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Abstract
Objectives—To evaluate the association of USA300 genotype with outcomes in persons with
MRSA bacteremia and examine the epidemiology of MRSA bacteremia over time.

Methods—Population-based surveillance for MRSA bacteremia was performed in 8-county
Atlanta from 2005–2008. Cases of MRSA bacteremia were classified as healthcare-associated with
hospital-onset (HAHO), healthcare-associated with community-onset (HACO), or community-
associated (CA) disease. A survival analysis was performed on a nested cohort of cases with isolates
characterized by pulse field gel electrophoresis (PFGE).

Results—4344 MRSA bacteremia cases were identified; 2579 (59.4%) HACO, 1144 (26.3%)
HAHO; and 601 (13.8%) CA. Overall incidence rates of MRSA bacteremia declined from
33.9/100,000 in 2005 to 24.8/100,000 in 2008. Rates were highest in persons ≥ 65 years, blacks,
males, and persons with AIDS. In multivariate analysis of 1104 cases, USA300 genotype was
associated with increased in-hospital mortality (HR 1.63, 95% CI 1.19–2.23). USA300 strains were
also associated with increased mortality when compared to USA100 strains (HR 1.79, 95% CI 1.24–
2.58).

Conclusions—MRSA bacteremia incidence declined over 4 years but CA disease rates remained
stable. Persons with HIV, the elderly, and blacks were disproportionately affected. Bacteremia due
to USA300 MRSA strains was associated with increased mortality, suggesting that USA300 strains
may be more virulent.
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INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) bacteremia is associated with high
mortality and places a substantial burden on healthcare systems [1]. Most cases are acquired
in the hospital or in persons with well-defined healthcare risk factors. A surveillance study in
the U.S. found S. aureus (SA) to be the causative agent in 20% of all cases of nosocomial
bacteremia and the proportion of isolates that were MRSA increased from 22% to 57% from
1995–2002 [2]. A 2005 population-based study estimated the burden of invasive MRSA
disease in the U.S. to be 94,360 cases, most of which was healthcare-associated (HA)
bacteremia [3].

In the last decade, MRSA infection has emerged in the community setting as a separate
epidemic among persons with no recent hospitalization history or other established risk factors
for MRSA infection. In 1999, a report in the United States described 4 fatal cases of community-
associated MRSA (CA-MRSA) in otherwise healthy children [4]. This report heralded the
rising epidemic of CA-MRSA infections and was followed by reports of outbreaks among
American Indian and Alaska Natives [5], sports teams [6], prison inmates [7], child care
attendees [8], military trainees [9], and men who have sex with men [10].

CA-MRSA isolates were more likely to be susceptible to non-β-lactam antimicrobial agents
and to possess the staphylococcal chromosomal cassette (SCC) mec type IV and genes
encoding for Panton-Valentine leukocidin (PVL) toxin [11]. Molecular typing using pulse field
gel electrophoresis (PFGE) demonstrated that one PFGE type, USA300, accounted for most
CA-MRSA disease in the U.S, particularly skin and soft tissue infections [12]. Other PFGE
types of community origin include USA400, USA1000, and USA1100. Strains causing HA-
MRSA disease have more often been PFGE types USA100, USA200, and USA500 [13].
However, a number of recent reports have linked isolates possessing genotypic features typical
of CA-MRSA strains with healthcare-associated infection [14,15].

While the majority of CA-MRSA infections are localized skin and soft tissue infections, CA-
MRSA has also been associated with severe invasive disease [4,11]. A U.S. population-based
study found that CA-MRSA was responsible for 13.7% of all invasive MRSA cases [3]. The
predominance of USA300 strains in CA-MRSA disease and the association with severe disease
have prompted a search for unique virulence factors that may be contributing to disease. PVL,
the arginine catabolic element (ACME), and phenol-soluble modulins (PSM) have been
proposed as factors contributing to the pathogenecity of USA300 strains [16]. While
epidemiologic and experimental data support the pathogenecity of USA300, there have been
no clinical studies evaluating an association of USA300 with mortality. The main objective of
this study was to evaluate the association of USA300 genotype with increased mortality in
persons with MRSA bacteremia. Additionally, trends in the incidence and epidemiology of
MRSA bacteremia over time were examined.

