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Background. Approximately 15 700 invasive methicillin-resistant Staphylococcus aureus (MRSA) infections oc-
curred in US dialysis patients in 2010. Frequent hospital visits and prolonged bloodstream access, especially via
central venous catheters (CVCs), are risk factors among hemodialysis patients. We describe the epidemiology of
and recent trends in invasive MRSA infections among dialysis patients.

Methods. We analyzed population-based data from 9 US metropolitan areas from 2005 to 2011. Cases were
defined as MRSA isolated from a normally sterile body site in a surveillance area resident who received dialysis, and
were classified as hospital-onset (HO; culture collected >3 days after hospital admission) or healthcare-associated
community-onset (HACO; all others). Incidence was calculated using denominators from the US Renal Data
System. Temporal trends in incidence and national estimates were calculated controlling for age, sex, and race.

Results. From 2005 to 2011, 7489 cases were identified; 85.7% were HACO infections, and 93.2% were blood-
stream infections. Incidence of invasive MRSA infections decreased from 6.5 to 4.2 per 100 dialysis patients (annual
decrease, 7.3%) with annual decreases of 6.7% for HACO and 10.5% for HO cases. Among cases identified during
2009–2011, 70% of patients were hospitalized in the year prior to infection. Among hemodialysis cases, 60.4% of pa-
tients were dialyzed through a CVC. The 2011 national estimated number of MRSA infections was 15 169.

Conclusions. There has been a substantial decrease in invasive MRSA infection incidence among dialysis pa-
tients. Most cases had previous hospitalizations, suggesting that efforts to control MRSA in hospitals might have
contributed to the declines. Infection prevention measures should include improved vascular access and CVC care.
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Healthcare-associated invasive methicillin-resistant
Staphylococcus aureus (MRSA) infections have decreased
in the past several years [1], yet they remain a signifi-
cant public health problem with a national incidence
rate of 21.8 per 100 000 population and mortality rate

of 3.7 per 100 000 population [2]. Of 67 000 healthcare-
associated invasive MRSA infections reported in 2010,
15 700 (23.4%) were among dialysis patients [2]. The
incidence of invasive MRSA infection among patients
undergoing chronic dialysis is >100 times higher than
in the general population [1, 3]. Increased risk of MRSA
infections in dialysis patients is related to multiple
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factors, including repeated vascular access for hemodialysis pa-
tients through central venous catheters (CVCs) or arteriovenous
(AV) grafts or fistulae, frequent hospital visits, and high prevalence
of MRSA colonization [4]. Invasive S. aureus infections among di-
alysis patients are associated with high mortality and cost [5–7].

Surveillance sponsored by the US Centers for Disease
Control and Prevention (CDC) showed that the incidence of in-
vasive MRSA infections among dialysis patients decreased by
6.4% annually during 2005–2008 [1]. Understanding the
current epidemiology of MRSA infections in dialysis patients
and whether decreases in incidence have persisted in recent
years is important to guide prevention efforts. We used popula-
tion-based surveillance data to evaluate recent changes in inva-
sive MRSA infection incidence, estimate the national burden of
disease among dialysis patients, and characterize invasive
MRSA infections among this patient group.

METHODS

Surveillance System
We analyzed data reported to the CDC’s Active Bacterial Core
surveillance (ABCs) system for invasive MRSA infections during
2005–2011. ABCs MRSA methodology has been previously de-
scribed [8]. In brief, ABCs MRSA is an active, population-based
surveillance covering a population of 19 million persons from se-
lected counties across 9 US states (California, Colorado, Connect-
icut, Georgia, Maryland, Minnesota, New York, Oregon, and
Tennessee). Surveillance personnel at participating sites investi-
gate all laboratory reports of MRSA isolated from normally sterile
sites. For each invasive MRSA case identified, a standard case
report is completed including demographic and clinical data.

Case Definition
ABCs defines a case as MRSA isolated from a normally sterile
body site in a surveillance area resident. In this analysis, only
ABCs cases that occurred in persons who received dialysis
within the year before the positive MRSA culture were includ-
ed. Cases were classified as hospital-onset (HO) if the culture
was obtained >3 calendar days after a hospital admission (ad-
mission day is considered day 1), or healthcare-associated com-
munity-onset (HACO) if the culture was obtained as an
outpatient or ≤3 calendar days after a hospital admission [2, 8].
Because all cases had healthcare exposure (ie, dialysis) prior to
culture, no community-associated cases were included. Cases
were categorized as bloodstream infection (BSI) if MRSA was
isolated from blood. One patient may represent >1 case in the
system if he or she had ≥2 positive cultures >30 days apart.

