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Abstract

IMPORTANCE—Estimating the US burden of methicillin-resistant Staphylococcus aureus
(MRSA) infections is important for planning and tracking success of prevention strategies.

OBJECTIVE—To describe updated national estimates and characteristics of health care— and
community-associated invasive methicillin-resistant Staphylococcus aureus (MRSA) infections in
2011.

DESIGN, SETTING, AND PARTICIPANTS—Active laboratory-based case finding identified
MRSA cultures in 9 US metropolitan areas from 2005 through 2011. Invasive infections

(MRSA cultured from normally sterile body sites) were classified as health care—associated
community-onset (HACO) infections (cultured <3 days after admission and/or prior year dialysis,
hospitalization, surgery, long-term care residence, or central vascular catheter presence <2 days
before culture); hospital-onset infections (cultured >3 days after admission); or community-
associated infections if no other criteria were met. National estimates were adjusted using US
census and US Renal Data System data.

MAIN OUTCOMES AND MEASURES—National estimates of invasive HACO, hospital-onset,
and community-associated MRSA infections using US census and US Renal Data System data as
the denominator.

RESULTS—An estimated 80 461 (95% ClI, 69 515-93 914) invasive MRSA infections occurred
nationally in 2011. Of these, 48 353 (95% ClI, 40 195-58 642) were HACO infections; 14

156 (95% ClI, 10 096-20 440) were hospital-onset infections; and 16 560 (95% ClI, 12 806-21
811) were community-associated infections. Since 2005, adjusted national estimated incidence
rates decreased among HACO infections by 27.7% and hospital-onset infections decreased by
54.2%; community-associated infections decreased by only 5.0%. Among recently hospitalized
community-onset (nondialysis) infections, 64% occurred 3 months or less after discharge, and
32% of these were admitted from long-term care facilities.

CONCLUSIONS AND RELEVANCE—An estimated 30 800 fewer invasive MRSA infections
occurred in the United States in 2011 compared with 2005; in 2011 fewer infections occurred
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among patients during hospitalization than among persons in the community without recent health
care exposures. Effective strategies for preventing infections outside acute care settings will have
the greatest impact on further reducing invasive MRSA infections nationally.

Methicillin-resistant Staphylococcus aureus (MRSA) continues to be one of the most
common antimicrobial-resistant pathogens causing invasive infections, both in health care
settings and in the community.1~* In the United States, MRSA is the predominant pathogen
causing skin and soft tissue infections,® and reports using administrative data documented
increases in the number of estimated hospitalizations in which /nternational Classification
of Diseases, Ninth Revision, Clinical Modification (/ICD-9-CM) codes indicating MRSA
infection were present.5.7

However, recent reports of surveillance programs in geographically distinct areas suggest
there have been recent declines in the incidence of the most serious types of MRSA
infections (ie, bloodstream infections), including those among critical care patients in US
hospital settings?® and both community- and hospital-onset MRSA bacteremia among
military families, active duty personnel, and military retirees starting in 2005.° The
Emerging Infections Program—Active Bacterial Core surveillance system (EIP-ABCs) at
the Centers for Disease Control and Prevention (CDC) has been tracking invasive MRSA
infections in 9 diverse US metropolitan areas since 2005. Reports using this system
documented an 11% annual decline in the incidence of hospital-onset MRSA bloodstream
infections between 2005 and 2008 in these metropolitan areas.? The cause of these

declines is uncertain but may be due to improvements in hospital-based infection prevention
practices, improved early management of noninvasive infections, or changes in the virulence
of the circulating strains.

A prior CDC study estimated the national burden of invasive MRSA in 20053; however, this
report did not adjust for dialysis or include patients with recurrent infections.10 Therefore,
to better understand the current national burden of these most serious MRSA infections,
spanning both community and health care settings, we used EIP-ABCs’ data and updated
methodology to describe the types and outcomes of invasive MRSA infections in 2011 and
to estimate the infection burden in the United States in 2011 and 2005. These estimates

are necessary to improve the assessment of invasive MRSA infection nationally, to inform
prevention policies in health care settings, and to measure progress toward public health
goals.11

Methods

Human Subjects Considerations

This surveillance activity was reviewed by human subject personnel at the CDC and
was determined to be nonresearch. Local institutional review boards also reviewed when
indicated and approved this activity.

