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Abstract1 27 

Introduction: Staphylococcus aureus bacteremia (SAB), especially when caused by 28 

methicillin-resistant S. aureus (MRSA), is of considerable clinical importance. In recent years, the 29 

proportion of MRSA among S. aureus has decreased, and a relative increase in the proportion of 30 

methicillin-susceptible S. aureus (MSSA) has been observed. It is therefore necessary to consider 31 

both MRSA and MSSA when assessing the microbiological and clinical significance of SAB. 32 

Materials and Methods: We included SAB cases from the Nara Medical University 33 

Hospital between January 2015 and February 2017. We performed drug susceptibility testing, 34 

toxicity gene analysis, multilocus sequence typing (MLST), and polymerase chain reaction-based 35 

open reading frame typing (POT) of stored strains to integrate clinical and bacteriological 36 

characteristics. 37 

Results: There were 90 cases during the experimental period (42 MRSA and 48 MSSA), 38 

with 30-day mortality rates of 19% for MRSA and 10.4% for MSSA. Deaths were more frequently 39 

complicated by septic shock and disseminated intravascular coagulation. MLST studies showed that 40 

ST8, ST764, ST1, and ST15 were prevalent in the MRSA group, whereas ST5, ST188, and ST12 41 

were prevalent in MSSA. Infective endocarditis cases had a long time from onset to the initiation of 42 

effective antimicrobials and were all MSSA. MLST and POT results correlated well, and POT 43 

appeared to have better discriminatory power. 44 

Conclusions: The severity and mortality of SAB, along with the microbiological 45 

characteristics of causative isolates, vary by location and time. Continued studies integrating clinical 46 

and microbiological investigations are thus needed. 47 

 48 

Keywords: methicillin-resistant Staphylococcus aureus, methicillin-susceptible Staphylococcus 49 

aureus, Staphylococcus aureus bacteremia, sequence type, molecular epidemiology 50 

 51 

 52 

Introduction 53 

Staphylococcus aureus is a major cause of bloodstream infections, contributing to 54 

substantial morbidity and mortality [1]. The precise incidence of S. aureus bacteremia (SAB) is 55 

difficult to ascertain and varies considerably depending on healthcare systems, infection control 56 

 

1  Abbreviations: CCI, Charlson comorbidity index; DIC, disseminated intravascular coagulation; IE, 

infective endocarditis; MLST, multilocus sequence typing; MRSA, methicillin-resistant S. aureus; MSSA, 

methicillin-susceptible S. aureus; POT, polymerase chain reaction-based open reading frame typing; SAB, 

Staphylococcus aureus bacteremia; SOFA, sequential organ failure assessment; ST, sequence type. 
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measures, and geographical locations. However, it is estimated to range from 10 to 30 cases per 57 

10,000 person-years [2]. SAB-associated mortality has decreased over time owing to the 58 

introduction of antimicrobials and other treatments. However, it has remained relatively stable in 59 

recent years, at approximately 20% [3,4]. 60 

Serious complications in patients with S. aureus infection include sepsis, septic shock, 61 

infective endocarditis (IE), disseminated intravascular coagulation (DIC), and death. A patient’s age 62 

has been identified as a predictor of prognosis [4]. Similarly, methicillin-resistant S. aureus (MRSA) 63 

has been identified as a predictor of a worse prognosis. In a previous study, the 30-day mortality 64 

rates were 26% for MRSA and 13% for methicillin-susceptible S. aureus (MSSA) [5]. The ratio of 65 

MRSA to MSSA and its trends have fluctuated over time across different countries [2]. 66 

The molecular epidemiological classification of S. aureus strains employs several 67 

techniques, including pulse-field gel electrophoresis, multilocus sequence typing (MLST), 68 

Staphylococcus protein A typing, and polymerase chain reaction-based open reading frame typing 69 

(POT) [6]. However, there is a paucity of studies investigating the relationship between molecular 70 

epidemiology and patient characteristics, and this relationship remains unclear. Herein, we 71 

investigated the molecular epidemiology and clinical characteristics of SAB in Japanese adults. 72 

 73 

Materials and Methods 74 

Study settings and patients 75 

Nara Prefecture is located in the Kinki region, which is situated approximately in the center 76 

of Japan. The blood culture results were monitored between January 2015 and February 2017 at the 77 

Nara Medical University Hospital (927 beds). All patients aged 18 years with one or more S. aureus 78 

strains detected in blood cultures were included in the study. 79 

Clinical data collection 80 

Patient information was obtained from electronic medical records. Age, sex, time of onset, 81 

medical history, clinical and laboratory information on the current hospitalization, medical treatment 82 

provided, diagnosis of IE according to the modified Duke diagnostic criteria, highest Sequential 83 

Organ Failure Assessment (SOFA) score in the 24 h before and after treatment initiation, Pitt 84 

bacteremia score, and 30-day mortality were examined [7,8]. Patients younger than 18 years were 85 

excluded. Among the antimicrobial agent used in patients as treatment for SAB, the one used for the 86 

longest period of time was defined as the primary antimicrobial agent. Sepsis-3 diagnostic criteria 87 

were used to diagnose sepsis and septic shock caused by SAB from the time of onset to the end of 88 

antimicrobial therapy [8]. The development of DIC was evaluated from the onset of SAB until the 89 

completion of antimicrobial therapy using the Japanese Association for Acute Medicine-DIC 90 

diagnostic criteria[9]. Comorbidities were quantified using the Charlson Comorbidity Index (CCI) 91 

[10]. Community-acquired infections were defined as those occurring within 72 h of admission and 92 
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nosocomial infections were defined as those occurring later. Recurrence was defined as bacteremia 93 

caused by the same organism after the completion of antimicrobial therapy. 94 

Biochemical and molecular assessment 95 

S. aureus isolated from blood cultures were identified using a VITEK-MS system 96 

(bioMérieux, Marcy-l'Étoile, France) and confirmed using PCR for the presence of 16S ribosomal 97 

RNA (Staphylococcus genus-specific) and nuc (S. aureus species-specific) genes, as previously 98 

described [11]. The presence of luk-PV (Panton-Valentine leucocidin, a toxin associated with 99 

increased virulence), tst (toxic shock syndrome toxin, linked to toxic shock syndrome), and arcA (a 100 

part of arginine catabolic mobile element, related to enhanced bacterial fitness) as virulence factors 101 

and mecA (conferring methicillin resistance) and blaZ (beta-lactamase gene, providing resistance to 102 

penicillin) as drug resistance factors was investigated. MRSA was confirmed by the presence of 103 

mecA. 104 

The minimal inhibitory concentration of the collected isolates was evaluated using the broth 105 

dilution method according to Clinical and Laboratory Standards Institute guidelines [12]. 106 

