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Abstract

Objective: To compare the incremental costs and healthcare utilization ofmethicillin-resistant Staphylococcus aureus (MRSA) bacteremia with
those of methicillin-susceptible S. aureus (MSSA) bacteremia.

Design: Retrospective cohort study using data from April 2014 to March 2015.

Setting: Antimicrobial resistance surveillance and hospital claims data from 16 Japanese hospitals.

Patients: The study included 73 patients with S. aureus bacteremia: 23 with MRSA and 50 with MSSA.

Methods: MRSA bacteremia was identified using blood cultures and drug-susceptibility tests. MRSA- and MSSA-related medical practices were
evaluated. The costs were calculated and compared. All the medical costs were classified into empirical and definitive therapy periods and expressed
in Japanese yen (JPY, 1 USD = 106 JPY). Additionally, costs at aggressive and passive bacterial test-performing facilities were compared.

Results: No significant differences existed inMRSA-related resource use per patient episode betweenMRSAandMSSAbacteremia during empirical
therapy.However, during definitive therapy, inMRSAbacteremia comparedwithMSSAbacteremia, this differencewas higher. The averageMRSA-
related costs of empirical therapy for MRSA and MSSA were 13,380 and 9,140 JPY (126 and 86 USD) per patient, and for definitive therapy, they
were 69,810 and 29,510 JPY (659 and 278USD) per patient, respectively. No significant differences were noted. Conversely, the average examination
costs during definitive therapy differed significantly: 9,740 vs 3,850 JPY (92 vs 36USD), respectively (P= .0294). Furthermore, the incremental costs
in aggressive facilities were lower for the definitive therapy period than those in passive facilities.

Conclusions: In the definitive therapy period, MRSA bacteremia had higher incremental costs and greater use of healthcare resources. In
addition, the incremental costs in aggressive facilities were lower than those in passive facilities.

(Received 17 May 2022; accepted 6 July 2022)

Antimicrobial-resistant (AMR) infections are a serious global
threat.1 Methicillin-resistant Staphylococcus aureus (MRSA) is
the most common AMR infection among community-acquired
and nosocomial infections. S. aureus bacteremia is a serious clinical
disease with an annual incidence of 3.6−38.2 per 100,000 person
years in the United States and a mortality rate of 20%−40%.2,3
Moreover, MRSA bacteremia is associated with a significantly

higher mortality rate than methicillin-susceptible Staphylococcus
aureus (MSSA) bacteremia.4 In Japan in 2017, there were
∼4,224 (95% confidence interval [CI], 2,769–5,994) MRSA bacte-
remia deaths.5

Worldwide, MRSA bacteremia is associated with high morbid-
ity and mortality rates and is considered an economic burden.6–8 A
previous study reported that, compared with patients without
MRSA bacteremia, the additional medical cost per patient
with MRSA bacteremia was ∼1.9 million Japanese yen (JPY,
1 USD = 106 JPY).9 Additionally, patients with MRSA bacteremia
have higher healthcare costs than those with MSSA.4,10,11 Another
study reported that, for the inpatient cost for Japanese hospitals,
the adjusted effects were 1.04-fold (95% CI, 1.01–1.06) higher in
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the MRSA group (n= 7,188 patients) than in the MSSA group
(n= 7,717 patients).12

However, further controversy has ensued regarding the burden
of MRSA bacteremia. First, several previous studies have failed to
provide bacterial information, leading to selection bias. Because
patients who were administered anti-MRSA drugs for >3 days
were considered to have MRSA bacteremia, inclusion of non-
MRSA bacteremia (eg, Enterococcus faecium) patients may have
resulted in an overestimation of the costs. Second, previous reports
have included the medical care costs of empirical therapy before
identifying MRSA bacteremia; therefore, MRSA-related costs
may have been under- or overestimated. Blood samples are col-
lected frequently from patients with symptoms of infections such
as fever, leukocytosis, or leukopenia.13,14 However, there may have
been a delay in detecting the bacterial species following the sample
collection, or the causative organism may have been unidentified.
Empirical therapy is defined as the preferred treatment when
microbial pathogen identification and susceptibility testing are
unavailable, whereas definitive therapy is the treatment selected
following pathogen identification and susceptibility testing.15

Therefore, empirical therapy should comprise treatments that tar-
get the suspected bacterial species. Third, some studies may have
overestimated the medical care costs by including all medical costs
rather than only infection-related costs, for instance, by including
the costs of surgical procedures associated with underlying diseases
unrelated to the infections.

