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S

TAPHYLOCOCCUS AUREUS IS A

common cause of potentially serious and costly health care–
associated infections presenting frequently in hospitals as central
line–associated bloodstream infections (BSIs).1 The emergence of methicillin-resistant S aureus (MRSA) as a
prominent pathogen in health care settings has drawn the attention of clinicians, public health agencies, policy
makers, and the public.2-7 Spurred in
part by the perception that the prevention practices currently in use in US
hospitals are not effectively controlling health care–associated MRSA infections, several state legislatures recently have considered or passed laws
to mandate MRSA prevention activities in health care settings, particularly in intensive care units (ICUs).8,9
Despite these events, a critical assessment of recent temporal trends in
the incidence of health care–associated MRSA disease in the United States
is lacking. This is crucial to inform public health policy decisions and formulate strategies for preventing MRSA
health care–associated infections. During the past decade, efforts to prevent
central line–associated BSIs in ICU patients, who often are at increased risk
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 reporting in efforts to reduce MRSA infections.
Objective To examine trends in the incidence of MRSA central line–associated bloodstream 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 nonneonatal pediatric ICUs. Percent MRSA was defined as the proportion of S aureus central 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 representing 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, cardiothoracic, and coronary units experienced increases in MRSA central line–associated BSI incidence in the 1997-2001 period; however, medical, teaching-affiliated medicalsurgical, 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 declined 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 decreasing in recent years in most ICU types reporting to the CDC. These trends are not apparent when only percent MRSA is monitored.
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for developing health care–associated
infections, have intensified.10,11 More
recently, technological and systembased approaches to improve the safety
of central line insertion and han-
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dling12-17 have been complemented by
prevention measures focused on interrupting MRSA transmission between
hospitalized patients.18,19
To provide information on recent
changes in the burden of MRSA disease, we sought to characterize trends in
the incidence of MRSA and methicillinsusceptible S aureus (MSSA) central line–
associated BSIs among adult and nonneonatal pediatric patients in ICUs, using
national health care–associated infection surveillance data reported to the
Centers for Disease Control and Prevention (CDC) from 1997 through 2007.
METHODS
Surveillance Processes
and Definitions

The CDC’s National Nosocomial Infections Surveillance (NNIS) system began in 1970 as a voluntary, hospitalbased reporting system to monitor
health care–associated infections and
inform local and national prevention efforts. 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 concluded. The NNIS system was succeeded by the CDC’s National Healthcare Safety Network (NHSN), a Webbased surveillance system that was
phased in during 2005 and began providing data from former NNIS participants in 2006. A sharp increase in
NHSN participation began in 2007 as
a result of open enrollment and enactment of several state laws mandating
health care–associated infection reporting to NHSN. For this analysis, data reported 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 systems, 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
728

central line–associated BSI is chosen, local infection control professionals use
standard methods and definitions to
identify and report all central line–
associated BSIs, patient-days, and patient central line days for selected ICUs
during each month of surveillance
activity.
Both NNIS and NHSN define central line–associated BSI as a primary
bloodstream infection (ie, the bloodstream 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 central line must be in place for the BSI
to be considered central line associated. Furthermore, a central line is defined as an intravascular catheter that
terminates at or close to the heart or in
1 of the great vessels that is used for infusion, withdrawal of blood, or hemodynamic monitoring. The following
are considered great vessels for the
purpose of reporting central line–
associated BSI infections and counting central line days: aorta, pulmonary artery, superior vena cava, inferior
vena cava, brachiocephalic veins, internal jugular veins, subclavian veins,
external iliac veins, and common femoral veins. Antibiotic susceptibility data
as determined by the facility’s laboratory are reported for up to 3 pathogens per central line–associated BSI.
Although the basic surveillance
methodology was unchanged from
NNIS to NHSN, there were minor revisions of the central line–associated BSI
surveillance definition and the categories used for reporting data from pediatric ICUs.20 To ensure uniform definitions and groupings across the entire
analysis period, we limited the current trend analysis to central line–
associated laboratory-confirmed (specifically, culture-positive) BSIs, as
defined under NNIS and NHSN surveillance protocols (BOX),20,21 and aggregated all non-neonatal pediatric ICU
data. A study of the accuracy of nosocomial bloodstream infection reporting under NNIS from 1991 through
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1993 demonstrated a sensitivity, specificity, 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, surgical, combined medical-surgical units
in facilities with a major affiliation with
a medical school teaching program, combined medical-surgical units in facilities without such an affiliation, cardiothoracic, coronary, and pediatric units.
Trends were analyzed separately for combined medical-surgical units with and
without a major teaching affiliation because historical NNIS data show that central line–associated BSI incidence rates
in combined medical-surgical units differ by teaching status.23
Evaluation of Trends

