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Background. Population-based studies of Staphylococcus aureus bacteremia (SAB) in the United States are limited. We provide
a contemporary evaluation of SAB incidence in Olmsted County, Minnesota, from 2006 to 2020.

Methods. This was a retrospective population-based study of all adult patients with SAB residing in Olmsted County from
1 January 2006 through 31 December 2020. Initial episodes of SAB were identified using the microbiology laboratory databases
at both Olmsted Medical Center and Mayo Clinic Rochester.

Results. Overall, 541 incident SAB cases were identified with a median age of 66.8 (interquartile range, 54.4–78.5) years, and
60.4% were male. Among these cases, 298 (56.2%) were due to methicillin-susceptible S aureus (MSSA) and 232 (43.8%) cases of
methicillin-resistant S aureus (MRSA). The overall age- and sex-adjusted SAB incidence rate (IR) was 33.9 (95% confidence interval
[CI], 31.0–36.8) cases/100 000 person-years (PY). Males had a higher age-adjusted IR of 46.0 (95% CI, 41.0–51.0) cases/100 000 PY
compared to females (IR, 24.4 [95% CI, 21.1–27.7] cases/100 000 PY). Age- and sex-adjusted SAB IRs due toMSSA andMRSA were
18.7 and 14.6 cases/100 000 PY, respectively, and the percentage of incident SAB cases due to MRSA fluctuated across the study
period. There was no apparent temporal trend in SAB incidence over the study period (P= .093).

Conclusions. Our investigation represents the only contemporary population-based study in the United States. Despite the
impression that SAB incidence may have increased based on Centers for Disease Control and Prevention surveillance data, our
finding of no change in SAB incidence was somewhat unanticipated.
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Key points

To our knowledge, this is the only contemporary population-
based survey of Staphylococcus aureus bacteremia (SAB) inci-
dence in the United States. Overall, SAB incidence did not
change significantly over the 15-year study period in Olmsted
County, Minnesota.

INTRODUCTION

Staphylococcus aureus is a frequent cause of both community-
acquired (CA) and nosocomial bacteremias. Prior

investigations revealed that it was the second most common
pathogen causing bacteremia in 49 United States (US) hospitals
participating in the Surveillance and Control of Pathogens of
Epidemiologic Importance (SCOPE) project from 1995 to
2002 as well as in the Olmsted County population from 2003
to 2005 [1, 2]. Staphylococcus aureus bacteremia (SAB) has a
mortality rate up to 30%, warranting continued surveillance
[3]. Methicillin-resistant S aureus (MRSA) is an emerging
threat and was recently classified as a high-priority pathogen
by the World Health Organization [4]. Length of hospital
stay and mortality tend to be higher with MRSA compared to
methicillin-susceptible S aureus (MSSA) bacteremia [5, 6].
Determining the burden of SAB in a population is crucial

when considering, for example, allocations of healthcare re-
sources. A multinational population-based study conducted in
Finland, Sweden, Denmark, Australia, and Canada from 2000
to 2008, with nationwide surveillance systems, reported an an-
nual incidence for SAB of 26.1 per 100 000 population, more
specifically, 24.2 for MSSA and 1.9 for MRSA [7]. During this
8-year period, the mortality rate was 3.4 per 100 000 per year,
with 3.1 for MSSA and 0.3 MRSA bacteremias [8]. Findings
from US population-based studies regarding the incidence
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of SABare scarce and dated. TheNationalNosocomial Infections
Surveillance System first reported an increase in SAB incidence
by 287% in the US from 1980 to 1989 in nonteaching hospitals
and 176% in large teaching hospitals [9]. In 1998, the first US
population-based study conducted in 4 metropolitan areas in
Connecticut described an incidence of CA-SAB of 17 per 100
000 person-years (PY) [10]. Consequently, our group published
a population-based study conducted in Olmsted County,
Minnesota, from 1998 to 2005 [11]. There was stable incidence
of SAB in adults at an age- and sex-adjusted rate of 38.2 per
100 000 PY; however, theMRSA toMSSA ratio notably increased
over this period [11]. Our group also conducted a separate study
that examined trends in bacteremia in the Olmsted County’s
population and reported a slightly lower SAB incidence rate of
32 per 100 000 PY from 2003 to 2005 [1]. More recent data
reported by the Centers for Disease Control and Prevention
from select counties in 6 states found that rates of
healthcare-associated (HCA) MSSA bacteremia have remained
stable since 2005, whereas CA-MSSA bacteremia has moderately
increased (3.9% per year) from 2012 to 2017; MRSA bacteremia
has decreased from2005 to 2016 with a slower decline during the
last 4 years of the investigation [12].

