, 95% CI
1-16-3-20], known history of MRSA (OR 9-30, 95%
CI 4-49-19-29), weekly care administered (=24 h:
OR 8-08, 95% CI 3:26-20-00), any antibiotic therapy
in the preceding year (OR 3-87, 95% CI 2-:20-6-82),
p-lactam therapy in the preceding year (OR 2-34,
95% CI 1-39-3-96), quinolone therapy in the preced-
ing year (OR 2:74, 95% CI 1:63-4-61), pressure sores
(OR 4-01, 95% CI 1:75-9-20), urinary incontinence
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(OR 2-30,95% CI 1-39-3-81) and suprapubic catheter
(OR 3:96, 95% 1:73-9-07). Age, sex, hospitalization
in the preceding year, macrolide therapy in the pre-
ceding year, chronic wounds, urethral catheter, dia-
betes and disorientation were not associated with
MRSA colonization (P> 0-05) in univariate analysis.

In multivariate analysis (Table 2), previous history
of MRSA (OR 7-20, 95% CI 3:19-16-27), quinolone
therapy in the previous year (OR 2-27, 95% CI
1-17-4-41) and >24h care administered per week
(OR 429, 95% CI 1-18-15-56) remained indepen-
dently associated with MRSA colonization.

For the 69 isolates submitted to spa-typing, 17 dif-
ferent spa-types were obtained (Supplementary Table
S2). One isolate was not typable because the sequence
of one of its repeats was too short for type assign-
ment. Thirty-nine (57-3 %) isolates belonged to spa-
type 003, the remaining spa-types all accounting for
<5% of isolates. The distribution of spa-types dif-
fered significantly by LTCF (exact P value =0-0308),
indicating a certain clustering effect and possibly
transmission within LTCFs.

MLST on 31 isolates yielded eight different se-
quence types belonging to six clonal complexes (CC):
CC5 (21 isolates), CC8 (four isolates), CC22 (two
isolates), CC45 (one isolate), CC59 (one isolate)
and CC398 (two isolates). Interestingly isolates of
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Table 2. Univariate and multivariate logistic regression analysis of risk factors associated with MRS A colonization
in long-term care facility residents

Proportion of

residents (%) with Crude OR Adjusted OR
MRSA colonization (95% CI) P value (95% CI) P value

History of MRSA

Yes 17/43 (39-5%) 9-30 (4:49-19-29) <0-001 7-:20 (3:19-16-27) <0-001

No 26/396 (66 %) 1 - 1 -

Unknown 25/451 (5:5%) 0-84 (0-47-1-47) 0-533 1-04 (0-60—1-83) 0-875

Missing data 1/64 (1:6 %) 0-23 (0-03-1-69) 0-148 0-19 (0-04-0-97) 0-046
Hours of care per week

None 7/274 (2:5%) 1 - 1 -

<12h 17/267 (6:4 %) 2-59 (1-:06—6-36) 0-037 2:20 (0-74-6-58) 0-158

12-24h 24/248 (97 %) 4-09 (1-73-9-66) 0-001 2-46 (0-83-7-26) 0-105

>24h 18/103 (17-5%) 8-08 (3:26-20-00) <0-001 429 (1-18-15-56) 0-027

Missing data 3/62 (4:8 %) 194 (0-49-7-72) 0-347 191 (0-54-6-79) 0-318
[-lactams in past year

Yes 24/187 (12-8 %) 2-37 (1-40-4-00) 0-001 156 (0-82-2-99) 0-177

No 44/751 (59 %) 1 - 1 -

Missing data 1/16 (6:3 %) 1-07 (0-14-8-30) 0-947 2:01 (0-18-22-37) 0-571
Quinolones in the past year

Yes 25/177 (14-1 %) 2:75 (1-63-4-63) <0-001 2:27 (1:17-4-41) 0-015

No 43/761 (5:6 %) 1 - 1 -

Missing data 1/16 (6:3 %) 1-11 (0-14-8-63) 0918 - -
Pressure sores

Yes 8/36 (22:2%) 4-01 (1-75-9-20) 0-001 1-61 (0-47-5-51) 0-444

No 58/873 (6:6 %) 1 - 1 -

Missing data 3/45 (67 %) 1-00 (0-30-3-34) 0-995 0-78 (0-28-2-18) 0-640
Urinary incontinence

Yes 39/363 (10-7 %) 2:30 (1-39-3-81) 0-001 1-28 (0-51-3-19) 0-598

No 28/563 (5:0%) 1 - 1 -

Missing data 2/28 (7-1%) 147 (0-33-6-51) 0-612 1-33 (0-07-25-55) 0-851
Suprapubic catheter

Yes 8/36 (22:2%) 3:96 (1:73-9-07) 0-001 1-30 (0-59-2-87) 0-517

No 60/892 (6:7 %) 1 - 1 -

Missing data 1/26 (3-9 %) 0-55 (0-07-4-16) 0-567 0-97 (0-04-21-04) 0-982

Total

69/954 (7-2 %)

OR, Odds ratio; CI, confidence interval.

spa-type t003 could be further discriminated by
MLST into ST710 (four isolates) and ST225 (14 iso-
lates). Five (7-2%) isolates belonged to livestock as-
sociated spa-types t899 and t3106: one isolate of each
of these two spa-types were confirmed as having se-
quence type (ST)398.