METHODS
Patient Selection

Patients were identified through the Active Bacterial Core Surveillance Program of the Georgia
Emerging Infections Program (GA EIP). Since 2004 the GA EIP has performed prospective,
population-based, laboratory-based surveillance for all invasive MRSA isolates in Georgia

Kempker et al. Page 2

J Infect. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Health District 3 (HD3), the 8-county Atlanta metropolitan area. The study period was from
January 1, 2005 through December 31, 2008. Cases were defined as MRSA isolated from blood
in a resident of HD3. Case finding was active and laboratory-based and included review of
clinical microbiology laboratory printouts from all HD3 hospitals and reference laboratories.

Study personnel retrospectively reviewed medical records using a standard case report form
to abstract data on demographics, clinical characteristics, and outcomes. Cases were classified
into 3 categories: healthcare-associated with hospital-onset (HAHO), healthcare-associated
with community-onset (HACO) or community-associated (CA) [3]. Healthcare-association
was defined as having one or more of the following: presence of a central venous catheter
(CVC) at presentation or a history of MRSA infection or colonization, surgery, dialysis, or
long-term care facility residence within the prior year. Healthcare-associated cases were further
classified as community-onset (cases with a culture obtained as an outpatient or < 48 hours
after admission) and hospital-onset (cases with culture obtained >48 hours after admission).
Community-associated cases were those without documented healthcare risk factors.

Clinical syndromes, comorbidities, and the presence of septic shock were recorded from the
medical record. The presence of a CVC was not routinely recorded for HAHO cases. Hospital
variables were created for each hospital that treated ≥10% of the study population. Persistent
invasive MRSA infection was defined as a repeat positive blood culture 7– 30 days from the
initial culture. Recurrent invasive MRSA was defined as a positive culture result obtained for
the same case ≥30 days after the initial culture. Patient outcomes were recorded as either
survival to discharge or death prior to discharge. Mortality represented crude in-hospital death.

Isolate Collection and Laboratory Testing
All laboratories were asked to submit MRSA blood isolates for further testing. Of the 30
surveillance area laboratories, 11 (37%) contributed isolates. The GA EIP reference laboratory
performed PFGE on submitted isolates using restriction endonuclease SmaI; patterns were
analyzed using Bionumerics version 4.01 and grouped into pulse field types using Dice
coefficients and 80% relatedness [13].

Statistical Analysis
Statistical analyses were performed using SAS, version 9.2 (SAS Institute, Cary, NC). U.S.
census bureau bridged-race vintage post census population estimates and Georgia Public
Health HIV/AIDS surveillance estimates were used for denominators in calculating incidence
rates. Logistic regression was used for trend analysis of incidence rates over the four year
surveillance period. For descriptive statistics, differences in categorical variables were tested
using χ2 and for continuous variables a two sample t test.

A Cox proportional hazards model was used to perform survival analysis of the cases with
PFGE typing to assess risk factors for in-hospital mortality. The main predictor variable was
MRSA PFGE type. Other risk factors with possible significance or known to be associated
with mortality in MRSA bacteremia were included. Model building and selection was based
on the purposeful selection of covariates strategy as previously described [17]. An additional
survival analysis was performed comparing only USA 300 to USA 100 isolates. A p value <.
05 was considered significant.

IRB
The study was approved by the Emory University and Georgia Department of Human
Resources IRBs, the Grady Memorial Hospital Research Oversight Committee, and the VA
Research and Development Committee.
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RESULTS
Incidence

A total of 4344 cases of MRSA bacteremia were identified from 2005–2008. Most were
healthcare-associated, including 2579 (59.4%) HACO infections and 1144 (26.3%) HAHO
infections; 601 (13.8%) were CA infections, and 20 (0.5%) were unclassified. Incidence rates
significantly decreased over time from 33.9 per 100,000 in 2005 to 24.8 per 100,000 in 2008
(Figure 1). While there was a significant downward trend in rates of HACO and HAHO disease
over time, CA MRSA bacteremia rates remained relatively constant (Figure 1). Overall
incidence rates per 100,000 were highest in persons 65 years and older (133.0), blacks (45.2),
male (33.7), and in persons with AIDS (650.5) (Table 1). Disease rates were higher in blacks
than whites across all age groups (data not shown).

