
RESEARCH ARTICLE

Relationship between mortality and molecular

epidemiology of methicillin-resistant

Staphylococcus aureus bacteremia

Masaru ShimizuID
1,2*, Toshihito Mihara3, Junya Ohara1, Keita Inoue1, Mao Kinoshita1,

Teiji Sawa1

1 Department of Anesthesiology, University Hospital, Kyoto Prefectural University of Medicine, Kyoto, Japan,

2 Department of Anesthesia and Perioperative Care, University of California San Francisco, San Francisco,

California, United States of America, 3 Department of Anesthesiology, Red Cross Kyoto Daiichi Hospital,

Kyoto, Japan

* masaru@koto.kpu-m.ac.jp

Abstract

Staphylococcus aureus is the primary cause of bacteremia, and methicillin-resistant S.

aureus bacteremia is associated with a high mortality rate. Methicillin-resistant S. aureus

clones are widespread worldwide, and molecular epidemiological studies are important.

Therefore, this study aimed to determine the characteristics of patients who died due to

methicillin-resistant S. aureus bacteremia and microbiological characteristics of methicillin-

resistant S. aureus strains in a tertiary teaching hospital. This single-center, retrospective

study included patients with methicillin-resistant S. aureus isolated from blood bacterial cul-

ture performed at Kyoto Prefectural University of Medicine Hospital, from October 2016 to

May 2019. The data analyzed included patient background, clinical strain characteristics,

and molecular epidemiology. Of 41 patients with methicillin-resistant S. aureus bacteremia

(median age, 60 [28–70] years; 24 (59%) were men), and 7 (17%) died due to methicillin-

resistant S. aureus bacteremia. The median age of those who died in the methicillin-resis-

tant S. aureus bacteremia group was predominantly higher than that of those in the alive

group (p = 0.03). The most common cause of methicillin-resistant S. aureus bacteremia was

endovascular devices, which occurred in 20 (49%), 18 (53%), and 2 (29%) patients in the

total, alive, and died groups, respectively. Bacteriological characteristics showed that type

IV Staphylococcal Cassette Chromosome mec genotype was most frequently detected in

the total (n = 34 [83%]), alive (n = 29 [85%]), and died (n = 5 [71%]) groups. In the molecular

cluster analysis, CC8, ST8, staphylococcal Cassette Chromosome mec type IV, and com-

munity-acquired-methicillin-resistant S. aureus formed the largest groups. The diversity of

methicillin-resistant S. aureus clones is evident, and it is possible that clones with new viru-

lence factors may still emerge. In the future, it will be crucial to monitor the epidemiological

trends of methicillin-resistant S. aureus to respond quickly to changes in pathogenic and

clonal factors, to clarify the gene expression network by identifying old and new virulence

factors.
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Introduction

Staphylococcus aureus, a major cause of bacteremia in developed countries and a common

cause of community-acquired (CA) and healthcare-associated (HA) bloodstream infections,

has an incidence of 20–30 cases per 100,000 population per year in high-income countries [1].

Methicillin-resistant S. aureus (MRSA) is widely recognized as one of the most common drug-

resistant pathogens causing hospital- and community-acquired infections.

Infections caused by drug-resistant bacteria result in worse outcomes [2]. Although efforts

have continued to evolve in preventing MRSA infections [3], it remains a major cause of

increased mortality and morbidity [4,5]. In particular, patients with both MRSA bacteremia

and infective endocarditis have a high mortality rate of 17%–50% [6–9].