Furthermore, in a previous study, we conducted a principal
component analysis–based cluster analysis using administrative
claims and antimicrobial susceptibility data from 124 hospitals
in Japan.16 The 124 hospitals were classified into 5 clusters. The
characteristics in terms of infection control and risk factor of bac-
terial resistance were (1) aggressive performance, moderate risk,
(2) moderate performance, high risk, (3) moderate performance,
moderate risk, (4) passive performances, low risk, and (5) passive
performance, high risk. The characteristics of the facility’s perfor-
mance in bacterial testing and the rate of surgeries were found to be
important for MRSA detection. Therefore, in this study, we
hypothesized that the degree of examination is associated with
MRSA-related economic burden.

Hospital claims could facilitate estimating the economic burden
of AMR infections. However, data related to AMR infections are
frequently compromised by a lack of clinical data, includingmicro-
biological data. Therefore, combining microbiological and hospital
claims data may improve the reliability of findings. The
Department of Medical Management at the Kyushu University
Graduate School of Medicine managed the project.
Microbiological and hospital claim data were collected from vol-
untary hospitals to analyze and clarify the type of infectious disease
treatment used among hospitalized patients and the effect on
medical costs.17 Using this database, we estimated the economic
burden of MRSA bacteremia, addressed the limitations of our pre-
vious study, and analyzed facility-related infection control
characteristics.

Methods

Data source

The hospital claims data were based on the diagnostic procedure
combination per-diem payment system, which is the national
administrative claims data system for acute inpatient cases in
Japan. Nationally, uniform electronic diagnostic procedure combi-
nation data includes facility information (eg, number of beds),

patient clinical information (eg, age, sex, disease, the
International Classification of Disease, Tenth Revision code, and
admission and discharge dates), and medical procedure informa-
tion (eg, drug administration, surgery, examination, procedure,
medical codes, and cost). The Japan Nosocomial Infections
Surveillance (JANIS) data, which includes microbiological data,
were collected by the Ministry of Health, Labor, and Welfare to
enhance the availability of information on the epidemiology of
nosocomial infections in Japanese hospitals. These data provide
detailed bacterial information such as specimen reception date,
specimen source, bacteria type, and susceptibility test results.

Both the data sets (provided voluntarily by the hospitals) had
common patients and facilities. Therefore, both the hospital claims
data and JANIS formats were merged according to patient identi-
fication for the patient-level analysis.

Inclusion and exclusion criteria

This study included patients (1) who were admitted and dis-
charged between April 1, 2014 andMarch 31, 2015; (2) with a pos-
itive S. aureus culture from the first blood cultures or after day 3 of
hospitalization; and (3) who were aged ≥18 years. We excluded
those (1) who were missing medical practices data; (2) with pos-
itive S. aureus blood cultures on day 1 or 2 of hospitalization (com-
munity-acquired infections); (3) with a history of MRSA isolated
from nonblood specimens; and (4) with a history of bacteremia
resulting from a previous stay in the hospital during the study
period.

Patient characteristics and medical practice

The following baseline patient demographics were collected on
admission: age, sex, the Charlson comorbidity index,
comorbidities, and the allocated facility cluster type. The patient
characteristics were collected before the first blood-culture collec-
tion: days from admission to collection of the blood culture, admis-
sion to the intensive care unit, surgery, central venous catheter,
drain, blood transfusion, chemotherapy, immunosuppressants,
radiotherapy, hemodialysis, granulocyte colony-stimulating factor,
and prescribed antimicrobials. The detailed definitions are shown
in Supplementary Table 1.

