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ABSTRACT

Background: Staphylococcus aureus bacteremia (SAB) is a common and serious infection with a 
high mortality. Patients with chronic kidney disease (CKD) are vulnerable to SAB, but there 
have been few studies performed on the clinical characteristics and outcomes of SAB in CKD 
patients stratified by dialysis. We aimed to estimate the all-cause mortality and identify its 
predictors in patients with CKD.
Materials and Methods: We conducted a retrospective study on the patients with SAB 
hospitalized in a tertiary care center in Korea between March 2014 and December 2018. 
Kaplan-Meier analysis was performed to compare all-cause mortality following SAB among 
patients with non-dialysis dependent CKD (ND-CKD), those receiving dialysis, and those 
without CKD (non-CKD). The predictors of mortality among CKD patients were analyzed by 
Cox proportional hazards regression.
Results: As a total, 278 SAB of 43 ND-CKD (31 males), 58 dialysis (39 males), and 177 non-
CKD (112 males) patients were included. The 30-day mortality was 39.5% in ND-CKD, 27.6% 
in dialysis, and 7.9% in non-CKD patients. The hazard ratio of all-cause mortality following 
SAB in ND-CKD was 2.335 (95% confidence interval, 1.203 – 4.531; P = 0.003), compared to 
non-CKD patients. For methicillin-resistant S. aureus bacteremia (MRSAB), the hazard ratio 
of all-cause mortality in ND-CKD was 2.628 (95% CI, 1.074 – 6.435; P = 0.011), compared to 
dialysis patients. Appropriate antibiotics <48 h was independently related to improved survival 
following SAB among ND-CKD (adjusted HR, 0.304; 95% CI, 0,108 – 0.857; P = 0.024) and 
dialysis (adjusted HR, 0.323; 95% CI, 0,116 – 0.897; P = 0.030) patients.
Conclusion: ND-CKD patients demonstrated poor outcome following SAB and 
administration of appropriate antibiotics within 48 h could reduce the risk for mortality.
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INTRODUCTION

Staphylococcus aureus is one of the most common causes of bacteremia both in the community 
and hospitals. S. aureus bacteremia (SAB) can spread to any body site and result in serious 
complications such as endocarditis, osteomyelitis, pneumonia, and meningitis with 20 – 
50% mortality [1-3].

Infect Chemother. 2020 Mar;52(1):82-92
https://doi.org/10.3947/ic.2020.52.1.82
pISSN 2093-2340·eISSN 2092-6448

Original Article

Received: Jan 27, 2020
Accepted: Feb 9, 2020

Corresponding Author:
Yeon-Sook Kim, MD, PhD
Division of Infectious Diseases, Department 
of Internal Medicine, Chungnam National 
University School of Medicine, Daejeon 35015, 
Korea.  
Tel: +82-42-280-8109 
Fax: +82-42-280-6970
E-mail: alice@cnuh.co.kr

Copyright © 2020 by The Korean Society 
of Infectious Diseases, Korean Society for 
Antimicrobial Therapy, and The Korean Society 
for AIDS
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Yeon-Sook Kim 
https://orcid.org/0000-0003-1142-5488
Jungok Kim 
https://orcid.org/0000-0002-0694-1579
Shinhye Cheon 
https://orcid.org/0000-0002-1783-121X
Kyung Mok Sohn 
https://orcid.org/0000-0002-3237-044X

Funding
This work was supported by Chungnam 
National University.

Yeon-Sook Kim , Jungok Kim , Shinhye Cheon , and Kyung Mok Sohn 

Division of Infectious Diseases, Department of Internal Medicine, Chungnam National University School of 
Medicine, Daejeon, Korea

Higher Risk for All-cause Mortality of 
Staphylococcus aureus Bacteremia in 
Patients with Non-Dialysis Dependent 
Chronic Kidney Disease

https://icjournal.org
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-1142-5488
https://orcid.org/0000-0003-1142-5488
https://orcid.org/0000-0002-0694-1579
https://orcid.org/0000-0002-0694-1579X
https://orcid.org/0000-0002-1783-121X
https://orcid.org/0000-0002-1783-121X
https://orcid.org/0000-0002-3237-044X
https://orcid.org/0000-0002-3237-044X
https://orcid.org/0000-0003-1142-5488
https://orcid.org/0000-0002-0694-1579
https://orcid.org/0000-0002-1783-121X
https://orcid.org/0000-0002-3237-044X
http://crossmark.crossref.org/dialog/?doi=10.3947/ic.2020.52.1.82&domain=pdf&date_stamp=2020-03-17


Conflict of Interest
No conflicts of interest.

Author Contributions
Conceptualization: KYS. Data curation: 
CS, KYS. Formal analysis: KYS, KJ. Funding 
acquisition: KYS. Methodology: KYS, SK. 
Investigation: KYS, CS, KJ, SK. Writing: KYS.

Patients with chronic kidney disease (CKD) are vulnerable to SAB because of the repeated 
hospital exposure, the use of intravascular catheters, fluid overload, and the negative impact 
of the uremic state on the immune function [4, 5]. Where there are many studies reported on 
the outcomes of SAB in patients with end stage renal disease undergoing hemodialysis, there 
are few studies on the outcome of SAB in patients with non-dialysis dependent CKD (ND-
CKD) [6-8]. Therefore, we aimed to define the clinical characteristics of SAB, estimate the 
all-cause mortality following SAB, and identify risk factors for mortality in patients with CKD 
stratified by dialysis.