Invasive MRSA Incidence Calculations
Invasive MRSA infection incidence was calculated from the 27
counties that reported data continuously for every month

during 2005–2011 among all 9 ABCs sites. The numerator was
the number of cases reported in a calendar year. The denomi-
nator was the point prevalence of dialysis patients on December
31 of the previous year in the corresponding surveillance coun-
ties and was obtained from the US Renal Data System
(USRDS), which included patients enrolled in the Medicare
End-Stage Renal Disease (ESRD) program. ESRD covers 83%
of the US chronic dialysis population [9]. Annual incidences
of HO and HACO MRSA were calculated using the same
denominators.

Trend Analysis
Changes in incidence over time (2005–2011) were assessed by
fitting a Poisson regression model across surveillance sites,
treating MRSA case counts as the outcome variable and time
(ie, year) as the independent variable. As both the 2005 (ie,
baseline) invasive MRSA incidence and the annual change in
incidence varied by area, a mixed model was fitted to include
the intercept (ie, 2005 incidence) and the slope for year (ie,
temporal change) at each area as random effects. Models were
fitted for all invasive MRSA infections and for MRSA BSI only.
As patients of older age, male sex, and black race have been
shown to have higher infection incidence [8], the models were
controlled for age (≥65 years, 50–64 years, or ≤49 years), race
(black or nonblack), and sex. The modeled annual change and
its 95% confidence interval (CI) were calculated in each model.
P values <.05 were considered statistically significant. Analyses
were performed using SAS software version 9.3 (SAS Institute
Inc, Cary, North Carolina).

Estimation of National Burden of Invasive MRSA Infections
Among Dialysis Population
To estimate the national burden and CI of invasive MRSA in-
fections among all dialysis patients in the United States in
2011, we used the number of infections in 2011 from ABCs
data and 2010 US dialysis population from USRDS and applied
an approximation method based on γ distribution [10]. The es-
timate and 95% CI were adjusted for sex, race, and age corre-
sponding to the overall US dialysis population.

Descriptive Epidemiology of Invasive MRSA Infections Among
Dialysis Patients
To describe characteristics of cases, demographic and clinical
data from ABCs were analyzed. The data included age, sex,
race, clinical syndromes associated with the MRSA culture, and
cases’ underlying conditions. The Charlson comorbidity index
[11–15] was calculated with and without age. The χ2 test was
used to compare proportions between groups; P < .05 was con-
sidered significant.

Starting in 2009, additional variables were available to indi-
cate whether patients received chronic dialysis (as opposed to
any dialysis) prior to MRSA-positive culture, the type of
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chronic dialysis (ie, hemodialysis or peritoneal dialysis), and
vascular access type used for hemodialysis (ie, CVC or AV
graft/fistula). These variables permitted better identification of
risk groups and potential risk factors associated with invasive
MRSA. The addition of these new variables allowed us to focus
our descriptive analysis on cases in patients undergoing
chronic dialysis who were cultured between January 2009 and
December 2011; these cases represented 93.4% of all dialysis
cases during this time frame.

MRSA Strain Typing
As part of surveillance, a convenience sample of MRSA isolates
was sent to the CDC for further testing, including pulsed field
gel electrophoresis (PFGE). Submitted isolates were character-
ized either by PFGE or by inference of PFGE patterns based on
staphylococcal cassette chromosome, presence of Panton-Val-
entine leukocidin, and antimicrobial susceptibility results [16].

Human Subjects Considerations
The ABCs surveillance protocol underwent ethical review at the
CDC and was determined to be nonresearch. It was also re-
viewed at each participating surveillance area and approved by
local institutional review boards.

