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STAPHYLOCOCCUS AUREUS IS A

common cause of potentially se-
rious and costly health care–
associated infections present-

ing frequently in hospitals as central
line–associated bloodstream infec-
tions (BSIs).1 The emergence of meth-
icillin-resistant S aureus (MRSA) as a
prominent pathogen in health care set-
tings has drawn the attention of clini-
cians, public health agencies, policy
makers, and the public.2-7 Spurred in
part by the perception that the preven-
tion practices currently in use in US
hospitals are not effectively control-
ling health care–associated MRSA in-
fections, several state legislatures re-
cently have considered or passed laws
to mandate MRSA prevention activi-
ties in health care settings, particu-
larly in intensive care units (ICUs).8,9

Despite these events, a critical as-
sessment of recent temporal trends in
the incidence of health care–associ-
ated MRSA disease in the United States
is lacking. This is crucial to inform pub-
lic health policy decisions and formu-
late strategies for preventing MRSA
health care–associated infections. Dur-
ing the past decade, efforts to prevent
central line–associated BSIs in ICU pa-
tients, who often are at increased risk

for developing health care–associated
infections, have intensified.10,11 More
recently, technological and system-
based approaches to improve the safety
of central line insertion and han-For editorial comment see p 772.

Context Concerns about rates of methicillin-resistant Staphylococcus aureus (MRSA)
health care–associated infections have prompted calls for mandatory screening or re-
porting in efforts to reduce MRSA infections.

Objective To examine trends in the incidence of MRSA central line–associated blood-
stream infections (BSIs) in US intensive care units (ICUs).

Design, Setting, and Participants Data reported by hospitals to the Centers for
Disease Control and Prevention (CDC) from 1997-2007 were used to calculate pooled
mean annual central line–associated BSI incidence rates for 7 types of adult and non-
neonatal pediatric ICUs. Percent MRSA was defined as the proportion of S aureus cen-
tral line–associated BSIs that were MRSA. We used regression modeling to estimate
percent changes in central line–associated BSI metrics over the analysis period.

Main Outcome Measures Incidence rate of central line–associated BSIs per 1000
central line days; percent MRSA among S aureus central line–associated BSIs.

Results Overall, 33 587 central line–associated BSIs were reported from 1684 ICUs rep-
resenting 16 225 498 patient-days of surveillance; 2498 reported central line–associated
BSIs (7.4%) were MRSA and 1590 (4.7%) were methicillin-susceptible S aureus (MSSA).
Of evaluated ICU types, surgical, nonteaching-affiliated medical-surgical, cardiotho-
racic, and coronary units experienced increases in MRSA central line–associated BSI in-
cidence in the 1997-2001 period; however, medical, teaching-affiliated medical-
surgical, and pediatric units experienced no significant changes. From 2001 through 2007,
MRSA central line–associated BSI incidence declined significantly in all ICU types except
in pediatric units, for which incidence rates remained static. Declines in MRSA central line–
associated BSI incidence ranged from −51.5% (95% CI, −33.7% to −64.6%; P� .001)
in nonteaching-affiliated medical-surgical ICUs (0.31 vs 0.15 per 1000 central line days)
to −69.2% (95% CI, −57.9% to −77.7%; P� .001) in surgical ICUs (0.58 vs 0.18 per
1000 central line days). In all ICU types, MSSA central line–associated BSI incidence de-
clined from 1997 through 2007, with changes in incidence ranging from −60.1% (95%
CI, −41.2% to −73.1%; P� .001) in surgical ICUs (0.24 vs 0.10 per 1000 central line
days) to −77.7% (95% CI, −68.2% to −84.4%; P� .001) in medical ICUs (0.40 vs 0.09
per 1000 central line days). Although the overall proportion of S aureus central line–
associated BSIs due to MRSA increased 25.8% (P=.02) in the 1997-2007 period, overall
MRSA central line–associated BSI incidence decreased 49.6% (P� .001) over this period.

Conclusions The incidence of MRSA central line–associated BSI has been decreas-
ing in recent years in most ICU types reporting to the CDC. These trends are not ap-
parent when only percent MRSA is monitored.
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dling12-17 have been complemented by
prevention measures focused on inter-
rupting MRSA transmission between
hospitalized patients.18,19

To provide information on recent
changes in the burden of MRSA dis-
ease, we sought to characterize trends in
the incidence of MRSA and methicillin-
susceptible S aureus (MSSA) central line–
associated BSIs among adult and non-
neonatal pediatric patients in ICUs, using
national health care–associated infec-
tion surveillance data reported to the
Centers for Disease Control and Preven-
tion (CDC) from 1997 through 2007.

