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Abstract

Introduction Changes in the epidemiology of Staphylo-
coccus aureus bacteremia (SAB) have been described in
recent decades. Decreased mortality has been reported over
time, mostly from countries with low methicillin resistance
rates. We aimed to describe time trends in SAB in a tertiary
center with high methicillin resistance rates.

Methods We retrospectively analyzed 1692 patients with
SAB, and compared between three time periods: 1988—
1994 (342 patients), 1998-2004 (597 patients) and 2005—
2010 (753 patients).

Results In our cohort, 30 days mortality increased sig-
nificantly with time, reaching 42.9 % during 2005-2010.
The latter period was characterized by higher rates of
older patients (35.1 % aged 80 years and older), with
lower functional capacity (46.5 % bedridden) and higher
rates of comorbidities (33.6 % renal disease, 24.8 %
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heart failure, 19.0 % dementia). These patients were
more likely to be ventilated (18.7 %) and carry a urinary
catheter at presentation (46.6 %); present with septic
shock (15.9 %) and have pneumonia (20.5 %) or endo-
carditis (7.2 %) as source. Similar characteristics were
found among patients younger than 50 years and with
independent functional status. No significant increase in
methicillin resistant Staph aureus (MRSA) rates or inap-
propriate empirical therapy was demonstrated during
2005-2010.

Conclusions In our cohort, increased mortality in recent
years in patients with SAB can be explained by baseline
condition of patients. MRSA or inappropriate empiric ther-
apy did not explain the increase in mortality. The patients
afflicted with SAB changed over time. Epidemiology and
outcomes of SAB vary with time and according to geo-
graphical location. External validity of studies should be
taken into consideration.

Keywords Time - Trends - Staphylococcus aureus -
Bacteremia - Mortality

Introduction

Staphylococcus aureus (S. aureus) is a leading cause of
bacteremia. The annual incidence of S. aureus bacteremia
(SAB) in the United States is 4-38 per 100,000 person-
years, with 30-day all-cause mortality of ~20 % [1, 2].
During the last decades, several changes in the epidemi-
ology of SAB were described. In Denmark the incidence
of SAB increased between 1957 and 1990. However, since
1990 the overall SAB incidence has been relatively stable
[3, 4]. In the early 2000s the incidence of methicillin resist-
ant S. aureus (MRSA) in USA raised dramatically, while
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in the last few years, hospital onset MRSA incidence is
declining [5, 6].

The incidence of SAB is higher in older patients (>100
per 100,000 person-years among subjects >70 years of
age), men (male—female ration ~1.5) and hemodialysis
patients. Common primary sources of infection include
vascular catheters, skin and soft tissue, pleuropulmonary,
osteoarticular and endocarditis [7].

Mortality of SAB is reported to have either plateaued
over the past few decades [7] or (in most reports) declined
[4, 8, 9]. Explanations given to the possible plateau in mor-
tality rates in a recent review include the larger numbers
of older and sicker patients among SAB patients and the
relative plateau in antibiotic efficacy [7]. Mejer et al. dem-
onstrated increase in Charlson comorbidity score and the
proportion of older patients among SAB patients during a
14 years period [4].

We aimed to describe time trends in SAB cases in our
hospital in a cohort of hospitalized patients starting 1988
and up to end of 2010. We planned to explore the impact
of recent years’ improved medical care on one hand, along
with ageing of the population, increasing rate of invasive
procedures, accumulation of comorbidities and increased
health care/hospital acquired infections, on outcomes of
SAB.

Methods
Data collection

The study was conducted at Rabin Medical Center, Beil-
inson Hospital, a 900-bed primary and tertiary care uni-
versity hospital. The hospital has four main intensive care
units (ICUs) and six small ICUs in which patients undergo
mechanical ventilation within the six internal medicine and
two surgical departments.

All consecutive adult patients who had been diagnosed
with S. aureus bacteremia were identified. Data were
collected retrospectively between January 1, 1999, and
December 31, 2010, by reviewing patients’ medical records
and were merged with data prospectively collected between
April 1, 1988, and September 30, 1994. Results from ear-
lier years collected in these databases have been previously
described [10, 11]. The study was approved by the local
research ethics committee.