Invasive MRSA Surveillance

The EIP-ABC:s is a population-based surveillance system used by the CDC and
collaborating agencies and organizations to estimate the incidence of invasive MRSA
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infections in selected counties in 9 US states (California, Colorado, Connecticut, Georgia,
Maryland, Minnesota, New York, Oregon, and Tennessee). The methods of surveillance
have been described previously,3 with modifications to include recurrent infections (ie,
multiple infections in a single patient during the calendar year) in incidence calculations. In
brief, surveillance personnel at participating sites investigated all laboratory reports where
MRSA was isolated. An invasive MRSA case was defined as a positive MRSA culture from
a normally sterile site in a surveillance area resident at least 30 days apart of an initial
invasive MRSA culture. For each invasive MRSA case, information on hospitalization and
health care risk factors (ie, culture obtained after hospital day 3; presence of a central
vascular catheter [CVC] at the time of infection; and history of MRSA infection or
colonization, surgery, hospitalization, dialysis, or residence in a long-term care facility in
the 12 months preceding the culture) were collected. Underlying conditions were obtained
and used to calculate the Charlson index.12

Study Population

Definitions

We used MRSA surveillance data from January through December of 2005 and 2011. The
surveillance areas represented 16 489 254 and 19 393 677 persons in 2005 and 2011,
respectively.13.14

Cases were classified as (1) “hospital onset,” if culture was obtained after hospital day

3 (with admission being day 1), (2) “health care—associated community onset” (HACO)

if culture was obtained as an outpatient on or before hospital day 3 in a patient with a
documented health care risk factor, or (3) “community associated” if culture was obtained
as an outpatient or before hospital day 3 in a patient without documentation of a health care
risk factor. Of note, the definition of hospital-onset infections differ from previous reports
where MRSA culture was obtained after hospital day 2 in prior methods; this refinement is
consistent with classifying MRSA bloodstream infections as hospital-onset in the National
Healthcare Safety Network’s (NHSN) Laboratory Identified Event Reporting and is applied
to all analysis in this article.

Cases were classified as a bloodstream infection if they had a positive blood culture for
MRSA. Bloodstream infection cases were further classified as either (1) an access infection
(physician-documented arteriovenous fistula, dialysis access site, or CVC exit site infection),
an infection of uncertain focus either (2) with a CVC present or (3) without a CVC present,
or (4) as having other infection foci if there were either positive MRSA cultures from

sterile sites other than blood or additional infectious clinical diagnosis in the admission or
discharge summary. An MRSA clinical diagnosis of bacteremia, pneumonia, osteomyelitis,
or other infection was assigned to each case based on documentation of such diagnosis in the
admission or discharge summary or by the sterile site from which MRSA was isolated. Each
case was assigned additional MRSA clinical diagnosis if multiple diagnoses (eg, bacteremia
and osteomyelitis) were documented within 30 days of the initial MRSA culture. Health
care—associated infection criteria defined by the NHSN were not applied to cases because
NHSN definitions only apply to infections not present on admission.
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Cases with a clinical diagnosis of pneumonia were further classified as having

confirmed lower respiratory tract infections if radiographic evidence was present (ie,
bronchopneumonia, pneumonia, air space density or opacity, or new or changed infiltrates
documented in a radiologist report) and the patient had MRSA recovered from a respiratory
tract specimen within 3 days of the sterile site MRSA culture.

Statistical Analysis

Results

Differences in baseline characteristics among cases in each epidemiologic category (hospital
onset, HACO, and community associated) were analyzed using the XZ test or Fisher exact
test (where appropriate) for categorical variables and the Wilcoxon rank sum test for
continuous variables.