PFGE
From the overall cohort, 1104 cases (25.4%) had isolates sent for PFGE. A comparison of cases
with and without isolates sent for laboratory testing revealed the nested cohort was similar to
the overall cohort (Supplemental Table 1). The most common PFGE types were USA300,
USA100, USA500, and Iberian (Figure 2).

Comparison of USA300 versus Non-USA300
Of the 1104 cases, 414 were USA300 and 690 were non-USA300. Significant differences
between the two groups were noted (Table 2). USA300 cases were considerably younger (47.1
versus 57.7 years old, P <.01) and more likely to be male (64.5% versus 54.5, P<.01) and black
(73.0% versus 65.9%) Additionally, community-associated cases accounted for a higher
proportion of USA300 isolates than non-USA 300 isolates (30.7% versus 7.4%, P<.01) and
healthcare-associated cases (HAHO and HACO) accounted for a higher proportion of non-
USA300 isolates. USA300 isolates were more often associated with intravenous drug use
(3.4% versus 0.1%, P<.01) and chronic liver disease (3.6% vs. 1.5%, P<.05) while non-
USA300 isolates were more common in most other chronic medical conditions (Table 2). A
similar proportion of USA300 and non-USA300 cases were hospitalized and no differences in
the frequency of recurrent or persistent disease were noted. For HAHO cases, those with non-
USA300 isolates were hospitalized longer before developing MRSA bacteremia than those
with USA300 isolates (33.2 versus 16.1 days, P<.01). The following clinical syndromes were
associated with bacteremia from USA300: deep tissue abscess, osteomyelitis, and skin and soft
tissue infection. Seventy-two percent of non-USA300 cases had bacteremia without an
identified clinical syndrome. In-hospital mortality was 18.5% ; no significant difference was
noted between USA300 and non-USA300 cases (16.4 versus 19.7%, P=0.17). However, more
USA300 cases died within the first 7 days after positive culture than non-USA300 cases (73.5%
versus 49.3%, P <.01), a difference also seen when looking only at HAHO cases (58.8% versus
35.3%, P <.01).

USA300 vs. Non-USA300 Survival Analysis
USA300 was not associated with mortality in univariate analysis (HR 1.02, 95% CI 0.76, 1.37).
The factors significantly associated with death by univariate analysis are shown in Table 3 and
included increasing age, white race, the presence of a solid malignancy, peripheral vascular
disease, congestive heart failure, coronary heart disease, cerebrovascular accident, chronic
obstructive pulmonary disease, chronic liver disease, and long term care facility residence,
cases with no identified clinical syndrome, and septic shock. Conversely, syndromes associated
with decreased mortality included recurrent MRSA disease, osteomyelitis, and skin and soft
tissue infection.
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After adjusting for confounding variables in multivariate analysis USA300 was associated with
increased mortality (HR 1.63, 95% CI 1.19, 2.23). The main confounder of USA300 was age
(50% change in HR with addition of age to model). Final multivariate analysis results are shown
in Table 3 and a survival graph for USA300 versus non-USA300 isolates is shown in Figure
3A. Other factors in the final model significantly associated with mortality included increasing
age (HR 1.04, 95% CI 1.03, 1.05), chronic liver disease (HR 2.48, 95% CI 1.28, 4.81), AIDS
(HR 2.04, 95% CI 1.28, 3.27), bacteremia without an identified clinical syndrome (HR 3.26,
95% CI 2.04, 5.20), pneumonia (HR 2.54, 95% CI 1.44, 4.46), and septic shock (HR 5.07, 95%
CI 3.21, 7.99).

