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We investigated associations between the genotypic and phenotypic features of Staphylococcus aureus blood-
stream isolates and the clinical characteristics of bacteremic patients enrolled in a phase III trial of S. aureus
bacteremia and endocarditis. Isolates underwent pulsed-field gel electrophoresis, PCR for 33 putative virulence
genes, and screening for heteroresistant glycopeptide intermediate S. aureus (hGISA). A total of 230 isolates
(141 methicillin-susceptible S. aureus and 89 methicillin-resistant S. aureus [MRSA]) were analyzed. North
American and European S. aureus isolates differed in their genotypic characteristics. Overall, 26% of the MRSA
bloodstream isolates were USA 300 strains. Patients with USA 300 MRSA bacteremia were more likely to be
injection drug users (61% versus 15%; P < 0.001), to have right-sided endocarditis (39% versus 9%; P = 0.002),
and to be cured of right-sided endocarditis (100% versus 33%; P = 0.01) than patients with non-USA 300
MRSA bacteremia. Patients with persistent bacteremia were less likely to be infected with Panton-Valentine
leukocidin gene (pvl)-constitutive MRSA (19% versus 56%; P = 0.005). Although 7 of 89 MRSA isolates (8%)
exhibited the hGISA phenotype, no association with persistent bacteremia, daptomycin resistance, or bacterial
genotype was observed. This study suggests that the virulence gene profiles of S. aureus bloodstream isolates
from North America and Europe differ significantly. In this study of bloodstream isolates collected as part of
a multinational randomized clinical trial, USA 300 and pvi-constitutive MRSA strains were associated with

better clinical outcomes.

Staphylococcus aureus is an emerging cause of nosocomial
and community acquired bacteremia throughout the world. A
recent population-based study estimated the incidence of in-
vasive methicillin-resistant S. aureus (MRSA) infections in the
United States to be 31.8/100,000 persons (12). USA 300
strains, originally associated with infections originating in the
community (19), are increasingly recognized as a cause of
healthcare-associated infections (12, 16, 26). Panton-Valentine
leukocidin gene (pvl)-constitutive MRSA strains (27), includ-
ing USA 300 strain types (9, 13, 14, 25, 31), have been reported
from many regions of the world. Although pvl is generally
associated with skin infections and necrotizing pneumonia, less
is known about its significance in bacteremia. As a result, there
is a growing need to understand the impact of specific bacterial
genotypic and phenotypic characteristics on clinical outcome
(7, 10, 17).
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In the present investigation, we characterized a large num-
ber of S. aureus isolates collected as part of a multinational
phase III randomized, evaluator-blinded clinical trial compar-
ing daptomycin to standard therapy for the treatment of S.
aureus bacteremia and endocarditis. We then evaluated poten-
tial associations between the presence of specific bacterial ge-
notypic and phenotypic characteristics and the clinical features
and outcomes of bacteremic patients.

MATERIALS AND METHODS

Patient characteristics and settings. The design and results of the multina-
tional, open-label randomized controlled trial of therapy for S. aureus bacteremia
have been previously reported (5). The institutional review board at each site
approved the protocol, and all patients or their authorized representatives pro-
vided written informed consent. Briefly, patients were randomized to treatment
with daptomycin or standard therapy consisting of either vancomycin or anti-
staphylococcal penicillin. All patients randomly assigned to standard treatment
were also scheduled to receive gentamicin for the first 4 days. Clinical data and
corresponding S. aureus bloodstream isolates were prospectively collected from
enrolled patients. Final evaluations were performed by an adjudication commit-
tee that was blinded to treatment group.

Study definitions. Uncomplicated bacteremia was defined as isolation of S.
aureus from enrollment blood cultures in patients without endocarditis and
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TABLE 1. Characteristics of 230 patients with uncomplicated bacteremia, complicated bacteremia, and right- and left-sided
S. aureus endocarditis
Bacteremia Endocarditis
Characteristic” Uncomplicated Complicated Right sided Left sided
(n =57) (n = 120) (n = 35) (n = 18)

Median age in yr (range) 57 (26-87) 57 (21-88) 38 (27-91) 63 (33-90)
No. female (%) 21 (37) 42 (35) 19 (54) 9 (50)
No. of patients (%)™* of race or ethnic group

Caucasian 36 (63) 87 (73) 18 (51) 13 (72)

Black 12 (21) 23 (19) 15 (43) 4(22)
No. of patients (%)* with risk factor

Diabetes mellitus 22 (39) 53 (44) 4 (11) 5(28)