Type classification was performed using POT and MLST. POT analysis was performed for 107 

all S. aureus isolates using a Cica Geneus® Staph POT KIT (Kanto Chemical Co. Tokyo, Japan) 108 

according to the manufacturer’s instructions and previous studies [13]. MLST was performed using 109 

seven housekeeping genes (arcC, aroE, glpF, gmk, pta, tpi, and yqiL) [14]. DNA sequence variation 110 

was analyzed using the MLST database for S. aureus (https://pubmlst.org/organisms/staphylococcus-111 

aureus) to determine the sequence type (ST) of the isolates. SCCmec typing was performed based on 112 

the primers and PCR methods reported by Zhang et al [15]. 113 

Statistical analysis 114 

All numerical results are expressed as the mean ± SD. Unpaired t-tests and Fisher’s exact 115 

probability tests were used to compare the MSSA and MRSA groups with the surviving and 30-day 116 

mortality groups, respectively. 117 

Ethical approval 118 

This study was approved by the Nara Medical University Ethics Committee (No. 3812). 119 

 120 

Results 121 

Between January 2015 and February 2017, 90 unique cases of SAB were reported at the 122 

Nara Medical University Hospital. There were no significant differences between the MRSA (42 123 

cases, 46.7%) and MSSA groups (48 cases, 53.3%) in mean age, sex, community onset, or CCI score 124 

(Table 1). The 30-day mortality rates were 19% and 10.4% in the MRSA and MSSA groups, 125 

respectively, with higher rates in the MRSA group; however, the difference was not significant. 126 

Overall, sepsis was present in 25.6%, septic shock in 10%, and DIC in 18.9% of patients, with no 127 

significant difference between the MRSA and MSSA groups. The time to initiation of effective 128 
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antimicrobials tended to be longer in the MSSA group than in the MRSA group. IE was significantly 129 

more common in the MSSA group than in the MRSA group, with all IE cases occurring exclusively 130 

in patients with MSSA. Notably, six out of the seven patients with IE had community-acquired 131 

infections, and the average time between SAB onset and the initiation of effective antimicrobial 132 

therapy was 3.1 days. 133 

The 30-day mortality group had a predominantly higher CCI score than the survival group 134 

(Table 2). The Pitt bacteremia score, SOFA score, and incidences of septic shock and septic shock 135 

with DIC were also higher in the mortality group than in the survival group. There were no 136 

significant differences in strain characteristics between the death and survival groups. 137 

The MLST and POT results, various virulence factors, and the frequencies of 30-day 138 

mortality and sepsis for strains isolated in the MRSA and MSSA groups are shown in Table 3. Forty-139 

two strains in the MRSA group were classified into seven different STs, with ST8, ST764, and ST1 140 

being the most frequently observed. In the MSSA group, 48 isolates were classified into 20 STs, with 141 

ST15, ST5, ST188, and ST12 being frequently observed. There was no particular ST bias in the 142 

cases of death within 30 days, sepsis, or DIC complications; however, patients with four out of the 143 

five ST188 isolates exhibited sepsis. In addition, three of the five ST5 strains of MSSA and two of 144 

four ST188 strains elicited complications with IE. 145 

 146 

Discussion 147 

According to the inpatient/clinical laboratory division of the Japan Nosocomial Infections 148 

Surveillance, the national infection surveillance institution in Japan, the proportion of MRSA among 149 

all S. aureus cases decreased from 60.0% in 2008 to 45.6% in 2022 [16]. In our study, MRSA 150 

accounted for 42 (46.7%) of all SAB cases (n=90), similar to the results of the national surveillance. 151 

The 30-day mortality is often used as an indicator of the burden or severity of infection. The 152 

UK Health Security Agency’s annual report showed that in the year 2021–2022, the 30-day mortality 153 

rate for MRSA bacteremia was 26.3% and that for MSSA bacteremia was 22.1% [16,17]. In a study 154 

on bacteremia utilizing the National Database of Health Insurance Claims and Specific Health 155 

Checkups of Japan (NDB), Tsuzuki et al. reported a 30-day mortality rate of 36.7% for MRSA and 156 

15% for MSSA [18]. Our data (19.0% MRSA bacteremia and 10.4% MSSA bacteremia) were 157 

somewhat lower than these results. Recently, improved outcomes of SAB have been reported with 158 

the involvement of infectious disease physicians in the management of SAB. At our institution, 159 

infectious disease physicians are often involved with SAB cases, which may lead to improved 160 

prognoses [18,19]. Studies have shown that the risk of IE associated with SAB is higher in 161 

community onset or MSSA and that a longer time between onset and diagnosis or effective treatment 162 

is considered a risk factor [19,20], which was also the case in our study. Although not statistically 163 

significant, there were cases of community-acquired infections in the MSSA group. This may 164 
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contribute to delays in initiating effective intravenous antimicrobial therapy, stemming from both 165 

patient delay (patients may choose to wait at home rather than promptly seeking medical attention) 166 

and physician delay (doctors may not promptly obtain blood cultures, leading to delayed diagnosis 167 

of bacteremia). Consequently, such delays may ultimately lead to the development of metastatic foci 168 

infections, such as IE or vertebral osteomyelitis [21]. CCI and Pitt bacteremia scores have been 169 

reported as risk factors associated with mortality in SAB [4,22]. In our study, the CCI and Pitt 170 

bacteremia scores were significantly higher in the death group than in the survival group. 171 

Bacteremia is one of the most severe infectious diseases. Hence, it is necessary to diagnose 172 

shock and DIC, particularly at an early stage, and to implement multidisciplinary treatment led by an 173 

intensive care team [8,23,24]. There are few reports on the incidence of shock and septic shock in 174 

SAB, and, in particular, we could not find any studies on the incidence of DIC complicating SAB 175 

using firm diagnostic criteria in the literature review. These should be assessed not only at the time 176 

of onset, but also over time; however, most studies assessed the incident of sepsis only when SAB 177 

was diagnosed or did not specify the time of sepsis diagnosis. In an observational study of SAB in 178 

Norway, Paulsen et al. found that 29.8% of patients with SAB developed severe sepsis and 12.9% 179 

developed septic shock, with 30-day mortality rates of 39.9% and 57.3%, respectively [25]. The 180 

assessment of sepsis-induced DIC over time and appropriate intervention may improve prognosis 181 

