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ABSTRACT

Objective: Despite appropriate treatment and early diagnosis methods, Staphylococcus au-
reus bacteremia (SAB) is still associated with a high mortality rate. This study aims to eval-
uate the clinical features and approaches to SAB and to analyze the parameters that may
affect 7-day and 30-day mortality.

Materials and Methods: Adult patients with SAB data between 2011 and 2018 were evalu-
ated retrospectively. Clinical data, patient demographics, and 7-day and 30-day mortality
rates were obtained from their medical records.

Results: In total, 144 patients were included in the study; 57.6% (83/144) of patients were
men, and the mean age was 65.2+16.5 years. The most common source of infection was the
central-line catheter (38.9%), followed by intra-abdominal (21%), respiratory (16.7), infec-
tive endocarditis (5.6%), and osteoarticular foci (2.1%). Fifteen percent (15%) of the strains
were methicillin resistant. Transthoracic echocardiography (TTE) was performed for 80.6%
(116/144) patients. Infectious diseases specialist consultation within 96 hours from blood
culture signal was requested in 79.9%. Overall, 7-day mortality was 11.8%, and 30-day mor-
tality was 21.5%. Staying in intensive care units (ICU) increased the risk of 30-day mortality
by 1.1 times, and respiratory-focused SAB increased the risk by 4.3 times.

Conclusion: SAB is still a big threat. Staphylococcal pneumonia remains a severe infection.
Several prognostic factors influence mortality. Identifying the source, ensuring source con-
trol, and appropriate initial therapy as soon as possible are critical for reducing mortality
and morbidity in SAB.
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Staphylococcus aureus Bacteremia

INTRODUCTION

taphylococcus aureus colonizes the skin and

mucosa of humans. Infections because of S.

aureus can range from skin infections to po-
tentially fatal conditions like pneumonia, sepsis,
and endocarditis. S. aureus is a common cause of
nosocomial and community-acquired bloodstream
infections worldwide (1). Because of biofilm devel-
opment, it is also one of the causes of long-term
and complex treatments in prosthetic implants and
central-line catheters (2). The clinical approach to
S. aureus bacteremia (SAB) includes a detailed his-
tory and physical examination, infectious disease
specialist consultation, repetitive blood culture, fo-
cus detection, and diagnostic evaluation, including
echocardiography and additional imaging as need-
ed (3).

Previous studies have investigated the impact of
structured interventions on SAB management and
identified some quality indicators with promising
outcomes (4). Some of these studies have reported
a decrease in 30-day mortality, with rates falling
below 10% after improving compliance with quality
indicators (5). However, despite appropriate treat-
ment and early diagnosis methods, the mortality
rate in SAB has ranged from 10% to 30% in recent
years (6).

This study aims to evaluate the clinical features
and approaches to SAB in a tertiary care center and
to analyze the parameters that may affect 7-day
and 30-day mortality.

MATERIALS AND METHODS

Setting and Study Population

We performed this at Baskent University Hospital
between January 01,2011, and July 01, 2018. Bagkent
University Hospital is a 350-bed tertiary-care cen-
ter with approximately 48,000 admissions monthly.
The positive blood culture for S. aureus was con-
firmed retrospectively via the review of the bacte-
riology laboratory. Adult patients (218 years) who
were defined as positive for S. aureus based on at
least one blood culture by the infectious diseases
(ID) specialist and followed at least one month af-
ter the initiation of treatment were included in the
study. In organizing the study, the Strengthening

Yanik-Yalgin T et al.

the Reporting of Observational Studies in Epidemi-
ology (STROBE) rules were followed (7).

Data Collection

Clinical data, patient demographics, and 7-day and
30-day mortality rates were obtained using elec-
tronic medical records. Death within seven days
following the index blood culture was defined as
7-day mortality and death within 30 days as 30-day
mortality. Patient demographics and comorbidities
included age, gender, presence of immunosuppres-
sion, malignancy, chronic heart disease, chronic re-
nal disease, and diabetes mellitus. Cardiac devices
included a left ventricular assist device, pacemaker,
and previous valve replacement.

