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Abstract: Staphylococcus aureus bacteremia (SAB) is a severe infection frequently associated with
significant morbidity and mortality. Recent studies have shown that SAB mortality has decreased
during the last decades. However, about 25% of patients suffering from the disease will ultimately
die. Hence, there is an urgent need for more timely and efficient treatment of patients with SAB. The
aim of the present study was to retrospectively evaluate a cohort of SAB patients hospitalized in a
tertiary hospital and to identify factors independently associated with mortality. All 256 SAB patients
hospitalized from January 2005 to December 2021 in the University Hospital of Heraklion, Greece,
were evaluated. Their median age was 72 years, while 101 (39.5%) were female. Most SAB patients
were cared for in medical wards (80.5%). The infection was community-acquired in 49.5%. Among
all strains 37.9% were methicillin-resistant S. aureus (MRSA), however, definite treatment with an
antistaphylococcal penicillin was given only in 22% of patients. Only 14.4% of patients had a repeat
blood culture after the initiation of antimicrobial treatment. Infective endocarditis was present in 8%.
In-hospital mortality has reached 15.9%. Female gender, older age, higher McCabe score, previous
antimicrobial use, presence of a central venous catheter, neutropenia, severe sepsis, septic shock, and
MRSA SAB were positively associated with in-hospital mortality, while monomicrobial bacteremia
was negatively associated. The multivariate logistic regression model identified only severe sepsis
(p = 0.05, odds ratio = 12.294) and septic shock (p = 0.007, odds ratio 57.18) to be independently
positively associated with in-hospital mortality. The evaluation revealed high rates of inappropri-
ate empirical antimicrobial treatment and non-adherence to guidelines, as shown, by the lack of
repeat blood cultures. These data underline the urgent need for interventions with antimicrobial
stewardship, increased involvement of infectious diseases physicians, educational sessions, and
creation and implementation of local guidelines for improvement of the necessary steps for timely
and efficient SAB treatment. Optimization of diagnostic techniques is needed to overcome challenges
such as heteroresistance that may affect treatment. Clinicians should be aware of the factors asso-
ciated with mortality in patients with SAB to identify those who are at a higher risk and optimize
medical management.
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1. Introduction

Staphylococcus aureus bacteremia (SAB) is an important and relatively frequent infection
associated with significant morbidity and mortality [1]. The annual incidence depends on
the country where data are collected. Hence, in a study from Canada in 2008, an annual
incidence of 19.7 cases per 100,000 people was estimated, while, in Scandinavian countries,
this incidence is approximately 26 per 100,000 population [2–4]. However, in other countries
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where the incidence of methicillin-resistant S. aureus (MRSA) is higher, the rates of SAB are
reportedly higher, estimated at 35–39 per 100,000 population, but may be as high as 50 per
100,000 population, as shown in a study from the USA [5–8]. This discrepancy may not be
associated only with the incidence of methicillin-resistant Staphylococcus aureus (MRSA),
but may also be associated with other factors, such as infection control practices, adequacy
of data collection, and differences in healthcare systems [1].

SAB incidence is higher as age increases, being lower in pediatric populations and
among young adults with an incidence of 10 per 100,000 [2,4,9]. Male gender, intravenous
drug use, infection by the human immunodeficiency virus (HIV), nasal colonization, other
host factors, such as ethnicity and past medical history (e.g., history of diabetes mellitus),
hospitalization, and frequent contact with the healthcare system, such as in patients with
renal replacement therapy are also factors associated with a higher likelihood for SAB
development [2,7,10–16].

SAB is associated with high mortality, especially in critically ill patients hospitalized
in the intensive care unit (ICU) [1,17,18]. Before the antibiotic era, this infection had a
mortality that could be close to 80% [19]. With the development of current antimicrobial
treatment mortality rates are becoming quite lower, reaching 20% for 30-day mortality, while
according to recent studies, infection-related mortality reaches 13% [20]. A recent systematic
review showed that SAB mortality may have decreased in the last decades, however, more
than 25% of patients will die within three months, thus, there is still a need for further
improvement [21]. Improvement of mortality rates would require a better understanding
of its risk factors, as well as optimization of issues regarding appropriate treatment as
well as diagnosis, especially in terms of microbiology. For example, heteroresistance,
which is the resistance to specific antimicrobials expressed by only a subset of a microbial
population that is otherwise considered to be susceptible to these drugs according to the
classic in vitro susceptibility testing is a problem unresolved based on the current routine
microbiological techniques [22]. In terms of risk factors, mortality differed among different
patients, with patients with underlying comorbidities, MRSA infection, and time of blood
culture positivity of less than 12 h having higher mortality [1,20,21,23,24].

For further improvement of these patients’ care, it is important to identify those being
at higher risk for worst outcomes through the identification of factors associated with
mortality. Thus, the aim of the present study was to retrospectively evaluate a cohort of
patients with SAB hospitalized in a tertiary hospital and identify factors independently
associated with mortality.

2. Materials and Methods
2.1. Study Type and Ethics Approval

This is a retrospective single-center cohort study of patients with SAB who were
hospitalized from January 2005 to December 2021 in the University Hospital of Heraklion,
Heraklion, Crete, Greece, a tertiary hospital with 771 beds. Patients were included in
the study if they had bacteremia by S. aureus, which was defined as the presence of at
least one positive blood culture for S. aureus during their hospitalization. There was
no exclusion criterion. The primary outcome of the present study was to provide data
regarding mortality and identify the factors that are independently associated with it.
Secondary outcomes included the description of epidemiology, microbiology, and treatment
of SAB, and identification of any differences in these parameters before and after the
coronavirus disease-2019 (COVID-19) era. Data collected and evaluated included patients’
age, gender, medical history, McCabe score (a score used in epidemiological studies that
stratifies patients depending on whether they suffer from a non-fatal (1 point), a rapidly fatal
(2 points), or an ultimately fatal disease (3 points)) [25], duration of hospitalization, the ward
where the blood culture was drawn, the outcome of hospitalization, antimicrobial resistance
of S. aureus, type of blood culture (monomicrobial or not), other isolated microorganisms,
whether the infection was primary bloodstream infection (BSI), co-existing skin and soft
tissue infection (SSTI), endocarditis or other, and whether the infection was community-
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acquired or hospital-acquired. The data regarding patients with bacteremia were provided
by the microbiology department and the rest of the data were retrieved from the hard
copies of the patients’ notes and the hospital’s electronic system. Infection was considered
community-acquired if the blood culture was drawn up to 48 h after admission. Post-
COVID-19 era was defined as the era from 2020 until the end of the study. Empirical
treatment was deemed appropriate if it included at least one antimicrobial agent active
against the S. aureus strain that was eventually identified. The study follows the guidelines
for reporting observational studies (Strengthening the Reporting of Observational Studies
in Epidemiology—STROBE)—Table S1 [26].

The study has been approved by the Institutional Review Board of the University
Hospital of Heraklion.

2.2. Sample Collection, Transport, and Processing

Blood was collected in blood culture bottles that were promptly transported to the
microbiology laboratory for further processing. Bottles were loaded and incubated on
the BacT/Alert Virtuo system (BioMérieux, Marcy L’Étoile, France) for five days unless
growth was detected earlier. When a culture bottle had been signaled positive, gram stain
and subcultures were immediately performed. For the isolation of bacterial pathogens,
specimens were inoculated onto Columbia blood, chocolate, MaC Conkey, and Schaedler
blood agar (all products of bioMérieux SA, Marcy L’Étoile, France) and incubated at 36 ◦C.
Identification of bacterial species was performed by standard biochemical assays and the
Vitek 2 automated system and confirmed by the matrix-assisted laser desorption time of
flight, mass spectrometry (MALDI-TOF MS) (version 3.2) (both products of bioMérieux
SA). The Vitek 2 automated system was also used for antimicrobial susceptibility testing
and results were interpreted according to the Clinical and Laboratory Standards Institute
(CLSI) criteria [27].