METHODS
Surveillance Processes
and Definitions

The CDC’s National Nosocomial In-
fections Surveillance (NNIS) system be-
gan in 1970 as a voluntary, hospital-
based reporting system to monitor
health care–associated infections and
inform local and national prevention ef-
forts. Participation in NNIS increased
from 62 hospitals in 31 states in 1970
to almost 300 hospitals in 37 states in
2004, when NNIS data reporting con-
cluded. The NNIS system was suc-
ceeded by the CDC’s National Health-
care Safety Network (NHSN), a Web-
based surveillance system that was
phased in during 2005 and began pro-
viding data from former NNIS partici-
pants in 2006. A sharp increase in
NHSN participation began in 2007 as
a result of open enrollment and enact-
ment of several state laws mandating
health care–associated infection report-
ing to NHSN. For this analysis, data re-
ported to NNIS from 1997 through
2004 and to NHSN from 2006 through
2007 were used. Surveillance data are
not available from NHSN for 2005.

Both NHSN and NNIS surveillance
processes are described in detail on
the CDC Web site20 and in previous
publications.21 Briefly, in both sys-
tems, facilities choose the patient care
areas under surveillance and perform
surveillance for an entire calendar
month for each area chosen. Facilities
also choose the types of health care–
associated infections to monitor. When

central line–associated BSI is chosen, lo-
cal infection control professionals use
standard methods and definitions to
identify and report all central line–
associated BSIs, patient-days, and pa-
tient central line days for selected ICUs
during each month of surveillance
activity.

Both NNIS and NHSN define cen-
tral line–associated BSI as a primary
bloodstream infection (ie, the blood-
stream infection is not the result of a
primary infection at another body site)
in a patient who had a central line
within the 48-hour period before the
development of the BSI. There is no
minimum period during which the cen-
tral line must be in place for the BSI
to be considered central line associ-
ated. Furthermore, a central line is de-
fined as an intravascular catheter that
terminates at or close to the heart or in
1 of the great vessels that is used for in-
fusion, withdrawal of blood, or hemo-
dynamic monitoring. The following
are considered great vessels for the
purpose of reporting central line–
associated BSI infections and count-
ing central line days: aorta, pulmo-
nary artery, superior vena cava, inferior
vena cava, brachiocephalic veins, in-
ternal jugular veins, subclavian veins,
external iliac veins, and common fem-
oral veins. Antibiotic susceptibility data
as determined by the facility’s labora-
tory are reported for up to 3 patho-
gens per central line–associated BSI.

Although the basic surveillance
methodology was unchanged from
NNIS to NHSN, there were minor re-
visions of the central line–associated BSI
surveillance definition and the catego-
ries used for reporting data from pedi-
atric ICUs.20 To ensure uniform defi-
nitions and groupings across the entire
analysis period, we limited the cur-
rent trend analysis to central line–
associated laboratory-confirmed (spe-
cifically, culture-positive) BSIs, as
defined under NNIS and NHSN sur-
veillance protocols (BOX),20,21 and ag-
gregated all non-neonatal pediatric ICU
data. A study of the accuracy of noso-
comial bloodstream infection report-
ing under NNIS from 1991 through

1993 demonstrated a sensitivity, speci-
ficity, and positive predictive value of
85%, 98.3%, and 87%, respectively.22

Selection of Patient Care Areas

We characterized trends separately for
the following ICU types, for which at
least 100 units of each type reported data
during the analysis period: medical, sur-
gical, combined medical-surgical units
in facilities with a major affiliation with
a medical school teaching program, com-
bined medical-surgical units in facili-
ties without such an affiliation, cardio-
thoracic, coronary, and pediatric units.
Trendswereanalyzedseparately for com-
bined medical-surgical units with and
without a major teaching affiliation be-
cause historical NNIS data show that cen-
tral line–associated BSI incidence rates
in combined medical-surgical units dif-
fer by teaching status.23

Evaluation of Trends

Two MRSA metrics were evaluated.
First, we calculated pooled mean cen-
tral line–associated BSI incidence as the
number of central line–associated BSIs
per 1000 central line days per year for
all central line–associated BSIs and sepa-
rately for those associated with MRSA
and MSSA. Second, we calculated
pooled mean percent MRSA as the
number of central line–associated BSIs
associated with MRSA divided by the
sum of MRSA and MSSA central line–
associated BSIs by year (ie, proportion
of all central line–associated BSIs due
to S aureus that tested resistant to meth-
icillin, oxacillin, or nafcillin [MRSA]).
Pooled mean percent MRSA aggre-
gated across ICU types traditionally has
been the metric reported from NNIS,24

so to compare percent MRSA and MRSA
incidence as measures of the MRSA
problem over time, we aggregated data
across ICU types (FIGURE 1). Because
aggregated MRSA central l ine–
associated BSI incidence increased dur-
ing the first half of the analysis period
(through 2001) and thereafter de-
clined during the latter half of the analy-
sis period (Figure 1), we modeled the
periods before and after 2001 sepa-
rately to more accurately characterize
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trends in MRSA central line–associ-
ated BSI incidence by ICU type.

