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Background. Methicillin-resistant Staphylococcus aureus (MRSA) remains sensitive to vancomycin; when
vancomycin-resistant S. aureus (VRSA) emerges, treatment becomes more complex. VRSA emergence is attributed to
conjugative transfer of the vancomycin-resistance gene cluster from vancomycin-resistant enterococci (VRE) to
MRSA. Because cocolonization with MRSA and VRE precedes VRSA development, this study investigates the
epidemiology of cocolonization in skilled nursing facility (SNF) residents at high risk for MRSA or VRE colonization.

Methods. A prospective observational study conducted at 15 SNFs in southeast Michigan. Overall, 178 residents
(90 with indwelling urinary catheters and/or feeding tubes and 88 device-free) were cultured monthly for MRSA and
VRE, and clinical data were recorded.

Results.  The incidence of MRSA/VRE cocolonization among residents with indwelling devices was 6.5 per 100
resident-months; 5.2 (95% confidence interval [CI]: 1.49-18.1) times that among those without devices. MRSA/
VRE cocolonization in the device group occurred most frequently in wounds (4.1 per 100 resident-months). In
a logistic regression analysis limited to residents with devices, functional disability (rate ratio [RR], 1.3; 95% CI:
1.1-1.4) and wound presence (RR, 3.4; 95% CI: 1.4-8.6) were independent risk factors of cocolonization.

Conclusions. In a population of SNF residents, individuals with indwelling devices who also had functional
disability or wounds were at greatest risk of MRSA/VRE cocolonization. These individuals should be routinely
monitored for the presence of VRSA colonization.

Since the first vancomycin-resistant Staphylococcus
aureus (VRSA) isolate was identified in 2002, there have
been 10 additional cases reported, the most recent oc-
curring in April 2010 [1]. Interestingly, 8 of the 11 cases
occurred in Michigan. Because vancomycin is com-
monly used to treat methicillin-resistant S. aureus
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(MRSA) infections and all VRSA isolated to date have
been resistant to vancomycin in addition to methicillin,
the emergence of VRSA is a major concern [2].
High-level vancomycin resistance in S. aureus (MIC =
16 pg/mL) develops when the vancomycin-resistance
gene (vanA) is acquired from a vancomycin-resistant
enterococcus (VRE), a bacterium that commonly colo-
nizes the human gastrointestinal tract [3, 4]. Acquisition
of vanA occurs by direct conjugal transfer of DNA from
VRE to MRSA (frequently mediated by the Inc18-family
of plasmids) [3], making proximity requisite for ac-
quisition. Thus, cocolonization with MRSA and VRE
is necessary for vanA transfer and subsequent emer-
gence of VRSA. Indeed, several of the VRSA cases
had documented coinfection with VRE at the time of
VRSA isolation [1, 5]. Therefore, because MRSA/VRE
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cocolonization precedes VRSA emergence, we chose to in-
vestigate the incidence of MRSA/VRE cocolonization in skilled
nursing facilities (SNFs), a long-stay population. Using this
population, we can observe the incidence rates of MRSA/VRE
cocolonization, as well as colonization patterns over time.

Previous studies have investigated the prevalence rates of
MRSA/VRE cocolonization but have been limited to clinical cul-
tures or surveillance cultures from specific body sites such as the
nares (MRSA surveillance) or rectum (VRE surveillance) (6, 7].
Yet for nearly all documented VRSA cases (10 of 11), the VRSA
isolates were recovered from wounds [1]. Therefore, we were in-
terested in using a prospective study design to estimate the
overall incidence rate of MRSA/VRE cocolonization among
SNF residents, as well as how incidence rates vary at different
body sites, especially wounds.

The current study examines risk factors for MRSA/VRE co-
colonization and specifically focuses on indwelling device use.
Previous analyses from our group demonstrated that SNF resi-
dents with indwelling devices are at greater risk for multi-
anatomic site colonization with antibiotic-resistant organisms
[8]. Because many of the risk factors for independent coloni-
zation with MRSA or with VRE are known, our goal was to
determine whether these risk factors were also predictive of
MRSA/VRE cocolonization [9, 10]. We used a prospective
surveillance approach to identify the risk factors for and in-
cidence rates of cocolonization with MRSA and VRE in SNF
residents in southeast Michigan.