Contaminants (S. aureus isolated in a single set of
blood cultures with no evidence of systemic inflamma-
tory response syndrome within 48 h of blood culture, in
which the patient was not treated and did not die within
30 days) were excluded. Patients were included only once,
for the first episode of S. aureus bacteremia. Patients were
included up until October 2010.
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Two separate sets of blood cultures were obtained routinely
(up to six sets if endocarditis was suspected), with 10 mL
of blood collected in one aerobic and one anaerobic bottle.
The Bactec 460 was used between 1988 and 1992 and the
Bactec 9240 microbial system (Becton—Dickinson, Frank-
lin Lakes, NJ) after 1992. Isolates were identified on the
basis of morphologic features and API system. Susceptibil-
ity to antibiotics was tested by the disk diffusion method on
Mueller—Hinton agar, according to Clinical and Laboratory
Standards Institute (CLSI) procedures. Repeated blood cul-
tures were obtained until results were negative.

Definitions

Health care associated infections were defined as any of the
followings: previous hospitalization of >2 days during pre-
vious 90 days; clinic visit during previous 30 days; Home
IV therapy or chemotherapy or wound treatment dur-
ing previous 30 days; or patients arriving from long term
care facilities. Hospital acquired infections were defined
as presentation of infection after >48 h of hospitalization.
Other infections were considered community acquired.
Central line associated infections were defined as any SAB
without an obvious source other than the catheter and if
catheter was removed—positive culture of the catheter
tip. An infectious diseases expert determined the source of
infection per each episode. Appropriate empirical antibiotic
treatment was defined as matching in vitro susceptibility of
the S. aureus isolate and given within 48 h after obtaining
blood culture, except for single use of aminoglycoside or
rifampicin treatment.

Statistical analysis

Categorical variables were compared using the Chi-square
test for trends, including the Chi square for linear trends
where appropriate; continuous variables by the ¢ test (for
normal distribution) or the Mann—Whitney U test (for other
distributions). Analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS Inc., Chicago,
IL, USA).

We compared three periods: 1988-1994; 1998-2004;
2005-2010. Data concerning management of infection are
missing for the first time period.

Results

We included in the analysis 1692 patients: 342 patients dur-
ing 1988-1994; 597 patients during 1998-2004 and 753
patients during 2005-2010. In the first period, 122 (35.7 %)
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patients died within 30 days, in the second period—229
(38.4 %) and in the third period—523 (42.9 %), P = 0.016.

Differences between patients’ characteristics, infection
characteristics, management and outcomes in the various
time periods are presented in Table 1.

Median age was significantly lower in the first time
period. Although no significant difference in median age
was demonstrated between second and third periods, per-
centages of patients aged 80 years and older significantly
increased with time (21.6 % of patients in 1988-1994;
30.3 % in 1998-2004 and 35.1 % in 2005-2010). Percent-
age of patients with renal failure, liver disease, congestive
heart failure, dementia and bedridden state significantly
increased with time. Patients in the third period were sig-
nificantly more likely to be ventilated, carry a urinary
catheter, present with septic shock and have pneumonia or
endocarditis as the source of infection. MRSA infection
but also inappropriate empiric therapy were significantly
less common in the first time period, but there were no sig-
nificant differences between the second and the third peri-
ods. Full management data were not available for first time
period. In the third period, patients were significantly more
likely to get infectious diseases consultation and be hospi-
talized in intensive care unit (ICU) (Table 1).

Resistance patterns of isolates during the years
(Table 2)

Among all S. aureus isolates and among MRSA iso-
lates specifically, resistance to rifampin and gentamicin
declined significantly in the third period and resistance to
tetracycline decreased significantly with time. Resistance
to trimethoprim-sulfamethoxazole declined significantly
between first period and later periods and resistance to
ofloxacin increased at the same time. Among MRSA iso-
lates, resistance to clindamycin increased non-significantly
with time.

30 days mortality among young patients (Tables 3, 4)

We examined mortality in four age groups: age <50 years,
50-64, 65-79, >80. In each group, mortality was non-sig-
nificantly higher in the third time period (Table 3). Patients’
and infection characteristics of patients aged <50 over time
are presented in Table 4. In the third period these younger
patients had higher McCabe score, were more likely to
be ventilated and carry a urinary catheter at presentation,
more likely to present with septic shock and be hospital-
ized in ICU, and have as a source pneumonia or endocar-
ditis (Table 4). No significant increase was demonstrated in
MRSA rates with time in this group of young patients and
rates of appropriate treatment did not decline with time.

