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Staphylococcus aureus colonization among nursing home residents in a
large Finnish nursing home

ANNE-MARIE KERTTULA', OUTI LYYTIKAINEN?, ANNI VIROLAINEN',
HARRIET FINNE-SOVERI’, NIINA AGTHE? & JAANA VUOPIO-VARKILA'

From the Departments of ' Bacterial and Inflammartory Diseases and *Infectious Diseases Epidemiology, National Public
Health Institute, Mannerheimintie, Helsinki, and > Kustaankartano Centre for the Aged, Department of Social Services, City
of Helsinki, Oltermannintie, Helsinki, Finland

Abstract

We studied colonization with methicillin-resistant and -sensitive Staphylococcus aureus (MRSA, MSSA) in the second
largest nursing home in Finland, in which the residents volunteered had their nostrils, throats, perineums, skin lesions, and
catheter exit sites swabbed, and catheter urines cultured. The specimens were cultured onto non-selective and selective agar,
with or without enrichment in salt-containing trypticase soy broth (TSB). S. aureus was identified by routine methods,
methicillin resistance was detected by oxacillin and cefoxitin disk diffusion and MIC E-tests, and GenoType MRSA® —test
was used for mecA gene confirmation. A total of 663 cultures were obtained from 213 residents. Of those, 165 specimens
(25%) from 94 residents (44%) were positive for S. aureus, and 3 specimens (0.4%) from 2 (0.9%) residents were positive
for MRSA. Of the 165 S. aureus isolates, 31 (19%) from 25 (27%) residents were found only from sites other than nostrils
(30 MSSA and 1 MRSA). TSB enrichment detected additional 33 (5%) S. aureus isolates (32 MSSA and 1 MRSA),
resulting in 8 (5%) additional residents. None of the MRSA strains would have been found if only nostrils and throat had
been screened, and no enrichment broth had been used.

Introduction

Approximately 20% of individuals carry Staphylo-
coccus aureus persistently, 60% of population
harbour S. aureus intermittently, and 20% are non-
carriers [1]. Colonization with S. aureus occurs
predominantly at nostrils, skin, rectum, and peri-
neum [2]. The highest colonization rates in indivi-
duals living in long-term care facilities (LTCF) have
been obtained from samples taken from nostrils and
wounds [3]. Differences in colonization rates may
depend on a variety of factors — the presence of an
outbreak of S. aureus/methicillin-resistant S. aureus
(MRSA) infections, the presence of invasive devices
and skin lesions, the type and severity of underlying
conditions of residents, and the infection control
practices at the LTCF. In addition to hospitals,
residents in LT CFs have been suggested to serve as
reservoirs of MRSA.

Surveillance cultures for MRSA should always
include samples at least from nostrils, and from skin
lesions, if present [4]. Besides the number of
different screening sites, reliable microbiological
diagnostics of MRSA are essential for treatment,
surveillance and control. Specific screening methods
for MRSA cultures have been introduced [5], and
the Clinical and Laboratory Standard Institute
(CLSI) recommends medium containing salt and
oxacillin additions [6]. It has also been reported that
the use of an enrichment broth cannot be avoided
without a loss of sensitivity on MRSA screening
[5,7].

In Finland, the increasing trend of MRSA cases
especially among the elderly [8], and most recently,
in Helsinki metropolitan area [9] triggered us to
perform a study on carriage of methicillin-sensitive
S. aureus (MSSA) and MRSA in the largest nursing
home (NH) in Helsinki metropolitan area, the
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Kustaankartano Centre for the aged. The objectives
of this study were to assess the rate of S. aureus
colonization, to evaluate different body sites for
ability to detect S. aureus carriage, to assess the
necessity of performing broth enrichment to increase
sensitivity, and to assess the usability of oxacillin
resistance screening agar (ORSAB), which is widely
used in routine diagnostics in Finland [8].