[26-28]. In our study, the 30-day mortality rate was higher in patients with septic shock and septic 182 

shock complicated by DIC than in patients without septic shock, suggesting the importance of 183 

assessing the presence or absence of sepsis and DIC complications in patients with SAB. We could 184 

not examine the presence or absence of treatment for sepsis or DIC and its efficacy in the present 185 

study. Thus, future studies should investigate these aspects as well as the risk factors for septic shock 186 

and DIC complications. 187 

Regarding MRSA typing, in their review of 2,413 MRSA strains collected from inpatients at four 188 

acute-care hospitals in Kyoto and Shiga, Japan between 2014 and 2019, Matsumura et al. reported 189 

that ST8 and ST1 were common as community-acquired MRSA (CA-MRSA), in addition to ST764 190 

and ST12 as healthcare-associated MRSA (HA-MRSA) [29]. Although the specimens examined in 191 

their study were not limited to blood cultures, a similar frequency of isolation of MRSA ST types 192 

was noted; however, ST12 was not isolated in our study. Yamaguchi et al. also examined 1,770 193 

MRSA strains from skin and pus, reporting an increase in Panton-Valentine leucocidin- and toxic 194 

shock syndrome toxin-1-producing ST22 [30]. However, ST22 was not detected in our study. 195 

Although the limited number of strains examined herein precludes definitive conclusions, it is 196 

plausible that the probability of causing bacteremia may vary depending on the MRSA ST type. 197 

To the best of our knowledge, there are no studies on MSSA bacteremia that integrated both 198 

microbiological and clinical aspects, as well as genomic investigations of MSSA in Japan. Obata et 199 

al. performed a molecular epidemiological study of S. aureus isolated from Japanese patients with 200 
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atopic dermatitis and noted that ST188 and ST12 may correlate with the severity of atopic dermatitis 201 

[31]. Hirose et al. also conducted a molecular epidemiological study of S. aureus on hospital staff 202 

and dental patients, reporting that ST15, ST8, ST12, ST97, and ST188 were commonly isolated from 203 

oral cavity and hands [32]. Moreover, Jian et al. reported an increase in the frequency of ST5 with 204 

various virulence factors, including a higher ability to adhere epithelial cells [33]. In MRSA, ST764 205 

is known as a single-locus variant of ST5, but is genetically distant from ST5 in MSSA. Given that 206 

the proportion of MRSA is decreasing proportionally while that of MSSA is increasing, continuous 207 

molecular epidemiological studies on MSSA isolated from blood cultures in Japan are necessary 208 

[16]. 209 

POT is a molecular epidemiological method for classifying MRSA that was developed mainly in 210 

Japan. It has been widely used in Japan owing to its simplicity of operation, leading to the 211 

accumulation of considerable data [34]. In our study, the majority of strains exhibited identical 212 

MLST results when the POT was identical, indicating a high correlation between the two typing 213 

methods. Furthermore, even when the MLST was identical, the POT was often different, suggesting 214 

that POT has a higher discriminatory ability in classifying S. aureus than MLST. However, there are 215 

few studies using the POT for MSSA detection, which represents a limitation of the current study 216 

that should be addressed in future research [35]. 217 

In patients who died within 30 days, the most prevalent STs were ST1, ST8, and ST764 in 218 

the MRSA group, whereas those in the MSSA group included ST45, ST97, ST15, and ST121. Given 219 

the limited number of deaths observed in our study, no significant association was identified between 220 

mortality and specific ST. Four of the five cases of MSSA bacteremia developed sepsis and DIC due 221 

to ST188. Obata et al. reported that ST188 is correlated with the severity of atopic dermatitis, but it 222 

has not been reported that ST188 causes more severe conditions of SAB [31]. Wang et al. reported 223 

an increase in ST188 in MSSA among S. aureus isolates collected in Shanghai, China, from 2012 to 224 

2014; it had strong epithelial adhesion and biofilm-forming capacity in both animals and humans 225 

[36]. ST188 and ST5 have also been isolated from patients with IE in our study. Therefore, it is 226 

important to conduct further comprehensive studies focusing on both clinical and microbiological 227 

features. 228 

The current study had several limitations. This was a single-center, retrospective study, and 229 

the number of patients and strains was limited. Moreover, the possibility of contamination cannot be 230 

ruled out as a problem during sample collection. Additionally, if a patient with SAB spontaneously 231 

recovers or dies without a blood culture, SAB cannot be diagnosed, and the isolate cannot be 232 

obtained. 233 

 234 

Conclusions 235 

In conclusion, a clinical and microbiological investigation of SAB was conducted at our 236 
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institution to determine clinical parameters, including severity and mortality, as well as the genetic 237 

characteristics of the isolates. MRSA was classified in a relatively limited number of STs, while 238 

MSSA was classified in more STs. Despite the limited number of cases, there may be a relationship 239 

between certain STs and the clinical presentation of SAB. We also revealed associations between 240 

MLST and POT. The epidemiology of SAB exhibits considerable variability across different 241 

geographical locations and time periods. It is therefore recommended that such studies also be 242 

performed in the future. 243 
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Table 1 255 

Univariate analysis of clinical characteristics associated with MRSA and MSSA in patients with 256 

