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Abstract

Background—The multi-center cluster-randomized Strategies to Reduce Transmission of

Antimicrobial Resistant Bacteria in Intensive Care Units (STAR*ICU) trial was carried out in 18

U.S. adult intensive care units (ICUs) and evaluated the effectiveness of infection control

strategies in reducing transmission of methicillin-resistant Staphylococcus aureus (MRSA)

colonization and/or infection. Our study objective was to examine the molecular epidemiology of

MRSA and assess the prevalence and risk factors for community acquired (CA)-MRSA genotype

nasal carriage at the time of ICU admission.

Methods—Selected MRSA isolates were subjected to molecular typing using pulsed-field gel

electrophoresis.

Results—Among 5,512 ICU patient-admissions in the STAR*ICU trial during the intervention

period, 626 (11%) had a positive nares culture for MRSA. 210/626 (34%) available isolates were

selected by weighted random sampling for molecular typing. Of 210 patients, 123 (59%) were

male; mean age was 63 years. Molecular typing revealed that 147 isolates (70%) were the

USA100 clone; 26 (12%) USA300; 12 (6%) USA500; 8 (4%) USA800; 17 (8%) other. In

multivariate analysis, patients with CA-MRSA genotype (USA300, USA400, or USA1000)
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colonization were less likely to have been hospitalized during the previous 12 months (PR=0.39;

95% C.I. 0.21–0.73) and less likely to have an older age (PR=0.97 per year; 0.95–0.98) compared

to patients with a HA-MRSA genotype.

Conclusion—CA-MRSA genotypes have emerged as a cause of MRSA nares colonization

among patients admitted to adult ICUs in the U.S. During the study period (2006), the

predominant site of CA-MRSA genotype acquisition appeared to be in the community.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is widespread in hospitals, especially

intensive care units [1] where MRSA accounts for >60% of S. aureus isolates in the U.S.

hospital ICUs [2]. Risk factors for healthcare-associated MRSA (HA-MRSA) infections

include recent surgery or hospitalization, prior antibiotic use, residence in a long-term care

facility, dialysis, and the presence of or exposure to indwelling percutaneous catheters and

other medical devices [3]. The presence of methicillin resistance results in greater lengths of

stay, higher mortality [4], and increased costs [5, 6] compared to methicillin-susceptible S.

aureus infections. However, MRSA is no longer only a nosocomial pathogen. Over the past

decade, MRSA has emerged as an important cause of community-associated (CA)

infections, particularly skin and soft tissue infections [7–9] among a variety of risk groups,

including sports teams [10, 11], military recruits, correctional facilities [12], men who have

sex with men and HIV-infected persons [13], children [14], Pacific Islanders, Alaskan

Natives, Native Americans, as well as among healthy persons not in these identified risk

groups [15].

Several different typing molecular methods have been used to study MRSA. Pulsed-field gel

electrophoresis (PFGE) is typing method with high discriminatory power [16]. McDougal et

al have defined 8 distinct clusters of MRSA genotypes through PFGE typing (USA100

through USA800) [17]. Of these, USA300 and USA400 were considered to be community-

associated MRSA [17]. Recent studies have reported the presence of additional pulsed-field

types [8, 18–20], including USA1000 and USA1100, which are also considered to be a

community-associated strains of MRSA [8, 18].

The Strategies to Reduce Transmission of Antimicrobial Resistant Bacteria in Intensive Care

Units (STAR*ICU) trial was a cluster randomized study that investigated whether a package

of infection control measures were effective in reducing nosocomial transmission of MRSA

[21]. The study was carried out at 18 geographically dispersed adult ICUs in the U.S. and

provided a unique opportunity to study the molecular epidemiology of MRSA among

patients admitted to these ICUs. The purpose of our study was to examine the molecular

epidemiology of MRSA and assess the prevalence and risk factors for CA-MRSA genotype

carriage among patients admitted to adult ICUs at the 18 study hospitals in the U.S. during

the intervention period (March through August 2006) of the STAR*ICU trial.
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Methods