USA300 vs. USA100 Survival Analyses
A secondary survival analysis comparing USA300 vs. USA100 isolates was performed and
results are shown in Table 3 and Figure 3B. A stronger association between USA300 and in-
hospital mortality was noted when compared to USA100 alone (HR 1.79, 95% CI 1.24, 2.58).
Other factors significantly associated with mortality included age, alcoholism, chronic liver
disease, pneumonia, bacteremia without an identified syndrome and septic shock.

DISCUSSION
The current study demonstrated a significantly increased risk of death in persons with MRSA
bacteremia due to USA300 MRSA strains compared to non-USA300 strains and an even
greater increase when compared specifically to USA100 strains. The lack of a significant
association between USA300 and increased mortality identified in univariate analysis was
explained by the presence of negative confounding by age, a well described risk factor for
mortality in persons with MRSA bacteremia [14,18,19]. Individuals with USA300 MRSA
bacteremia were significantly younger than those with non-USA 300MRSA bacteremia and
increasing age was a significant risk factor for mortality.

A number of reports have suggested that CA-MRSA strains, in particular USA300, may have
increased virulence as compared to more traditional HA-MRSA strains [16,20,21]. Studies in
animal models of MRSA bacteremia have demonstrated increased virulence of USA300 strains
as compared to HA-MRSA PFGE types and evidence suggests that the underlying mechanism
may be the differential expression of key pathogenic determinants [21,22]. Wang et al.
identified a new class of staphylococcal cytolytic peptides, α-type phenol soluble modulins
(PSMs), with increased expression in CA-MRSA strains than in HA-MRSA strains, and
demonstrated a dramatic effect of PSMs on pathogenecity of USA300 and USA400 strains in
mouse abscess and bacteremia models [20]. Li and colleagues, provided additional evidence
that the increased virulence of USA300 in a mouse bacteremia model was due in part to the
increased expression of virulence factors, including α-type PSMs, rather than the acquisition
of new pathogenic factors [21]. The role of PVL, a CA-MRSA associated toxin, and the
USA300 unique ACME in MRSA virulence remains unclear [16,23–25] . In contrast to data
from animal models, clinical data comparing the outcomes of serious infections with MRSA
USA300 and other MRSA strains is lacking. The subanalysis presented here comparing
outcomes of bacteremia from USA300 directly with USA100, the most common HA-MRSA
strain in the U.S., eliminated potential confounding by the larger non-USA300 group that
included both USA500 isolates (15% of all strains), known progenitors of USA300 that may
share virulence characteristics with USA300, and other CA-MRSA strains (<2% of total)
[21].

Several other risk factors in multivariate analysis were found to be associated with higher
mortality in persons with MRSA bacteremia including septic shock, pneumonia, bacteremia
without an identified clinical syndrome, AIDS, and chronic liver disease. Septic shock was
most strongly associated with mortality and has been shown to be a risk factor for death in
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many MRSA bacteremia studies [18,19,26]. AIDS, chronic liver disease, and MRSA
bacteremia with pneumonia have all also been previously associated with mortality in persons
with MRSA bacteremia, likely in part due to immunosuppression-related increased disease
severity [14,26–28]. It is less clear why bacteremia without an identified clinical syndrome
was associated with increased mortality. This diagnosis may serve as a marker for increased
underlying morbidity since it was more common in individuals with chronic medical diseases
or the lack of an identifiable clinical syndrome may have delayed timely diagnosis and
treatment.

The current study demonstrated a significant decline in MRSA bacteremia rates over the 4 year
surveillance period, but the overall rate of MRSA bacteremia remained high (24.8/100,000
population in 2008). In a population-based study of all invasive MRSA disease (75%
bacteremia) in 9 U.S. cities including Atlanta in 2005, rates of MRSA disease were between
19.2 and 116.7 per 100,000 [3]. In contrast, a report from population-based surveillance for
SA bacteremia in Calgary, documented a much lower overall rate of MRSA bacteremia of 2.2
per 100,000, but noted rising rates over the 7 year surveillance period [29].

