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Abstract
Background—We sought to characterize the clinical and molecular epidemiologic
characteristics of Staphylococcus aureus colonization (especially extranasal colonization) and to
determine the extent to which community-associated methicillin-resistant S. aureus (MRSA) has
emerged in community nursing homes.

Methods—The study enrolled a total of 213 residents, with or without an indwelling device,
from 14 nursing homes in southeastern Michigan. Samples were obtained from the nares,
oropharynx, groin, perianal area, wounds, and enteral feeding tube site. Standard microbiologic
methods were used to identify methicillin-susceptible S. aureus and MRSA. Molecular
epidemiologic methods included pulsed-field gel electrophoresis, PCR detection of Panton-
Valentine leukocidin, and SCCmec and agr typing.

Results—One hundred thirty-one residents (62%) were colonized with S. aureus (MRSA
colonization in 86). S. aureus colonization occurred in 80 (76%) of 105 residents with indwelling
devices and in 51 (47%) of 108 residents without indwelling devices (P < .001). Of the 86
residents who were colonized with MRSA, nares culture results were positive for only 56 (65%).
Residents with devices in place were more likely to be colonized at multiple sites. Eleven different
strains of MRSA were identified by pulsed-field gel electrophoresis. Seventy-three residents
(85%) were colonized with hospital-associated SCCmec II strains, and 8 (9%) were colonized with
community-associated SCCmec IV strains, 2 of which carried Panton-Valentine leukocidin.

Conclusions—Extranasal colonization with MRSA is common among nursing home residents
—particularly among residents with an indwelling device. We documented the emergence of
community-associated SCCmec IV MRSA strains in the community nursing home setting in
southeastern Michigan.

The anterior nares are presumed to be the primary reservoir for Staphylococcus aureus [1].
The epidemiology of nasal colonization with S. aureus is well defined, but extranasal
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colonization has been less well studied. Early studies of S. aureus colonization patterns in
healthy populations revealed variations in carriage patterns at extranasal sites; for example,
the rate of oropharyngeal colonization among healthy adults varied from 4% to 60% [2–4].
A recent study found that 30% of members of a healthy outpatient military population
carried S. aureus in the oropharynx but not in the nares [5], and another recent study from
Switzerland noted that 380 (12.8%) of 2966 screened persons carried S. aureus only in the
oropharynx and not in the nares [6].

Not surprisingly, the rates of nasal and extranasal colonization with methicillin-resistant S.
aureus (MRSA) appear similar to those noted for S. aureus in general [7–9]. In a study of
hospitalized adults for whom samples were obtained from the nares, rectum, and axilla, it
was shown that 23% of patients colonized with MRSA would have been missed if rectal
sampling had not been performed [7]. Also, in a study of intensive care unit patients, 54% of
colonized patients would have remained undetected had comprehensive multisite screening
for MRSA not been performed at the time of admission [9]. Observations among patients
with community-associated MRSA (CA-MRSA) infection— an emerging problem in the
United States and Europe—suggest that extranasal colonization may be more common than
was previously noted with hospital strains of MRSA [10, 11].

A paucity of data exist on the prevalence of S. aureus colonization and on the risk factors for
colonization, either with methicillin-susceptible S. aureus (MSSA) or MRSA, among
residents living in community nursing homes. Prior studies from our group and others have
shown that indwelling devices, such as urinary catheters and feeding tubes, and functional
dependence are important risk factors for nasal S. aureus colonization among nursing home
residents [12–15]. Our study evaluates the clinical epidemiology of S. aureus colonization in
this population, with a focus on molecular epidemiology of MRSA. We hypothesized that
residents with indwelling devices would have a heavier bacterial burden and would be
colonized with MSSA or MRSA at multiple extranasal sites, compared with residents who
did not have such devices. We characterized the molecular epidemiology of MRSA in
community nursing homes, noting both typical hospital-associated and CA-MRSA strains in
this setting [16, 17].

