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Background. Previous reports suggested that US methicillin-resistant Staphylococcus aureus (MRSA) strain epidemiology has
changed since the rise of USA300 MRSA. We describe invasive MRSA trends by strain type.

Methods. Data came from 5 Centers for Disease Control and Prevention Emerging Infections Program sites conducting popu-
lation-based surveillance and collecting isolates for invasive MRSA (ie, from normally sterile body sites), 2005-2013. MRSA blood-
stream infection (BSI) incidence per 100 000 population was stratified by strain type and epidemiologic classification of healthcare
exposures. Invasive USA100 vs USA300 case characteristics from 2013 were compared through logistic regression.

Results.  From 2005 to 2013, USA100 incidence decreased most notably for hospital-onset (6.1 vs 0.9/100 000 persons, P <.0001)
and healthcare-associated, community-onset (10.7 vs 4.9/100 000 persons, P < .0001) BSIs. USA300 incidence for hospital-onset
BSIs also decreased (1.5 vs 0.6/100 000 persons, P < .0001). However, USA300 incidence did not significantly change for health-
care-associated, community-onset (3.9 vs 3.3/100 000 persons, P = .05) or community-associated BSIs (2.5 vs 2.4/100 000 persons,
P = .19). Invasive MRSA was less likely to be USA300 in patients who were older (adjusted odds ratio [aOR], 0.97 per year [95%
confidence interval {CI}, .96-.98]), previously hospitalized (aOR, 0.36 [95% CI, .24-.54]), or had central lines (aOR, 0.44 [95% CI,

.27-.74]), and associated with USA300 in people who inject drugs (aOR, 4.58 [95% CI, 1.16-17.95]).

Conclusions. Most of the decline in MRSA BSIs was from decreases in USA100 BSI incidence. Prevention of USA300 MRSA
BSIs in the community will be needed to further reduce burden from MRSA BSIs.
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Methicillin-resistant Staphylococcus aureus (MRSA) was once
thought to be largely limited to healthcare settings but now also
frequently causes infections in the community among persons
lacking classic healthcare-related risk factors [1-4]. It is now
well established that these community-associated MRSA infec-
tions are largely due to a clonal strain designated by pulsed-field
gel electrophoresis (PFGE) typing as USA300 [1, 3]. This strain
type is quite distinct from traditional healthcare strains, such as
USA100 (the most common in the United States) [5].

However, shifts in the molecular epidemiology of MRSA may
be occurring. Some reports have suggested that USA300 is also
an increasingly frequent cause of MRSA infections acquired by
hospitalized patients and that healthcare exposure is no longer
a discriminator of USA100 vs USA300 infections [6-8]. These
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reports have been made in the broader context of estimates that
the national burden of invasive MRSA infections in the United
States has declined from approximately 111 000 invasive infec-
tions in 2005 to 72 000 in 2014 [9, 10].

Secular trends in the population incidence of MRSA blood-
stream infections (BSIs) and epidemiologic characteristics of
invasive MRSA infections by strain type were explored to shed
light on reasons for declines in invasive MRSA incidence and
to investigate whether USA300 continued to be associated with
healthcare-related risk factors. We hypothesized that the find-
ings might also provide insight into future directions for MRSA

prevention.

METHODS

Data came from the Centers for Disease Control and Prevention’s
(CDC) Emerging Infections Program (EIP) surveillance for
invasive MRSA, an active laboratory- and population-based
public health surveillance program that has been described pre-
viously [11]. Geographic diversity and representativeness are
important qualities of the overall EIP surveillance network. The
EIP MRSA surveillance program defines a case as isolation of
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MRSA from a normally sterile body site (eg, blood, bone, ce-
rebrospinal fluid) from a resident of selected counties within
the EIP state. Staff at each participating EIP site contact clinical
laboratories routinely serving residents of their area for labora-
tory reports of invasive MRSA and record epidemiologic data
obtained through medical record review on a standardized case
report form. Based on healthcare exposures reported, cases are
assigned to 1 of 3 epidemiologic classifications: hospital-onset;
healthcare-associated, community-onset; or community-asso-
ciated. Cases are considered hospital-onset if the initial invasive
MRSA culture was obtained on the fourth day or later during
a hospital admission. Cases are considered healthcare-associ-
ated, community-onset if the culture was obtained either from
an outpatient or a patient during the first 3 days of a hospital
admission, with at least 1 of the following risk factors: hospital
admission, long-term care facility residence, dialysis, or surgery
within the prior year; or central venous catheter within 2 days
prior to the culture. Cases are considered community-associ-
ated if the culture was obtained either from an outpatient or a
patient during the first 3 days of a hospital admission, without
any of the above healthcare risk factors.