An infectious disease specialist, using a standard-
ized form, collected the data on the infectious focus,
consultation with an ID specialist within 96 hours
of the index blood culture, echocardiography, fundo-
scopic examination, imaging (abdominal computed
tomography [CT], head computed tomography), ade-
quacy and timing of antibiotic treatment, the length
of hospital and intensive care unit (ICU) stay. Re-in-
fections were excluded; only the last episode was in-
cluded in the study. Patients were followed for one
month after the index blood culture.

Infective Focus Definitions

In addition to some unknown sources, SAB episodes
were caused by endocarditis, osteoarticular, in-
traabdominal, respiratory, and central catheter-re-
lated infections. The source of SAB was determined
by isolating similar S. aureus strains from blood
and the drainage of particular samples, such as
sputum and pus, which were obtained from body
sites compatible with clinical or radiological signs

HIGHLIGHTS

e Despite appropriate treatment and early diag-
nostic methods, Staphylococcus aureus bacteremia
(SAB) is still associated with a high mortality rate.

e Methicillin susceptible strains are more com-
monly seen than methicillin-resistant strains.

e Mortality seems to be higher among pneumonia
patients than other sources of SAB.
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Table 1. Characteristics of patients with Staphylococcus aureus bacteremia.

7-day mortality 30-day mortality
All group n (%) n (%) n (%)
(n=144)
Survivors | Non-survivors Survivors | Non-survivors
(n=127) (n=17) p (n=113) (n=31) P

Gender (male) 83 (57.6) 72 (56.7) 11 (64.7) 0.53 65 (57.5) 18 (58.1) 0.957
Age=65 83 (57.6) 70 (55.1) 13 (76.5) 0.12 62 (54.9) 21(67.7) 0.199
Comorbidities

Chronic renal disease 59 (41) 55 (43.3) 4(23.5) 0.188 48 (42.5) 11 (35.5) 0.483

Chronic heart disease 55(38.2) 47 (37) 8(47.1) 0.423 42 (37.2) 13 (41.9) 0.628

Diabetes mellitus 45 (31.3) 38(29.9) 7(41.2) 0.347 35 (31) 10 (32.3) 0.891

Malignancy 21 (14.6) 18 (14.2) 3(17.6) 0.716 15 (13.3) 6 (19.4) 0.395

Immunosuppression 39 (27.1) 37 (29.1) 2(11.8) 0.157 32(28.3) 7 (22.6) 0.524
Symptoms

Fever 104 (72.2) 95 (74.8) 9 (52.9) 0.059 88(77.9) 16 (51.6) 0.004*

Altered mental status 52 (36.1) 40 (31.5) 12 (70.6) 0.003* 32(28.3) 20 (64.5) <0.001*

Shortness of breath 12 (8.3) 9(7.1) 3(17.6) 0.153 6(5.3) 6(19.4) 0.012*

Skin and soft tissue 4(28) 4(3.1) 1 4(35) - 0.577

involvement

*p<0.005

of infection. Endocarditis was defined according to
modified Duke criteria. The Infectious Diseases So-
ciety of America (IDSA) Guideline was used to define
central catheter-related bloodstream infection (8).

Microbiological Studies

Blood cultures were processed in the laboratory
using BD BACTEC™ FX automated system (Becton
Dickinson, NJ, USA). When growth occurred, it was
gram-stained and inoculated on sheep blood me-
dium and eosin methylene blue medium at 37°C
for 24 to 48 hours. Bacterial identification of S. au-
reus was based on gram stain, positive tube coag-
ulase, and mannitol reaction. Antimicrobial sus-
ceptibility was performed on BD Phoenix™ (Becton
Dickinson, NJ, USA). In addition, the disk diffusion
susceptibility test was used, while the antibiotics
included cefoxitin, rifampicin, erythromycin, and
clindamycin.

Antibiotic Treatment
For methicillin-susceptible S. aureus (MSSA), the ini-
tiation of empirical beta-lactam, glycopeptide, and

daptomycin was considered appropriate; cefazolin
was defined to be appropriate for maintenance
therapy. Using glycopeptide, linezolid, and dapto-
mycin as empirical and maintenance therapy for
methicillin resistant S. aureus (MRSA) was consid-
ered appropriate.