Systemic inflammatory response syndrome 42 (74) 90 (75) 29 (83) 14 (78)

Injection drug use 7(12) 11.(9) 28 (80) 3(17)

Surgery within prior 30 days 18 (32) 54 (45) 5(14) 6(33)

Human immunodeficiency virus positive 2(4) 1(1) 4 (11) 0

Intravascular devices 7(12) 25 (21) 4 (11) 2 (11)

Extravascular foreign material 13 (23) 34 (28) 2(6) 8 (44)

Creatinine clearance < 50 ml/min 11 (19) 21 (18) 4(11) 4(22)

Prior history of endocarditis 1(2) 2(2) 6(17) 3(17)

Presumed skin source 25 (44) 35(29) 4 (11) 1(6)
No. of patients (%) with MRSA infection 21 (37) 44 (37) 15 (43) 9 (50)

a x

without evidence of hematogenous spread. In patients without endocarditis,
complicated bacteremia was defined by the isolation of S. aureus from blood
cultures on at least 2 days through study day 5, the presence of spread of
infection, or infection involving prostheses not removed within 4 days. Right- and
left-sided endocarditis were defined according to the criteria of Li et al. (15)
Persistent bacteremia was defined as persisting or relapsing S. aureus bacteremia
as determined by the adjudication committee. Patients who failed due to per-
sisting or relapsing S. aureus infection, clinical failure, or death were considered
failures in this analysis.

Bacterial isolates. A total of 230 baseline S. aureus isolates were collected from
patients with S. aureus bacteremia enrolled in the phase III trial during 2002 to
2005 (5). Only a single isolate per patient was included in this investigation. The
isolates were identified as S. aureus on the basis of positive catalase, coagulase
and DNase tests, and antimicrobial susceptibility testing performed according to
the Clinical and Laboratory Standards Institute (formerly the National Commit-
tee for Clinical Laboratory Standards) guidelines (20). The isolates were stored
at —70°C from the time of identification until they were tested in the current
investigation.

PFGE. Pulsed-field gel electrophoresis (PFGE) with Smal was performed on
all isolates, and the gels were analyzed by using the BioNumerics software
(Applied Maths, Kortrijk, Belgium) as previously described (18). Dice coeffi-
cients (pairwise similarity) were calculated for each pair of isolates, and a den-
drogram was constructed by using an optimization value of 0.50% and a position
tolerance ranging from 1.25 to 1.35% (end of the fingerprint). A similarity
coefficient of 80% was used to define pulsed-field type clusters.

PCR assays for genotyping. Genomic DNA from S. aureus was extracted by
using an Ultraclean microbial DNA kit (MolBio Laboratories, Carlsbad, CA).
Thirty-three bacterial determinants including toxins (sea, seb, sec, sed, see, seg,
seh, sei, sej, tst, eta, etb, hlg, and pvl), adhesins (bbp, clfA, clfB, cna, ebpS, fnbA,
fnbB, map [also known as eap), sdrC, sdrD, sdrE, and spa), and other virulence
genes (chp, efb, icaA, V8, arcA, the agr group, and SCCmec type) were examined
by using PCR assays. Primers and conditions used to amplify the genes of interest
have been previously described (1). PCR amplifications were performed in a
Dyad thermal cycler (Bio-Rad, Hercules, CA) with HotStart Tag polymerase
(Qiagen, Valencia, CA). Genomic DNA (~100 ng) was added to a 1X multiplex
PCR mix containing 3 mM MgCl,, 10 mM deoxynucleoside triphosphates, and
0.2 pM concentrations of each of the forward and reverse primers and Tag
polymerase. PCR products were analyzed by 2% agarose gel electrophoresis. A
positive control and a negative control (ATCC 6358) were included in each PCR
run (1).

Twenty-nine genes were screened by using multiplex PCR. Genes not detected
in the multiplex reaction were subsequently reanalyzed by uniplex PCR for
confirmation of presence or absence of the gene. spa, arcA, and the agr groups I
to IV were detected by using uniplex PCR alone. This was performed due to the
presence of multiple repeats in the spa gene that interfere with the detection of

, percentage of patients within each diagnostic category with the indicated characteristic.

other genes. agr groups I to IV were detected serially using primers described by
Peacock et al. under conditions described previously (23). arcA was detected by
using methods described by Diep et al. (3); no positive control was available for
this gene.