Statistical Analysis
We used Poisson regression to model
trends in central line–associated BSI
incidence and weighted linear re-
gression to model trends in percent
MRSA. Model results were used to
estimate percentage changes in each
metric over the analysis period. All
central line−associated BSI incidence
values reported in the text are model-
estimated; actual incidence data are
shown in the figures.

Because of a significant interaction
between ICU type and time in the ag-
gregated model of MRSA central line–
associated BSI incidence (P=.001 in
Type III analysis with 6 degrees of free-
dom), separate models were evaluated
for each ICU type. To explore whether
variability in the reporting population
due to movement of facilities in and out
of either surveillance system had a sub-
stantial effect on our initial results, we
confirmed trends observed in the ag-
gregated data by performing subanaly-
ses for each ICU type that were lim-
ited to units reporting at least 1 month
of data and 50 central line days in each
of the 10 surveillance years, rather than
reporting data during any month of the
analysis period. For display purposes,
log-linear models of annual trends were
used to estimate 2005 central line–
associated BSI incidence rates in plot-
ted graphs. For ICU types without sig-
nificant annual trends, 2005 incidence
estimates were derived from intercept-
only models and represent mean an-
nual central line–associated BSI inci-
dence rates. Statistical analyses were
performed using SAS version 9.1 soft-
ware (SAS Institute Inc, Cary, North
Carolina). All reported P values are
2-sided, and a P value of �.05 was con-
sidered statistically significant.

The institutional review board of the
National Center for Preparedness, De-
tection, and Control of Infectious
Diseases, CDC, conducted an ethical re-
view and approved the routine report-
ing of health care–associated infection
data to NNIS and NHSN, determining

that such reporting constitutes surveil-
lance and not research. Our examina-
tion of temporal trends in these sur-
veillance data likewise is not human
subjects research and not subject to fur-
ther institutional review.

RESULTS
Facility Characteristics
and Distribution of Reported
Central Line–Associated BSIs

From 1997 through 2007, 1684 ICUs
representing 16 225 498 patient-days re-
ported central line–associated BSI data
to the CDC. In total, 599 facilities, geo-

graphically dispersed among 43 states
and the District of Columbia, re-
ported central line–associated BSI data
at some time during the analysis pe-
riod, but not all facilities reported con-
tinuously throughout the analysis pe-
riod. Before 2007, the median number
of facilities participating in any given
surveillance year was 244 (range, 219-
263); in 2007, participation increased
to 518 facilities, primarily due to in-
fluxes of participants from New York,
South Carolina, and Colorado. Of the
ICU types reporting, 491 were com-
bined medical-surgical units without a

Box. Definition of Laboratory-Confirmed Bloodstream Infections
Under the National Nosocomial Infections Surveillance System and
the National Healthcare Safety Network

Criterion 1

Patient has a recognized pathogen cultured from 1 or more blood cultures

and

Organism cultured from blood is not related to an infection at another site

Criterion 2

Patient has at least 1 of the following signs or symptoms:

Fever, temperature higher than 38°C

Chills

Hypotension

Hypothermia, temperature lower than 37°C, if patient is less than
or equal to 1 year old

Apnea, if patient less than or equal to 1 year old, or

Bradycardia, if patient less than or equal to 1 year old

and

Presence of at least 1 of the followinga:

Common skin contaminant (eg, diphtheroids, Bacillus species, Propionibacte-
rium species, coagulase-negative staphylococci, or micrococci) is cultured from
2 or more blood cultures drawn on separate occasions

or

Common skin contaminant is cultured from at least 1 blood culture from a pa-
tient with an intravascular line, and the physician institutes appropriate anti-
microbial therapy

and

Signs and symptoms and positive laboratory results are not related to an infection
at another site

aThe definition of laboratory-confirmed bloodstream infection used under the National Noso-
comial Infections Surveillance (NNIS) system included a positive antigen test on blood as
an additional option under this criterion, but the antigen test option was not present under
the National Healthcare Safety Network definition. Laboratory-confirmed bloodstream in-
fections that were reported under NNIS based on a positive antigen test on blood were ex-
cluded from analysis.