Statistical Analysis

The statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
26.0 program (IBM Corp., Armonk, NY, USA). Con-
tinuous variables are presented by mean+SD and
median (minimum-maximum) values, whereas cat-
egorical variables are represented by number and
percentage distributions. The Chi-Square and Fish-
er’s exact tests were used for categorical variables
to assess mortality in the first seven days and 30
days. The Kolmogorov-Smirnov and Mann-Whitney
U tests were used to assess conformity to the nor-
mal distribution of continuous variables. The sta-
tistical significance was set as p<0.05. Binary logis-
tic regression analysis was performed by designing
the model with factors associated with 7-day and
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Table 2. Clinical approach and outcomes of Staphylococcus aureus bacteremia.

All group 7-daynrr(1;);‘tality 30-da)r/l r(r;;rtality
n (%) . K
(n=144) Survivors | Non- survivors Survivors | Non- survivors
(n=127) (n=17) P (n=113) (n=31) P

Source of Infection <0.001* <0.001*

Central catheter 56 (38.9) 51(40.2) 5(29.4) 46 (40.7) 10 (32.3)

Intraabdominal 31(21.5) 31 (24.4) - 30 (26.5) 1(3.2)

Respiratory 24(16.7) 14 (11) 10 (58.8) 10 (8.8) 14 (45.2)

Unknown 13 (9) 11(8.7) 2(11.8) 11(9.7) 2(6.5)

Other foci 10 (6.9) 9(7.1) - 7(6.2) 2(6.5)

Infective endocarditis 8(5.6) 8(6.3) - 7 (6.2) 1(3.2)

Osteoarticular 3(2.1) 3(2.4) - 2(1.8) 1(3.2)
MRSA 22 (15.3) 20 (15.7) 2(11.8) 1 18 (15.9) 4(12.9) 0.785
Cardiac device 17 (11.8) 15(11.8) 2(11.8) 1 12 (10.6) 5(16.1) 0.366
TTE 116 (80.6) | 107 (84.3) 9 (52.9) 0.002* 96 (85) 20 (64.5) 0.011*
TEE (n=116) 19 (16.4) 18 (94.7) 1(5.3) 1 15 (78.9) 4(20) 0.74
Imaging

Abdominal ultrasound 68 (47.2) 63 (49.6) 5(39.4) 0.13 55 (48.7) 13 (41.9) 0.506

Abdominal CT 30(20.8) 26 (20.5) 4(23.5) 0.755 21(18.6) 9(29) 0.204

Head CT 27 (18.8) 20 (15.7) 7 (41.2) 0.012* 17 (15) 10 (32.3) 0.03*
Fundoscopic examination 25 (17.4) 22 (17.3) 3(17.6) 1 18 (15.9) 7 (22.6) 0.386
Repeat blood culture any time | 120(83.3) 113 (89) 7 (41.2) <0.001* | 100 (88.5) 20 (64.5) 0.002*
Repeat culture in 7 days 107 (74.3) 100 (78.7) 7 (41.2) 0.001* 89 (78.8) 18 (58.1) 0.019*
;lzga;give culture result in 113(785) | 107 (84.3) 6(35.3) <0.001* | 94 (83.2) 19 (61.3) 0.009*
Antibiotic treatment
&”eﬁ;%';ﬁate initial antibiotic 138(958) | 123(96.9) 15 (88.2) 0148 | 110(97.3) 28(90.3) 0114
&Zﬁ;‘;@riate specific antibiotic | ., o5 | 9g(772) 6(35.3) <0.001* | 90 (79.6) 14 (45.2) <0.001*
(Gnlz ﬁg’;‘;"tide use for MSSA 74(60.7) | 67 (62.6) 7 (46.7) 0236 | 60(63.2) 14 (519) 0.289
ICU admission 74 (51.4) 57 (44.9) 17 (100) <0.001* | 46 (40.7) 28 (90.3) <0.001*
ID consultation in 96 hours 115 (79.9) 100 (78.7) 15 (88.2) 0.525 88 (77.9) 27 (87.1) 0.319