MATERIALS AND METHODS

1. Patients and clinical data
We performed a retrospective study among patients who were hospitalized in Chungnam 
National University Hospital and developed SAB in the period of March 2014 to December 
2018. All patients with signs and symptoms of bacteremia with positive blood cultures for 
S. aureus were included in this study. Only the first clinically significant episode of infection 
with SAB for each patient was included in the analysis. Cases of suspected contamination and 
polymicrobial bacteremia were excluded. The VITEK II automated system (bioMérieux Inc., 
Marcy L'Etoile, France) was used to identify bacterial organisms and to detect vancomycin 
minimum inhibitory concentration (MIC). In the VITEK II, system bacterial organisms are 
identified with standard identification cards.

Patients with SAB were identified from microbiology laboratory records. All detailed 
clinical data including baseline characteristics, Charlson's Comorbidity Index (CCI) score, 
severity of acute infection as measured by Pitt bacteremia score (PBS) and Sequential Organ 
Failure Assessment (SOFA) score, community or nosocomial acquisition of bacteremia, 
antimicrobial therapy, methicillin resistance of S. aureus isolates, and all-cause mortalities 
were collected from reviewing the electronic medical records.

The study protocol was reviewed and approved by an institutional review board (IRB) of the 
Chungnam National University Hospital (IRB registration no. 2019-10-026).

2. Definitions
Bacteremia was defined as the presence of ≥1 positive blood culture for S. aureus in a patient 
who had signs and symptoms consistent with Systemic Inflammatory Response Syndrome 
(SIRS). The diagnosis of SIRS was made according to the criteria of the Surviving sepsis 
campaign [9].

SAB was classified as community-acquired if S. aureus was isolated from blood cultures drawn 
within 48 h of hospital admission and was classified as healthcare associated if the patients 
had (1) a history of hospitalization or surgery in the previous year, (2) a history of residence 
in a long-term care facility in the past year, (3) a history of hemodialysis or peritoneal dialysis 
in the previous year, and (4) the presence of a permanent indwelling catheter or percutaneous 
medical device at the time of culture [10-13].

We defined patients with CKD as patients who had a GFR <60 mL/min/1.73 m2 for >3 months 
[14]. Patients who were at least 18 years of age and had no prior SAB episode at the time of 
CKD diagnosis were grouped as patients with CKD in the present study.
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The infections were classified based on the primary site of infection as catheter-related 
bloodstream infection (CRBSI), heart and large vessel infection (including endocarditis, infected 
vascular thrombi, and infection of implanted vascular devices), bone and joint (including 
osteomyelitis and arthritis) infection, lung infection, skin and soft tissue infection, surgical site 
infection (SSI), central nervous system (CNS) infection, and unknown primary focus. CRBSI was 
considered to be the source of bacteremia, modified from the previous study [15]. Skin and soft 
tissue infection was considered to be the source of SAB when patients had a pure culture of S. 
aureus from a tissue or a drainage specimen from the affected site and had signs of infection [15]. 
SSI was defined according to the definitions of the Centers for Disease Control and Prevention 
[16]. If a primary focus of infection could not be determined, it was considered to be unknown.

The CCI is considered a reliable method for measuring comorbidity in clinical research. We 
collected comorbidities at diagnosis by review of the medical record within 12 months of 
diagnosis using methods previously described [17]. Severity of SAB was assessed using PBS 
and SOFA scores according to the methods previously described [18, 19].

We defined it appropriate if the at least 1 antibiotic to which the isolate showed in vitro 
susceptibility that was initiated within 2 days after the onset of SAB. Source control means 
removal of the intravascular catheter for CRBSI, percutaneous drainage or surgical removal of 
abscess if it presents, surgical removal of infected prosthetic device if it presents.

3. Statistical analyses
Bivariate analyses for categorical variables were performed using Pearson Chi square or 
Fisher's exact tests and one-way ANOVA test was performed to compare continuous variables. 
Kaplan-Meier estimates were plotted for patients with ND-CKD, dialysis, and non-CKD, and 
they were examined for differences by log-rank test. To investigate predictors of mortality 
following SAB, we used Cox proportional hazards regression models. SPSS software (version 
22.0, SPSS, Inc., an IBM Company, Chicago, IL, USA) and Prism software (version 8, 
Graphpad, San Diego, CA, USA) were used for statistical analyses.

RESULTS

As a total, 278 SAB of 43 patients (31 males) with ND-CKD, 58 patients (39 males) with 
dialysis, and 177 patients (112 males) without CKD were analyzed after excluding 68 cases of 
suspected contamination and 47 of polymicrobial bacteremia in the period of March 2014 to 
December 2018 (Fig. 1).

1. Clinical characteristics of the study population
The median (interquartile ranges) age of patients with SAB was 72 years (36 − 89) in ND-CKD, 
65.5 years (34 − 90) in dialysis, and 68 (18 - 101) in non-CKD patients. Main demographic 
findings of the 278 patients are given in Table 1. Diabetes mellitus was most common among 
all patient groups. CCI was higher among dialysis (4.19 ± 1.95) and ND-CKD (4.14 ± 3.12), 
compared to non-CKD patients (3.01 ± 3.45, P = 0.013). All patients with dialysis in the 
present study were receiving hemodialysis.