bacteremia 257 

  Total MRSA MSSA P-value 
Number of cases 90 42 (46.7%) 48 (53.3%)  
Age, mean, y 65.8±17.7 67.7±14.9 64.2±19.8 0.36 
Sex: male 58 (64.4%) 30 (71.4%) 28 (58.3%) 0.27 
BMI 22.0±4.9 21.7±4.3 22.3±5.4 0.60 
Community-acquired 35 (38.9%) 14 (33.3%) 21 (43.8%) 0.39 
CCI score 6.5±3.3 6.6±2.9 6.4±3.6 0.75 
Comorbid conditions     
  Malignancy 22 (24.4%) 10 (23.8%) 12 (25.0%) 1 
  CKD stages 3–5 37 (41.1%) 18 (42.9%) 19 (39.6%) 0.83 
  Renal replacement therapy 21 (23.3%) 10 (23.8%) 11 (22.9%) 1 
  Hemodialysis 18 (20%) 10 (23.8%) 8 (16.7%) 0.44 
  Cardiovascular disease 51 (56.7%) 27 (64.3%) 24 (50.0%) 0.20 
  Peripheral vascular disease 9 (10.0%) 4 (9.5%) 5 (10.4%) 1 
  Cerebral vascular disease 21 (23.3%) 11 (26.2%) 10 (20.1%) 0.62 
  Paraplegia or hemiplegia 3 (3.3%) 1 (2.4%) 3 (3.3%) 1 
  Dementia 18 (20.0%) 11 (26.2%) 7 (14.6%) 0.20 
  Liver cirrhosis 4 (4.4%) 1 (2.4%) 3 (6.3%) 0.62 
  Connective tissue disease 11 (12.2%) 7 (16.7%) 4 (8.3%) 0.34 
  Diabetes mellitus 25 (27.8%) 10 (23.8%) 15 (31.3%) 0.49 
  Insulin-dependent diabetes mellitus 6 (6.7%) 4 (9.5%) 2 (4.2%) 0.41 
  Chronic pulmonary disease 7 (7.8%) 5 (11.9%) 2 (4.2%) 0.24 
  Leukemia 2 (2.2%) 0 (0%) 2 (4.2%) 0.50 
  Lymphoma 5 (5.6%) 4 (9.5%) 1 (2.1%) 0.18 
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  Peptic ulcer 1 (1.1%) 1 (2.4%) 0 (0%) 0.47 
Corticosteroid use 14 (15.6%) 5 (11.9%) 9 (18.8%) 0.40 
Immunosuppressants 3 (3.3%) 1 (2.4%) 2 (4.2%) 1 
Chemotherapy within 90 days 8 (8.9%) 5 (11.9%) 2 (4.2%) 0.47 
Febrile neutropenia 2 (2.2%) 1 (2.4%) 1 (2.1%) 1 
Solid organ transplantation 3 (3.3.%) 2 (4.8%) 1 (2.1%) 0.60 
General anesthesia within 30 days 6 (6.7%) 3 (7.1%) 3 (6.3%) 1 
Foreign body     
  Prosthetic joint 4 (4.4%) 2 (4.8%) 2 (4.2%) 1 
  Prosthetic valve 2 (2.2%) 0 (0%) 2 (4.2%) 0.50 
  Prosthetic vascular graft 2 (2.2%) 1 (2.4%) 1 (2.1%) 1 
  Artificial cardiac pacemaker 2 (2.2%) 0 (0%) 2 (4.2%) 0.50 
  Central venous catheter present 27 (30.0%) 15 (35.7%) 12 (25.0%) 0.36 
  Central venous catheter removed 23 (85.2%) 14 (93.3%) 9 (75.0%) 0.29 
Primary site of infection     
  Unknown 28 (31.1%) 12 (28.6%) 16 (33.3% 0.66 
  Catheter-associated 15 (16.7%) 9 (21.4%) 6 (12.5%) 0.27 
  Pneumonia 9 (10.0%) 5 (11.9%) 4 (8.3%) 0.73 
  Skin and soft tissue 30 (30.3%) 12 (28.6%) 12 (25.0%) 0.81 
  Bone and joint 1 (1.1%) 0 (0%) 1 (2.1%) 1 
  Urinary tract 7 (7.8%) 3 (7.1%) 4 (8.3%) 1 
  Intra-abdominal 3 (3.3%) 1 (2.4%) 2 (4.2%) 1 
Procedure performed for source control     
  Incision and drainage 8 (8.9%) 4 (9.5%) 4 (8.3%) 1 
Intensive care unit admission before infection 3 (3.3%) 1 (2.4%) 2 (4.2%) 1 
Transit to intensive care unit after infection 10 (11.1%) 4 (9.5%) 6 (12.5%) 0.75 
Pitt bacteremia score 2.0±2.2 2.3±2.2 1.8±2.2 0.30 
Complicated SAB 30 (30.3%) 15 (35.7%) 15 (31.3%) 0.66 
Infective endocarditis 7 (7.8%) 0 (0%) 7 (14.6%) <0.05 
Metastatic infection 11 (12.2%) 4 (9.5%) 7 (14.6%) 0.53 
SOFA score 5.02±3.07 5.14±3.08 4.92±3.05 0.80 
Sepsis 23 (25.6%) 11 (26.2%) 12 (25.0%) 1 
Septic shock 9 (10.0%) 6 (14.3%) 3 (6.3%) 0.29 
DIC 17 (18.9%) 8 (19.0%) 9 (18.8%) 1 
Sepsis with DIC 17 (18.9%) 8 (19.0%) 9 (18.8%) 1 
Septic shock with DIC 6 (6.7%) 4 (9.5%) 2 (4.2%) 0.41 
30-day mortality 13 (14.4%) 8 (19.0%) 5 (10.4%) 0.37 
Recurrence 4 (4.4%) 2 (4.8%) 2 (4.2%) 1 
Time to start effective antimicrobial therapy     
  Prior to SAB onset 3 (3.3%) 3 (7.1%) 0 (0%) 0.10 
  On the day of SAB onset 43 (47.8%) 24 (57.1%) 19 (39.6%) 0.14 
  1-day delay from onset of SAB 18 (20.0%) 8 (19.0%) 10 (20.8%) 1 
  2-day delay from onset of SAB 5 (5.6%) 1 (2.4%) 4 (8.3%) 0.37 
  3 or more days of delay from the onset of 
SAB 20 (22.2%) 6 (14.3%) 14 (29.2%) 0.13 

Mainly used antimicrobials     
 Vancomycin 28 (31.1%) 23 (54.8%) 5 (10.4%)  
 Linezolid 6 (6.7%) 6 (14.3%) 0 (0%)  
 Daptomycin 8 (8.9%) 6 (14.3%) 2 (4.2%)  
 Teicoplanin 3 (3.3%) 3 (7.1%) 0 (0%)  
 Cefazolin 22 (24.4%) 0 (0%) 22 (24.4%)  
 Ceftriaxone 8 (8.9%) 2 (4.8%) 6 (12.5%)  
 Sulbactam / ampicillin 4 (4.4%) 0 (0%) 4 (8.3%)  
 Tazobactam / piperacillin 4 (4.4%) 1 (2.4%) 3 (6.3%)  
 Meropenem 2 (2.2%) 0 (0%) 2 (4.2%)  
 Levofloxacin 1 (1%) 0 (0%) 1 (2.1%)  
 Other 4 (4.4%) 1 (2.4%) 3 (6.3%)  
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concomitant use with rifampicin 3 (3.3%) 1 (2.4%) 2 (4.2%) 1 
concomitant use with minocycline 2 (2.2%) 1 (2.4%) 1 (2.1%) 1 
concomitant use with clindamycin 3 (3.3%) 1 (2.4%) 2 (4.2%) 1 
Virulence genes     
  luk-PV 2 (2.2%) 2 (4.8%) 0 (0%) 0.22 
  tst 10 (11.1%) 7 (16.7%) 3 (6.3%) 0.18 
  arcA 3 (3.3%) 3 (7.1%) 0 (0%) 0.10 

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible 258 

Staphylococcus aureus; BMI, body mass index; CCI, Charlson comorbidity index; CKD, chronic 259 

kidney disease; SAB, Staphylococcus aureus bacteremia; SOFA, sequential organ failure assessment; 260 