RESULTS

Incidence of Invasive MRSA Infections, 2005–2011
From 2005 to 2011, 7489 cases of MRSA were identified in
ABCs; 85.7% of them were HACO and 93.2% were BSI. Overall
crude incidence of invasive MRSA infections per 100 dialysis
patients decreased from 6.5 in 2005 to 4.2 in 2011 (Figure 1).
The modeled change, controlling for age, sex, and race, de-
creased 7.3% per year (95% CI, 5.9%–8.6%; Figure 1). This
translates to an overall decrease in invasive MRSA infection of
51.1% over the 7-year period. The decrease in incidence during
2005–2011 was also observed in MRSA BSIs (modeled yearly
decrease of 7.9% [95% CI, 6.5%–9.3%], and overall decrease of
55.3%). Statistically significant annual decreases in invasive
MRSA incidence were noted in 7 of 9 surveillance areas
(Figure 2).

Incidence among HO cases decreased 10.5% (95% CI,
7.0%–13.8%) and among HACO cases 6.7% (95% CI, 5.2%–
8.2%) per year (Figure 1). The proportion of all cases that were
HACO increased between 2005 and 2011 (82.8% vs 88.0%,
P = .002).

National Estimate of Invasive MRSA Infections Among Dialysis
Population, 2011
Projecting our 2011 data to the national level, an estimated
15 169 invasive MRSA infections and 12 823 MRSA BSIs oc-
curred in the United States among dialysis patients, and the

estimated 2011 national incidence was 3.7 invasive MRSA in-
fections per 100 dialysis patients (95% CI, 2.8–4.7).

MRSA Strains
Between 2005 and 2011, strain data were available on 1397
MRSA isolates (18.7% of cases). USA100 accounted for 820
(58.7%) and USA300 accounted for 377 (27.0%) isolates. The
remaining isolates belonged to other strain types. USA300 was
identified in 28.3% of HACO and 19.6% of HO cases. The pro-
portion of USA300 isolates by year was 15.8% (2005), 25.2%
(2006), 22.5% (2007), 27.9% (2008), 33.5% (2009), 33.3%
(2010), and 31.1% (2011).

Figure 2. Yearly change in invasive MRSA incidence in each surveil-
lance area, 9 Active Bacterial Core surveillance system areas, 2005–2011.
Each bar denotes yearly percent change and its 95% confidence interval
for each site. The gray bar denotes the change across all sites.

Figure 1. Rates and modeled yearly changes of invasive methicillin-
resistant Staphylococcus aureus infections per 100 dialysis patients by epi-
demiologic class, Active Bacterial Core surveillance system, 2005–2011.
Abbreviations: CI, confidence interval; HACO, healthcare-associated com-
munity-onset; HO, hospital-onset; MRSA, methicillin-resistant Staphylo-
coccus aureus.
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Case Characteristics, 2009–2011
From January 2009 through December 2011, 2940 MRSA cases
in patients undergoing chronic dialysis were reported to ABCs.
These cases occurred in 2158 unique patients, of whom 496
(23.0%) had >1 episode during 2009–2011. Among the cases,
2608 (88.7%) were categorized as HACO, and 332 (11.3%) as
HO (Table 1). Hemodialysis was the major dialysis type (n = 2854
[97.3%]) and most cases were BSIs (n = 2699 [91.8%]). Additional

demographic characteristics, underlying conditions, and infec-
tion types of cases are described in Table 1.

Vascular Access Types
Among 2642 hemodialysis cases with available vascular access
data in 2009–2011, 1595 (60.4%) infections occurred in pa-
tients who had a CVC, and 1047 (39.6%) were in patients who
had an AV graft or fistula (Table 1). Among the 2489

Table 1. Characteristics of Chronic Dialysis Cases With Invasive Methicillin-Resistant Staphylococcus aureus Infections, Active
Bacterial Core Surveillance System, 2009–2011

Characteristic HACO (n = 2608) HO (n = 332) All Cases (n = 2940) P Value

Male sex 1435 (55.0) 184 (55.4) 1619 (55.1) .82

Age
Median 60 60.5 60 .97

Range 7–97 0–95 0–97

≥65 y 37.5% 39.8% 37.8% .42
Race

White 774 (29.7) 121 (36.5) 895 (30.5) .01

Black 1502 (57.6) 180 (54.2) 1682 (57.2) .24
Other(s) 332 (12.7) 31 (9.3) 363 (12.3) . . .