Two MRSA metrics were evaluated.
First, we calculated pooled mean central 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 separately 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 methicillin, oxacillin, or nafcillin [MRSA]).
Pooled mean percent MRSA aggregated 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 line–
associated BSI incidence increased during the first half of the analysis period
(through 2001) and thereafter declined during the latter half of the analysis period (Figure 1), we modeled the
periods before and after 2001 separately to more accurately characterize
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trends in MRSA central line–associated BSI incidence by ICU type.
Statistical Analysis

We used Poisson regression to model
trends in central line–associated BSI
incidence and weighted linear regression 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 modelestimated; actual incidence data are
shown in the figures.
Because of a significant interaction
between ICU type and time in the aggregated model of MRSA central line–
associated BSI incidence (P = .001 in
Type III analysis with 6 degrees of freedom), 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 substantial effect on our initial results, we
confirmed trends observed in the aggregated data by performing subanalyses for each ICU type that were limited 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 plotted graphs. For ICU types without significant annual trends, 2005 incidence
estimates were derived from interceptonly models and represent mean annual central line–associated BSI incidence rates. Statistical analyses were
performed using SAS version 9.1 software (SAS Institute Inc, Cary, North
Carolina). All reported P values are
2-sided, and a P value of ⱕ.05 was considered statistically significant.
The institutional review board of the
National Center for Preparedness, Detection, and Control of Infectious
Diseases, CDC, conducted an ethical review and approved the routine reporting of health care–associated infection
data to NNIS and NHSN, determining

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 following a:
Common skin contaminant (eg, diphtheroids, Bacillus species, Propionibacterium 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 patient with an intravascular line, and the physician institutes appropriate antimicrobial 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 Nosocomial 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 infections that were reported under NNIS based on a positive antigen test on blood were excluded from analysis.

that such reporting constitutes surveillance and not research. Our examination of temporal trends in these surveillance data likewise is not human
subjects research and not subject to further 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 reported central line–associated BSI data
to the CDC. In total, 599 facilities, geo-
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graphically dispersed among 43 states
and the District of Columbia, reported central line–associated BSI data
at some time during the analysis period, but not all facilities reported continuously throughout the analysis period. Before 2007, the median number
of facilities participating in any given
surveillance year was 244 (range, 219263); in 2007, participation increased
to 518 facilities, primarily due to influxes of participants from New York,
South Carolina, and Colorado. Of the
ICU types reporting, 491 were combined medical-surgical units without a
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major teaching affiliation; 247, medical units; 245, surgical units; 211, combined medical-surgical units with a major teaching affiliation; 195, coronary
units; 151, cardiothoracic units; and
144, pediatric units (TABLE 1).
In total, 33 587 central line–
associated BSIs were reported, of which
2498 (7.4%) were MRSA and 1590
(4.7%) were MSSA. The 4 most common ICU types together accounted for
76% of all patient-days, 77% of all reported central line–associated BSIs, and

(Figure 1); the model-estimated relative change in percent MRSA over the
analysis period was 25.8% (P=.02). Aggregated MRSA central line–associated BSI incidence, on the other hand,
increased from 1997 through 2001 but
subsequently declined through 2007,
resulting in an overall estimated decline 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).