METHODS
Study design and population

We conducted a cross-sectional epidemiological study involving 14 community nursing
homes in southeastern Michigan during the period from March 2003 to November 2004. At
each nursing home, all culture specimens were obtained within a 2-week period. This project
was approved by the University of Michigan and Veterans Affairs Ann Arbor Healthcare
System Institutional Review Boards. Written informed consent was obtained from all
eligible residents. If a resident was unable to provide informed consent because of
documented cognitive difficulties, written informed consent was obtained from their durable
power of attorney. Residents with an indwelling urinary catheter, a percutaneously placed
gastrostomy tube, or a central intravenous catheter were enrolled. An equal number of
control residents without devices were randomly selected from the same nursing homes
using a random numbers table and were asked for consent to participate. Demographic data
were obtained by chart review.

Microbiological methods
To assess colonization with S. aureus, samples were obtained from nares, oropharynx,
feeding tube insertion site, groin, perianal area, and wounds (if present) using dacron-tipped
swabs for both the study and control groups. Swabs were inoculated onto mannitol salt agar
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and incubated at 35°C for 48 h. Bright yellow colonies suggestive of S. aureus were grown
on trypticase soy agar with 5% sheep blood and were confirmed to be S. aureus by Gram
stain, catalase positivity, and agglutination with a rapid test for protein A (Fisher
Healthcare). All isolates were tested for methicillin resistance by growth on Mueller-Hinton
agar containing oxacillin, 6 μg/mL, and 4% NaCl. A resident colonized with both MRSA
and MSSA was categorized as an MRSA carrier. One MRSA isolate from each resident
colonized with MRSA was further typed using methods described below.

Molecular epidemiology methods
PFGE was performed to characterize the relatedness of MRSA isolates. Genomic DNA was
prepared and digested with SmaI (New England BioLabs) [18]. SmaI fragments were
separated using a CHEF DR III apparatus (BioRad) and compared using BioNumerics
software (Applied Maths). All MRSA isolates were compared with MRSA strains USA100–
1100 [18, 19]. Isolates were placed in the same PFGE strain group if their SmaI restriction
patterns were ≥80% similar. PCR was performed to detect the Panton-Valentine leukocidin
(PVL) gene [20]. Multiplex PCR was performed to characterize staphylococcal cassette
chromosome mec (SCCmec) types I–V [21, 22]. Nontypeable strains were further analyzed
by ccr typing using PCR with primers to identify ccr types 1–4. Multiplex PCR was also
used to determine accessory gene regulator (agr) types I–IV [23, 24].

Statistical analysis
Our main outcome of interest was the frequency of extranasal colonization with MRSA and
MSSA in community nursing home residents. We were also interested in the number of sites
of colonization with these organisms and the impact of indwelling devices on colonization.
All data were entered into an Excel database (Microsoft) and analyzed using Stata software,
version 8.2 (Stata). Univariate analyses were performed to examine the spread of data.
Categorical variables were compared using χ2 test. P values <.05 were considered to be
statistically significant.

RESULTS
A total of 125 residents who had an indwelling urinary catheter, a percutaneously placed
gastrostomy tube, or a central intravenous catheter and 125 randomly selected control
residents were eligible for the study. Residents were from 14 nursing home facilities that
contained a total of 1669 beds. Of these 250 residents, 37 refused consent. Therefore, 213
residents (105 residents with ≥1 indwelling device and 108 residents without an indwelling
device) were enrolled in the study. Forty-six residents in the study had a urinary catheter
only, 48 had an enteral feeding tube only, 6 had both, and 5 residents had a central
intravenous catheter only.

Overall, 131 (62%) of 213 residents were colonized with S. aureus at ≥1 site; this included
80 (76%) of 105 residents in the device group and 51 (47%) of 108 residents in the control
group (OR, 3.6; 95% CI, 1.9–6.7; P < .001). Eighty-six residents were colonized with
MRSA (75 with MRSA only and 11 with both MRSA and MSSA), and 45 were colonized
with MSSA only (table 1). Nares cultures were positive for MRSA in 56 (65%) of the 86
residents who were colonized with MRSA. There were no differences in nasal MSSA
colonization rates between the device and control groups, although the rate of MRSA
colonization was significantly greater among residents with indwelling devices (55 [52%] of
105 vs. 31 [29%] of 108; OR, 2.7; 95% CI, 1.5–5.0; P < .001). Nasal colonization with
MRSA was found in 31% of residents with devices and in 21% of those without devices;
nasal colonization with MSSA was found in 16% of residents in each group (P=not
significant). Residents in the device group were significantly more likely to be colonized
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with either MSSA or MRSA in their groin and perianal area than were residents in the
control group (table 1).