We found that SAB is healthcare-associated for 62.8% in ND-CKD, 96.6% in dialysis, and 
70.1% in non-CKD group (P <0.0001). CRBSI was the most common source of SAB in all 
patient groups and especially comprises 34.5% among dialysis group. Unknown primary 
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focus was more frequent in ND-CKD than in other groups, without statistical significance. 
ND-CKD and non-CKD had SAB originated from spondylitis and SSIs more frequently than 
dialysis patients did, which had no statistical significance.

PBS was increased in ND-CKD (2.51 ± 2.91) and dialysis (2.24 ± 2.47), compared to non-CKD 
(1.71 ± 2.35, P = 0.098) patients. SOFA score was significantly elevated in ND-CKD (6.26 ± 
4.13) and dialysis (6.78 ± 4.21), compared to non-CKD (2.55 ± 3.44, P <0.0001) group.
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393 patients with SAB
underwent assessment

for eligibility

115 were excluded from analysis
68 contamination
47 polymicrobial bacteremia

278 patients with SAB
were included in analysis

43 patients with ND-CKD
were included in analysis

58 patients with dialysis
were included in analysis

177 patients without CKD
were included in analysis

Figure 1. Enrollment of patients with Staphylococcus aureus bacteremia (SAB). 
ND-CKD, non-dialysis dependent chronic kidney disease; CKD, chronic kidney disease.

Table 1. Baseline demographic and clinical characteristics of Staphylococcus aureus bacteremia (SAB)
Variables ND-CKD (N = 43) Dialysis (N = 58) Non-CKD (N = 177) P
Age, median (range), years 72 (36–89) 65.5 (34–90) 68 (18–101) 0.050
Male, No. (%) 31 (67.2%) 39 (72.1%) 112 (63.3%) 0.514
Underlying conditions, No. (%)

Diabetes 22 (51.2%) 25 (43.1%) 44 (24.9%) 0.001
Solid tumor 11 (25.6%) 3 (5.2%) 44 (24.9%) 0.004
Hematologic Malignancy 1 (2.3%) 0 9 (5.1%) 0.035
Chronic liver diseases 5 (11.6%) 7 (12.1%) 17 (9.6%) 0.291
Cerebrovascular diseases 3 (7.0%) 10 (17.2%) 27 (15.3%) 0.316

Charlson's comorbidity index, mean ± SD 4.1 ± 3.1 4.2 ± 1.9 3.0 ± 3.5 0.013
Site of infection acquisition, No. (%) <0.0001

Community acquired 16 (37.2%) 2 (3.4%) 53 (29.9%)
Healthcare associated 27 (62.8%) 56 (96.6%) 124 (70.1%)

Source of SAB, No. (%)
Unknown primary focus 11 (25.6%) 11 (19.0%) 26 (14.7%) 0.215
CRBSI 11 (25.6%) 20 (34.5%) 43 (24.3%) 0.314
Endocarditis 1 (2.3%) 1 (1.7%) 8 (4.5%) 0.195
Spondylitis 10 (23.3%) 1 (1.7%) 36 (20.3%) 0.002
Pneumonia or lung abscess 4 (9.3%) 2 (3.4%) 5 (2.8%) 0.314
Arthritis 2 (4.7%) 3 (5.2%) 17 (9.6%) 0.132
Surgical site infections 1 (2.3%) 1 (1.7%) 11 (6.2%) 0.079

Severity of SAB, mean ± SD
Pitt bacteremia score 2.5 ± 2.9 2.2 ± 2.5 1.7 ± 2.4 0.098
SOFA score 6.3 ± 4.1 6.8 ± 4.2 2.6 ± 3.4 <0.0001
WBC count (× 1,000 cells/mm3) 16.5 ± 8.8 14.4 ± 6.6 17.1 ± 37.7 0.841
CRP (mg/dL) 17.3 ± 10.8 18.7 ± 46.8 14.9 ± 9.2 0.527

MRSA, n (%) 18 (41.9%) 35 (60.3%) 92 (52.0%) 0.194
MRSA strains of Vancomycin MIC ≥2.0 mg/L 0 3 (5.7%) 7 (4.0%) 0.516
ND-CKD, non-dialysis dependent chronic kidney disease; CRBSI, catheter-related blood stream infection; SOFA, sequential organ failure assessment; WBC, white 
blood cell; CRP, C-reactive protein; MRSA, methicillin-resistant Staphylococcus aureus; MIC, minimum inhibitory concentration.
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The proportion of methicillin-resistant S. aureus (MRSA) was more than 50% in dialysis and 
non-CKD groups, and related with healthcare-associated SAB. In contrast, methicillin-
susceptible S. aureus (MSSA) comprised 58% of SAB in ND-CKD patients. More than 90% of 
MRSA isolates in our study had vancomycin MIC ≤1.0 mg/L.

2. Appropriateness of treatment and outcome of SAB
For MSSA bacteremia (MSSAB), more than 90% of patients of all groups received antibiotics 
with anti-MSSA activity within 48 h after the onset of bacteremia (Table 2). However, 
the proportion of patients with MRSA bacteremia (MRSAB) who were given anti-MRSA 
antibiotics <48 h decreased to 38.3% of ND-CKD, 48.6% of dialysis, and 44.6% of non-CKD 
patients. Among 145 patients with MRSAB, 125 cases were initially treated with vancomycin 
and 14 cases didn't receive any anti-MRSA antibiotics because they died before the report of 
initial blood culture. The source of infection was controlled for 15 cases (34.9%) of ND-CKD, 
30 cases (51.7%) of dialysis, and 79 cases (44.6%) of non-CKD patients.