MATERIALS AND METHODS

Study Design and Population

This prospective observational study involving 15 community-
based SNFs in southeast Michigan was conducted between
October 2005 and January 2010. Facilities accepted residents
from local hospitals but were not hospital-based. Bed size ranged
from 71 to 161, and staff and residents were not shared or
transferred between facilities. All residents in a facility, regardless
of time of admission, were screened for eligibility.

All residents with an indwelling device (enteral feeding tube
and/or urinary catheter) were identified and asked to enroll in
the study. Upon enrollment of a resident with an indwelling
device, a device-free resident was randomly selected using
a random number generator and asked to enroll. All residents
were followed for a maximum of 12 months or until death,
culture refusal, transfer, or device removal. Demographic data
were recorded at enrollment, and clinical and microbiologic data
were obtained at monthly study visits. This study was approved
by the University of Michigan and Veterans Affairs Ann Arbor
Health Care System Institutional Review Boards. Written in-
formed consent was obtained from all enrolled residents or their
durable power of attorney.

Data Collection and Variables

Participant’s age, sex, and prior length of stay at the SNF were
recorded at enrollment. Residents who had been at the facility for
>90 days are considered “long stayers.” Clinical data, including
antibiotic use, presence of wounds (including pressure ulcers), and
hospitalization, all in the previous 30 days, were obtained from all
enrolled residents at each monthly study visit by chart review. The
Charlson Comorbidity Index was used to assign a comorbidity
score ranging from 0 to 11 (where 11 is most comorbidity) [11].
The Lawton and Brody Physical Self-Maintenance Scale was used
to assess functional status at each study visit and ranges from 6 to
30, with 30 describing the most physically dependent residents [12].

Microbiologic and Molecular Methods

At each monthly study visit, culture samples were obtained from
the anterior nares, oropharynx, groin, and perianal area using
Culturette rayon-tipped swabs (Becton Dickenson, Inc). In ad-
dition, enteral feeding tubes as well as wounds or pressure ulcers
were swabbed and cultured when present. All specimens were
tested for MRSA and VRE (see below). One participant refused
to provide specimens, so 1 resident-month in the device group is
missing for the nares and oropharynx.

For isolation and identification of S. aureus, all swabs were
streaked on mannitol salt agar and incubated at 35°C for
24 hours. Colonies presumptive for S. aureus based on pheno-
type were further confirmed by positive catalase test and ag-
glutination with a rapid test for protein A (Fisher Healthcare).
Growth on Mueller-Hinton agar (BD) containing oxacillin
(6 pug/mL) identified MRSA. All MRSA colonies were sub-
sequently tested for vancomycin resistance on Mueller-Hinton
agar containing vancomycin (6 pg/mL) [13].

Additionally, all culture swabs were streaked on Bile Esculin
Azide agar (BD) containing vancomycin (6 pg/mL) for identifi-
cation of VRE colonies. VRE was confirmed by plating on tryptic
soy agar containing 5% sheep’s blood and positive pyroglutamate
aminopeptidase tests (pyrrolidonyl-beta-naphthylamide).

Polymerase chain reaction (PCR) using primer pairs: E1: at-
caagtacagttagtct and E2: acgattcaaagctaactg and Fl: tagaga-
cattgaatatgcc and F2: tcgaatgtgctacaatc identified E. faecalis and E.
faecium, respectively [14]. For identification of Inc18-like plas-
mids, PCR was performed with primer pairs: vanA F: catgaata-
gaataaaagttgctgecaata and vanA R: ccectttaacgctaatacgatcaa; traA
F: taatcgcaatggcttcttatc and traA R: tctgeccaatctttacgaat; and repR
F: gcttcatgacggcttgtta and repR R: ttggctgctttgacagattta [15]. PCR
was performed in 50-puL reactions with 1-pL colony resuspended
in sterile dH,O as template. PCR conditions were as follows: (1)
10 minutes at 94 °C; (2) 30 cycles of 30 seconds at 94°C, 30 sec-
onds at 56°C and 1 minute at 72°C; and (3) 7 minutes at 72°C.

