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A B S T R A C T

Objectives: Most Japanese hospitals need to keep to higher Staphylococcus aureus bacteremia (SAB)
quality-of-care indicators (QCIs) and create strategies that can maximize the effect of these QCIs with
only a small number of infectious disease specialists. This study aimed to evaluate the clinical outcomes
of patients with SAB before and after the enhancement of the mandatory infectious disease consultations
(IDCs).
Methods: This retrospective study was conducted at a tertiary care hospital in Japan. The primary
outcome was the 30-day mortality between each period. A generalized structural equation model was
employed to examine the effect of the mandatory IDC enhancement on 30-day mortality among patients
with SAB.
Results: A total of 114 patients with SAB were analyzed. The 30-day all-cause mortality differed
significantly between the two periods (17.3% vs. 4.8%, P = 0.02). Age, three-QCI point � 1, and Pitt
bacteremia score � 3 were the significant risk factors for 30-day mortality. The intervention was also
significantly associated with improved adherence to QCIs.
Conclusion: Mandatory IDCs for SAB improved 30-day mortality and adherence to QCIs after the
intervention. In Japan, improving the quality of management in patients with SAB should be an important
target.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Staphylococcus aureus bacteremia (SAB) is a common and
significant infection with high mortality rates. The 30-day all-
cause mortality of SAB is 20–30% and has not changed since the
1990s (van Hal et al., 2012). Early identification of SAB is essential
to start appropriate treatment, preventing a worse outcome

(Khatib et al., 2006). Current guidelines demonstrate the need for
immediate intervention and further diagnostic evaluation in
patients diagnosed with SAB (Liu et al., 2011; Baddour et al.,
2015; Habib et al., 2015). Therefore, the most recent studies have
identified evidence-based quality-of-care indicators (QCIs) for the
management of SAB and evaluated their impacts. The association
between infectious disease specialist (IDS) consultations, and
improved outcomes for patients with SAB has been well
established (Honda et al., 2010; López-Cortés et al., 2013; Borde
et al., 2014; Fries et al., 2014). The IDSs are important in medicine* Corresponding author at: Department of Infection Control and Prevention,
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but are rare in Japan. According to a previous report in 2019, there
are only 1.2 IDSs per 100,000 population in Japan, compared to 2.8
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DSs per 100,000 population in the United States, with only 1491
oard-certified IDSs in Japan (Kishida and Nishiura, 2020).
herefore, there are no or limited clinical IDS resources in most
ertiary care hospitals, specifically in regional or rural areas in
apan. Moreover, a recent multicenter retrospective observational
tudy in Japanese emergency and critical care departments
howed that the adherence rate to QCIs for SAB was extremely
ow (Miyamoto et al., 2017). Thus, most Japanese hospitals need to
eep higher SAB QCIs and create strategies that can maximize the
ffect of these QCIs with a small number of IDSs. This comparative
tudy aimed to evaluate the clinical outcomes of patients with SAB
efore and after mandatory infectious disease consultations (IDCs)
nd the adherence to guidelines in the management of SAB.

ethods

tudy design and setting

This retrospective before-and-after study was conducted from
pril 2015 to September 2016 (pre-intervention period) and from
ctober 2016 to March 2018 (intervention period) at St. Mary’s
ospital, a 1097-bed acute tertiary care teaching hospital in
urume, Japan. In October 2016, one board-certified clinical IDS
ho had finished a clinical infectious diseases (ID) fellowship in

apan, launched a north-western-style IDC service at St. Mary’s
ospital in which ID physicians see patients mainly as consultants
ithout inpatient duties and on an outpatient basis.
During the intervention period, IDCs were mandated for all