MRSA CENTRAL LINE–ASSOCIATED BLOODSTREAM INFECTIONS

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, February 18, 2009—Vol 301, No. 7 729

Downloaded From:  by a University of Washington Libraries User  on 10/11/2018



major teaching affiliation; 247, medi-
cal units; 245, surgical units; 211, com-
bined medical-surgical units with a ma-
jor teaching affiliation; 195, coronary
units; 151, cardiothoracic units; and
144, pediatric units (TABLE 1).

In total , 33 587 central l ine–
associated BSIs were reported, of which
2498 (7.4%) were MRSA and 1590
(4.7%) were MSSA. The 4 most com-
mon ICU types together accounted for
76% of all patient-days, 77% of all re-
ported central line–associated BSIs, and

84% of all reported MRSA central line–
associated BSIs. Among all ICUs, the an-
nual median central line device utili-
zation ratio (number of central line days
per patient-days reported for an ICU for
a given month of surveillance) was fairly
stable during the analysis period, rang-
ing from 0.51 in 1997 to 0.57 in 2006.

MRSA Central Line–Associated
BSI Metrics

Aggregated percent MRSA increased
from 47.9% in 1997 to 64.5% in 2007

(Figure 1); the model-estimated rela-
tive change in percent MRSA over the
analysis period was 25.8% (P=.02). Ag-
gregated MRSA central line–associ-
ated BSI incidence, on the other hand,
increased from 1997 through 2001 but
subsequently declined through 2007,
resulting in an overall estimated de-
cline of −49.6% (95% CI, −43.2% to
−55.4%; P� .001) from 1997 through
2007 (0.43 vs 0.21 central line–
associated BSIs per 1000 central line
days). Aggregated MSSA central line–
associated BSI incidence continuously
declined −70.1% (95% CI, −65.1% to
−74.5%; P� .001) over the analysis
period (0.31 vs 0.09 central line–
associated BSIs per 1000 central line
days).

MRSA and MSSA Central
Line–Associated BSI Trends
by ICU Type

To more completely characterize an-
nual trends in S aureus central line–
associated BSI incidence, trend data also
were stratified by ICU type (FIGURE 2
and TABLE 2). For 4 ICU types (surgi-
cal, medical-surgical without a major
teaching affiliation, cardiothoracic, and
coronary units), MRSA central line–
associated BSI incidence rates signifi-
cantly increased from 1997 through
2001, whereas in the remaining 3 ICU
types (medical, medical-surgical with

Figure 1. Trends in Percent MRSA and Incidence of Staphylococcus aureus Central
Line–Associated Bloodstream Infections in Intensive Care Units—National Nosocomial
Infections Surveillance System, 1997-2004; National Healthcare Safety Network, 2006-2007
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Table 1. Characteristics of Intensive Care Units Reporting Central Line–Associated Bloodstream Infections to the Centers for Disease Control and
Prevention, by ICU Type—National Nosocomial Infections Surveillance System, 1997-2004; National Healthcare Safety Network, 2006-2007

Intensive Care Unit Type

Cardiothoracic Coronary Medical

Medical-Surgical

Pediatric Surgical Total

With Major
Teaching
Affiliation

Without
Major

Teaching
Affiliation

Intensive care units 151 195 247 211 491 144 245 1684

Patient-days 1 141 379 1 473 880 2 715 467 2 606 804 4 427 959 1 343 887 2 516 122 16 225 498

Central line days 878 228 544 644 1 451 133 1 480 602 2 050 191 624 431 1 598 880 8 628 109

Central line–associated BSIs 2138 1878 6670 6132 5968 3823 6978 33 587

MRSA central line–associated
BSIs (% of all central
line–associated BSIs)

106 (5.0) 182 (9.7) 618 (9.3) 496 (8.1) 429 (7.2) 100 (2.6) 567 (8.1) 2498 (7.4)

MSSA central line–associated
BSIs (% of all central
line–associated BSIs)

75 (3.5) 190 (10.1) 308 (4.6) 289 (4.7) 267 (4.5) 203 (5.3) 258 (3.7) 1590 (4.7)

Abbreviations: BSIs, bloodstream infections; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S aureus.
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Figure 2. Trends in Incidence of Staphylococcus aureus Central Line–Associated Bloodstream Infections by Intensive Care Unit Type—National
Nosocomial Infections Surveillance System, 1997-2004; National Healthcare Safety Network, 2006-2007
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Magnitudes of changes in incidence rates during the analysis period are reported in Table 2. Central line–associated bloodstream infection (CLABSI) incidence for 2005
is estimated from log-linear models of the annual CLABSI trend or, where no trend was present, from intercept-only models. (No 2005 data are available from either
surveillance system.) ICU indicates intensive care unit; error bars, 95% confidence intervals; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-
susceptible S aureus.
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a major teaching affiliation, and pedi-
atric units) there were no significant
changes in MRSA central l ine–
associated BSI incidence during this
period.