Outcome Measures
Our primary outcome was resident-level incidence rates of co-
colonization with MRSA and VRE defined as colonization with

1216 o CID 2011:53 (15 December) e Flannery et al



MRSA and VRE on the same visit from any combination of sites.
A resident could be colonized with both VRE and MRSA at the
same anatomic site (eg, wounds) or at different anatomic sites
(eg, wound and groin). Colonization with MRSA only or VRE
only at the resident level was defined similarly, as colonization
with MRSA or VRE at any anatomic site. To determine ana-
tomic sife-specific incidence rates, simultaneous isolation of
MRSA and VRE from the same culture swab was considered
MRSA/VRE cocolonization.

Statistical Analyses

We identified differences in clinical and demographic charac-
teristics between the device and nondevice groups at baseline.
Ay test was used to detect differences in categorical variables
and a Student ¢ test for differences in continuous variables, both
with a 2-sided significance level of a0 = .05.

We conducted a risk-factor analysis where cocolonization with
MRSA and VRE at the resident level was the outcome of interest.
Using logistic regression, we estimated rate ratios for cocoloni-
zation among residents with devices using 3 different base
(comparison) populations: (1) all residents with devices in the
study, (2) all residents with devices colonized with MRSA, and
(3) all residents with devices colonized with VRE. This analysis
highlights differences in outcomes conditional on the base pop-
ulations used for these analyses. We used generalized estimating
equations to describe the associations between MRSA/VRE co-
colonization and clinical and demographic characteristics and to
adjust for the repeated measures design of the study [16]. A log
link function with a Poisson distribution was used to calculate the
MRSA/VRE cocolonization rate ratios with robust error var-
iances [17]. Data were analyzed using SAS, version 9.2.

RESULTS

Study Population Characteristics

A total of 178 SNF residents from 15 community-based SNFs
were enrolled: 90 with indwelling devices and 88 device-free.
The average number of residents enrolled per SNF was

Table 2.

Table 1. Baseline Characteristics of 178 Skilled Nursing Facility
Residents
Characteristic Device Nondevice P value
No. (%) of residents overall 90 (51) 88 (49)
Mean = SD
Age, years 78.9 (11.2) 82.2(10.7) .049
Charlson comorbidity score 3.1 (2.0 2.2 (1.6) .0012
Follow-up, months 2.9 (3.3) 7.3 (4.5) <.0001
PSMS 21.1 (5.4) 18.2 (5.7) .0006
No. (%) of residents
Male 41 (46) 21 (24) .0024
Diabetes 23 (26) 26 (30) .58
Wound presence 29 (32) 9 (10) .0003
Antibiotic use 61 (68) 28 (32) <.0001
Hospitalization 66 (73) 13 (15) <.0001
Long stayers (>90 days) 24 (27) 70 (80) <.0001
Device type
Urinary catheter 48 (53)
Feeding tube 30 (33)
Both 12 (13)

Prospective surveillance study of methicillin-resistant Staphylococcus aureus
and vancomycin-resistant enterococci cocolonization conducted in skilled
nursing facilities in Michigan, October 2005 to January 2010.

Abbreviation: PSMS, Physical Self-Maintenance Scale score (functional status).

4 (range, 2-83). Residents were followed for a total of 907
resident-months (mean, 5.1); 263 in the device group and 644
in the nondevice group. Residents with devices differed sig-
nificantly in all characteristics from nondevice residents, except
for the proportion of residents with diabetes (26% vs 30%,
respectively) (Table 1). Because residents in the device and
nondevice groups differed significantly on most characteristics,
and indwelling devices are a substantial risk factor for coloni-
zation with antibiotic-resistant organisms (Table 2 and [8]), we
stratified by device group for all subsequent analyses.

