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Abstract Staphylococcus aureus bacteremia (SAB) is a fa-
tal disease. We aimed to describe risk factors for long-
term mortality with SAB. We analyzed data from a retro-
spectively collected database including 1,692 patients
with SAB. We considered variables of infection and back-
ground conditions for the analysis of long-term survival.
The Kaplan–Meier procedure was used for analysis of
long-term survival. Variables significantly associated with
mortality were analyzed using a Cox regression model.
We included 1,692 patients in the analysis. Patients were
followed for up to 22 years. Within one year, 62% of
patients died and within 5 years 72% died. A total of
82% of patients aged 65 years and older died within
5 years. Independent predictors of long-term mortality
were older age (Hazard ratio 1.029, 95% confidence in-
terval 1.022–1.036), female gender (HR 1.302, 95% CI
1.118–1.517), pneumonia or primary/ unknown source
of infection (HR 1.441, 95% CI 1.230–1.689), dementia

(HR 1.234, 95% CI 1.004–1.516), higher Charlson score
(HR 1.155, 95% CI 1.115–1.196), shock at onset (HR
1.776, 95% CI 1.430–2.207) and arrival to hospitalization
from an institution (HR 1.319, 95% CI 1.095–1.563).
Long-term survival of patients older than 65 years and
of women with SAB is severely curtailed.

Introduction

Staphylococcus 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.
Increased frequency of invasive surgery, use of intravas-
cular devices and immunosuppression has led to a sharp
increase in the incidence of SAB in recent years. SAB is a
fatal disease with 30-day all-cause mortality of 20–30%
[1–3], 90-day mortality of 36% [4, 5] and increased mor-
tality rates thereafter [6].

Several studies reported risk factors for mortality in
SAB. Most of them reported in hospital mortality, or
30 days and up to 90 days mortality. Few studies reported
1-year mortality and longer [6–8]. Risk factors for 30–
90 days mortality include age, female gender, comorbidi-
ties (diabetes and malignancy), functional status [3], res-
idence in a nursing home [9], pulmonary source or endo-
carditis [3], unknown source [5], severe sepsis or septic
shock at presentation [3, 5], metastatic or complicated
SAB infection, methicillin resistance [3, 4], inappropriate
empiric antibiotic [10], and higher vancomycin MICs
[11].

However, data on long-term survival beyond 90 days
are scarce. Thus, we aimed to define risk factors for long-
term mortality in patients followed for up to 22 years.
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Methods

Data collection

The study was conducted at Rabin Medical Center, Beilinson
Hospital, a 900-bed primary and tertiary care university hospi-
tal. The hospital has four main intensive care units (ICUs) and
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 these databases have been
previously described [10, 12]. The study was approved by the
local ethical committee.

Contaminants (S. aureus isolated in a single set of blood
cultures with no evidence of systemic inflammatory 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 followed up until
October 2010. Survival data were obtained from the national
health of ministry database.

Microbiology

Two separate sets of blood cultures were obtained routine-
ly (up to 6 sets if endocarditis was suspected), with 10 mL

of blood collected in one aerobic and one anaerobic bot-
tle. The Bactec 460 was used between 1988 and 1992 and
the Bactec 9240 microbial system (Becton Dickinson,
Franklin Lakes, NJ) after 1992. Isolates were identified
on the basis of morphologic features and API system.
Susceptibility to antibiotics was tested by the disk diffu-
sion method on Mueller-Hinton agar, according to
Clinical and Laboratory Standards Institute (CLSI) proce-
dures. Repeated blood cultures were obtained until results
were negative.

Definitions

Health care associated infections were defined as any of
the following: previous hospitalization of ≥2 days during
previous 90 days; clinic visit during previous 30 days;
home IV therapy or chemotherapy or wound treatment
during previous 30 days; or patients arriving from long-
term care facilities. Hospital-acquired infections were de-
fined as presentation of infection after >48 h of hospital-
ization. Other infections were considered community ac-
quired. Central line associated infections were defined as
any SAB without an obvious source other than the cath-
eter and if the catheter was removed then positive culture
of the catheter tip. An infectious diseases expert deter-
mined 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,

Fig. 1 Survival function for all
patients (follow-up duration
presented in months on x-axis)
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except for single use of aminoglycoside or rifampicin
treatment.

Statistical analysis

Analyses were performed using the Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, USA). For survival
analysis we used the Kaplan Meier procedure. Variables sig-
nificantly associated with mortality in Kaplan Meier were an-
alyzed using the Cox regression model. Goodness of fit of the
model was evaluated using the chi-square test.

