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We analyzed 353 Staphylococcus aureus bloodstream isolates from 2004 to 2009 to identify dominant genotypes, changes over
time, and associations between genotype, phenotype, and clinical parameters. The isolates were genotyped with regard to spa
type and presence of Panton-Valentine leukocidin and toxic shock syndrome toxin 1-encoding genes. A high level of genetic di-
versity was detected. All but three isolates were methicillin sensitive. Interestingly, spa clonal complex 021 showed a weak associ-
ation with higher all-cause hospital mortality.

Staphylococcus aureus is a leading cause of bacteremia often as-
sociated with metastatic infections and high levels of morbid-

ity and mortality. In Europe, the occurrence of S. aureus bactere-
mia (SAB) caused by methicillin-sensitive S. aureus (MSSA) is
increasing while that of SAB caused by methicillin-resistant S.
aureus (MRSA) is decreasing (4). It is therefore important to dem-
onstrate whether SAB due to MSSA is limited to certain bacterial
clones or clusters of strains and whether they differ geographically.

The aims were to investigate (i) dominant S. aureus genotypes
causing bacteremia, (ii) frequency shifts of genotypes over time,
(iii) associations between genotypes and well-defined clinical sub-
groups of SAB patients, and (iv) associations between genotypes
and resistance to antibiotics.

All S. aureus isolates (n � 364) collected from blood cultures in
routine diagnostics from July 2004 through December 2009 at
Akershus University Hospital, Norway, were obtained. The hos-
pital is an acute somatic hospital with a catchment area of 360,000
inhabitants and more than 40,000 hospitalizations yearly in the
selected period. The isolate from the first S. aureus-positive blood
culture from each patient was included, unless consecutive blood
cultures showed a different genotype; in that case (which occurred
with four patients), both isolates were included, as they were re-
garded as unrelated infections. For one patient, only the second
consecutive isolate was typeable by spa analysis. Five patients were
excluded due to missing isolates, and six patients had untypeable
spa genes, leaving a total of 353 isolates for further analysis.

Demographic and clinical data were extracted and reviewed
retrospectively from patient charts. Hospital-acquired (HA) and
community-acquired (CA) SAB were defined by a positive blood
culture for S. aureus obtained more and less, respectively, than 48
h after hospital admission. Endocarditis was defined according to
the modified Duke criteria (6). SAB associated with intravascular
devices included both short- and long-term arterial and venous
catheters. Deep-seated abscesses included all well-defined ab-
scesses in musculature and inner organs, while subcutaneous ab-
scesses were not recorded. Mortality was registered as all-cause in
hospital.

spa typing was performed as described previously (1). Assign-
ment of spa type and Based Upon Repeat Pattern (BURP) analysis
for assignment of spa clonal complexes (CCs) were performed

using Ridom StaphType v.2.0.3 (http://www.ridom.de). The
BURP parameters were set as described by Mellman and collabo-
rators (8).

Detection of Panton-Valentine leukocidin (PVL) genes (lukS/
F-PV) on isolates from 2006 to 2007 and tst on all isolates was
performed using real-time PCR (RT-PCR) and power SYBR green
master mix according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA) (2, 3). PVL analysis of the remaining
isolates was performed according to an in-house RT-PCR protocol
with a minor groove binder (MGB) probe (6-carboxyfluorescein-C
AGAATTTATTGGTGTCCTATC), a forward primer published
previously (3), and a reverse primer (TTTTGCAGCGTTTTGTT
TTCG) according to the manufacturer’s instructions for FAST
application (Applied Biosystems).

Antibiotic susceptibility was performed by disk diffusion anal-
ysis (Bio-Rad, France) according to guidelines and breakpoints of
the Norwegian Working Group of Antibiotics (http://www
.antibiotikaresistens.no). The antibiotics tested were erythromy-
cin, fusidic acid, gentamicin, oxacillin, penicillin, tetracycline, and
trimethoprim-sulfamethoxazole. Sensitive and intermediate iso-
lates were combined in statistical analyses.

Statistical analyses were conducted using SPSS version 15
(SPSS Inc., Chicago, IL). Fisher’s exact test was performed for
comparison analysis and linear regression for time trend analyses
using 6 months as the time interval. A significance level of 0.05 was
chosen.

The median age of patients was 70 years (range, 0 to 97 years),
and 56% were men. The clinical subgroups are listed in Table 1.
The isolates were assigned to 168 different spa types and 13 spa
CCs (Fig. 1 and Table 1), with no significant differences between
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HA and CA infections. Their frequencies coincide with those in
other studies from Norway on nasal S. aureus carriers (11–13),
suggesting that there are no locally or geographically dominating
spa types or clusters associated with invasive MSSA infections. The
degree of accordance between carrier and invasive S. aureus spa
types may be partly explained by the high frequency of endoge-
nous infections (15).

The PVL toxin has generally been associated with localized skin
and soft tissue CA infections and necrotizing pneumonia (5, 7),
but its significance in SAB is less known. As only 3.1% of the
isolates were positive for the PVL genes, the role of PVL as a viru-
lence factor of invasive infections remains unproven. Accordingly,
PVL showed the only significant difference between CA and HA
infections, where 10 of 11 PVL-positive isolates were CA infec-
tions (Table 1).

The frequency of isolates containing the tst gene (15.3%) cor-
relates well with previous findings on SAB and asymptomatic S.
aureus carriers (9, 14).

No shifts in frequency of spa type, spa CC, PVL, tst, or antibi-
otic resistance over time during the 5.5-year study period could be
established, suggesting that the common S. aureus population in
the hospital’s catchment area is relatively stable over time.

