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Abstract
Purpose  Staphylococcus aureus bacteremia (SAB) is associated with significant morbidity and mortality. We sought to re-
define the burden, epidemiology and mortality-associated risk factors of SAB in a large Canadian health region.
Methods  Residents (> 18 years) experiencing SAB from 2012 to 2014 were assessed. Incidence rates were calculated using 
civic census results. Factors associated with 30-day mortality were determined through multivariate logistic regression. 
Incidence and risk factors for SAB were compared to 2000–2006 data.
Results  780 residents experienced 840 episodes of SAB (MRSA; 20%). Incidence rates increased from 23.5 to 32.0 
cases/100,000 from 2012 to 2014; [IRR 1.15 (95% CI 1.07–1.23); p < 0.001]. Compared to a decade ago, incidence of SAB 
has increased [IRR 1.28 (95% CI 1.21–1.36); p < 0.001] despite minimal change in nosocomial SAB. MRSA proportion did 
not change through the study (p = 0.3), but did increase relative to a decade ago (20.0% vs 11.0%, p < 0.001). Thirty-day 
mortality rates were 30.6% and 21.3% for MRSA and MSSA, respectively (p = 0.01), similar to rates from 2000 to 2006. 
Several clinical, demographic, and biochemical factors were independently associated with SAB mortality.
Conclusions  SAB is common within our population resulting in significant mortality. Incidence rates of SAB are increasing 
in our health region; however, 30-day mortality rates remain stable.
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Introduction

Staphylococcus aureus bacteremia (SAB) is a common 
cause of community-acquired and health-care-associated 
bloodstream infections with an annual population-based 
incidence rate ranging from 20 to 30 cases/100,000 popu-
lation in higher income countries [1].

Patterns of SAB epidemiology differ depending on 
geography. In the United Kingdom, rates of methicillin-
resistant S. aureus (MRSA) bacteremia have dropped sig-
nificantly over the last decade—thought to be secondary 
to improved hospital-based infection prevention and con-
trol measures, including improved rates of hand hygiene 
[2]. However, North American studies have demonstrated 
an increase in MRSA bacteremia rates while observing 
relatively stable rates of methicillin-susceptible S. aureus 
(MSSA) bacteremia [3]. The role of community-acquired 
MRSA has been highlighted as a factor for driving this 
increase in North American SAB incidence rates [4, 5].

In the pre-antibiotic era, SAB mortality rates were 
as high as 75%. With effective antibacterial therapies, 
and source control strategies, mortality rates have fallen 
to ~ 25% over the last 2 decades. Factors associated with 
death have been pursued in multiple studies and include 
age and increasing number of comorbidities, with vary-
ing magnitude of impact reported depending on the study 
[6]. In particular, multiple contemporary studies have con-
sistently demonstrated a higher mortality rate associated 
with MRSA compared to MSSA [7]. Herein, we sought to 
characterize the epidemiology of SAB in a large Canadian 
health region and compare mortality and risk factors in our 
region to those reported 10 years previously in a compara-
ble study by Laupland et al. [8].

Methods

Patients

The Calgary Health Zone (CHZ) is an integrated health 
region responsible for providing all medical care to met-
ropolitan Calgary and surrounding communities totaling a 
population of 1.4 million individuals. The four adult hos-
pitals in Calgary average 134,000 discharges annually [9]. 
We sought to characterize SAB amongst adult Calgarians, 
using postal code data to exclude nonresidents from our 
analysis. Annual civic census results were used to deter-
mine population and rates of common comorbidities in 
Calgary in a given year [10]. Of note, population data by 
age group increments of 4 years are only available twice 
every 5 years as per Calgary census bylaws. Because 2014 

was the only year in which such data were available, we 
calculated the proportion of those less than 14 years of age 
in 2014 (18%) and extrapolated them to 2012 and 2013 
when estimating our incidence rates.