Fourteen Residents Were Cocolonized With MRSA and VRE
At the resident level, 14 residents were cocolonized with MRSA
and VRE on at least 1 study visit, at any combination of body

Incidence Rates/100 Resident Months of Methicillin-Resistant Staphylococcus aureus/Vancomycin-Resistant Enterococci

(MRSA/VRE) Cocolonization, MRSA Colonization Alone, and VRE Colonization Alone, Stratified by Device Group

Overall Device Nondevice
EV IR EV IR EV IR IRR?®
MRSA/VRE cocolonization 22 2.4 (1.6-3.6) 17 6.5 (3.9-10) B 0.8 (0.2-1.7) 5.2 (1.49-18.1)*
MRSA only 189 21 (18-24) 77 29 (23-36) 112 18 (14-21) 1.72 (1.16-2.56)*
VRE only 22 2.4 (1.6-3.6) 10 3.8 (1.9-6.8) 12 1.9(1.0-3.2) 2.49 (0.96-6.24)

Prospective surveillance study of methicillin-resistant Staphylococcus aureus/vancomycin-resistant enterococci cocolonization conducted in skilled nursing facilities

in Michigan, October 2005 to January 2010 (n = 178).

Abbreviations: EV, number of resident months colonized; IR, incidence rate/100 resident-months; IRR, incidence rate ratio;, MRSA/VRE, methicillin-resistant

Staphylococcus aureus/vancomycin-resistant enterococci.

@ Incidence rate ratio of colonization for device group compared with nondevice group adjusted for repeated measures using generalized estimating equations.

*P < .01.
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sites (outlined in black in Figure 1). The cocolonized residents
were from 8 different SNFs. There was no evidence of clustering of
cocolonized residents within facilities or over time. The greatest
number of cocolonized residents at a single facility was 4; this
facility had the largest number of study participants. Cocoloni-
zation with MRSA and VRE at the resident level was dynamic
within each resident over time and occurred in 10 residents with
devices and in 4 residents without a device (Figure 1). MRSA and
VRE colonization were both predictive of one another, and co-
colonization occurred more frequently among residents colo-
nized with VRE than among those colonized with MRSA (data
not shown).
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Figure 1.

VRE colonization

The incidence rate of cocolonization was 5.2 (95% confidence
interval [CI]: 1.5-18.1) times greater in residents with devices
compared to those without, after adjusting for repeated meas-
ures. Among residents with devices, the incidence rate of MRSA/
VRE cocolonization was less than MRSA colonization alone but
greater than VRE colonization alone (Table 2). Also, residents
with devices were more likely to be MRSA/VRE cocolonized or
singly colonized with MRSA or VRE than residents without
devices (Table 2): the incidence rate ratio for cocolonization
compared with colonization with MRSA alone was 0.21 (95%
CI: .12-.36) and colonization with VRE alone was 1.6 (95% CI:
0.73-3.53).
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Colonization patterns of 14 residents cocolonized a minimum of 1 visit during a prospective surveillance study of methicillin-resistant

Staphylococcus aureus (MRSA) and vancomycin-resistant enterococcus (VRE) cocolonization conducted in skilled nursing facilities in Michigan, October
2005 to January 2010 (n = 178). Each row represents the follow-up time for a single study participant. The top horizontal axis denotes the number of
days postenrollment. Each vertical rectangle represents a study visit for a particular resident; the 6 anatomical sites eligible for culture: N = nares,
0 = oropharynx, G = groin, R = rectum, D = device, and W = wound or pressure ulcer. Colored boxes indicate MRSA (green) was cultured at that site,
VRE (yellow), and both MRSA and VRE (blue), no organism present (black outline) or not cultured (gray). Residents were defined as cocolonized for the
patient-level analysis if they were colonized with MRSA and VRE on the same study visit at any combination of sites (black outlined vertical rectangles).
Residents were considered cocolonized for the site-level analysis if MRSA and VRE were both isolated from the same anatomical site at a study visit.

Whether residents had indwelling devices is indicated on the y-axis.
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Associations of Clinical and Demographic Characteristics With
MRSA/VRE Cocolonization

We used resident-level cocolonization status for the risk-factor
analysis to be comparable to previous studies. Further, we
reasoned that within a patient, self-inoculation and cross-
contamination of sites by health-care workers might occur.
Using logistic regression, functional status and wounds were
significant predictors of MRSA/VRE cocolonization among
those with devices (Table 3). For every unit increase in physical
and self-maintenance scale score (increasing dependency) there
is a 30% increase in the rate of MRSA/VRE cocolonization
(95% CI: 1.1-1.4). The rate of MRSA/VRE cocolonization in
device residents with wounds was 3.4 times that in residents
without wounds (95% CI: 1.4-8.6) (Table 3).