DIC, disseminated intravascular coagulation. 261 

 262 

  263 
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Table 2 264 

Univariate analysis of risk factors for 30-day mortality after onset of SAB. 265 

  Survived Died P-value 
Number of cases 77 (85.6%) 13 (14.4%)  
Age, mean, y 69.7±16.7 65.2±17.8 0.40 
Sex: male 50 (64.9%) 8 (61.5%) 1 
BMI 21.9±4.89 22.6±5.13 0.65 
Community-acquired 33 (42.9%) 2 (15.3%) 0.065 
CCI score 6.22±3.29 8.46±2.79 <0.05 
Comorbid conditions    
  Malignancy 19 (24.7%) 3 (23.1%) 1 
  CKD stage3-5 30 (39.0%) 7 (53.8%) 0.37 
  Renal replacement therapy 18 (23.4%) 3 (23.1%) 1 
  Hemodialysis 15 (19.5%) 3 (23.1%) 0.72 
  Cardiovascular disease 44 (57.1%) 7 (53.8%) 1 
  Peripheral vascular disease 9 (11.7%) 0 (0%) 0.35 
  Cerebral vascular disease 18 (23.4%) 3 (23.1%) 1 
  Paraplegia or hemiplegia 2 (2.6%) 1 (7.7%) 0.38 
  Dementia 15 (19.5%) 3 (23.1%) 0.72 
  Liver cirrhosis 2 (2.6%) 2 (15.4%) 0.10 
  Connective tissue disease 10 (13.0%) 1 (7.7%) 1 
  Diabetes mellitus 22 (28.6%) 3 (23.1%) 1 
  Insulin-dependent diabetes mellitus 6 (7.8%) 0 (0%) 0.59 
  Chronic pulmonary disease 6 (7.8%) 1 (7.7%) 1 
  Leukemia 2 (2.6%) 0 (0%) 1 
  Lymphoma 2 (2.6%) 3 (23.1%) <0.05 
  Peptic ulcer 0 (0%) 1 (7.7%) 0.14 
Corticosteroid use 11 (14.3%) 3 (23.1%) 0.42 
Immunosuppressants 3 (3.9%) 0 (0%) 1 
Chemotherapy within 90 days 4 (5.2%) 4 (30.8%) <0.05 
Febrile neutropenia 1 (1.3%) 1 (7.7%) 0.27 
Solid organ transplantation 3 (3.9%) 0 (0%) 1 
General anesthesia within 30 days 5 (6.5%) 1 (7.7%) 1 
Foreign body    
  Prosthetic joint 4 (5.2%) 0 (0%) 1 
  Prosthetic valve 2 (2.6%) 0 (0%) 1 
  Prosthetic vascular graft 2 (2.6%) 0 (0%) 1 
  Artificial cardiac pacemaker 3 (3.9%) 0 (0%) 1 
  Central venous catheter present 23 (29.9%) 4 (30.8%) 1 
  Central venous catheter removed 20 (87.0%) 3 (75.0%) 0.50 
Primary site of infection    
  Unknown 22 (28.6%) 6 (46.2%) 0.21 
  Catheter-associated 14 (18.2%) 1 (7.7%) 0.69 
  Pneumonia 5 (6.5%) 3 (23.1%) 0.09 
  Skin and soft tissue 22 (28.6%) 2 (15.4%) 0.50 
  Bone and joint 1 (1.3%) 0 (0%) 1 
  Urinary tract 7 (9.1%) 0 (0%) 0.59 
  Intra-abdominal 3 (3.9%) 0 (0%) 1 
Procedure performed for source control    
  Incision and drainage 8 (10.4%) 0 (0%) 0.60 
Intensive care unit admission before infection 3 (3.9%) 0 (0%) 1 
Transit to intensive care unit after infection 8 (10.4%) 2 (15.4%) 0.63 
Pitt bacteremia score 1.79±1.95 3.38±3.10 <0.05 
Complicated SAB 27 (35.1%) 3 (23.1%) 0.53 
Infective endocarditis 7 (9.1%) 0 (0%) 0.59 
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Metastatic infection 11 (14.3%) 0 (0%) 0.35 
SOFA score 4.52±2.78 8.00±2.79 <0.01 
Sepsis 17 (22.1%) 6 (46.2%) 0.09 
Septic shock 4 (5.2%) 5 (38.5%) <0.01 
DIC 14 (18.2%) 3 (23.1%) 0.71 
Sepsis with DIC 14 (18.2%) 3 (23.1%) 0.71 
Septic shock with DIC 3 (3.9%) 3 (23.1%) <0.05 
Recurrence 4 (5.2%) 0 (0%) 1 
Time to start effective antimicrobial therapy    
  Prior to SAB onset 2 (2.6%) 1 (7.7%) 0.38 
  On the day of SAB onset 37 (48.1%) 6 (46.2%) 1 
  1-day delay from onset of SAB 15 (19.5%) 3 (23.1%) 0.72 
  2-day delay from onset of SAB 6 (7.8%) 0 (0%) 1 
  3 or more days of delay from the onset of 
SAB 18 (23.4%) 3 (23.1%) 1 

Appropriate empiric therapy 14 (18.2%) 3 (23.1%) 0.71 
mainly used antimicrobials    
 Vancomycin 20 (26.0%) 8 (61.5%) 0.02 
 Linezolid 6 (7.8%) 0 (0%) 0.59 
 Daptomycin 8 (10.4%) 0 (0%) 0.60 
 Teicoplanin 2 (2.6%) 1 (7.7%) 0.38 
 Cefazolin 20 (26.0%) 2 (15.4%) 0.51 
 Ceftriaxone 8 (10.4%) 0 (0%) 0.60 
 Sulbactam/ampicillin 4 (5.2%) 0 (0%) 1 
 Tazobactam/piperacillin 4 (5.2%) 1 (7.7%) 0.55 
 Meropenem 2 (2.6%) 0 (0%) 1 
 Levofloxacin 1 (1.3%) 0 (0%) 1 
 Other 3 (3.9%) 1 (7.7%) 0.47 
concomitant use with rifampicin 3 (3.9%) 0 (0%) 1 
concomitant use with minocycline 2 (2.6%) 0 (0%) 1 
concomitant use with clindamycin 3 (3.9%) 0 (0%) 1 
Virulence genes    
 luk-PVa 2 (2.6%) 0 (0%) 1 
 tstb 7 (9.1%) 3 (23.1%) 0.15 
 arcAc 2 (2.6%) 1 (7.7%) 0.38 
Antimicrobial resistance genes    
 blaZ 55 (61.1%) 10 (84.6%) 1 
MRSA 34 (44.2%) 8 (61.5%) 0.37 
SCCmec I 0 (0%) 0 (0%)  
SCCmec II 14 (18.2%) 4 (30.8%) 0.28 
SCCmec III 1 (1.3%) 0 (0%) 1 
SCCmec IV 18 (23.4%) 4 (30.8%) 0.73 
SCCmec V 1 (1.3%) 0 (0%) 1 
ST764 9 (11.7%) 3 (23.1%) 0.37 
ST45 1 (1.3%) 2 (15.4%) 0.05 
ST8 8 (10.4%) 2 (15.4%) 0.63 
ST1 7 (9.1%) 2 (15.4%) 0.61 
ST5 8 (10.4%) 1 (7.7%) 1 
ST15  6 (7.8%) 1 (7.7%) 1 
ST97 0 (0%) 1 (7.7%) 0.14 
ST121 2 (2.6%) 1 (7.7%) 0.38 
Others 36 (46.8%) 0 (0%) <0.01 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; CKD, chronic kidney 266 