Variable definitions

Definition of antimicrobial susceptibility testing data
S. aureus resistance was determined using drug-susceptibility tests
with oxacillin or cefoxitin, according to the 2012 Clinical and
Laboratory Standards Institute guidelines. All specimens (ie, blood,
urine, respiratory, and any other available) included in the JANIS
database were analyzed.

Definition of the study period
The observation period lasted from the culture date to 42 days later,
which is considered the treatment duration for complicatedMRSA
bacteremia.18 Moreover, the observation period was classified
alternatively as being either 7 days long (days 1–3, 4–7, 8–14,
15–21, 22–28, 29–35, and 36–42) or 2 days long (days 1–3 and days
4–42). The empirical therapy period was defined as the period
from the submission date of the bacterial test to 3 days later and
the definitive therapy period thereafter. The observation was dis-
continued immediately when a patient was discharged or died dur-
ing the observation period.
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Definition and calculation of MRSA-related medical practices
Medical practices were classified according to the Japanese medical
fee points. The MRSA-related medical practices comprised the fol-
lowing steps: (1) patients were selected based on the inclusion and
exclusion criteria; (2) patients were divided into groups after
MRSA orMSSA bacteremia was diagnosed from the blood culture;
(3) all the medical procedures performed on patients in MRSA
group were divided into 2 types (before and afterMRSA detection);
and (4) we defined and categorized MRSA-related medical practi-
ces, which involved more than double the number of patients on
and after MRSA detection than before MRSA detection. Because
this involved costs directly related to infection treatment, the basic
hospitalization charge (hospital charge) and the items calculated at
the time of admission and discharge were excluded. Antibacterial
drugs classified as “J01” by the World Health Organization
Anatomical Therapeutic Chemical Classification Systemwere con-
sidered MRSA-related medical practices.

The numbers of MRSA-related medical practices were
expressed as the mean time per patient with standard deviation
(SD). Antibiotics for injection were analyzed using the length of
therapy, defined as the number of calendar days that a patient
received ≥1 dose of antibiotic, regardless of the number of agents
administered during that period. Additionally, we calculated the
percentage of patients who were prescribed injectable antibiotics
for each antibiotic for the 2-day divided observation period.

Cost calculations for MRSA-related and all medical practices

MRSA-related medical practices were categorized into 7-day
observation periods and the average MRSA-related medical prac-
tice costs were calculated inMRSA andMSSA groups, respectively.
Furthermore, to compare MRSA-related medical costs with pre-
vious estimates,9,12, the medical service costs for all medical prac-
tices were covered and calculated. Medical costs were also
categorized based on medical fee points.

Comparison of MRSA-related costs in MRSA and MSSA groups
according to the facility cluster type

Wecollected and calculated 10 variables shown in the previous study
for each facility and classified them into 5 clusters.16 Furthermore,
the clusters were categorized as follows according to the bacterial test
status: aggressive, passive, and moderate. The detailed facility data
are shown in Supplementary Table 2. MRSA-related costs were also
calculated and comparedwith the average cost per patient forMRSA
and MSSA according to the aggressive- and passive-facility cluster
types allocated to each patient.

Statistical analysis

As indicators of the clinical and economic burden of MRSA, the
outcomes included the hospital length of stay, in-hospital mortal-
ity, and medical costs for the blood cultures submitted for 42
days. Categorical variables are expressed as numbers (percent-
ages) and continuous variables as mean (±SD) or median (inter-
quartile ranges). The differences in patients and medical service
data were analyzed using the χ2 test, the Fisher exact test, or the
independent t test. Statistical significance was set at P < .05. In
Japan, the medical service fee used to evaluate costs is determined
by grading individual technologies and services. The respective
cost estimates were reported in Japanese yen. All the analyses
were performed using SAS version 9.4 software (SAS Institute,
Cary, NC).

Ethical considerations

This retrospective study was approved by the Ethics Committee of
Meiji Pharmaceutical University Graduate School of Medicine
(approval no. 202112). Due to the retrospective nature of this
study, the requirement for patient informed consent was waived.