The 7-day all-cause mortality rate after a diagnosis of SAB was 25.6% among ND-CKD, 12.1% 
of dialysis, and 7.9% of non-CKD patients (P = 0.007). The 30-day mortality rate among ND-
CKD was 39.5%, compared to 27.6% of dialysis and 20.9% of non-CKD patients (P = 0.037). 
The 90-day mortality was 46.5%, 32.8%, and 25.9% among ND-CKD, dialysis, and non-CKD 
patients, respectively (P = 0.065).

Kaplan-Meier survival estimates of the probability of survival from SAB plotted for ND-CKD, 
dialysis, and non-CKD patients are shown in Figure 2. ND-CKD showed higher risk for 
mortality (HR, 2.335; 95% confidence interval, 1.203 – 4.531; P = 0.003) compared to non-
CKD patients in Log-rank test. The hazard ratio of all-cause mortality following SAB in ND-
CKD compared to dialysis patients was 1.707 (95% CI, 0.895 – 3.258; P = 0.086). When the 
survival analyses were performed for patients stratified by methicillin resistance, the hazard 
ratio of mortality following MRSAB compared to MSSAB was 1.868 ((95% CI, 1.209 – 2.888; 
P = 0.0057) and the risk for all-cause mortality from MRSAB in ND-CKD significantly exceed 
that of dialysis (HR, 2.628; 95% CI, 1.074 – 6.435; P = 0.011) and that of non-CKD (HR, 3.001; 
95% CI, 1.172 – 7.685; P = 0.0005) patients. The Kaplan-Meier survival estimates of survival 
probability following MSSAB was not different between ND-CKD and dialysis patients.

3. Risk factors associated with mortality
In a multivariate Cox regression model, appropriate antibiotics <48 h (adjusted HR, 0.304; 
95% CI, 0.108 − 0.857; P = 0.024) was the only independent risk factor of mortality following 
SAB among patients with ND-CKD (Table 3). For dialysis patients, PBS (adjusted HR, 1.376; 
95% CI, 1.131 − 1.674; P = 0.001), source control (adjusted HR, 0. 352; 95% CI, 0.126 − 0.985; 
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Table 2. Treatment and outcome of Staphylococcus aureus bacteremia
ND-CKD patients (N = 43) Dialysis patients (N = 58) Non-CKD patients (N = 177) P

Appropriate antibiotics ≤48 h
MSSAB 23 of 25 (92.0%) 22 of 23 (95.7%) 78 of 85 (91.8%) 0.380
MRSAB 6 of 18 (33.3%) 17 of 35 (48.6%) 38 of 92 (41.3%) 0.515

Source control 15 (34.9%) 30 (51.7%) 79 (44.6%) 0.251
All-cause mortalities

7-day mortality 11 (25.6%) 7 (12.1%) 14 (7.9%) 0.007
30-day mortality 17 (39.5%) 16 (27.6%) 37 (20.9%) 0.037
90-day mortality 20 (46.5%) 19 (32.8%) 46 (25.9%) 0.065

ND-CKD, non-dialysis dependent chronic kidney disease; MSSAB, methicillin-susceptible Staphylococcus aureus bacteremia; MRSAB, methicillin-resistant S. 
aureus bacteremia.
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Figure 2. Kaplan-Meier estimate of probability of survival from Staphylococcus aureus bacteremia (A) Overall, (B) Patients with methicillin-resistant 
Staphylococcus aureus bacteremia, (C) Patients with methicillin-susceptible Staphylococcus aureus bacteremia. 
CKD, chronic kidney disease.

Table 3. Hazard ratios for mortality of SAB in patients with non-dialysis dependent chronic kidney disease (ND-CKD) versus dialysisa

ND-CKD patients Dialysis patients
Univariate HR  

(95% CI)
P Multivariate HR  

(95% CI)
P Univariate HR  

|(95% CI)
P Multivariate HR  

(95% CI)
P

Age 1.037 (0.992–1.085) 0.110 1.020 (0.986–1.055) 0.249
Male 2.441 (0.713–8.356) 0.155 0.688 (0.278–1.711) 0.421
Charlson's comorbidity index 1.138 (0.986–1.315) 0.078 1.074 (0.866–1.332) 0.517
Pitt bacteremia score 1.237 (1.034 –1481) 0.020 1.359 (1.160–1.593) <0.0001 1.376 (1.131–1.674) 0.001
Unknown primary focus 2.007 (0.693–5.810) 0.199 2.003 (0.759–5.282) 0.161
CRBSI 1.164 (0.464–2.918) 0.746 1.547 (0.609–3.933) 0.359
MRSA 2.118 (0.864–5.192) 0.101 1.458 (0.574–3.705) 0.428
Source control 0.543 (0.190–1.552) 0.254 0.330 (0.114–0.953) 0.041 0.397 (0.170–0.926) 0.037
Appropriate antibiotics ≤48 h 0.251 (0.094–0.669) 0.006 0.304 (0.108–0.857) 0.024 0.397 (0.161–0.981) 0.045 0.323 (0.116–0.897) 0.030
aThe analysis was conducted with univariate and multivariate Cox proportional hazards regression.
HR, hazard ratio; CRBSI, catheter-related blood stream infection; MRSA, methicillin-resistant Staphylococcus aureus.
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P = 0.047), and appropriate antibiotics within 48 h (adjusted HR, 0. 323; 95% CI, 0.116 − 
0.897; P = 0.030) were significantly associated with mortality following SAB.