Among residents with devices, predictors of cocolonization
compared with residents with MRSA alone or VRE alone dif-
fered. Among residents colonized with MRSA, residents who
received antibiotics in the previous 30 days had a near 4-fold
increase in MRSA/VRE cocolonization rates compared with
residents who did not receive antibiotics (rate ratio [RR], 3.7;
95% CI: 1.3-10.3). Functional status (RR, 1.2; 95% CI: 1.04—
1.38), male sex (RR, 3.4, 95% CI: 1.1-10.2), and wounds

(RR, 2.6; 95% CI: 1.3-5.3) were also significantly associated with
cocolonization among MRSA colonized residents (Table 3).
On the other hand, in the VRE colonized group, residents
were half as likely to be cocolonized with MRSA if they received
antibiotics in the previous 30 days (RR, 0.5; 95% CI: .3-.9)
(Table 3). Among the residents colonized with VRE, again in-
creasing physical and self-maintenance score was significantly
associated with cocolonization (RR, 1.1; 95% CI: 1.04—1.25).

Incidence Rate of Cocolonization by Anatomic Site

Incidence rates for cocolonization with MRSA and VRE were
determined for 6 different anatomical sites and compared with
the rate of colonization with MRSA alone and VRE alone. For
the site-level analysis, cocolonization was defined as simulta-
neous colonization with MRSA and VRE at the same site on the
same study visit (blue boxes in Figure 1). Among the device
group, the incidence rate for cocolonization with MRSA and
VRE was highest in wounds and the rectum (4.1/100 and 3.8/100
resident-months, respectively) (Table 4). Of note, MRSA/VRE
cocolonization was never observed in the nares or oropharynx.
Additionally, in the device group, when devices and wounds
were colonized with VRE, there was always cocolonization with

Table 3. Associations Between Methicillin-Resistant Staphylococcus aureus/Vancomycin-Resistant Enterococci Cocolonization and

Clinical and Demographic characteristics®

MRSA/VRE cocolonization®

No cocolonization®

MRSA only® VRE only®

Characteristic (n=17) (n = 246) rate ratio (95% Cl) (n = 77) rate ratio (95% Cl) (n = 10) rate ratio (95% CI)
Mean
Age, years 75.9 77.9 1.0 (1.0-1.1) 78. 1.0 (1.0-1.0) 79.4 1.0 (1.0-1.0)
CCs 3.2 3.2 9 (.8-1.1) 3.1 0.9 (.7-1.2) 83 0.9 (.7-1.2)
Follow-up, months 6.8 6.6 1.0 (.9-1.2) 7.3 1.0 (.8-1.1) 29 1.1(1.0-1.2)%
PSMS 26.3 22 1.3 (1.1-1.4)*** 235 1.2 (1.0-1.4)% 21.7 1.1 (1.0-1.3)*
No. (%) of residents
Male 13 (76) 103 (42) 3.1 (.9-10.4) 30 (39) 3.3 (1.1-10.2)* 7 (70) 1.0 (.5-2.0)
Diabetes 7 (41) 63 (27) 1.3 (.3-4.8) 19 (25) 1.1 (.3-3.9) 4 (40) 0.9 (.4-2.1)
Wound 8 (53) 62 (27) 3.4 (1.4-8.6)** 24 (35) 2.6 (1.3-5.3)** 4 (40) 1.2 (.48-2.84)
Antibiotics 9 (53) 82 (33) 3.0 (1.0-9.1) 18 (23) 3.7 (1.3-10.3)*  9(90) 0.5 (.3-0.9)*
Hospitalization 6 (38) 69 (30) 1.6 (.3-9.9) 14 (21)  10.6 (.7-151.4) 8 (80) 0.5 (.3-1.1)
Long stay' 7 (41) 97 (39) 1.8 (.6-6.3) 29 (38) 1.3 (.4-4.3) 1(10) 1.9 (1.0-3.7)

Prospective surveillance study of methicillin-resistant Staphylococcus aureusfrancomycin-resistant enterococci (MRSA/VRE) cocolonization conducted in skilled
nursing facilities in Michigan, October 2006 to January 2010 (n = 178). Cocolonized participants are compared to all other participants, to those colonized only with
MRSA, and with those colonized only with VRE.