SCCmec typing. SCCmec typing was performed by using multiplex PCR as
described by Oliveira et al. (22). SCCmec type I genes were further validated by
using uniplex PCR by the Zhang et al. and Okuma et al. methods, since they
could not be differentiated from type IV by multiplex PCR (21, 35).

Identification of hGISA. The presence of the heterogeneously glycopeptide-
intermediate S. aureus (hGISA) phenotype was determined in all MRSA isolates
using modified PAP-AUC analysis. The modified PAPs were performed as pre-
viously described (29, 33). The AUC for each strain was determined by trape-
zoidal rule using Sigma Plot 9.0 (Richmond, CA). Each strain was run in con-
junction with Mu3 as the control hGISA strain. A ratio was then calculated by
dividing the AUC of the test strain by the AUC of Mu3. A PAP-AUC ratio of
>0.90 was used to define the hGISA phenotype (32).

Statistical methods. Continuous variables were compared between groups by
using the Wilcoxon rank-sum test. Categorical variables were analyzed with the
Fisher exact test. Significance levels were corrected for multiple tests based on a
false discovery rate (FDR) of <20%.

RESULTS

Patient characteristics. A total of 235 patients comprised
the modified intention to treat population for the clinical trial.
Baseline S. aureus isolates were available for 230 of these
patients: 57 patients (25%) with uncomplicated bacteremia,
120 patients (52%) with complicated bacteremia, and 35 pa-
tients (15%) with right-sided and 18 patients (8%) with left-
sided endocarditis (Table 1). Right-sided endocarditis was as-
sociated with younger age (median, 38 years; range, 27 to 91)
and injection drug use (80%).

Bacterial characteristics. Of the 230 baseline S. aureus
strains isolated, 89 (39%) were MRSA and 141 (61%) were
methicillin-susceptible S. aureus (MSSA). Twenty-six clusters
of closely related strains were identified on PFGE in the total
sample. One MRSA isolate was nontypeable. The predomi-
nant clones were USA 300 (28 isolates; 12%), USA 600 (28
isolates; 12%), and USA 100 (26 isolates; 11%). Among the 88
typeable MRSA isolates, 23 (26%) were USA 300 clones, and
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TABLE 2. Characteristics of patients with USA 300 and non-USA 300 MRSA bacteremia”

Strain type

Characteristics” pe
USA 300 (n = 23) Non-USA 300 (n = 65)
Median age in yr (range) 43 (25-58) 62 (22-91) <0.00174
No. female (%) 7 (30) 34 (52) 0.09
No. of patients (%)™* of race or ethnic group 0.002%+
Caucasian 9(39) 51(78)
Black 10 (43) 9(14)
Hispanic 3(13) 2(3)
Other 1(4) 3(5)
No. of patients (%)* in: 0.018+
North America 23 (100) 52 (80)
Europe 0 13 (20)
No. of patients (%)™ with risk factor
Diabetes mellitus 6 (26) 29 (45) 0.14
Systemic inflammatory response syndrome 20 (87) 47 (72) 0.25
Injection drug use 14 (61) 10 (15) <0.001F
Surgery in prior 30 days 7 (30) 29 (45) 0.33
Human immunodeficiency virus positive 1(4) 1(2) 0.46
Intravascular devices 1(4) 13 (20) 0.10
Extravascular foreign material 4 (17) 24 (37) 0.12
Creatinine clearance < 50 ml/min 209) 15 (23) 0.22
Prior history of endocarditis 3(13) 3(5) 0.18
Presumed skin source 7 (30) 20 (31) >0.99
No. of patients (%)* undergoing therapy 0.27%
Daptomycin 10 (44) 34 (52)
Vancomycin 12 (52) 31 (48)
Semisynthetic penicillin + vancomycin 1(4) 0
No. of patients (%)* with persistent bacteremia® 209 18 (28) 0.08
No. of patients/total no. (%)* with success at test of cure/
Uncomplicated bacteremia 3/4 (75) 15/17 (88) 0.49
Complicated bacteremia 3/8(38) 22/35 (63) 0.25
Right-sided endocarditis 9/9 (100) 2/6 (33) 0.01F
Left-sided endocarditis 1/2 (50) 1/7 (14) 0.42
No. of patients (%)* with bacterial characteristics
pvl 23 (100) 18 (28) <0.001F
arcA (for arginine mobile catabolic element) 23 (100) 2(3) <0.001F

“ One MRSA isolate was nontypeable and was excluded from the analysis.

b percentage of patients within each diagnostic category with the indicated characteristic.
¢ Calculated using the Fisher exact test unless otherwise noted. T, statistically significant result with an FDR of <20%; ¥, comparison of USA 300 and non-USA 300

distributions across all levels of this characteristic.
@ This value was calculated using the Wilcoxon rank-sum test.