Dialysis type

Hemodialysis 2540 (97.6) 314 (94.9) 2854 (97.3) .004
Peritoneal 63 (2.4) 17 (5.1) 80 (2.7) . . .

Unknown/missing 5 1 6

Vascular access among hemodialysis (%)
CVC 1424 (60.6) 171 (58.8) 1595 (60.4) .55

AV graft or fistula 927 (39.4) 120 (41.2) 1047 (39.6) . . .

Unknown/missing 189 23 212
Types of infectiona

Bloodstream infection 2446 (93.8) 253 (76.2) 2699 (91.8) <.0001

Catheter site infections 491 (18.8) 30 (9.0) 521 (17.7) <.0001
AV F/G infections 256 (9.8) 26 (7.8) 282 (9.6) .24

Septic shock 238 (9.1) 37 (11.1) 275 (9.4) .23

Pneumonia 215 (8.2) 38 (11.5) 253 (8.6) .05
Endocarditis 201 (7.7) 28 (8.4) 229 (7.8) .64

Osteomyelitis 162 (6.2) 35 (10.5) 197 (6.7) .003

Underlying conditionsa

Diabetes 1610 (61.7) 212 (63.9) 1822 (62.0) .45

Heart failure 837 (32.1) 130 (39.2) 967 (32.9) .01

ASCVD 592 (22.7) 82 (24.7) 674 (22.9) .41
CVA/stroke 437 (16.8) 50 (15.1) 487 (16.6) .43

COPD 239 (9.2) 38 (11.5) 277 (9.4) .18

Chronic liver disease 95 (3.6) 25 (7.5) 120 (4.1) .0007
Charlson score, mean ± SD 4.0 ± 1.7 4.3 ± 1.7 4.0 ± 1.7 .02

Charlson score with age, mean ± SD 5.6 ± 2.3 5.9 ± 2.3 5.6 ± 2.3 .01

Data are presented as No. (%) unless otherwise specified. P values represent the comparison between HACO and HO cases. The χ2 test was used to compare
proportions and Student t test to compare continuous variables. P < .05 was considered statistically significant

Abbreviations: AV, arteriovenous; ASCVD, arteriosclerotic cardiovascular disease (ie, coronary artery disease); AV F/G, arteriovenous graft or fistula; CVA,
cerebrovascular accident; CVC, central venous catheter; COPD, chronic obstructive pulmonary disease; HACO, healthcare-associated community-acquired; HO,
hospital-onset; SD, standard deviation.
a Infection types were classified based on chart review. Infection types and underlying conditions were not mutually exclusive.
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hemodialysis cases with a BSI and available vascular access
data, 1543 (62.0%) patients had a CVC and 946 (38.0%) had an
AV graft or fistula.

Previous Healthcare Exposures and Outcomes of Cases
Of 2940 cases, 1311 (44.6%) had a history of previous MRSA
infection or colonization. Cases’ other healthcare exposures are
described in Table 2. Among HACO cases, 1817 (69.7%) had
hospitalization within a year prior to positive culture.

Outcomes of cases and characteristics of recurrent infections
are described in Table 3. Although case fatality was higher
among HO cases than HACO cases, mortality was similar
among patients with CVCs and those with AV grafts or fistulae
(12.0% vs 11.8%; P = .7).

DISCUSSION

In this study, the incidence of invasive MRSA infections among
dialysis patients decreased from 2005 to 2011, consistent with
the prior findings in all healthcare-associated invasive MRSA
infections, including among dialysis patients from 2005 to 2008
[1]. The majority of infections (93.2%) were BSIs. The inci-
dence also decreased among HACO and HO infections, indi-
cating that reductions in both contributed to the decreasing

rates. Because yearly decreases were more pronounced in HO
infections, we observed a proportional increase in HACO infec-
tions. The majority of HACO cases (69.7%) had recent hospi-
talizations, suggesting that efforts in hospitals to prevent BSI
and MRSA transmission could have led to decreases in not
only in HO, but also HACO infections. The potential relation-
ship between hospital multidrug-resistant organism transmis-
sion prevention and decreasing colonizations in outpatient dialysis
settings has been described previously [17].