From 2001 through 2007, MRSA
central line–associated BSI incidence
declined significantly in all 6 adult ICU
types and was stable in pediatric ICUs.
Changes in MRSA central line–
associated BSI incidence ranged from
−51.5% (95% CI, −33.7% to −64.6%;
P � .001) in medical-surgical ICUs
without a major teaching affiliation

(0.31 vs 0.15 central line–associated
BSIs per 1000 central line days) to
−69.2% (95% CI, −57.9% to −77.7%;
P� .001) in surgical ICUs (0.58 vs 0.18
central line–associated BSIs per 1000
central line days).

In every ICU type, MSSA central line–
associated BSI incidence declined con-
tinuously and significantly from 1997
through 2007, with estimated inci-
dence changes ranging from −60.1%
(95% CI, −41.2% to −73.1%; P� .001)
in surgical ICUs (0.24 vs 0.10 central
line–associated BSIs per 1000 central

line days) to −77.7% (95% CI, −68.2%
to −84.4%; P� .001) in medical ICUs
(0.40 vs 0.09 central line–associated
BSIs per 1000 central line days; Figure 2
and Table 2).

Total Central Line–Associated
BSI Trends by ICU Type

Because S aureus is one of the most com-
mon pathogens associated with central
line–associated BSIs in ICUs reporting to
the CDC, we evaluated whether ob-
served decreases in MRSA and MSSA
central line–associated BSI incidence

Figure 3. Trends in Incidence of Central Line–Associated Bloodstream Infections by Intensive Care Unit Type—National Nosocomial Infections
Surveillance System, 1997-2004; National Healthcare Safety Network, 2006-2007
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Table 2. Characterization of Trends in Incidence Rates of MRSA and MSSA Central Line–Associated Bloodstream Infections by Intensive Care
Unit Type—National Nosocomial Infections Surveillance System, 1997-2004; National Healthcare Safety Network, 2006-2007

Intensive Care Unit Type

Change in Incidence of Central Line–Associated Bloodstream Infectiona

MRSA MSSA

1997-2001 2001-2007 1997-2007

Relative % Change
(95% CI) P Value

Relative % Change
(95% CI) P Value

Relative % Change
(95% CI) P Value

Medical 28.0 (−5.0 to 72.8) .10 −63.8 (−51.3 to −73.1) �.001 −77.7 (−68.2 to −84.4) �.001

Surgical 101.9 (48.9 to 174.7) �.001 −69.2 (−57.9 to −77.7) �.001 −60.1 (−41.2 to −73.1) �.001

Medical-surgical
Without major teaching affiliation 54.4 (2.5 to 134.2) .04 −51.5 (−33.7 to −64.6) �.001 −70.6 (−57.5 to −79.8) �.001

With major teaching affiliation −2.4 (−31.8 to 40.2) .90 −63.2 (−48.8 to −73.8) �.001 −72.9 (−59.8 to −81.8) �.001

Cardiothoracic 136.7 (4.7 to 456.4) .04 −55.1 (−17.6 to −75.9) .01 −63.4 (−27.3 to −82.0) .005

Coronary 135.0 (24.8 to 352.7) .009 −58.4 (−33.8 to −74.1) �.001 −73.2 (−58.6 to −82.8) �.001

Pediatric 61.5 (−34.8 to 311.1) .31 −20.6 (−59.4 to 53.8) .50 −61.7 (−40.8 to −75.4) �.001
Abbreviations: CI, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S aureus.
aChange in incidence is calculated as the relative change between the model-estimated annual incidence at the end compared with the beginning of the specified time period.
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rates were reflective of overall decreases
in central line–associated BSI rates. Like
MSSA central line–associated BSI inci-
dence, the incidence of central line–
associated BSI associated with any patho-
gen decreased continuously and sig-
nificantly (P� .001) from 1997 through
2007 in all ICU types studied (FIGURE 3
and TABLE 3). Declines in central line–
associated BSI incidence ranged from
−38.2% (95% CI, −29.4% to −45.9%) in
coronary ICUs (4.81 vs 2.97 central
line–associated BSIs per 1000 central
line days) to −54.2% (95% CI, −50.2%
to −57.9%) in medical-surgical ICUs
with a major teaching affiliation (6.65
vs 3.04 central line–associated BSIs per
1000 central line days).