84% of all reported MRSA central line–
associated BSIs. Among all ICUs, the annual median central line device utilization 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, ranging 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. 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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To more completely characterize annual 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 (surgical, medical-surgical without a major
teaching affiliation, cardiothoracic, and
coronary units), MRSA central line–
associated BSI incidence rates significantly increased from 1997 through
2001, whereas in the remaining 3 ICU
types (medical, medical-surgical with

0
1997

1999

2001

2003

2005

2007

Year
No. of Units

491 514 552 544 520 506 498 478 n/a 488 1039

Data are aggregated for the 7 intensive care unit types evaluated. Pooled mean percent methicillin-resistant
Staphylococcus aureus (MRSA) is calculated as the MRSA central line–associated BSI (CLABSI) incidence divided by the sum of the MRSA CLABSI incidence and the methicillin-susceptible S aureus (MSSA) CLABSI incidence. CLABSI incidence for 2005 is estimated from log-linear models of the annual CLABSI trend. (No 2005
data are available from either surveillance system.) Error bars indicate 95% confidence intervals.

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
Medical-Surgical

Cardiothoracic

With Major
Teaching
Affiliation

Without
Major
Teaching
Affiliation

Coronary

Medical

Pediatric

Surgical

151

195

247

211

491

144

245

1684

1 141 379

1 473 880

2 715 467

2 606 804

4 427 959

1 343 887

2 516 122

16 225 498

878 228

544 644

1 451 133

1 480 602

2 050 191

624 431

1 598 880

8 628 109

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)

Intensive care units
Patient-days
Central line days
Central line–associated BSIs

Total

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
MRSA

Surgical ICUs
CLABSI Incidence per
1000 Central Line Days

CLABSI Incidence per
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1997

1999

Year

Medical-surgical ICUs without a major
teaching affiliation
CLABSI Incidence per
1000 Central Line Days

CLABSI Incidence per
1000 Central Line Days

2003

2005

2007

No. of Units 101 97 100 93 92 88 86 78 n/a 76 127

0.8
0.6
0.4
0.2
0

1.0

Medical-surgical ICUs with a major
teaching affiliation

0.8
0.6
0.4
0.2
0

1997

1999

2001

2003

2005

2007

1997

1999

Year

2001

2003

2005

2007

Year

No. of Units 99 102 114 114 101 98 103 103 n/a 118 351

No. of Units 57 73 85 87 90 93 92 88 n/a 60 102

Coronary ICUs

Cardiothoracic ICUs
1.0

CLABSI Incidence per
1000 Central Line Days

CLABSI Incidence per
1000 Central Line Days

2001

Year

No. of Units 88 89 90 92 87 84 78 73 n/a 78 148

1.0

MSSA

0.8
0.6
0.4
0.2
0

1.0
0.8
0.6
0.4
0.2
0

1997

1999

2001

2003

2005

2007

Year

1997

1999

2001

2003

2005

2007

Year

No. of Units 36 43 48 48 46 44 42 39 n/a 53 98

No. of Units 66 61 67 57 56 52 48 47 n/a 56 122

CLABSI Incidence per
1000 Central Line Days

Pediatric ICUs
1.0
0.8
0.6
0.4
0.2
0
1997

1999

2001

2003

2005

2007

Year
No. of Units 44 49 48 53 48 47 49 50 n/a 47 91

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, methicillinsusceptible S aureus.
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a major teaching affiliation, and pediatric units) there were no significant
changes in MRSA central line–
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 continuously and significantly from 1997
through 2007, with estimated incidence 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 common pathogens associated with central
line–associated BSIs in ICUs reporting to
the CDC, we evaluated whether observed decreases in MRSA and MSSA
central line–associated BSI incidence

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
Change in Incidence of Central Line–Associated Bloodstream Infection a
MRSA
1997-2001
Relative % Change
(95% CI)

Intensive Care Unit Type

MSSA
2001-2007

1997-2007

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

.31

−20.6 (−59.4 to 53.8)

.50

−61.7 (−40.8 to −75.4)

⬍.001

Pediatric

61.5 (−34.8 to 311.1)

Abbreviations: CI, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S aureus.
a Change 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.

