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Abstract: Staphylococcus argenteus is a new species classified as part of the Staphylococcus aureus-related complex in 2015 and has 
been recognized to be as pathogenic as S. aureus. We describe the first case of endocarditis caused by S. argenteus. A 51-year-old man 
presented with chief complaints of fever and headaches. On admission, he showed a slight decrease in consciousness level (Glasgow 
Coma Scale, E4V4M6). Careful physical examination and imaging revealed a systolic heart murmur, Janeway lesions, and complicat
ing convexity subarachnoid hemorrhage (cSAH) of the left frontal lobe. Ceftriaxone 4 g/day was administered immediately after blood 
cultures were obtained. The next day, all blood cultures grew Gram-positive cocci, identified as Staphylococcus aureus or 
Staphylococcus argenteus by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). 
However, the version of MALDI-TOF MS used could not distinguish these bacteria. Although we could not find valvular vegetation, 
he was clinically diagnosed with infective endocarditis according to the modified Duke’s criteria. Meropenem 6 g/day and linezolid 1.2 
g/day were started to cover S. aureus and methicillin-resistant S. aureus. Finally, ampicillin was selected based on drug susceptibility, 
and the patient was treated for 8 weeks and recovered without permanent damage. The isolated strain formed white colonies on blood 
agar plates, characteristic of S. argenteus, and differs from golden colony-forming S. aureus. Genetic analysis revealed the isolated 
strain as S. argenteus (sequence type 1223). Although distinguishing S. argenteus from S. aureus using routine conventional laboratory 
tests is difficult, the updated library version of MALDI-TOF MS is useful in identifying S. argenteus. Interestingly, all published cases 
of infection caused by ST1223 have been reported in Japan. Therefore, the trend of infections from the ST1223 strain should be 
carefully monitored, particularly in Japan. Further investigation is needed to clarify the epidemiology and clinical characteristics of 
S. argenteus infection, as there are few studies regarding this pathogen. 
Keywords: Staphylococcus argenteus, sequence type 1223, infective endocarditis, convexity subarachnoid hemorrhage, matrix- 
assisted laser desorption/ionization time-of-flight mass spectrometry, Japan

Introduction
Staphylococcus argenteus, formerly known as Staphylococcus aureus clonal complex 75, is a novel coagulase-positive 
staphylococcal species that belongs to S. aureus-related complex, which also includes Staphylococcus schweitzeri.1 

Although previous studies reported that the detection rate of S. argenteus was very low among S. aureus strains isolated 
from clinical specimens (Thailand 4–5%, Japan 1%, Europe <1%),2–5 reports of invasive infections caused by 
S. argenteus have been increasing worldwide, including Japan, since the bacterium was identified as a new species 
within the S. aureus-related complex in 2015.5–9
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One of the problems regarding this species is that it is very closely related to S. aureus; therefore, it is difficult to 
distinguish S. argenteus from S. aureus by conventional diagnostic microbiology identification methods in most common 
clinical laboratories.10 Recently, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI- 
TOF MS) has become a useful tool for microbial identification in clinical diagnostic microbiology.11 A recent study 
evaluated the utility of MALDI-TOF MS for accurate identification of this novel bacterium and revealed that MALDI- 
TOF MS can reliably distinguish S. argenteus from S. aureus if available in an updated version.12

Notably, a prospective multicenter observational study (including 58 patients with S. argenteus and 253 with S. aureus 
sepsis, respectively) revealed that S. argenteus caused a similar rate of shock (6.9% vs 12.3%, p = 0.18) and 28-day 
mortality (6.9% vs 8.7%, p = 0.72) compared to S. aureus.13 The European Society of Clinical Microbiology and Infectious 
Disease recommends that a clinical laboratory technician should inform the attending physicians that this new pathogen is 
highly pathogenic, similar to S. aureus.1

Here, we describe the first case of infective endocarditis (IE) caused by S. argenteus in a previously healthy Japanese 
man. In this case, analysis by polymerase chain reaction (PCR) amplification of the non-ribosomal peptide synthetase 
(NRPS) gene was required to correctly identify the causative pathogen, in addition to MALDI-TOS MS analysis. Written 
informed consent was obtained from the patient described here for the publication of this case report and accompanying 
images. S. argenteus was confirmed by nrps gene PCR.