Mortality in other age groups was above 25 % in all time
periods, reaching 60 % among 264 patients >80 years in
the third time period (Table 3).

30 days mortality among patients with independent
functional capacity (Table 5)

Patients with independent functional capacity were simi-
larly to young patients “sicker” in the third period—with
higher comorbidity score, higher rates of urinary catheter at
presentation, septic shock and higher rates of pneumonia or
endocarditis and as a source (Table 5).

No significant increase was demonstrated in MRSA
rates among patients with independent functional capacity
with time and rates of appropriate treatment did not decline
with time.

Discussion

In our cohort of 1692 patients with SAB, we found signifi-
cant increase in 30 days mortality during 2005-2010 com-
pared with 1998-2004 and previous years. This increased
mortality is probably explained by the characteristics of
patients during 2005-2010. Patients in this period were
“sicker”—they had higher comorbidity rates, lower func-
tional capacity and were more likely to be ventilated and
carry a urinary catheter at infection presentation. They had
more severe infection—higher rates of presentation with
septic shock and higher rates of pneumonia or endocarditis
as the source of the infection. These differences were also
demonstrated in patients aged <50 years and patients with
independent functional capacity, similar to the entire cohort.
The increase in mortality with time was not explained by
MRSA rates or inappropriate empiric therapy. No signifi-
cant difference was demonstrated in neither MRSA rates
not inappropriate therapy rates between the second and
third periods. Such differences were also not demonstrated
among younger and patients with independent functional
capacity. We did not find other differences in patients’ man-
agement that could explain the mortality difference.

Our results concerning mortality are in contrast to recent
studies reporting decreased mortality in recent years among
patients with SAB. These include Allard et al., reporting
decrease in 30 days mortality from 29 % in 1997-1999
to 18 % in 2003-2005 in Canada [12]; Asgeirsson et al.,
reporting a decrease from 25 % in 1995-1996 to 8.2 %
in 2007-2008 in Iceland [8]; Benfield et al., reporting a
decrease from 34.5 to 21.7 % from 1981 to 2000 in Den-
mark [9]; and Mejer et al., reporting a significant decrease
in 30 days mortality, mainly in hospital acquired SAB from
1995 to 2008 in Denmark [4]. It should be noted that most
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Table 1 Differences between SAB episodes characteristics in three time periods

Variable 1988-1994 1998-2004 2005-2010 P value
(342 patients) (597 patients) (753 patients)

Baseline characteristics
Age 69 (57-78) 74 (63-81) 74.8 (60.5-83) <0.001
Age >80 years 74 (21.6 %) 181 (30.3 %) 264 (35.1 %) <0.001
Female gender 127 (37.1 %) 254 (42.5 %) 305 (40.5 %) 0.463
McCabe >2 - 267 (46.6 %) 443 (61.2 %) <0.001
Diabetes mellitus 88 (25.7 %) 223 (37.4 %) 270 (35.9 %) 0.006
Malignancy 82 (24.0 %) 140 (23.5 %) 213 (28.3 %) 0.066
Renal failure® 48 (14.0 %) 146 (24.5 %) 253 (33.6 %) <0.001
Liver disease 8 (2.3 %) 27 (4.5 %) 55 (7.3 %) <0.001
Heart failure® 40 (11.7 %) 104 (17.4 %) 187 (24.8 %) <0.001
Dementia 27 (7.9 %) 96 (16.1 %) 143 (19.0 %) <0.001
Functional capacity-bedridden 27/277 (13.7 %) 214/582 (36.3 %) 361/746 (46.5 %) <0.001
Prosthetic valve 12 (3.5 %) 35(5.9 %) 70 (9.3 %) 0.001
Ventilated at bacteremia onset 22 (6.4 %) 80 (13.4 %) 141 (18.7 %) <0.001
Urinary catheter at bacteremia onset 128 (37.4 %) 196 (32.8 %) 351 (46.6 %) <0.001
Central line at bacteremia onset 31(9.1 %) 134 (22.4 %) 164 (21.8 %) <0.001

Infection characteristics
Hospital or healthcare associated 302/342 (88.3 %) 568/597 (95.1 %) 690/742 (91.8 %) 0.247 (P = 0.001 for

first and second periods)