*p<0.005 MRSA: Methicillin resistance S. aureus, TTE: Transthoracic echocardiography, TEE: Transesophageal echocardiography,
CT: Computed tomography; ICU: Intensive care unit, ID: Infectious disease

30-day mortality in univariate analyses. The mod-
el’s suitability was evaluated with the Hosmer-Le-
meshov test, and the entered model was used in
logistic regression analysis.
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RESULTS

There were 950 results with S. aureus isolation in
the blood culture in the relevant period; 692 repeat-
ed results from the same patients, 55 results from
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Table 3. Hospitalization duration of Staphylococcus aureus bacteremia.
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7-day mortality 30-day mortality
All group
n=144 (Med'\ig?r:vini?nnax) (Med'\ig?ﬁii[-)l\nax)

Outcomes Mean+SD ? 2

(Medlan; Survivors Non-survivors Survivors Non survivors

Min-Max) n=127 n=17 P n=113 n=31 P
Length of hospital stay 26.8+26.2 29.9+26.4 3.5+2.4 <0.001* 30.9+27.8 12.2+10.8 <0.001*
(n=144) (21;1-194) (23.5;2-194) (3;1-7) : (24; 2-194) (7;1-30) :
Length of intensive care 13.3+23.3 16.7+25.6 8+1.1 <0.001* 16.7+28.3 7.849.1 0.085*
unit stay (n=75) (4;1-160) (9; 1-160) (1;1-4) ’ (7; 1-160) (3;1-30) ’

*p<0.005, SD: Standard deviation.

[

only the catheter, and 59 patients with incomplete
or missing medical records were excluded (Figure
1). A total of 144 bacteremia episodes were includ-
ed in the study. Eighty-three (57%) patients were
men. The mean age was 65.2+16.5 years, and 57.6%
(83/144) patients were 265 years old.

The most common comorbidities were chronic re-
nal failure 41% (59/144), followed by chronic heart
disease 38% (55/144), and diabetes mellitus 31%
(45/144). The most common admission symptom
was a fever of 72%. The other admission symptoms
were altered mental status (36%), shortness of
breath (8%), and skin and soft tissue signs (2%). The
demographic characteristics of patients are shown
in Table 1.

The primary sources of infection were central-line
catheter (38.9%), intraabdominal (21%), respiratory
(16.7%), infective endocarditis (5.6%), and osteoar-
ticular (2.1%). Thirteen of 24 patients with a respira-
tory focus were diagnosed radiologically, eight with
respiratory tract specimens S. aureus isolation, and
three both radiologically and with respiratory tract
specimens. Fifteen of 31 patients with intraabdom-
inal focus had a concurrent intraabdominal infec-
tion (such as abscess, cholangitis, or peritonitis),
ten had SAB that developed within 48 hours of an
invasive procedure or surgery, and six had active
abdominal malignancy.

MSSA strains were more commonly isolat-
ed than MRSA (84.7%, and 15.3%, respectively).
Transthoracic echocardiography (TTE) was per-
formed at 80.6% (116/144) of patients with a high
rate. Transesophageal echocardiography (TEE)
was needed in only ten patients. TTE was per-

Patient with 1 positive S. aureus
blood culture (n=950)

Excluded patients;

Repeated (n=692)
Positive culture from catheter only (n=55)
Missing/incomplete data (n=59)

Patients satisfiying inclusion criteria (n=144)

Figure 1. Study flow chart.

formed significantly lower in the non-survivor
group than in the survivor group (p=0.002; p=0.011,
respectively). The most common abdominal imag-
ing method was an ultrasound, but only 47.2% of
patients were examined. Only 17.4% of patients had
a fundoscopic examination.