atients with SAB in St. Mary’s Hospital. An IDS and microbiology
aboratory technicians performed an every-weekday small meet-
ng at noon and shared information concerning blood culture
ositive samples. The microbiology laboratory technologist
eported the detection of any positive blood culture for S. aureus
irectly to the IDS. An IDS’s comment was added in the electronic
edical record to all blood culture results positive for S. aureus.
ased on the evidence-based management approach of SAB, six
CIs were selected for this study: follow-up blood culture, cardiac
chocardiography, early source control, optimal antimicrobial
herapy, therapy duration of at least 2 weeks intravenously, and
herapeutic vancomycin trough level. In addition to this comment,
n IDS directly reported and recommended an evidence-based
anagement approach in all SAB cases to the most responsible
hysicians. An ID doctor was expected to follow up the patient until
here was a complete resolution, or the patient was discharged.
uring this 3-year period, the antimicrobial stewardship team
AST) was functional and monitored for carbapenem or anti-
ethicillin-resistant Staphylococcus aureus (MRSA) antibiotics
very weekday. Although the AST monitored the vancomycin
rough levels during the study period, they did not take a positive
pproach toward the other QCIs. All episodes of SAB involving
dmitted cases were reviewed retrospectively by AST members.

utcome

The primary outcome was the 30-day mortality in patients with
AB between each period. The secondary outcome was pre-
pecified as adherence to evidence-based guidelines in the
anagement of SAB, as outlined in the internal policy, which
as based on published guidelines (Liu et al., 2011; Baddour et al.,
015; Habib et al., 2015). From these indicators, six QCIs were

because the other QCIs had missing records. Each QCI was then
scored as one if it was implemented and zero otherwise, and the
three-QCI scores ranging from 0 to 3 were analyzed.

Data collection

All hospitalized consecutive adult patients (�18 years) with an
episode of SAB, defined as isolation of S. aureus from one or more
blood culture samples, were included. Only the first episode of SAB
during the study period was included, but it was recognized as a
separate episode if a patient had another episode of SAB more than
90 days after completing a course of anti-staphylococcal therapy.
Patients aged less than 18 years, with allergies for the first-choice
treatment, receiving palliative care, not receiving treatment, and
who died within 72 h of the day that the blood culture was
obtained were excluded.

The following demographic data of the study participants
were collected from medical records: age, sex, setting (commu-
nity-acquired, hospital-onset, and healthcare-associated),
requesting department (internal medicine departments or
not), microbiological data (methicillin-sensitive S. aureus
[MSSA] or MRSA), source of bacteremia (catheter-related blood-
stream infections, endocarditis, osteomyelitis/arthritis, respiratory
tract, skin and soft tissue infection, and other unknown sources),
severity of bacteremia based on Pitt bacteremia score, underlying
diseases (cardiovascular diseases, chronic lung diseases, chronic
kidney diseases, hemodialysis, diabetes, malignant tumor,
chronic skin diseases, liver cirrhosis, human immunodeficiency
virus [HIV] or acquired immune deficiency syndrome [AIDS], and
immunosuppressive therapy), 30-day mortality, and readmission
within 90 days after the end of treatment with recurrent SAB. Type
of acquisition was classified as community-associated, healthcare-
associated, or nosocomial. Acute severity of illness was assessed
using the Pitt bacteremia score (Paterson et al., 2004), which was
reviewed retrospectively on the day the blood culture was
obtained. During the study period, we used routine blood
culture bottles (BacT/ALERT FA and BacT/ALERT SN, bioMerieux
Inc., Tokyo, Japan). The bacterial species were identified, and
minimum inhibitory concentration testing was performed using
the MicroScan WalkAway 96 SI System (Beckman Coulter, Tokyo,
Japan).