Material and methods
Setting

The study was performed in the largest NH (25
wards with a total of 584 beds) in the Helsinki
metropolitan area. During 2004, a total of 685 long-
term residents (mean length of stay, 3.1 y), and 420
short-term residents (approximately 1060 short-
term nursing periods) were treated in the NH
(annual occupancy, 99.3%). Of the residents, 76%
were females, their mean age was 83 y, and 62%
suffered from dementia.

Among the 25 wards, 9 were chosen with the
following criteria: 1) at least 1 of the residents had
either an indwelling catheter or open skin lesions,
and 2) there were no previously known MRSA
residents. In the study wards, among the long-term
residents the average annual turnover was 5, and
among the short-term residents 100. Of the study
residents, 4% were bedridden. The study was carried
out in each ward within 1 d during the week 27
September to 1 October 2004.

Microbiology

All residents in attendance and volunteered at the 9
selected wards had their nostrils, throats, perineal
sites, skin lesions, and catheter exit sites swabbed, and
catheter urines cultured. Sampling was performed by
staff members of NH under the guidance of NA and
A-MK. On d 1, the screening swabs (Probact Trans-
port Swab; Schofield St-Heywood, UK) were cul-
tured onto the salt-containing (6.5% NaCl)
enrichment trypticase soy broth (TSB) without
selective drug for MRSA because the rate of MSSA
was also assessed and the non-selective sheep-blood
agar (SBA) as a control plate for TSB at the National
Reference Laboratory (KTL). Urines were cultured
with a 1-pl loop onto agar plates at NH; after transfer
to KTL they were also cultured onto TSB broth.
Perineal and catheter exit site swabs, and catheter
urines were also cultured onto the non-selective
cystine lactose electrolyte deficient (CLED) agar to
prevent growth of other colonizing flora. The agar
plates and T'SB tubes were incubated aerobically at +
36 (+1°C) for 24 h, and on d 2, recultured from TSB

onto the SBA, and oxacillin resistance screening agar
(ORSAB; CM1008, Oxoid, UK) plates were selec-
tively supplemented with 2 mg/l of oxacillin, and
100,000 U/1 of polymyxin B (Oxoid), which was used
only after the enrichment step. The SBA plates were
incubated aerobically at +36 (+1)°C for 48 h and
ORSAB for 96 h, and inspected daily. The agar plates
cultured on d 1 (SBA and CLED) were incubated
aerobically at +36 (£ 1)°C for an additional 24 h. S.
aureus-like colonies from SBA and CLED and blue
colonies indicating oxacillin-resistant S. aureus from
ORSAB were selected, subcultured onto the SBA (in
case of swarming Proteus sp., subcultures were also
carried out onto CLED), and the pure cultures
incubated at +36 (+1)°C overnight. Standard mi-
crobiological methods for identification of S. aureus
were used [10].

Oxacillin resistance was determined by oxacillin
1 pg and cefoxitin 30 pg disk tests (Oxoid, Hamp-
shire, England) according to Clinical and Laboratory
Standard Institute (CLSI) guidelines [6]. Minimum
inhibitory concentration (MIC) test of oxacillin was
determined to the isolates expressing disk diameters
of oxacillin <13 mm or cefoxitin <20 mm by the
E-test, according to the manufacturer’s instructions
(AB Biodisk, Solna, Sweden).

Biochemically identified S. aureus strains expres-
sing oxacillin MIC > 2 were determined for mecA and
S. aureus specific fragments in duplicates by multi-
plex PCR-reaction with GenoType® MRSA-test
(Hain Lifesciences, Germany) according to the man-
ufacturer’s instructions using the reagents supplied.
Briefly, the protocol consisted of DNA isolation, PCR
amplification, and reverse hybridization including
chemical denaturation of the PCR products, hybridi-
zation of the biotinylated PCR products to mem-
brane-bound probes, stringent washing, adding of
streptavidin/alkaline phosphatase (AP) conjugate,
and an AP mediated staining reaction.