Data sources

The region-wide Microbiology Laboratory Information Sys-
tem, which serves the entire population base of Calgary and 
surrounding area, was used to identify all adult patients with 
positive blood cultures for S. aureus admitted to any one 
of the four adult acute cares hospitals, emergency rooms, 
or urgent care facilities. Blood cultures were drawn by a 
regional protocol using standard phlebotomy and cultures 
grown for 5 days aerobically and anaerobically using the 
BacTAlert system (bioMérieux St. Laurent, Quebec). Clini-
cal and Laboratory Standard Institute guidelines were uti-
lized to identify and determine the susceptibility profiles 
of S. aureus [11]. Patient demographics and comorbidities, 
length of hospitalization and disposition, biochemical and 
microbiology data at incident blood culture draw and clinical 
outcomes were captured in a detailed manual chart review. 
Residents were followed throughout their hospitalization. 
Relapses were defined as identification of the same organism 
within 90 days of a negative blood culture for S. aureus and 
excluded from annual incidence calculations. Bacteremias 
that developed ≥ 90 days following negative blood culture or 
with differing susceptibilities were classified as new infec-
tions or relapses. This study was approved by the Conjoint 
Health Research Ethics Board at the University of Calgary 
(REB 14_1456).

We compared our results with those of Laupland et al., 
who published the last SAB epidemiological study in the 
CHZ over a decade ago [8]. In this population-based study 
of  children and adults, SAB was categorized based on 
methicillin susceptibility and acquisition (i.e., community 
acquired, nosocomial, etc.). Incidence rates of SAB were 
reported as an average from 2000 to 2006, but represented 
with figures by annum.

Definitions

Acquisition of SAB was categorized into community, health-
care associated or nosocomial. Bacteremias within 72 h of 
admission without extensive health-care involvement were 
considered community-acquired [12]. Health-care-associ-
ated community-acquired infections were defined as bacte-
remias diagnosed within 72 h of admission in patients with 
recent and repeated health-care interactions [13]. Patients 
with bacteremia diagnosed 72 h or more following admis-
sion were categorized as nosocomial.

Sources of infection were ascertained from detailed 
chart review coupled with review of biochemical and 
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microbiological data. Cases in which no identifiable source 
was identified after extensive review by the clinical team 
were deemed to be primary bacteremias. Surgical site infec-
tions were defined as infections occurring at the operative 
site within 30 days of a procedure involving skin and deeper 
tissues manipulated during the operation [14]. Intravascu-
lar catheters included both peripheral and central venous 
(including hemodialysis) catheters, with catheter related 
bloodstream infections defined using IDSA guidelines [15]. 
Endovascular infections included venous catheter infections 
and bacteremias associated with vascular grafts, cardiac 
devices, including pacemakers and sternal wires. Infectious 
endocarditis was defined using Modified Duke’s criteria 
[16]. Patients with S. aureus bacteriuria, regardless of uri-
nary symptoms, were reviewed to determine if recent urinary 
tract manipulation had occurred given its association with 
SAB [17]. In cases of ambiguous or unclear documentation, 
a second independent chart reviewer was involved. During 
the years of our study, infectious disease consultation was 
not mandated for cases of SAB in the CHZ.

Statistical analysis

Incidence of SAB was calculated by dividing incident infec-
tions by annual reported census data of the Calgary total 
population [18]. Rates for MSSA and MRSA were calcu-
lated separately. Prior to analysis, individual variables were 
interrogated using histograms to identify underlying distri-
bution. Means and standard deviations (SD) were utilized to 
describe variables with normal or near normal distributions 
and compared using the Student t test. Non-normally distrib-
uted variables were described by medians with inter-quartile 
ranges (IQR). Categorical variables were compared using 
the Fisher’s exact test. Odds ratios (OR) were calculated 
by dividing the proportion with a given factor against those 
without and reported with 95% confidence intervals (CI) 
derived from the Woolf approximation. Factors known to 
be associated with SAB mortality were incorporated into 
a logistic regression model via backward stepwise variable 
elimination. The Hosmer–Lemeshow goodness of fit test 
was used to assess the calibration of the final model using 
the area under the receiver operator characteristic curve. 
Model results are reported as OR with 95% CI. A two-sided 
p value of < 0.05 was deemed significant for all comparisons. 
All statistical analyses were performed using STATA version 
15.0 (College Stn., TX).