The aim of our study was to examine the clinical profile of in-
cident cases and to characterize the incidence and temporal trends
of SAB in Olmsted County, Minnesota, from 2006 to 2020.

METHODS

Population

Patient health records have been collected in Olmsted County
since 1966 in a large unified medical care system entitled the
Rochester Epidemiological Project (REP). The database has re-
mained unique in the US and has been used to profile clinical
characteristics and outcomes of an array of disease syndromes
[13]. All residents of Olmsted County who have been seen by
a healthcare provider in an inpatient, outpatient, or emergent
setting as well as in long-term care facilities, regardless of pro-
vider, have a single dossier in the database. All medical diagnos-
es, surgical interventions, and results of laboratory tests and
imaging are frequently abstracted from patients’ health records
and entered currently using the International Classification of
Diseases, Tenth Revision [13].

Olmsted County, located approximately 90 miles southeast
of Minneapolis/Saint Paul, had a population of 164 365, includ-
ing 125 132 adults (67 077 [53.6%] women and 58 055 [46.4%]
men), as estimated by the REP in 2020 [14]. As per the US
Census Bureau estimates of 2020, 84% of Olmsted County’s
population is White [15].

Case Identification

The institutional review boards (IRBs) at both the Mayo Clinic
(MC) (IRB number 20-012295) and Olmsted Medical Center

(OMC) (IRB number 061-OMC-20) in Rochester, Minnesota,
approved our study. Cases were identified by using the REP
browser from the only 2 microbiology laboratories in Olmsted
County, MC and OMC. All adults (18 years and older) residing
in Olmsted County, Minnesota, with a positive S aureus blood
culture between 1 January 2006 and 31 December 2020 were
included in this study. Only the first SAB episode per person
during the study period was included in the study. Cases where
S aureus was identified along with only 1 set of positive
blood cultures yielding coagulase-negative Staphylococcus,
Corynebacterium species, or Cutibacterium acnes were also in-
cluded [16]. Exclusion criteria were polymicrobial bacteremias
(any other pathogen associated with S aureus), residency
outside of Olmsted County at the time of SAB, and absence of
research authorization.
SAB was classified in the following 3 categories as per the cri-

teria from Friedman et al [17]:

• Healthcare-associated bacteremia was defined as a positive
blood culture obtained at the time of hospitalization or within
48 hours of admission in addition to 1 of the following criteria:

• Received intravenous (IV) therapy, wound care, or special-
ized nursing care within the 30 days prior to the bacteremia.

• Received hemodialysis or IV chemotherapy in the 30 days
prior to the bacteremia.

• Was admitted in an acute care hospital for 48 hours or
more in the 90 days prior to the bacteremia.

• Lived in a long-term care facility or a nursing home.
• Community-acquired bacteremia was defined as a positive
blood culture obtained at the time of hospitalization or with-
in 48 hours after admission with the absence of HCA bacter-
emia criteria.

• Nosocomial bacteremia was defined as a positive blood culture
obtained after 2 days of hospitalization. Patients transferred
fromother hospitals had their duration of hospitalization calcu-
lated from the date of the first hospitalization.

Complicated SAB was defined by the following criteria:
(1) presence of infective endocarditis (IE) on echocardiogra-
phy; (2) presence of indwelling catheters or implanted prosthe-
sis; (3) positive blood cultures within 2–4 days after IV
antibiotherapy initiation and control of any infection focus;
(4) presence of fever within 2–3 days after IV antibiotic therapy
initiation and control of any infection focus; and (5) presence of
signs of metastatic infection [18]. Source control was defined by
catheter removal, drainage procedure, or debridement of ab-
scesses or necrotic tissue.
Bacteremia relapse was defined as a positive blood culture af-

ter negative follow-up blood cultures within 12 weeks of the
first positive blood culture [19].
Standard blood cultures at MC and OMC include 2 sets.