Study definitions

The SAB was characterized by as at least one blood culture
positive for S. aureus with clinical symptoms and clinically
apparent signs. Community-acquired infection was characterized
by a positive blood culture obtained at the time of hospital
admission or within 48 h after hospital admission in patients not
meeting the healthcare-associated infection criteria. Nosocomial
infection was characterized by a positive blood culture obtained
from patients who had been hospitalized for more than 48 h.
Healthcare-associated infection was characterized by a positive
blood culture obtained from a patient at the time of hospital
admission or within 48 h of admission in cases of attending a
hospital or hemodialysis clinic 30 days before SAB diagnosis,
hospitalization in an acute care hospital for �2 days at 90 days
before SAB diagnosis, and residing in a nursing home or long-term
care facility. Catheter-related bloodstream infections were defined
according to the Infectious Diseases Society of America (IDSA)
elected for this study: follow-up blood culture on day 4, cardiac
chocardiography, appropriate antimicrobial therapy, treatment
uration of at least 14 days, early source control, and therapeutic
ancomycin trough level. Although data on six QCIs were collected,
nly three QCIs – follow-up blood culture, echocardiography, and
ppropriate antimicrobial therapy – were used in data analyses
30
guidelines (Mermel et al., 2009). Infective endocarditis was
defined according to the Duke criteria (Durack et al., 1994).
Immunosuppressive therapy was defined as a drug used to treat
autoimmune diseases within 3 months of SAB onset (i.e.
prednisone at a dose of 10 mg prednisone/day for >1 month or
9
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a cumulative dose of >700 mg of prednisone within 3 months of
SAB onset) (Asgeirsson et al., 2011).

Recurrence was defined as an identified SAB with the same
susceptibility pattern within 90 days of completing a course of
anti-staphylococcal therapy.

For the six QCIs, appropriate follow-up blood culture was
defined if blood cultures were obtained within 4 days after the first
positive blood cultures. This rate of adequate follow-up blood
cultures was calculated as the number of patients who were
obtained within 4 days after the first positive blood cultures among
patients who were alive at 4 days. Completion of transthoracic
echocardiography (TTE) and/or transesophageal echocardiography
(TEE) to rule out infectious endocarditis was also assessed. The
appropriate treatment duration of antimicrobial therapy was
defined as at least 14 days of bacteremia in this study. The duration
of antibiotic treatment was considered appropriate if doctors had
selected an antibiotic to which the patient’s isolate was suscepti-
ble. The rate of appropriate treatment duration was calculated as
the number of patients with adequate duration of antibiotic
therapy among patients who were alive at 14 days in cases of
bacteremia. In cases of MSSA bacteremia, cefazolin was recognized
as the first-choice and definitive treatment antibiotic because
oxacillin and nafcillin were not available in Japan. In cases of
central nervous system infections such as meningitis and brain
abscess, ceftriaxone, cefepime, carbapenems, and vancomycin are
also acceptable. For MRSA bacteremia, vancomycin and daptomy-
cin were recognized as the first-choice antibiotics. Serum trough
levels of vancomycin exceeded 15 mg/mL (Steinmetz et al., 2015).
Source control was defined as removal of the central venous
catheter in the setting of catheter-related bloodstream infection,
valve replacement in patients with infective endocarditis, drainage
of intra-abdominal abscesses if indicated, and debridement or
amputation of skin and soft tissue infections or osteomyelitis.

Statistical analyses

The primary objective of statistical analysis was to evaluate the
effect of mandatory IDC by IDS on 30-day mortality rates. The
impact of having an IDS was hypothesized to play a multifaceted
role in reducing mortality rates. Starting mandatory IDCs referred
to as the ‘intervention period’ may affect the performance of the
three QCIs, while the level of Pitt bacteremia score may influence
the three QCIs. Pitt bacteremia score and the three QCIs (number of
bundle implementations) were considered as risk factors, and
patients’ age, sex, and other clinical variables were treated as
potential confounding variables. To model the multifaceted effects
of mandatory IDCs simultaneously after controlling for the
confounders, a generalized structural equation model (GSEM)
was employed (Kunitake et al., 2020). The Weibull parametric
survival model was used to estimate the hazard ratio (HR) for each
risk factor as well as the effect of the intervention period and
confounders. A logistic regression model was employed to obtain
the odds ratios (ORs) indicating the magnitude of interrelationship
among risk factors. To determine the confounding variables, a
univariate logistic regression model was constructed between the
pre-intervention and intervention periods, and the 30-day
mortality for each risk factor was obtained from a univariate
Cox proportional hazards model. Both factors with P < 0.2 were
considered as confounding variables. Estimates of model param-
eters and the path diagram are shown in Figure 3.