¢ Persistent bacteremia was defined as persisting or relapsing S. aureus bacteremia as determined by the adjudication committee.
/ Failures due to persisting or relapsing S. aureus infection, clinical failure, or death were used to calculate success rates.

41 (46%) were non-USA 300 (25 [28%] USA 100; 8 [9%] USA
600; 3 [3%] USA 400; 3 [3%] USA 500; 1 [1%] USA 200; and
1 [1%] USA 800). Twenty-four MRSA isolates did not belong
to any specific USA type. All USA 300 MRSA isolates were
positive for the pvl and arcA genes (Table 2). Among the 141
MSSA isolates, 5 (4%) were USA 300 and 49 (35%) were
non-USA 300 isolates (20 [14%] USA 200; 20 [14%] USA 600;
6 [4%] USA 400; 1 [1%] USA 100; and 2[1%] USA 700).
Eighty-seven MSSA isolates did not belong to any specific
USA type. Twenty-six MSSA isolates were positive for the pv/
gene.

Geographic variation. A total of 195 isolates were obtained
from patients in North America (76 MRSA and 119 MSSA)
and 35 isolates (13 MRSA and 22 MSSA) were obtained from
patients in Europe (Table 3). MRSA isolates from North
America were more frequently USA 300 (23 isolates; 30%)
and USA100 (22 isolates; 29%); USA 600 was the predomi-
nant clone for European MRSA isolates (6 isolates; 46%).
North American and European isolates had similar distribu-
tions of adhesion genes. Based on an FDR of <20%, North

American MRSA isolates were significantly more likely to con-
tain arcA (33% versus 0%; P = 0.016), eta (91% versus 31%;
P < 0.001), pvl (55% versus 0%; P < 0.001), and seb (83%
versus 31%; P < 0.001) and less likely to contain st (63%
versus 100%; P = 0.008) and sec (14% versus 46%; P = 0.015)
than European isolates. Among MSSA isolates, eta (84% ver-
sus 36%; P < 0.001), pvl (22% versus 0%; P = 0.014), and seb
(81% versus 5%; P < 0.001) were significantly more common
in North American isolates than in European isolates. No
difference in the distribution of the SCCmec type and agr type
among MRSA isolates was observed in the two cohorts. Most
S. aureus isolates in North America (88 isolates; 45%) and
Europe (18 isolates; 51%) were of agr type 1.

Associations between bacterial and clinical characteristics.
Among MRSA isolates, USA 300 genotype was associated with
younger age (median 43 versus 62 years; P < (0.001), male
gender (70% versus 48%; P = 0.09), black race (43% versus
14%; P = 0.002 [for the overall race comparison]) and injec-
tion drug use (61% versus 15%; P < 0.001) compared to
non-USA 300 isolates (Table 2). The presence of USA 300
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TABLE 3. Differences in toxin gene profile of North American and
European S. aureus isolates on univariate analysis

Virulence factor No. (%) of isolates

and gene North American European P
MRSA 76 13
eta 69 (91) 4 (31) <0.001
pvl 42 (55) 0 <0.001
seb 63 (83) 4 (31) <0.001
sec 11 (14) 6 (46) 0.015
st 48 (63) 13 (100) 0.008
arcA 25 (33) 0 0.016
MSSA 119 22
eta 100 (84) 8 (36) <0.001
pl 26 (22) 0 0.014
seb 96 (81) 1(5) <0.001

¢ No significant differences were observed among North American and Euro-
pean isolates for the following genes: bbp, clf4, clfB, cna, ebpS, fnbA, fnbB, map
(eap), sdrC, sdrD, sdrE, spa, etb, hig, sea, sed, see, seg, seh, sei, sej, agr 1 to IV, chp,
efb, icaA, V8, and SCCmec I to IV (MRSA) and bbp, clfA, clfB, cna, ebpS, fnbA,
fnbB, map (eap), sdrC, sdrD, sdrE, spa, etb, hlg, sea, sec, sed, see, seg, seh, sei, sej,
tst, agr 1 to IV, chp, efb, icaA, and V8 (MSSA; SCCmec and arcA analyses were
not performed for MSSA isolates). The percentages refer to the percentage of
patients within each S. aureus subset with the indicated virulence gene.

