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ABSTRACT

Background: The temporal changes in the Staphylococcus aureus genotypes causing S. aureus 
bacteremia (SAB) and the corresponding clinical changes over the last decade in South Korea 
are rarely investigated.
Methods: A longitudinal study of adult SAB patients was conducted in a large referral 
hospital in Seoul, South Korea. Adult monomicrobial SAB patients were enrolled between 
August 2008 and December 2018. Genotyping was performed by multilocus sequence typing 
(MLST) and staphylococcal protein A (spa) typing. Trends in changes were identified by linear 
regression analysis.
Results: Of 1782 adult SAB patients, the blood isolates of 1,778 (99.8%) and 1,634 (91.7%) 
were determined to be MLST and spa type, respectively. ST5 (–2.626%/year) and ST239 
(–0.354%/year) decreased during the study period (P < 0.001 for both), but ST72 (2.009%/
yr)-and ST8 (0.567%/yr) increased (P < 0.001 for both). The most common genotype was 
changed from ST5 in 2008 (44.9%) to ST72 in 2018 (36.3%). Panton-Valentine leukocidin-
positive spa-t008-MRSA (USA300) was found in 28.6%. Central venous catheter (CVC)-related 
SAB (–2.440%/yr) and persistent SAB (–1.016%/yr) decreased, but mortality and recurrence 
rates were unchanged.
Conclusion: Over the last decade, the hospital clones ST5 and ST239 have been replaced by 
community genotype ST72. This was associated with decreased CVC-related and persistent 
SAB. Increased USA300 was observed in community and hospital settings. Further research 
is required to identify the reasons for the ST72 epidemic and predict the impending epidemic 
of ST8 strains, including USA300.
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INTRODUCTION

Staphylococcus aureus is a leading cause of community and hospital-acquired (HA) infections 
worldwide.1 Although 70 years have passed since the introduction of penicillin, this 
microorganism still remains a major threat to public health due to its ability to adapt 
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and evolve.2 Methicillin-resistant S. aureus (MRSA) appeared more than 60 years ago in 
hospitals.3,4 In the late 1990s, MRSA emerged outside hospitals in North America and 
Europe, which was called as community-associated MRSA (CA-MRSA).2 In the US, USA300, 
one of the predominant clones, became endemic in the community. Before long, USA300 
clone was introduced into hospitals and has become a significant cause of HA infections.5

Since the mid-2000s, CA-MRSA has also been reported in South Korea,6 where multilocus 
sequence typing (MLST) sequence type 72 (ST72) is the predominant CA-MRSA genotype, 
not USA300.7 Since the late 2000s, ST72 MRSA has been reported to be a major genotype 
not only in the community but also in hospitals.8,9 It appears that clonal changes related to 
CA-MRSA are now taking place in South Korea. Despite this, most South Korean S. aureus 
genotypic studies cover strains discovered from the late 2000s to early 2010s and are thus not 
representative of current conditions.7-9

To elucidate recent changes in S. aureus genotypes causing SAB and the corresponding 
changes in clinical features of SAB over the last decade, we conducted a longitudinal study of 
adult monomicrobial S. aureus bacteremia (SAB) patients over 11 years.

METHODS

Study design and patients
This study was conducted between August 2008 and December 2018 at Asan Medical Center, 
a 2,700 bed university-affiliated teaching hospital in Seoul, Republic of Korea. In the study 
hospital, infectious diseases consultations were mandated for all adult (age ≥ 18 years) 
patients who had a positive blood culture test. Of these patients, those who had SAB were 
prospectively enrolled after the informed consent. Patients with SAB were excluded if they 
had polymicrobial bacteremia or clinically insignificant SAB, which means that there were 
no clinical findings consistent with bacteremia and no subsequent antimicrobial therapy. 
Clinical study nurses registered the patient information into the case report form. Infectious 
disease physicians involved in this study reviewed the data once every two weeks.