was used to estimate the HR of each risk factor on the 30-day
mortality in patients with SAB. All tests for significance were two-
tailed, and P < 0.05 was considered significant. All statistical
analyses were performed using the JMP Pro software program
(version 14.0, SAS Institute, Cray, NC, USA), Stata/MP 14.0
(StataCorp LP 4,905 Lakeway Drive College Station, TX, USA),
and EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria, version
3.6.3). More precisely, it is a modified version of R commander
(version 2.6-2) that was designed to add statistical functions
frequently used in biostatistics (Kanda, 2013).

Results

A total of 134 patients were screened for inclusion in the study.
Based on the exclusion criteria, 20 patients were excluded. The
reasons for exclusion are shown in Figure 1. Finally, a total of 114
patients with a first episode of SAB were analyzed, and 50 and 64
patients were included in the pre-intervention and intervention
periods, respectively. The baseline demographic data and descrip-
tive information regarding the interventional study are shown in
Table 1. During the study period, MRSA bacteremia was observed in
23 patients (46.0%) in the pre-intervention period and 20 patients
(31.3%) in the intervention period. There were no significant
differences in the underlying diseases between the two groups.

The adherence to QCIs between the pre-intervention and
intervention periods is shown in Table 2. In summary, most QCIs
significantly improved during the intervention period except for
intravenous treatment for 14 days and early source control. The
intervention was independently associated with improved adher-
ence to follow-up blood cultures (from 14.0% to 37.5%, P < 0.01),
TTE/TEE echocardiography (from 52.0% to 75.0%, P = 0.01),
appropriate antimicrobial therapy (from 56.0% to 75.0%, P =
0.01), and appropriate therapeutic vancomycin trough level for
MRSA (from 27.8% to 61.1%, P = 0.01). The mean of the three-QCI
points increased from 1.22 in the pre-intervention period to 1.88 in
the intervention period (P < 0.01), indicating a significant change in
the clinical bundle adherence. The complete rate of the three QCI
(three points) between the periods also significantly improved
from 8.0% to 28.1% (P < 0.01).

The Kaplan–Meier survival curve for patients with SAB
stratified by intervention is shown in Figure 2. The 30-day
mortality rate was 10.6% (12 patients/114 patients). The 30-day all-
cause mortality was also significantly higher in the pre-interven-
tion than the intervention period (17.3% vs. 4.8%, P = 0.02). The
recurrence within 90 days after treatment did not show any
statistical differences between the two periods (14.8% vs. 8.3%, P =
0.45). In the sub-analysis of MRSA bacteremia, the 30-day
mortality rate was 11.6% (5 patients/43 patients) with a tendency
to lower mortality between the periods (17.4% vs. 5.0%, P = 0.21).
Figure 1. Flow diagram of patients included in the study.
Preliminary data analyses were performed before using the
GSEM. Categorical data were analyzed using either the chi-squared
test or Fisher’s exact test and non-categorical data using the
Student’s t-test or Mann–Whitney U test as appropriate. The
Kaplan–Meier method and log-rank test were used for the
intervention period effect. The Cox proportional hazards model
310
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Tables 3 and 4 show the distribution of risk factors among
atients with SAB between the periods and 30-day mortality,

The GSEM was employed to construct a clinical model (Figure
3). This clinical model comprised two components. The first was a

able 1
aseline characteristics of patients with Staphylococcus aureus bacteremia between the pre-intervention and intervention periods.