Study design

The STAR*ICU study was a multi-center cluster-randomized trial conducted in 18 medical,

surgical and medical/surgical ICUs in academic medical centers representing all regions of

the country [21]. The trial was designed to evaluate the effectiveness of active culture-based

surveillance for MRSA and vancomycin-resistant Enterococcus (VRE) and expanded use of

barrier precautions on transmission of MRSA and VRE colonization/infection in the study

ICUs [21]. Patients admitted into study ICUs with an expected length of stay of 3 days or

longer had a nares surveillance culture performed for MRSA. Patients at institutions

randomized to the control arm had a nares surveillance culture performed on admission as

well but the “control” sites did not receive the results of the admission surveillance culture.

Laboratory Methods

All cultures were processed at a single central laboratory (National Institutes of Health

[NIH] Clinical Microbiology Laboratory). Nasal swabs were inoculated on to Mueller

Hinton broth with 7% NaCl and 2µg/mL oxacillin and incubated at 35°C for 18–24 hours.

Broth was used to inoculate mannitol salt agar plates supplemented with 4µg/mL oxacillin,

which were incubated at 35°C and inspected at 18–24 hours and 42–48 hours of incubation.

Isolates of S. aureus were tested for the mecA gene using the LightCycler MRSA detection

test (Roche Applied Science, Indianapolis, IN).

Molecular Typing

A weighted random sample with a minimum of 7 MRSA isolates per each of 18 sites was

selected for genotypic analysis from the pool of 626 MRSA isolates recovered from the

nares cultures collected at the time of ICU admission (a total of 252 isolates). Isolates were

stored in a Microbank (Pro Lab Diagnostics) system of beads in cryovials containing

cryopreservative. After inoculation, the cryovials were stored at −70°C until removed to

directly inoculate plate cultures. Molecular typing studies were performed on the available

210 (83%) MRSA isolates from the 252 randomly selected positive nares cultures using

pulsed-field gel electrophoresis (PFGE) after restriction with SmaI (Roche Molecular

Biochemicals) as previously described [22]. Digital photographs of the gels were saved as

TIFF files for analysis with Bionumerics Software (Applied Maths, Austin, TX). Cluster

analysis to determine strain relatedness was performed using unweighted pair-group

methodology based on Dice coefficients where clusters were defined by a coefficient of

similarity of >85%, allowing for either assignment of a pulsed-field type to one of the

known MRSA USA types contained in the national CDC database [17] or identification of

non-USA [19,20] or variant pulsed-field types.

Data analysis

Data analysis was performed using SAS software, version 9.1 (SAS Institute, Cary, NC).

CA-MRSA genotype colonization was defined by a CA-MRSA pulsed-field type (i.e.,

USA300, USA400 or USA1000 genotypes). HA-MRSA colonization was defined by a HA-

MRSA pulsed-field type (i.e., USA100, USA200, USA500, USA600, USA700, USA800
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[17], eMRSA-15 [19], Brazilian [20], or any other non-CA MRSA genotypes). Potential risk

factors were first assessed by univariate analysis. Prevalence ratios (PR) and the

corresponding 95% confidence intervals (CI) were calculated. Multivariable log-binomial

regression models included variables significantly associated with CA-MRSA genotype

nasal colonization in univariate analysis, and based on biologic plausibility and

epidemiological factors clinically felt to be associated with community-acquired MRSA.

Variables considered for multivariable model included age, history of hospitalization in the

past year, and documented history of MRSA or VRE colonization. Stepwise selection was

used to arrive to the final model. A p-value of ≤.05 was defined as statistically significant.