In addition to collecting epidemiologic data, EIP sites
requested isolates from clinical laboratories for characteriza-
tion. In all sites except one (New York, described below), clin-
ical laboratories provided a convenience sample of isolates. All
isolates submitted by clinical laboratories underwent molecular
characterization at CDC as previously described, including
antimicrobial susceptibility testing by broth microdilution,
SCCrmnec typing, and detection of staphylococcal toxins [5, 12].
Molecular typing methodology of MRSA isolates obtained
through the EIP has evolved over the years [10]. Initially (2005-
2007), PFGE was used to categorize isolates into USA groups
as described in [5]. During 2008-2011, an algorithm to infer
the USA type based on other molecular characteristics was val-
idated internally and implemented (https://www.cdc.gov/HAI/
settings/lab/inferred-PFGE-algorithm.html). In 2012, that al-
gorithm was updated to incorporate spa typing results (https://
www.cdc.gov/HAI/settings/lab/CCalgorithm.html).

For this analysis, epidemiologic data and isolates obtained
from 14 counties continuously performing surveillance in 5 of
the 9 EIP sites with MRSA surveillance data (California, Georgia,
Minnesota, New York, and Tennessee) from 2005 to 2013 were
analyzed. Available resources only allowed these 5 sites to col-
lect isolates during the entire 2005-2013 period. For all analy-
ses, MRSA strain type was categorized as USA100, USA300, or
other (“other” comprising all strains except USA100/USA300).
Data analyses were performed using SAS software versions 9.3
and 9.4 (SAS Institute, Cary, North Carolina). Statistical signif-
icance was determined based on P < .05.

Two data analyses were conducted. The first calculated an-
nual incidence of MRSA BSIs (cases identified from blood iso-
lates per 100 000 population) stratified by epidemiologic class

and strain type. The completeness of isolate collection from
each clinical laboratory in the surveillance area was deter-
mined by comparing isolates submitted with reports of MRSA
infections from the epidemiologic surveillance data. Because
only a convenience sample of isolates from a population area
was submitted, strain incidence calculations were performed
through the following process. To determine the numerator
(number of cases), strain type for cases in which no isolate was
available for testing (~30%) was imputed based on the distri-
bution of variables correlated with strain type. Demographics,
underlying medical conditions, infection type, timing of cul-
ture collection relative to hospital admission, year of collec-
tion, and EIP site were selected as relevant variables through
logistic regression with backward elimination. Imputation
was performed for cases from the subset of clinical laborato-
ries in each EIP site from which either >50% of MRSA blood
isolates from cases were tested at CDC (California, Georgia,
Minnesota, Tennessee) or a random sample of blood isolates
was collected (New York). Cases from other laboratories (ie,
those with <50% of blood isolates tested at CDC and without
a systematic sampling scheme for isolates) were not included in
the numerator for incidence calculation. Imputation was only
performed for blood isolates (greatest proportion of isolates
available). In addition, to calculate incidence of cases from this
subset of laboratories, the population denominator was modi-
fied to reflect the population served by these laboratories based
on the market share of MRSA cases in the entire catchment area
served by those clinical laboratories, following methods used
in a previous study to estimate population incidence of com-
munity-acquired pneumonia [13]. Multiple imputation with 25
imputation datasets was performed to account for imputation
errors and the results were combined to make statistical infer-
ence. The SAS procedures PROC MI and MIANALYZE were
used to perform analyses of the imputation datasets. Statistical
significance of trends by strain type and epidemiologic classifi-
cation was determined through negative binomial regression.
The Supplementary Methods and Supplementary Tables 1 and
2 provide additional details about isolate collection and impu-
tation methods.