Abbreviations: n, number of resident-months colonized; CCS, Charlson comorbidity score (range, 0-11 with increasing comorbidity); PSMS, Physical Self-
Maintenance Scale score (range, 6-30, with increasing functional disability).

@ Adjusted for repeated measures using generalized estimating equations.

5 MRSA/VRE cocolonization is the outcome in each analysis. Subpopulations that the logistic regression analyses were conducted in are listed in notes ¢, d, and e.
¢ All device residents (included residents singly colonized with VRE alone or MRSA alone).

9 MRSA only colonization.

¢ VRE only colonization.

f Admission at facility >90 days.

*P < .05.

**pP < 01.

***xp < 001.
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Table 4.

Incidence Rates Per 100 Resident-Months of Cocolonization With Methicillin-Resistant Staphylococcus aureus (MRSA) and

Vancomycin-Resistant Enterococcus (VRE), Colonization With VRE Only and Colonization With MRSA Only at 6 Different Anatomical Sites

Stratified by Device Group?

Incidence rate® (95% Cl)

Device Nondevice

MRSA/NVRE VRE only MRSA on MRSA/NRE VRE only MRSA only
Nares 0 0 15.3 (11-21) 0 0 11.0 (8.7-14)
Oropharynx 0 3.8(.2-19) 8.0 (5.1-12) 0 0 0.9 (.4-1.9)
Groin 1.1 (.3-3.1) 5.3 (3.0-8.7) 7.6 (4.8-12) 0 1.7 (.9-3.0) 3.1 (2.0-4.7)
Rectum 3.8(1.9-6.8) 3.8(1.9-6.8) 12.9 (10-18) 0.6 (.2-1.5) 1.4 (.7-2.6) 5.3 (3.7-7.3)
Device 0.4 (0.02-1.9) 0 14.5 (10-20)
Wound 4.1 (1.0-11) 0 14.9 (7.8-26) 0 0. 13.1 (6.1-15)

Prospective Surveillance Study of methicillin-resistant Staphylococcus aureus and vancomycin-resistant enterococci cocolonization conducted in skilled nursing

facilities in Michigan, October 2005 to January 2010 (n = 178).

Abbreviations: Cl, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci.

@ There were 263 and 644 resident-months exposed in the device and nondevice groups, respectively. There were 74 and 61 resident-months exposed to wounds

in the device and nondevice groups, respectively.
® Colonization/100 resident-months.

MRSA (Table 4). Importantly, MRSA/VRE cocolonization only
occurred in the rectum in nondevice residents, at a rate of 0.6/
100 resident-months (Table 4).

Molecular Analysis of VRE Isolates

We used PCR of enterococci-specific genes (ddl) to identify all
VRE isolates to the species level [1, 14]. E. faecalis was isolated
more commonly in both the device and nondevice groups and
accounted for over half (52%) of the total VRE isolates.
E. faecium was isolated more commonly from cocolonized
residents (41%) compared with residents who were not co-
colonized (19%), although this difference was not statistically
significant (P = .063).

Plasmids of the Inc18 family have been associated with several
of the VRSA cases because of successful conjugation with MRSA
[1]. Therefore, we determined the prevalence of Incl8-like
plasmids in our study population. PCR for the repR, traA, and
vanA genes was used to identify Inc18-like plasmids carried by
the enterococcal isolates. Only 2 (3%) of 66 of the VRE isolates
were positive for the presence of Inc18-like plasmids. This is
similar to the prevalence of Inc18-like plasmids reported by Zhu
et al [1] for ICUs in Michigan.