Case Report
A 51-year-old, right-handed man presented to the emergency room complaining of headache, difficulty speaking clearly, 
and a mild decrease in consciousness level that developed 2 h before admission. He also had a 2-day history of fever. He 
had no comorbidities and was not taking any medication. He also underwent regular annual checkups and never showed 
abnormalities in heart sounds or urine tests. Further, he had no history of heart disease or dermatological diseases, such as 
atopic dermatitis, recent head or body trauma, drug user, or acupuncture. Upon admission, a slight decrease in 
consciousness level was observed (Glasgow Coma Scale, E4V4M6). His body temperature was 38.0 °C, and physical 
examination revealed drooping left corner of the mouth and abduction of the eye. Neck rigidity and jolt accentuation 
were not present. Blood tests showed an elevated neutrophil cell count (7900 cells/μL; neutrophil 85.1%) and C-reactive 
protein (23.0 mg/dL). Urine tests revealed occult blood of 5–9 RBCs/HPF and urinary protein level of 30 mg/dL. 
Although he had no risk factors for stroke, contrast-enhanced computed tomography (CT) revealed cortical convexity 
subarachnoid hemorrhages (cSAH) of the left frontal lobe, in addition to multiple subcortical hemorrhages in the right 
frontal lobe and left occipital lobe (Figure 1A and B). Magnetic resonance imaging (MRI) on T2 fluid-attenuated 
inversion recovery (FLAIR) revealed hemorrhage in the left frontal lobe gyrus (Figure 1C). Diffusion MRI also revealed 
acute brain infarction in the right cerebellar hemisphere (Figure 1D). Magnetic resonance angiography revealed no 
evidence of cerebrovascular malformations, such as aneurysm or obstruction. In the search of the etiology of multiple 
hemorrhages and infarction in the brain, repeated thorough physical examinations revealed a heart murmur in the mitral 
valve area and non-tender erythematous macules on the palms, fingers, toes, and soles recognized as Janeway lesions 
(Figure 2). Based on these findings, the patient was strongly suspected to have acute IE. Immediately, an attending 
physician ordered three sets of blood cultures and started intravenous ceftriaxone (CRO) 4 g/day.

The next day, all aerobic and anaerobic samples showed Gram-positive bacterial growth, which appeared as grape- 
like clusters under a microscope. MALDI-TOF MS (MALDI Biotyper ver. 9.0.0.0; Bruker Daltonics, Billerica, MA, 
USA) confirmed this microorganism to be S. aureus or S. argenteus with spectral scores of 1.999 and 1.987, respectively 
(this version of MALDI-TOF MS could not distinguish between S. aureus and S. argenteus). The antimicrobial 
stewardship team commented that the patient might have had a central nervous system infection based on his slightly 
decreased consciousness level in addition to fever and headache, although a lumbar puncture for identifying complicating 
meningitis could not be performed due to cerebral hemorrhage. Usually, cerebrospinal fluid has poor drug transferability, 
and higher doses are considered desirable. Therefore, the administration of meropenem (MEM) 6 g/day was recom
mended instead of CRO because the usual dose of MEM for cerebral infection is higher than that of CRO (although 
oxacillin and nafcillin are the standard therapeutic antibiotics used globally against methicillin-susceptible S. aureus 
infections, including meningitis, as anti-staphylococcal penicillin, these drugs are not approved in Japan). Linezolid 
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(LZD) 1.2 g/day was also added considering the possible involvement of methicillin-resistant S. aureus meningitis. 
Additionally, the nasal swab specimen was cultured to detect Staphylococcus spp., and the result was negative (we did 
not screen the sample for throat carriage). Transthoracic echocardiography (TTE) revealed only mitral valve regurgita
tion. Although both TTE and transesophageal echocardiography could not detect valvular vegetations, the condition was 
diagnosed as IE based on the modified Duke’s criteria.14 The patient had met two major criteria (persistently positive 
blood cultures, defined as the first and last sample drawn 1 h apart, and emergence of cardiac murmur) in addition to 
three minor criteria (fever >38°C, evidence of vascular phenomena; Janeway lesions and intracranial hemorrhage, and 
findings suggestive of glomerulonephritis, hematuria, and proteinuria). Additional imaging tests, such as CT and MRI, 
revealed that metastatic infections, such as vertebral osteomyelitis, liver abscess, and iliopsoas abscess, were not 
complicated. An ophthalmologist also revealed that the patient did not have endophthalmitis.

The patient’s consciousness level was restored on the 2nd day of hospitalization. Headache and speaking difficulty 
also disappeared on day 4 after starting treatment. Blood cultures obtained on day 5 after hospitalization were sterile. He 
became afebrile from the 6th day of hospitalization, and MEM and LZD were switched to ampicillin (AMP) 12 g/day 
based on the drug susceptibility of the isolated strain (Table 1). Antimicrobial susceptibility testing was performed using 

Figure 1 Contrast-enhanced CT and MRI of the head on admission. Black arrow indicates cortical convexity subarachnoid hemorrhages of the left frontal lobe (A), multiple 
subcortical hemorrhages are also observed (B), MRI on T2 FLAIR reveals a hemorrhage (white arrow) in the left frontal lobe gyrus (C), and diffusion-weighted MRI also 
reveals acute brain infarction (white arrowhead) in the right cerebellar hemisphere (D).
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VITEK-2 antibiotic susceptibility cards for Gram-positive microbes (AST P625 TEST KIT) on the VITEK-2 system 
(bio-Mérieux, Marcy-l’Étoile, France). He received 4 weeks of intravenous AMP, recovered without sequelae, and was 
discharged from our hospital on day 35 with oral ampicillin for two more weeks. We did not conduct follow-up imaging 
tests, such as brain CT, because his headache and neurological symptoms had clearly improved promptly after admin
istrating antibiotics. The patient had no fever, nor was elevation of white blood cells or C-reactive protein observed for 2 
months after therapy during his regular clinical visit.