Results

Between January 1, 2012 to December 31, 2014, 780 adults 
experienced 840 episodes of SAB in the CHZ—of which 
799 were incident infections for the corresponding year 

[median age 62 (IQR 49–76, 64.3% male)], while 41 were 
SAB episodes that represented recurrence within the cal-
endar year.

Incidence

Seven hundred and twenty-seven patients experienced one 
bacteremic episode, 47 patients experienced two, and 6 
patients three or more during this time period. For those 
with multiple SAB episodes, median time in between bac-
teremias was 160 days (IQR 84–360) of which 12 patients 
relapsed within 90 days. All but one individual was admit-
ted to one of the local hospitals for investigation and man-
agement. Of all SAB, 168 (20.0%) were MRSA and 672 
(80.0%) were MSSA. Incidence rates of SAB amongst adults 
were 23.5, 28.8, and 32.0 per 100,000 population/year for 
2012, 2013, and 2014, respectively, and represented statisti-
cally significant increases with each year of study. Relative 
to the earlier study period of 2000–2006, we observed a 
significantly increased rate of SAB in our cohort (19.7 vs 
28.2 per 100,000/year p < 0.001) (Fig. 1a). Rate ratios for 
nosocomial acquired MSSA bacteremia did not change from 
2012 to 2014 [IRR 0.95 (95% CI 0.78–1.16); p = 0.6], while 
community-acquired and health-care-associated community-
acquired cases increased [IRR 1.19 (95% CI 1.08–1.30); 
p = 0.01] and [IRR 1.23 (95% CI 1.07–1.42); p = 0.01], 
respectively (Fig. 1b). Whereas nosocomial and health-care-
associated community-acquired MRSA bacteremia rates 
remained stable in our 3 years of study, community-acquired 
MRSA bacteremia between 2012 and 2014 trended towards 
an increase (IRR 1.21 (95% CI 0.99–1.48); p = 0.10). Fig-
ure 2 outlines increasing incidence rates of both MSSA and 
MRSA bacteremia in all age groups.

Mortality

All-cause 30-day mortality from SAB between 2012 
and 2014 was 23.2% (195/840), with mortality rates for 
MRSA higher than the mortality rate for MSSA (30.6% 
vs 21.3%, p = 0.01). Nosocomial acquired bacteremia was 
associated with higher mortality compared to community 
and health-care-associated community acquired (28.9% 
vs 23.1% vs 20.5%, p = 0.05). Along with increasing age 
(OR 1.06/year, 95% CI 1.04–1.07, p < 0.001), clinical, 
biochemical, and microbiological factors associated with 
30-day mortality are detailed in Fig. 3. When mortal-
ity from MSSA and MRSA were evaluated separately, 
age, cirrhosis, and ICU admission were epidemiologi-
cal factors associated with higher 30-day mortality in 
both MSSA and MRSA SAB, whereas the presence of 
toxic changes on blood smear (defined as identification 
of course granules in granulocytes on peripheral blood 
smear examination) and unknown source of bacteremia 
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were found to be associated with 30-day mortality in 
MSSA but not MRSA bacteremia. There was an overall 
trend towards improved 30-day survival post-bacteremia 
with community-acquired SAB, but this was not found 

to be statistically significant. All-cause 90-day mortality 
during the same 3 years also demonstrated higher mor-
tality rates with MRSA compared to MSSA (36.9% vs 
28.4%, p = 0.02).