Each set consists of 2 BD BACTEC Plus Aerobic/F bottles
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and 1 BD BACTEC Lytic Anaerobic/F bottle (Becton
Dickinson, Heidelberg, Germany). Each bottle is inoculated
with 10 mL of whole blood and these are then incubated for
5 days with the BD BACTEC FX platform.
Electronic health records of all SAB cases were manually re-

viewed and information on site of acquisition and complicated
SABwas obtained. The Charlson Comorbidity Index (CCI) was
calculated for each patient [20]. The source of bacteremia and
metastatic infectionswere defined based onfindings fromhisto-
ry, physical examination, laboratory, and imaging results from
patients’ electronic health records. Staphylococcus aureus isola-
tion from a potential site of infection was not a prerequisite.
Immunocompromising conditions includedneutropenia, long-

termcorticosteroiduse, chemotherapy, immunosuppressivedrugs
for bone marrow or solid organ transplantation, and disease-
modifying antirheumatic drugs for autoimmune conditions.
Malignancies included solid tumors, lymphomas, and leukemias.

Data Analysis

Baseline characteristics of incident SAB cases are summarized on
a per-patient basis. Descriptive statistics included median and in-
terquartile range (IQR) for continuous variables, and count and
percentage for categorical variables. These data were then rear-
ranged and aggregated across the population to facilitate inci-
dence calculations. Specifically, data were stratified by calendar
time (per year from 2006 to 2020), patient age (per year from 18
to 100), and sex, and in each stratum both the SAB case and pop-
ulation counts were aggregated. SAB incidence rates were calcu-
lated for men and women in age strata by dividing the number
of SAB cases by person-time in the population, expressed per
100 000 PY. When describing SAB incidence across all ages, sex-
specific rates were standardized to the age distribution of the US
White population in 2010, and the overall incidence ratewas stan-
dardized to the age and sex distribution of the same background
population. The 95% confidence intervals (CIs) were calculated
based on a Poisson distributional assumption.
A multivariable Poisson regression model with overdispersion

correction was applied to the aggregated data to detect patterns in
SAB incidence. The crude incidence counts entered the model as
the dependent variable, while age, sex, and calendar year were in-
cluded as independent variables, with the counts across the pop-
ulation added in an offset variable. By accounting for the
stratum-specific population counts as offsets (log-scale), the cor-
responding incidence counts are normalized for the denominator
and thereby converted into rates. Age and calendar time were
modeled flexibly with the use of regression splines to relax linear-
ity assumptions. Partial effect plots were generated from themod-
el to display how the predicted incidence rates change as a
function of age, sex, and year. Evidence for a temporal trend in
SAB incidence was based on the overall test of the year effect in
the model, which essentially tests for any “nonflatness” in the

Table 1. Baseline Characteristics of Staphylococcus aureus Bacteremia
Cases

Characteristic No.a
Overall
(N= 541)

Age, y, median (IQR) 541 66.8 (54.4–78.5)

Male sex 541 327 (60.4)

Race 541

White 465 (86.0)

Black 25 (4.6)

Asian 15 (2.8)

AI/AN or NH/PI 6 (1.1)

Other/multiracial 30 (5.5)

Hispanic ethnicity 530 20 (3.8)

BMI, kg/m2, median (IQR) 534 28.0 (23.8–33.8)

IE based on modified Duke criteria 539 40 (7.4)

Type of SAB 530

MRSA 232 (43.8)

MSSA 298 (56.2)

Site of infection onset 539

Nosocomial 57 (10.6)

Healthcare-associated 265 (49.2)

Community-acquired 217 (40.3)

Diabetes mellitus 541 415 (76.7)

Chronic kidney disease 541 236 (43.6)

Peritoneal dialysis 236 40 (16.9)