Currently, international MRSA clones, such as ST8-Staphylococcal Cassette Chromosome

(SCC) mec IV (USA300 clone), ST1-SCCmec IV (USA400 clone), ST30-SCCmec IV (Southwest

Pacific clone), ST59-SCCmec V (Taiwan clone), and ST80-SCCmec IV (European clone), are

widespread worldwide [10,11]. Furthermore, HA-MRSA strains spread to the community, and

CA-MRSA strains cause outbreaks in hospitals [12]. This epidemiological change is a major

threat to public health. Therefore, detailed molecular epidemiological characterization, as sug-

gested, could provide important information for combating MRSA infections, as well as for

monitoring its trends and epidemiological pattern in Japanese hospitals [13]. Thus, the number

of deaths due to MRSA bloodstream infections in Japan decreased from 5,924 in 2011 to 4,224

in 2017 [14]. We know from current surveillance and molecular epidemiological studies that

specific clones of MRSA are closely associated with virulence factors and drug susceptibility and

that these trends are important as a basis for infectious disease care, treatment, and control.

The purpose of this study was to determine the background characteristics of patients who

died from MRSA bacteremia and microbiological characteristics of MRSA clinical strains

from 2016 to 2019. We also conducted molecular epidemiological analysis based on various

DNA sequences, such as SCCmec, multilocus sequence typing (MLST), and PCR-based ORF

Typing (POT), to characterize MRSA bacteremia at a tertiary teaching hospital.

Materials and methods

MRSA isolation, storage, and culture

Between October 2016 and May 2019, the first clinical isolates of MRSA were obtained from

blood bacterial cultures of patients whose physicians deemed blood bacterial culture tests to be

necessary when they visited the emergency department or were admitted to a hospital ward.

Blood bacterial cultures performed at the Department of Clinical Center, University Hospital,

Kyoto Prefectural University of Medicine. Duplicate strains were excluded. Strains were stored

at -80˚C. Twenty-four hours prior to drug susceptibility testing, antibiotic susceptibility of S.

aureus, SCCmec typing, MLST, POT type, and pathogen analysis, strains stored at -80˚C were

incubated in Tryptic Soy agar plates at 37˚C for 18 h.

Collection of patient data

This retrospective cohort study, conducted at the Kyoto Prefectural University of Medicine Hospi-

tal in Japan, was approved by the Medical Ethics Committee (approval number ERB-C-1174-2).

Informed consent for publication of this study was obtained via an opt-out form on the website.

We examined the medical records of patients to obtain information on age, sex, presence of MRSA

carriage, history of surgery, Charlson Comorbidity Index [15], source site of MRSA bacteremia,

location where specimens were collected, time to administration of susceptible and appropriate

antimicrobial agents, and use of antibiotics in the past 30 days. There were no exclusion criteria.
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Details of this clinical study

This study was a clinical study of retrospective study. We used only medical information, with-

out any medical invasion and intervention on the patients. Therefore, we used opt-out consent

from patients. We published information on the website of the Department of Anesthesiology

of Kyoto Prefectural University of Medicine about the purpose and conduct of the study, and

further guaranteed that patients had the opportunity to refuse. The opt-out web address for

this clinical study is https://anesth-kpum.org/research/mrsa%e6%84%9f%e6%9f%93%e7%

97%87%e3%81%ae%e7%96%ab%e5%ad%a6%e3%81%ae%e5%a4%89%e9%82%84%e3%81%

a8%e6%96%b0%e3%81%9f%e3%81%aa%e6%b2%bb%e7%99%82%e6%b3%95%e3%81%ae%

e9%96%8b%e7%99%ba/.

MRSA bacteremia and MRSA bacteremia-related death definition

MRSA bacteremia was defined as the presence of one or more positive blood cultures from a

patient with clinical symptoms of infection, such as sweats, chills, and fever. MRSA bacter-

emia-related death was defined if the cause of death was an acute complication (septic shock,

disseminated intravascular coagulation, acute lung injury) related to MRSA bacteremia, endo-

carditis (complications of heart failure due to endocarditis), or both underlying disease and

MRSA bacteremia.

DNA extraction

In this study, target strain DNA was extracted from isolates using the CicaGeneus1 DNA

Extraction Reagent Kit (Kanto Chemical, Tokyo, Japan) according to the manufacturer’s rec-

ommendations. This template DNA was used for all analyses.