Fig. 1   a, b Annual incident 
cases per 100,000 population 
of S. aureus bacteremia in the 
Calgary Health Zone from 2012 
to 2014. Error bars indicated 
95% CIs MSSA: methicillin-
susceptible Staphylococcus 
aureus. MRSA: methicillin-
resistant Staphylococcus aureus. 
*Data derived from [8]
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Fig. 2   Incident cases of MSSA 
and MRSA bacteremia per 
100,000 population per year in 
the Calgary Health Zone from 
2012 to 2014 by age group. 
MSSA: methicillin-susceptible 
Staphylococcus aureus. MRSA: 
methicillin-resistant Staphylo-
coccus aureus 

Fig. 3   Risks factors for death in SAB: Multivariate analysis of odds 
ratio for variables associated with 30-day mortality in SAB*. SAB: 
Staphylococcus aureus bacteremia. ICU: Intensive care unit. MRSA: 

methicillin-resistant Staphylococcus aureus. *: age as a continuous 
variable also associated with 30-day mortality (OR 1.06/year)
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Clinical characteristics

Baseline characteristics of the cohort are shown in Tables 1 
and 2 with risks of SAB associated with select underly-
ing medical conditions, as summarized in Table 3. Median 
length of hospitalization was 17.7 days (IQR 9.5–38.1) and 
longer for patients experiencing MRSA bacteremia com-
pared with MSSA bacteremia [25.0 days (IQR 10.4–48.1) 
vs 16.9 days (IQR 9.2–34.9), p < 0.02]. Length of stay was 
longest for patients with nosocomial acquired bacteremia 
[32.5 days (IQR 18.9–66.5)], compared with health-care-
associated community acquired and community acquired 
[13.3 days (IQR 7.0–23.2)] and [14.9 days (IQR 8.2–31.3), 
p < 0.001], respectively.

Of patients who developed hospital-acquired bacteremia, 
median time to bacteremia from admission date was 9.6 days 

(IQR 4.9–23.1); longer with MRSA bacteremia compared 
to MSSA [18.1  days (IQR 7.8–36.1) vs 9.2  days (IQR 
4.4–20.0), p = 0.008]. Patients with persistently positive S. 
aureus blood cultures for greater than 7 days not only were 
more likely to hospitalized for greater than 28 days from 
onset of bacteremias (72.5% vs 25.3%, p < 0.001), but also 
had increased risk of death 30-day post-bacteremia (28.8% 
vs 21.9%, p < 0.05).

Source of bacteremia

Forty-three percent (355/840) of bloodstream infections did 
not have a source identified. Amongst the bacteremias in 
which a source was identified, the commonest etiology was 
skin/soft tissue, followed by pulmonary and endovascular 
(Fig. 4). All sources deemed urinary had a history of recent 

Table 1   Epidemiological characteristics at occurrence of Staphylococcus aureus bacteremia in patient cohort

CA community acquired, HCA-CA health-care-associated community acquired, ICD implantable cardioverter defibrillator, WBC white blood cells
a Altered immunity defined as patients meeting > 1 of the following criteria; human immunodeficiency virus, solid organ transplant recipient, 
hematopoietic transplant recipient, splenectomised, therapeutically immunosuppressed (usage of > 10 mg equivalent dose of prednisone daily, 
calcineurin inhibitor, cyclophosphamide, methotrexate, azathioprine, or tumor necrosis factor-alpha inhibitor)
b Liver disease includes cirrhosis, steatosis, and hepatitis
c Substance abuse is defined as hazardous use of psychoactive agents including alcohol, illicit non-prescription opioids (e.g., heroin) or ampheta-
mines and hallucinogens (e.g., marijuana, lysergic acid diethylamide, etc.)
d Alcohol misuse is defined as consumption of greater than lower risk limits of alcohol (i.e., 14 units of alcohol consumption a week for males 
and 7 units of alcohol consumption a week for females)
e Toxic changes on blood smear is diagnosed with identification of course granules in granulocytes (including neutrophils) on peripheral blood 
smear examination