All isolates were resistant to S-lactams, 96 % to ci-
profloxacin, 75% to kanamycin and tobramycin,
72% to erythromycin, 68 % to clindamycin, 10% to
mupirocin, 7% to cotrimoxazole and tetracycline.
None of the isolates was resistant to gentamicin,
rifampicin and furanes. Resistance to the kanamycin,
tobramycin, erythromycin and clindamycin was
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associated with CC5 (exact y* test, P<0-001) and
resistance to tetracycline and cotrimoxazole with
CC398 (exact y? test, P<0-001). Six of seven isolates
resistant to mupirocin were clustered in a single
institution.

DISCUSSION

The MRSA colonization prevalence of 7-2% ob-
served in the current study in Luxembourg ranks in
the middle of prevalences reported by similar studies
in other European countries since 2000 (Table 3); our
prevalence rate was generally lower than in Belgium
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Table 3. Compilation of MRSA prevalence studies in long-term care facility/nursing home residents in Europe published on PubMed between 2000 and 2011

Number Predominant Independent
Country — region Year Prevalence of LTCFS genotypes risk factors Ref.
Germany — North East 2003 0% 3 ND Not comparable (no multivariate analysis done) [4]
Germany — South 1999-2000 1-1% 47 CC5 Wounds, urinary catheters, limited mobility, [5]
hospitalization, medium size LTCF
Germany — Central 2008 2:3%* 5 CC5-CC22 Haemodialysis, recent acute infection [6]
before hospital admission*
Germany — West 2000-2001 3% 61 CC45 [7]
Belgium — North 2000 4-7% 24 ND Hospitalization, fluoroquinolone and nitrofurane, [8]
>2 beds per room, patient mobility,
urinary catheter, pressure sure, short length
of stay, underlying disease
Luxembourg 2010 72% 19 CCs History of MRSA, quinolone therapy, This study
=24 h of care per week
Germany — North 2009 7-6 % 32 CC22 Urinary tract catheters, wounds, [9]
previous hospital admission,
and high grade resident
Italy — North 2006 7-8 % 2 NC Cancer, hospitalization, antibiotics [10]
UK — West England 2008-2009 7-8% 51 ND Not comparable (different [11]
control groups)
Slovenia 2001 9-3% 1 ND Antibiotics, hospitalization [12]
Spain — Catalonia, 2005 15:5% 9 ND Age >85 years, comorbidities, [13]
Balearic islands pressure sores, antibiotics,
medical devices, small size LTCF,
transfer from hospital
Belgium 2005 19-9 % 60 CC45, CC8 Hospitalization, current MRSA carriage, [14]
fluoroquinolones, amoxicillin + clavulanic acid,
impaired mobility, wound or decubitus ulcer,
dependency status
UK — North England 2005 22% 39 ND Low ratio of nurses to beds, deprived area, [15]
male gender, invasive device, hospitalization
France 2004 37-6% 1T NC Fluoroquinolones, other antibiotics, [16]

medical imaging, subcutaneous catheter

LTCF, Long-term care facility.
* This study was conducted in hospitals, nursing homes and geriatric rehabilitation centres. The prevalence indicated refers to nursing homes only, but risk factors indicated

in multivariate analysis are not limited to nursing home residents.
1 Study was conducted in a geriatric unit associated with a teaching hospital.
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and France, but generally higher than in Germany.
Direct comparisons between countries and studies
are difficult, because of differing sampling and micro-
biological methodologies, differing ‘case-mix’ popu-
lations, and possibly also because of different
financing mechanisms of dependency care and LTCF
provision. Due to their small number and limited
geographical scope, studies presented in Table 3 are
unlikely to yield a representative picture of the actual
MRSA colonization rates in LTCFs throughout
Europe. Difficulties in comparing MRSA prevalence
rates in hospitals and other healthcare institutions
included differences in timing of screening (on ad-
mission or during hospital stay), selection criteria (all
admissions or patients at high risk for MRSA) and
anatomical sampling sites [21].