Antibiotic susceptibility of S. aureus
Antibiotic sensitivity was determined using the minimum inhibitory concentration (MIC).

The MICs complied with the Clinical and Laboratory Standards Institute (CLSI) [16]. The

breakpoints of resistance to each antibiotic were as follows: ampicillin (ABPC)�0.5 μg/mL,

penicillin (PC)�0.25/mL, cefazolin (CEZ)�8/mL, gentamicin (GM)�16 μg/mL, amikacin

(AMK)�64 μg/mL, erythromycin (EM)�8/mL, clindamycin (CLDM)�4 μg/mL, minocy-

cline (MINO)�16/mL, vancomycin (VCM)�16 μg/mL, teicoplanin (TEIC)�32 μg/mL, cip-

rofloxacin (CPFX)�4 μg/mL, sulfamethoxazole (ST)�512 μg/mL, and linezolid (LZD)

�4 μg/mL. The breakpoint of arbekacin was not defined by the CLSI; therefore, GM was used

instead.

SCCmec typing

Eight SCCmec typing synthesized primers were used in a previously reported multiplex poly-

merase chain reaction (PCR) method [17]. We determined SCCmec types-I (415 bp), II (937

bp), III (518 bp), IV (937 and 415 bp), and V (518 and 359 bp) targeting the genes ccrA2-B,

ccrC, IS1272, and mecA-IS431. SCCmec types I, II, and III were defined as HA-MRSA, while

types IV and V were defined as CA-MRSA [18].

MLST analysis

In MLST, we created primers specific for each of the following genes to amplify seven house-

keeping genes required for S. aureus survival: carbamate kinase (arc, 456 bp), shikimic acid

dehydrogenase (aroE, 456 bp), glycerol kinase (glpF, 465 bp), guanylate kinase (gmk, 429 bp),

phosphate acetyltransferase nucleotide sequence (pta, 474 bp), triose phosphate isomerase (tpi,
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402 bp), and acetyl coenzyme A acetyltransferase (yqiL, 516 bp) [19]. We analyzed the allele

profiles and determined the sequence types (STs) using a database (http://www.mlst.net).

POT type analysis

We performed POT analysis for all MRSA isolates based on the Cica Geneus1 Staph POT

KIT (Kanto Chemical Co., Inc., Tokyo, Japan). Two sets of multiplex PCRs were performed

according to the manufacturer’s instructions. The presence of 23 open reading frames (ORFs)

was determined from agarose electrophoresis images and the POT type. The POT score

resulted in three POT numbers: POT1, SCCmec element region; POT2, prophage-based ORF;

and POT3, prophage-based ORF [20].

Pathogen

We analyzed the expression of the gene encoding Panton-Valentine leukocidin (lukF-PV) by

PCR [21].

Data analysis

The normality of the distribution of continuous variables was tested using the Kolmogorov-

Smirnov method. Variables with a normal distribution are presented as means and standard

deviations, and variables with a non-normal distribution are presented as medians (interquar-

tile ranges) and were compared using the Mann–Whitney U test. Categorical variables are

shown as numbers (%), and the difference between the alive and died groups was tested using

Fisher’s exact test. The significance of the relationships was determined using Spearman’s rank

correlation coefficient. The test was two-tailed. The significance level was set at α<0.05. We

did not calculate the statistical sample size. However, using the reported mortality rate of

MRSA bacteremia as 34% [8] and the mortality rate of MRSA bacteremia in this study as 17%,

the posterior power was 0.66 using a two-sided significance level of p<0.05. To identify clus-

ters of patients with MRSA bacteremia, we performed a hierarchical clustering method using

the seven housekeeping gene numbers of MLST, as well as POT-1, -2, and -3 numbers. The

analysis was performed using Ward’s method with Euclidean square distance. EZR software

version 1.41 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) was used for

all statistical analyses.