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
Medical
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Major

Surgical

CLABSI Incidence
per 1000 Central Line Days

Medical and surgical ICUs

Medical-surgical ICUs with and
without a major teaching affiliation
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4
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1
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4
3
2
1
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1997

1999

Year
No. of Units
Medical 88 89 90 92 87 84 78 73 n/a 78 148
Surgical 101 97 100 93 92 88 86 78 n/a 76 127
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2005
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Year

Pediatric

Coronary

Cardiothoracic

Pediatric, coronary, and
cardiothoracic ICUs

9
8
7
6
5
4
3
2
1
0
1997

1999

2001

2003

2005

2007

Year

Major
57 73 85 87 90 93 92 88 n/a 60 102
Nonmajor 99 102 114 114 101 98 103 103 n/a 118 351

Pediatric
44 49 48 53 48 47 49 50 n/a 47 91
Coronary
66 61 67 57 56 52 48 47 n/a 56 122
Cardiothoracic 36 43 48 48 46 44 42 39 n/a 53 98

The 2005 central line–associated bloodstream infection (CLABSI) rate is estimated from a log-linear model of the annual CLABSI trend for each intensive care unit (ICU)
type. (No 2005 data are available from either surveillance system.) Error bars indicate 95% confidence intervals. Magnitudes of changes in incidence rates during the
analysis period are reported in Table 3.
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rates were reflective of overall decreases
in central line–associated BSI rates. Like
MSSA central line–associated BSI incidence, the incidence of central line–
associated BSI associated with any pathogen decreased continuously and significantly (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 reporting at least 1 month of data in each of
the 10 surveillance years of the analysis 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 central line–associated BSI data during the
analysis period. We also examined the

effect of the influx of new NHSN participants 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 modeled incidence trends for any ICU type.
To examine whether declines in
MRSA central line–associated BSI incidence 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 (relative 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 common adult ICU types reporting central
line–associated BSIs to the CDC, which
together account for 96% of all reported 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 bloodstream infections among patients with
central lines in these ICUs has substantially decreased in recent years. In pediatric ICUs, this risk has not significantly increased but, rather, has been
stable over the past decade. Data aggregated across ICU types showed
trends of increasing MRSA central line–
associated BSI incidence and decreasing MSSA central line–associated BSI incidence through 2001, after which
MRSA central line–associated BSI incidence also decreased (Figure 1).
These observations suggest that different 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 observed MRSA trends may have been influenced in part by the same factors
responsible for the observed declines of
roughly 40% to 50% in total (ie, nonpathogen 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 1997-2007 a
Change in Incidence of Central Line–Associated Bloodstream Infection b
All ICUs Reporting Data During Any Month
of Surveillance Years 1997-2007

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

No. of
ICUs

Relative % Change
(95% CI)

P Value

No. of
ICUs d

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

Intensive Care Unit Type

Abbreviations: CI, confidence interval; ICU, intensive care unit.
a Data 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.
b Change in incidence is calculated as the relative change between the model-estimated annual incidence in 2007 compared with 1997.
c Data 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).
d The 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 consistent with reports of successful prevention efforts by groups of health care facilities that have implemented programs
designed to improve central line insertion and care practices.26-29 Other potential influences on MRSA central line–
associated BSI incidence trends are
dissemination of prevention guidelines and increasing success in preventing MRSA transmission between patients. 18,30,31 However, the relative
contributions of these and other factors to observed trends in MRSA and
MSSA central line–associated BSI incidence 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 improvement in preventing MRSA central line–
associated BSI infections among ICU
patients in participating health care facilities, these data do not account for
other types of health care–associated
MRSA infection or infections occurring in non-ICU or nonhospital populations, 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 indicative of trends in the incidence of
MRSA disease in other patient populations and patient care areas. Such decreases have been evident in other developed 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 misleading. 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 absolute risk of MRSA disease as measured
by MRSA incidence. Central line–
associated BSI data aggregated across
ICU types demonstrate discordance be734