In the case of MRSA, other antimicrobials were
tested as elsewhere described [8], and MRSA
isolates were genotyped with pulsed-field gel electro-
phoresis (PFGE) as elsewhere described [11].

Ethical aspects

We were at liberty to collect the samples from the
residents with approval from the Ministry of Social
Affairs and Health and the data protection authority.
In addition, permission for sampling was asked
individually from each patient.

Results

Of the 217 residents present, 4 refused sampling
completely, and of the remaining 213, 3 (1.4%)
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refused nostril swabbing, 15 (7.0%) throat swab-
bing, and 8 (3.8%) perineal swabbing.

A total of 663 specimens (median, 3; range 1-7)
were obtained from 213 residents: 165 specimens
(25%) from 94 residents (44%) were positive for S.
aureus, and 3 specimens (0.4%) from 2 (0.9%)
residents in the same ward were positive for MRSA
(Table I). By PFGE typing, 2 MRSA strain types
were identified: 1 isolate of a non-multidrug-resis-
tant strain FIN-7 from 1 patient, and 2 isolates of a
multidrug-resistant strain FIN-21 from another
patient (Table I). The highest proportion of S.
aureus growth was obtained from the catheter exit
sites (56%, 5/9), and lowest from the perineum
(13%, 27/207) and the catheter urine (19%, 3/16).
Of the 165 S. aureus isolates, 32 (19%) were found
only from sites other than nostrils from a total of 25
residents: 11 specimens were from throat, 7 from
perineum (6 MSSA and 1 MRSA), 2 from skin
lesions, 1 from catheter exit site, 6 from combination
of throat and perineum from 3 residents, 2 from
combination of perineum and skin lesion from 1
patient, and 3 from combination of throat, peri-
neum, and skin lesion from 1 patient (Table II).

TSB enrichment detected an additional 33 (5%)
S. aureus isolates (32 MSSA and 1 MRSA; Table I)
from a total of 28 residents compared to both
selective and non-selective agar plating, which
resulted in finding 8 (4%) additional S. aureus-
positive residents. Of those 8 residents, isolates from
3 residents were from nostrils, 1 from throat, 1 from
perineum, 1 from skin lesion, 1 from combination
of nostrils and perineum, and 1 from combination
of nostrils, throat and perineum. Four S. aureus
isolates (0.6%), 2 from nostrils and 2 from throat,
were found only from SBA used as a control plate
for TSB in primary culture (Table I). Four S.
aureus isolates were isolated only from CLED, of
which 2 were from primary cultures of perineum,
and 2 from subcultures of nostrils because of
swarming Proteus sp.

Within 96 h, 187 of 663 (28%) specimens grew in
ORSAB, and 2 of these (1%) were MRSA. Of the
187 cultures, 46 (25%) expressed blue colonies
within 24 h, 132 (71%) within 48 h, 180 (96%)
within 72 h, and 187 within 96 h. The 2 MRSA
strains were detected in ORSAB within 24 h. Half
(94/187, 50%) of the cultures were from perineum,
44 (24%) from nostrils, 39 (21%) from throat, and
10 (5%) from skin lesions, urine, or catheter exit
sites. One of the 3 MRSA strains, isolated from
perineum, did not grow in ORSAB. Sensitivity of
ORSAB was 67% compared to both SBA and
CLED, and specificity after 24 h was 93%, and it
decreased to 72% after 96 h.

Table I. Prevalence of S. aureus (MSSA and MRSA) isolations among 663 specimens from 213 residents in a Finnish nursing home.