Hemodialysis 236 54 (22.9)

Catheter 54 27 (50.0)

Graft 54 4 (7.4)

Fistula 54 26 (48.1)

HIV infection 541 1 (0.2)

COPD 541 88 (16.3)

Peripheral artery disease 541 211 (39.0)

Cerebrovascular disease 541 107 (19.8)

Heart failure 541 243 (44.9)

Myocardial infarction 541 171 (31.6)

Immunocompromising conditions or malignancy 541 333 (61.6)

Injection drug use 541 11 (2.0)

Charlson Comorbidity Index, median (IQR) 541 2.0 (1.0–4.0)

Complicated bacteremia 540 202 (37.4)

Bacteremia relapse 536 7 (1.3)

Possible source of SABb 541

SSTI 203 (37.5)

Pneumonia 70 (12.9)

Catheter related 67 (12.4)

Septic arthritis 52 (9.6)

Foley catheter–associated UTI 43 (7.9)

Osteomyelitis 42 (7.8)

Endocarditis 27 (5.0)

Graft infection 4 (0.7)

Other 14 (2.6)

Unknown 108 (20.0)

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

Abbreviations: AI/AN, American Indian/Alaska Native; BMI, body mass index; COPD,
chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; IE, infective
endocarditis; IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus;
MSSA, methicillin-susceptible Staphylococcus aureus; NH/PI, Native Hawaiian/Pacific
Islander; SAB, Staphylococcus aureus bacteremia; SSTI, skin and soft tissue infection;
UTI, urinary tract infection.
aNo. is the number of patients with available information for each variable.
bBecause some patients had .1 possible source of SAB, the sum of source-specific
percentages is .100%.
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estimated trend. Statistical significancewas definedby anα level of
.05. All analyses were performed using the statistical program-
ming language R version 4.0.3 (R Foundation, Vienna, Austria).

RESULTS

Demographics and Clinical Characteristics

During our 15-year study period, 629 adults residing inOlmsted
County had at least 1 episode of SAB. A total of 43 patients were
excluded due to polymicrobial bacteremia, and 45 denied

research authorization. Therefore, the remaining 541 incident

cases of monomicrobial SAB comprised our study population

andwere included in the analysis. Antimicrobial susceptibilities

weremissing in 11 cases, and 2 patients’ files lacked information

about the SAB site of acquisition.
The median age of these patients was 66.8 (IQR, 54.4–78.5)

years and 60.4% were male (Table 1). Most patients (86.0%)

were White, reflecting the demographics in southeastern

Minnesota. The median CCI of the cohort was 2 (IQR, 1–4).

Figure 1. Sex-specific incidence rates of Staphylococcus aureus bacteremia stratified by age group, year, seasonality, and types of infection. Error bars represent 95%
confidence intervals. Men had higher incidence than women across all groups, and rates varied the most according to age. Abbreviations: CA, community-acquired; HCA,
healthcare-associated; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; N, nosocomial; PY, person-years; SAB,
Staphylococcus aureus bacteremia.
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Among the 541 incident SAB cases, 298 (56.2%) and 232
(43.8%) were due to MSSA and MRSA, respectively; 57
(10.6%) episodes were nosocomial, 265 (49.2%) HCA, and
217 (40.3%) CA. More specifically, the majority of MRSA cases

were either HCA (47.4%) or CA bacteremias (43.5%) with nos-
ocomial bacteremias representing a small minority (9.1%).
The most common source of SAB was skin and soft tissue in-

fection (SSTI) (37.5%), followed by unknown etiology (20.0%).

Figure 2. Predicted incidence rates of Staphylococcus aureus bacteremia according to patient age (A) and calendar year (B), by sex. Solid lines are model-estimated in-
cidence rates illustrating the Poisson analyses, with shaded areas representing 95% confidence bands of the predicted values. “Observed” rates based on age-subgrouped
estimates (symbols in panel A) or 3-year-centered moving averages (dashed lines in panel B) correspond closely to the modeled trends. Abbreviation: PY, person-years.
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Two hundred seven patients (38.3%) had complicated SAB.
Relapsing bacteremia occurred in 7 (1.3%) patients.