Second, to provide further insight into the epidemiology of
invasive MRSA infections by strain type, epidemiologic char-
acteristics corresponding to all isolates characterized at CDC as
either USA100 or USA300 from these 5 sites (ie, from all lab-
oratories submitting isolates, not limited to those used for the
incidence calculations above and without imputation) in 2013
were compared. The year 2013 is the most recent for which iso-
lates are available and characterized from all 5 of these sites.
Categorical variables were compared using a X* or Fisher exact
test, as appropriate. Continuous variables were compared using
a Wilcoxon rank-sum test. A logistic regression with random
intercepts for EIP site was fitted to evaluate factors that were
independently associated with higher likelihood of a MRSA
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Figure 1. Estimated incidence of hospital-onset methicillin-resistant

Staphylococcus aureus bloodstream infections, by strain type, in 5 Emerging
Infections Program sites, 2005—2013. Cases are considered hospital-onset if the
initial culture was obtained on the fourth day or later during a hospital admission.
Error bars represent the minimum and maximum incidence rates among imputation
datasets.

isolate being USA100 (compared to USA300). This binary lo-
gistic model is distinct from the imputation model described
earlier. In the model, variables with P < .25 in bivariate analysis
were included as potential exposures, with outcome of strain
type (USA100 or USA300). Backward elimination was per-
formed for variable selection, retaining variables with P < .05
in the final model. In addition, separately the proportion of
USA300 (and corresponding 95% confidence intervals [Cls])
was calculated for different types of clinical infections.

The EIP MRSA activity was determined to be a nonresearch
public health surveillance activity by human subjects advisors
at the National Center for Emerging and Zoonotic Infectious
Diseases, CDC, and this analysis was conducted as a part of
the approved objectives of the surveillance project. The project
was either deemed a nonresearch activity in participating EIP
sites or was approved by sites’ institutional review boards with a
waiver of informed consent.

RESULTS

Incidence of MRSA BSls by Strain Type and Epidemiologic Classification

Incidence (per 100 000 population) of hospital-onset
USA100 BSIs decreased (6.1 in 2005 to 0.9 in 2013) (Figure
1). The modeled annual decrease for that time period was 21%
(95% CI, 17%-24%). Incidence of hospital-onset USA300 BSIs
also decreased during that time (1.5 in 2005 vs 0.6 in 2013;
modeled annual decrease: 13% [95% CI, 8%-18%]), as did
incidence of hospital-onset MRSA BSIs from other strains (1.9
in 2005 vs 0.3 in 2013; modeled annual decrease: 17% [95% CI,
11%-22%]).

For healthcare-associated community-onset MRSA BSIs,
incidence decreased for USA100 (10.7 in 2005 vs 4.9 in
2013) (Figure 2); the modeled annual decrease was 10% (95%
CI, 8%-11%). Incidence did not change significantly for MRSA

BSIs due to USA300 (3.9 in 2005 vs 3.3 in 2013; modeled annual
decrease: 4% [95% CI, 0-7%]) or for other strains (3.6 in 2005
vs 3.4 in 2013; modeled annual decrease: 1% [95% CI, -3% to
5%]) (Figure 2).

Community-associated MRSA BSI incidence decreased for
USA100 (0.9 in 2005 vs 0.5 in 2013) (Figure 3); modeled annual
decrease was 9% (95% CI, 3%-15%). In contrast, incidence did
not significantly change for USA300 (2.5 in 2005 vs 2.4 in 2013;
modeled annual decrease: 3% [95% CI, -1% to 7%]) or other
strains (0.3 in 2005 vs 0.2 in 2013; modeled annual decrease: 3%
[95% CI, ~6% to 12%]).

Overall, USA100 BSI incidence decreased from 17.7 to 6.3,
and USA300 BSI incidence decreased from 7.9 to 6.3. The pro-
portion that was USA300 increased from 25% to 38% overall.