Among the 49 residents who were found to be colonized at 1 site only, the nares alone was
colonized in 15 (38%) of the 39 residents colonized with MRSA and in 4 (40%) of the 10
colonized with MSSA. Among the 39 residents who had MRSA found only at a single site,
8 (21%) were colonized in the oropharynx, 9 (23%) were colonized in the groin or perianal
area, and 7 (18%) were colonized at the percutaneously placed gastrostomy tube site.

Overall, 33 (73%) of 45 nursing home residents colonized with MSSA alone were colonized
at ≥2 sites, and 47 (55%) of the 86 colonized with MRSA were colonized at ≥2 sites (figure
1). Residents in the device group were more likely to be colonized at multiple sites than
were those in the control group. For example, all 16 residents with MRSA colonization at
≥4 sites had an indwelling device (table 2).

PFGE was performed on 1 isolate recovered from each of the 86 residents who had MRSA.
Eleven different strains of MRSA were identified by PFGE in these residents.
Representative strains are shown in figure 2. Each nursing home facility had 1–6 different
circulating PFGE types. Seventy-three (85%) of the residents were colonized with SCCmec
II, which typically is hospital associated; these included 61 USA100 isolates, 3 USA600
isolates, and 9 isolates belonging to PFGE groups other than USA100–1100. All SCCmec II
isolates were negative for PVL, and most were agr II.

Eight (9%) of the residents (5 in the device group and 3 in the control group) were colonized
with MRSA containing SCCmec IV, which is now increasingly described as a CA-MRSA.
These strains were isolated from nares in 2 residents, the perianal area in 3, the oropharynx
in 2, and a percutaneously placed gastrostomy tube site in 1. Two of these strains contained
PVL: one was USA 300, SCC mec IV, agr I; and the other was USA 400, SCC mec IVa, agr
III. Among the remaining 6 SCC mec IV isolates, 2 were USA 500, 1 was USA 100, and 3
were unique strains. Five residents were colonized with mecA ccr 4 strains (figure 2).

DISCUSSION
Ours is among the first studies to conduct an in-depth analysis of multiple sites of MSSA
and MRSA colonization in the community nursing home setting. Our data show that
extranasal colonization with both MSSA and MRSA is common in nursing home residents.
One-third of community nursing home residents who were colonized with MRSA would
have been missed if swab sample collection had been confined to nares only. The
oropharynx was often the only site colonized, as noted by others who have studied
hospitalized patients and outpatients [5, 6]. These results are consistent with previous studies
from acute care settings that have found that 25%–50% of colonized patients would not be
detected unless multiple sites were sampled at the time of hospital admission [7, 9]. A
prospective study of intensive care unit patients who had undergone twice-weekly screening
for MRSA carriage found that over 30% of those colonized with MRSA did not have nasal
carriage [7], and another study of elderly hospitalized patients noted that 13% of MRSA
carriers would have been missed if only the nares had been sampled [8].

Identifying a group of persons at high risk of extranasal colonization could help target
laboratory and clinical resources. However, data on what constitutes a high-risk population
for extranasal colonization with MRSA are lacking. Our study helps define a group that
appears to be at risk of extranasal colonization; 23% of residents in the device group were
colonized with MRSA only in their groin and perianal regions, and 21% were colonized
only in the oropharynx. Patients with indwelling devices also were more likely to be
colonized at multiple sites. Whether this might lead to increased risk of transmission of
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MRSA to others in the nursing home or might lead to a greater risk of infection in these
residents is not known.