The correlations of genotypes and clinical subgroups are pre-
sented in Table 1. Of specific interest, patients with spa CC021
isolates had a higher all-cause hospital mortality rate than patients
with other spa CCs (36.4% versus 21.3%, P � 0.023). To our

knowledge this has not been reported previously. Because other
factors likely to affect mortality, such as comorbidity and disease
severity, were not accounted for, it is not known if spa CC021
represents an independent predictor. However, the association is
weak and needs to be demonstrated in future prospective studies.
As the methods utilized have relatively low resolution, whole-ge-
nome analysis could provide additional insight into the possible
increased virulence of spa CC021 strains and the population ge-
netic structure overall. Also, virulence determinants may differ
among and between genotypes, so genotyping alone may not be
predictive of disease associations.

It is noteworthy that a reported association between MSSA
endocarditis and multilocus sequencing type (MLST) CC30 (10)
could not be confirmed in this study, as only 2 of 21 patients with
endocarditis had a spa type corresponding to MLST CC30.

The frequencies of antibiotic resistance were low, with the ex-
ception of penicillin, to which 262 isolates (74.2%) were resistant.
Only three isolates were resistant to methicillin (MRSA) (0.8%),
and less than 6% of the isolates were resistant to the other antibi-
otics. The low MRSA frequency was to be expected due to the low
prevalence of MRSA bloodstream infections reported in Norway.
The overall low prevalence of antibiotic resistance suggests that in
our setting SAB isolates do not represent a large reservoir of anti-
biotic resistance genes.

Our study confirms the large genetic diversity of MSSA bacte-

TABLE 1 spa type, spa clonal complexes, PVL and tst status of 353 S. aureus bloodstream isolates in relationship with patients’ clinical
characteristicsg

spa type, spa CC,
PVL, or tst

No. (%) of
isolates

No. (%) with

CA infection HA infection Endocarditis
Deep-seated
abscessa Intravascular device

Osteomyelitis/
arthritisa

All-cause hospital
mortalitya

spa type
t084 46 (13.0%) 22 (47.8%) 24 (52.2%) 3 (6.5%) 6 (13.4%) 15 (32.6%)b 6 (17.6%) 14 (16.5%)
t002 18 (5.1%) 11 (61.1%) 7 (38.9%) 2 (11.1%) 0 3 (16.7%)b 2 (5.9%) 5 (5.9%)
t065 15 (4.2%) 11 (73.3%) 4 (26.7%) 2 (13.3%) 2 (13.3%) 0b 0 3 (3.5%)
t012 14 (4.0%) 7 (50.0%) 7 (50.0%) 1 (7.1%) 0 4 (28.6%)b 2 (5.9%) 6 (7.1%)

Other spa typesc 260 (73.7%) 141 (54.2%) 119 (45.8%) 13 (5.0%) 27 (10.4%) 62 (23.8%)b 24 (70.6%) 57 (67.1%)

Total 353 192 (54.4%) 161 (45.6%) 21 (5.9%) 35 (9.9%) 84 (23.8%) 34 (9.6%) 85 (24.1%)

CC
spa CC084 69 (20.7%) 34 (49.3%) 35 (50.7%) 5 (7.2%) 8 (11.6%) 19 (27.5%) 8 (11.6%) 19 (27.5%)d

spa CC021 55 (16.5%) 31 (56.4%) 24 (43.6%) 2 (3.6%) 5 (9.1%) 13 (23.6%) 6 (10.9%) 20 (36.4%)d

spa CC133 32 (9.6%) 21 (65.6%) 11 (34.4%) 1 (3.1%) 4 (12.5%) 6 (18.8%) 6 (18.8%) 4 (12.5%)d

spa CC065 30 (9.0%) 19 (63.3%) 11 (36.7%) 3 (10.0%) 3 (10.0%) 3 (10.0%) 1 (3.3%) 6 (20.0%)d

spa CC002 22 (6.6%) 14 (63.6%) 8 (36.4%) 3 (13.6%) 1 (4.5%) 3 (13.6%) 2 (9.1%) 6 (27.3%)d

spa C304/024 22 (6.6%) 12 (54.2%) 10 (45.5%) 1 (4.5%) 3 (13.6%) 6 (27.3%) 1 (4.5%) 3 (13.6%)d

spa CC359 20 (6.0%) 11 (55.0%) 9 (45.0%) 2 (10.0%) 4 (20.0%) 4 (20.0%) 0 6 (30.0%)d

Other spa CCse 83 (24.9%) 41 (49.4%) 42 (50.6%) 4 (4.8%) 6 (7.3%) 26 (31.3%) 9 (11.0%) 15 (18.3%)d

Total 333 183 (55.0%) 150 (45.0%) 21 (6.3%) 34 (10.2%) 80 (24.0%) 33 (9.9%) 79 (23.7%)

PVL 11 (3.1%)f 10 (90.9%)f 1 (9.1%)f 1 (9.1%) 3 (27.3%) 2 (18.2%) 1 (9.1%) 2 (18.2%)
tst 54 (15.3%) 28 (51.9%) 26 (48.1%) 1 (1.9%) 4 (7.4%) 16 (29.6%) 6 (11.1%) 16 (29.6%)
a One sample was excluded due to lack of information.
b P � 0.027 for spa type t065 versus other spa types: 0% versus 23.8%.
c Consists of 164 unique spa types.
d P � 0.023 for spa CC021 versus other spa CCs: 36.4% versus 24.9%.
e 20 isolates (5.7%) excluded from BURP analysis, 5 CCs had no founder, 16 isolates were singletons.
f P � 0.014 for PVL in CA infection versus HA infection: 90.9% versus 9.1%.
g Only statistically significant P values are presented.
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remias and supports the perception that almost any S. aureus
strain may cause invasive infections.
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