2.3. Statistics

Descriptive statistics were performed with GraphPad Prism 6.0 (GraphPad Software,
Inc., San Diego, CA, USA). Categorical data were analyzed with Fisher’s exact test. Continu-
ous variables were compared using the Mann–Whitney U-test for non-normally distributed
variables. All tests were two-tailed and a p-value equal to or lower than 0.05 was consid-
ered significant. Data are presented as numbers (%) for categorical variables and medians
(interquartile range (IQR)) for continuous variables. A linear regression analysis model was
developed to evaluate the effect of several parameters [age, gender, McCabe score, previous
hospitalization, previous surgery, previous antimicrobial use, presence of a central venous
catheter (CVC), community-acquired state, renal replacement therapy (RRT), neutropenia,
presence of at least two severe inflammatory response syndrome (SIRS) criteria [28], severe
sepsis or septic shock, infective endocarditis, monomicrobial BSI, MRSA, and duration
of treatment] with in-hospital mortality. All parameters were calculated with GraphPad
Prism 6.0 (GraphPad Software, Inc., San Diego, CA, USA). A multivariate logistic regres-
sion analysis model was developed to evaluate the association of factors identified in the
univariate analysis with a p lower than or equal to 0.1 with mortality. Multivariate analysis
was performed using the SPSS version 23.0 (IBM Corp., Armonk, NY, USA), and a p-value
equal to or lower than 0.05 was considered significant (along with a confidence interval
of 95%).

3. Results
3.1. Patients’ Characteristics

In total, 256 patients had an episode of SAB during their hospitalization at the Univer-
sity Hospital of Heraklion during the study period. No patients were excluded from the
analysis. Patients had a median age of 72 years and 101 (39.5%) were female. Their medical
conditions can be seen in Table S2. The positive blood culture was most commonly drawn
in a medical ward (80.5%), followed by a surgical ward (13.5%) and the ICU (6%). SAB was
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community-acquired in 49.5%. Among all S. aureus strains 37.9% were MRSA. A repeat
blood culture was taken only in 14.4% of patients after initiation of antimicrobial treatment
and was sterile in 84.6%. The median duration of stay in the hospital was 20 days, and
in-hospital mortality was 15.9%.

Patients who died were of older age, were more likely to be female, had a higher
McCabe score, were less likely to be hospitalized in a surgical ward and more likely to be
hospitalized in the ICU, and to have a CVC, total parenteral nutrition (TPN), neutropenia,
severe sepsis, and septic shock. Furthermore, patients who died were also more likely to
have polymicrobial bacteremia and to have bacteremia by MRSA. Teicoplanin was more
commonly used among patients who died.

Table 1 shows the characteristics of patients with SAB in total and in regards to whether
they survived or died, while Table 2 shows the treatment and outcomes of patients with
SAB in total and in regards to whether they survived or died.

Table 1. Characteristics of patients with Staphylococcus aureus bacteremia in total and in regards
to mortality.

Characteristic All Patients * (n = 256) Survived (n = 201) Died (n = 38) p-Value ***

Age, years, median (IQR) 72 (60–82) 69 (54.5–80) 80 (68.5–85.3) 0.0005

Female gender, n (%) 101 (39.5) ** 75 (37.3) 21 (55.3) 0.0472

McCabe score 2 or 3, n (%) 37 (21) 26 (17.4) 9 (60) 0.0007

Prior antimicrobial use, n (%) 26 (12.9) 19 (11.4) 6 (27.3) 0.0859

Prior hospitalization, n (%) 44 (21.5) 36 (21.3) 7 (31.8) 0.2822

Prior surgery, n (%) 10 (4.9) 9 (5.3) 0 (0) 0.603

Site where culture was collected

Medical ward, n (%) 202 (80.5) 159 (80.3) 31 (81.6) 1

Surgical ward, n (%) 34 (13.5) 31 (15.7) 0 (0) 0.0065

ICU, n (%) 15 (6) 8 (4) 7 (18.4) 0.004

Community-acquired, n (%) 101 (49.5) 90 (53.3) 7 (31.8) 0.071

Presence of CVC, n (%) 40 (20.2) 28 (17.3) 11 (47.8) 0.002

TPN, n (%) 2 (1.2) 0 (0) 2 (10) 0.0149

RRT, n (%) 22 (10.7) 17 (10.1) 5 (21.7) 0.1522

Neutropenia, n (%) 7 (3.4) 4 (2.4) 3 (13) 0.0384

> or =2 SIRS, n (%) 171 (84.2) 138 (82.1) 21 (95.4) 0.1351

Severe sepsis, n (%) 40 (21.5) 25 (16.1) 10 (55.6) 0.0005

Septic shock, n (%) 14 (7.5) 7 (4.5) 7 (38.9) <0.0001

Primary BSI, n (%) 49 (28.3) 41 (25.8) 2 (9.5) 0.0658

Infective Endocarditis, n (%) 14 (8.1) 13 (8.2) 0 (0) 0.2205

CLABSI, n (%) 26 (15) 21 (13.2) 4 (19) 0.7458

SSTI, n (%) 23 (13.3) 22 (13.8) 1 (4.8) 0.3142

Monomicrobial bacteremia, n (%) 165 (82.9) 142 (86.1) 13 (59.1) 0.0043

MRSA, n (%) 102 (37.9) 82 (50.6) 18 (72) 0.0336

* Data about mortality were not available for 17 patients. ** Numbers in parentheses show percentages among
patients with available data. *** Continuous variables were compared using the Mann–Whitney U-test for non-
normally distributed variables. All tests were two-tailed and a p-value equal or lower than 0.05 was considered
significant. BSI: bloodstream infection; CLABSI: central-line associated bloodstream infection; CVC: central
venous catheter; ICU: intensive care unit; IQR: interquartile range; MRSA: methicillin-resistant Staphylococcus
aureus; RRT: renal replacement therapy; SIRS: systemic inflammatory response syndrome; SSTI: skin and soft
tissue infection; TPN: total parenteral nutrition.
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Table 2. Treatment and outcomes of patients with Staphylococcus aureus bacteremia in total and in
regards to mortality.

Characteristic All Patients * (n = 256) Survived (n = 201) Died (n = 38) p-Value ***

Appropriate empirical treatment, n (%) 87 (60) ** 76 (58.9) 9 (69.2) 0.5626

Duration of antimicrobial treatment, days,
median (IQR) 15 (10–28) 15 (10–28) 11 (9–27) 0.2326

Definite treatment

Vancomycin, n (%) 49 (37.1) 41 (36.9) 6 (40) 1

Teicoplanin, n (%) 9 (6.8) 5 (4.5) 4 (26.7) 0.0118

Daptomycin, n (%) 29 (22) 25 (22.5) 3 (20) 1

Antistaphylococcal penicillin, n (%) 30 (22.7) 24 (21.6) 2 (13.3) 0.7346

Duration of hospital stay, days, median (IQR) 20 (11–30) 20 (12–30) 13 (10.5–32) 0.5949

Hospital mortality, n (%) 38 (15.9)

* Data about mortality were not available for 17 patients. ** Numbers in parentheses show percentages among
patients with available data. *** Continuous variables were compared using the Mann–Whitney U-test for non-
normally distributed variables. All tests were two-tailed and a p-value equal or lower than 0.05 was considered
significant. IQR: interquartile range.

A comparison of patients with SAB before and after the onset of the COVID-19
pandemic revealed that patients had similar characteristics with the exception that infective
endocarditis was more common in patients with SAB in the post-COVID-19 era, while
central-line associated bloodstream infections (CLABSIs) were more common in the pre-
COVID-19 era. In terms of treatment and outcomes, the duration of antimicrobial use
and hospitalization, was longer in patients with SAB in the post-COVID-19 era, while
teicoplanin was not used in the post-COVID-19 era. Mortality was similar in these two
patient populations. Table 3 andTable 4 show the characteristics, treatment, and outcomes
of patients with SAB in regard to when the bacteremia occurred.