Results

During the 6-month intervention period of the trial, there were a total of 5,512 ICU patient-

admissions (5,133 unique patients); 626 (11.4%) of these patient-admissions had a positive

nares culture for MRSA at the time of ICU admission (prevalent MRSA colonization); 252

(40.3%) of 626 isolates were selected for typing. A total of 210 (33.5%) of 626 isolates (or

83.3% from 252 selected for typing isolates) from a random weighted sample of these

positive cultures were available for molecular typing (mean 12±3 isolates per site, range 7–

17 isolates). Patients whose MRSA isolates were selected for molecular typing (n=252) were

similar to those patients whose isolates were not selected (n=374) with the exception that

selected patients more commonly had central venous catheter (55/252 [21.8%] vs. 54/374

[14.4%], p=.01), and had a history of solid organ transplantation (15/252 [6.0%] vs. 7/374

[1.9%], p=.006). Patients whose MRSA isolates were selected and available for molecular

typing (n=210) were similar to those patients whose isolates were selected and not available

for molecular typing (n=42) with the exception that the first group less commonly had black

race (140/210 [66.7%] vs. 35/42 [83.3%], p=.03), and documented MRSA or VRE history

(49/210 [23.3%] vs. 17/42 [40.5%], p=.03). Among the 210 patients from whom these

MRSA isolates were recovered, 123 (59%) were male; 150 (72%) were Caucasian, 49 (23%)

Black or African-American, and 11 (5%) had other race/ethnicity. The mean age of these

210 patients was 63 years. The mean length of stay in the ICU was 7.6 days (median – 4

days; range 0.5–74 days), and the mean time between hospital admission and admission to

the ICU was 3.6 days (median – 0 days, range 0–70 days).

Molecular typing of the 210 MRSA isolates using pulsed-field gel electrophoresis (PFGE)

revealed that 147 (70%) were the USA100 clone; 26 - USA300 (12%); 12 - USA500 (6%);

8 - USA800 (4%); 6 - Brazilian clone (3%); 4 - USA600 (2%); 3 - USA1000 (1%); 2 -

USA200 (1%); 1 - USA400 (0.5%); and 1 was eMRSA-15 (0.5%). Overall, 30 (14%)

patients had CA-MRSA genotype (USA300, USA400, or USA1000) colonization. Two non-

USA type strains were present: the Brazilian strain and an eMRSA15 strain [19,20].

Representative PFGE types of MRSA strains are shown in Figure 1. The geographic

distribution of pulsed-field types of MRSA isolates is shown in Table 1. All 6 Brazilian

strains were seen in one hospital in Midwest, and the only eMRSA15 strain was seen in a

hospital in East. There were no significant differences in frequency of CA-MRSA genotypes

versus HA-MRSA genotypes by region.
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In univariate analysis, CA-MRSA genotype colonization (vs. HA-MRSA) was more

common among those with Black race (PR =2.16, 95% C.I. 1.11–4.20); and less common

among those with a documented prior history of MRSA or VRE colonization (PR=0.16,

95% C.I. 0.11–0.85), hospitalization during past 12 months (PR=0.37, 95% C.I. 0.19–0.70),

and older patients (PR=0.96 per year, 95% C.I. 0.95–0.98) (Table 2). In multivariate

analysis, patients with CA-MRSA genotype colonization were less likely to have been

hospitalized during past 12 months (PR=0.39, 95% C.I. 0.21–0.73) and less likely to have an

older age (PR=0.97 per year, 95% C.I. 0.95–0.98) compared to patients with HA-MRSA

genotype colonization (Table 3).

Among the 210 patients with MRSA nasal colonization on ICU admission, 22 (10.5%)

developed MRSA blood stream infection. There was no significant difference in rates of

MRSA BSI among those with nasal colonization with CA-MRSA genotype compared to

those with HA-MRSA colonization (3 [10.0%] of 30, and 19 [10.6%] of 180, respectively;

PR=0.95, 95%CI 0.30–3.01; p=.93).

Overall mortality was 20% among those patients with MRSA colonization on ICU

admission whose isolates were subjected to molecular typing (42 of 210 patients died); 27

(64.3%) of 42 died in an ICU, and 15 (35.7%) of 42 died in a non-ICU hospital setting.

Additional analyses were carried out to compare all patients with prevalent nasal MRSA

colonization (i.e., positive nares culture for MRSA on ICU admission) to those patients

without nasal MRSA colonization on ICU admission for all 5,133 patients admitted during

the intervention period. Patients with prevalent nasal MRSA colonization were more likely

to develop MRSA blood stream infection compared to those patients without nasal MRSA

colonization on ICU admission (44 [7.4%] of 599 vs. 59 [1.3%] of 4,534 patients, PR=5.64,

95% CI 3.86–8.26, p<.001). There was no significant difference in mortality rates among

those with prevalent nasal MRSA colonization and those with a negative nares culture at the

time of ICU admission (120 [20.0%] of 599 vs. 851 [18.8%] of 4,534 patients, respectively,

PR=1.07, 95% CI 0.90–1.27, p=0.46).