disease; SAB, Staphylococcus aureus bacteremia; SOFA, sequential organ failure assessment; DIC, 267 

disseminated intravascular coagulation, MRSA, methicillin-resistant Staphylococcus aureus. 268 
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Table 3 269 

Drug resistance genes, virulence genes, and clinical characteristics categorized by methicillin 270 

susceptibility, MLST, and POT 271 

  MLST n POT n 
 

SCCmec blaZ 
Virulence genes 30-day 

mortality sepsis septic 
shock DIC IE 

 
luk-
PV arcA tst 

MRSA 

8 15 

106-
137-80 6  Ⅳ 6 - - - 1 2 1 2   

106-9-
80 2  Ⅳ 2 - - 2   1       

93-80-9 1  Ⅱ 1 - - -           
106-41-

62 1  Ⅳ 1 - - 1   1   1   

106-
121-98 1  Ⅳ 1 - - 1 1 1 1     

106-
125-
113 

1 
 

Ⅳ 1 1 - -           

106-
137-2 1  Ⅳ 1 - - -           

106-
155-
120 

1 
 

Ⅳ 1 - - -           

122-
137-2 1  Ⅳ 1 - - -           

764 12 

93-191-
103 3  Ⅱ 3 - 1 -           

93-181-
45 2  Ⅱ 1 - - -   1   1   

93-153-
127 2  Ⅱ 2 - 1 - 1         

93-153-
125 1  Ⅱ - - - -           

93-183-
101 1  Ⅱ 1 - - -           

93-187-
56 1  Ⅱ 1 - - - 1         

93-189-
125 1  Ⅱ 1 - - - 1 1 1 1   

93-190-
98 1  Ⅱ 1 - - -           

1 8 

106-
183-45 5  Ⅳ 5 - - - 1 1 1     

106-
183-40 2  Ⅳ 2 - - - 1         

106-
183-61 1  Ⅳ 1 - - -           

5 4 

93-137-
16 1  Ⅱ 1 - - 1           

93-153-
56 1  Ⅱ - - - 1 1 1 1 1   

93-153-
61 1  Ⅱ 1 - - 1   1   1   

93-182-
107 1  Ⅱ 1 - - -           

30 1 110-16-
49 1  Ⅱ 1 1 - -   1 1 1   

188 1 68-59-
32 1  Ⅲ 1 - - -           

672 1 64-27-
112 1  V - - - -      

MSSA 15 7 

2-1-0 2  - 2 - - -           
2-17-93 1  - 1 - - -           
2-49-64 1  - 1 - - - 1         
2-51-13 1  - 1 - - -           
2-89-33 1  - 1 - - -           



14 

 

16-0-1 1  - - - - -           

5 5 

4-8-2 1  - - - - -         1 
4-8-80 1  - - - - -   1   1 1 
4-9-16 1  - - - - -         1 
4-19-
113 1  - - - - -           

32-111-
58 1  - 1 - - -           

188 4 

4-1-0 1  - - - - -   1   1 1 
4-90-64 1  - - - - -   1   1 1 
4-122-

73 1  - - - - -   1   1   

32-66-
48 1  - - - - -   1   1   

12 4 
0-8-80 2  - 1 - - -           
0-80-8 1  - - - - -           
0-24-84 1  - - - - -           

7 3 

0-9-80 1  - - - - -   1   1   
0-80-9 1  - 1 - - -           
0-112-

27 1  - 1 - - -           

121 3 6-18-1 2  - 2 - - - 1 1   1 1 
6-18-81 1  - 1 - - -   1 1     

20 3 
0-1-1 1  - 1 - - -           
0-9-16 1  - 1 - - -           
0-73-81 1  - 1 - - -           

45 3 

4-8-80 1  - 1 - - - 1         
32-80-9 1  - - - - 1 1 1       
32-112-

27 1  - 1 - - -         1 

6 2 
0-17-67 1  - 1 - - -           
0-25-
113 1  - 1 - - -           

8 2 2-9-80 1  - 1 - - -           
2-11-81 1  - 1 - - 1           

508 2 4-16-48 1  - - - - 1   1 1 1   
6-26-81 1  - - - - -           

398 2 0-8-80 1  - - - - -           
0-80-8 1  - - - - -           

1 1 2-1-1 1  - 1 - - -           
97 1 0-83-65 1  - - - - - 1         
291 1 0-16-17 1  - - - - -           
630 1 18-17-0 1  - 1 - - -           
845 1 2-1-1 1  - 1 - - -           
2867 1 0-17-1 1  - - - - -           
9368 1 32-0-24 1  - 1 - - -   1       
9369 1 6-18-2 1  - 1 - - -   1 1 1   

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible 272 

Staphylococcus aureus; MLST, multilocus sequence typing; POT, PCR-based open reading frame 273 

typing; DIC, disseminated intravascular coagulation; IE, infective endocarditis. 274 

 275 

References 276 

[1] Holland TL, Arnold C, Fowler VG, Jr. Clinical management of Staphylococcus aureus bacteremia: a 277 

review. JAMA. 2014;312:1330–41. https://doi.org/10.1001/jama.2014.9743. 278 

[2] Laupland KB, Lyytikäinen O, Søgaard M, Kennedy KJ, Knudsen JD, Ostergaard C et al. The 279 

changing epidemiology of Staphylococcus aureus bloodstream infection: a multinational 280 

population-based surveillance study. Clin Microbiol Infect. 2013;19:465–71. 281 

https://doi.org/10.1111/j.1469-0691.2012.03903.x. 282 

https://doi.org/10.1001/jama.2014.9743
https://doi.org/10.1111/j.1469-0691.2012.03903.x


15 

 