Fig. 1. Flowchart showing the study participant selection process. Note. DPC, diagnostic procedure combination; JANIS, Japan Nosocomial Infections Surveillance; MRSA, methi-
cillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; S. aureus, Staphylococcus aureus.
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Results

During the study period, 4,013 patients had blood cultures col-
lected ≥3 days after admission. S. aureus was detected in the first
blood cultures of 73 valid patients (23 with MRSA [31.5%] and 50
with MSSA [68.5%]) from the 13 of 16 hospitals included in this
study (Fig. 1). The mean patient age was 71.8 years (SD, ±18.6) and
72.2 years (SD, ±13.8) in MRSA and MSSA groups, respectively
(Table 1). Comorbidities at admission did not differ between the
2 groups. Furthermore, 82.6% of the patients in the MRSA group
and 54.0% of those in the MSSA group were prescribed antimicro-
bials before the culture date. After the index date, the mean lengths
of stay were 25.5 days and 24.5 days in MRSA and MSSA groups,
respectively (P = .8615). Also, 13 patients remained hospitalized
until the 42-day follow-up period: 6 patients (26.1%) in the
MRSA group and 7 patients (14%) in theMSSA group. The in-hos-
pital mortality rates after blood-culture collection until the 42-day
follow-up period were 30.4% and 22.0% in MRSA and MSSA
groups, respectively (P = .4373).

In this study, MRSA-related medical practices comprised 8
categories: examination, imaging, injection, medical manage-
ment, procedure, surgery, injection drug, and oral drug
(Supplementary Table 3). Figure 2A shows the MRSA-related
medical practices performed in MRSA and MSSA groups.
During the empirical therapy period, vital monitoring, microbio-
logical examination, ultrasonography, radiography, magnetic
resonance imaging, and therapeutic drug monitoring were
performed with a similar frequency in the MRSA and MSSA
groups. In contrast, these medical practices were performed more
frequently in the MRSA group during the definitive therapy
period. The median lengths of therapy for antibiotics were 11
days (interquartile range [IQR], 7–18) and 7 days (IQR, 4–14)
for MRSA and the MSSA groups, respectively. Figure 2B shows
the percentage of antimicrobial-prescribed patients during the
2-day observation period for the MRSA and MSSA groups.
During the empirical therapy period, the most frequently used
antibiotic was ceftriaxone (30% and 28% in the MRSA and
MSSA groups, respectively). During the definitive therapy

Table 1. The Demographic Characteristics of the Patients With MRSA and MSSA Bacteremia

Characteristics

MRSA Cases
(n=23),
No. (%)a

MSSA Cases
(n=50),
No. (%)a

P
Value

Age, mean y (SD) 71.8 (18.6) 72.2 (13.8) .9164

Sex, male 15 (65.2) 32 (64.0) .9196

Charlson comorbidity index, mean (SD) 1.9 (2.5) 1.4 (2.0) .3886

Comorbidities at hospital admission

Immune dysfunction 0 (0) 2 (2.7) 1.0000

Cirrhosis 3 (13.0) 4 (8.0) .6710

Diabetes 6 (26.1) 15 (30.0) .7315

Chronic heart failure 8 (34.8) 12 (24.0) .3373

Chronic obstructive pulmonary disease 2 (8.7) 0 (0) .0963

Medical practices before the blood culture

Days from admission to collection of the blood culturea 20.3 (21.3) 17 (16.3) .4647

ICU admission 2 (8.7) 0 (0) .0963

Surgery 6 (26.1) 12 (24.0) .8476

Central venous catheter 6 (26.1) 21 (42.0) .1908

Drain 4 (17.4) 4 (8.0) .2509

Blood transfusion 4 (17.4) 13 (26.0) .4189

Chemotherapy 2 (8.7) 6 (12.0) 1.0000

Immunosuppressants 3 (13.0) 10 (20.0) .7428

Radiotherapy 1 (4.4) 3 (6.0) .4142

Hemodialysis 0 (0) 6 (12.0) .1675

G-CSF 0 (0) 2 (4.0) 1.0000

Prescribed antimicrobial agents 19 (82.6) 27 (54.0) .0187

Facility cluster type

Aggressive facility cluster 13 (56.5) 27 (54.0)

Passive facility cluster 3 (13.0) 3 (6.0)

Moderate facility cluster 7 (30.4) 20 (40.0)

Note. COPD, chronic obstructive pulmonary disease; G-CSF, granulocyte colony stimulating factor; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-
susceptible Staphylococcus aureus.
aUnits unless otherwise specified.
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period, the most frequently used antibiotics were vancomycin
in the MRSA group (34%) and cefazolin in the MSSA
group (32%).