Data collection
The following information was obtained from all patients included in the study: age, gender, 
place of acquisition, previous underlying diseases or conditions, site of infection, initial 
clinical severity, and clinical outcomes. All SAB cases were categorized as HA or community-
acquired. Community-acquired cases were further categorized into community-acquired 
healthcare-associated (C-HCA) and community-acquired non-healthcare-associated 
(C-NHCA) cases, according to previously defined criteria.10 Persistent bacteremia was 
defined as ≥ 7 days (persistent SAB-I) or ≥ 6 days (persistent SAB-II) of positive blood 
cultures, even after appropriate antimicrobial therapy. The infection site was determined by 
experienced infectious diseases physicians based on clinical, radiological, and bacteriological 
investigations. Central venous catheter (CVC)-related infection was considered to be the 
infection site in patients with an intravascular device according to the Infectious Diseases 
Society of America guidelines.11 As differentiating entry portals from sites of metastatic 
infection was difficult and sometimes inaccurate, this study did not classify the two 
separately. The Charlson comorbidity index produced a composite score of comorbid 
conditions.12 The Pitt bacteremia and Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores were used to determine the severity of acute illness.13
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Microbiological data
S. aureus isolates were identified using standard methods. Antimicrobial susceptibilities 
were determined using the MicroScan system (Dade Behring, West Sacramento, CA, USA) 
and the standard criteria of the CLSI document M100.14 Vancomycin minimum inhibitory 
concentrations (MICs) were determined through the standard broth microdilution (BMD) 
test for all isolates. MLST was performed as previously described.15 MLST alleles and STs 
were derived from the MLST database (http://www.mlst.net). spa typing was performed 
according to a previously described protocol.16 spa types were assigned via Ridom StaphType 
software version 2.2.1 (Ridom GmbH, Műnster, Germany) and SpaServer (http://www.
spaserver.ridom.de). The staphylococcal cassette chromosome mec (SCCmec) types were 
identified as previously described.17 Presence of genes encoding PVL was assessed by 
polymerase chain reaction (PCR).18

Statistical analyses
The frequency and proportion of each calendar year were calculated for all variables. Linear 
regression analysis identified whether variables increased or decreased over time. Univariate 
analyses and multivariate logistic regression models assessed the associations of clinical 
characteristics and clonal types with CVC-related infection, persistent bacteremia, and 30-
day mortality. Statistical analyses were performed using the SPSS software version 18.0 (SPSS 
Inc., Chicago, IL, USA). All significance tests were two-tailed, and P < 0.05 was considered 
statistically significant.

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
of Asan Medical Center (approval No. 2013-0234). Informed consent was submitted by all 
subjects when they were enrolled.

RESULTS

Baseline characteristics and their changes over time
The study included 1,782 adult monomicrobial SAB patients. The median age of the studied 
patients was 63 years (interquartile range, 52–71), and 62.1% (1,113) patients were male. The 
most common underlying disease was solid tumor (37.9%), followed by diabetes mellitus 
(31.1%), liver cirrhosis (15.5%), and neurological disease (11.9%). Over a third of the patients had 
CVCs (39.5%). SAB occurred during intensive care unit (ICU) admission (13.1%) in over a tenth 
of the patients. An increasing trend was observed for female gender and heart failure, whereas a 
decreasing trend was observed for hematologic malignancy, hematopoietic cell transplantation, 
ICU care, mechanical ventilation, CVC, and indwelling urinary catheter (Table 1).

Clinical features of SAB and their changes over time
The median APACHE II score (interquartile range, IQR) was 15 (11–20) on the day of 
bacteremia development. The median Pitt bacteremia score (IQR) was 1 (0–2). Both of 
these decreased over the 11-year period (annual decrease 0.163 points for APACHE II score, 
0.039 points for Pitt bacteremia score; P = 0.003 and 0.007, respectively). Most diagnostic 
evaluations, such as transthoracic echocardiogram, spine magnetic resonance imaging 
(MRI), and ophthalmologic examination, increased over time. The most common site of 
infection was CVC (26.7%), followed by lungs (14.0%), skin/soft tissue (13.3%), bone/joint 
(12.7%), surgical site (5.6%), and heart valves (5.1%). CVC-related SAB showed a decreasing 
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trend (annual decrease 2.440%; P < 0.001). The bacteremia duration tended to decrease 
over the study period (annual decrease 0.128 day per year; P = 0.051), as did the frequency of 
persistent SAB-II (annual decrease 1.016%; P = 0.021). There were no significant changes in 
mortality and recurrence rate (Table 2). Univariate and multivariate analyses were performed 
to investigate risk factors for persistent SAB-II, CVC-related SAB, and 30-day mortality. 
Their independent risk factors are presented in Supplementary Tables 1 and 2. ST5 was 
independently associated with all three clinical variables (for persistent SAB-II, adjusted odds 
ratio [aOR], 1.696; 95% confidence interval [CI], 1.051–2.740; P = 0.031; for CVC-related SAB, 
aOR, 1.715; 95% CI, 1.135–2.591; P = 0.010; for 30-day mortality, aOR, 1.821; 95% CI, 1.260–
2.632; P = 0.001).