DISCUSSION

This is the first study to estimate the all-cause mortality following SAB in CKD patients 
stratified by dialysis and its predictors in Korea. We found all-cause mortality, especially 7-day 
and 30-day mortalities, associated with SAB was significantly increased among ND-CKD 
patients. Administration of appropriate antibiotics <48 h could reduce the risk for mortality 
following SAB among CKD patients regardless of dialysis. The risk for mortality following 
MRSAB was significantly higher in ND-CKD, compared to dialysis or non-CKD patients.

SAB is a common, life-threatening infection with significant morbidity and mortality with 
20 – 50% according to previous studies [1-3]. A recently performed prospective study in 11 
Korean hospitals for 8 years showed 30-day case fatalities of 21.2 – 21.9% [20]. In the present 
study, overall 30-day mortality rate following SAB was 25.2% and Kaplan-Meier estimates 
showed that ND-CKD patients had increased risk for all-cause mortality compared to non-
CKD patients. The 7-day all-cause mortality rate after a diagnosis of SAB was 26.8% among 
ND-CKD, which was significantly higher than that of dialysis patients (12.3%) or non-CKD 
patients (7.9%, P = 0.020). This higher early mortality with high PBS suggested that SAB 
among ND-CKD patients presented more severe manifestations at the onset that they died 
rapidly before the results of initial blood cultures were reported.

When the analyses were stratified by methicillin resistance, the all-cause mortality following 
MRSAB was significantly higher than that of MSSAB in our study. However, methicillin 
resistance was not a significant factor predicting mortality following SAB among CKD 
patients in a multivariate Cox proportional hazards regression. Many studies demonstrated 
conflicting results about the impact of methicillin resistance on the mortality of SAB [21-24]. 
A meta-analysis by Cosgrove et al. showed significantly higher mortality rates for MRSAB 
(OR, 1.93; 95% CI, 1.54 – 2.42; P <0.001) compared to that of MSSAB [24]. On the contrary, 
a prospective cohort study performed in Taiwan showed that patients with MRSAB did not 
have higher mortality than did patients with MSSAB, although most of the patients with 
MRSAB did not receive empirical glycopeptide therapy [23]. There have been no evidence to 
suggest that MRSA strains are more virulent than MSSA strains, however, failure in timely 
administration of appropriate empirical antibiotics, uncontrolled infection source, and 
inferior anti-staphylococcal activity of vancomycin could contribute to increased mortality 
following MRSAB.

Our study showed that receipt of appropriate antibiotics <48 h was significantly associated 
with reducing risk for mortality following SAB in ND-CKD and dialysis patients. 
Administration of inappropriate antibiotics was identified as an independent predictor 
for mortality in many studies, which also have conflicting data [25, 26]. In a retrospective 
cohort study performed in Israel, mortality was significantly higher among patients receiving 
inappropriate antibiotics than those receiving appropriate ones [25]. In contrast, inadequate 
empirical antimicrobial therapy for SAB was not associated with increased 30-day mortality 
rates in a study performed in 9 Western European countries [26]. Controversial results of 
the appropriateness of antibiotic treatment on the mortality of S. aureus infections may result 
from differences in methods and populations of studies. The proportion of methicillin 
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resistance is different depending on the study sites and many studies evaluated outcomes in 
patients with staphylococcal infections from various sites with different severity including 
central venous catheter, skin and soft tissue, lungs, and bloodstream. This could result in 
significant clinical heterogeneity because mortality outcomes vary greatly between sites such 
as skin and soft tissue and pneumonia. Our study included only patients with SAB, which 
improved clinical homogeneity and made analysis more comparable. When the analysis 
of our study was stratified by methicillin resistance, appropriate antibiotics <48 h was 
associated with reducing mortality only in patients with MRSAB, not in those with MSSAB 
(data not shown). Since empirical treatment with glycopeptide has been largely restricted 
in our hospitals, inadequate antimicrobial treatment was strongly associated with MRSAB. 
Actually, the proportion of patients treated with appropriate antibiotics was significantly 
lower in patients with MRSAB (33.3 – 48.6%) than those with MSSAB (91.8 – 95.7%). Dialysis 
patients are more likely to be treated with vancomycin at the onset of fever before the report 
of microbiological results and to get easy approval for vancomycin use. This could explain 
why dialysis patients had better outcome following MRSAB, compared to ND-CKD patients 
in our study.

Source control have been reported to affect the outcomes of patients with SAB and this 
may be more important in determining mortality than the appropriateness of antibiotics. 
In a multicenter, prospective, observational study of 884 patients with SAB bacteremia 
duration was not affected by the choice of antibiotic therapy but by the time to source 
control procedure (P <0.0001), and delay in source control was significantly associated with 
increased 30-day mortality [27]. In addition, a retrospective cohort study demonstrated 
that failure of source control was an independent predictor of mortality, and in patients 
with eradicable foci, there were no significant differences in the mortality rate between 
appropriate and inappropriate empirical therapy [28]. Our study demonstrated that source 
control was related with reducing risk for mortality in dialysis patients. A randomized 
clinical trial could answer which of appropriate antibiotic treatment or source control is more 
important in determining the outcome of SAB, although this would be difficult to perform 
due to ethical issues.