Table 3. Characteristics of patients with Staphylococcus aureus bacteremia in regards to when the
bacteremia occurred.

Characteristic Pre-COVID-19 (n = 194) Post-COVID-19 (n = 62) p-Value **

Age, years, median (IQR) 70.5 (58–82) 75 (65.8–81) 0.1515

Female gender, n (%) 79 (40.7) * 22 (35.5) 0.5508

McCabe score 2 or 3, n (%) 31 (22.1) 6 (16.7) 0.6468

Prior antimicrobial use, n (%) 16 (11.2) 10 (17.2) 0.2534

Prior hospitalization, n (%) 30 (20.7) 14 (23.3) 0.71

Prior surgery, n (%) 4 (2.8) 6 (9.8) 0.0677

Site where culture was collected

Medical ward, n (%) 154 (80.6) 48 (80) 0.7239

Surgical ward, n (%) 24 (12.6) 10 (16.7) 0.5189

ICU, n (%) 13 (6.8) 2 (3.3) 0.5338

Community-acquired, n (%) 77 (53.1) 24 (40.7) 0.1236

Presence of CVC, n (%) 25 (17.4) 15 (27.8) 0.1147

TPN, n (%) 2 (1.6) 0 (0) 1

RRT, n (%) 15 (10.5) 7 (11.3) 1

Neutropenia, n (%) 7 (4.9) 0 (0) 0.1043
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Table 3. Cont.

Characteristic Pre-COVID-19 (n = 194) Post-COVID-19 (n = 62) p-Value **

> or =2 SIRS, n (%) 117 (83) 54 (87.1) 0.5348

Severe sepsis, n (%) 27 (21.6) 13 (21.3) 1

Septic shock, n (%) 6 (4.8) 8 (13.3) 0.0697

Primary BSI, n (%) 31 (27) 18 (31) 0.5952

Infective Endocarditis, n (%) 5 (4.3) 9 (15.5) 0.0168

CLABSI, n (%) 24 (20.9) 2 (3.4) 0.0016

SSTI, n (%) 13 (11.3) 10 (17.2) 0.3432

Monomicrobial bacteremia, n (%) 119 (84.4) 46 (79.3) 0.4106

MRSA, n (%) 70 (46.7) 25 (51) 0.6242

* Numbers in parentheses show percentages among patients with available data. ** Continuous variables were
compared using the Mann–Whitney U-test for non-normally distributed variables. All tests were two-tailed and a
p-value equal to or lower than 0.05 was considered significant. BSI: bloodstream infection; CLABSI: central-line
associated bloodstream infection; CVC: central venous catheter; ICU: intensive care unit; IQR: interquartile range;
MRSA: methicillin-resistant Staphylococcus aureus; RRT: renal replacement therapy; SIRS: systemic inflammatory
response syndrome; SSTI: skin and soft tissue infection; TPN: total parenteral nutrition.

Table 4. Treatment and outcomes of patients with Staphylococcus aureus bacteremia in regards to when
the bacteremia occurred.

Characteristic Pre-COVID-19 (n = 194) Post-COVID-19 (n = 62) p-Value **

Appropriate empirical treatment, n (%) 68 (62.4) * 19 (52.8) 0.3315

Duration of antimicrobial treatment, days, median (IQR) 14 (9–25.3) 28 (14–31) 0.0256

Definite treatment

Vancomycin, n (%) 38 (42.2) 11 (26.2) 0.0848

Teicoplanin, n (%) 9 (10) 0 (0) <0.0001

Daptomycin, n (%) 16 (17.8) 13 (31) 0.1143

Antistaphylococcal penicillin, n (%) 19 (21.1) 11 (26.2) 0.5126

Duration of hospital stay, days, median (IQR) 16 (10–25) 27 (15–44) 0.0009

Hospital mortality ***, n (%) 29 (16.1) 9 (15.3) 1

* Numbers in parentheses show percentages among patients with available data. ** Continuous variables were
compared using the Mann–Whitney U-test for non-normally distributed variables. All tests were two-tailed and
a p-value equal or lower than 0.05 was considered significant. *** Data about mortality were not available for
17 patients. IQR: interquartile range.

3.2. Regression Analysis of In-Hospital Mortality among Patients with SAB

To identify factors associated with in-hospital mortality, a regression analysis was
performed. First, a univariate linear regression analysis was performed to evaluate the
effect of several parameters such as age, gender, McCabe score, previous hospitalization,
previous surgery, previous anti-microbial use, presence of a CVC, presence of TPN, RRT,
neutropenia, presence of at least two SIRS criteria, severe sepsis or septic shock, infective
endocarditis, monomicrobial bacteremia, MRSA, duration of treatment, and duration of
hospital stay with in-hospital mortality. Female gender, higher age, higher McCabe score,
previous antimicrobial use, presence of a CVC, neutropenia, severe sepsis, septic shock, and
SAB by MRSA were positively associated, while monomicrobial bacteremia was negatively
associated with in-hospital mortality. However, a multivariate logistic-regression model
identified only severe sepsis (p = 0.05, odds ratio = 12.294) and septic shock (p = 0.007,
odds ratio 57.18) to be independently positively associated with in-hospital mortality.
Table 5 shows the results of the regression analysis of in-hospital mortality among patients
with SAB.
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Table 5. Results of the regression analysis regarding patient mortality at 30 days after the occurrence
of Staphylococcus aureus bacteremia.

Characteristic Univariate Analysis p Multivariate Analysis p OR (95% CI)

Female gender 0.0386 0.095 5.144 (0.751–35.210)

Age (per year) 0.001 0.087 1.101 (0.986–1.230)

McCabe score 0.0002 0.067 3.129 (0.924–10.594)

Prior antimicrobial use 0.0401 0.375 3.516 (0.218–56.578)

CVC 0.0009 0.077 10.333 (0.775–137.77)

Neutropenia 0.0102 0.280 8.918 (0.169–471.592)

Severe sepsis <0.0001 0.050 12.294 (1.005–150.354)

Septic shock <0.0001 0.007 57.180 (3.051–1071.664)

Monomicrobial BSI 0.0055 0.353 3.001 (0.295–30.483)

MRSA 0.03 0.255 3.045 (0.448–20.677)

Community-acquired 0.059 0.447 2.157 (0.297–15.669)

BSI: bloodstream infection; CI: confidence intervals; CVC: central venous catheter; MRSA: methicillin-resistant
Staphylococcus aureus; OR: odds ratio.

4. Discussion

This study presented data from a retrospective cohort of patients with SAB hospitalized
at the University Hospital of Heraklion. In total, 256 patients with SAB were recorded
and evaluated. SAB was community-acquired in about half the cases and about 38% of
the strains were MRSA. Infective endocarditis was diagnosed only in 8% of patients with
SAB. Hospital mortality was 16%, while, among the several factors associated with in-
hospital mortality, the development of severe sepsis or septic shock was independently
associated with this outcome. Patients with SAB before and after the onset of the COVID-19
pandemic had similar characteristics with the exception that infective endocarditis was
more commonly diagnosed in the post-COVID-19 era, while the duration of antimicrobial
use and hospitalization, was also longer in patients of this time period.