Parameter Entire cohort CA HCA-CA Nosocomial P value

Age, median (years) 62 (IQR 49–76) 61 (IQR 48–73) 65 (IQR 54–79) 64 (IQR 50–77) 0.019
Comorbidities, n (%) n = 835 n = 435 n = 182 n = 218
Altered immunitya 146 (17.5) 57 (13.1) 41 (22.5) 48 (22.0) 0.002
Diabetes mellitus 239 (28.6) 122 (28.0) 58 (31.9) 59 (11.4) 0.537
Rheumatological disease 192 (23.0) 108 (24.8) 39 (21.4) 45 (20.6) 0.426
Pulmonary disease 295 (35.3) 157 (36.1) 61 (33.5) 77 (35.3) 0.836
Cardiovascular disease 484 (58.0) 234 (53.8) 122 (67.0) 128 (58.7) 0.009
Pacemaker or ICD 47 (5.6) 19 (4.4) 14 (7.7) 14 (6.4) 0.196
Prosthetic valve 19 (2.3) 10 (2.3) 5 (2.7) 4 (1.8) 0.787
Liver diseaseb 132 (15.8) 93 (21.4) 14 (7.7) 25 (11.5) 0.000
Cancer 142 (17.0) 54 (12.4) 39 (21.4) 49 (22.5) 0.001
Prosthetic joint 86 (10.3) 52 (12.0) 21 (11.5) 13 (6.0) 0.040
Substance abusec 156 (18.7) 101 (23.2) 15 (8.2) 40 (18.3) 0.000
Alcohol misused 95 (11.4) 57 (13.1) 7 (3.8) 31 (14.2) 0.000
Biochemical abnormalities n = 834 n = 434 n = 182 n = 218
WBC < 4 × 109/L 78 (9.4) 29 (6.7) 16 (8.8) 33 (15.1) 0.002
WBC > 11 × 109/L 490 (58.8) 283 (65.2) 101 (55.5) 106 (48.6) 0.000
Bandemia 122 (14.6) 80 (18.4) 16 (8.8) 26 (11.9) 0.005
Toxic changese 155 (18.6) 97 (2.2) 27 (14.8) 31 (14.2) 0.020
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catheterization or urological surgery. No particular source 
of SAB changed significantly during the 3-year study period 
nor was source of bacteremia associated with methicillin 
susceptibility. Thirty-day mortality rates were highest in 
patients with a pulmonary source of infection or primary 
SAB (Fig. 5).

Secondary bacteremia from skin/soft-tissue infection 
and bone/joint infection were associated with community 
acquisition (29.1% vs 12.5%, p < 0.001 and 12.5% vs 4.3%, 
p < 0.001), respectively (Table 3).

Discussion

Calgary is an ideal place to study trends in incident onset 
SAB owing to the use of a region-wide centralized labora-
tory service that provides services to all emergency rooms, 
hospitals and urgent care facilities covering a region of 

39,300 km2 over 20 years [19]. The previous studies com-
paring the epidemiology and outcomes of SAB in Cal-
gary in 1999–2000 and 2000–2006 had demonstrated an 
overall decrease in annual incidence of SAB owing to a 
decrease in MSSA bacteremia in spite of an increase in 
MRSA bacteremia [8, 20]. During a similar time period, 
Allard et al., in Eastern Canada determined the increase 
in SAB was due to increasing MRSA incidence in the con-
text of stable rate of MSSA bacteremia. Our contempo-
rary study contrasts both Laupland et al. [8], and Allard 
et al. [3], findings as we observe an overall increase in 
SAB incidence in Calgary from 2012 to 2014 [IRR 1.15 
(95% CI 1.07–1.23); p < 0.001], attributable to increasing 
burdens of both MSSA and MRSA bacteremias. Nota-
bly, this increase is driven by changes in the burden of 
community-acquired disease. While community-acquired 
SAB increased significantly when compared to a decade 
ago [IRR 1.98 (95% CI 1.85–2.11); p < 0.0001], rates of 

Table 2   Demographics of 
S. aureus bacteremia cohort 
as a function of methicillin 
resistance