Epidemiologic Descriptions of the Most Recent USA100 and USA300
Invasive MRSA Cases

In 2013, isolates were available for 705 cases of invasive MRSA,
of which 534 were characterized as either USA100 or USA300.
Also represented in the collection were 81 USA500/Archaic/
Iberian strain complex isolates (11%) and 32 USA800 (5%).
USA200, USA400, USA600, USA700, USA1000, and USA1100
were also identified but each comprised <2% of the collection.
Most invasive cases with skin abscess were USA300 (88% [95%
CI, 69%-96%] of cases associated with skin abscess). The other
most common infection syndromes associated with the cases
were equally due to either USA100 or USA300 (Figure 4).

In bivariate analysis, invasive USA100 cases occurred more
often in older patients, patients of white race, and patients with
certain chronic medical comorbidities and prior healthcare expo-
sures (Table 1). Invasive cases were more likely to be USA300
when occurring in patients with human immunodeficiency virus
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Figure 2. Estimated incidence of healthcare-associated, community-onset
methicillin-resistant Staphylococcus aureus bloodstream infections, by strain
type, in 5 Emerging Infections Program sites, 2005-2013. Cases are considered
healthcare-associated, community-onset if the culture was obtained either from
an outpatient or during the first 3 days of a hospital admission, from a patient with
at least 1 of the following healthcare risk factors: hospital admission, long-term
care facility residence, dialysis, or surgery within the prior year; or central venous
catheter within 2 days prior to the culture. Error bars represent the minimum and
maximum incidence rates among imputation datasets.
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Figure 3. Estimated incidence of community-associated methicillin-resistant
Staphylococcus aureus bloodstream infections, by strain type, in 5 Emerging
Infections Program sites, 2005-2013. Cases are considered community-associated
if the culture was obtained either from an outpatient or during the first 3 days of
a hospital admission, from a patient without any of the following healthcare risk
factors: hospital admission, long-term care facility residence, dialysis, or surgery
within the prior year; or central venous catheter within 2 days prior to the culture.
Error bars represent the minimum and maximum incidence rates among imputation
datasets.

infection or injection drug use. Hospital-onset cases were not
more likely to be caused by USA100 compared to USA300.

In multivariable analysis, only 4 characteristics were inde-
pendently associated with differences in USA100 vs USA300
invasive MRSA infections (Table 2). Cases were more likely
to be USA100 in patients who were older (adjusted odds ratio
[aOR], 1.03 per year [95% CI, 1.02-1.04]), hospitalized in the
prior year (aOR, 2.78 [95% CI, 1.87-4.16]), or with a recent
central venous catheter (aOR, 2.25 [95% CI, 1.35-3.77]). Cases
were less likely to be USA100 if associated with injection drug
use (aOR, 0.22 [95% CI, .06-.86]).

DISCUSSION

In this surveillance area, overall USA100 BSI incidence declined
by >60% during 2005-2013, including a >80% decline in
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Figure 4. Proportion of clinical infections associated with invasive methicillin-re-
sistant Staphylococcus aureus cases due to USA300 (vs USA100) strain type, in 5
Emerging Infections Program sites, 2013. Cases with cellulitis, pneumonia, and skin
abscess had an underlying invasive specimen source (eg, positive blood culture).
The vertical error bars depict the corresponding 95% confidence intervals.

hospital-onset USA100 BSI incidence. A decline in USA300
BSI incidence only occurred for hospital-onset cases (60%
decrease); however, the incidence of USA300 BSIs did not in-
crease in any epidemiologic category. USA100 infections were
still more likely to be associated with some classic healthcare
risk factors including central venous catheter use and prior
hospitalization.

Several conclusions or observations can be made from these
results. First, as other US investigators have reported [7, 8,
14-16], there is an overall increase in the proportion of over-
all MRSA BSIs due to USA300, including for hospital-onset
BSIs. However, the change in proportion of BSIs due to USA300
can be attributed to greater declines in USA100 since, as noted
above, invasive USA300 infections are not increasing in fre-
quency on a population level in any setting.

Second, USA100 remains the strain that is most strongly
associated with healthcare exposure. The majority of health-
care-associated (ie, hospital-onset and healthcare-associated
community-onset) MRSA BSIs were due to USA100. Notably,
as described in an urban Chicago-area hospital [7], we did not
find the hospital-onset epidemiologic category to be a signifi-
cant predictor of USA100 vs USA300 MRSA. However, prior
hospitalization and central venous catheter use were significant
predictors of USA100 in our data.