[3] Turnidge JD, Kotsanas D, Munckhof W, Roberts S, Bennett CM, Nimmo GR et al. Staphylococcus 283 

aureus bacteraemia: a major cause of mortality in Australia and New Zealand. Med J Aust. 284 

2009;191:368–73. https://doi.org/10.5694/j.1326-5377.2009.tb02841.x. 285 

[4] Kang CI, Song JH, Ko KS, Chung DR, Peck KR, Asian Network for Surveillance of Resistant 286 

Pathogens (ANSORP) Study Group. Clinical features and outcome of Staphylococcus aureus 287 

infection in elderly versus younger adult patients. Int J Infect Dis. 2011;15:e58–62. 288 

https://doi.org/10.1016/j.ijid.2010.09.012. 289 

[5] Austin ED, Sullivan SS, Macesic N, Mehta M, Miko BA, Nematollahi S et al. Reduced mortality of 290 

Staphylococcus aureus bacteremia in a retrospective cohort study of 2139 patients: 2007–2015. 291 

Clin Infect Dis. 2020;70:1666–74. https://doi.org/10.1093/cid/ciz498. 292 

[6] Suzuki M, Hosoba E, Matsui M, Arakawa Y. New PCR-based open reading frame typing method for 293 

easy, rapid, and reliable identification of Acinetobacter baumannii international epidemic clones 294 

without performing multilocus sequence typing. J Clin Microbiol. 2014;52:2925–32. 295 

https://doi.org/10.1128/JCM.01064-14. 296 

[7] Chow JW, Yu VL. Combination antibiotic therapy versus monotherapy for gram-negative 297 

bacteraemia: a commentary. Int J Antimicrob Agents. 1999;11:7–12. 298 

https://doi.org/10.1016/s0924-8579(98)00060-0. 299 

[8] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M et al. The third 300 

international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016;315:801–301 

10. https://doi.org/10.1001/jama.2016.0287. 302 

[9] Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K, Koseki K et al. A multicenter, prospective 303 

validation of disseminated intravascular coagulation diagnostic criteria for critically ill patients: 304 

comparing current criteria. Crit Care Med. 2006;34:625–31. 305 

https://doi.org/10.1097/01.ccm.0000202209.42491.38. 306 

[10] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 307 

comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987;40:373–308 

83. https://doi.org/10.1016/0021-9681(87)90171-8. 309 

[11] Zhang K, Sparling J, Chow BL, Elsayed S, Hussain Z, Church DL et al. New quadriplex PCR assay 310 

for detection of methicillin and Mupirocin resistance and simultaneous discrimination of 311 

Staphylococcus aureus from coagulase-negative staphylococci. J Clin Microbiol. 2004;42:4947–312 

55. https://doi.org/10.1128/JCM.42.11.4947-4955.2004. 313 

[12] Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility 314 

Testing, 30st ed. CLSI standard M100. Wayne, Pennsylvania: Clinical and Laboratory Standards 315 

Institute; 2020. 316 

[13] Inomata S, Yano H, Tokuda K, Kanamori H, Endo S, Ishizawa C et al. Microbiological and 317 

molecular epidemiological analyses of community-associated methicillin-resistant 318 

https://doi.org/10.5694/j.1326-5377.2009.tb02841.x
https://doi.org/10.1016/j.ijid.2010.09.012
https://doi.org/10.1093/cid/ciz498
https://doi.org/10.1128/JCM.01064-14
https://doi.org/10.1016/s0924-8579(98)00060-0
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1097/01.ccm.0000202209.42491.38
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1128/JCM.42.11.4947-4955.2004


16 

 

Staphylococcus aureus at a tertiary care hospital in Japan. J Infect Chemother. 2015;21:729–36. 319 

https://doi.org/10.1016/j.jiac.2015.07.005. 320 

[14] Maiden MC, Bygraves JA, Feil E, Morelli G, Russell JE, Urwin R et al. Multilocus sequence typing: 321 

a portable approach to the identification of clones within populations of pathogenic 322 

microorganisms. Proc Natl Acad Sci U S A. 1998;95:3140–5. 323 

https://doi.org/10.1073/pnas.95.6.3140. 324 

[15] Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel multiplex PCR assay for 325 

characterization and concomitant subtyping of staphylococcal cassette chromosome mec types I 326 

to V in methicillin-resistant Staphylococcus aureus. J Clin Microbiol. 2005;43:5026–33. 327 

https://journals.asm.org/doi/10.1128/jcm.43.10.5026-5033.2005.  328 

[16] National Institute of Infectious Diseases. MRSA isolation status in Japan Nosocomial Infections 329 

Surveillance (JANIS). IASR. 2024;45:37–8. 330 

[17] UK Health Security Agency. 30 day all-cause mortality following MRSA, MSSA and Gram-negative 331 

bacteraemia and C. difficile infections: 2021 to 2022 report; 2023. 332 

[18] Tsuzuki S, Matsunaga N, Yahara K, Gu Y, Hayakawa K, Hirabayashi A et al. National trend of 333 

bloodstream infection attributable deaths caused by Staphylococcus aureus and Escherichia coli 334 

in Japan. J Infect Chemother. 2020;26:367–71. https://doi.org/10.1016/j.jiac.2019.10.017. 335 

[19] Hadano Y, Kakuma T, Matsumoto T, Ishibashi K, Isoda M, Yasunaga H. Reduction of 30-day death 336 

rates from Staphylococcus aureus bacteremia by mandatory infectious diseases consultation: 337 

comparative study interventions with and without an infectious disease specialist. Int J Infect 338 

Dis. 2021;103:308–15. https://doi.org/10.1016/j.ijid.2020.11.199. 339 

[20] Østergaard L, Voldstedlund M, Bruun NE, Bundgaard H, Iversen K, Køber N et al. Prevalence and 340 

mortality of infective endocarditis in community-acquired and healthcare-associated 341 

Staphylococcus aureus bacteremia: A Danish nationwide registry-based cohort study. Open 342 

Forum Infect Dis. 2022;9:ofac647. https://doi.org/10.1093/ofid/ofac647. 343 

[21] Hawkins C, Huang J, Jin N, Noskin GA, Zembower TR, Bolon M. Persistent Staphylococcus aureus 344 

bacteremia: an analysis of risk factors and outcomes. Arch Intern Med. 2007;167:1861–7. 345 

https://doi.org/10.1001/archinte.167.17.1861.  346 

[22] Hill PC, Birch M, Chambers S, Drinkovic D, Ellis-Pegler RB, Everts R et al. Prospective study of 347 

424 cases of Staphylococcus aureus bacteraemia: determination of factors affecting incidence 348 

and mortality. Intern Med J. 2001;31:97–103. https://doi.org/10.1111/j.1444-0903.2001.00029.x. 349 