No. of S. aureus

Growth of S. aureus

Growth of S. found only from
aureus only with TSB

with both of TSB

No. of specimens
positive for S. aureus

PFGE name of MRSA

control plates: SBA  No. of specimens

enrichment and SBA
and/or CLED (%)

Total no. of

(International clones)

and/or CLED (%) positive for MRSA

enrichment (%)

specimens (%)

Screening site

FIN-21 (Southern Germany,
Italian clone, MLST-228,

210 69 (33) 55 (80) 10 (14) 4 (6)
SCCmec )¢

Nostrils

2 (4)
2N

7 (13)
13 (48)

44 (83)
12 (44)

53 (27)

27 (13)

198
207

Throat

FIN-7 (Brazilian clone,

Perineum

MLST=8, SCCmec IV)®

8° (35) 5 (63) 3 (38)
5 (56)

23%

Skin lesion

FIN-21 (Southern Germany, Italian
clone, MLST-228, SCCmec I)¢

5 (100)

Catheter exit site

3 (100)
124 (75)

16 3 (19)
165 (25)

663

Catheter urine

Total

3¢

8 (5)

33 (20)

2 Taken from 16 residents. ® Found from 7 residents. ¢ Found from 2 residents. ¢ Resistant to gentamicin, tobramycin, erytromycin, clindamycin, and ciprofloxacin in addition to beta-lactams.

¢ Resistant only to beta-lactams.
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Table II. Distribution of screening sites and site combinations of
S. aureus (MSSA and MRSA) isolations among 94 residents.

S. aureus (MSSA and

Screening site MRSA) findings

nostrils 23
nostrils +throat 27
nostrils +throat +perineum 7
nostrils +perineum 3
nostrils +skin lesion 2
nostrils +throat +perineum + catheter 2

urine + catheter exit site

nostrils +throat+catheter exit site

nostrils +catheter exit site 1

nostrils + throat +perineum 1
+skin lesion'

nostrils +throat +catheter urine 1
+catheter exit site

throat 1

throat +perineum

throat +perineum +skin lesion

perineum

perineum +skin lesion

skin lesion

catheter exit site

Total number of residents positive for 94
S. aureus

—

—_ N = N = W)

!'S. aureus was isolated from 2 skin lesions of the patient.

Discussion

Our study showed that the colonization of S. aureus
in the largest NH in Helsinki metropolitan area, the
Kustaankartano Centre for the aged, was high
(44%), but the prevalence of MRSA was low
(0.9%). With the agreement of residents, we
swabbed different sites extensively and used the
enrichment broth in addition to selective and non-
selective agar plates to acquire the best possible
sensitivity.

In Finland, a rise in the number of MRSA cases
outside Helsinki metropolitan area was detected in
the late 1990s, and an emerging problem was
suggested in LTCFs [8]. Since 2003, MRSA has
also increased in Helsinki metropolitan area [9]. The
FIN-21 strain, a sequence type (ST) 228 by multi-
locus sequence typing and staphylococcal cassette
chromosome mec I (SCCmec) by multiplex-PCR,
has caused many epidemics in secondary and tertiary
care hospitals in Helsinki metropolitan area since
autumn 2002, and it was the most often found
MRSA genotype in Finland in 2004 (Kerttula et al.,
unpublished). The same strain type has also caused
hospital epidemics in other European countries,
such as German and Italy [11,12]. Thus, it was
assumed that FIN-21 strain would have been found
in the largest NH in Helsinki metropolitan area.
Surprisingly, only 1 patient was colonized with this
strain. The other MRSA genotype found in our

present study, FIN-7 (ST8:1V), has spread in almost
all hospital districts in Finland (Kerttula et al.,
unpublished).

The prevalence of MRSA colonization in this
study was lower than published earlier in Finland
[13,14]. In contrast to this study, those surveillance
studies were performed in an outbreak situation.
The residents in Kustaankartano Centre for the aged
represent typical Finnish NH residents with regard
to their activities in daily life (ADL) — skills, degree
of cognitive decline or prevalence of pressure ulcers,
which means high prevalence of dementia and need
of other persons’ physical assistance in some or all of
the ADL performance. The wards chosen for the
current study covered all types of residents, includ-
ing residents with either indwelling catheter or open
skin lesions. However, only one-third of the residents
were included in this study, and so we cannot
generalize the results to other Finnish nursing
homes.