We hypothesized dialysis could adversely affect the outcomes associated with SAB due to 
more deteriorated immune dysfunction; therefore, dialysis patients would have higher 
mortality than ND-CKD patients. However, the risk for mortality following SAB of dialysis 
patients was reduced compared to that of ND-CKD patients despite statistical insignificance, 
and their risk for mortality following MRSAB was significantly lower than that of ND-CKD 
patients. The reasons for improved survival in dialysis patients could be early diagnosis of 
SAB among these patients who visit the dialysis clinics regularly, easy access to vancomycin 
use, and the fact that dialysis catheter-related infections are the cause of SAB, which have a 
better prognosis due to immediate catheter removal.

There are several potential limitations of the present study that should be mentioned. First, 
the study was retrospective, a design which can make identifying the source of SAB difficult. 
In our study, the proportion of patients with unidentified primary focus was higher in 
ND-CKD (25.6%) patients despite no statistical significance. Since echocardiography was 
performed in only 1 case of unknown primary focus among ND-CKD patients, the incidence 
of endocarditis could be underestimated in this group. Second, vancomycin MICs vary 
depending on the testing methods.[29] Since we adopted the vancomycin MICs detected by 
VITEK II, the proportion of MRSA isolates with high vancomycin MIC (≥2.0 mg/L) could be 
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underestimated. Therefore, we were not able to assess the impact of high vancomycin MIC 
on the mortality of our patients. Third, with the small number of cases with MRSAB in CKD 
patients, it was difficult to assess predictors for mortality using multivariate Cox-regression 
analysis in this group. A prospective study including increased number of cases with MRSAB 
needs to be performed to identify the risk factors for mortality in patients with CKD.

In conclusion, the risk for all-cause mortality following SAB was higher among ND-CKD, 
compared to non-CKD patients. Appropriate antibiotics <48 h was associated with reducing 
the risk for all-cause mortality following SAB among CKD patients, regardless of dialysis. For 
MRSAB, the risk for mortality among ND-CKD was significantly higher than that of dialysis 
or non-CKD patients.

ACKNOWLEDGEMENT

Statistical analyses were assisted by In Sun Kwon.

REFERENCES

	 1.	 Keynan Y, Rubinstein E. Staphylococcus aureus bacteremia, risk factors, complications, and management. 
Crit Care Clin 2013;29:547-62. 
PUBMED | CROSSREF

	 2.	 Jensen AG, Wachmann CH, Espersen F, Scheibel J, Skinhøj P, Frimodt-Møller N. Treatment and outcome 
of Staphylococcus aureus bacteremia: a prospective study of 278 cases. Arch Intern Med 2002;162:25-32. 
PUBMED | CROSSREF

	 3.	 Benfield T, Espersen F, Frimodt-Møller N, Jensen AG, Larsen AR, Pallesen LV, 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;13:257-63. 
PUBMED | CROSSREF

	 4.	 Sarnak MJ, Jaber BL. Pulmonary infectious mortality among patients with end-stage renal disease. Chest 
2001;120:1883-7. 
PUBMED | CROSSREF

	 5.	 Prezant DJ. Effect of uremia and its treatment on pulmonary function. Lung 1990;168:1-14. 
PUBMED | CROSSREF

	 6.	 Nielsen LH, Jensen-Fangel S, Benfield T, Skov R, Jespersen B, Larsen AR, Østergaard L, Støvring H, 
Schønheyder HC, Søgaard OS. Risk and prognosis of Staphylococcus aureus bacteremia among individuals 
with and without end-stage renal disease: a Danish, population-based cohort study. BMC Infect Dis 
2015;15:6. 
PUBMED | CROSSREF

	 7.	 Chaudry MS, Gislason GH, Kamper AL, Rix M, Larsen AR, Petersen A, Andersen PS, Skov RL, Fosbøl 
EL, Westh H, Schønheyder HC, Benfield TL, Fowler VG Jr, Torp-Pedersen C, Bruun NE. Increased risk of 
Staphylococcus aureus bacteremia in hemodialysis-A nationwide study. Hemodial Int 2019;23:230-8. 
PUBMED | CROSSREF

	 8.	 Inrig JK, Reed SD, Szczech LA, Engemann JJ, Friedman JY, Corey GR, Schulman KA, Reller LB, Fowler VG 
Jr. Relationship between clinical outcomes and vascular access type among hemodialysis patients with 
Staphylococcus aureus bacteremia. Clin J Am Soc Nephrol 2006;1:518-24. 
PUBMED | CROSSREF

	 9.	 Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K, Angus DC, Brun-Buisson 
C, Beale R, Calandra T, Dhainaut JF, Gerlach H, Harvey M, Marini JJ, Marshall J, Ranieri M, Ramsay 
G, Sevransky J, Thompson BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL. Surviving sepsis 
campaign: international guidelines for management of severe sepsis and septic shock: 2008. Intensive 
Care Med 2008;34:17-60. 
PUBMED | CROSSREF