Discussion

MRSA has traditionally been a nosocomial pathogen. However, over the past decade MRSA

has emerged as an important cause of community-onset infections, particularly those

associated with skin and soft tissue [7–13, 23]. In our multicenter study which had a broad

geographic distribution of sites in the U.S., we found that 14% of patients admitted to adult

ICUs with MRSA nares colonization had strains that belonged to CA-MRSA genotypes

(USA 300, USA 400, USA 1000). In multivariate analysis, patients with CA-MRSA

genotype colonization were significantly more likely to be younger, and less likely to have a

history of hospitalization during past 12 months compared to patients with HA-MRSA

genotype colonization. These findings suggest that during the study period (2006), the

community remained the predominant site where CA-MRSA genotype acquisition was

taking place despite recent reports of nosocomial infections due to CA-MRSA USA300

(however, this might change over time and should continue to be studied). This is

particularly of interest given that the lines between CA-MRSA and HA-MRSA have begun
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to blur. Seybold et al. [22] in a study carried out at Grady Memorial Hospital in Atlanta

reported that the CA-MRSA USA300 genotype has emerged as a major cause of healthcare-

associated MRSA bloodstream infections. Additional reports have also noted that CA-

MRSA genotype USA300 has been introduced to healthcare settings and is causing

nosocomial MRSA infections [24–27].

In our study, there was no significant difference in rates of MRSA BSI among those with

nasal colonization with CA-MRSA genotypes compared to those with HA-MRSA genotype

colonization on admission to the ICU. Overall crude in-hospital mortality was high among

those patients included in the study (about 20%) and did not significantly differ among

patients with MRSA colonization on admission compared to those without MRSA nares

colonization.

The overall prevalence of MRSA colonization among patients admitted to 18 ICUs was

approximately 11%. We found that that patients in the STAR*ICU study with MRSA

colonization on ICU admission during the intervention period were significantly more likely

to have a bacteremia due to MRSA compared to patients without nasal MRSA colonization

at the time of ICU admission (PR=5.64, 95% CI 3.86–8.26). Our findings are consistent

with previous reports which have noted that ICU patients (both adults and neonates) with

MRSA nasal carriage are much more likely to develop a MRSA bacteremia compared to

patients who lack nares colonization [28, 29]. Further data are needed to assess whether

there is any benefit of nares or other decolonization strategies to try to reduce invasive

MRSA infections among colonized patients in the ICU setting; this efficacy is needed as the

number need to treat to prevent a single invasive infection is substantial (for example 12:1

based on study data assuming 100% efficacy) and the excessive use of mupirocin for nasal

MRSA decolonization leads to development of mupirocin resistance. An alternative strategy

which has demonstrated efficacy in reducing primary bloodstream infections in ICU

patients, perhaps through decolonization or reduction in MRSA bacterial skin burden, is

daily chlorhexidine baths [30].

The nomenclature surrounding MRSA molecular typing can be confusing given multiple

different typing methods. In our study, we employed pulsed-field gel electrophoresis and

characterized strain patterns using the USA typing system published by McDougal et al

[17]. Most CA-MRSA genotypes in our study had the USA300 pulsed-field type. This is not

surprising given that MRSA USA300 has also been reported to cause the overwhelming

majority of community-acquired MRSA infections in the U.S. [7, 9, 31]. Overall in our

study, HA-MRSA genotypes predominated with most HA-MRSA isolates (70%) belonging

to the USA100 clone. Two non-USA type strains were found among the isolates we studied;

this included the Brazilian strain and epidemic MRSA (EMRSA)-15 clone. EMRSA-15 and

EMRSA-16 have emerged as the predominant MRSA clones recovered patients in hospitals

in the United Kingdom [32] but remain uncommonly reported from the U.S. The Brazilian

epidemic clone is the predominant clone in South America [20, 33]. It carries SCCmecIII.