We obtained repeat blood cultures from 83.3%
(120/144) of patients, and 74.3% (107/144) of pa-
tients’ blood cultures were obtained within seven
days. The number of patients with negative results
within seven days after the index blood culture was
78.5% (113/144). The decrease in the rate of repeat
blood cultures in 7 days to 41.2% in the 7-day mor-
tality group was because the patients were lost in
a shorter period. Appropriate antibiotic therapy
was initiated in 95.8% of the patients. However, the
maintenance treatment was deemed appropriate

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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at 72.2% (104/144). The main reason for inappropri-
ate maintenance therapy was the initial treatment
(broad-spectrum antibiotics such as carbapenem,
teicoplanin, piperacillin-tazobactam, linezolid, or
combination therapies) was continued even though
the causative agent was MSSA in critically ill pa-
tients.

Repeat blood culture any time during hospitaliza-
tion, repeat blood culture in 7 days, and negativi-
ty control in 7 days were found to be significantly
high in survivors (in 7-day mortality group: p<0.001,
p=0.001, p<0.001, respectively; in 30-day mortality
group: p=0.002, p=0.019, p=0.009, respectively).

ID specialist consultation was requested in 79.9%
of the patients within 96 hours following the index
blood culture signal. ID consultation was high as
%75 in all groups and reported no correlation with
mortality.

Overall 7-day mortality was 11.8% (17/144), and
30-day mortality was 21.5% (31/144). Altered men-
tal status at admission was associated with high-
er mortality (p=0.003 in the 7-day mortality group
and p<0.001 in the 30-day mortality group). As a
result, head CT performed higher in non-survivor
groups. The patient with a respiratory focus had a
significantly high mortality rate (58.8% in the 7-day
mortality group and 45.2% in the 30-day mortali-
ty group). The clinical approach and outcomes of
patients with SAB are shown in Table 2. The medi-
an length of hospital stay in all groups was 21 days
(min=1 - max=194), and the intensive care unit stay
was 4 days (min=1 - max=160). The length of stay is
detailed in Table 3.

In univariate analysis, there was a correlation be-
tween 7-day mortality and altered mental status,
a respiratory focus, echocardiography imaging, ICU
admission, head CT, any time repeat blood culture,
repeat blood culture in 7 days, negative blood cul-
ture result in 7 days, and appropriate specific ther-
apy. However, multivariate analysis did not identi-
fy any factors that could affect mortality. On the
other hand, 30-day mortality increased with ICU
admission and the presence of a respiratory focus.
ICU admission increased the risk of 30-day mortal-
ity by 1.12 times (odds ratio [OR]=1.123; 95% confi-
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dence interval [CI]=2.506-5.000); the presence of a
respiratory focus increased the risk by 4.36 times
(OR=4.366; 95% ClI=1.223-15.625). There was no
relationship between other variables and 30-day
mortality.

DISCUSSION

According to the results of the current study, SAB
pneumonia foci have a four-fold higher mortality
rate than other foci. These findings are consistent
with studies that showed high staphylococcal pneu-
monia mortality rates (9, 10, 11). Mortality from
SAB due to a pulmonary focus has been reported
to range from 39% to 67%, and the primary focus of
infection is known to predict mortality (12). These
findings clearly show the need for rapid initiation of
appropriate therapy in staphylococcal pneumonia
patients. The quick diagnosis of patients is thus an-
other crucial issue. Sometimes a chest X-ray may be
insufficient to make a diagnosis. Thoracic CT is not
commonly used in patients with staphylococcal bac-
teremia, and its necessity is controversial. However,
a decision should be made in light of the patient’s
complaints, symptoms, and physical examination.
Based on our results, it is crucial to culture from pul-
monary secretions (sputum, endotracheal aspirate).