ICD implantable cardioverter defibrillator, WBC white blood cells
a Altered immunity defined as patients meeting > 1 of the following criteria; human immunodeficiency 
virus, solid organ transplant recipient, hematopoietic transplant recipient, splenectomised, therapeutically 
immunosuppressed (usage of > 10 mg equivalent dose of prednisone daily, calcineurin inhibitor, cyclo-
phosphamide, methotrexate, azathioprine, or tumor necrosis factor-alpha inhibitor)
b Liver disease includes cirrhosis, steatosis, and hepatitis
c Substance abuse is defined as hazardous use of psychoactive agents including alcohol, illicit non-prescrip-
tion opioids (e.g., heroin) or amphetamines and hallucinogens (e.g., marijuana, lysergic acid diethylamide, 
etc.)
d Alcohol misuse is defined as consumption of greater than lower risk limits of alcohol (i.e., 14 units of 
alcohol consumption a week for males and 7 units of alcohol consumption a week for females)
e Toxic changes on blood smear is diagnosed with identification of course granules in granulocytes (includ-
ing neutrophils) on peripheral blood smear examination

Parameter MSSA (n = 669) MRSA (n = 116) P value

Age, median (years) 62 (IQR 49–76) 64 (IQR 49–77)
Comorbidities, n (%)
 Altered immunitya 128 (19.1) 18 (15.5) 0.012
 Diabetes mellitus 185 (27.7) 54 (46.6) 0.126
 Rheumatological 

disease
164 (24.5) 28 (24.1) 0.039

 Pulmonary disease 220 (32.9) 75 (64.7) 0.004
 Cardiovascular disease 381 (57.0) 103 (88.8) 0.254
 Pacemaker or ICD 39 (10.3) 8 (6.9) 0.710
 Prosthetic valve 17 (2.5) 2 (1.7) 0.395
 Liver diseaseb 99 (14.8) 33 (28.4) 0.122
 Cancer 125 (18.9) 17 (14.7) 0.008
 Prosthetic joint 67 (10.0) 19 (16.4) 0.570
 Substance abusec 115 (17.2) 41 (35.3) 0.034
 Alcohol misused 72 (10.8) 23 (19.8) 0.275
 Biochemical abnormali-

ties
n = 670 n = 164

 WBC < 4 × 109/L 67 (10.0) 11 (6.7) 0.232
 WBC > 11 × 109/L 394 (58.9) 96 (58.5) 1.000
 Bandemia 97 (14.5) 25 (15.2) 0.806
 Toxic changese 122 (18.2) 33 (20.1) 0.576
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nosocomial SAB during our 3-year study period were not 
statistically different from 2000 to 2006 [IRR 0.99 (95% 
CI 0.88–1.11); p = 0.8], likely owing to successes achieved 
by the infection prevention and surveillance programs [21, 
22]. Our study also echoes that of Taylor et al., which 
determined that MRSA bacteremia is increasingly a com-
munity, rather than a nosocomially acquired disease [23].

The distribution and association of select comorbidities 
are outlined in Table 3 and contrasts that of Laupland et al. 
[8]. Due to changes in CHZ’s population-based data col-
lection system, select comorbidities are unable to be col-
lected at a population level; thus, we are unable to compare 
and contrast associations to all underlying conditions in 

Laupland’s study [8]. However, the risk factors and mag-
nitude of the most notable common comorbidities remain 
remarkably similar. Compared to a decade ago, hemodi-
alysis remains the strongest risk factor associated with 
SAB, while heart disease and chronic obstructive pulmo-
nary disease are now more strongly associated with SAB 
than previous. While Laupland et al.’s study demonstrated 
stronger association between acquisition of MRSA bactere-
mia and select comorbidities [8], our study found that risk of 
MSSA invasive disease was remarkably higher than MRSA 
with respect to the same chronic diseases. Although it is 
unclear what particular comorbidities are responsible for 
the increase in community-acquired MRSA bacteremia, our 

Table 3   Relative risk for 
development of SAB with 
selective comorbidities in 
Calgary Residents from 
2012–2014

Population data from Calgary Civic Results
SAB Staphylococcus aureus bacteremia, MSSA methicillin-susceptible Staphylococcus aureus, MRSA 
methicillin-resistant Staphylococcus aureus, ESRD end-stage renal disease, COPD chronic obstructive pul-
monary disease