[23] Gando S, Shiraishi A, Yamakawa K, Ogura H, Saitoh D, Fujishima S et al. Role of disseminated 350 

intravascular coagulation in severe sepsis. Thromb Res. 2019;178:182–8. 351 

https://doi.org/10.1016/j.thromres.2019.04.025. 352 

[24] Ogura H, Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K et al. SIRS-associated coagulopathy and 353 

organ dysfunction in critically ill patients with thrombocytopenia. Shock. 2007;28:411–7. 354 

https://doi.org/10.1016/j.jiac.2015.07.005
https://doi.org/10.1073/pnas.95.6.3140
https://journals.asm.org/doi/10.1128/jcm.43.10.5026-5033.2005
https://doi.org/10.1016/j.jiac.2019.10.017
https://doi.org/10.1016/j.ijid.2020.11.199
https://doi.org/10.1093/ofid/ofac647
https://doi.org/10.1001/archinte.167.17.1861
https://doi.org/10.1111/j.1444-0903.2001.00029.x
https://doi.org/10.1016/j.thromres.2019.04.025


17 

 

https://doi.org/10.1097/shk.0b013e31804f7844. 355 

[25] Paulsen J, Mehl A, Askim Å, Solligård E, Åsvold BO, Damås JK. Epidemiology and outcome of 356 

Staphylococcus aureus bloodstream infection and sepsis in a Norwegian county 1996–2011: an 357 

observational study. BMC Infect Dis. 2015;15:116. https://doi.org/10.1186/s12879-015-0849-4. 358 

[26] Umemura Y, Yamakawa K, Hayakawa M, Hamasaki T, Fujimi S, Japan Septic Disseminated 359 

Intravascular Coagulation (J-Septic DIC) study group. Screening itself for disseminated 360 

intravascular coagulation may reduce mortality in sepsis: A nationwide multicenter registry in 361 

Japan. Thromb Res. 2018;161:60–6. https://doi.org/10.1016/j.thromres.2017.11.023. 362 

[27] Iba T, Saitoh D, Wada H, Asakura H. Efficacy and bleeding risk of antithrombin supplementation in 363 

septic disseminated intravascular coagulation: a secondary survey. Crit Care. 2014;18:497. 364 

https://doi.org/10.1186/s13054-014-0497-x. 365 

[28] Kato H, Hagihara M, Asai N, Umemura T, Hirai J, Mori N et al. Efficacy and safety of recombinant 366 

human soluble thrombomodulin in patients with sepsis-induced disseminated intravascular 367 

coagulation - A meta-analysis. Thromb Res. 2023;226:165–72. 368 

https://doi.org/10.1016/j.thromres.2023.05.009. 369 

[29] Kishita M, Matsumura Y, Yamamoto M, Nagao M, Takemura M, Sumi M et al. Increase in the 370 

frequency of community-acquired methicillin-resistant Staphylococcus aureus clones among 371 

inpatients of acute care hospitals in the Kyoto and Shiga regions, Japan. J Infect Chemother. 372 

2023;29:458–63. https://doi.org/10.1016/j.jiac.2023.01.013. 373 

[30] Yamaguchi T, Nakamura I, Sato T, Ono D, Sato A, Sonoda S et al. Changes in the genotypic 374 

characteristics of community-acquired methicillin-resistant Staphylococcus aureus collected in 375 

244 medical facilities in Japan between 2010 and 2018: a nationwide surveillance. Microbiol 376 

Spectr. 2022;10:e0227221. https://doi.org/10.1128/spectrum.02272-21. 377 

[31] Obata S, Hisatsune J, Kawasaki H, Fukushima-Nomura A, Ebihara T, Arai C et al. Comprehensive 378 

genomic characterization of Staphylococcus aureus isolated from atopic dermatitis patients in 379 

Japan: correlations with disease severity, eruption type, and anatomical site. Microbiol Spectr. 380 

2023;11:e0523922. https://doi.org/10.1128/spectrum.05239-22. 381 

[32] Hirose M, Aung MS, Fujita Y, Kato T, Hirose Y, Yahata S et al. Genetic characterization of 382 

Staphylococcus aureus, Staphylococcus argenteus, and coagulase-negative staphylococci 383 

colonizing oral cavity and hand of healthy adults in Northern Japan. Pathogens. 2022;11. 384 

https://doi.org/10.3390/pathogens11080849. 385 

[33] Jian Y, Zhao L, Zhao N, Lv HY, Liu Y, He L et al. Increasing prevalence of hypervirulent ST5 386 

methicillin susceptible Staphylococcus aureus subtype poses a serious clinical threat. Emerg 387 

Microbes Infect. 2021;10:109–22. https://doi.org/10.1080/22221751.2020.1868950. 388 

[34] Suzuki M, Tawada Y, Kato M, Hori H, Mamiya N, Hayashi Y et al. Development of a rapid strain 389 

differentiation method for methicillin-resistant Staphylococcus aureus isolated in Japan by 390 

https://doi.org/10.1097/shk.0b013e31804f7844
https://doi.org/10.1186/s12879-015-0849-4
https://doi.org/10.1016/j.thromres.2017.11.023
https://doi.org/10.1186/s13054-014-0497-x
https://doi.org/10.1016/j.thromres.2023.05.009
https://doi.org/10.1016/j.jiac.2023.01.013
https://doi.org/10.1128/spectrum.02272-21
https://doi.org/10.1128/spectrum.05239-22
https://doi.org/10.3390/pathogens11080849
https://doi.org/10.1080/22221751.2020.1868950


18 

 

detecting phage-derived open-reading frames. J Appl Microbiol. 2006;101:938–47. 391 

https://doi.org/10.1111/j.1365-2672.2006.02932.x. 392 

[35] Ogihara S, Saito R, Sawabe E, Kozakai T, Shima M, Aiso Y et al. Molecular typing of methicillin-393 

resistant Staphylococcus aureus: comparison of PCR-based open reading frame typing, 394 

multilocus sequence typing, and Staphylococcus protein A gene typing. J Infect Chemother. 395 

2018;24:312–4. https://doi.org/10.1016/j.jiac.2017.10.023. 396 

[36] Wang Y, Liu Q, Liu Q, Gao Q, Lu H, Meng H et al. Phylogenetic analysis and virulence determinant 397 

of the host-adapted Staphylococcus aureus lineage ST188 in China. Emerg Microbes Infect. 398 

2018;7:45. https://doi.org/10.1038/s41426-018-0048-7. 399 

 400 

https://doi.org/10.1111/j.1365-2672.2006.02932.x
https://doi.org/10.1016/j.jiac.2017.10.023
https://doi.org/10.1038/s41426-018-0048-7