SAB is a severe infection and cause of significant morbidity and mortality. The 30-day
all-cause mortality is approximately 15–20% [1,29–32]. In the present study, in-hospital
mortality was 16%, in accordance with that reported by other investigators, even though, in
the present study, 30-day mortality could not be evaluated [31,33]. In the present study, a re-
gression analysis identified several parameters associated with in-hospital mortality. More
specifically, these parameters were female gender, age, McCabe score, previous antimicro-
bial use, presence of CVC, neutropenia, severe sepsis, septic shock, and polymicrobial BSI.
The McCabe score is a tool that may be of use for its prognostic value and is used to predict
mortality in hospitalized patients based on their underlying medical conditions. In patients
with bacteremia, it can be useful in predicting the outcome of infection. In another study
evaluating outcomes of patients with BSI by MRSA, McCabe score was again found to differ
significantly among patients who died and those who survived. In particular, patients
who died had a worse McCabe score, and this score was also identified in a regression
analysis to be independently associated with mortality [34]. In the same study, older age
was also associated with higher mortality, as well as previous hospitalization, as in the
present study in a statistically significant way [34]. Importantly, in that study, delay of ap-
propriate antimicrobial treatment was the most significant factor associated with mortality.
Paradoxically, in the present study, the rate of appropriate empirical treatment was not sig-
nificantly different among patients who survived and those who died. Only severe sepsis
and septic shock in the present patients were independently associated with mortality in
the multivariate analysis. In line with our findings, other studies have identified septic
shock as a determinant of 90-day infection-related mortality, along with age, Charlson
comorbidity index, endocarditis, and persistent bacteremia at 48 h [31,35]. In other studies,
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mortality was found to be higher in patients who had underlying comorbidities, in those
with MRSA BSI, and in those where time to positivity of blood cultures was less than
12 h, while infectious diseases consultation has been associated with a lower likelihood for
mortality [1,20,21,23,24,31,32].

SAB can be classified into three categories, healthcare-associated with hospital-onset
(nosocomial), healthcare-associated with community-onset, and community-acquired. In a
prospective cohort study with 247 cases in the USA, 23% of patients had SAB of nosocomial
origin, 59% healthcare associated with community-onset, and 18% community-acquired
SAB. In the present study, patients were classified as those who had nosocomial (hospital-
acquired) and community-acquired SAB, with half the patients being classified in the first
category. According to the literature, patients with community-acquired SAB are at a
higher risk of complications, including the possibility of infective endocarditis. Hence, as
reported by a similar study, more than 40% of patients with a community-acquired SAB
had a metastatic infection, such as infective endocarditis [36]. The corresponding rate of
metastatic complications for nosocomial SAB had been reported as being lower, at the level
of 20% [1,36]. The rate of metastatic complications among the present patients was low.
More specifically, infective endocarditis was diagnosed only in 8%.

Management of SAB includes the exclusion of infective endocarditis, adequate
source control, such as removal of an infected CVC, and appropriate antimicrobial
treatment [31,37–39]. To reduce mortality, empirical antimicrobial treatment should be
started as soon as possible taking into account the local antimicrobial resistance patterns,
and more specifically, the likelihood of MRSA SAB. In the present study, MRSA was iden-
tified in about 40% of the strains. Thus, it is not surprising that empirical antimicrobial
treatment included vancomycin or daptomycin in most of the patients, while, these an-
timicrobials were also very commonly used as definite treatment, with antistaphylococcal
penicillin being used in a lower proportion. However, even though 60% of SAB were due
to MSSA, treatment with antistaphylococcal penicillin was used in less than 25%. Even
though data regarding penicillin allergy were not available in the present study, the fact
that less than 50% of patients eligible to be treated with antistaphylococcal penicillin were
treated with another antimicrobial implies that rates of adequate, evidence-based treatment
were probably not very high in this patient cohort [38]. Since treatment of bacteremia by
MSSA with antimicrobials other than antistaphylococcal penicillin is associated with worst
outcomes, it is of utmost importance the present data to ignite appropriate educational
and structural changes that could lead to rationalization of antimicrobial treatment in such
cases [40–47]. This could be performed by increasing the number of infectious diseases
consults in patients with SAB. Another issue that arises from the present observations
has to do with the finding that empirical treatment was not adequate in about 40% of
patients. Adequate empirical treatment is of high significance since it has been shown
to negatively affect mortality in SAB patients in several studies [34]. However, in some
studies, inadequate empirical antimicrobial treatment was found to only slightly increase
mortality in similar populations [48,49]. Thus, it is important to note that there may be
a clear inherent limitation of the treatment strategy that is based only on empirical data.
Indeed, there seems to be a clear need for evidence-based laboratory data, such as specific
minimum-inhibitory concentrations for antimicrobials tested, from multiple time points
during the course of patients’ treatment [50].

Notably, an issue that may negatively affect the management of SAB, as well as other
infections, has to do with the way the issue of antimicrobial resistance is addressed. More
specifically, heteroresistance is an important issue that may lead to misinterpretation of
the antimicrobial resistance in SAB [22]. For S. aureus in specific, low-level resistance to
methicillin may be present in the majority of bacterial cells, while, a minority may have
high-level resistance to methicillin [51]. Thus, it would be of high practical significance,
in an attempt to address this issue of heteroresistance, which may negatively affect the
adequate treatment of SAB, to consider the implementation of changes in practice, either in
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terms of reconsideration of the present methodology in antimicrobial susceptibility testing
using the newer technology [52].

Management of SAB may, at times, be challenging, especially in cases of persistent
SAB. Recent reviews have focused on this particular problem and provided insights into
strategies that could be employed for its treatment [53,54]. Beyond the classic approaches
of source control and adequate antimicrobial therapy, novel treatment approaches exist,
such as bacteriophages, antimicrobial peptides, or treatment with nanoparticles [55–58].

Consultation by infectious diseases physicians constitutes a core element in the man-
agement of SAB patients and should be performed whenever possible [59–64]. It is of note
that the value of telephone consultation has been proven inferior to bedside consultation in
such cases [63]. In the present study, infectious diseases consultations were provided only
upon request from the treating physician. There are studies suggesting that the implementa-
tion of unsolicited infectious diseases consultation in the management of SAB patients may
lead to better management, while it may also become an important intervention in terms of
antimicrobial stewardship [65,66]. Implementation of a bundle-based intervention could
increase adherence to evidence-based recommendations and allow for more consistent
management of this lethal infection. In the present study, a repeat blood culture was drawn
in only 14% of patients, a rate very low that makes urgent the need for the implementation
of guidelines for the management of SAB through the application of interventions from
infectious diseases and antimicrobial stewardship [37,38].

This retrospective study included patients hospitalized mostly before the onset of the
COVID-19 pandemic, but it did also include some patients after its onset. Interestingly, the
differences between these two patient subpopulations were small, but they did include
a lower rate of CLABSIs in the post-COVID-19 era in terms of patients’ characteristics.
However, the duration of antimicrobial use and hospitalization was longer in patients with
SAB in the post-COVID-19 era. This could probably reflect the higher rate of diagnosis of
infective endocarditis in the post-COVID-19 era among patients with SAB since treatment
of infective endocarditis necessitates more prolonged antimicrobial treatment compared to
an uncomplicated SAB [37,38].

The current study provides insights regarding the factors associated with mortality in
patients with SAB. Since clinical severity of infection, and more specifically, presentation
with severe sepsis or septic shock are independently associated with mortality, the results
of the present study imply that optimization of management of SAB patients with this
clinical severity is needed to reduce mortality. Clinicians caring for patients with severe
sepsis or septic shock should consider the possibility of SAB early and provide adequate
empirical antimicrobial coverage for S. aureus as well, since delay of treatment for these
patients may significantly increase mortality. Furthermore, prompt responses for patients
with severe sepsis or septic shock due to SAB with adequate source control are required,
since these are the patients who are most at risk for worse outcomes.

This study has some notable limitations. First of all, it is a single-center study; thus,
the results should be read with caution, since they represent the characteristics and the
antimicrobial resistance patterns of the area where the study was performed. Furthermore,
due to the retrospective nature of the study, some data were missing. For example, data
about mortality were not available for 17 patients, as mentioned in the tables, while, only in-
hospital mortality could be evaluated. Thus, 30-day mortality could not be estimated in the
present patient cohort. Furthermore, since the time period of the study is from 2005 to 2021,
some techniques in microbiology regarding isolation and identification may have changed
during the study period. Finally, some factors such as age, the severity of current illness
(e.g., presence of sepsis), the severity of underlying disease, and antimicrobial resistance
could be confounding variables in the logistic regression analysis, thus, affecting results.