® As determined by the Fisher exact test; all P values shown in this table
(referring to a comparison of values for North American and European isolates)
are statistically significant with an FDR of <20%.
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isolates differed by final diagnosis (P = 0.020). USA 300 iso-
lates were more common in patients with right-sided endocar-
ditis, whereas non-USA 300 isolates were more common in the
other diagnoses (39% versus 9%; P = 0.02 [for the overall
comparison of final diagnosis for USA 300 and non-USA 300
isolates]) (Fig. 1). USA 300 MRSA isolates were also signifi-
cantly more likely to have a successful treatment outcome than
patients with MRSA right-sided endocarditis due to non-USA
300 MRSA (100% versus 33%; P = 0.01).

Univariate analysis with the FDR correction revealed sev-
eral associations between bacterial virulence factors and out-
comes. MRSA isolates associated with persistent bacteremia
were significantly less likely to contain the gene for pvl (19%
persistent versus 56% nonpersistent; P = 0.005) and signifi-
cantly more likely to contain seg (100% persistent versus 74%
nonpersistent bacteremia; P = 0.005) (Fig. 2). No association
between virulence genes and failure or success of therapy was
observed.

Genotypic and clinical characteristics associated with hGISA
isolates. Of the 89 MRSA isolates, 7 hGISA strains were iden-
tified by using the PAP-AUC ratio method. All seven isolates
were obtained from patients in North America and were asso-
ciated with the “hospital acquired” profile: all were positive for
SCCmec type II and most belonged to the USA 100 (three
isolates), 200 (one isolate), or 600 (one isolate) PFGE profiles.
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FIG. 1. Distribution of USA 300 and non-USA 300 MRSA bloodstream isolates according to final diagnosis. The P value for overall comparison
of the final diagnosis for USA 300 and non-USA 300 isolates is 0.02, which is statistically significant and corresponds to an FDR of <20%. “%
of Isolates” refers to the percentage of isolates based on the total number of USA 300 and non-USA 300 isolates.
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FIG. 2. Bacterial genes significantly associated (FDR < 20%) with persistent bacteremia among MRSA bloodstream isolates. “% of Isolates”
refers to the percentage of isolates based on the total number of MRSA isolates positive for the virulence gene among patients with persistent (n =

21) and nonpersistent (n = 68) bacteremia.

Two of the hGISA strains did not fit a USA PFGE profile. Two
isolates were positive for the pvl gene.

Of the seven patients infected with hGISA strains, two had
uncomplicated bacteremia, four had complicated bacteremia,
and one had left-sided endocarditis. Persistent bacteremia was
observed in four patients with hGISA infection. Four patients
with hGISA isolates received vancomycin, while three received
daptomycin. Of these, one patient treated with daptomycin for
left-sided endocarditis developed an increased MIC to dapto-
mycin (MIC = 2 pg/ml). Three of the seven patients with
hGISA bacteremia (two with complicated bacteremia [one
treated with vancomycin and one treated with daptomycin] and
one patient with left-sided endocarditis [treated with daptomy-
cin]) failed therapy.

DISCUSSION

S. aureus is a leading cause of bacteremia and endocarditis in
much of the industrialized world (4, 6, 30). In the present
study, we investigated associations between the genotypic and
phenotypic characteristics of bloodstream S. aureus isolates
and the outcome of bacteremic patients. The results of this
investigation demonstrate that bacterial genotypic properties
differed by geographic region and were significantly associated
with clinical characteristics, infection type, and outcome.

The predominant strain in this investigation, USA 300, ac-
counted for approximately one-third of all MRSA bloodstream
isolates from the United States. This finding is consistent with
recent reports (12, 26) and confirms the emergence of the USA

300 strain type as an important cause of bacteremia, as well as
skin infection. Although recent reports have documented an
increasing incidence of USA 300 MRSA infections in Euro-
pean countries (14, 25, 31), no isolates from this clone were
identified in the European cohort. This finding may be due in
part to the small sample size of our European cohort.

The distribution of putative virulence genes among S. aureus
isolates differed by geographic region. For example, all Euro-
pean isolates lacked the pvl and arcA genes, suggesting that
these genes remain relatively uncommon among S. aureus
bloodstream isolates from that region (8). In contrast, all
MRSA isolates and over three-quarters of MSSA isolates from
European countries were positive for the #st gene, an observa-
tion that is consistent with recent reports (28). The presence of
specific bacterial virulence genes among S. aureus isolates from
the same geographical region may reflect a rapid expansion of
specific clones or horizontal transfer of mobile genetic ele-
ments among strains.