Overall, 9% of cases were reported with unknown race in medical charts. To facilitate
extrapolation to national estimates, cases for which the race was unknown were assigned

a race based on the known population distributions of race by sex, age, and receipt of
chronic dialysis in each surveillance site. National estimates were determined by calculating
EIP-ABC-specific incidence rates stratified by age group, race, sex, and receipt of dialysis,
and extrapolated nationally by multiplying each stratum-specific incidence rate by the
national population estimate for each stratum based on US census and US Renal Data
System data.1>-18 In previous reports and publications, national estimates were adjusted for
only age, race, and sex.3 Confidence intervals for nationally estimated incidence rates of
disease and mortality were calculated based on the gamma distribution.1® Analyses were
performed using SAS statistical software, version 9.3 (SAS Institute Inc), and Stata version
11.1 (StataCorp). We defined statistical significance as P< .05 for a 2-tailed test.

Case Characteristics

The EIP-ABCs sites reported 4872 cases of invasive MRSA infections among 4445 persons
(8% had >1 infection) in 2011. Among these cases, 4746 cases (97%) were classified into
epidemiological classes: 2912 (60%) were HACO, 868 (18%) were hospital onset, and 966
(20%) were community associated (Table 1).

The median age of cases was 61 years (range, 0-103 years) (Table 1). The majority of cases
were male (60%) and of either white (56%) or black (32%) race. Diabetes was a diagnosis
in 41% of cases. There was receipt of hemodialysis or peritoneal dialysis within the year
before invasive MRSA infection in 21% of cases (61% of cases receiving dialysis also had
diabetes).

Most invasive MRSA infections had a positive blood culture (3907 [80%]) and were
classified as a bloodstream infection (Table 2). Overall, 55% of infections had a nonvascular
focus, and 45% had a vascular or nonspecific focus (Table 2). Among the 760 invasive
MRSA infections with clinician-defined pneumonia, based on radiographic and respiratory
specimen findings, 293 (31%) had confirmed MRSA lower respiratory tract infections
(eTable in the Supplement). Other common MRSA syndromes included skin infections
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(1081 [22%]) and osteomyelitis (629 [13%]) (Table 2). There were 650 in-hospital deaths
(13%), and the majority of these were within 7 days of initial MRSA culture (393 [60%]).

Health Care—Associated Infections

Health Care—Associated Community-Onset Infections—Of the 3780 health care
associated cases, 2912 (77%) had onset in the community and were classified as HACO;
median age was 64 years, 59% were male, and 34% were black (Table 1). The median
Charlson index score was 3 (range, 0-12), with specific underlying conditions including
diabetes (1355 [47%)]), decubitus and/or pressure ulcers (394 [14%]), chronic renal
insufficiency (1260 [43%]), prior stroke (430 [15%]), and dementia (388 [13%]) all more
prevalent compared with cases in other epidemiologic categories. Receipt of dialysis was
recorded in 891 cases (31%) in the prior year; a significantly higher proportion compared
with hospital-onset cases. Most had resided at a private residence (1812 [62%]) (Table 2),

or long-term care facility (876 [30%]) at the time of culture. Few had resided in long-term
acute care hospitals, or were homeless, incarcerated, or transferred from another hospital or
acute care facility (1%—-3% each). Hospitalization in the prior year was a common source of
health care exposure (2291 [79%]) (Table 1]), especially among those not receiving dialysis
(1622 [80%]). Most cases in this latter group had been hospitalized in the 12 weeks prior to
their MRSA infection (1042 [64%]) (Figure 1), and nearly a third of those cases (331 [32%])
were residents of a long-term care facility.

Hospital-Onset Infections—Underlying conditions among hospital-onset cases were
similar to health care—associated community-onset cases except as previously noted. Among
hospital-onset cases, 26% were in the intensive care unit, whereas 49% were in other
inpatient wards (Table 2). The median length of hospitalization prior to MRSA infection was
7 days (range, 3—366 days). Bloodstream infection was the most common type of hospital-
onset infection (619 [71%]), and had either a physician-diagnosed arteriovenous fistula or
CVC exit site infection (21 [3%]), an uncertain focus with a CVC (137 [22%]) or without a
CVC present (175 [28%)]), or other infection foci (286 [46%]). Seven day all-cause mortality
was more common among cases with hospital-onset infections (103 [12%]) compared with
other epidemiologic categories, as was in-hospital all-cause mortality (182 [21%]).