Third, these results support a conclusion that healthcare
infection control interventions contributed to reductions in
invasive MRSA that have been seen in the United States. As
outlined below, the finding that strain-specific trends differ
substantially according to healthcare exposure categories pro-
vides evidence that activities in healthcare settings themselves
are causing the MRSA trends. Indeed, some healthcare infec-
tion control activities have clearly contributed to substantial
reductions in invasive MRSA. A well-known example is the
large reductions that have been observed in central line-associ-
ated BSI burden resulting primarily from improving central line
insertion practices [17-19]. Some have also attributed decreases
in MRSA infections in Department of Veterans Affairs hospitals
to a healthcare infection control bundle that included strategies
aimed at reducing transmission of MRSA [20].

Alternative explanations that have been proposed for observed
reductions in MRSA incidence are (1) increases in use of antibi-
otics effective against MRSA, or (2) a byproduct of natural vari-
ation in strain ecology [21-24]. The first explanation seems less
likely to be the sole explanation for these reductions given ex-
isting data about epidemiology of antibiotic use. For example,
trimethoprim-sulfamethoxazole use in outpatients has increased
in the United States during this period [25, 26]. However, for
community-associated MRSA BSIs, incidence decreased for
USA100 only even though USA300 strains tend to have higher
susceptibility to trimethoprim-sulfamethoxazole [5].

Evaluating the second explanation is more difficult, as there
is no clear a priori expectation of what natural variation would
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Table 1. Selected Descriptive Characteristics of USA100 and USA300 Invasive Methicillin-resistant Staphylococcus aureus Cases, 5 Emerging Infections

Program Sites, 2013
USA100 USA300

Characteristic (n = 266) (n =268) PValue

Demographics
Age, y, median (IQR) 65.5 (54-81) 55 (40-65) <.001
Male sex 154 (57.9) 165 (61.6) .39
White race 165 (62.0) 125 (46.6) .0004

Medical comorbidities
Chronic liver disease 23 (8.7) 20 (7.5) .62
Chronic pulmonary disease 4 (20.3) 45 (16.8) .30
Chronic renal insufficiency 101 (38.0) 72 (26.9) .006
Chronic skin breakdown 34 (12.8) 36 (13.4) .82
Congestive heart failure 77 (29.0) 47 (175) .002
Smoker 30 (11.3) 78 (29.1) < .0001
Prior cerebrovascular accident 46 (17.3) 23 (8.6) .003
Decubitus ulcer 38 (14.3) 23 (8.6) .04
Dementia 34 (12.8) 20 (7.5) .04
Diabetes 109 (41.0) 109 (40.7) .94
Hemiplegia/paraplegia 7 (6.4) 13 (4.9) 44
HIV 1(0.4) 18 (6.7) < .0001
Injection drug use 3(1.1) 20 (7.5) .0003
Obesity 48 (18.1) 41 (15.3) .39
Peripheral vascular disease 39 (14.7) 25(9.3) .06

Healthcare exposures
Hospital onset 7 (177) 41 (15.3) 27
Hospitalization in prior year 191 (71.8) 121 (45.2) < .0001
Surgery in prior year 104 (39.1) 55 (20.5) <.0001
Central venous catheter in place 4 (24.1) 35 (13.1) .001
Chronic dialysis patient 55 (20.7) 41 (15.3) 1
Long-term care facility residence in prior year 63 (23.7) 34 (12.7) .001

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.

cause. At a minimum though, we do not see evidence that
USA300 is expanding its prevalence in the population, which
is one of the specific explanations that has been proposed [24].
Researchers using other methods have also suggested that the
historic expansion and dissemination of USA300 may have
reached a plateau [27]. Therefore, USA300 expansion as a cause
for the decline in USA100 is not a phenomenon supported by
our data.