Septic shock 41 (12 %) 69 (11.6 %) 120 (15.9 %) 0.030
MRSA 125/342 (36.5 %) 258/597 (43.2 %) 341/750 (45.5 %) 0.008
Source pneumonia 25 (7.3 %) 51 (8.5 %) 154 (20.5 %) <0.001
Source endocarditis 18 (5.3 %) 17 (2.8 %) 54 (7.2 %) <0.001
Source skin and soft tissue 88 (25.7 %) 151 (25.3 %) 131 (17.4 %) <0.001
Source vascular catheter 61 (17.8 %) 80 (13.4 %) 101 (13.4 %) <0.001
Source primary/unknown 82 (24.0 %) 193 (32.3 %) 104 (13.8 %) <0.001

Management
Appropriate empirical therapy 200 (58.5 %) 402 (67.3 %) 506 (67.2 %) 0.014
Vancomycin empirical 40 (11.7 %) 112 (18.8 %) 201 (26.7 %) <0.001
ICU hospitalization - 52/597 (8.7 %) 95/752 (12.6 %) 0.022
Catheter removal - 60 (10.1 %) 72 (9.6 %) 0.783
Valve replacement - 3/597 (0.5 %) 12/752 (1.6 %) 0.057
Any foreign body removal - 88 (14.7 %) 137 (18.2 %) 0.106
Drainage or debridement of infection - 95 (15.9 %) 107 (14.2 %) 0.399

source

TEE performance - 111/597 (18.6 %) 169/750 (22.5 %) 0.077
Infectious diseases consultation - 185/597 (31 %) 242/408 (59.3 %) <0.001

Outcomes
30 days mortality 122 (35.7 %) 229 (38.4 %) 523 (42.9 %) 0.016
Hospitalization duration (days) 17 (8-31) 17 (9-35) 16 (8-33) 0.178
Relapse of SAB 8 (2.3 %) 25 (4.2 %) 22 (2.9 %) 0.243
Metastatic infection 15/342 (4.4 %) 11/597 (1.8 %) 9/752 (1.2 %) 0.001

Value of <0.05 was considered significant

Dichotomous variables are presented as number (percentage); continuous variables are presented as median (interquartile range)

? Defined as baseline creatinine >1.5

b Defined as New York heart association III-IV
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Table 2 Rates of resistance to

o Antibiotic type 1988-1994 1998-2004 2005-2010 P value
antibiotics
Penicillin 309/341 (90.6 %)  535/588 (91.0 %)  675/750 (90.0 %) 0.663
Fusidic acid 12/342 (3.5 %) 42/587 (7.2 %) 37/749 (4.9 %) 0.682
Rifampin 35/341 (10.3 %) 65/589 (11.0 %) 23/749 (3.1 %) <0.001
Erythromycin 139/342 (40.6 %)  243/586 (41.5 %)  323/749 (43.1 %) 0.407
Clindamycin 90/342 (41.2 %)  193/587 (32.9 %)  305/749 (40.7 %)  <0.001
Tetracycline 139/337 (41.2 %) 98/580 (16.9 %) 42/575 (7.3 %) <0.001
Gentamicin 120/340 (35.3 %)  212/580 (36.6 %)  198/748 (26.5 %) <0.001
Trimethoprim—sulfamethoxazole 84/327 (25.7 %) 33/579 (5.7 %) 29/748 (3.9 %) <0.001
Chloramphenicol 78/338 (23.1 %)  169/580 (29.1 %)  203/748 (27.1 %) 0.306
Ofloxacin 125/332 (37.7 %) 283/582 (48.6 %)  349/742 (47.0 %) 0.019
Rates of resistance to antibiotics among MRSA isolates only
Rifampin 34/124 (27.4 %) 62/254 (24.4 %) 20/341 (5.9 %) <0.001
Erythromycin 109/125 (87.2 %)  198/253 (78.3 %)  261/340 (76.8 %) 0.026
Clindamycin 83/124 (66.9 %)  178/252 (70.6 %)  253/340 (75.0 %) 0.068
Tetracycline 105/123 (85.4 %) 75/251 (29.9 %) 19/258 (7.4 %) <0.001
Gentamicin 107/123 (87.0 %)  178/250 (71.2 %)  167/339 (49.3 %) <0.001
Trimethoprim—sulfamethoxazole ~ 75/120 (62.5 %) 24/242 (9.6 %) 21/340 (6.2 %) <0.001
Chloramphenicol 61/123 (49.6 %)  125/249 (50.2 %)  147/339 (34.4 %) 0.127
Ofloxacin 104/123 (84.6 %)  243/251 (96.8 %)  230/336 (95.2 %) 0.001