Results

Patient background characteristics

MRSA strains were isolated from 41 bacteremia patients. Seven patients (17%) died due to

MRSA bacteremia. The characteristics of patients who were alive or had died of MRSA bacter-

emia are shown in Table 1. The median age of those in the dead group (66 years) was signifi-

cantly higher than that in the alive group (55.5 years, p = 0.03). There were no significant

differences in sex, MRSA carriage, or previous surgery between the two groups. Differences in

the Charlson comorbidity score and time to appropriate antimicrobial administration between

groups were not statistically significant. The most common source of MRSA bacteremia was

intravascular devices in the overall, alive, and dead groups (20/41 [49%], 18/34 [53%] and 2/7

[29%], respectively; Table 1), and HA infection (HAI) occurred in 27 (66%) patients (Fig 1).

The most common place for blood culture collection was the general ward for the overall,

alive, and dead groups (n = 23, n = 18 [53%], and n = 5 [71%]; respectively). There was no sig-

nificant difference in treatment (intensive care unit treatment and antimicrobial exposure
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within 30 days) between the two groups. The time to onset of appropriate antimicrobial ther-

apy tended to be earlier in the alive group (alive 30.5 [6.8–72.3] vs. dead 70 [40.3–114]).

Microbiological characteristics of MRSA

The most isolated genotype of SCCmec was type IV (n = 34, 83%) and type II (n = 5, 12%).

There were no significant differences in SCCmec genotypes I to V between the two groups

(p = 0.34). Bacteriological CA-MRSA accounted for 85% (n = 35) of the total cases. There was

no expression of lukF-PV in any of the strains. The strains were resistant to the following anti-

biotics: ABPC, PC, and CEZ (41 strains, 100%); CPFX (35 strains, 85%); EM (34 strains, 83%);

and tetracycline (11 strains, 27%). Resistance to tetracycline was significantly higher in the

dead group than in the alive group (alive n = 8 [23%] vs. died n = 3 [43%], p = 0.04) (Table 2).

All strains were sensitive to AMK, VCM, TEIC, ST, and LZD.

Clone determination by MLST

MLST analysis showed that the most common sequence type was ST8 (n = 25, 61%), followed

by ST764 (n = 5, 12%). The most common clone complex (CC) was CC8 (n = 25, 61%),

Table 1. Patient background characteristics.

Total patients (n = 41) Alive (n = 34) Dead (n = 7) p value

Characteristics

Age, years 60 [28–70] 55.5 [21–68] 66 [65–73] 0.03

Sex, n (%)

Male 24 (59%) 20 (59%) 4 (57%) 1

Female 17 (41%) 14 (41%) 3 (43%) 1

MRSA career 20 (49%) 16 (47%) 4 (57%) 0.7

Surgical history 22 (54%) 18 (53%) 4 (57%) 1

Charlson Comorbidity Index 2 [1–4] 2 [1–4] 4 [2.5–6] 0.08

Source of BSI

Intravascular device 20 (49%) 18 (53%) 2 (29%) 0.22

Wound 7 (17%) 5 (15%) 2 (29%)

Urinary tract 4 (10%) 3 (9%) 1 (14%)

Lung 4 (10%) 4 (12%) 0

Skin/Soft tissue 3 (7%) 3 (9%) 0

Abdominal 2 (5%) 1 (3%) 1 (14%)

Meningitis 1 (3%) 0 1 (14%)

Detected location information

General ward 23 (56%) 18 (53%) 5 (71%) 0.46

ICU 7 (17%) 7 (21%) 0

Outpatient 11 (27%) 9 (26%) 2 (29%)

Clinical measure

Time to appropriate antimicrobial therapy (h) 30.5 [6.8–72.3] 25 [4.3–68] 70 [40.3–114] 0.15

ICU care 12 (29%) 11(32%) 1(14%) 0.65

Antimicrobial exposure within 30 days 19 (46%) 17 (50%) 2 (29%) 0.42

Demographics and characteristics of mortality after 30 days in patients with MRSA bacteremia at the University Hospital of the Kyoto Prefectural University of

Medicine from October 2016 to May 2019.