90https://icjournal.org https://doi.org/10.3947/ic.2020.52.1.82

SAB in patients with CKD

http://www.ncbi.nlm.nih.gov/pubmed/23830653
https://doi.org/10.1016/j.ccc.2013.03.008
http://www.ncbi.nlm.nih.gov/pubmed/11784216
https://doi.org/10.1001/archinte.162.1.25
http://www.ncbi.nlm.nih.gov/pubmed/17391379
https://doi.org/10.1111/j.1469-0691.2006.01589.x
http://www.ncbi.nlm.nih.gov/pubmed/11742917
https://doi.org/10.1378/chest.120.6.1883
http://www.ncbi.nlm.nih.gov/pubmed/2105408
https://doi.org/10.1007/BF02719668
http://www.ncbi.nlm.nih.gov/pubmed/25566857
https://doi.org/10.1186/s12879-014-0740-8
http://www.ncbi.nlm.nih.gov/pubmed/30779302
https://doi.org/10.1111/hdi.12728
http://www.ncbi.nlm.nih.gov/pubmed/17699254
https://doi.org/10.2215/CJN.01301005
http://www.ncbi.nlm.nih.gov/pubmed/18058085
https://doi.org/10.1007/s00134-007-0934-2
https://icjournal.org


	10.	 Kim ES, Kim HB, Kim G, Kim KH, Park KH, Lee S, Choi YH, Yi J, Kim CJ, Song KH, Choe PG, Kim NJ, 
Lee YS, Oh MD. Clinical and epidemiological factors associated with methicillin resistance in community-
onset invasive Staphylococcus aureus infections: prospective multicenter cross-sectional study in Korea. 
PLoS One 2014;9:e114127. 
PUBMED | CROSSREF

	11.	 Buck JM, Como-Sabetti K, Harriman KH, Danila RN, Boxrud DJ, Glennen A, Lynfield R. Community-
associated methicillin-resistant Staphylococcus aureus, Minnesota, 2000-2003. Emerg Infect Dis 
2005;11:1532-8. 
PUBMED | CROSSREF

	12.	 Miller LG, Perdreau-Remington F, Bayer AS, Diep B, Tan N, Bharadwa K, Tsui J, Perlroth J, Shay A, 
Tagudar G, Ibebuogu U, Spellberg B. Clinical and epidemiologic characteristics cannot distinguish 
community-associated methicillin-resistant Staphylococcus aureus infection from methicillin-susceptible 
S. aureus infection: a prospective investigation. Clin Infect Dis 2007;44:471-82. 
PUBMED | CROSSREF

	13.	 Naimi TS, LeDell KH, Boxrud DJ, Groom AV, Steward CD, Johnson SK, Besser JM, O’Boyle C, Danila RN, 
Cheek JE, Osterholm MT, Moore KA, Smith KE. Epidemiology and clonality of community-acquired 
methicillin-resistant Staphylococcus aureus in Minnesota, 1996-1998. Clin Infect Dis 2001;33:990-6. 
PUBMED | CROSSREF

	14.	 Anonymous. Chapter 1: Definition and classification of CKD. Kidney Int Suppl (2011) 2013;3:19-62.

	15.	 Harbarth S, Rutschmann O, Sudre P, Pittet D. Impact of methicillin resistance on the outcome of patients 
with bacteremia caused by Staphylococcus aureus. Arch Intern Med 1998;158:182-9. 
PUBMED | CROSSREF

	16.	 Culver DH, Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG, Banerjee SN, Edwards JR, Tolson JS, 
Henderson TS, Hughes JMNational Nosocomial Infections Surveillance System. Surgical wound infection 
rates by wound class, operative procedure, and patient risk index: National Nosocomial Infections 
Surveillance System. Am J Med 1991;91(Suppl 3B):152S-7S. 
PUBMED | CROSSREF

	17.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in 
longitudinal studies: development and validation. J Chronic Dis 1987;40:373-83. 
PUBMED | CROSSREF

	18.	 Paterson DL, Ko WC, Von Gottberg A, Mohapatra S, Casellas JM, Goossens H, Mulazimoglu L, Trenholme 
G, Klugman KP, Bonomo RA, Rice LB, Wagener MM, McCormack JG, Yu VL. International prospective 
study of Klebsiella pneumoniae bacteremia: implications of extended-spectrum beta-lactamase production 
in nosocomial Infections. Ann Intern Med 2004;140:26-32. 
PUBMED | CROSSREF

	19.	 Vincent JL, de Mendonça A, Cantraine F, Moreno R, Takala J, Suter PM, Sprung CL, Colardyn F, Blecher S. 
Use of the SOFA score to assess the incidence of organ dysfunction/failure in intensive care units: results 
of a multicenter, prospective study. Working group on “sepsis-related problems” of the European Society 
of Intensive Care Medicine. Crit Care Med 1998;26:1793-800. 
PUBMED | CROSSREF

	20.	 Kang CK, Kwak YG, Park Y, Song KH, Kim ES, Jung SI, Park KH, Park WB, Kim NJ, Kim YK, Jang HC, Lee 
S, Jeon JH, Kwon KT, Kim CJ, Kim YS, Kim HBKorea Infectious Diseases (KIND) study group. Gender 
affects prognosis of methicillin-resistant Staphylococcus aureus bacteremia differently depending on the 
severity of underlying disease. Eur J Clin Microbiol Infect Dis 2018;37:1119-23. 
PUBMED | CROSSREF

	21.	 Blot SI, Vandewoude KH, Hoste EA, Colardyn FA. Outcome and attributable mortality in critically Ill 
patients with bacteremia involving methicillin-susceptible and methicillin-resistant Staphylococcus aureus. 
Arch Intern Med 2002;162:2229-35. 
PUBMED | CROSSREF

	22.	 Yaw LK, Robinson JO, Ho KM. A comparison of long-term outcomes after meticillin-resistant and 
meticillin-sensitive Staphylococcus aureus bacteraemia: an observational cohort study. Lancet Infect Dis 
2014;14:967-75. 
PUBMED | CROSSREF