Variables Pre-intervention period Intervention period P-value

n = 50 Percent n = 64 Percent

Age (years), median (IQR) 68 (55–80) 72 (65–82) 0.14
Sex male 34 68.0 48 75.0 0.41

Setting 0.15
Community-acquired 12 24.0 24 37.5
Hospital-onset 25 50.0 21 32.8
Healthcare-associated 13 26.0 19 29.7

Intensive care unit at the time of blood culture collection 13 26.0 18 28.1 0.80
Pitt bacteremia score, median (IQR) 1 (1–3) 1 (1–3) 0.59
Internal medicine consult 27 54.0 35 54.7 0.94

Microbiology 0.11
MSSA 27 54.0 44 68.8
MRSA 23 46.0 20 31.3

Underlying diseases
Cardiovascular disease 24 48.0 27 42.2 0.54
Chronic lung diseases 11 22.0 12 18.8 0.67
Chronic kidney diseases 19 38.0 24 37.5 0.96
Hemodialysis 9 18.0 12 18.8 0.92
Diabetes 20 40.0 30 46.9 0.46
Malignant tumor 11 22.0 18 28.1 0.45
Chronic skin diseases 11 22.0 15 23.4 0.86
Liver cirrhosis 4 8.0 2 3.1 0.40
HIV/AIDS 1 2.0 0 0 0.44
Immunosuppressive therapy 12 24.0 9 14.1 0.18

Source of bacteremia 0.43
Catheter-related bloodstream infections 13 26.0 12 18.8
Endocarditis 5 10.0 7 10.9
Osteomyelitis/arthritis 8 16.0 15 23.4
Respiratory tract 7 14.0 10 15.6
Skin and soft tissue infection 4 8.0 10 15.6
Others and unknown source of bacteremia 13 26.0 10 15.6

R, interquartile range; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; HIV, human immunodeficiency virus; AIDS,
cquired immune deficiency syndrome.

able 2
dherence to quality-of-care indicators (QCIs) and three QCI points between the pre-intervention and intervention periods.

Variables Pre-intervention period Intervention period P-value

n = 50 Percent n = 64 Percent

Follow-up blood culture on day 4 7/50 14.0 24/64 37.5 <0.01
TTE/TEE echocardiography 26/50 52.0 48/64 75.0 0.01
Appropriate antimicrobial therapy 28/50 56.0 48/64 75.0 0.03
Intravenous treatment for 14 days 30/44 68.2 51/62 82.3 0.09
Early source control 25/33 75.8 35/40 87.5 0.19
Therapeutic vancomycin trough level 5/18 27.8 11/18 61.1 0.04

Three-QCI point (mean) 1.22 0.95–1.49 1.88 1.65–2.10 <0.01
Three-QCI point <0.01

0 14 28.0 4 6.3
1 15 30.0 18 28.1
2 17 34.0 24 37.5
3 4 8.00 18 28.1

TE, transthoracic echocardiography; TEE, transesophageal echocardiography.
espectively. The OR for each risk factor with 95% confidence
nterval (CI) was obtained from a univariate logistic regression
odel (Table 3) and the HR with 95% CI for each risk factor was
btained from a univariate Cox proportional hazards model
Table 4). Age and immunosuppressive therapy were considered
s confounding variables from these results.
31
survival model to estimate the HR among risk factors and the effect
of intervention period and confounders. Age (HR,1.09; 95% CI,1.01–
1.17), three-QCI point � 1 (HR, 0.16; 95% CI, 0.04–0.68), and Pitt
bacteremia score � 3 (HR, 22.7; 95% CI, 4.6–111.9) were significant
risk factors for 30-day survival time. The intervention period (P =
0.08) and immunosuppressive therapy (P = 0.60) had an indirect
1
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effect on the 30-day survival time and no direct effects. The
associations between risk factors were modeled in the second
component. Logistic regression models were employed to evaluate
the interrelationships among the risk factors. The odds of three-
QCI point � 1 were 6.2 times higher in patients in the intervention
period than in patients in the pre-intervention period (95% CI 1.87–
20.68). Similarly, the odds of three-QCI point � 1 were 3.9 times
higher in patients with Pitt bacteremia score � 3 than with Pitt
bacteremia score < 2 (95% CI 1.23–18.99) (Figure 3). All parameter
estimates in Table 5 were obtained simultaneously based on GSEM.