Data presented as medians [IQRs] or n (%).

MRSA, methicillin-resistant Staphylococcus aureus; BSI, bloodstream infection; ICU, intensive care unit.

https://doi.org/10.1371/journal.pone.0271115.t001
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followed by CC1 (n = 8, 20%) and CC5 (n = 7, 17%). Six patients died of CC8 (85%). In addi-

tion, there was one new strain for which ST and CC could not be detected in the MLST

database.

Analysis by POT method

Twenty-six different POT types were detected, with four types identified multiple times; the

most frequently isolated POT type was 106-137-80 with 12 strains (29%), followed by 106-183-

37 with 5 strains (12%) (Fig 2). Some strains with the same POT type and antimicrobial resis-

tance pattern were detected. However, it was not HAI because the patients were admitted dur-

ing a different hospitalization period.

Cluster analysis

The results of the MLST and POT type analyses showed seven clusters of MRSA clinical strains

with a dissimilarity of 200 (Fig 3). Cluster 3 was the largest, with 17 strains (41%). All strains in

cluster 3 except for one and all strains in cluster 5 were CC8, ST8, SCCmec type IV, and CA.

All strains in cluster 3 were resistant to EM, while all strains in cluster 5 were susceptible to

EM. All strains in clusters 5, 6, and 7 were sensitive to CLDM and MINO. The proportion of

CA and HA in each cluster was higher in cluster 4 (80%) than in the other clusters, with four

HA strains in cluster 4.

Discussion

This is one of the few studies on MRSA bacteremia in designated medical institutions for Class

1 infectious diseases in Japan. The main findings of this current study are as follows: dead

patients with MRSA bacteremia were significantly older and had a 2.8 times longer time to

Fig 1. Distribution of the source of methicillin-resistant Staphylococcus aureus bloodstream infections.

https://doi.org/10.1371/journal.pone.0271115.g001
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administration of susceptible and appropriate antimicrobial agents than those in the alive

group. Approximately 50% of MRSA bacteremia occurred among those with intravascular

devices. The microbiological characteristics of the MRSA clinical strains demonstrated that

high resistance occurred more with MINO in the dead group compared with the alive group.

Molecular immunology analysis suggested that 83% of all MRSA strains were SCCmec type

Table 2. Microbiological characteristics of MRSA.

Total patients (n = 41) Alive (n = 34) Dead (n = 7) p value

Infection classification

SCCmec type μ
Ⅰ 1 (2%) 0 1 (14%) 0.34

Ⅱ 5 (12%) 4 (12%) 1 (14%)

Ⅲ 0 0 0

Ⅳ 34 (83%) 29 (85%) 5 (71%)

Ⅴ 1 (2%) 1 (3%) 0

CA-MRSA 35 (85%) 30 (88%) 5 (71%) 0.58

HA-MRSA 6 (15%) 4 (12%) 2 (29%)

Antibiotic susceptibility profile

GM (MIC�16 μg/mL) 21 (51%) 16 (47%) 5 (71%) 0.6

EM (MIC�8 μg/mL) 34 (83%) 28 (82%) 6 (86%) 1

CLDM (MIC�4 μg/mL) 15 (37%) 14 (41%) 1 (14%) 0.12

MINO (MIC�16 μg/mL) 11 (27%) 8 (23%) 3 (43%) 0.04

CPFX (MIC�8 μg/mL) 35 (85%) 29 (85%) 6 (86%) 1

LZD (MIC�8) 0 0 0

VCM (MIC�16) 0 0 0

Data presented as n (%).