tween trends in percent MRSA and
MRSA incidence (Figure 1). The percent MRSA trend suggests a steady
worsening of the MRSA central line–
associated BSI problem over the full
analysis period, whereas MRSA incidence data indicate a reversal of the
direction of the MRSA central line–
associated BSI problem occurring in
2001, with a subsequent dramatic decline resulting in a 2007 MRSA central line–associated BSI incidence rate
significantly lower than that in 1997.
Similar discordance between trends
in percent MRSA and MRSA incidence also was observed for several individual ICU types in which percent
MRSA appeared to increase during time
periods when MRSA incidence significantly declined (data not shown). These
observations suggest that caution
should be exercised when interpreting studies that report increasing
percent MRSA among health care–
associated infections without providing corresponding trend data for the incidence of MRSA infections. Percent
MRSA is a vital metric for guiding empiric antimicrobial therapy when S aureus health care–associated infection is
identified and may be useful for monitoring drug resistance in health care settings, but it should not be used as the
sole measure of MRSA. Methicillinresistant S aureus infection incidence is
a more appropriate metric for monitoring the impact of interventions designed to decrease the risk of MRSA infection in the health care setting.
This trend analysis has some important limitations. First, although trends
were analyzed longitudinally, the surveillance 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 surveillance pool. However, the generally
consistent trend results obtained in subanalyses limited to ICUs that participated in CDC surveillance in all 10 surveillance years suggest that sample
migration does not explain the observed trends (Table 3). Second, the re-
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sults may not be generalizable; although NNIS and NHSN hospitals are
geographically dispersed, they are not
strictly a representative sample of US
hospitals.36 Furthermore, participation 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 participated in studies of prevention effectiveness,26 the surveillance data used for
this trend analysis do not include process measures linked to prevention efforts and do not allow us to test specific causation hypotheses.
Fourth, we also lacked specific data
on changes in the mix of patients or patient care practices (such as the average duration of central line placement) 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 utilization ratio, suggests that changes in these
factors during our analysis period were
not dramatic. Fifth, although we took
several steps to increase the comparability of data reported under NNIS and
NHSN and confirmed that significant
declines in MRSA central line–
associated BSI incidence preceded the
conclusion of data reporting under
NNIS, we cannot exclude the possibility 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, antimicrobial susceptibility testing was performed by laboratories servicing participating hospitals rather than by a
central reference laboratory. However, in a 1999 study of antimicrobial
testing proficiency among NNIS hospital laboratories, all 193 facilities participating in the study correctly identified 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, Enterococcus species, and Candida species, which have been associated with
34.1%, 16.0%, and 11.7%, respectively, of central line–associated BSIs reported to NHSN. 39 By comparison,
MRSA and MSSA have been associated with 5.6% and 4.3%, respectively, of central line–associated BSIs reported to NHSN.39
Concerns have been raised that the enactment of state laws requiring health
care facilities to report rates of health
care–associated infections to state agencies, the public, or both provides a disincentive for facilities to conduct thorough 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 examine the potential impact of public reporting laws on health care–associated infection, but it is unlikely that the
observed trends in central line–
associated BSI incidence can be explained by such impacts. Prior to the conclusion of health care–associated
infection reporting to the CDC to NNIS
at the end of 2004, only 2 states had
implemented public reporting requirements relevant to central line–
associated BSI that used clinical surveillance data (Pennsylvania passed legislation in November 2003, and Missouri
passed legislation in June 2004).40 Analysis of trends in aggregated MRSA central line–associated BSI incidence limited to NNIS data showed similar (and
significant) declines either with (data presented 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–associated BSI reporting.41 Nevertheless, as increasing numbers of states implement
mandatory public reporting requirements for hospital-associated infections, evaluating the impact of such requirements on health care–associated

infection surveillance practices and reporting 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 pediatric ICUs. The overall decline in incidence stands in sharp contrast to trends
in percent MRSA, which give an incomplete picture of changes in the magnitude 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 increasing. Pervasive declines in the incidence rates of MSSA and total central
line–associated BSI in all major nonneonatal ICU types also suggest that
general central line–associated BSI prevention efforts are succeeding and may
have contributed to the observed MRSA
trends. Further study is needed to assess MRSA infection incidence in other
patient populations and patient care
areas and to determine the effect of specific prevention measures and of participation in national health care–
associated infection surveillance on the
observed trends.
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