Discussion

Our results suggest that mandatory IDCs had better outcomes in
patients with SAB for 30-day mortality and improved QCIs in the
setting of few IDSs. In addition, adherence to QCIs was generally
low, specifically in the pre-intervention period. The association
between IDCs and good prognosis of SAB has been well published
(Honda et al., 2010; López-Cortés et al., 2013; Borde et al., 2014;
Fries et al., 2014; Tissot et al., 2014; Martin et al., 2015; Nguyen
et al., 2015; Vogel et al., 2016; Buehrle et al., 2017; Goto et al., 2017;
Nagao et al., 2017; Djelic et al., 2018). A meta-analysis showed that
bedside IDCs are related to better outcomes, including all-cause
30-day mortality decreasing from 26% to 12% in favor of the IDC

group (relative risk, 0.53; 95% CI, 0.43–0.65) (Vogel et al., 2016).
Recently Tissot et al. (2014) reported that ‘mandatory’ IDCs for
MRSA bacteremia were associated with better management of
patients with MRSA bacteremia and reduced mortality. Martin
et al. (2015) also reported on mandatory IDC for patients with SAB,
with better adherence to the IDSA guidelines. Automatic notifica-
tion and IDC for patients with SAB improved adherence to the
established QCI (Djelic et al., 2018). Thus, mandating IDCs for all
patients with SAB has been shown to improve the rates of
guideline-recommended care, including echocardiography, source
control, appropriate antimicrobial therapy, and follow-up cultures.
The clinical setting of this study was based on a sufficient number
of IDCs.

Unfortunately, most tertiary care hospitals in Japan have limited
IDS resources, and we need a feasible and sustainable way to
achieve a better outcome with few IDSs. In this study, a
microbiology conference with microbiology laboratory technicians
was organized regularly once every weekday. This is a sustainable
burden on the limited IDS resource; nevertheless, 30-day mortality
was improved between the periods. Mandatory IDCs may play a
role in patient management to achieve a good outcome in patients
with SAB in hospitals with limited IDS resources such as most of
the tertiary care hospitals in Japan. It is possible that instituting an
ID consultation led to increased awareness of the guideline-based
management of SAB among the most responsible physicians.

Although the intervention period was not significantly related
to 30-day mortality, implementation of three-QCI point and Pitt
bacteremia score � 3 were significantly associated with 30-day
mortality in the present study. We tried to investigate other cut-off
values for Pitt bacteremia. In cases of Pitt bacteremia cut-off score
� 2 based on a previous study (Hill et al., 2001), the estimates of
model parameters on the factor risk model were as follows: direct
effect of 30-day survival time: age (HR, 1.05; 95% CI, 0.99–1.10; P =
0.09), immunosuppressive therapy (HR, 0.87; 95% CI, 0.99–1.10; P =
0.85), intervention period (HR, 0.19; 95% CI, 0.45–0.80; P = 0.02), 3
QCI point � 1 (HR, 0.32; 95% CI, 0.08–1.28; P = 0.11), and Pitt
bacteremia score � 2 (HR, 10.0; 95% CI, 2.36–42.6; P = 0.002); for
Pitt bacteremia cut-off score � 2, direct effect of three-QCI point �
1: intervention period (OR, 5.42; 95% CI, 0.50–2.89; P < 0.01) and
Pitt bacteremia score � 2 (OR, 1.99; 95% CI, �0.54 to 1.91; P = 0.27).
This result showed that, the more severe was the SAB status
according to the Pitt bacteremia score, the greater was the impact
of QCI implementation on 30-day mortality. The overall QCIs in
patients with SAB improved during the intervention period.
According to previous studies, AST intervention in the manage-
ment of patients with SAB demonstrated significant adherence to
all SAB quality-of-care measures (Wenzler et al., 2017; Smith et al.,
2018; Sherbuk et al., 2019). Although antimicrobial stewardship is