MRSA, methicillin-resistant Staphylococcus aureus; SCC, Staphylococcal cassette chromosome; CA-MRSA, community-acquired MRSA; HA-MRSA, healthcare-

acquired MRSA; MIC, minimum inhibitory concentration; GM, gentamicin; EM, erythromycin; CLDM, clindamycin; MINO, minocycline; CPFX, ciprofloxacin; LZD,

linezolid; VCM, vancomycin.

https://doi.org/10.1371/journal.pone.0271115.t002

Fig 2. Distribution of Staphylococcal Cassette Chromosome mec genotypes and PCR-based ORF Typing methods.

https://doi.org/10.1371/journal.pone.0271115.g002
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IV, with ST8 and CC8 being the most common. Surprisingly, we observed that 85% of the

pathogenic bacteria in hospital-acquired infections were bacteriological CA-MRSA.

The mortality rate due to S. aureus bacteremia is 20%–30%, the mortality rate due to MRSA

bacteremia is even higher (20%–50%), and the cure rate for MRSA infections is 50%–60% [22–

24]. In our study, the mortality rate due to MRSA bacteremia was 17%. The risk factors for

mortality in MRSA bacteremia are age, catheter device use, and exposure to macrolides [25–

27]. Our study showed that those who died were older than those alive. The number of deaths

due to drug-resistant pathogens was reported to be 700,000 per year worldwide [28], including

33,110 in Europe [29],>35,000 in the United States [30], and approximately 8,000 in Japan

[31]. In addition, it is estimated to be even more serious in developing countries [28]. Early

administration of appropriate antimicrobial agents that are effective against MRSA implies, in

other words, early diagnosis and early therapy. In this study, the time taken to administer

appropriate antimicrobial agents was 2.8 times longer in the dead group than in the alive

group. A delay in the administration of appropriate antimicrobial agents could have significant

harmful effects on treatment. In particular, patients with weak resistance and severe diseases,

such as sepsis, cause increased medical costs due to higher mortality rates and longer hospital

stays [32]. In Japan, the burden due to MRSA and drug-resistant Escherichia coli is high

because of healthcare cost, and the burden due to MRSA is 3.6 times higher than that in

Europe [33]. However, using current diagnostic methods, it is difficult to accurately diagnose

infections caused by resistant bacteria, often delaying the initiation of appropriate treatment

[34]. Therefore, it is important to initiate appropriate antimicrobial therapy at an early stage

for a more effective treatment. The most common source of infection for MRSA bacteremia is

intravascular device infection, at approximately 30% [35,36]. In this study, intravascular device

infections were the most common, at approximately 50%. Early removal of devices in MRSA

bacteremia is important because MRSA forms biofilms, which reduce the effectiveness of anti-

microbial agents [37,38]. In addition, catheter-related bacteremia is strongly associated with

in-hospital mortality [27].

Fig 3. Tree diagram and the results of the molecular epidemiological analysis of methicillin-resistant

Staphylococcus aureus clones. First row: Died within 30 days due to MRSA bacteremia. Second row: Clone complex

relationship analyzed by MLST. Third row: Sequence-type relationships analyzed by MLST. Fourth row: SCCmec
typing classification. Fifth row: Classification of bacteriology. Sixth row: Antimicrobial resistance patterns. Seventh

row: POT number. Eighth row: Cluster number.

https://doi.org/10.1371/journal.pone.0271115.g003
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The microbiological characteristics of MRSA revealed greater resistance against MINO

among those in the dead group than among those in the alive group. Worldwide, the overall

use of antimicrobial agents has increased by 65% over the past 16 years [39]. In Japan, the use

of antimicrobial agents, including tetracyclines, has increased. We expected this increased

antimicrobial resistance because tetracycline is also widely used as a topical drug in hospitals.