The mean MRSA-related costs for 42 days in MRSA and MSSA
groups were 83,200 (117,710) and 38,660 (65,220) JPY per patient,
respectively. Therefore, the estimated incremental cost difference
between the groups was 44,540 JPY per patient, with higher costs

in the MRSA group. The MRSA-related medical costs per category
during both the empirical and definitive therapy periods are shown
in Figure 3. The average MRSA-related costs in MRSA and MSSA
groups during the empirical therapy period were 12,370 and 9,140
JPY per patient, respectively. In the definitive therapy period, these
costs were 69,810 JPY per patient in the MRSA group (P= .0579),
and 29,510 JPY per patient in the MSSA group (P= .1266) We

Fig. 2. (A) The MRSA-related medical practices performed in MRSA and MSSA groups. The 7-day observation period (days 3, 7, 14, 21, 28, 35, and 42) began on day 3 because the
period prior to the confirmed positive bacterial test was considered as the empirical therapy period. Note. X-axis: 7-day divided observation period after the index date. Y-axis: the
mean frequency with which medical prices were performed (times/patient). Error bar: the standard deviation of the mean for each Y-axis value. Blue line: MRSA group. Red line:
MSSA group. MRI, magnetic resonance imaging; TDM, therapeutic drug monitoring. (B) Percentage of patients who were prescribed antibiotics in MRSA and MSSA groups after the
culture date. The empirical therapy period was the period before the bacterial identification (days 1–3), the definitive therapy period was the period after the bacterial iden-
tification (days 4–42). Note. Vertical bars: percentage of patients. X-axis: type of antibiotics. Upper graph: MRSA group. Lower graph: MSSA group. MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus.
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detected significant differences in the average examination costs in
the MRSA and MSSA groups during the definitive therapy
period:9,740 vs 3,850 JPY per patient (P= .0294).

The average total medical costs for 42 days in MRSA and MSSA
groups were 937,140 and 863,850 JPY (8,841 and 8,150 USD) per
patient, respectively (Fig. 4), amounting to an additional 73,290
JPY (691 USD) per patient in the MRSA group. The estimated cost
difference between all medical practices and MRSA-related medical
practices was 28,750 JPY (271 USD) per patient. In MRSA and
MSSA groups, respectively, the hospital charges comprised 53.5%
and 52.3% of the totals; surgical costs comprised 8.8% and 9.5%;
and anesthesia costs comprised 2.5% and 2.5%.

The numbers of facilities in each facility cluster type were as fol-
lows: aggressive (n= 7), passive (n= 2), moderate (n= 4). Figure 5
shows the MRSA-related cost differences between MRSA and
MSSA groups for the empirical and definitive therapy periods
per facility cluster type. In the aggressive facility cluster, relative
to the MSSA group, the MRSA group incurred incremental costs
during both the empirical and definitive therapy periods by∼7,270
JPY (69 USD) per patient and 20,100 JPY (190 USD) per patient,
respectively. Similarly, in the passive facility cluster, relative to the
MSSA group, the MRSA group incurred incremental costs during
both the empirical and definitive therapy periods by ∼3,370 JPY
(32 USD) per patient and 29,950 JPY (283 USD) per patient,
respectively.

Discussion

We estimated the MRSA-related medical costs that considered the
detected bacterial data, distinguished between the empirical and
definitive therapy periods, and focused on MRSA-related medical
practices. These results suggest that MRSA-related economic bur-
den is greater than that of MSSA; however, previous studies that

included all medical costs may have overestimated the MRSA-
related medical costs. When analyzing the facility-related infection
control characteristics, the aggressive-facility cluster incurred
lower incremental costs during the definitive therapy period than
the passive-facility cluster. In other words, facilities that actively
performed bacterial tests may have a system for prompt reporting
of bacterial test results. This may eliminate the need for various
medical procedures in the definitive therapy in which cultures
are submitted for testing, thereby enabling the implementation
of appropriate treatment at an earlier stage. Therefore, the use
of aggressive bacterial testing may lead to decreased incremental
costs of MRSA bacteremia.