Figure 2. The Kaplan–Meier 30-day survival curves for patients with Staphylococ-
cus aureus bacteremia by period.
Figure 3. Risk factor model of Staphylococcus aureus bacteremia. The solid arrow represents the hazard ratio. The dotted arrow represents the odds ratio.
QCIs, quality-of-care indicators.
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n important aspect of healthcare in all hospitals in Japan, as in
ther countries, the problem lies in the low adherence rate during
he pre-intervention period. The QCIs during the pre-intervention
eriod were significantly low in terms of follow-up blood culture,
reatment duration of antimicrobial therapy, and the choice of
rst-line appropriate antimicrobial therapy. In contrast, the
ompliance rate of echocardiography was higher than that of
ther indicators. These results were similar to those of a previous
eport conducted in emergency and critical care departments in
apan (Miyamoto et al., 2017). According to this previous report
nd our study, the adherence rate to QCIs for SAB is low in Japan.
owever, previous survey reports mentioned that the proportion
f appropriate knowledge concerning SAB was high in some
apanese institutions such as university hospitals and leading
ospitals (Nagao et al., 2017; Moriyama et al., 2019). The adherence
o QCIs for SAB may depend on the activity of the AST and ID
epartments in each hospital. There may be room for improvement
ecause of differences in quality of medical care for SAB between
egions and facilities. Because adherence to evidence-based QCIs
esults in better prognosis, management of SAB should be an
mportant target for interventions to improve the quality of
anagement, specifically in the setting of hospitals with no or

imited clinical IDS resources in Japan. Implementation of a
ospital-wide protocol for the management of patients with SAB
ay also be a good aim to improve adherence to the standard of
are (Bolhuis et al., 2018).
This study has some limitations. This retrospective study was

onducted at a single center, acute tertiary care hospital, and the

able 3
nivariate analysis of influence factors for the intervention period in patients with
taphylococcus aureus bacteremia.

Variable Odds ratio (95% CI) P-value

Age 1.02 (0.99–1.05) 0.14
Sex

Male 1.41 (0.62–3.23) 0.41
Setting

Hospital-onset Ref
Community-acquired 2.38 (0.98–6.01) 0.06
Healthcare-associated 1.73 (0.70–4.41) 0.23

Susceptibility
MRSA 0.53 (0.25–1.15) 0.11

Internal medicine consult 1.02 (0.49–2.16) 0.94
Pitt bacteremia score 1.07 (0.84–1.35) 0.58

Underlying diseases
Cardiovascular disease 0.79 (0.37–1.66) 0.54
Chronic lung diseases 0.82 (0.33–2.07) 0.67
Chronic kidney diseases 0.98 (0.46–2.11) 0.96
Hemodialysis 1.05 (0.41–2.80) 0.92
Diabetes 1.32 (0.63–2.82) 0.46
Malignant tumor 1.39 (0.59–3.37) 0.45
Chronic skin diseases 1.09 (0.45–2.68) 0.86
Liver cirrhosis 0.37 (0.07–2.11) 0.25
Immunosuppressive therapy 0.52 (0.19–1.34) 0.18

Source of bacteremia
Catheter-related bloodstream infections 0.66 (0.27–1.60) 0.35
Endocarditis 0.87 (0.33–3.95) 0.87
Osteomyelitis/arthritis 1.61 (0.63–4.34) 0.32
Respiratory tract 1.13 (0.40–3.37) 0.81
Skin and soft tissue infection 2.12 (0.66–8.17) 0.21
Others and unknown source of bacteremia 0.53 (0.20–1.32) 0.17

I, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus.