In our study, the highest rates of S. aureus
colonization were detected in catheter exit sites,
followed by nostrils and skin lesions. However,
only few study residents had catheters. Omission of
sampling sites other than nostrils would have missed
12% (24 MSSA and 1 MRSA case) of S. aureus
positive residents. The results are consistent with the
earlier LTCF studies [2]. A combination of 3 body
sites (nose, throat, and wounds/skin lesions) has
earlier been reported necessary to detect nearly all
MRSA [4]. Moreover, perirectal-perianal cultures
have been shown to detect MRSA with high sensi-
tivity in certain patient populations [4], albeit the
cost effectiveness has not shown to support perianal
screening in some cases [15]. On the other hand,
Coello et al. reported that in non-infected asympto-
matic carriers, the perineum swab alone or in
combination with nose swab was more sensitive
than throat swab alone or in combination with
nose swab [16]. Collection of throat swabs in elderly
persons suffering from dementia can be trouble-
some, and in our study the refusal rate was the
highest with throat swabbing. Thus, swabbing peri-
neum while being washed could be a more comfor-
table way of sampling.

We were able to detect an additional 5% of S.
aureus isolates by enrichment broth, which is less
than in other studies [5,7]. However, we would have
missed 1 of the MRSA isolates (33%) without
enrichment broth. In our study, using enrichment
broth was most effective in finding skin lesion
isolates, followed by perineum isolates. Some of
the screening sites were highly colonized with
Gram-negative rods, especially the perineal swabs
with the swarming Proteus sp. (data not shown).
We overcame this problem by primary plating or
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subculturing the specimens to CLED. Addition of
antimicrobials, e.g. azreonam or nalidixic acid, to
broth would also have prevented this contaminating
growth.

Almost one-third of our screening specimens grew
in ORSAB expressing blue colonies, but only 1% of
those were MRSA. ORSAB is a selective medium
containing mannitol and aniline blue for the detec-
tion of mannitol fermentation that indicates for S.
aureus growth. A high salt concentration and lithium
chloride should suppress non-staphylococcal
growth; oxacillin inhibits MSSA, and polymyxin B
inhibits other bacteria able to grow at such a high salt
concentration, e.g. Proteus sp. Half of those blue-
colony growing bacteria were isolated from perineal
swabs, and they were practically all coagulase-
negative staphylococci (data not shown). Others
have also reported problems with specificity of
ORSAB [7,17]. The specificity of ORSAB decreased
after 24 h of incubation, but to detect also the
MRSA strains expressing very low-level oxacillin
resistance, it is advisable to incubate the plate as
long as 96 h. The 2 multi-drug resistant MRSA
strains found in this study grew in ORSAB within 24
h, but the non-multi-drug resistant MRSA strain
expressing MIC of 6 mg/l did not. Merlino et al. [18]
have reported that low-level oxacillin-resistant
MRSA strains do not necessarily grow in ORSAB.
Because only 3 MRSA strains were isolated, we
could not assess the usability of ORSAB for screen-
ing of MRSA. Other commercial MRSA-selective
media have been introduced recently, and they have
been shown to perform with good sensitivity and
specificity [19,20], and 1 of those especially with
perineal swabs [19].

The prevalence of MRSA in LTCF settings in
other European countries has recently been re-
ported to be 0.7-10.1% [21-25]. In 3 studies, an
enrichment broth has been used for culturing
MRSA [21,22,25], but the effect of the enrichment
broth compared to solid media has not been
studied. The sampling sites have varied, in addition
to nostrils, from throat, hairline, axillae, groin or
perineum, and skin lesions [21], to only nostrils and
skin lesions.