A downward trend in healthcare-associated bacteremia (both HACO and HAHO) was
responsible for the overall decline in MRSA bacteremia documented in this study. A recent
study evaluating central line-associated blood stream infections in U.S. intensive care units
from 1997–2007, showed that the rates of MRSA central line-associated bacteremias in ICUs
declined 50% or more since 2001 [30]. These results along with the findings reported here
suggest that currently implemented MRSA prevention strategies and other infection control
measures in the U.S. may be working to decrease rates of HA-MRSA bacteremia. CA-MRSA
bacteremia rates did not decline, suggesting that effective prevention measures for the
community setting (and community strains) remain to be identified and/or implemented.

Similar to previous reports [12], the current study documented higher rates of MRSA
bacteremia in individuals of black race, regardless of the epidemiologic category. It is unclear
whether this represents a true racial predisposition based on genetic or immunological factors
or that race serves as a marker for other predisposing factors such as comorbidities or
socioeconomic status. Bagger et al. reported an increased rate of MRSA postoperative infection
in persons from economically deprived areas [31] and a more recent study demonstrated that
higher socioeconomic status was significantly associated with lower rates of SA bacteremia
[32].

The current study documented an extremely high rate of MRSA bacteremia in persons with
HIV and/or AIDS. Another study evaluating MRSA bacteremia among patients enrolled in a
Baltimore HIV outpatient clinic found similarly high rates of MRSA bacteremia[33]. HIV has
been shown to be a risk factor for nasal colonization with MRSA and colonization has been
demonstrated to be a risk factor for subsequent MRSA infection [34,35]. While recent data is
lacking, a few studies have demonstrated that the neutrophils of HIV infected persons exhibit
reduced phagocytosis of S. aureus, an effect that was more pronounced at lower CD4 counts
[36,37]. Our findings highlight the importance of MRSA as an opportunistic pathogen in HIV
infected persons and stress the need for vigilance in prevention, early recognition and treatment
of MRSA infections in this population.

A number of limitations to our survival analysis should be noted. The survival analysis was
performed on a nested cohort that was selected using a convenience sampling method. This
sampling method could introduce bias into a risk factor analysis. However, the nested study
group was similar to the overall cohort and thus not likely to have adversely impacted the
validity of the survival analysis.
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Another limitation is the absence of information on timing and receipt of antibiotics, allowing
for the introduction of bias if there were differences in the selection and timing of appropriate
antibiotic treatment between USA300 and non-USA300 strains. The fact that vancomycin is
currently the only standard empiric antibiotic treatment for MRSA bacteremia in the U.S.
[38,39] makes it less likely that significant variability in the initial selection of antibiotics
occurred. Additionally, while the timely initiation of effective empiric therapy has been shown
to improve the outcome of MRSA bacteremia in some studies, many others have found the
delay of proper MRSA treatment did not have a significant effect on outcome [40–43].

Finally, the outcome of mortality represented crude in-hospital mortality that may have been
influenced by comorbidities. An extensive list of comorbidities were included as variables in
the analysis and time (in days) to death was used rather than overall death as an outcome to
control for competing causes of mortality.

This study demonstrated an association of USA300 strains with increased in-hospital mortality
compared with non-USA300 strains, particularly USA100, in persons with MRSA bacteremia.
In addition, USA300 was responsible for a significant portion of HA-MRSA bacteremias.
Future studies confirming these findings and further investigation of the role of microbial
virulence mechanisms will be needed to better understand the pathogenesis of USA300 MRSA
infections and develop improved strategies for prevention and treatment.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
MRSA bacteremia incidence rates by year and epidemiological classification, Atlanta, GA,
2005–2008. Classifications: Healthcare-associated community-onset (HACO); healthcare-
associated hospital-onset (HAHO); community-associated (CA). Overall rate includes all
HACO, HAHO, and CA cases plus 20 cases with unknown epidemiological classification.
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Figure 2.
Distribution of PFGE Types in Nested Cohort (N=1104). Other: USA 800 (2.8%), USA700
(1.1%), CAMRSA9, Brazilian, Group D, USA200, USA400, USA600, USA1000, USA1100
(all <1%).
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Figure 3.
Cox Adjusted Survival Graphs. A, Comparison of USA300 cases vs. Non-USA300 cases. B,
Comparison of USA300 cases vs. USA100 cases.
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Table 2