RR (95% CI), p < 0.01

Comorbidity Any SAB MSSA MRSA

ESRD—hemodialysis 234.84 (186.82–295.22) 176.48 (136.23–228.61) 50.23 (31.56–79.97)
Diabetes 7.18 (6.18–8.33) 5.11 (4.34–6.01) 1.22 (0.93–1.61)
Ischemic heart disease 10.32 (8.78–12.14) 7.33 (6.12–8.78) 2.04 (1.51–2.75)
COPD 11.07 (9.23–13.28) 6.95 (5.60–8.62) 3.23 (2.40–4.35)
Rheumatoid arthritis 2.47 (1.70–3.57) 2.03 (1.35–3.04) 3.90 (2.89–5.27)
Cirrhosis 42.2 (32.7–54.5) 33.63 (25.35–44.60) 7.54 (4.27–13.32)

Fig. 4   Percentage of SAB by 
source and origin of acquisi-
tion from 2012 to 2014 in the 
Calgary Health Zone. SAB: 
Staphylococcus aureus bactere-
mia. Error bars indicated 95% 
CIs. SSTI: skin and soft-tissue 
infection. HCA-CA: health-
care-associated community-
acquired
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data demonstrate that MRSA bacteremia is now a prominent 
infection in previously healthy young individuals as opposed 
to a disease primarily of elderly individuals, as observed in 
Laupland et al.’s study [8].

We compared our epidemiological findings to the previ-
ous studies performed in Europe, Eastern Canada, and Aus-
tralia [1]. A global collaboration in 2012 identified incidence 
rates of SAB in Canada, Scandinavia, and Australia and 
found heterogeneity in trends of increasing incidence rates 
of SAB. Increasing rates of community-acquired MSSA in 
Finland and western Sweden were responsible for overall 
increase in SAB, whereas increased community-acquired 
MRSA infections were attributed to growing cases of SAB 
in Victoria, Canada. Occurrence rates of SAB fluctuated, but 
did not change significantly over the 8 years in Sherbrooke, 
Canada, and Canberra, Australia. In northern Denmark 
including Copenhagen, the reduction in hospital- acquired 
bacteremias led to a decrease in total incident SAB. More 
contemporary studies demonstrate increasing incidence of 
community-acquired SAB in rural Thailand and Finland [24, 
25]. Our study shows primarily an increase in community-
acquired SAB, predominantly owing to MSSA bacteremia.

With respect to sources of SAB, primary bacteremia 
remained the commonest identified. Our observations were 
similar to that of Lauplaud et al., who also identified pri-
mary bacteremia as the cause of disease in approximately 
40% of all cases of SAB [8]. Compared to their study, our 
data demonstrate an increase in proportion of skin and soft-
tissue disease, but significantly lower numbers of bone and 

joint disease as foci of bacteremia. This is in keeping with 
recent studies identifying prosthetic joint infections as an 
important issue and undertaking steps to identify and treat 
these earlier, thus perhaps preventing complications such as 
bacteremia [26].

Median time from admission to development of nosoco-
mial SAB did not differ when compared to a decade ago. 
Length of hospitalization in the context of methicillin sus-
ceptibility and location of bacteremia acquisition were also 
similar to Laupland et al. [8]. This is congruent with the 
previous studies demonstrating nosocomial acquired blood-
stream infections correlating with longer hospitalizations 
compared to non-nosocomial acquisition [27].

Despite improvements in many health outcomes, SAB-
associated mortality rates have remained frustratingly stead-
fast over the last 2 decades. Multiple studies, including ours, 
demonstrate a mortality rate approximating 25%. The higher 
mortality associated with MRSA compared to MSSA bac-
teremias in our study is comparable to those in the previ-
ous reports. Factors associated with increased fatality with 
MRSA over MSSA are poorly understood. It is hypothesized 
that under appreciation of MRSA by clinicians and phar-
macokinetic properties of vancomycin delaying therapeutic, 
anti-Staphylococcal levels contribute to the excess mortality 
based on methicillin resistance [28]. Other studies identified 
that although MRSA bacteremia was not associated with 
increased mortality after adjustment of prognostic factors, 
it was associated with poorer long-term morbidity compared 
to MSSA bacteremia [29].