5. Conclusions

The present retrospective cohort study includes data on patients hospitalized with
SAB before and during the COVID-19 pandemic. SAB was community-acquired in about
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half of the cases and about 38% of strains were MRSA. In-hospital mortality reached 16%,
while, the development of severe sepsis or septic shock was independently associated
with this outcome as shown by a multivariate regression analysis. Patients with SAB
before and after the onset of the COVID-19 pandemic had similar characteristics with the
exception that infective endocarditis was more commonly diagnosed in the post-COVID-19
era, with the duration of antimicrobial treatment and hospitalization being also longer in
this patient population. Several remarks can be made regarding high rates of inappropriate
empirical antimicrobial treatment and non-adherence to guidelines, as shown by the lack of
repeat blood cultures. These data underline the urgent need for antimicrobial stewardship
educational activities, increased involvement of infectious diseases physicians, even with
unsolicited consultations, and creation and implementation of local guidelines through
bundles to increase the uniform application of the necessary steps for timely and efficient
treatment of SAB. Optimization of diagnostic techniques is needed to overcome challenges
such as heteroresistance that may affect treatment. Finally, since clinical presentation with
severe sepsis or septic shock is independently associated with mortality in patients with
SAB, clinicians caring for these patients should optimize medical treatment by providing
appropriate antimicrobial therapy, and also perform source control when applicable, to
reduce mortality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics13111975/s1, Table S1. STROBE information for the
study regarding methods and the results. Table S2. Medical conditions of patients with Staphylococcus
aureus bacteremia.

Author Contributions: Conceptualization, D.P.K.; Data curation, P.I. and G.S.; Formal analysis, P.I.;
Investigation, M.Z., D.S., A.K., K.K.-K., C.C. and S.M.; Methodology, P.I., M.Z., D.S. and D.P.K.;
Project administration, D.P.K.; Resources, S.M. and D.P.K.; Software, P.I., S.K. and S.M.; Supervision,
P.I. and D.P.K.; Validation, P.I. and G.S.; Visualization, P.I. and S.K.; Writing—original draft, P.I.;
Writing—review & editing, M.Z., D.S., A.K., K.K.-K., C.C., S.K., S.M., G.S. and D.P.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the University Hospital of Heraklion
(protocol code 8/24-03-2021).

Informed Consent Statement: Informed consent was obtained from subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Van Hal, S.J.; Jensen, S.O.; Vaska, V.L.; Espedido, B.A.; Paterson, D.L.; Gosbell, I.B. Predictors of Mortality in Staphylococcus

aureus Bacteremia. Clin. Microbiol. Rev. 2012, 25, 362–386. [CrossRef] [PubMed]
2. Laupland, K.B.; Ross, T.; Gregson, D.B. Staphylococcus aureus Bloodstream Infections: Risk Factors, Outcomes, and the Influence of

Methicillin Resistance in Calgary, Canada, 2000–2006. J. Infect. Dis. 2008, 198, 336–343. [CrossRef] [PubMed]
3. Jacobsson, G.; Dashti, S.; Wahlberg, T.; Andersson, R. The epidemiology of and risk factors for invasive Staphylococcus aureus

infections in western Sweden. Scand. J. Infect. Dis. 2007, 39, 6–13. [CrossRef] [PubMed]
4. Benfield, T.; Espersen, F.; Frimodt-Møller, N.; Jensen, A.; Larsen, A.; Pallesen, L.; Skov, R.; Westh, H.; Skinhøj, P. Increasing

incidence but decreasing in-hospital mortality of adult Staphylococcus aureus bacteraemia between 1981 and 2000. Clin. Microbiol.
Infect. 2007, 13, 257–263. [CrossRef]

5. Collignon, P.; Nimmo, G.R.; Gottlieb, T.; Gosbell, I.B.; Australian Group on Antimicrobial Resistance. Staphylococcus aureus
Bacteremia, Australia. Emerg. Infect. Dis. 2005, 11, 554–561. [CrossRef] [PubMed]

6. El Atrouni, W.I.; Knoll, B.M.; Lahr, B.D.; Eckel-Passow, J.E.; Sia, I.G.; Baddour, L.M. Temporal Trends in the Incidence of
Staphylococcus aureus Bacteremia in Olmsted County, Minnesota, 1998 to 2005: A Population-Based Study. Clin. Infect. Dis. 2009,
49, e130–e138. [CrossRef]

https://www.mdpi.com/article/10.3390/diagnostics13111975/s1
https://www.mdpi.com/article/10.3390/diagnostics13111975/s1
https://doi.org/10.1128/CMR.05022-11
https://www.ncbi.nlm.nih.gov/pubmed/22491776
https://doi.org/10.1086/589717
https://www.ncbi.nlm.nih.gov/pubmed/18522502
https://doi.org/10.1080/00365540600810026
https://www.ncbi.nlm.nih.gov/pubmed/17366006
https://doi.org/10.1111/j.1469-0691.2006.01589.x
https://doi.org/10.3201/eid1104.040772
https://www.ncbi.nlm.nih.gov/pubmed/15829193
https://doi.org/10.1086/648442


Diagnostics 2023, 13, 1975 11 of 13

7. Morin, C.A.; Hadler, J.L. Population-Based Incidence and Characteristics of Community-Onset Staphylococcus aureus Infections
with Bacteremia in 4 Metropolitan Connecticut Areas, 1998. J. Infect. Dis. 2001, 184, 1029–1034. [CrossRef]

8. Klevens, R.M.; Morrison, M.A.; Nadle, J.; Petit, S.; Gershman, K.; Ray, S.; Harrison, L.H.; Lynfield, R.; Dumyati, G.; Townes, J.M.;
et al. Invasive Methicillin-Resistant Staphylococcus aureus Infections in the United States. JAMA 2007, 298, 1763–1771. [CrossRef]

9. Frederiksen, M.S.; Espersen, F.; Frimodt-Møller, N.; Jensen, A.G.; Larsen, A.R.; Pallesen, L.V.; Skov, R.; Westh, H.; Skinhøj, P.;
Benfield, T. Changing Epidemiology of Pediatric Staphylococcus aureus Bacteremia in Denmark from 1971 Through 2000. Pediatr.
Infect. Dis. J. 2007, 26, 398–405. [CrossRef]

10. Popovich, K.J.; Weinstein, R.A.; Hota, B. Are Community-Associated Methicillin-Resistant Staphylococcus aureus (MRSA) Strains
Replacing Traditional Nosocomial MRSA Strains? Clin. Infect. Dis. 2008, 46, 787–794. [CrossRef]

11. Tong, S.Y.C.; Davis, J.S.; Eichenberger, E.; Holland, T.L.; Fowler, V.G., Jr. Staphylococcus aureus Infections: Epidemiology,
Pathophysiology, Clinical Manifestations, and Management. Clin. Microbiol. Rev. 2015, 28, 603–661. [CrossRef] [PubMed]

12. Maradona, J.A.; Carton, J.A.; López-Alonso, J.; Cárcaba, V.; Nuño, F.J.; Arribas, J.M. Comparative study of community versus
hospital-acquired Staphylococcus aureus bacteraemia. Eur. J. Med. 1992, 1, 113–115. [PubMed]

13. Hecht, S.R.; Berger, M. Right-Sided Endocarditis in Intravenous Drug Users. Prognostic Features in 102 Episodes. Ann. Intern.
Med. 1992, 117, 560–566. [CrossRef] [PubMed]