Table 4
Univariate analysis of influence factors for 30-day mortality in patients with
Staphylococcus aureus bacteremia.

Variable Hazard ratio (95% CI) P-value

Age 1.03 (0.99–1.09) 0.14
Sex

Female Ref
Male 1.94 (0.62–6.14) 0.27

Setting
Hospital-onset Ref
Community-acquired 1.29 (0.26–6.39) 0.76
Healthcare-associated 3.03 (0.76–12.14) 0.12

Susceptibility
MSSA Ref
MRSA 1.25 (0.40–3.95) 0.71

Internal medicine consult
No Ref
Yes 1.67 (0.50–5.52) 0.39

Pitt bacteremia score 1.52 (1.17–1.93) <0.01

Underlying diseases
Cardiovascular disease

No Ref
Yes 1.71 (0.54–5.40) 0.35

Chronic lung diseases
No Ref
Yes 1.96 (0.59–6.50) 0.29

Chronic kidney diseases
No Ref
Yes 0.79 (0.24–2.63) 0.70

Hemodialysis
No Ref
Yes 0.38 (0.05–3.00) 0.30

Diabetes
No Ref
Yes 0.62 (0.19–2.04) 0.42

Malignant tumor
No Ref
Yes 0.54 (0.12–2.48) 0.40

Chronic skin diseases
No Ref
Yes 1.67 (0.50–5.52) 0.39

Liver cirrhosis
No Ref
Yes 1.76 (0.23–13.6) 0.59

Immunosuppressive therapy
No Ref
Yes 2.37 (0.70–7.76) 0.19

Source of bacteremia
Catheter-related bloodstream infections

No Ref
Yes 0.32 (0.02–1.64) 0.19

Endocarditis
No Ref
Yes 0.76 (0.04–3.89) 0.79

Osteomyelitis/arthritis
No Ref
Yes 0.34 (0.02–1.73) 0.23

Respiratory tract
No Ref
Yes 3.38 (0.90–10.75) 0.07

Skin and soft tissue infection
No Ref
Yes 1.42 (0.21–5.38) 0.67

Others and unknown source of bacteremia
No Ref
Yes 1.29 (0.28–4.32) 0.71

CI, confidence interval; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA,
methicillin-resistant Staphylococcus aureus.
esults may not apply to other settings with different consultation
tyles, such as university hospitals or cancer centers. Because of the
ingle center and the short-duration nature of the study, the
ample size was relatively small. Although the effect of AST cannot
ule out to improve adherence to guidelines, another limitation is
hat we measured the evidence-based factors to manage SAB, but
31
unmeasured factors that were not included may have affected the
results. The study duration was 36 months and it is possible that
this was insufficient to characterize the effect of this system. The
addition of the AST review to mandatory IDC may be associated
with improved QCIs in the management of SAB. Finally, there is the
potential for changes in practice and microbiologic epidemiology
3



Y. Hadano, T. Kakuma, T. Matsumoto et al. International Journal of Infectious Diseases 103 (2021) 308–315
over time, especially since the proportion of MRSA bacteremia
showed a downward trend (a 14.7% reduction from 46.0% to 31.3%)
and the mortality in patients with MRSA bacteremia also decreased
in this study. Although there are some limitations, other
institutions would likely benefit from a similar approach,
specifically those that have relatively rare and new IDC services,
as in Japan.

Conclusion

In conclusion, mandatory IDCs improved 30-day mortality rate
and adherence to evidence-based bundle care and made a
difference in mortality due to the intervention even with limited
IDS resources. The IDSs should address expanding evidence-based
practices for the management of SAB even in the setting of a small
number of IDSs, such as most Japanese tertiary care hospitals,
using this feasible and sustainable method. In Japan, the quality of
SAB management should be improved for better prognosis of SAB.
Furthermore, there is an urgent need for IDSs in Japan to
appropriately address today’s ID threats.
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