There are several possible explanations for the observed de-
crease in HACO and HO infection rates. Better adherence to
recommended MRSA prevention measures in hospitals have
led to reduced MRSA infections [18]. These efforts have included
prioritizing infection control through administrative, financial,
and human resource support and more consistent adherence to
good hand hygiene and use of personal protective equipment;
detecting cases early and initiating appropriate treatment, isola-
tion, and contact precautions; and performing MRSA surveil-
lance and feedback [19, 20]. Another potential contributing
factor to the rate decrease is the implementation of BSI preven-
tion efforts in hospitals, which have been shown to significantly
reduce central line–associated BSI [21–24]. Those efforts have
included reductions in catheter use, better catheter insertion
and maintenance practices through implementation of “catheter
care bundles” comprised of multiple evidence-based interven-
tions, use of standard tools to record adherence to catheter care
practice, and staff education on BSI prevention. Finally, CVC
use in hemodialysis outpatients has decreased whereas AV
fistula use has increased [25]. AV fistulas and grafts are associat-
ed with lower risk for infection compared to CVCs [26–29] and
are the preferred vascular access types over CVCs [4, 30]. Data
obtained from the Fistula First Breakthrough Initiative on CVC
use from 2005 to 2011 among the 9 ABCs reporting areas
showed a consistent reduction in the proportion of hemodialy-
sis patients with a CVC from 27.8% in 2005 to 18.8% in 2011,
with a dramatic reduction after 2007 (Fistula First Prevalent US
Data 2005–2011, unpublished data), coincident with the ob-
served reduction in MRSA incidence (Figure 1). Therefore, this
may have also contributed to the observed decrease.

Although the incidence of MRSA infections among dialysis
patients is decreasing, the burden of these infections, including
MRSA BSI, continues to be high, as demonstrated by the
15 169 invasive MRSA infections estimated to have occurred in
US chronic dialysis patients in 2011. Moreover, this study did
not evaluate the impact of methicillin-sensitive S. aureus,
which may account for two-thirds of S. aureus infections
among dialysis patients and may also cause severe morbidity,
mortality, and high cost [5, 6].

With the availability of new variables in the system during
2009–2011, we were able to assess the vascular access type
among cases. Of hemodialysis patients with invasive MRSA

Table 2. Previous Healthcare Exposure Among Chronic Dialysis
Cases With Invasive Methicillin-Resistant Staphylococcus aureus
Infection, Active Bacterial Core Surveillance System, 2009–2011

Exposure
HACO

(n = 2608)
HO

(n = 332)
All Cases
(n = 2940)

P
Value

Had previous MRSA
infections or
colonization

1167 (44.8) 144 (43.4) 1311 (44.6) .63

Had surgery within a year
prior

771 (29.6) 140 (42.2) 911 (31.0) <.0001

In an LTCF within a year
prior

763 (29.3) 94 (28.3) 857 (29.2) .72

Had hospitalization within
a year prior

1817 (69.7) 241 (72.6) 2058 (70.0) .27

Duration from previous
hospitalization to this
positive culture ≤90 d

1062 (60.6) 138 (60.5) 1200 (60.6) .98

Missing/unknown date 65 13 78
Had at least 1 healthcare
exposurea

2067 (79.3) 281 (84.6) 2348 (79.9) .02

Data are presented as No. (%) unless otherwise specified.

Abbreviations: HACO, healthcare-associated community-acquired; HO,
hospital-onset; LTCF, long-term care facility; MRSA, methicillin-resistant
Staphylococcus aureus.
a Either previous hospitalization or surgery or LTCF within a year prior to culture
(in addition to dialysis exposure). P values represent the comparison between
HACO and HO cases. The χ2 test was used to compare proportions and
Student t test to compare continuous variables. P < .05 was considered
statistically significant.
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infections during 2009–2011, the majority (60.4%) had a CVC
instead of other access types. This is in contrast to the 18.8% of
all chronic hemodialysis patients in the surveillance areas who
had a CVC in 2011 (Fistula First Prevalent US Data 2005–2011,
unpublished data). Evidence has shown that patients with a
CVC are at high risk for BSI and other adverse outcomes [26,
27, 31–35], and conversion from a CVC to an AV fistula can
reduce risk of death [31]. Although CVC use among the
chronic hemodialysis population has been decreasing, CVCs
are still commonly used to initiate hemodialysis in the United
States [27, 36–38]. The disproportionate use of CVCs among
patients with MRSA infection may point to prevention oppor-
tunities to improve CVC maintenance and reduce CVC use in
favor of lower-risk vascular access types, while also pursuing
strategies to prevent infections in patients with fistulae and
grafts.