The central catheter was the most frequent source
of infection in this study, as it was in many others. In
our study population, chronic renal failure was the
most prevalent comorbidity. Hemodialysis patients
are well known to have a high risk of SAB (13). The
second most common cause of death was SAB fo-
cused by a central catheter. Recent studies showed
that the access route to dialysis in SAB is crucial. It
has been reported that entering hemodialysis via a
fistula rather than a central catheter carries less risk
(14, 15). In the study population, 80% of hemodialy-
sis patients received hemodialysis through a central
catheter. It is well known that the central catheter
poses a greater risk than a fistula because of fre-
quent hand contact and that skin colonization is
more common in these patients. Therefore, switch-
ing to a fistula as soon as possible is advised. Patients
on hemodialysis have lower late mortality and high-
er early mortality rates (16). However, SAB causes
invasive infections and high mortality rates than all
causes (such as endocarditis and osteomyelitis).
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Interestingly, our study’s second most common fo-
cus was the intraabdominal source. The high num-
ber of patients with intraabdominal malignancy in
our facility might have caused this outcome; about
half of our patients had abdominal imaging. In ad-
dition, patients in the SAB group’s intraabdominal
focus typically had prior surgery. Gram-negative
bacteria are commonly the causative agent in in-
traabdominal infections, as is well known. This re-
sult could be related with the nosocomial incisional
surgical site infections. We noted a low mortality
rate in the intraabdominal focus group. Similarly,
Laupland et al. reported a low mortality rate in the
intraabdominal focus group (17). Even so, clinicians
should remember that managing SAB requires ear-
ly source control.

Recent studies have shown that ID specialist con-
sultation affects survival (3, 18, 19). In our hospi-
tal, the clinician should consult an ID specialist to
administer antimicrobial therapy when there is a
blood culture signal. Our hospital’s rate of ID con-
sultation within the first 96 hours of index blood
culture was about 80%; however, this high rate was
unaffected by 7-day and 30-day mortality rates.
Our study’s unknown focus rate was low because
of the high rate of ID consultation. In the study of
Kaech et al., the ID consultation rate was 82%, but
the unknown focus was 52% (20). In contrast, Kaash
et al. reported a high mortality rate in the unknown
focus; in addition, they recommended new imaging
techniques, such as positron emission tomography/
computed tomography (PET/CT), when traditional
methods failed to detect focus (21). However, there
is currently insufficient evidence to require using
PET/CT or other novel imaging techniques.

On the other hand, echocardiography imaging is
definitely recommended in patients with SAB, while
other imaging methods are recommended based
on the patient’s history and physical examination
(22, 23). Transthoracic echocardiography should be
performed first to identify cardiac involvement. Pa-
tients at risk or suspected of having infective endo-
carditis should have TEE. In our study, the number
of patients who were not performed echocardiogra-
phy was significantly high among the non-survivors.

Infect Dis Clin Microbiol 2023; 5(1): 31-9

This study also aimed to evaluate the approach to
SAB in our hospital. The rate of our repeat blood
culture at any time was above 80%, and the negativ-
ity control in 7 days rate was 78%. It is well known
that persistent SAB, despite appropriate antibiotic
therapy, is prognostically significant. For example,
in a large European cohort of over 900 patients, 32%
of cases had bacteremia for at least one additional
day after beginning appropriate antibiotic therapy,
and 30-day mortality was twice that of patients
whose blood cultures cleared immediately (28% vs.
13%) (24).

Despite having a high ID consultation rate, a high
negativity rate of repeat blood culture, and a high
TTE imaging rate, our mortality rates were similar
to those reported in the literature. Our appropriate
maintenance treatment rate is 72%, which usu-
ally depends on the continuation of glycopeptide
therapy in critically ill patients despite MSSA. This
finding suggested that cefazolin may outperform
glycopeptides in treating MSSA, as Wong et al. (25)
reported. However, large-scale prospective random-
ized trials on this topic are required.

Our study has some limitations. First, despite its
long duration, it is limited by retrospective design
and single-center setting. Second, local factors
(such as patient population and local resistance
rates) vary between studies. Finally, the fact that
we had only the last episode in patients with re-
current bacteremia attacks may have increased our
mortality rate.

In conclusion, despite appropriate antibiotics and
medical interventions, staphylococcal bactere-
imia remains a severe infection. Several prognostic
factors influence mortality (such as host factors,
pathogen-related factors, and host interaction).
SAB is still a threat, and its prevalence appears to
increase with foreign bodies (such as prostheses
and artificial heart valves). Identifying the source,
ensuring source control, and appropriate initial
therapy as soon as possible are critical for reduc-
ing mortality and morbidity in SAB. Up-to-date and
standardized guidelines are required for the man-
agement of SAB.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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