14. Chambers, H.F.; Korzeniowski, O.M.; Sande, M.A. Staphylococcus aureus endocarditis: Clinical manifestations in addicts and
nonaddicts. Medicine 1983, 62, 170–177. [CrossRef]

15. Wertheim, H.F.; Vos, M.C.; Ott, A.; van Belkum, A.; Voss, A.; Kluytmans, J.A.; van Keulen, P.H.; Vandenbroucke-Grauls, C.M.;
Meester, M.H.; Verbrugh, H.A. Risk and outcome of nosocomial Staphylococcus aureus bacteraemia in nasal carriers versus
non-carriers. Lancet 2004, 364, 703–705. [CrossRef]

16. Larsen, M.; Harboe, Z.B.; Ladelund, S.; Skov, R.; Gerstoft, J.; Pedersen, C.; Larsen, C.; Obel, N.; Kronborg, G.; Benfield, T. Major
but differential decline in the incidence of Staphylococcus aureus bacteraemia in HIV-infected individuals from 1995 to 2007: A
nationwide cohort study*. HIV Med. 2012, 13, 45–53. [CrossRef]

17. Lambert, M.-L.; Suetens, C.; Savey, A.; Palomar, M.; Hiesmayr, M.; Morales, I.; Agodi, A.; Frank, U.; Mertens, K.; Schumacher,
M.; et al. Clinical outcomes of health-care-associated infections and antimicrobial resistance in patients admitted to European
intensive-care units: A cohort study. Lancet Infect. Dis. 2011, 11, 30–38. [CrossRef]

18. Shorr, A.F.; Tabak, Y.P.; Killian, A.D.; Gupta, V.; Liu, L.Z.; Kollef, M.H. Healthcare-associated bloodstream infection: A distinct
entity? Insights from a large U.S. database. Crit. Care Med. 2006, 34, 2588–2595. [CrossRef]

19. Mendell, T.H. Staphylococcic septicemia: A review of thirty-five cases, with six recoveries, twenty-nine deaths and sixteen
autopsies. Arch. Intern. Med. 1939, 63, 1068. [CrossRef]

20. Lesens, O.; Methlin, C.; Hansmann, Y.; Remy, V.; Martinot, M.; Bergin, C.; Meyer, P.; Christmann, D. Role of Comorbidity in
Mortality Related to Staphylococcus aureus Bacteremia: A Prospective Study Using the Charlson Weighted Index of Comorbidity.
Infect. Control. Hosp. Epidemiol. 2003, 24, 890–896. [CrossRef]

21. Bai, A.D.; Lo, C.K.; Komorowski, A.S.; Suresh, M.; Guo, K.; Garg, A.; Tandon, P.; Senecal, J.; Del Corpo, O.; Stefanova, I.; et al.
Staphylococcus aureus bacteraemia mortality: A systematic review and meta-analysis. Clin. Microbiol. Infect. 2022, 28, 1076–1084.
[CrossRef] [PubMed]

22. Falagas, M.E.; Makris, G.C.; Dimopoulos, G.; Matthaiou, D.K. Heteroresistance: A concern of increasing clinical significance? Clin.
Microbiol. Infect. 2008, 14, 101–104. [CrossRef] [PubMed]

23. Gopal, A.K.; Fowler, V.G.; Shah, M.; Gesty-Palmer, D.; Marr, K.A.; McClelland, R.S.; Kong, L.K.; Gottlieb, G.S.; Lanclos, K.; Li, J.;
et al. Prospective Analysis of Staphylococcus aureus Bacteremia in Nonneutropenic Adults With Malignancy. J. Clin. Oncol. 2000,
18, 1110–1115. [CrossRef] [PubMed]

24. Marra, A.R.; Edmond, M.B.; Forbes, B.A.; Wenzel, R.P.; Bearman, G.M.L. Time to Blood Culture Positivity as a Predictor of Clinical
Outcome of Staphylococcus aureus Bloodstream Infection. J. Clin. Microbiol. 2006, 44, 1342–1346. [CrossRef]

25. Reilly, J.; Coignard, B.; Price, L.; Godwin, J.; Cairns, S.; Hopkins, S.; Lyytikäinen, O.; Hansen, S.; Malcolm, W.; Hughes, G. The
reliability of the McCabe score as a marker of co-morbidity in healthcare-associated infection point prevalence studies. J. Infect.
Prev. 2016, 17, 127–129. [CrossRef]

26. Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gøtzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M.
STROBE Initiative Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and Elaboration.
Epidemiology 2007, 18, 805–835. [CrossRef]

27. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing, 31st ed.; Clinical and
Laboratory Standards Institute: Wayne, PA, USA, 2021.

28. Rangel-Frausto, M.S.; Pittet, D.; Costigan, M.; Hwang, T.; Davis, C.S.; Wenzel, R.P. The Natural History of the Systemic
Inflammatory Response Syndrome (SIRS): A Prospective Study. JAMA 1995, 273, 117. [CrossRef]

29. Holland, T.L.; Arnold, C.J.; Fowler, V.G. Clinical Management of Staphylococcus aureus Bacteremia: A review. JAMA 2014,
312, 1330–1341. [CrossRef]

30. Anantha, R.V.; Jegatheswaran, J.; Pepe, D.L.; Priestap, F.; Delport, J.; Haeryfar, S.M.; McCormick, J.K.; Mele, T. Risk factors for
mortality among patients with Staphylococcus aureus bacteremia: A single-centre retrospective cohort study. CMAJ Open 2014,
2, E352–E359. [CrossRef]

https://doi.org/10.1086/323459
https://doi.org/10.1001/jama.298.15.1763
https://doi.org/10.1097/01.inf.0000261112.53035.4c
https://doi.org/10.1086/528716
https://doi.org/10.1128/CMR.00134-14
https://www.ncbi.nlm.nih.gov/pubmed/26016486
https://www.ncbi.nlm.nih.gov/pubmed/1342366
https://doi.org/10.7326/0003-4819-117-7-560
https://www.ncbi.nlm.nih.gov/pubmed/1524330
https://doi.org/10.1097/00005792-198305000-00004
https://doi.org/10.1016/S0140-6736(04)16897-9
https://doi.org/10.1111/j.1468-1293.2011.00937.x
https://doi.org/10.1016/S1473-3099(10)70258-9
https://doi.org/10.1097/01.CCM.0000239121.09533.09
https://doi.org/10.1001/archinte.1939.00180230053004
https://doi.org/10.1086/502156
https://doi.org/10.1016/j.cmi.2022.03.015
https://www.ncbi.nlm.nih.gov/pubmed/35339678
https://doi.org/10.1111/j.1469-0691.2007.01912.x
https://www.ncbi.nlm.nih.gov/pubmed/18093235
https://doi.org/10.1200/JCO.2000.18.5.1110
https://www.ncbi.nlm.nih.gov/pubmed/10694564
https://doi.org/10.1128/JCM.44.4.1342-1346.2006
https://doi.org/10.1177/1757177415617245
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1001/jama.1995.03520260039030
https://doi.org/10.1001/jama.2014.9743
https://doi.org/10.9778/cmajo.20140018


Diagnostics 2023, 13, 1975 12 of 13

31. Papadimitriou-Olivgeris, M.; Caruana, G.; Senn, L.; Guery, B. Predictors of mortality of Staphylococcus aureus bacteremia among
patients hospitalized in a Swiss University Hospital and the role of early source control; a retrospective cohort study. Eur. J. Clin.
Microbiol. Infect. Dis. 2023, 42, 347–357. [CrossRef]

32. Hindy, J.-R.; Quintero-Martinez, J.A.; Lahr, B.D.; DeSimone, D.C.; Baddour, L.M. Staphylococcus aureus bacteraemia and mortality:
A population-based study in Olmsted County, Minnesota, from 2006 to 2020. Infect. Dis. 2023, 55, 1–8. [CrossRef] [PubMed]