Comparison of Selected Characteristics between USA 300 and Non-USA 300 Methicillin-Resistant Staphyloco
ccus aureus Bacteremia Cases

Characteristic Non USA 300 (n=690) USA 300 (n=414) P valuee (If <0.05)

 Age,Y (mean) 57.7 47.1 <.01 f

 Mean Hospital Days before + Culture 10.5 3.7 <.01 f

 Mean Hospital Days before + Culture (HAHO) 33.2 16.1 <.01f

 Male Sex (%) 54.5 64.5 <.01

Racea (%)

 Black 65.9 73.0 <.05

 White 30.4 24.4 <.05

Epidemiological Typeb, c (%)

 HAHO 29.6 17.6 <.01

 Community Onset 70.0 81.4 <.01

  HACO 62.6 50.7 <.01

  CA 7.4 30.7 <.01

Comorbidities (%)

 Alcoholism 2.9 5.1 -

 Intravenous Drug Use 0.1 3.4 <.01

 HIV non AIDS 2.5 4.8 <.05

 AIDS 9.0 11.4 -

 Solid Malignancy 9.4 6.0 <.05

 Hematological Malignancy 2.0 0.7 -

 Peripheral Vascular Disease 7.5 4.4 <.05

 Congestive Heart Failure 16.8 10.1 <.01

 Coronary Heart Disease 15.9 9.7 <.01

 Cerebrovascular Accident 14.2 5.3 <.01

 Chronic Pulmonary Obstructive Disease 10.7 5.6 <.01

 Diabetes Mellitus 40.9 30.2 <.01

 Chronic Renal Insufficiency 37.8 26.8 <.01

 Hemodialysis in the Last Year 27.0 18.8 <.01

 Hospitalized in last year 57.4 41.8 <.01

 Surgery in Last year 23.5 15.2 <.01

 Long Term Care Facility 24.4 10.6 <.01

 Chronic Liver Disease 1.5 3.6 <.05

 Immunosuppression 7.5 4.6 -

Clinical Characteristics (%)

 Hospitalized 94.9 93.2 -

 Persistent Disease 8.6 6.0 -

 Relapse 17.7 15.5 -

Clinical Syndromes (%)

 Endocarditis 3.5 4.1 -
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Characteristic Non USA 300 (n=690) USA 300 (n=414) P valuee (If <0.05)

 Pneumonia 10.7 10.1 -

 Septic Arthritis 2.5 1.9 -

 Deep Tissue Abscess 0.9 2.4 <.05

 Osteomyelitis 2.6 5.3 <.05

 Surgical Site Infection 2.8 1.9 -

 Skin and Soft Tissue Infection 4.6 20.8 <.01

 No associated syndrome 71.9 51.5` <.01

Severity of Illness (%)

 Septic Shock 2.9 3.9 -

Outcomesd (%)

 Overall Death 19.7 16.4 -

 % Overall Death within 7 days 49.3 73.5 <.01

 % Overall Death within 7 days (HAHO cases) 35.3 58.8 <.01

a
3.3% of overall population was of other race (Asian, American Indian, Hispanic, or Unknown)

b
Epidemiological classification of disease consisted of healthcare associated (either hospital-onset with a culture collected > 48 hours after hospital

admission or community-onset cases with healthcare risk factors and culture collected ≤48 hours after hospital admission) or community associated
cases (no healthcare risk factors)

c
3 cases of non USA300 and 4 cases of USA300 had unknown epidemiological classification.

d
Death refers to in-hospital mortality

e
P Value for Chi Square Test unless otherwise stated

f
P value for two sided, unpaired T test
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