Value of <0.05 was considered significant

Table 3 Mortality among various age groups across the time periods

Age group Period Dead/total (%) P value

Age <50 years 1988-1994 7/53 (13.2 %) 0.441
1998-2004 5/55 (9.1 %)
2004-2010 14/82 (17.1 %)

Age 50-64 years 1988-1994 23/83 (27.7 %) 0.547
1998-2004 28/108 (25.9 %)
2005-2010 47/153 (30.7 %)

Age 65-79 years 1988-1994 49/132 (37.1 %) 0.569
1998-2004 103/253 (40.7 %)
2004-2010 103/254 (40.6 %)

Age >80 years 1988-1994 43/74 (58.1 %) 0.324
1998-2004 93/181 (51.4 %)
2004-2010 159/264 (60.2 %)

of these cohorts are from Scandinavian countries, known
for their low rates of MRSA infections. Asgeirsson et al.
described only four cases of MRSA during 1995-2008.
Similarly, Benfield et al. reported MRSA in 0.3 % of bacte-
remias and Mejer et al. in less than 1 % [4, 8, 9].

The reduction in mortality over time in previous studies
was largest in the youngest age group [8, 9]. In our study,
non-significantly increased mortality with time was demon-
strated in patients younger than 50 years. In addition, rates
of patients aged 80 and older were higher over time and
compared to other studies [9].

In contrast to the non-significant difference in rates of
MRSA bacteremia during 2005-2010 vs. 1998-2004 in
our cohort, Allard et al. demonstrated a significant increase
in MRSA from few cases in 1991-1999 to 10 % in 2000-
2002 and 20 % in 2003-2005 [12]. Other studies demon-
strated a decline in bacteremias of hospital onset MRSA in
the last few years. Community acquired MRSA rates varied
dramatically across diverse geographical areas [5, 6].

In accordance to our findings, Mejer et al. demonstrated
an increase in Charlson comorbidity score among SAB
patients during a 14-year period [4]. Allard et al. reported
that between 1991-1993 and 2003-2005, the proportion of
cases attributed to endocarditis and pneumonia increased
significantly, while that attributed to catheter infections
decreased [12].

The vast majority of the bacteremias (>88 %) in our
cohort were hospital or health care associated. The rates of
these infections increased significantly since the first time
period, but not from the second to the third period. Asgeirs-
son et al. reported a significant increase in community-
acquired (CA) SAB from 1995-1999 to 2005-2008, with
rates of above 35 %, much higher than in our cohort [8].
Benfield et al. also demonstrated increased annual rates of
community-acquired SAB from 1981 to 2000, with over-
all 28 % of cases acquired in the community [9]. The dif-
ferences in rates of CA SAB between our cohort and oth-
ers may stem from variability in the definitions of hospital,
health care associated or community acquired infection [13].
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Table 4 Characteristics of patients and infection among patients aged <50 years

Variable 1988-1994 (53 patients) 1998-2004 (55 patients) 2005-2010 (82 patients) P value
McCabe score >2 - 14/54 (25.9 %) 39/80 (48.8 %) 0.008
Diabetes 7/53 (11.3 %) 7155 (12.7 %) 16/82 (19.5 %) 0.176
Malignancy 9/53 (17.0 %) 10/55 (18.2 %) 15/82 (18.3 %) 0.854
Renal failure 4/53 (7.5 %) 5/55 (9.1 %) 12/82 (14.6 %) 0.182
Liver disease 2/53 (3.8 %) 4/55 (7.3 %) 11/82 (13.4 %) 0.050
Heart failure 2/53 (3.8 %) 0 5/82 (6.1 %) 0.371
Dementia 1/53 (1.9 %) 0 0 0.164
Functional capacity-independent 37/42 (88.1 %) 43/55 (78.2 %) 56/81 (69.1 %) 0.018
Urinary catheter at bacteremia onset 22/53 (41.5 %) 11/55 (20 %) 32/82 (39.0 %) 0.988
Ventilated at bacteremia onset 6/53 (11.3 %) 3/55 (5.5 %) 18/82 (22.0 %) 0.049
MRSA 20/53 (37.7 %) 10/55 (18.2 %) 25/82 (30.5 %) 0.514
Appropriate empirical therapy 33/53 (62.3 %) 44/55 (80.0 %) 67/82 (81.7 %) 0.014
Shock at presentation 3/53 (5.7 %) 4/55 (7.3 %) 15/82 (18.3 %) 0.018
ICU hospitalization - 4/55 (7.3 %) 18/82 (22.0 %) 0.022
Source—endocarditis 4/53 (7.5 %) 2/55 (3.6 %) 10/82 (12.2 %) 0.013
Source—pneumonia 2/53 (3.8 %) 4/55 (7.3 %) 10/82 (12.2 %)
Source—primary/unknown 15/53 (15.3 %) 8/55 (14.5 %) 7182 (8.5 %)