In addition to dialysis, the surveillance population had other
prior healthcare exposures (ie, hospitalization, surgery, or long-
term care facility stay). Many cases had prior MRSA infection
or colonization, and although we were unable to ascertain
whether patients became infected or colonized during their
previous hospitalizations, interrupting MRSA transmission in
both outpatient and inpatient healthcare settings may be im-
portant for preventing invasive infections.

The strengths of the ABCs data include population-based
rates that represent large and diverse geographic areas through-
out the United States, and standardized surveillance methods.

The analysis was subject to several limitations. Metropolitan
areas covered by ABCs may not be nationally representative.
However, when calculating national estimates, we were able to

adjust for regional differences in sex, age, and race to produce
estimates that more accurately represent the entire US dialysis
population. Although the proportion of MRSA infections
caused by USA300 increased during the study period, we did
not have strain types for all cases; instead, only a convenient
sample of the isolates was available for PFGE testing.

Although surveillance sites perform annual audits of partici-
pating hospital laboratories to ensure completeness of report-
ing, increased awareness of invasive MRSA infections among
dialysis patients diagnosed in outpatient settings led to a more
thorough audit, including nonhospital laboratories that served
outpatient dialysis centers in the surveillance areas in 2011.
Through this assessment, we determined that as many as 9.1%
of dialysis cases were missed because they were identified by
laboratories outside of the surveillance area. However, the in-
clusion of those missed cases in the 2011 data did not change
the decreasing trend in MRSA infections (data not shown).
Moreover, the denominators used represent only patients in the
Medicare ESRD Program, which covers 83% of US dialysis pa-
tients. Finally, ABCs data on vascular access was available for
only 3 years (2009–2011), which limited our ability to assess if
observed decreases in invasive MRSA infection incidence were
due in part to reductions of MRSA infection among patients
with CVCs.

CONCLUSIONS

Great progress has been made in reducing invasive MRSA in-
fection among dialysis patients. However, the infection burden
remains substantial among this patient population, especially

Table 3. Outcomes of Invasive Methicillin-Resistant Staphylococcus aureus Infections Among Chronic Dialysis Patients, Active Bacterial
Core Surveillance System, 2009–2011

Outcome HACO (n = 2608) HO (n = 332) All Cases (n = 2940) P Value

Died 263 (10.1) 90 (27.1) 353 (12.0) <.0001

Died within 7 d of culture 120 (4.6) 38 (11.5) 158 (5.4) <.0001
Survival time since culture, d, median (range) 7 (3–16) 9.5 (3–30) 7 (3–21) .004

Hospitalization 2324 (89.6) 332 (100) 2656 (90.8) . . .

Hospital stay, d, median (range) 9 (6–15) 25 (13–55) 10 (6–17) <.0001
Had recurrent infection 983 (37.7) 111 (33.4) 1094 (37.2) .09

No. of patients 1887 271 2158 . . .

Had 1 MRSA infection 1443 (76.5) 219 (80.8) 1662 (77.0) . . .
Had 1 recurrent infectiona 297 (15.7) 43 (15.9) 340 (15.8) . . .

Had >1 recurrent infection 147 (7.8) 9 (3.3) 156 (7.2) . . .

Time between 1st and 2nd infections, d, median (IQR) 92 (56–167) 87 (37–142) 91 (55–166) . . .
Time between infections, d, median (IQR) 89 (55–167) 79 (40–142) 88 (55–165) . . .

Data are presented as No. (%) unless otherwise specified.

Abbreviations: HACO, healthcare-associated community-acquired; HO, hospital-onset; IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus.
a HACO/HO classification based on the last infection. P values represent the comparison between HACO and HO cases. The χ2 test was used to compare
proportions and Student t test to compare continuous variables. P < .05 was considered statistically significant.
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those with CVCs. Therefore, prevention activities should focus
on improving CVC maintenance and reducing CVC use, while
also improving care of other vascular access types. Adherence
to current infection prevention guidelines should be encour-
aged and reinforced to help sustain the decreasing trend of in-
vasive MRSA infections.
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