Fig. 5   Source of SAB and mortality: Multivariate analysis of odds ratio for sources of SAB variables associated with 30-day mortality in SAB. 
SAB: Staphylococcus aureus bacteremia



970	 J. C. Lam et al.

1 3

Of great concern is the fact that we observed no improve-
ment in mortality rates in our health region when compar-
ing our 30-day SAB mortality rates to that of Laupland’s 
case-fatality rate a decade earlier [8, 30]. Several studies 
have recently established that infectious disease consultation 
in the management of SAB is associated with significant 
reduction in mortality rates with hazard ratios less than one 
[31]. Certainly, a policy to ensure automated and mandatory 
IDC in the management of all SAB as has been suggested 
by others may be a means by which SAB-associated 30-day 
mortality rates can be reduced in population-based studies 
[32]. Similar to this study, others have demonstrated 90-day 
mortality from SAB upwards of 40% [6, 33].

S. aureus bloodstream infections from either a pulmo-
nary source or primary bacteremia were strongly associated 
with disproportionate 30-day mortality. Associations with 
a pulmonary source of bacteremia and mortality have been 
almost universally documented in other studies [34, 35]. 
This is not specific to S. aureus but is observed in most 
cases of bacteremia [36]. Though not reaching statistical 
significance herein, SAB from intravascular catheters and 
bone/joint source trended towards better 30-day survival 
post-bacteremia—a finding that has been noted previously 
as well [37, 38].

The impact of the mode of acquisition of bacteremia 
and mortality is controversial with some studies, including 
ours demonstrating association between hospital acquisi-
tion and mortality and others illustrating that setting of 
bacteremia had little effect on mortality rates [39, 40]. 
Compared to nosocomially acquired bacteremias, commu-
nity-acquired SAB was associated with lower mortality 
in our study. The reasons for this are unclear and require 
further study.

Multiple limitations are worthy of note in our study. We 
are limited in collecting data for pediatric patients with SAB 
due to a different infrastructure in obtaining research eth-
ics approval. Second, Calgary census bylaws do not collect 
aged-categorized population data annually. Therefore, to 
calculate incidence rates in this study, it is assumed that 
the proportion of individuals in Calgary less than 18 years 
is the same in the 3 years of study based on the percentage 
of individuals less than 14 years of age in the 2014 census 
(218,555, or 18% of total 2014 Calgary population). Such 
an estimate would likely underestimate the true incidence of 
SAB amongst adults in Calgary. Identification of the bactere-
mia source was based upon electronic detailed chart reviews 
of discharge summaries and the investigations completed 
by the attending physicians. As such, the accuracy of the 
diagnosis is subject to change based on the types and inten-
sity of diagnostic tests employed by the attending service 
and their subsequent documentation. However, our ability to 
draw from microbiologic records of other positive S. aureus 
positive cultures (wound, sterile site anaerobic cultures, 

central venous catheter, etc.) and second independent chart 
reviewer was involved when documentation within a par-
ticular chart was unclear. Finally, given our study encom-
passed 3 years, trends are difficult to ascertain. However, 
community-acquired infections now make up the majority of 
both MSSA and MRSA bacteremias compared to less than 
a third in the early 2000s [8].

Conclusions

S. aureus bacteremia remains a serious diagnosis. We 
found increasing SAB incidence rates compared with that 
which was documented previously secondary to increas-
ing incidence of both MSSA and MRSA acquired in 
community settings. When compared with a decade ago, 
distribution and significance of comorbidities as risks for 
developing SAB have changed. Source of bacteremia and 
setting of bacteremia remains associated with mortality. 
Unfortunately, clinical outcomes associated with SAB 
remain poor. Given the increase in community-acquired 
SAB, further investigation into interaction between host, 
pathogen and environmental factors should be undertaken 
to identify the causes of this increase and potential inter-
ventions to prevent these infections.
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