Sensitivity Analyses of Central
Line–Associated BSI Trends

Analyses of the subset of ICUs report-
ing at least 1 month of data in each of
the 10 surveillance years of the analy-
sis period showed results similar to
those of the entire study data set, which
used data from all ICUs (Table 3). The
subset analyses were intended to test
whether trends observed using data
from all ICUs could be explained by
variations in the facilities reporting cen-
tral line–associated BSI data during the
analysis period. We also examined the

effect of the influx of new NHSN par-
ticipants in 2007 by excluding 2007
data from ICUs that had not reported
in at least 1 prior surveillance year; this
exclusion did not significantly alter
2007 pooled mean central line–
associated BSI incidence rates or mod-
eled incidence trends for any ICU type.

To examine whether declines in
MRSA central line–associated BSI in-
cidence preceded the transition from
NNIS to NHSN, we analyzed the trend
in aggregated MRSA central line–
associated BSI incidence from 2001
through 2004 using NNIS data alone
and found a significant decline (rela-
tive change, −28.9%, 95% CI −16.6% to
−39.4%; P� .001; 0.38 vs 0.27 central
line– associated BSIs per 1000 central
line days) consistent with the overall
decline observed from 2001 through
2007 (relative change, −61.5%, 95% CI
−55.7% to −66.5%; P� .001; 0.43 vs
0.17 central–line associated BSIs per
1000 central line days).

COMMENT
Our results show that the 6 most com-
mon adult ICU types reporting central
line–associated BSIs to the CDC, which
together account for 96% of all re-
ported MRSA central line–associated
BSIs among studied ICU types, have ex-

perienced declines of 50% or more in
the incidence of MRSA central line–
associated BSI since 2001. This means
that the risk of primary MRSA blood-
stream infections among patients with
central lines in these ICUs has substan-
tially decreased in recent years. In pe-
diatric ICUs, this risk has not signifi-
cantly increased but, rather, has been
stable over the past decade. Data ag-
gregated across ICU types showed
trends of increasing MRSA central line–
associated BSI incidence and decreas-
ing MSSA central line–associated BSI in-
cidence through 2001, after which
MRSA central line–associated BSI in-
cidence also decreased (Figure 1).

These observations suggest that dif-
ferent factors may have contributed to
trends in the risk of MRSA vs MSSA
central line–associated BSI. S aureus is
a common cause of central line–
associated BSI; therefore, the ob-
served MRSA trends may have been in-
fluenced in part by the same factors
responsible for the observed declines of
roughly 40% to 50% in total (ie, non-
pathogen specific) central line–
associated BSI incidence rates in the
ICU types evaluated (Table 3).

These trends in total central line–
associated BSI incidence continue the
declines reported in NNIS ICUs from

Table 3. Trends in Incidence of Central Line–Associated Bloodstream Infection by Intensive Care Unit Type and Duration of Participation in
Centers for Disease Control and Prevention Surveillance From 1997-2007a

Intensive Care Unit Type

Change in Incidence of Central Line–Associated Bloodstream Infectionb

All ICUs Reporting Data During Any Month
of Surveillance Years 1997-2007

ICUs Reporting Data for at Least 1 Month
of Each Surveillance Year, 1997-2007c

No. of
ICUs

Relative % Change
(95% CI) P Value

No. of
ICUsd

Relative % Change
(95% CI) P Value

Medical 247 −50.8 (−47.2 to −54.3) �.001 18 −54.8 (−47.4 to −61.2) �.001

Surgical 245 −42.2 (−37.8 to −46.3) �.001 15 −33.3 (−19.6 to −44.8) �.001

Medical-surgical
Without major teaching affiliation 491 −47.4 (−43.2 to −51.2) �.001 25 −28.5 (−16.6 to −38.6) �.001

With major teaching affiliation 211 −54.2 (−50.2 to −57.9) �.001 10 −62.9 (−54.4 to −69.8) �.001