Methicillin resistance, site of acquisition, MLST, and spa types, and their 
changes over time
MRSA was observed in half of the patients (51.9%, 924). More than half of the patients 
(55.6%, 991 of 1782) had HA-SAB, followed by C-HCA-SAB (30.3%, 540) and C-NHCA-SAB 
(14.1%, 251). Over the study period, MRSA (annual decrease 1.598%, P = 0.017) and HA-SAB 
(annual decrease 2.366%, P = 0.002) decreased, whereas C-NHCA-SAB increased (annual 
increase 1.315%, P = 0.010) (Table 3). MLST STs and spa types were identified for 1778 (99.8% 
of 1782) and 1634 (91.7%) blood isolates, respectively. A total of 59 STs and 224 spa types were 
found. ST5 (annual decrease 2.626%, P < 0.001) and ST239 (annual decrease 0.354%, P < 
0.001) decreased and ST72 (annual increase 2.009%, P < 0.001) and ST8 (annual increase 
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Table 1. Annual changes in demographics, underlying diseases, and underlying conditions of adult Staphylococcus 
aureus bacteremia
Characteristics No. (%) of patients  

(n = 1,782)
Annual change (%) P value

Demographics
Median age, yr (IQR) 63 (52–71) 0.125 0.266
Male sex 1,106 (62.1) −0.877 0.019

Underlying disease
Solid tumor 676 (37.9) −0.004 0.993
Diabetes 555 (31.1) 0.224 0.697
Liver cirrhosis 276 (15.5) −0.039 0.910
Neurologic disease 212 (11.9) 0.761 0.077
End stage renal disease 200 (11.2) 0.082 0.602
Hematologic malignancy 153 (8.6) −0.669 0.018
Biliary disease 119 (6.7) −0.567 0.095
Solid organ transplant 105 (5.9) 0.241 0.228
Heart failure 84 (4.7) 0.675 0.003
Chronic renal failure 68 (3.8) −0.386 0.060
Multiple trauma 43 (2.4) −0.224 0.206
Hematopoietic cell transplantation 37 (2.1) −0.328 0.011

Underlying condition
Immunosuppressant use 504 (28.3) 1.015 0.248
Recent surgery 337 (18.9) −0.787 0.079
Recent chemotherapy 273 (15.3) 0.252 0.551
Neutropenia 102 (5.7) −0.135 0.417
Charlson comorbidity index, median score (IQR) 3 (2–5) −0.024 0.193

ICU care 234 (13.1) −1.422 0.003
Mechanical ventilation 158 (8.9) −0.619 0.021
Central venous catheter 704 (39.5) −2.133 0.001
Short-term 386 (21.7) −1.984 < 0.001

Indwelling urinary catheter 425 (23.8) −1.974 0.005
Non-catheter foreign body 303 (17.0) 0.597 0.311

IQR = interquartile range, ICU = intensive care unit.



0.567%, P < 0.001) increased during the study period. In 2008, ST5 was the most common 
clone (44.9%), followed by ST72 (15.4%). However, ST72 was the most common clone 
(36.3%) in 2018, followed by ST5 (18.5%) (Fig. 1). Annual changes in MLST STs according to 
place of acquisition are presented in Supplementary Table 3.