LTCFs in Luxembourg are classified into two
types: ‘maison de soins’ (or nursing homes using the
terminology of Ribbe et al. [22]) which offer a higher
level of care to mainly dependent and frail elderly with
chronic diseases, disabilities and/or dementia, and
CIPA (‘centre intégré pour personnes agées’ or in-
tegrated centre for the elderly) whose residents at ad-
mission more often require no or very little care, but
who may remain in the same institution if the care-
load increases as they get older. CIPAs are thus a
mixture of the two categories of nursing and residen-
tial homes according to the terminology of Ribbe
et al. [22]. Given that a large proportion of residents in
our study came from such CIPAs (LTCFs were
selected at random in our study), it is clear that the
average dependency level was probably lower than in
the Belgian study which focused on nursing homes
only [14]. The MRSA colonization rate in highly
dependent residents (needing >24 h of care per week,
Table 2) in our study was 17-5% which is closer to the
prevalence reported in Belgium.

In a recent national MRSA prevalence survey con-
ducted in Luxembourgish hospitals in 2008, a lower
prevalence rate of 3-7% was found (A. M. Ternes &
J. C. Schmit, unpublished report) suggesting that
asymptomatic carriage in LTCFs is likely to be an
important reservoir for MRSA. Again comparisons
between prevalence rates and hospitals should be in-
terpreted with caution, as screening in hospitals was
performed on admission, whereas our study partici-
pants were sampled on average a long time after ad-
mission.

While four out of five major hospital-acquired
MRSA clonal complexes (CC5, CC8, CC22, CC30,
CC45) [23, 24] were detected in our study, we
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observed a large predominance (>75%) of strains
belonging to CC5 (mainly of spa-type t003 or variants
thereof, corresponding to ST225, ST710 or more
rarely STS5). This dominance of CCS5 strains was also
found in the national hospital survey in Luxembourg
in 2008, although to a lesser extent: t003 or variants
thereof corresponded to 65% of isolates. This is in
marked contrast to the MRSA genotype distribution
in Luxembourg in 2003, when strains belonging to
CC8 (spa-type t008) were largely predominant
in hospitals [25]. Thus we have observed at a rather
rapid time-scale a local strain replacement by a new
lineage that has recently emerged in hospitals in cen-
tral Europe (Germany, Denmark, Switzerland, Czech
Republic) [26]. Why this rapid strain emergence has
taken place is unclear. However, it is interesting to
note that in comparison to previously prevalent
CC8 strains, currently dominating CCS strains
tend additionally to be resistant to clindamycin, ery-
thromycin and tobramycin. In our study, reported
treatment with these antibiotics was rare and
colonization with MRSA was only associated with
fluoroquinolones and almost all strains belonging to
CC5 and CC8 shared this phenotype. This illustrates
that the epidemiology of MRSA in Europe and else-
where is constantly changing and that molecular sur-
veillance shared via the internet is crucial to provide
early warning of emerging strains, cross-border
spread and importation by travel [27].

Our study had several limitations. Despite a rela-
tively high consent rate (49 %), the use of informed
consent most likely led to a selection bias in the
patients sampled which could have led to an under-
estimate of the prevalence of MRSA. The wide range
of the participation rate between LTCFs was prob-
ably to some extent due to the relative priority that
our study was given by the various LTCF manage-
ment staff who were instructed to inform residents by
providing them with study leaflets and explaining the
purpose of the study. Moreover, because of the cross-
sectional nature of the study, transmission within
LTCFs could not be assessed. Clustering of spa-types
by LTCF, for example, could be also due to referral
biases from different hospitals or geographical areas
which have distinct spa-types.

To the best of our knowledge our study is the first
to report recently identified livestock associated-
MRSA belonging to CC398 [28] in LTCF residents.
Whether residents were colonized prior to entering or
during residency cannot be easily determined because
we did not collect any information on contact with
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livestock, farms or handling raw meat [29]. It should,
however, be noted that the LTCFs where these strains
were detected were located in more rural areas.

While we saw some evidence of MRSA trans-
mission occurring within institutes, the typing meth-
odology used in our study (spa-typing, MLST and
antibiotic resistance typing) was not sufficiently dis-
criminant to investigate chains of transmission, par-
ticularly for the highly prevalent t003 strains. To
address this, we plan to conduct full genome sequen-
cing [30] in order to develop single nucleotide poly-
morphism assays that can differentiate prevalent
clones of CC5 strains further. However, we did ob-
serve a small degree of clustering, particularly of
mupirocin resistance in one LTCF, but it is unclear
whether this was due to transmission of resistant
strains or multiply acquired resistance due to anti-
biotic selection pressure.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0950268812001999.
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