Emergence of CA-MRSA has become a major problem, often presenting as severe and
recurrent skin and soft-tissue infec tions. In general, nursing home residents are colonized
with hospital-acquired MRSA, typically SCC mec II. However, reports of CA-MRSA in
nursing homes are slowly emerging [25–29]. In San Francisco, California, 12 (3.8%) of 318
CA-MRSA clinical isolates originated from nursing homes [25]. A cluster of infections due
to SCCmec V MRSA was noted in 5 of 76 residents in a nursing home in Finland [29], and
another nursing home in Germany reported that 7.6% of 197 residents were found to be
colonized with PVL-containing MRSA strains [28]. A study of 949 residents in residential
and continuum care facilities in Hong Kong noted that 23 (2.4%) were colonized with SCC
mec IV or V MRSA strains [27]. In our study, 8 MRSA-colonized residents (9%) were
colonized with SCCmec IV strains, including 2 residents who were colonized with PVL-
positive strains, suggesting spread of CA-MRSA into southeastern Michigan nursing homes.
The emergence of these strains in this setting will likely alter the selection of empirical
antibiotic therapies for skin and soft-tissue infections and could portend increasing problems
with the severity of staphylococcal infections in these often debilitated patients.

The major strength of this study—one that makes it generalizable—is that it focuses on
residents from multiple community nursing homes. Most previous studies of colonization
with MRSA and other drug-resistant organisms have been conducted in Veterans Affairs
facilities; thus, it was unclear how applicable the findings were to community nursing
homes, which care for the majority of older adults who require long-term care [13, 30, 31].
Our study has a few limitations. The cross-sectional study design does not allow one to
determine a temporal relationship between extranasal MRSA colonization and the presence
of indwelling devices and does not allow evaluation of the duration of colonization at
various body sites. In addition, this was not a point prevalence survey of all nursing home
residents. Therefore, we cannot comment on the extent to which CA-MRSA colonization
occurs in community nursing home residents in southeastern Michigan but can only raise the
emergence of this organism as a concern in the long-term care setting.
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Figure 1.
Frequency of colonization at multiple sites with methicillin-susceptible Staphylococcus
aureus (MSSA) and methicillin-resistant S. aureus (MRSA) among community nursing
home residents.
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Figure 2.
PFGE-based dendrogram showing genetic relatedness among representative methicillin-
resistant Staphylococcus aureus (MRSA) strains recovered from 40 community nursing
home residents. Of 86 residents colonized with MRSA, 73 were colonized with SCCmec II,
8 were colonized with SCCmec IV, and 5 were colonized with mecA, ccr 4. PVL, Panton-
Valentine leukocidin.
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Table 1

Colonization with methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin-resistant S. aureus
(MRSA) in community nursing home residents with and without indwelling devices.

No (%) of residents

Characteristic Device group (n = 105) Control group (n = 108) OR (95% CI) P

Colonization with MSSA (n = 45)

 Nares 17 (16) 18 (16) 1.2 (0.5–2.6) .7

 Oropharynx 14 (13) 10 (9) 1.9 (0.7–4.9) .2

 Groin 15 (14) 5 (5) 4.6 (1.5–15.3) .003

 Perianal 14 (13) 5 (5) 3.2 (1.0–10.5) .02

 PEG tube site 13 (12) … …

 Wound 6 (6) 2 (2) …

 Any site 25 (24) 20 (19) 1.4 (0.7–2.1) .3

Colonization with MRSA (n = 86)

 Nares 33 (31) 23 (21) 1.8 (0.9–3.5) .09

 Oropharynx 27 (26) 12 (11) 1.6 (0.6–3.9) .3

 Groin 26 (25) 5 (5) 7.0 (2.7–25) <.001

 Perianal 28 (27) 7 (7) 8.7 (2.7–25) <.001

 PEG tube site 22 (21) … …

 Wound 3 (3) 1 (1) …

 Any site 55 (52) 31 (29) 4.1 (2.02–8.13) <.001

NOTE. Many residents had >1 site colonized. PEG, percutaneous gastrostomy tube.
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