Community-Associated Infections—Community-associated cases were more
commonly male (619 [64%]) and younger than were cases in other epidemiologic categories
(54 years) (P < .001) Table 1). Cases had significantly fewer comorbidities, with a

median Charlson index score of 0 (range, 0-12). However, this group had a higher
proportion of smoking (294 [30%]) (Table 1), intravenous drug use (133 [14%]), and human
immunodeficiency virus (HIV)/AIDS (60 [6%]). Most cases lived in private residences prior
to positive culture (910 [94%]) (Table 2). This group also had higher proportions of several
infection types, including invasive infections associated with skin infections (241 [33%]),
arthritis, joint infection, or bursitis (157 [16%]), or nonskin or internal abscess (133 [14%)]),
compared with cases in other epidemiologic categories. Community-associated cases had

a lower in-hospital all-cause mortality rate (10%) compared with other epidemiologic
categories.

JAMA Intern Med. Author manuscript; available in PMC 2024 February 23.
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National Estimated Incidence and All-Cause Mortality—An estimated 80 461 (95%
Cl, 69 516-93 914) invasive MRSA infections occurred nationally in 2011 (compared with
an estimated 111 261 in 2005) (Table 3); of these, 48 353 (95% CI, 40 195-58 642) were
HACO, 14 156 (95% CI, 10 096-20 440) were hospital onset, and 16 560 (95% Cl, 12
806-21 811) were community associated.

National estimated incidence rates from 2005 through 2011 are illustrated in Figure 2.
Compared with 6 years earlier (2005), the estimated national rate of invasive MRSA has
decreased by 31.2%. Although this rate decrease was mast precipitous among hospital-onset
infections, at 54.2%, rate decreases were evident among other categories as well: health
care— associated community-onset by 27.7% and community-associated infections by 5.0%.

An estimated 11 285 (95% Cl, 8039-16 545) persons with invasive MRSA infections died
of all causes during their hospitalizations in 2011 (Table 3); of these estimated deaths,
6071 (95% CI, 3926-9722) had health care—associated community-onset, 3126 (95% ClI,
1589-6419) had hospital-onset, and 1764 (95% Cl, 935-3241) had community-associated
infections.

Discussion

In 2011, we estimated the overall number of invasive MRSA infections was 80 461; 31%
lower than when estimates were first available in 2005. Also, for the first time since

the CDC began tracking invasive MRSA infections nationally, the estimated incidence

of invasive hospital-onset infections is lower than that among persons residing in the
community without significant health care contact. However, the largest burden of disease
remains among patients with infection onset outside of acute care hospitals but with

recent or ongoing exposure to health care services, such as recent discharge from acute
care hospitals. In these patients, infection rates only decreased moderately. Overall, these
estimates indicate the United States is on track to meet the Department of Health and Human
Services 2013 target of reducing health care—associated MRSA invasive infections by
50%.11 However, little progress has been made in reducing invasive community-associated
MRSA infections during this time.

Our findings strongly support those from other studies that have documented decreasing
incidence of invasive MRSA infections among health care—related infections since 2005.22
While prior studies focused on invasive MRSA incidence for a specific population or
region,®20 our study used data from the largest US population surveillance system

for invasive MRSA to provide robust national burden estimates of this disease. The
methodology in this study was improved from our prior methods? (and applied to historical
2005 data) by (1) including all cases, both recurrent infections in the same patient (at least
30 days apart) and new infections, (2) adjusting national estimates for the receipt of dialysis,
a critical risk factor for invasive MRSA,10 and (3) including confidence intervals of national
estimates.

The large decrease (54%) in hospital-onset invasive MRSA infections between 2005
and 2011 is highly encouraging and may be attributable to increased awareness and

JAMA Intern Med. Author manuscript; available in PMC 2024 February 23.
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implementation of local and nationwide infection prevention measures in many health care
settings, including those targeting intravascular catheter-related infections?1:22 and health
care transmission of multidrug-resistant organisms.23 National survey data suggest that the
number of hospitalizations and the average length of stay were stable between 2007 and
2010,2425 making it unlikely that the reductions in hospital-onset MRSA we observed could
be attributable to reductions in length of hospital stays.