Molecular epidemiological characteristics in this study showed that 83% of all MRSA strains

were SCCmec type IV. In the past, type II, frequently found in HA-MRSA, accounted for

approximately 75% of cases [40]. At that time, HAI caused by CA-MRSA was a serious prob-

lem in European countries and the United States. Surprisingly, this study revealed an increase

in HAI due to CA-MRSA, which accounted for 85% of all MRSA strains. We suggest that the

genetic background of MRSA has changed significantly because various CA-MRSA strains

entered the hospital to compete with HA-MRSA for survival. The factors influencing this

entry include the increased carrier rate of MRSA and easy transmission between MRSA

strains. The carrier rates of MRSA and multidrug-resistant gram-negative bacteria are higher

in nursing homes and healthcare workers with a long-term work history [41–43]. The MRSA

carrier rate in Japan is 31.4% [44], and it was as high as approximately 50% in this study.

Therefore, it is easy to contract MRSA in daily life with an easy spread between strains. In

addition, 1% of the patients admitted to the intensive care unit are new carriers of MRSA [45].

We consider that HA-MRSA came into the community, and CA-MRSA, which was highly sus-

ceptible to antimicrobial agents, developed multidrug resistance, as well as HA-MRSA.

In this study, CC8 and ST8 were most prevalent in the MLST analysis. The major represen-

tative of CA-MRSA is the CC8 clone (USA300) [18]. USA300 is a CC8, ST8, and lukF-PV
gene-positive strain that increased dramatically in the United States in the first half of 2000

[46,47] and was first reported in Japan in 2007 [48].

In this study, all MRSA strains were lukF-PV gene-negative, and we concluded that some were

the Japanese-intrinsic CA-MRSA (CA-MRSA/J) genetically similar to the USA300 type [49].

In Japan, CA-MRSA/J has increased [50]. It includes the virulence factors, toxic shock syn-

drome toxin-1, and enterotoxin and is reported to be potentially highly virulent and severe,

with high expression of toxic shock syndrome toxin-1 [49,51]. In addition, in recent years, the

existence or absence of the lukF-PV gene has made no difference in virulence; thus, we suggest

that there are pathogenic factors other than the lukF-PV gene [52]. High drug resistance was

strongly associated with the virulence factors of S. aureus [53]. The POT index –106-137-80

was the most frequently isolated and is the most frequently isolated and commonly reported in

hospitals in Japan [54,55]. Although the POT index cannot be used to estimate the existence of

the lukF-PV gene and other virulence factors, it is useful for infection control by monitoring

antibiotic susceptibility and the course of the disease. The POT method detects ORFs, which

are the mobile regions of the DNA chromosomes. Therefore, the POT index can be altered by

genetic mutations [56–58]. Furthermore, the POT method is a quick and simple test, although

it should be used for comprehensive evaluation.

In this study, we combined MLST analysis with the POT method for cluster analysis to improve

the resolution of MRSA; in groups 5, 6, and 7, in contrast to other groups, the antibiogram showed

CLDM and MINO antimicrobial susceptibility. CA-MRSA is highly susceptible to CLDM, MINO,

quinolones, and aminoglycoside [11]. However, in this study, CA-MRSA accounted for 85% of

the total cases, with reduced susceptibility to many types of antibiotic agents.

There are some limitations to our study; first, it is a review of retrospective studies of blood

isolates at a single center only. Second, we classified the patients into two groups: alive and

dead, although the data were unbalanced, and the sample size and analyzing power were small.

In the future, it will be necessary to include multiple-center large-scale studies and verify the

correlation by adding clinical analysis of blood data.
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Conclusions

To the best of our knowledge, our study is one of the few studies that have focused on under-

standing MRSA bacteremia. We have revealed the characteristics of MRSA in specific regions.

The diversity of MRSA clones is remarkable, and it is possible that clones with new virulence

factors will appear in the future. Therefore, it is very important to clarify the gene expression

network by identifying old and new virulence factors and monitor the epidemiological trends

of MRSA clones continuously and carefully and respond quickly to changes.
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