Cardiothoracic 151 −38.4 (−30.2 to −45.8) �.001 6 −6.6 (−33.9 to 31.5) .70

Coronary 195 −38.2 (−29.4 to −45.9) �.001 14 −39.6 (−20.4 to −54.3) �.001

Pediatric 144 −38.5 (−32.1 to −44.3) �.001 11 −31.3 (−17.1 to −43.2) �.001
Abbreviations: CI, confidence interval; ICU, intensive care unit.
aData are from the National Nosocomial Infections Surveillance (NNIS) system, 1997-2004; National Healthcare Safety Network (NHSN), 2006-2007. No 2005 data are available

from either surveillance system.
bChange in incidence is calculated as the relative change between the model-estimated annual incidence in 2007 compared with 1997.
cData are restricted to ICUs reporting at least 50 central line days for at least 1 month in each of 10 surveillance years from 1997 through 2007 (no data for 2005).
dThe substantial decline in the number of ICUs included in the subanalyses of trends in central line−associated bloodstream infection incidence for each ICU type is partly a result

of the fact that NNIS facilities were not required to use the same names for their participating ICUs under NHSN. Therefore, some ICUs that reported data in all 10 surveillance
years could not be linked by name for inclusion in the subanalyses presented in this table.
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1990 through 199925 and are consis-
tent with reports of successful preven-
tion efforts by groups of health care fa-
cilities that have implemented programs
designed to improve central line inser-
tion and care practices.26-29 Other po-
tential influences on MRSA central line–
associated BSI incidence trends are
dissemination of prevention guide-
lines and increasing success in prevent-
ing MRSA transmission between pa-
tients.18,30,31 However, the relative
contributions of these and other fac-
tors to observed trends in MRSA and
MSSA central line–associated BSI inci-
dence are uncertain.

To our knowledge, no other recent
US study has reported long-term trends
in the incidence of MRSA central line–
associated BSI in as large a number of
adult ICUs as this one. Although our
findings may suggest general improve-
ment in preventing MRSA central line–
associated BSI infections among ICU
patients in participating health care fa-
cilities, these data do not account for
other types of health care–associated
MRSA infection or infections occur-
ring in non-ICU or nonhospital popu-
lations, where the majority of the health
care–associated MRSA burden is likely
to exist.32,33 More information is needed
to determine whether recent declines
in MRSA central line–associated BSI
incidence in ICU patients are indica-
tive of trends in the incidence of
MRSA disease in other patient popula-
tions and patient care areas. Such de-
creases have been evident in other de-
veloped countries with national health
care–associated infection surveillance
and prevention efforts.34,35

Our analysis also demonstrates that
reliance on percent MRSA (ie, pooled
mean percent resistance) as the sole
metric for monitoring the magnitude of
the MRSA problem may be mislead-
ing. Percent MRSA is an expression of
the likelihood that S aureus will be
MRSA, but trends in percent MRSA may
be discordant from trends in the abso-
lute risk of MRSA disease as measured
by MRSA incidence. Central line–
associated BSI data aggregated across
ICU types demonstrate discordance be-

tween trends in percent MRSA and
MRSA incidence (Figure 1). The per-
cent MRSA trend suggests a steady
worsening of the MRSA central line–
associated BSI problem over the full
analysis period, whereas MRSA inci-
dence data indicate a reversal of the
direction of the MRSA central line–
associated BSI problem occurring in
2001, with a subsequent dramatic de-
cline resulting in a 2007 MRSA cen-
tral line–associated BSI incidence rate
significantly lower than that in 1997.

Similar discordance between trends
in percent MRSA and MRSA inci-
dence also was observed for several in-
dividual ICU types in which percent
MRSA appeared to increase during time
periods when MRSA incidence signifi-
cantly declined (data not shown). These
observations suggest that caution
should be exercised when interpret-
ing studies that report increasing
percent MRSA among health care–
associated infections without provid-
ing corresponding trend data for the in-
cidence of MRSA infections. Percent
MRSA is a vital metric for guiding em-
piric antimicrobial therapy when S au-
reus health care–associated infection is
identified and may be useful for moni-
toring drug resistance in health care set-
tings, but it should not be used as the
sole measure of MRSA. Methicillin-
resistant S aureus infection incidence is
a more appropriate metric for moni-
toring the impact of interventions de-
signed to decrease the risk of MRSA in-
fection in the health care setting.

This trend analysis has some impor-
tant limitations. First, although trends
were analyzed longitudinally, the sur-
veillance data used do not represent a
consistent cohort of facilities followed
over the entire analysis period, which
raises the possibility that observed
trends were influenced by migration of
facilities into or out of the surveil-
lance pool. However, the generally
consistent trend results obtained in sub-
analyses limited to ICUs that partici-
pated in CDC surveillance in all 10 sur-
veillance years suggest that sample
migration does not explain the ob-
served trends (Table 3). Second, the re-

sults may not be generalizable; al-
though NNIS and NHSN hospitals are
geographically dispersed, they are not
strictly a representative sample of US
hospitals.36 Furthermore, participa-
tion in the surveillance process likely
influences infection control efforts at
these facilities and may influence
central line–associated BSI risk.37 Third,
we were unable to assess the causes of
the observed trends in central line–
associated BSI incidence. Although
subsets of NNIS facilities have partici-
pated in studies of prevention effec-
tiveness,26 the surveillance data used for
this trend analysis do not include pro-
cess measures linked to prevention ef-
forts and do not allow us to test spe-
cific causation hypotheses.