33. Bai, A.D.; Lo, C.K.; Komorowski, A.S.; Suresh, M.; Guo, K.; Garg, A.; Tandon, P.; Senecal, J.; Del Corpo, O.; Stefanova, I.; et al.
Staphylococcus aureus bacteremia mortality across country income groups: A secondary analysis of a systematic review. Int. J.
Infect. Dis. 2022, 122, 405–411. [CrossRef] [PubMed]

34. Marchaim, D.; Kaye, K.; Fowler, V.; Anderson, D.; Chawla, V.; Golan, Y.; Karchmer, A.; Carmeli, Y. Case–control study to identify
factors associated with mortality among patients with methicillin-resistant Staphylococcus aureus bacteraemia. Clin. Microbiol.
Infect. 2010, 16, 747–752. [CrossRef]

35. Van der Vaart, T.W.; Prins, J.M.; Soetekouw, R.; van Twillert, G.; Veenstra, J.; Herpers, B.L.; Rozemeijer, W.; Jansen, R.R.; Bonten,
M.J.M.; van der Meer, J.T.M. All-Cause and Infection-Related Mortality in Staphylococcus aureus Bacteremia, a Multicenter
Prospective Cohort Study. Open Forum Infect. Dis. 2022, 9, ofac653. [CrossRef] [PubMed]

36. Lautenschlager, S.; Herzog, C.; Zimmerli, W. Course and Outcome of Bacteremia Due to Staphylococcus aureus: Evaluation of
Different Clinical Case Definitions. Clin. Infect. Dis. 1993, 16, 567–573. [CrossRef]

37. Kimmig, A.; Hagel, S.; Weis, S.; Bahrs, C.; Löffler, B.; Pletz, M.W. Management of Staphylococcus aureus Bloodstream Infections.
Front. Med. 2021, 7, 616524. [CrossRef] [PubMed]

38. Liu, C.; Bayer, A.; Cosgrove, S.E.; Daum, R.S.; Fridkin, S.K.; Gorwitz, R.J.; Kaplan, S.L.; Karchmer, A.W.; Levine, D.P.; Murray,
B.E.; et al. Clinical practice guidelines by the Infectious Diseases Society of America for the treatment of methicillin-resistant
Staphylococcus aureus infections in adults and children. Clin. Infect. Dis. 2011, 52, e18–e55. [CrossRef]

39. Kouijzer, I.J.; Fowler, V.G.; Oever, J.T. Redefining Staphylococcus aureus bacteremia: A structured approach guiding diagnostic
and therapeutic management. J. Infect. 2023, 86, 9–13. [CrossRef]

40. Gentry, C.A.; Rodvold, K.A.; Novak, R.M.; Hershow, R.C.; Naderer, O.J. Retrospective evaluation of therapies for Staphylococcus
aureus endocarditis. Pharmacotherapy 1997, 17, 990–997.

41. González, C.; Rubio, M.; Romero-Vivas, J.; González, M.; Picazo, J.J. Bacteremic Pneumonia Due to Staphylococcus aureus:
A Comparison of Disease Caused by Methicillin-Resistant and Methicillin-Susceptible Organisms. Clin. Infect. Dis. 1999,
29, 1171–1177. [CrossRef]

42. Stevens, D.L. The Role of Vancomycin in the Treatment Paradigm. Clin. Infect. Dis. 2006, 42 (Suppl. 1), S51–S57. [CrossRef]
[PubMed]

43. Chang, F.-Y.; Peacock, J.E.; Musher, D.M.; Triplett, P.; MacDonald, B.B.; Mylotte, J.M.; O’donnell, A.; Wagener, M.M.; Yu, V.L.
Staphylococcus aureus Bacteremia: Recurrence and the Impact of Antibiotic Treatment in a Prospective Multicenter Study.
Medicine 2003, 82, 333–339. [CrossRef] [PubMed]

44. Small, P.M.; Chambers, H.F. Vancomycin for Staphylococcus aureus endocarditis in intravenous drug users. Antimicrob. Agents
Chemother. 1990, 34, 1227–1231. [CrossRef] [PubMed]

45. Mortara, L.A.; Bayer, A.S. Staphylococcus Aureus Bacteremia and Endocarditis. New Diagnostic and Therapeutic Concepts.
Infect. Dis. Clin. North Am. 1993, 7, 53–68. [CrossRef] [PubMed]

46. Levine, D.P.; Fromm, B.S.; Reddy, B.R. Slow Response to Vancomycin or Vancomycin plus Rifampin in Methicillin-resistant
Staphylococcus aureus Endocarditis. Ann. Intern. Med. 1991, 115, 674–680. [CrossRef]

47. Fowler, J.V.G.; Kong, L.K.; Corey, G.R.; Gottlieb, G.S.; McClelland, R.S.; Sexton, D.J.; Gesty-Palmer, D.; Harrell, L.J. Recurrent
Staphylococcus aureus Bacteremia: Pulsed-Field Gel Electrophoresis Findings in 29 Patients. J. Infect. Dis. 1999, 179, 1157–1161.
[CrossRef]

48. Yoon, Y.K.; Park, D.W.; Sohn, J.W.; Kim, H.Y.; Kim, Y.-S.; Lee, C.-S.; Lee, M.S.; Ryu, S.-Y.; Jang, H.-C.; Choi, Y.J.; et al. Effects of
inappropriate empirical antibiotic therapy on mortality in patients with healthcare-associated methicillin-resistant Staphylococcus
aureus bacteremia: A propensity-matched analysis. BMC Infect. Dis. 2016, 16, 331. [CrossRef]

49. Kim, S.-H.; Park, W.B.; Lee, C.-S.; Kang, C.-I.; Bang, J.-W.; Kim, H.-B.; Kim, N.-J.; Kim, E.-C.; Oh, M.; Choe, K.-W. Outcome
of inappropriate empirical antibiotic therapy in patients with Staphylococcus aureus bacteraemia: Analytical strategy using
propensity scores. Clin. Microbiol. Infect. 2006, 12, 13–21. [CrossRef]

50. McGregor, J.C.; Rich, S.E.; Harris, A.D.; Perencevich, E.N.; Osih, R.; Lodise, T.P.; Miller, R.R.; Furuno, J.P. A Systematic Review
of the Methods Used to Assess the Association between Appropriate Antibiotic Therapy and Mortality in Bacteremic Patients.
Clin. Infect. Dis. 2007, 45, 329–337. [CrossRef]

51. Ryffel, C.; Strässle, A.; Kayser, F.H.; Berger-Bächi, B. Mechanisms of heteroresistance in methicillin-resistant Staphylococcus
aureus. Antimicrob. Agents Chemother. 1994, 38, 724–728. [CrossRef]

52. Brukner, I.; Oughton, M. A Fundamental Change in Antibiotic Susceptibility Testing Would Better Prevent Therapeutic Failure:
From Individual to Population-Based Analysis. Front. Microbiol. 2020, 11, 1820. [CrossRef] [PubMed]