Source—vascular catheter 12/53 (22.6 %) 10/55 (18.2 %) 22/82 (26.8 %)

Source—skin and soft tissue 14/53 (26.4 %) 16/55 (29.1 %) 13/82 (15.9 %)

Data presented as number (%)

Table 5 Characteristics of patients and infection among patients with independent functional capacity

Variable 1988-1994 (169 patients) 1998-2004 (243 patients) 2005-2010 (273 patients) P value
McCabe score >2 - 97/236 (41.1 %) 148/264 (56.1 %) 0.001
Diabetes 40/169 (23.7 %) 79/243 (32.5 %) 94/273 (34.4 %) 0.024
Malignancy 31/169 (18.3 %) 64/243 (26.3 %) 74/273 (27.1 %) 0.052
Renal failure 18/169 (10.7 %) 51/243 (21.0 %) 68/273 (24.9 %) <0.001
Liver disease 6/169 (3.6 %) 14/243 (5.8 %) 23/273 (8.4 %) 0.037
Heart failure 15/169 (8.9 %) 31/243 (12.8 %) 56/273 (20.5 %) 0.001
Dementia 0 5/243 (2.1 %) 3/273 (1.1 %) 0.421
Urinary catheter at bacteremia onset 61/169 (36.1 %) 48/243 (19.8 %) 79/273 (28.9 %) 0.253
Ventilated at bacteremia onset 15/169 (8.9 %) 24/243 (9.9 %) 36/273 (13.2 %) 0.136
MRSA 48/169 (28.4 %) 73/243 (30.0 %) 791273 (28.9 %) 0.946
Appropriate empirical therapy 115/169 (68.0 %) 182/243 (74.95) 202/273 (74.0 %) 0.221
Shock at presentation 11/169 (6.5 %) 23/243 (9.5 %) 32/273 (11.7 %) 0.072
ICU hospitalization - 28/243 (1.5 %) 50/273 (18.4 %) 0.030
Source—endocarditis 12/169 (7.1 %) 8/243 (3.3 %) 28/273 (10.3 %) <0.001

Source—pneumonia
Source—primary/unknown
Source—vascular catheter

Source—skin and soft tissue

12/169 (7.1 %)
35/169 (20.7 %)
36/169 (21.3 %)
38/169 (22.5 %)

20/243 (8.2 %)
61/243 (25.1 %)
39/243 (16.05)

70/243 (28.8 %)

29/273 (10.6 %)
39/273 (14.3 %)
46/273 (16.8 %)
62/273 (22.7 %)

Data presented as number (%)

Risk factors for mortality in our cohort were similar over
time and compared to previous studies [8, 9, 12].

We demonstrated changes in antibiotic susceptibil-
ity with time. These changes were previously reported,
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including increase in susceptibility to trimethoprim—sul-
famethoxazole [14], tetracycline [15], gentamicin and
rifampin [16]. The increase in susceptibility has previ-
ously been explained by reduced usage of the relevant
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antibiotics [14] and spread of susceptible strains [15,
16].

This study has several limitations. First, it is a single
center retrospective study. Second, during the study we did
not perform routine molecular tests on SAB isolates, thus,
we do not have data on SCC type, spa typing, MecA posi-
tivity or other specific features of S. aureus.

In conclusion, in our cohort, patients with SAB in recent
compared to previous years were older and sicker, had
higher rates of pneumonia and septic shock at presentation
and consequently had higher 30 days mortality. Nowadays
patients with SAB in our institution are a different popu-
lation than 20 years ago. Epidemiology and outcomes of
SAB vary in time and according to the geographical loca-
tion, and external validity of studies should be taken into
consideration.
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