DISCUSSION

In this prospective study of 178 residents of SNFs in southeast
Michigan, the incidence of MRSA/VRE cocolonization was
2.4/100 resident-months overall and 5.2 (95% CI: 1.49-18.1)
times greater in residents with indwelling devices compared with
residents without. Ours is the first study to actively culture
multiple anatomic sites, including wounds, over time within
a patient to identify MRSA/VRE cocolonization. This protocol
allowed us to identify wounds as the most common site for

cocolonization compared with other sites cultured in patients
with indwelling devices. Consistent with our findings is that 10
of 11 previously reported cases of VRSA were identified from
wounds [18]. Wounds may be an important reservoir for VRSA
emergence because of the propensity for biofilm formation
within wounds; biofilms can enhance bacterial growth and
lateral gene transfer [19].

Indwelling devices are a well-known risk factor for coloniza-
tion with antibiotic-resistant organisms [20]. We show that the
risk of MRSA/VRE cocolonization is higher in individuals with
indwelling devices, as is cocolonization at more anatomic sites
than individuals without an indwelling device. In residents
without devices, MRSA/VRE cocolonization occurred only at
a single site, the rectum. Interestingly, we observed no cocolo-
nization among the wounds present in residents without in-
dwelling devices. Therefore, among residents with wounds, an
indwelling device may pose a specific risk for MRSA/VRE
cocolonization of the wound.

MRSA and VRE colonization were not independent of one
another; this is not surprising given the similarity of risk factors,
such as presence of indwelling devices, antibiotic use, and du-
ration of hospital stay, for both MRSA colonization alone and
VRE colonization alone [21, 22]. However, different predictors
important for cocolonization were identified between the
MRSA-colonized and VRE-colonized groups. Among residents
colonized with MRSA in the device group, 17 (18%) of 94
resident-months were also colonized with VRE (thus cocolon-
ized) compared with those colonized with VRE, where 17 (63%)
of 27 resident-months were also colonized with MRSA. The
frequency of cocolonization among residents with devices was
also greater than VRE colonization alone in these individuals.
Furthermore, VRE colonization alone never occurred at device
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or wound sites in the residents with indwelling devices; that is, if
residents were colonized with VRE at these sites they were
always also colonized with MRSA (or cocolonized). Thus, our
findings support the suggestion that preventing VRE coloni-
zation among residents with indwelling devices would limit
MRSA/VRE cocolonization [1]. Additional studies are needed
to understand the significance of predictive ability of VRE
colonization for MRSA/VRE cocolonization.

Our study is limited by its sample size and selection pro-
cedure. Because we restricted our investigation of risk factors for
MRSA/VRE cocolonization to residents with indwelling devices,
it is difficult to determine the true role diabetes and functional
status may play in MRSA/VRE cocolonization independent of
device use. Additionally, it would be interesting to know risk
factors for cocolonization specific to each anatomic site. Nev-
ertheless, we present important risk factors for cocolonization
among SNF residents with indwelling devices, a high-risk co-
hort common in these facilities. Increasing awareness for the
role functional status plays in colonization with multiple drug-
resistant pathogens has led to clinical studies that specifically
investigate this association [20, 23]. Additional studies are
needed to confirm these findings, as well as identify additional
risk factors responsible for cocolonization.

Prevalence estimates of MRSA/VRE cocolonization in the
literature vary dramatically, from 0.27% to 34% [24-26]. The
wide range of previous prevalence estimates can be explained by
variability in study populations, the use of clinical and/or sur-
veillance cultures, and whether screening was conditional on the
prior positive identification of MRSA or VRE colonization
within the subject [6, 7, 25-27]. In our prospective study, the
cross-sectional prevalence of cocolonization at baseline was
7.9% when active surveillance was performed on 5 anatomical
sites regardless of prior MRSA or VRE colonization status. This
may be a better representation of true prevalence. Because we
found wounds to be the most common site of MRSA/VRE co-
colonization among residents with devices, additional studies
should be conducted to determine risk factors specific for
wound cocolonization and their interaction with device status.
Because cocolonization is an important precursor for VRSA
emergence, it is crucial to identify high-risk groups most ame-
nable to infection prevention interventions. The greater the
prevalence of MRSA/VRE cocolonization, the greater the pos-
sibility of gene transfer leading to new VRSA strains—some that
may transmit well between persons, an event that has yet to be
documented.
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