If it is true that healthcare infection prevention has been a
dominant reason for these trends, the differences between
USA100 vs USA300 trends within the same epidemiologic

Table 2. Multivariate Analysis of Characteristics Associated With
USA100 Invasive Methicillin-resistant Staphylococcus aureus Infection
(Versus USA300), 2013

Characteristic Adjusted OR (95% ClI) for USA100 PValue

Age (y) 1.03 (1.02-1.04) <.0001
Injection drug use 0.22 (.06-.86) .03

Hospitalization in prior year 2.78 (1.87-4.16) <.0001
Central venous catheter 2.25 (1.35-3.77) .002

Abbreviations: Cl, confidence interval; OR, odds ratio.

class are intriguing. It suggests that even within the same set-
ting there are strain-specific differences in effectiveness or im-
pact of healthcare prevention strategies. This possibility has
been raised by other investigators [28, 29]. We suggest that an
explanation for the lack of decrease in healthcare-associated,
community-onset USA300 incidence is that current infection
prevention practices are primarily only successful for prevent-
ing USA100 infections outside the hospital setting. One plau-
sible specific mechanism by which this could occur would be
that healthcare-associated, community-onset USA100 MRSA
infections are more likely to have been acquired through trans-
mission in healthcare settings, whereas patients with health-
care-associated, community-onset USA300 MRSA infections
may have acquired these strains in the community. This is plau-
sible as USA100 strains typically have greater levels of antimi-
crobial resistance than USA300 strains [5] and therefore may be
better able to survive when patients are frequently exposed to
broad-spectrum antibiotics in healthcare settings [30]. An al-
ternative mechanism could be differential effects of antimicro-
bial stewardship activities on changing prevalence of USA100 vs
USA300. Future work to confirm whether the different trends
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are primarily due to differential transmission would have im-
portant implications for future prevention work. For example,
although continued prevention of transmission of USA100 in
hospitals is likely important to prevent a resurgence of these
infections, the data also suggest that that additional strategies
beyond simply intensifying reductions in transmission in hos-
pitals are needed to substantially reduce the burden of health-
care-associated USA300 infections.

The most significant limitation of this analysis is that, because
of lack of availability of isolates, the trends reported here end in
2013 without subsequent information on current incidence of
MRSA strain types. However, trends for MRSA BSI incidence
in the overall EIP area have not greatly changed after 2013 (un-
published data). Other limitations of this work include isolates
not being available for all cases, so the results are subject to the
accuracy of the strain imputation and incidence estimation pro-
cess; specifically, it is possible that true USA300 incidence has
changed for community-associated and healthcare-associated,
community-onset BSIs and we did not have sufficient precision
to detect this. This surveillance area only represents a fraction
of the United States. However as noted previously, existing pub-
lished single-center reports about trends for MRSA strains out-
side of our surveillance area show consistent results [7, 16]. In
addition, the epidemiologic trends (stratified by epidemiologic
class but without strain information) in these 5 EIP sites match
those of the additional 4 EIP sites from which epidemiologic
surveillance data are available but not a consistent collection of
isolates. Furthermore, we do not have information on trends for
colonizing strains; some of our conclusions depend on an as-
sumption that trends for invasive infections would mirror those
of colonization, which we are unable to evaluate with these
data. We also are unable to make inferences about relative con-
tribution of different healthcare interventions on the historical
declines in MRSA BSI incidence. A final limitation is the use
of PFGE and spa typing as the predominant typing methods,
which can cause misclassification of sublineages within clonal
complex 8 [31, 32]. A strength of this analysis is the multisite
and population-based nature of the data. Population-based data
provide assurance that we measure actual increases or decreases
in burden rather than an effect of shifts in where patients seek
healthcare.

This article provides insight into why invasive MRSA in-
cidence in the United States has declined and offers specific
hypotheses that can be tested in future studies. Most impor-
tantly, it illustrates that although substantial progress has been
made in preventing invasive MRSA infections, only USA100
MRSA incidence has significantly decreased outside of hospi-
tals. Strategies to prevent USA300 infections in the community
among patients with and without healthcare exposure are par-
ticularly needed to ensure further substantial reductions in the
burden of MRSA infections in the United States.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
s0 questions or comments should be addressed to the corresponding author.
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