Our study was subject to some limitations. In our study, only nasal swabs for MRSA

colonization were performed. The study did not include surveillance cultures at other body

sites (e.g., no throat, inguinal, rectal/perianal, wound or tracheal aspirate surveillance
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cultures were performed). This may have led to an underestimation of the prevalence of

MRSA colonization, and differentially impact detection of colonization with CA-MRSA

genotypes, as these may be relatively more likely (compared to HA-MRSA genotypes) to

colonize non-nasal body sites (such as the groin). In addition, while participating centers

were geographically dispersed, only academic medical centers were included and thus our

patient population many not be representative of all patients entering ICUs. We did not

perform molecular typing on all 626 MRSA isolates recovered (only on 210 MRSA

isolates), so selection bias cannot be excluded. However, we randomly selected the isolates

to perform molecular typing on. The genotype distribution of the 22 MRSA strains causing

nosocomial bacteremia among the 210 patients with MRSA nasal colonization whose

isolates underwent molecular typing was unknown (as collection of bloodstream isolates

was not part of the study protocol); thus we could not ascertain if bacteremic episodes were

of an endogenous nature, i.e. same genotype as nasal isolate, or were possibly due to cross-

infection in the ICU setting.

Conclusion

Our study findings have implications with regard to targeted approaches to screening, since

some targeted approaches include a history of prior hospitalization as an indication to

screen, which may miss people with CA-MRSA who are less likely to have history of prior

hospitalizations. We also found in our study that patients with nares MRSA colonization on

admission to the ICU were significantly more likely to develop an MRSA BSI than patients

without MRSA colonization, but there were no differences in risk of developing BSI based

on MRSA genotype (i.e., CA-MRSA genotypes compared to those with HA-MRSA).
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Figure 1. Pulsed field gel electrophoresis (PFGE) of Methicillin-Resistant Staphylococcus aureus
(MRSA) strains
Representative pulsed-field types are shown. The number of isolates with each particular

pulsed-field type is shown on the right of the figure. The coefficient of similarity is shown

on the left of the figure.

Nair et al. Page 11

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 August 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nair et al. Page 12

T
ab

le
 1

G
eo

gr
ap

hi
c 

di
st

ri
bu

tio
n 

of
 p

ul
se

d-
fi

el
d 

ty
pe

s 
of

 M
et

hi
ci

lli
n-

R
es

is
ta

nt
 S

ta
ph

yl
oc

oc
cu

s 
au

re
us

 (
M

R
SA

) 
st

ra
in

s.

M
R

SA
pu

ls
ed

-
fi

el
d

ty
pe

E
as

t
N

=6
8

n 
(%

)

M
id

w
es

t
N

=7
4

n 
(%

)

So
ut

h
N

=4
2

n 
(%

)

W
es

t
N

=2
6

n 
(%

)

T
ot

al
N

=2
10

n 
(%

)

U
SA

10
0

48
53

25
21

14
7

70
.6

71
.6

59
.5

80
.8

70
.0

U
SA

10
00

1
1

1
0

3

1.
5

1.
4

2.
4

0.
0

1.
0

U
SA

20
0

1
0

0
1

2

1.
47

0
0

3.
9

1.
0

U
SA

30
0

7
7

8
4

26

10
.3

9.
5

19
.1

15
.4

12
.4

U
SA

40
0

0
0

1
0

1

0.
0

0.
0

2.
4

0.
0

0.
5

U
SA

50
0

6
1

5
0

12

8.
8

1.
4

11
.9

0.
0

5.
7

U
SA

60
0

1
3

0
0

4

1.
5

4.
1

0.
0

0.
0

1.
9

U
SA

80
0

3
3

2
0

8

4.
4

4.
1

4.
8

0.
0

3.
8

B
ra

zi
l

0
6

0
0

6

0.
0

8.
1

0.
0

0.
0

2.
9

eM
R

SA
15

1
0

0
0

1

1.
5

0.
0

0.
0

0.
0

0.
5

N
ot

e.
E

as
t: 