In conclusion, S. aureus colonization rate was high
in the largest NH home in Helsinki metropolitan
area, and based on our study, using enrichment
broth improved the findings by 5%, and was most
useful in finding skin lesion isolates, followed by
perineum isolates. Although MRSA colonization
rate was low, none of those MRSA strains would
have been found if only nostrils, throat and skin
lesions had been screened, and no enrichment broth
had been used. As a practical suggestion based on
this, perineal swabbing might be an alternative for

throat swabs, especially when residents are not
cooperative, and enrichment broth is used. In
Kustaankartano centre for the aged, the residents
colonized with MRSA were assigned a room and a
toilet of their own, and hand disinfection was
instructed. In addition, hand hygiene was intensified
in wards with the colonized residents, and active
information was given for casual visitors. Although
the prevalence of MRSA was low in this particular
NH, performing surveys like this is a useful tool to
increase awareness of MRSA among staff members,
and to help them to understand the importance of
active screening and prevention measures of multi-
resistant bacteria.

Acknowledgements

We thank the 213 residents on the 9 wards who
consented to participate, the staff members who
helped us with sampling, and especially Ritva
Kuosmanen-Finér who provided us with the statis-
tical data of the LTCF. We also acknowledge
Tanja Pasanen, Sointu Mero, Heidi Husu and Suvi
Kavenius for technical support. This research was
partially funded by the Piivikki and Sakari Sohlberg
Foundation.

References

[1] Kluytmans J, van BelkHum A, Verbrugh H. Nasal carriage of
Staphylococcus aureus: epidemiology, underlying mechan-
isms, and associated risks. Clin Microbiol Rev 1997;10:
505-20.

Bradley SF. Methicillin-resistant Staphylococcus aureus:
long-term care concerns. Am J Med 1999;106:S2-10;
discussion S48 — 52.

Bradley SF. Methicillin-resistant Staphylococcus aureus in
nursing homes. Epidemiology, prevention and management.
Drugs Aging 1997;10:185-98.

Muto CA, Jernigan JA, Ostrowsky BE, Richet HM, Jarvis
WR, Boyce JM, et al. SHEA guideline for preventing
nosocomial transmission of multidrug-resistant strains of
Staphylococcus aureus and Enterococcus. Infect Control
Hosp Epidemiol 2003;24:362-86.

Safdar N, Narans L, Gordon B, Maki DG. Comparison of
culture screening methods for detection of nasal carriage of
methicillin-resistant Staphylococcus aureus: a prospective
study comparing 32 methods. J Clin Microbiol 2003;41:
3163-6.

[6] CLSI Document M100-S16. 2006. Performance Standards
for Antimicrobial Disk Susceptibility Tests; Sixteenth Inter-
national Supplement, Clinical and Laboratory Standards
Institute, Wayne,PA, USA.

Blanc DS, Wenger A, Bille J. Evaluation of a novel medium
for screening specimens from hospitalized patients to detect
methicillin-resistant Staphylococcus aureus. ] Clin Microbiol
2003;41:3499-502.

Kerttula AM, Lyytikainen O, Salmenlinna S, Vuopio-Varkila
J. Changing epidemiology of methicillin-resistant Staphylo-
coccus aureus in Finland. J Hosp Infect 2004;58:109-14.

[2

—

3

—

(4

—

[5

[t}

[7

—

(8

—



Downloaded By: [Kerttula, Anne-Marie] At: 16:01 17 November 2007

[9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

Prevalence of S. aureus in a Finnish long-term care facihry 1001

Lyytikdinen O, Agthe N, Virolainen-Julkunen A, Vuopio-
Varkila. MRSA cases continue to increase in Finland. Euro
Surveill 2004;9:37-8 [Online] http://www.eurosurveillan-
ce.org/eq/2004/03-04/eq-03-2004.pdf

Kloos WE, Bannerman TL. Staphylococcus and Micrococ-
cus. In: Murray P, Baron E, Pfaller MA, et al, editors.
Manual of Clinical Microbiology. Washington, DC.:
American Society for Microbiology; 1999. p. 264-82.
Murchan S, Kaufmann ME, Deplano A, de Ryck R,
Struelens M, Zinn CE, et al. Harmonization of pulsed-field
gel electrophoresis protocols for epidemiological typing of
strains of methicillin-resistant Staphylococcus aureus: a
single approach developed by consensus in 10 European
laboratories and its application for tracing the spread of
related strains. J Clin Microbiol 2003;41:1574-85.