It is notable that the incidence of community-associated invasive MRSA infections, although
relatively stable, has not increased over this time, despite increases in hospitalizations related
to MRSA skin and soft-tissue infections (ie, mostly noninvasive infections) documented

in discharge data.” Progress in reducing infections among this population is likely to

be most challenging due to a lack of clearly effective strategies to control endemic

MRSA transmission in the community setting. While guidance exists for the prevention

of transmission in some institutions such as schools, athletic facilities, and correctional
facilities, 28 prevention of community-associated MRSA transmission outside of these
settings is not well described. Changes in this setting may related to transmission in
households, prevention of invasive disease from improved early treatment of noninvasive
infections,2” or the natural evolution of this pathogen.

Approximately 78% of all invasive MRSA infections in 2011 had onset in the outpatient

or community setting (health care—associated community-onset and community-associated
infections), an increase from 72% in 2005. Of these infections, 77% were classified as
HACO, which comprised mostly recently discharged patients, long-term care residents,
and dialysis patients. The moderate decrease of these infections could be attributable to
decreased transmission in hospital settings or prevention efforts outside of the acute care
hospital. Among nondialysis cases with prior hospitalization, nearly two-thirds developed
their infections within 3 months of hospital discharge. This suggests a higher risk of
invasive MRSA in the weeks following hospitalization. Invasive devices that remain placed
during the postdischarge period, progression from colonization to clinical infection, and
breakdowns in host defense and skin integrity during hospitalization may account for this
increased risk. Further research is needed to understand (1) risk factors for progression of
colonization and noninvasive infection to invasive infections and (2) transmission dynamics
within health care settings after discharge from acute care hospitals. Significant progress in
preventing invasive MRSA infections in the dialysis and postdischarge settings is needed to
substantially reduce the overall burden of invasive MRSA infections.

There are several limitations to this study. First, although this program operates in several
metropolitan areas with diverse populations, these specific areas were not randomly
selected to be representative; however, when calculating national estimates, we adjusted

for regional differences in sex, age, race, and use of dialysis to produce estimates that

more accurately represent the entire US population. In addition, this surveillance system
does not track MRSA colonization or noninvasive MRSA infections, such as skin and
soft-tissue infections. Therefore, we cannot draw any conclusions about the relatedness
between MRSA colonization or prior noninvasive infection and invasive infection. However,
this system was designed to create national estimates capturing infections in both inpatient
and outpatient settings and therefore delivers a more comprehensive assessment of invasive

JAMA Intern Med. Author manuscript; available in PMC 2024 February 23.
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MRSA than systems focused predominantly on acute care facility—specific performance
measures, including NHSN.

In conclusion, a substantial decrease in the national burden of invasive MRSA infections
has been observed in the United States between 2005 and 2011, with the largest decreases
among hospital-onset infections and the smallest among community-associated infections.
Despite these decreases, invasive MRSA infections with onset in the community or
outpatient setting remain problematic and represent the majority of invasive MRSA
infections. Future research is needed to understand the progression of colonization and
noninvasive MRSA infection to invasive infection in outpatient settings. Future prevention
efforts should target both community and health care transmission, especially among
patients with recent hospitalization.
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Figure 1. Distribution of Weeks Between Previous Hospitalization and Current Admission Date,

Stratified by Long-term Care Facility Residence

Data are given for nondialysis cases of health care—associated community-onset (HACO)
invasive methicillin-resistant Staphylococcus aureus (MRSA) infection? with hospitalization

in the prior year in 2011 (n = 1622P).

aDefined as MRSA isolated from a normally sterile source.
bA total of 399 cases of HACO infections in nondialysis patients who had no prior
hospitalization date in the prior year are not represented in this figure.
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Figure 2. National Estimated I ncidence Rates of Invasive MRSA Infections, Stratified by
Epidemiologic Category?

Data are given for methicillin-resistant Staphylococcus aureus (MRSA) infections reported
to the Emerging Infections Program—Active Bacterial Core surveillance (United States,
2005-2011).

aDefined as MSRA isolated from a normally sterile source.
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