Tests were performedmore frequently in theMRSA group dur-
ing the definitive therapy period. Specifically, examinations
focused on locating disseminated lesions such as vital monitoring,
radiography, and ultrasonography. Similarly, Rubio et al19

reported that the resource use per bacteremia episode (eg, radio-
graphs and ultrasound scans) was higher for MRSA cases than
for MSSA cases. The frequency of medical examinations may have
increased because of the need for additional tests due to the severity
of MRSA bacteremia.

We hypothesized that similar antimicrobial therapy was pro-
vided in both MRSA and MSSA groups during the empirical
period. Moreover, we hypothesized that there would be cost
differences during the definitive period because the optimal treat-
ment was bacteria dependent. Here, ceftriaxone use was the highest
during the empirical therapy both inMRSA andMSSA groups, and
during the definitive therapy period, cefazolin use was the highest
in theMSSA group, and anti-MRSA drug use was the highest in the
MRSA group. As in previous research, antimicrobial agents target-
ing both gram-positive cocci and gram-negative bacilli were
administered during the empirical therapy period.20 During the
definitive therapy period, anti-MRSA drugs used, such as

Fig. 3. Comparison of MRSA-related medical costs in MRSA and MSSA groups. The 7-day divided observation periods (days 3, 7, 14, 21, 28, 35, and 42) began on day 3 because the
period prior to the confirmed positive bacterial test was considered as the empirical therapy period. Note. Vertical bars: cost/medical practice. X-axis: 7-day divided observation
period after the index date. Upper graph: MRSA group. Lower graph: MSSA group. JPY, Japanese yen; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sus-
ceptible Staphylococcus aureus.
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vancomycin, were more expensive than MSSA treatment antibiot-
ics, potentially contributing to the economic burden of MRSA
infections.

For all medical practices, the average of all medical costs for
42 days was higher in the MRSA group than in the MSSA group.
The estimated cost difference between all medical practices and

Fig. 4. Comparison of all the medical costs in MRSA and MSSA groups. The 7-day divided observation periods (days 3, 7, 14, 21, 28, 35, and 42) began on day 3, since the period
prior to the confirmed positive bacterial test was considered as the empirical therapy period. Note. Vertical bars: cost/medical practice. X-axis: 7-day divided observation period
after the index date. Upper graph: MRSA group. Lower graph: MSSA group. JPY, Japanese yen; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible
Staphylococcus aureus.

Fig. 5. Comparison of MRSA-related medical costs per facility type. The empirical therapy period was the period before the bacterial identification (days 1–3), the definitive
therapy period was the period after the bacterial identification (days 4–42). The distribution of the average medical cost/therapy period (empirical or definitive). Note.
Vertical bars: cost/therapy period. Blue bars: MRSA group. Red bars: MSSA group. MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible
Staphylococcus aureus.
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MRSA-related medical practices was 28,750 JPY (271 USD) per
patient. This difference pertained to hospital charges, surgeries,
the accompanying drug use, and anesthesia. A previous study
reported that the hospital charges of patients with MRSA and
MSSA were 15,000 USD and 14,000 USD, respectively.12

However, the costs unrelated to S. aureus infections were also
included. Our results suggest that previous reports may have over-
estimated these costs.