Annual changes of MLST and spa types of MRSA isolates
Among MRSA blood isolates, a decreasing trend was observed in ST5 (annual decrease 
3.206%, P < 0.001), ST5-spa-t2460 (annual decrease 3.468%, P = 0.002), ST5-spa-t9353 
(annual decrease 0.501%, P = 0.093), and ST239 (annual decrease 0.597%, P < 0.001), 
whereas an increasing trend was observed in ST72 (annual increase 2.798%, P < 0.001), 
ST72-spa-t324 (annual increase 0.773%, P = 0.074), ST8 (annual increase 0.647%, P = 0.011), 
and ST8-spa-t008 (annual increase 0.518%, P = 0.013) (Table 3 and Fig. 2). Reductions in ST5 
(annual decrease 3.096%, P < 0.001) and ST239 (annual decrease 0.402%, P = 0.019) were 
statistically significant in the HA-MRSA group, and the decrease in ST239 (annual decrease 
1.039%, P = 0.003) was also significant in the C-HCA-MRSA group (Supplementary Table 2).  
The increase in ST72 was significant in the HA-MRSA group (annual increase 3.141%, P < 
0.001), while ST8 increased in the C-NHCA (annual increase 1.970%, P = 0.054), C-HCA 
(annual increase 0.777%, P = 0.023), and HA-MRSA groups (annual increase 0.432%, P = 
0.055) (Supplementary Table 4). Of 49 SAB patients whose blood isolates were identified as 
ST8, 32 had spa-t008 (69.6% of 46 patients who had their spa types identified), 18 (36.7%) 
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Table 2. Annual changes in initial severity, diagnostic evaluation, site of infection, antibiotic treatment, clinical 
course, and outcomes of adult SAB
Characteristics No. (%) of patients  

(n = 1,782)
Annual change (%) P value

Initial severity of SAB
Pitt bacteremia median score (IQR) 1 (0–2) −0.039 0.007
APACHE score (day of bacteremia), median 
(IQR)

15 (11–20) −0.163 0.003

Diagnostic evaluation for site of infection
Transthoracic echocardiogram 1,465 (82.2) 1.222 0.007
Transesophageal echocardiogram 263 (14.8) 0.053 0.845
Spine MRI 264 (14.8) 2.282 0.004
Ophthalmologic evaluation 1,179 (66.2) 4.774 < 0.001

Site of infection
Central venous catheter infection 475 (26.7) −2.440 < 0.001
Pneumonia 250 (14.0) 0.604 0.120
Skin-soft tissue infection 237 (13.3) −0.410 0.118
Bone-joint infection 227 (12.7) 0.309 0.386
Surgical site infection 100 (5.6) −0.111 0.629
Infective endocarditis 90 (5.1) 0.020 0.917
Central nervous system infection 58 (3.3) 0.110 0.566
Urinary tract infection 44 (2.5) −0.020 0.898
Primary bacteremia 280 (15.7) 0.239 0.534
Any metastatic infection 319 (17.9) −0.352 0.517

Courses and outcomes of SAB
Persistent bacteremia I (SAB duration ≥ 7 days) 245/1,760 (13.9) −0.654 0.120
Persistent bacteremia II (SAB duration ≥ 6 days) 304/1,760 (17.3) −1.016 0.021
Duration of SAB, mean day (SD) (n = 1,760) 3.53 (5.89) −0.128 0.051
30-day mortality 283 (15.9) −0.024 0.227
60-day mortality 402 (22.6) −0.018 0.388
90-day mortality 488 (27.4) −0.042 0.137
Recurrence within 3 mon 90 (5.1) −0.446 0.167

SAB = Staphylococcus aureus bacteremia, IQR = interquartile range, APACHE = Acute Physiology and Chronic 
Health Evaluation, MRI = magnetic resonance imaging, SD = standard deviation.
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Table 3. Annual changes in methicillin resistance and MLST sequence type among adult SAB patients
Characteristics No. (%) of patients  

(n = 1,782)
Annual change 

(%)
P value

Methicillin resistance
MRSA 924 (51.9) −1.598 0.017

Place of acquisition
Community-acquired nonhealthcare-associated 251 (14.1) 1.315 0.010
Community-healthcare-associated 540 (30.3) 1.051 0.134
Hospital-acquired 991 (55.6) −2.366 0.002

Major MLST type (major corresponding spa types) 
according to methicillin resistance (n = 1,778)

MRSA (n = 921)
ST5 (t2460 [n = 298], t9353 [n = 56], t002 [n = 51]) 538 (58.4) −3.206 < 0.001

ST5/spa-t2460 298 (32.4) −3.468 0.002
ST5/spa-t9353 56 (6.1) −0.501 0.093
ST5/spa-t002 51 (5.5) 0.276 0.273