Incidence Rates and Trends of SAB, 2006–2020

During the 15-year period, the overall age- and sex-adjusted
SAB incidence rate (IR) was 33.9 (95% CI, 31.0–36.8) per 100
000 PY (Supplementary Table 1). Men had a higher
age-adjusted IR (46.0 [95% CI, 41.0–51.0] cases per 100 000
PY) compared to that of women (IR, 24.4 [95% CI, 21.1–
27.7]), and in both sexes the crude IR increased progressively
with each advancing age group (range, 7.6–128.3 per 100 000
PY). In contrast, there was no discernible temporal or seasonal
variation in rates suggested in Figure 1.

These patterns of SAB incidence were then formally tested in
amultivariable Poisson regressionmodel, with age and calendar
year analyzed as continuous variables. In the model, the partial
effects of age (χ2= 459.52, P, .001) and sex (χ2= 51.80, P,
.001) on IR were both highly significant. Specifically, SAB inci-
dence increased exponentially with age in both sexes
(Figure 2A), and the rates in men were nearly 2-fold higher
(IR ratio, 1.90 [95% CI, 1.60–2.26]) than in women. Based on

model-estimated trends in SAB incidence over time, as illustrat-
ed in Figure 2B for men and women adjusted for age, the evi-
dence for a nonflat time effect was not statistically significant
(χ2= 6.42, P= .093).
We repeated the incidence calculations for relevant sub-

groups of SAB according to site of acquisition and methicillin
resistance/susceptibility. During the period of 2006–2020, the
age- and sex-adjusted IRs of CA-SAB, HCA-SAB, and nosoco-
mial SAB were 13.5 (95% CI, 11.7–15.3), 16.7 (95% CI, 14.7–
18.7), and 3.6 (95% CI, 2.7–4.6) per 100 000 PY, respectively
(Supplementary Table 2). In all of these settings, IRs rose with
age in both sexes, with higher IRs in men compared to that of
women. The temporal distribution of SAB by site of acquisition
remained relatively constant over the 15-year period (Figure 3).
During the studyperiod, theage- andsex-adjusted IRs forMSSA

and MRSA bacteremias were 18.7 (95% CI, 16.5–20.8) and 14.6
(95% CI, 12.7–16.4) per 100 000 PY, respectively (Supplementary
Table 3). IRs ofMSSA andMRSAbacteremias showed similar pat-
terns by age and sex as the rates of SAB overall and by site of acqui-
sition. Changes in the percentage of incident SAB cases due to
MRSA fluctuated over the study period (Figure 4).

Figure 3. Trends in Staphylococcus aureus bacteremia (SAB) cases, by site of onset. Trend lines depict the percentage of SAB cases for each site of acquisition over time,
as estimated by a nonparametric loess smoother.
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DISCUSSION

To our knowledge, this is the only contemporary US popula-

tion–based investigation of SAB incidence over a 15-year peri-

od. The overall age- and sex-adjusted SAB incidence in adults

residing in Olmsted County, Minnesota, was 33.9 (95% CI,

31.0–36.8) per 100 000 PY, which did not change significantly

over the study period. In addition, the percentage of SAB cases

due toMRSA fluctuated during the first half of the study (range,

34.4% [2006] to 75.8% [2013]), before leveling off to less

than one-third of cases over the second half (average,

2014–2020= 32.0%). Robust methodology of our study based

on the use of REP resources for case identification and data

collection on a population level makes it ideal for incidence

calculations due to reduced referral bias [21].
The percentage of nosocomial MRSA bacteremia cases was

low (9.1%), which is in concordance with a decline described
in the US from 2012 to 2017 and in other countries such as
Australia [12, 22]. These observations may be attributable to
several factors including shorter hospital stays, increased num-
ber of ambulatory-care procedures, and implementation of