The severity of bacteremia due to USA 300 strains in our
study was no greater than that observed in non-USA 300
strains and was significantly associated with better outcomes in
certain clinical settings. For example, patients with right-sided
MRSA endocarditis caused by USA 300 strains were signifi-
cantly more likely to be cured of their infection than patients
with right-sided MRSA endocarditis due to non-USA 300
strains. In addition, isolates from patients with persistent
MRSA bacteremia were significantly less likely to contain the
pvl gene than isolates from patients with nonpersistent MRSA
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bacteremia. These findings are consistent with several recent
reports. For example, Popovich et al. (24) reported similar
outcomes, including rates of persistent bacteremia, length of
hospitalization, and hospital readmission rates, among patients
with MRSA bacteremia due to “community genotype” strains
and those infected with the “hospital genotype” strains. In
another study evaluating the genotypic characteristics of U.S.
and South African S. aureus isolates from patients with skin
and soft tissue infections, Campbell et al. reported that infec-
tions due to pvi-constitutive S. aureus isolates were significantly
more likely to be cured than similar infections caused by S.
aureus isolates without the pvl gene (1). Taken together, these
findings suggest that the presence of pvl, per se, does not
confer a worse clinical course in all forms of infection caused
by S. aureus.

Although 8% of the MRSA bloodstream isolates, all from
U.S. patients, exhibited the hGISA phenotype, no major asso-
ciations with clinical outcomes, such as persistent bacteremia
or treatment failure, were identified. This is in contrast to some
prior reports regarding hGISA bacteremia. For example,
Charles et al. observed significant differences in the outcomes
of 5 patients with heterogeneously vancomycin-intermediate S.
aureus (hVISA) bacteremia compared to 47 patients with van-
comycin-susceptible MRSA bacteremia (2). hVISA bactere-
mia was associated with higher bacterial loads, longer duration
of bacteremia, and treatment failure. However, this association
between persistent bacteremia and hGISA isolates has not
been observed in other studies. Khosrovaneh et al. evaluated
the vancomycin susceptibilities of MRSA isolates obtained
from 22 patients with persistent or recurrent bacteremia (11).
Three (13.6%) isolates were found to exhibit heteroresistance
to vancomycin. However, most patients had other reasons for
persistent infection, including inadequate removal of infected
foci. Taken together, these findings suggest that the clinical
relevance of vancomycin heteroresistance in defining the
course and outcomes of bacteremic patients remains uncertain.
Although our findings did not suggest any potential associa-
tions between the hGISA phenotype and clinical outcomes,
this may in part be due to the small sample of hGISA patients
and the high degree of variability in the clinical and genotypic
characteristics of our cohort.

The clinical and microbiological data in the present study
were highly accurate, having been collected as part of a regis-
trational clinical trial on a well-defined cohort of patients with
S. aureus bacteremia and endocarditis from more than 40 cen-
ters in four countries. The present study was limited by the
relatively small sample size of isolates from Europe. In addi-
tion, assessment of virulence determinants was based on the
qualitative assessment by PCR. We did not evaluate quantita-
tive expression of these genes or the presence of single nucle-
otide polymorphisms, which may influence the function of
gene products (34). Clinical outcomes may be correlated with
in vivo gene expression, but that analysis is beyond available
technology. Some genes, such as pvl and arcA, were found to be
highly clonal to USA 300 isolates and therefore associations
with right-sided endocarditis might reflect a “hitchhiker effect”
due to linkage disequilibrium between these genes and other
virulence determinants rather than a causal association (23).
Finally, we were unable to assess the frequency of USA 300
isolates in patients with community-acquired versus hospital-
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acquired bacteremia due to the unavailability of relevant clin-
ical data.

The present study documents several important findings,
including the increasing incidence of USA 300 isolates among
North American patients with S. aureus bloodstream infections
and the higher incidence of #st gene-positive isolates causing S.
aureus bacteremia in Europe than previously reported. The
present study also suggests potential associations between S.
aureus genotype and clinical outcomes. MRSA isolates positive
for the pvl gene were associated with nonpersistent bacteremia,
while USA 300 isolates were associated with right-sided endo-
carditis. In addition, right-sided endocarditis due to USA 300
strains of MRSA was associated with better treatment success
rates compared to non-USA 300 MRSA isolates. Larger inter-
national collections of S. aureus isolates are required to fully
characterize the geographic distribution of virulence factors
and potentially validate the observations made in the present
study.
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