Results

We included 1,692 patients in the analysis. The mean age at
onset of bacteremia was 69.7 years (standard deviation 16.4;
median 73 years, interquartile range 61–81); 59.5% (1,006
patients) were males. During the entire follow up, 1276 pa-
tients (75%) died. Within one year, 1050 patients (62%) died
and within 5 years of follow up 1,215 patients (72%) died
(Fig. 1).

Variables found to be significant risk factors for long-
term mortality in Kaplan–Meyer analysis (Table 1) were

advanced age, female sex, inappropriate empirical antibi-
otic therapy in the first 48 h, source of infection pneumo-
nia or primary/ unknown, diabetes, dementia, oxacillin
resistance, higher Charlson score, shock at presentation
and arrival to current hospitalization from an institution
(another hospital or long-term care facility). On multivar-
iate analysis variables remaining significant were age, fe-
male gender, pneumonia or primary/ unknown source of
infection, dementia, Charlson score, shock at onset and
arrival to hospitalization from an institution (Table 2).
Oxacillin resistance and inappropriate empirical antibi-
otics were both inserted into the analysis, because no sig-
nificant correlation was found between these two vari-
ables using Pearson correlation test. However, both of
them were non-significant on multivariate analysis.
Goodness of fit of the model was acceptable based on
the chi-square test.

Among 1,018 patients who were alive at day 30, univariate
analysis demonstrated similar risk factors as in the entire
group, excluding age and presentationwith shock, which were
non-significant in this analysis (Table 1). Multivariate analysis
showed age, Charlson score and arrival from an institution to
be significantly associated with long-term mortality in multi-
variate analysis (Table 2).

Mortality rates among patients aged 65 and older were
significantly higher compared to younger patients at any
time point. One year mortality and 5 years mortality in
older patients reached 71.8% and 81.9%, respectively,
compared to 41.6% and 50.0%, in younger patients
(p< 0.001).

We sought for an explanation of the differences be-
tween men and women. Baseline and infection character-
istics between men and women were similar except for
arrival from home and independent functional capacity,
which were significantly more frequent in men. Women
were less likely to undergo transesophageal echocardiog-
raphy (TEE) than men (Table 3). Other management

Table 1 Variables significantly associated with long-term mortality in
univariate analysis

Variable Median
survival
(days)

Interquartile
range
(days)

P-
value

Gender Male 104 12–2447 0.007
Female 46 8–1621

Age* <0.001

Charlson score * <0.001

Diabetes mellitus* No 85 11–3207 <0.001
Yes 51 10–1297

Dementia* No 119 12–3207 <0.001
Yes 20 5–108

Arrival from
institution*

No 217 14–3392 <0.001
Yes 24 6–201

Appropriate empiric
therapy*

Yes 122 13–2744 <0.001
No 41 6–854

Source pneumonia or
primary/ unknown*

No 220 20–3263 <0.001
Yes 23 4–338

Yes 20 5–108

Oxacillin resistance* No 201 15–3371 <0.001
Yes 39 7–842

Shock at presentation No 115 15–2580 <0.001
Yes 8 1–72

* Variables remaining significant in a secondary analysis of patients alive
at 30 days

Age and Charlson score were analyzed as continuous variables

Table 2 Variables significantly associated with long-term mortality in
multivariate analysis

Variable Hazard ratio 95% confidence
interval

Age* 1.029 1.022–1.036

Gender – female 1.302 1.118–1.517

Dementia 1.234 1.004–1.516

Charlson score* 1.155 1.115–1.196

Arrival from institution* 1.319 1.095–1.563

Source pneumonia or primary/
unknown

1.441 1.230–1.689

Shock at presentation 1.776 1.430–2.207

* Variables remaining significant in a secondary analysis of patients alive
at 30 days

Eur J Clin Microbiol Infect Dis



variables were not significantly different between females
and males (including appropriate antibiotic therapy, infec-
tious diseases consultation (Table 3), surgical procedures,
drainage and debridement procedures, valve replacement
or any foreign body removal and performance of transtho-
racic echo (data not shown).

Discussion

In a cohort of 1,692 patients with SAB the mortality rate
was 62% at one year and 72% at 5 years. We found sig-
nificantly higher mortality in females compared to males
at any time point of follow up (Fig. 2) and in patients
65 years and older compared to younger patients (Fig. 3).