C
on

ne
ct

ic
ut

, M
ar

yl
an

d,
 M

as
sa

ch
us

et
ts

, N
ew

 J
er

se
y,

 N
ew

 Y
or

k;
M

id
w

es
t: 

Il
lin

oi
s,

 I
ow

a,
 M

ic
hi

ga
n,

 M
in

ne
so

ta
, O

hi
o;

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 August 30.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nair et al. Page 13
So

ut
h:

 A
la

ba
m

a,
 F

lo
ri

da
, G

eo
rg

ia
;

W
es

t: 
A

ri
zo

na
.

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 August 30.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nair et al. Page 14

T
ab

le
 2

U
ni

va
ri

at
e 

an
al

ys
is

 o
f 

th
e 

ri
sk

 f
ac

to
rs

 a
ss

oc
ia

te
d 

w
ith

 c
om

m
un

ity
-a

ss
oc

ia
te

d 
(C

A
)-

M
R

SA
 g

en
ot

yp
e 

na
sa

l c
ol

on
iz

at
io

n 
in

 th
e 

ST
A

R
*I

C
U

 tr
ia

l

R
is

k 
fa

ct
or

s
C

A
-M

R
SA

N
=3

0,
n 

(%
)

H
A

-M
R

SA
N

=1
80

,
n 

(%
)

P
R

95
%

 C
.I

.
P

V
al

ue

D
em

og
ra

ph
ic

 d
at

a

A
ge

 m
ea

n;
 m

ed
ia

n 
(r

an
ge

),
 y

ea
rs

51
; 4

8 
(2

1–
97

)
65

; 6
6 

(2
1–

92
)

0.
96

0.
95

–0
.9

8
<.

00
1

Fe
m

al
e 

ge
nd

er
12

 (
40

.0
)

75
 (

41
.7

)
0.

94
0.

48
–1

.8
5

.8
6

R
ac

e

  W
hi

te
17

 (
56

.7
)

13
3 

(7
3.

9)
1.

00

  B
la

ck
12

 (
40

.0
)

37
 (

20
.5

)
2.

16
1.

11
–4

.2
0

.0
2

  O
th

er
1 

(3
.3

)
10

 (
5.

6)
0.

80
0.

11
–5

.4
8

.8
2

H
ea

lt
h 

ca
re

–a
ss

oc
ia

te
d 

ri
sk

 f
ac

to
rs

H
os

pi
ta

liz
ed

 in
 p

as
t y

ea
r

14
 (

46
.7

)
13

4 
(7

4.
4)

0.
37

0.
19

–0
.7

0
.0

03

Su
rg

er
y 

in
 p

as
t y

ea
r

7 
(2

3.
3)

70
 (

38
.9

)
0.

53
0.

24
–1

.1
7

.1
1

D
oc

um
en

te
d 

hi
st

or
y 

of

  M
R

SA
 c

ol
on

iz
at

io
n

4 
(1

3.
3)

55
 (

30
.6

)
0.

39
0.

14
–1

.0
8

.0
7

  V
R

E
 c

ol
on

iz
at

io
n

1 
(3

.3
)

24
 (

13
.3

)
0.

26
0.

04
–1

.7
9

.1
7

  M
R

SA
 o

r 
V

R
E

 c
ol

on
iz

at
io

n
4 

(1
3.

3)
66

 (
36

.7
)

0.
31

0.
11

–0
.8

5
.0

3

L
en

gt
h 

of
 s

ta
y 

in
 h

os
pi

ta
l b

ef
or

e 
IC

U
 a

dm
is

si
on

, m
ea

n,
 m

ed
ia

n 
(r

an
ge

),
 d

ay
s

4.
2;

 0
 (

0–
70

)
3.

5;
 0

 (
0–

49
)

1.
01

0.
97

–1
.0

5
.6

6

D
ev

ic
e 

in
 p

la
ce

 a
t 

IC
U

 A
dm

is
si

on

In
dw

el
lin

g 
D

ev
ic

e 
at

 I
C

U
 A

dm
is

si
on

15
 (

50
.0

)
11

3 
(6

2.
8)

0.
64

0.
33

–1
.2

4
.1

9

G
as

tr
os

to
m

y 
T

ub
e

0 
(0

)
15

 (
8.