The frequency of infection control examinations may influ-
ence the prevalence of AMR infections. We hypothesized that
aggressive infection control facilities incurred higher costs during
the empirical therapy period, but these costs stabilized after
detecting the specific bacteria. In contrast, passive infection-
control facilities with low activity during the empirical period
may incur higher costs during the definitive therapy period
due to additional medical practice utilization. These findings sug-
gest that the incremental costs incurred by aggressive facilities
during the definitive therapy period may be lower than those
incurred by passive facilities. S. aureus bacteremia requires
appropriate follow-up, including bacterial and imaging tests,
and early implementation of these could lead to cost saving dur-
ing the targeted treatment period.21

This study had several limitations. First, the JANIS data did not
include accurate infection onset dates. Although the culture collec-
tion dates were recorded, the JANIS data did not indicate when the
bacteria were detected. Here, we considered a positive S. aureus
culture from day 3 onward. Second, the facility-related infection
control characteristics may depend on the study period. In this
study, the study period may have affected the cluster classification.

We did not detect significant differences in the overall costs
between the empirical and definitive therapy periods. In contrast,
there were significant cost differences for examinations between
the MRSA and MSSA groups during the definitive period.
Moreover, the use of aggressive bacterial test practices may have
decreased the incremental costs of MRSA bacteremia during the
definitive therapy period. The information on identified bacterial
cultures will lead to more detailed research in the future.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2022.280

Acknowledgments.

Financial support.This researchwas funded by the Grant-in-Aid for Scientific
Research (KAKENHI grant nos. JP17H04144 and JP19K22781).

Conflicts of interest. M.M. consulted for Shionogi & Company and received
an honorarium for manuscript writing from Takeda Pharmaceutical Company.
Y.M. received an honorarium for lecturing from Pfizer Japan.

References

1. The Review on Antimicrobial Resistance, chaired by Jim O’Neill.
Antimicrobial Resistance: tackling a crisis for the health and wealth of
nations. http://bsac.org.uk/wp-content/uploads/2014/12/Paper-Antimicrobial-
Resistance-tackling-a-crisis-for-the-health-and-wealth-of-nations-EMBAR
GOED-0001-Dec-11th.pdf. Published December 2014. Accessed March 27,
2022.

2. El Atrouni WI, Knoll BM, Lahr BD, Eckel-Passow JE, Sia IG, Baddour LM.
Temporal trends in the incidence of Staphylococcus aureus bacteremia in
Olmsted County, Minnesota, 1998 to 2005: a population-based study.
Clin Infect Dis 2009;49:e130–e138.

3. Landrum ML, Neumann C, Cook C, et al. Epidemiology of Staphylococcus
aureus blood and skin and soft-tissue infections in the US military health
system, 2005–2010. JAMA 2012;308:50–59.

4. 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;36:53–59.

5. Tsuzuki S, Matsunaga N, Yahara K, et al. National trend of blood-stream
infection attributable deaths caused by Staphylococcus aureus and
Escherichia coli in Japan. J Infect Chemother 2020;26:367–371.

6. de Kraker MEA, Davey PG, Grundmann H; BURDEN study group.
Mortality and hospital stay associated with resistant Staphylococcus aureus
and Escherichia coli bacteremia: estimating the burden of antibiotic resis-
tance in Europe. PLoS Med 2011;8:e1001104.

7. Uematsu H, Yamashita K, Kunisawa S, Fushimi K, Imanaka Y. The eco-
nomic burden of methicillin-resistant Staphylococcus aureus in commu-
nity-onset pneumonia inpatients. Am J Infect Control 2016;44:1628–1633.

8. You JHS, Choi KW, Wong TY, et al. Disease burden, characteristics, and
outcomes of methicillin-resistant Staphylococcus aureus bloodstream infec-
tion in Hong Kong. Asia Pac J Public Health 2017;29:451–461.

9. Uematsu H, Yamashita K, Kunisawa S, Fushimi K, Imanaka Y. Estimating
the disease burden of methicillin-resistant Staphylococcus aureus in Japan:
retrospective database study of Japanese hospitals. PLoS One 2017;12:
e0179767.

10. Blot SI, Vandewoude KH, Hoste EA, Colardyn FA. Outcome and attribut-
able mortality in critically Ill patients with bacteremia involvingmethicillin-
susceptible and methicillin-resistant Staphylococcus aureus. Arch Intern
Med 2002;162:2229–2235.