Mato R, Campanile F, Stefani S, Crisostomo MI, Santagati
M, Sanches SI, et al. Clonal types and multidrug resistance
patterns of methicillin-resistant Staphylococcus aureus
(MRSA) recovered in Italy during the 1990s. Microb Drug
Resist 2004;10:106-13.

Kotilainen P, Routamaa M, Peltonen R, Evesti P, Eerola E,
Salmenlinna S, et al. Eradication of methicillin-resistant
Staphylococcus aureus from a health centre ward and
associated nursing home. Arch Intern Med 2001;161:
859-63.

Kerttula A-M, Lyytikainen O, Vuopio-Varkila J, Ibrahem S,
Agthe N, Broas M, et al. Molecular epidemiology of an
outbreak caused by methicillin-resistant Staphylococcus
aureus (MRSA) in a health care ward and associated nursing
home. J Clin Microbiol 2005;43:6161-3.

Papia G, Louie M, Tralla A, Johnson C, Collins V, Simor
AE. Screening high-risk patients for methicillin-resistant
Staphylococcus aureus on admission to the hospital: is it
cost effective? Infect Control Hosp Epidemiol 1999;20:
473-17.

Coello R, Jimenez J, Garcia M, Arroyo P, Minguez D,
Fernandez C, et al. Prospective study of infection, coloniza-
tion and carriage of methicillin-resistant Staphylococcus

(17]

(18]

(19]

(20]

(21]

[22]

(23]

[24]

(25]

aureus in an outbreak affecting 990 patients. Eur J Clin
Microbiol Infect Dis 1994;13:74-81.

Becker A, Forster DH, Kniehl E. Oxacillin resistance
screening agar base for detection of methicillin-resistant
Staphylococcus aureus. ] Clin Microbiol 2002;40:4400-1.
Merlino J, Watson J, Rose B, Beard-Pegler M, Gottlieb T,
Bradbury R. Detection and expression of methicillin/oxacil-
lin resistance in multidrug-resistant and non-multidrug-
resistant Staphylococcus aureus in central Sydney. J Anti-
microb Chemother 2002;49:793-801.

Perry JD, Davies A, Butterworth LA, Hopley AL, Nicholson
A, Gould FK. Development and evaluation of a chromo-
genic agar medium for methicillin-resistant Staphylococcus
aureus. J Clin Microbiol 2004;42:4519-23.

Diederen B, van Duijn I, van Belkum A, Willemse P, van
Keulen P, Kluytmans J. Performance of CHROMagar
MRSA medium for detection of methicillin-resistant Sta-
phylococcus aureus. J Clin Microbiol 2005;43:1925-7.
O’Sullivan NR, Keane CT. The prevalence of methicillin-
resistant Staphylococcus aureus among residents of 6
nursing homes for the elderly. ] Hosp Infect 2000;45:322—
9.

Hoefnagels-Schuermans A, Niclaes L, Buntinx F, Suetens
C, Jans B, Verhaegen ], et al. Molecular epidemiology of
methicillin-resistant Staphylococcus aureus in nursing
homes: a cross-sectional study. Infect Control Hosp Epide-
miol 2002;23:546-9.

de Neeling H. Study shows low rate of transmission of
MRSA in Dutch nursing homes. Eurosurveillance Weekly
2003;7.

von Baum H, Schmidt C, Svoboda D, Bock-Hensley O,
Wendt C. Risk factors for methicillin-resistant Staphylococ-
cus aureus carriage in residents of German nursing homes.
Infect Control Hosp Epidemiol 2002;23:511-5.

Cretnik TZ, Vovko P, Retelj M, Jutersek B, Harlander T,
Kolman J, Gubina M. Prevalence and nosocomial spread of
methicillin-resistant Staphylococcus aureus in a long-term-
care facility in Slovenia. Infect Control Hosp Epidemiol
2005;26:184-90.