3)
un

de
fi

ne
d

un
de

fi
ne

d
1.

00

T
ra

ch
eo

st
om

y 
T

ub
e

3 
(1

0.
0)

10
 (

5.
6)

1.
68

0.
59

–4
.8

2
.3

3

In
dw

el
lin

g 
U

ri
na

ry
 C

at
he

te
r

12
 (

40
.0

)
94

 (
52

.2
)

0.
65

0.
33

–1
.2

9
.2

2

C
en

tr
al

 V
en

ou
s 

C
at

he
te

r
5 

(1
6.

7)
43

 (
23

.9
)

0.
68

0.
27

–1
.6

7
.3

9

PI
C

C
1 

(3
.3

)
12

 (
6.

7)
0.

52
0.

08
–3

.5
4

.5
1

M
ed

ic
al

 h
is

to
ry

H
is

to
ry

 o
f 

So
lid

 T
um

or
4 

(1
3.

3)
32

 (
17

.8
)

0.
74

0.
28

–2
.0

0
.5

6

H
is

to
ry

 o
f 

H
em

at
ol

og
ic

 M
al

ig
na

nc
y

1 
(3

.3
)

6 
(3

.3
)

1.
00

0.
16

–6
.3

3
1.

00

H
is

to
ry

 o
f 

H
em

at
op

oi
et

ic
 S

te
m

 C
el

l o
r 

B
on

e 
M

ar
ro

w
 T

ra
ns

pl
an

t
1 

(3
.3

)
2 

(1
.1

)
2.

38
0.

46
–1

2.
21

.3
0

H
is

to
ry

 o
f 

So
lid

 O
rg

an
 T

ra
ns

pl
an

t
2 

(6
.7

)
12

 (
6.

7)
1.

00
0.

27
–3

.7
7

1.
00

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 August 30.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nair et al. Page 15

R
is

k 
fa

ct
or

s
C

A
-M

R
SA

N
=3

0,
n 

(%
)

H
A

-M
R

SA
N

=1
80

,
n 

(%
)

P
R

95
%

 C
.I

.
P

V
al

ue

H
is

to
ry

 o
f 

C
hr

on
ic

 H
em

od
ia

ly
si

s
1 

(3
.3

)
25

 (
13

.9
)

0.
24

0.
03

–1
.7

2
.1

6

H
is

to
ry

 o
f 

C
hr

on
ic

 H
ep

at
ic

 F
ai

lu
re

1 
(3

.3
)

16
 (

8.
9)

0.
39

0.
06

–2
.7

0
.3

4

M
R

SA
=

m
et

hi
ci

lli
n-

re
si

st
an

t S
ta

ph
yl

oc
oc

cu
s 

au
re

us
V

R
E

=
va

nc
om

yc
in

-r
es

is
ta

nt
 E

nt
er

oc
oc

cu
s

IC
U

=
In

te
ns

iv
e 

C
ar

e 
U

ni
t

H
A

=
he

al
th

ca
re

-a
ss

oc
ia

te
d;

 C
A

=
co

m
m

un
ity

-a
ss

oc
ia

te
d

PR
=

Pr
ev

al
en

ce
 R

at
io

C
I=

C
on

fi
de

nc
e 

In
te

rv
al

PI
C

C
=

pe
ri

ph
er

al
ly

 in
se

rt
ed

 c
en

tr
al

 c
at

he
te

r

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 August 30.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nair et al. Page 16

Table 3

Multivariate analysis of the risk factors associated with community-associated MRSA nasal colonization in

the STAR*ICU trial

Risk factor PR 95% C.I. P Value

Age (per additional year) 0.97 0.95–0.98 <0.001

Hospitalized in past 1 year 0.39 0.21–0.73 0.003

MRSA=methicillin-resistant Staphylococcus aureus
PR=Prevalence Ratio
CI=Confidence Interval
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