stricter infection prevention and control practices as pertain
to catheter-related bacteremias, particularly mandatory utiliza-
tion review and discontinuation of temporary intravascular
catheters and use of newermaterials and devices [23–25]. In ad-
dition, numerous efforts have been made to reduce MRSA
transmission as well as to implement robust antimicrobial stew-
ardship programs to diminish the selection of multidrug resis-
tance [26, 27]. However, the high observed percentage
(47.4%) of HCA cases among those with MRSA bacteremia
highlights the need to strictly reinforce and standardized pre-
vention practices.
During the period 1998–2005, the age- and sex-adjusted SAB

incidence was higher as compared to that of the current study
period, 2006–2020 [11]. However, higher IRs and percentages
of MRSA were observed in the current study as compared to
our previous one [11]. The latter may be attributed to the
high percentage of patients with immunocompromising condi-
tions and malignancies (61.6%) and cardiovascular devices
(8.9%) in addition to patients undergoing hemodialysis
(22.9%). Another potential explanation might be the high per-
centage of SSTI as a possible source of SAB in our current cohort

Figure 4. Trends in Staphylococcus aureus bacteremia (SAB) cases due to methicillin-resistant Staphylococcus aureus (MRSA). The squares represent the observed per-
centage of SAB cases that were from MRSA for each year of the study, which during the first half of the period ranged from 34.4% in 2006 to 75.8% in 2013, before de-
creasing to 20.0% in 2016 and 22.7% in 2020.
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(37.5%) combined with the emergence of CA-MRSA causing
SSTI in the US [28]. However, despite the nationwide spread
of CA-MRSA largely due to the USA300 clone, the incidence
of this pathogen in nonpurulent lower extremity cellulitis in
residents of Olmsted County was lower in 2013 compared to
1999 [29].

The most common possible source of SAB in our previous
study was line-associated or endovascular including IE
(28.3%) [11], whereas the most common source in our current
cohort was SSTI (37.5%). The prevalence of indwelling cathe-
ters and IE as potential sources of SAB was 12.4% and 5.0%, re-
spectively, which is lower than that of previous single center–
based studies [30, 31]. Only 2% of our cohort reported IV
drug use, which could account for the low percentage of IE
observed.

When our results are compared to non-US population–
based investigations of SAB, several findings deserve mention.
First, although 4 contemporary studies conducted in Denmark,
Finland, Australia, and Spain reported an increase in national
SAB rates, our IRs of SAB, especially when stratified by sex,
were above their highest levels [32–35]. Second, similar to
our findings, the Danish and Spanish studies reported a signifi-
cant increase in SAB IRs with age and, more specifically, in old-
er men [32, 34]. Third, the national Finnish IRs of MRSA
bacteremia are quasi-inexistent compared to our results [33],
highlighting the need to institute more aggressive practices in
MRSA detection and eradication. Fourth, our IRs of HCA
MRSA bacteremia were comparable to the ones reported in
the Finnish study [33].

There were several limitations to this study. First, our calcu-
lated SAB incidence in Olmsted County could be underestimat-
ed due to the exclusion of 7.2% of patients with SAB who
denied review of their health records. Moreover, several cases
could have been missed if Olmsted County residents had
SAB while outside the county, did not undergo blood cultures,
or received appropriate antibiotherapy prior to blood cultures
being drawn. However, these scenarios do not likely constitute
a sizable portion of SAB cases. In addition, molecular typing
techniques were not performed on MRSA isolates, preventing
us from recognizing the predominant clonal types of MRSA.
Some S aureus strains causing bacteremias may be either asso-
ciated with better clinical outcomes or more virulent of recent
[36, 37]; performing molecular-based studies to further evalu-
ate SAB pathogenesis is warranted. Last, given the limited di-
versity in race and ethnicity of the Olmsted County
population, our study findings are likely applicable to only
White adults from a similar socioeconomic background.

CONCLUSIONS

To our knowledge, this is the only contemporary population-
based investigation of SAB incidence in the US, and SAB

incidence did not change significantly in adults residing in
Olmsted County, Minnesota, from 2006 to 2020. The percent-
age of incident SAB cases due to MRSA fluctuated during the
first half of the study period, before leveling off to about one-
third of cases over the second half. Subsequent risk factor
and outcomes analyses are warranted to profile clinical features
of SAB in the current era.
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