	23.	 Wang JL, Chen SY, Wang JT, Wu GH, Chiang WC, Hsueh PR, Chen YC, Chang SC. Comparison of both 
clinical features and mortality risk associated with bacteremia due to community-acquired methicillin-
resistant Staphylococcus aureus and methicillin-susceptible S. aureus. Clin Infect Dis 2008;46:799-806. 
PUBMED | CROSSREF

	24.	 Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ, Karchmer AW, Carmeli Y. Comparison 
of mortality associated with methicillin-resistant and methicillin-susceptible Staphylococcus aureus 
bacteremia: a meta-analysis. Clin Infect Dis 2003;36:53-9. 
PUBMED | CROSSREF

91https://icjournal.org https://doi.org/10.3947/ic.2020.52.1.82

SAB in patients with CKD

http://www.ncbi.nlm.nih.gov/pubmed/25485895
https://doi.org/10.1371/journal.pone.0114127
http://www.ncbi.nlm.nih.gov/pubmed/16318692
https://doi.org/10.3201/eid1110.050141
http://www.ncbi.nlm.nih.gov/pubmed/17243048
https://doi.org/10.1086/511033
http://www.ncbi.nlm.nih.gov/pubmed/11528570
https://doi.org/10.1086/322693
http://www.ncbi.nlm.nih.gov/pubmed/9448557
https://doi.org/10.1001/archinte.158.2.182
http://www.ncbi.nlm.nih.gov/pubmed/1656747
https://doi.org/10.1016/0002-9343(91)90361-Z
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/pubmed/14706969
https://doi.org/10.7326/0003-4819-140-1-200401060-00008
http://www.ncbi.nlm.nih.gov/pubmed/9824069
https://doi.org/10.1097/00003246-199811000-00016
http://www.ncbi.nlm.nih.gov/pubmed/29667110
https://doi.org/10.1007/s10096-018-3226-6
http://www.ncbi.nlm.nih.gov/pubmed/12390067
https://doi.org/10.1001/archinte.162.19.2229
http://www.ncbi.nlm.nih.gov/pubmed/25185461
https://doi.org/10.1016/S1473-3099(14)70876-X
http://www.ncbi.nlm.nih.gov/pubmed/18266610
https://doi.org/10.1086/527389
http://www.ncbi.nlm.nih.gov/pubmed/12491202
https://doi.org/10.1086/345476
https://icjournal.org


	25.	 Paul M, Kariv G, Goldberg E, Raskin M, Shaked H, Hazzan R, Samra Z, Paghis D, Bishara J, Leibovici 
L. Importance of appropriate empirical antibiotic therapy for methicillin-resistant Staphylococcus aureus 
bacteraemia. J Antimicrob Chemother 2010;65:2658-65. 
PUBMED | CROSSREF

	26.	 Ammerlaan H, Seifert H, Harbarth S, Brun-Buisson C, Torres A, Antonelli M, Kluytmans J, Bonten 
M, European Practices of Infections with Staphylococcus aureus (SEPIA) Study Group. Adequacy of 
antimicrobial treatment and outcome of Staphylococcus aureus bacteremia in 9 Western European countries. 
Clin Infect Dis 2009;49:997-1005. 
PUBMED | CROSSREF

	27.	 Minejima E, Mai N, Bui N, Mert M, She RC, Nieberg P, Spellberg B, Wong-Beringer A. Defining the 
breakpoint duration of Staphylococcus aureus bacteremia predictive of poor outcomes. Clin Infect Dis 
2020;70:566-73.
PUBMED | CROSSREF

	28.	 Kim SH, Park WB, Lee KD, Kang CI, Kim HB, Oh MD, Kim EC, Choe KW. Outcome of Staphylococcus aureus 
bacteremia in patients with eradicable foci versus noneradicable foci. Clin Infect Dis 2003;37:794-9. 
PUBMED | CROSSREF

	29.	 Kruzel MC, Lewis CT, Welsh KJ, Lewis EM, Dundas NE, Mohr JF, Armitige LY, Wanger A. Determination 
of vancomycin and daptomycin MICs by different testing methods for methicillin-resistant Staphylococcus 
aureus. J Clin Microb 2011;49:2272-3. 
PUBMED | CROSSREF

92https://icjournal.org https://doi.org/10.3947/ic.2020.52.1.82

SAB in patients with CKD

http://www.ncbi.nlm.nih.gov/pubmed/20947620
https://doi.org/10.1093/jac/dkq373
http://www.ncbi.nlm.nih.gov/pubmed/19719417
https://doi.org/10.1086/605555
http://www.ncbi.nlm.nih.gov/pubmed/30949675
https://doi.org/10.1093/cid/ciz257
http://www.ncbi.nlm.nih.gov/pubmed/12955640
https://doi.org/10.1086/377540
http://www.ncbi.nlm.nih.gov/pubmed/21450951
https://doi.org/10.1128/JCM.02215-10
https://icjournal.org

	Higher Risk for All-cause Mortality of Staphylococcus aureus Bacteremia in Patients with Non-Dialysis Dependent Chronic Kidney Disease
	Introduction
	Materials and Methods
	2. Definitions
	3. Statistical analyses

	Results
	1. Clinical characteristics of the study population
	2. Appropriateness of treatment and outcome of SAB
	3. Risk factors associated with mortality

	Discussion
	REFERENCES