Significant risk factors for long-term mortality in mul-
tivariate analysis included age, female gender, pneumonia
or primary/ unknown source of infection, dementia,
Charlson score, shock at onset and arrival to hospitaliza-
tion from an institution. In patients surviving 30 days the
infection-related risk factors no longer mattered, and sig-
nificant risk factors for mortality were age, Charlson score
and arrival from an institution.

High mortality rates beyond 30 days have been previ-
ously reported in SA infections: one year mortality in SA
infections in general was reported 32% for MSSA and
51% for MRSA [13]; one-year mortality in SAB was re-
ported 38–48% [7, 8]; 5-year mortality was reported as
67% in ICU patients with MRSA bacteremia [14]; and
14 years mortality reached 66% in a study conducted by
Yaw et al. [6].

Our results concerning risk factors for long-term mor-
tality are consistent with previous studies evaluating ei-
ther long- or short-term mortality in SAB [3]. Background
conditions previously descried as risk factors for long-
term mortality include older age [6, 7], malignancy [7,
8], higher Charlson score [6] and low BMI [8].
Infection-related risk factors include inappropriate therapy
[8], pulmonary or unknown source of infection [7], higher
SAPS II score, community-acquired infection and MRSA
infection [6].

Female gender has been previously reported to be as-
sociated with higher short-term mortality rates in SAB,
either due to MRSA [10, 15–17] or any SAB [18, 19],
in spite of the higher longevity of females in the general
population. Possible reasons have been suggested to ex-
plain the increased mortality in females with SAB. These
include different health-seeking behaviors among women,
higher MRSA rates (not shown in our cohort) and hor-
monal differences [3]. The low rates of use of cardiac
echo in women in our cohort should promote searching
for other management variables that might not have been
captured in our study.

This study had several limitations. It is a single center ret-
rospective study. We did not collect data on the time interval
from initiation of infection until admission to hospital, thus we
cannot assess the relation between health-seeking behaviors to
mortality. Explanations for the higher mortality in women
were searched post-hoc and were not a part of the hypotheses
that drove collection of data.

In conclusion, patient-related risk factors for long-term mor-
tality in our cohort of SAB patients were older age, female
gender, higher comorbidity score, dementia and arrival from

Table 3 Baseline, infection and
management characteristics of
females vs males

Variable Female (n = 686) Male (n= 1,006) P-value

Hospitalization after year 2000 531/686 (77.4%) 767/1006 (76.2%) 0.578

Age ≥65 years 480/686 (70.0%) 678/1006 (67.4%) 0.263

Charlson ≥6 68/423 (16.1%) 102/582 (17.5%) 0.545

McCabe ≥1 296/533 (55.5%) 414/764 (54.2%) 0.632

Diabetes mellitus 229/686 (33.4%) 352/1006 (35.0%) 0.494

Functional capacity – independent 240/652 (36.8%) 445/953 (46.7%) 0.000

Arrival from home 423/645 (65.6%) 698/949 (73.6%) 0.001

Dementia 117/686 (17.1%) 149/1006 (14.8%) 0.213

Source pneumonia or primary/unknown 250/686 (36.4%) 367/1006 (36.5%) 0.987

Community acquired 285/617 (46.2%) 408/895 (45.6%) 0.817

Shock at onset 90/686 (13.1%) 140/1006 (13.9%) 0.639

Oxacillin resistance 277/685 (40.4%) 447/1004 (44.5%) 0.096

Appropriate empirical 48h 468/686 (67.5%) 645/1006 (64.1%) 0.151

TEE 96/558 (17.2%) 184/789 (23.3%) 0.006

Infectious diseases consultation 172/423 (40.7%) 255/582 (43.8%) 0.318

TEE transesophageal echocardiography
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an institution. Infection-related risk factors that drove long-term
mortality in these patients with SAB were septic shock at pre-
sentation and pneumonia as source of infection, or unknown
source of infection. These patients merit special attention.

Women had a worse long-term prognosis than men, in con-
trast with their better survival in the population at large.
Dedicated data collection should address the explanation of

this phenomenon, especially if management of infection is
different.

SAB in people older than 65 is a sign of a dire 3-year
survival. These patients should be under close surveillance
even if they have survived the acute episode, and the long-
term trajectory of elderly survivors of SAB should be better
described and investigated.

Fig. 2 Cumulative survival in
females vs males (follow up
duration presented in months on
x-axis)

Fig. 3 Cumulative survival in
patients aged 65 years and older
vs. younger patients (follow up
duration presented in months on
x-axis)
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