53. Chastain, D.B.; Covert, K.L.; Tu, P.J.; McDougal, S.; White, B.P.; Cluck, D. Therapeutic Options for Adult Patients with Persistent
Methicillin-Susceptible Staphylococcus aureus Bacteremia: A Narrative Review. Ann. Pharmacother. 2023, 10600280231158809.
[CrossRef] [PubMed]

https://doi.org/10.1007/s10096-023-04557-1
https://doi.org/10.1080/23744235.2022.2123561
https://www.ncbi.nlm.nih.gov/pubmed/36151989
https://doi.org/10.1016/j.ijid.2022.06.026
https://www.ncbi.nlm.nih.gov/pubmed/35728748
https://doi.org/10.1111/j.1469-0691.2009.02934.x
https://doi.org/10.1093/ofid/ofac653
https://www.ncbi.nlm.nih.gov/pubmed/36589483
https://doi.org/10.1093/clind/16.4.567
https://doi.org/10.3389/fmed.2020.616524
https://www.ncbi.nlm.nih.gov/pubmed/33748151
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1016/j.jinf.2022.10.042
https://doi.org/10.1086/313440
https://doi.org/10.1086/491714
https://www.ncbi.nlm.nih.gov/pubmed/16323121
https://doi.org/10.1097/01.md.0000091184.93122.09
https://www.ncbi.nlm.nih.gov/pubmed/14530782
https://doi.org/10.1128/AAC.34.6.1227
https://www.ncbi.nlm.nih.gov/pubmed/2393284
https://doi.org/10.1016/S0891-5520(20)30505-5
https://www.ncbi.nlm.nih.gov/pubmed/8463653
https://doi.org/10.7326/0003-4819-115-9-674
https://doi.org/10.1086/314712
https://doi.org/10.1186/s12879-016-1650-8
https://doi.org/10.1111/j.1469-0691.2005.01294.x
https://doi.org/10.1086/519283
https://doi.org/10.1128/AAC.38.4.724
https://doi.org/10.3389/fmicb.2020.01820
https://www.ncbi.nlm.nih.gov/pubmed/32973694
https://doi.org/10.1177/10600280231158809
https://www.ncbi.nlm.nih.gov/pubmed/36946576


Diagnostics 2023, 13, 1975 13 of 13

54. Parsons, J.B.; Westgeest, A.C.; Conlon, B.P.; Fowler, V.G. Persistent Methicillin-Resistant Staphylococcus aureus Bacteremia: Host,
Pathogen, and Treatment. Antibiotics 2023, 12, 455. [CrossRef] [PubMed]

55. Zarenezhad, E.; Abdulabbas, H.T.; Marzi, M.; Ghazy, E.; Ekrahi, M.; Pezeshki, B.; Ghasemian, A.; Moawad, A.A. Nickel
Nanoparticles: Applications and Antimicrobial Role against Methicillin-Resistant Staphylococcus aureus Infections. Antibiotics
2022, 11, 1208. [CrossRef]

56. Gu, J.; Xu, W.; Lei, L.; Huang, J.; Feng, X.; Sun, C.; Du, C.; Zuo, J.; Li, Y.; Du, T.; et al. LysGH15, a Novel Bacteriophage Lysin,
Protects a Murine Bacteremia Model Efficiently against Lethal Methicillin-Resistant Staphylococcus aureus Infection. J. Clin.
Microbiol. 2011, 49, 111–117. [CrossRef]

57. Channabasappa, S.; Durgaiah, M.; Chikkamadaiah, R.; Kumar, S.; Joshi, A.; Sriram, B. Efficacy of Novel Antistaphylococcal
Ectolysin P128 in a Rat Model of Methicillin-Resistant Staphylococcus aureus Bacteremia. Antimicrob. Agents Chemother. 2018,
62, e01358-17. [CrossRef]

58. Sunagar, R.; Patil, S.A.; Chandrakanth, R.K. Bacteriophage therapy for Staphylococcus aureus bacteremia in streptozotocin-
induced diabetic mice. Res. Microbiol. 2010, 161, 854–860. [CrossRef]

59. Goto, M.; Schweizer, M.L.; Vaughan-Sarrazin, M.S.; Perencevich, E.N.; Livorsi, D.J.; Diekema, D.J.; Richardson, K.K.; Beck, B.F.;
Alexander, B.; Ohl, M.E. Association of Evidence-Based Care Processes with Mortality in Staphylococcus aureus Bacteremia at
Veterans Health Administration Hospitals, 2003-2014. JAMA Intern. Med. 2017, 177, 1489–1497. [CrossRef]

60. Bai, A.D.; Showler, A.; Burry, L.; Steinberg, M.; Ricciuto, D.R.; Fernandes, T.; Chiu, A.; Raybardhan, S.; Science, M.; Fernando,
E.; et al. Impact of Infectious Disease Consultation on Quality of Care, Mortality, and Length of Stay in Staphylococcus aureus
Bacteremia: Results from a Large Multicenter Cohort Study. Clin. Infect. Dis. 2015, 60, 1451–1461. [CrossRef]

61. Fowler, V.G.; Sanders, L.L.; Sexton, D.J.; Kong, L.; Marr, K.A.; Gopal, A.K.; Gottlieb, G.; McClelland, R.S.; Corey, G.R. Outcome of
Staphylococcus aureus Bacteremia According to Compliance with Recommendations of Infectious Diseases Specialists: Experience
with 244 Patients. Clin. Infect. Dis. 1998, 27, 478–486. [CrossRef]

62. Rieg, S.; Peyerl-Hoffmann, G.; de With, K.; Theilacker, C.; Wagner, D.; Hübner, J.; Dettenkofer, M.; Kaasch, A.; Seifert, H.;
Schneider, C.; et al. Mortality of S. aureus bacteremia and infectious diseases specialist consultation—A study of 521 patients in
Germany. J. Infect. 2009, 59, 232–239. [CrossRef] [PubMed]

63. Forsblom, E.; Ruotsalainen, E.; Ollgren, J.; Jarvinen, A. Telephone Consultation Cannot Replace Bedside Infectious Disease
Consultation in the Management of Staphylococcus aureus Bacteremia. Clin. Infect. Dis. 2013, 56, 527–535. [CrossRef]

64. Vogel, M.; Schmitz, R.P.; Hagel, S.; Pletz, M.W.; Gagelmann, N.; Scherag, A.; Schlattmann, P.; Brunkhorst, F.M. Infectious disease
consultation for Staphylococcus aureus bacteremia—A systematic review and meta-analysis. J. Infect. 2016, 72, 19–28. [CrossRef]
[PubMed]

65. Pérez-Rodríguez, M.T.; Sousa, A.; López-Cortés, L.E.; Martínez-Lamas, L.; Val, N.; Baroja, A.; Nodar, A.; Vasallo, F.; Álvarez-
Fernández, M.; Crespo, M.; et al. Moving beyond unsolicited consultation: Additional impact of a structured intervention on
mortality in Staphylococcus aureus bacteraemia. J. Antimicrob. Chemother. 2019, 74, 1101–1107. [CrossRef] [PubMed]

66. Remtulla, S.; Zurek, K.; Cervera, C.; Hernandez, C.; Lee, M.-C.; Hoang, H.L. Impact of an Unsolicited, Standardized Form–Based
Antimicrobial Stewardship Intervention to Improve Guideline Adherence in the Management of Staphylococcus aureus Bacteremia.
Open Forum Infect. Dis. 2019, 6, ofz098. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/antibiotics12030455
https://www.ncbi.nlm.nih.gov/pubmed/36978320
https://doi.org/10.3390/antibiotics11091208
https://doi.org/10.1128/JCM.01144-10
https://doi.org/10.1128/AAC.01358-17
https://doi.org/10.1016/j.resmic.2010.09.011
https://doi.org/10.1001/jamainternmed.2017.3958
https://doi.org/10.1093/cid/civ120
https://doi.org/10.1086/514686
https://doi.org/10.1016/j.jinf.2009.07.015
https://www.ncbi.nlm.nih.gov/pubmed/19654021
https://doi.org/10.1093/cid/cis889
https://doi.org/10.1016/j.jinf.2015.09.037
https://www.ncbi.nlm.nih.gov/pubmed/26453841
https://doi.org/10.1093/jac/dky556
https://www.ncbi.nlm.nih.gov/pubmed/30689894
https://doi.org/10.1093/ofid/ofz098

	Introduction 
	Materials and Methods 
	Study Type and Ethics Approval 
	Sample Collection, Transport, and Processing 
	Statistics 

	Results 
	Patients’ Characteristics 
	Regression Analysis of In-Hospital Mortality among Patients with SAB 

	Discussion 
	Conclusions 
	References