ST72 (t324 [n = 142], t664 [n = 44], t148 [n = 33]) 299 (32.5) 2.798 < 0.001
ST72/spa-t324 142 (15.4) 0.773 0.074
ST72/spa-t664 44 (4.8) 0.249 0.363
ST72/spa-t148 33 (3.6) 0.232 0.182

ST239 (t037 [n = 19]) 26 (2.8) −0.597 < 0.001
ST8 (t008 [n = 14]) 18 (2.0) 0.647 0.011

ST8/spa-t008 14 (1.5) 0.518 0.013
MSSA (n = 857)

ST72 (t126 [n = 106]) 161 (18.8) 1.717 0.007
ST72/spa-t126 106 (12.4) 1.267 0.015

ST188 (t189 [n = 116]) 134 (15.6) −1.188 < 0.001
ST188/spa-t189 116 (13.5) −1.030 0.016

ST30 (t338 [n = 15], t012 [n = 11]) 74 (8.6) −0.696 0.013
ST15 (t084 [n = 16], t085 [n = 15]) 71 (8.3) 0.566 0.080
ST1 (t127 [n = 46]) 59 (6.9) −0.585 0.146
ST6 (t304 [n = 27]) 55 (6.4) −0.514 0.151
ST5 (t688 [n = 11], t179 [n = 8]) 41 (4.8) −0.325 0.506
ST8 (t008 [n = 18]) 31 (3.6) 0.454 0.027

ST8/spa-t008 18 (2.1) 0.395 0.021
MLST = multilocus sequence typing, SAB = Staphylococcus aureus bacteremia, MRSA = methicillin-resistant 
Staphylococcus aureus, MSSA = methicillin-susceptible Staphylococcus aureus.
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Fig. 1. Longitudinal change of multilocus sequence typing ST proportion in adult patients with Staphylococcus aureus bacteremia.



had MRSA, and 14 had spa-t008-MRSA (28.6%). All 14 isolates had the PVL gene, and 13 had 
SCCmec type IV. Of the 14 patients, 7 (50.0%), 4 (28.6%), and 3 (21.4%) had C-HCA, HA, and 
C-NHCA infections, respectively.

Annual changes of MLST and spa types of methicillin-susceptible S. aureus 
(MSSA) isolates
Among MSSA blood isolates, ST72 (annual increase 1.717%, P = 0.007), ST72-spa-t126 (annual 
increase 1.267%, P = 0.015), ST15 (annual increase 0.566%, P = 0.080), ST8 (annual increase 
0.454%, P = 0.027), and ST8-spa-t008 (annual increase 0.395%, P = 0.021) increased, whereas 
ST188 (annual decrease 1.188%, P < 0.001), ST188-spa-t189 (annual decrease 1.030%, P = 
0.016), and ST30 decreased (annual decrease 0.696%, P = 0.013) (Table 3 and Fig. 3). ST72 
increased in all C-NHCA, C-HCA, and HA-MSSA groups, but was only statistically significant 
in the HA-MSSA group (annual increase 1.898%, P = 0.011). ST8 increased in all three groups, 
but only significantly increased in the C-NHCA-MSSA group (annual increase 0.562%, P 
= 0.068). ST188 decreased in the HA and C-HCA-MSSA groups, but was only statistically 
significant in the C-HCA-MSSA group (annual decrease 2.291%, P < 0.001) (Supplementary 
Table 4). Common spa types and their changes are presented in Supplementary Table 5.
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Antimicrobial susceptibilities according to methicillin resistance, MLST, and 
spa type
Antimicrobial susceptibilities according to methicillin resistance/MLST/spa type are 
presented in Supplementary Tables 6 and 7. Among MRSA isolates, ST5 and ST239 
were more resistant to non-ß-lactam antimicrobial agents than ST72 and ST8. However, 
the rifampin resistance rate was low overall (2.0–10.6%), and the trimethoprim-
sulfamethoxazole resistance rate was similar (~2.2%) except for ST239 (96.2%). Among 
CA-MRSA genotypes, ST8 was more resistant to levofloxacin (83.3% vs. 11.4%) and 
erythromycin (72.2% vs. 27.8%) than ST72. MSSA isolates were generally susceptible to 
non-ß-lactam antimicrobial agents. However, the fusidic acid resistance rate was high 
in ST72 (83.2%) and ST1 (62.7%), and ST30 was relatively more resistant to clindamycin 
(50.0%) and erythromycin (70.3%) than other MSSA STs. Unlike ST72-MRSA (major spa type, 
t324), ST72-MSSA (major spa type, t126) had high fusidic acid resistance (2.7% vs. 83.2%) 
(Supplementary Table 6). Of the ST5-MRSA strains, spa-t002 had lower fusidic acid resistance 
(37.3%) than other spa types (98.7–100%). Of the ST72-MRSA strains, spa-t148 had higher 
levofloxacin resistance (39.4%) than other spa types (4.5–8.5%) (Supplementary Table 7).