Fourth, we also lacked specific data
on changes in the mix of patients or pa-
tient care practices (such as the aver-
age duration of central line place-
ment) in reporting ICUs, which could
have influenced the observed trends.
However, the stability of the 1 proxy
measure for severity of patient illness
and ICU practice that we were able to
examine, central line device utiliza-
tion ratio, suggests that changes in these
factors during our analysis period were
not dramatic. Fifth, although we took
several steps to increase the compara-
bility of data reported under NNIS and
NHSN and confirmed that significant
declines in MRSA central l ine–
associated BSI incidence preceded the
conclusion of data reporting under
NNIS, we cannot exclude the possibil-
ity of artifacts in observed trends that
are the result of the transition from one
surveillance system to the other. Also
as a result of the transition, we lacked
data for the year 2005. Sixth, antimi-
crobial susceptibility testing was per-
formed by laboratories servicing par-
ticipating hospitals rather than by a
central reference laboratory. How-
ever, in a 1999 study of antimicrobial
testing proficiency among NNIS hos-
pital laboratories, all 193 facilities par-
ticipating in the study correctly iden-
tified the S aureus test strain as MRSA.38

Lastly, we did not separately address
trends for leading causes of central line–
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associated BSI other than S aureus, such
as coagulase-negative staphylococci, En-
terococcus species, and Candida spe-
cies, which have been associated with
34.1%, 16.0%, and 11.7%, respec-
tively, of central line–associated BSIs re-
ported to NHSN.39 By comparison,
MRSA and MSSA have been associ-
ated with 5.6% and 4.3%, respec-
tively, of central line–associated BSIs re-
ported to NHSN.39

Concerns have been raised that the en-
actment of state laws requiring health
care facilities to report rates of health
care–associated infections to state agen-
cies, the public, or both provides a dis-
incentive for facilities to conduct thor-
ough health care–associated infection
surveillance and to accurately report
health care–associated infections that are
identified. The trend analysis presented
in this article was not designed to exam-
ine the potential impact of public report-
ing laws on health care–associated in-
fection, but it is unlikely that the
observed trends in central line–
associated BSI incidence can be ex-
plained by such impacts. Prior to the con-
clusion of health care–associated
infection reporting to the CDC to NNIS
at the end of 2004, only 2 states had
implemented public reporting re-
quirements relevant to central line–
associated BSI that used clinical surveil-
lance data (Pennsylvania passed legisla-
tion in November 2003, and Missouri
passed legislation in June 2004).40 Analy-
sis of trends in aggregated MRSA cen-
tral line–associated BSI incidence lim-
ited to NNIS data showed similar (and
significant)declineseitherwith(datapre-
sented in results) or without data from
these 2 states included (data not shown).

In addition, a recent NHSN analysis
found no significant differences in
pooled mean central line–associated BSI
rates with and without the inclusion of
data from states that have required the
use of NHSN for central line–associ-
ated BSI reporting.41 Nevertheless, as in-
creasing numbers of states implement
mandatory public reporting require-
ments for hospital-associated infec-
tions, evaluating the impact of such re-
quirements on health care–associated

infection surveillance practices and re-
porting to NHSN will be critical.

CONCLUSIONS
In summary, MRSA central line–
associated BSI incidence has declined
in recent years in all major adult ICU
types and has remained stable in pedi-
atric ICUs. The overall decline in inci-
dence stands in sharp contrast to trends
in percent MRSA, which give an in-
complete picture of changes in the mag-
nitude of the MRSA problem over time
and may have led to a misperception
that the MRSA central line–associated
BSI problem in ICUs has been increas-
ing. Pervasive declines in the inci-
dence rates of MSSA and total central
line–associated BSI in all major non-
neonatal ICU types also suggest that
general central line–associated BSI pre-
vention efforts are succeeding and may
have contributed to the observed MRSA
trends. Further study is needed to as-
sess MRSA infection incidence in other
patient populations and patient care
areas and to determine the effect of spe-
cific prevention measures and of par-
ticipation in national health care–
associated infection surveillance on the
observed trends.
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