11. Cosgrove SE, Qi Y, Kaye KS, Harbarth S, Karchmer AW, Carmeli Y. The
impact of methicillin resistance in Staphylococcus aureus bacteremia on
patient outcomes: mortality, length of stay, and hospital charges. Infect
Control Hosp Epidemiol 2005;26:166–174.

12. Uematsu H, Yamashita K,Mizuno S, Kunisawa S, Shibayama K, Imanaka Y.
Effect of methicillin-resistant Staphylococcus aureus in Japan. Am J Infect
Control 2018;46:1142–1147.

13. Coburn B, Morris AM, Tomlinson G, Detsky AS. Does this adult patient
with suspected bacteremia require blood cultures? JAMA 2012;308:
502–511. Correction JAMA 2013;309:343.

14. Seigel TA, Cocchi MN, Salciccioli J, et al. Inadequacy of temperature and
white blood cell count in predicting bacteremia in patients with suspected
infection. J Emerg Med 2012;42:254–259.

15. Strich JR, Heil EL, Masur H. Considerations for empiric antimicrobial
therapy in sepsis and septic shock in an era of antimicrobial resistance.
J Infect Dis 2020;222:S119–S131.

16. Shoji T, SatoN, FukudaH,Muraki Y, Kawata K, AkazawaM. Clinical impli-
cation of the relationship between antimicrobial resistance and infection
control activities in Japanese hospitals: a principal component analysis-
based cluster analysis. Antibiotics (Basel) 2022;11:229.

17. MimuraW, Fukuda H, AkazawaM. Antimicrobial utilization and antimicro-
bial resistance in patients with haematologicalmalignancies in Japan: a multi-
center cross-sectional study. Ann Clin Microbiol Antimicrob 2020;19:7.

18. Kimmig A, Hagel S, Weis S, Bahrs C, Löffler B, Pletz MW. Management of
Staphylococcus aureus bloodstream infections. Front Med (Lausanne)
2021;7:616524.

19. Rubio-Terrés C, Garau J, Grau S, Martinez-Martinez L. Cost of bacteraemia
caused by methicillin-resistant vs methicillin-susceptible Staphylococcus
aureus in Spain: a retrospective cohort study. Clin Microbiol Infect
2010;16:722–728.

20. McDanel JS, Perencevich EN, Diekema DJ, et al. Comparative effectiveness
of beta-lactams versus vancomycin for treatment of methicillin-susceptible
Staphylococcus aureus bloodstream infections among 122 hospitals. Clin
Infect Dis 2015;61:361–367.

21. Goto M, Schweizer ML, Vaughan-Sarrazin MS, et al. Association of evi-
dence-based care processes with mortality in Staphylococcus aureus bacte-
remia at Veterans’ Health Administration hospitals, 2003–2014. JAMA
Intern Med 2017;177:1489–1497.

8 Tomokazu Shoji et al

https://doi.org/10.1017/ash.2022.280 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2022.280
http://bsac.org.uk/wp-content/uploads/2014/12/Paper-Antimicrobial-Resistance-tackling-a-crisis-for-the-health-and-wealth-of-nations-EMBARGOED-0001-Dec-11th.pdf.
http://bsac.org.uk/wp-content/uploads/2014/12/Paper-Antimicrobial-Resistance-tackling-a-crisis-for-the-health-and-wealth-of-nations-EMBARGOED-0001-Dec-11th.pdf.
http://bsac.org.uk/wp-content/uploads/2014/12/Paper-Antimicrobial-Resistance-tackling-a-crisis-for-the-health-and-wealth-of-nations-EMBARGOED-0001-Dec-11th.pdf.
https://doi.org/10.1017/ash.2022.280

	Cost and healthcare utilization of methicillin-resistant Staphylococcus aureus bacteremia estimated from linked antimicrobial resistance surveillance and hospital claims data in Japan
	Methods
	Data source
	Inclusion and exclusion criteria
	Patient characteristics and medical practice
	Variable definitions
	Definition of antimicrobial susceptibility testing data
	Definition of the study period
	Definition and calculation of MRSA-related medical practices

	Cost calculations for MRSA-related and all medical practices
	Comparison of MRSA-related costs in MRSA and MSSA groups according to the facility cluster type
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	References