Vancomycin MICs
The mean vancomycin MICs (standard deviation) of all MRSA and MSSA isolates were 1.00 
(0.27) and 0.81 (1.30), respectively. Although vancomycin use was not reduced over the 11 
years, mean vancomycin MIC decreased for MRSA (annual change 0.018) and MSSA (annual 
change 0.001) but not statistically significantly (P = 0.27 in MRSA, and P = 0.73 in MSSA).

DISCUSSION

The proportion of SAB caused by ST5 or ST239 has declined over the last decade. Conversely, 
ST72 has increased and replaced ST5 as a cause of SAB, and ST8 has emerged as a cause of 
SAB in C-NHCA, C-HCA, and HA settings.

Developing MRSA typing methods led to the observation that certain MRSA genotypes 
increased in certain regions, peaked, decreased, and were replaced with new genotypes. This 
is the phenomenon of clonal replacement. However, the reason for the dynamic nature of S. 
aureus populations is not understood.2 In this study, ST5 and ST239 decreased significantly 
over time. Of 579 ST5 blood isolates, 92.9% (538) were ST5-MRSA-SCCmec type II, and 
25 ST239 isolates (96.2%) were ST239-MRSA-SCCmec type III. These are major pandemic 
hospital strains in South Korea.19 As their decrease was accompanied by decreased ICU 
care, mechanical ventilation, CVC, indwelling urinary catheters, and CVC-related SAB, the 
reduction of CVC-related SAB in critically ill patients may be one of major factors resulting 
in the reduction of these genotypes. Furthermore, ST5 was the only genotype associated 
with CVC-related SAB in multivariate analysis. Various infection control measures to prevent 
CVC-related bacteremia were implemented in the study center (Supplementary Table 8). 
Infection control measures, especially related to CVC, are suggested to be one of reasons for 
decreased ST36 MRSA strain incidence in the UK.20 Efforts to prevent CVC-related infection 
may therefore be a means of reducing certain hospital genotypes among adult SAB patients, 
although further studies would be needed. Despite this decline in ST5, SAB occurrence 
has not decreased (annual decrease in SAB cases, 0.509 case, P = 0.947; annual decrease in 
proportion of SAB cases among all admitted patients, 0.005%, P = 0.431), as ST72 appears 
instead of hospital strains.
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Several South Korean studies showed the increase of ST72 as a hospital genotype.7,8,9,21 While 
ST5 and ST239 decreased in the present study, the proportion of ST72 gradually increased, 
with ST72 becoming the most common genotype in 2018. Of the 6 subgroups classified based 
on location of acquisition and methicillin resistance, ST72 was the most frequently observed 
ST except in the HA-MRSA group. In the HA-MRSA group, the annual rate of decrease in the 
ST5 proportion (3.096%) and the annual rate of increase in the ST72 proportion (3.141%) 
were similar (Supplementary Table 4). ST72 is therefore widespread in both community and 
hospital settings, replacing ST5 in the latter. The fact that ST72 replaces ST5 and ST239 in 
a hospital setting was first discovered in this study. The reasons for the success of ST72 in 
the community and hospitals are to be determined. Joo et al.22 emphasized agr functionality 
and tolerance to hypotonic or desiccating environments of ST72 and suggested the resultant 
in-hospital persistence of ST72 as a factor. Easy transmissibility of the strain may be another 
reason, as is the case with the USA300 strain,23,24 but this has not been studied in ST72. 
The spa typing of ST72 and different antimicrobial susceptibilities between different ST72 
spa types shows that the temporal expansion of ST72 results from simultaneous increases in 
multiple genetically similar strains (ST72-MRSA-spa-t324, ST72-MRSA-spa-t664, ST72-MRSA-
spa-t148, and ST72-MSSA-spa-t126) rather than the expansion of a single clone. This suggests 
that several ST72 spa types may have unknown common characteristics, enabling effective 
adaptation in community and hospital settings, rather than easy transmissibility. The reason 
for USA300 strain dominance is being revealed via high-resolution bacterial genomics and 
various surveillance sample collections,25,26 and in-depth study of the remarkable increase in 
ST72 is needed to control the outbreak of ST72.

In this study, clonal replacement was associated with changes in the clinical features of SAB, 
as shown in a study of SAB patients over 21 years at a large US hospital.27 Though the increase 
of USA300 was accompanied by increased metastatic infection, decreased ST5 and decreased 
ST72 were accompanied by decreased CVC-related and persistent SAB. However, there was 
no significant change in clinical outcomes in either study. Despite a decrease in ST5-infected 
patients in this study, which were at higher risk of 30-day mortality than other ST-infected 
patients, the mortality rate did not decrease. This may be due to more standardized and 
advanced SAB treatment, such as thorough diagnostic evaluation, early source control, and early 
effective antimicrobial agent administration through mandatory infectious disease consultation.

Increased ST8-spa-t008 was observed regardless of methicillin resistance. Simultaneous 
MRSA-spa-t008 and MSSA-spa-t008 increases have already been reported in the US.28 The 
spread of the genotype is likely related more to the characteristics of the genotype than to 
methicillin resistance.29 The increase has occurred regardless of the place of acquisition. 
This demonstrates that the genotype has characteristics that can adapt well to both hospital 
and community settings. More than one fourth (n = 14, 28.6%) of ST8 strains were PVL-
positive spa-t008-MRSA (USA300). It is therefore suggested that SAB caused by USA300 or 
its genetically related ST8 genotypes is increasing in Korea. This is consistent with recent 
findings from a large-scale collection of invasive S. aureus infectious strains in Korea,30 
our study group,31 and a report from the military veterans' hospital in Seoul.32 The first 
South Korean USA300 case in 2008 occurred in a patient who had traveled to Hawaii.33 
As subsequent cases had no overseas travel history, the possibility of autochthonous 
acquisition was suggested.34 To find the origin of USA300 strains in Korea and predict future 
epidemiology, comparing the genetic information of USA300 strains found in Korea and that 
of strains found in the US is required. Given the enormous impact of the USA300 strain in the 
US, continuous monitoring of the ST8 genotype is required in Korea.
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Antimicrobial resistance patterns varied according to MLST and spa types. The fusidic acid 
resistance rates of MRSA and MSSA differed among the same ST72 strains. This is potentially 
related to the different spa types in the same ST72 strain. Similarly, among the ST5-MRSA 
and ST72-MRSA strains, resistance patterns were different according to spa type. This may be 
due to the fact that certain genotypes that can easily acquire resistance to specific antibiotics 
have a survival advantage over others. The relationship between specific genotypes and 
antimicrobial resistance requires further research.

This study has a few important limitations. The study was conducted at a representative 
referral hospital visited by patients nationwide. However, as HA-SAB strains must reflect 
the situation of the hospital and not that of the community, our data cannot be generalized 
to other hospitals with different characteristics. For example, ST5 or ST239 may still be 
the most common STs in hospitals with insufficient infection control activities for CVC-
related infection. Nevertheless, the increase in ST72 and ST8 is remarkable and sufficiently 
demonstrates recent changes in SAB genotypes in Korean hospitals. The prospective 
collection of more than 1,700 SAB patients and their S. aureus blood isolates over the 11-
year period provides important data on changing trends. Second, ST8 strains were not all 
molecularly characterized further. As aforementioned, whole genome sequencing of these 
strains and their comparative analysis with a reference USA300 strain is required to identify 
the origin of these strains and predict the current dynamics of ST8 in Korea.

In conclusion, over the past decade, hospital clones ST5 and ST239 have been replaced 
by the community genotype ST72. This has been accompanied by changes in the clinical 
picture of SAB, such as decreased persistent and CVC-related SAB. Although small, an 
increase in ST8-spa-t008 in the community and hospital settings has been observed and 
requires additional monitoring.
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