We conducted an additional microbiological examination to identify the isolated strain. Finally, the isolated strain 
from the blood cultures was confirmed as S. argenteus by NRPS gene PCR; the used primers were nrps-F 
(TTGARWCGACATTACCAGT) and nrps-R (ATWRCRTACATYTCRTTATC), as reported by Zhang et al.15 In 

Figure 2 Black arrowheads indicated Janeway lesions in the present case.

Table 1 Antimicrobial Susceptibility of S. argenteus Isolated in the 
Present Case

Antimicrobial Agent Minimum Inhibitory  
Concentration (μg/mL)

Susceptibility

Penicillin G 0.06 Susceptible

Ampicillin ≤2 Susceptible

Cefazolin ≤4 Susceptible

Imipenem ≤1 Susceptible

Clindamycin ≤0.25 Susceptible

Vancomycin 1 Susceptible

Linezolid 1 Susceptible

Daptomycin 0.25 Susceptible

Notes: Antimicrobial susceptibility was measured as well as S. aureus according to the 
Clinical and Laboratory Standards Institute, M-100-ED32:2022.
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addition, the isolated strain formed white (non-pigmented) colonies on mannitol salt agar (Becton, Dickinson and 
Company) incubated at 35°C in ambient air for 48 h (Figure 3A), which is characteristic of S. argenteus, as S. aureus 
forms gold-colored colonies (Figure 3B). To identify the sequence type (ST) of the isolated strain, we used the following 
primer sets: aroE-5F (AATTGCAGTTATMGGWARTCCW), aroE-742R (TCCAWATTTTAAARCTTTCMGCACC), 
glp-34F (GCAATCTTAATCCTTTTTGGTGG), and glp-743R (GCAATTGCACAACCAATATTAAA) based on pre
vious research.16 Ultimately, the causative pathogen was classified as belonging to ST1223 of S. argenteus.

Discussion
We encountered a case of severe IE caused by S. argenteus that was complicated by cSAH and multiple brain infarctions. 
We screened whether the patient had colonization of S. argenteus in the nasal cavity, since the carriage of S. aureus is 
a risk factor for S. aureus infection.17 However, S. argenteus was not cultured from the nasal swab specimen in the 
present patient. Besides, we should have screened the throat for S. argenteus based on a previous study, which clarified 
that S. aureus was more likely to be found in the throat than in the nose.18 In addition, the patient had no history of atopic 
dermatitis, skin or soft tissue infection, or recent trauma. In the present case, we were unable to detect the site of bacterial 
entry.

Previously, S. argenteus was considered less virulent than S. aureus because of a lack of staphyloxanthin that works 
as an antioxidant agent against reactive oxygen species produced by the infected host immune mechanism, inducing 
evasion from the protective system.19 However, including the present case, many fatal infectious cases caused by 
S. argenteus have been reported in both community and hospital-acquired situations worldwide.2–5 Chen et al reported 
that the mortality related to bacteremia due to S. argenteus was higher than that due to S. aureus using multivariate 
analysis [adjusted hazard ratio = 1.845, 95% confidence interval 1.033–3.294].20 Therefore, when encountering a patient 
with S. argenteus infection, clinicians should follow the clinical course carefully, considering this pathogen causes 
invasive infection similar to S. aureus.

Notably, the condition of the patient in the present case was complicated by cSAH. Although the specific mechanism by 
which IE causes cSAH is not well understood, several previous studies have revealed that cSAH is associated with IE.21–23 

In a retrospective study including 240 IE patients, Boukobza et al reported 31 IE cases (13%) with complicated cSAH that 
frequently occurred in middle-aged patients. They also reported that the majority of causative pathogens were 
Streptococcus spp. and Staphylococcus spp. (48.4% and 35.5%, respectively), indicating that IE due to Staphylococcus 
spp. is a risk factor for cSAH. Similar to our case, cSAH occurred mainly in the frontal, parietal, and temporal lobes, mostly 
in the unilateral sulcus, and more than half of the patients had complicated microinfarcts in addition to cSAH. The prognosis 
for IE patients with cSAH is relatively favorable, and recurrence of cSAH was not experienced in a previous retrospective 

Figure 3 Colonies of S. argenteus (A) and S. aureus (B) on Mannitol Salt Agar (Becton, Dickinson and Company).
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study.22 As shown in the present case, physicians should suspect IE when complicated by cSAH, particularly multifocal 
ischemic lesions in non-traumatic patients with fever.

As mentioned earlier, it is difficult to distinguish S. argenteus from S. aureus using conventional methods, such as 
automated biochemical tests. The typical color of S. argenteus colonies is creamy white (Figure 3A), but S. aureus 
sometimes has a similar colony appearance.24 Even 16S rRNA gene sequencing, which provides species-specific 
signatures for useful identification of bacteria, fails to identify S. argenteus.25,26 Recently, MALDI-TOF MS was 
shown to be useful in clearly differentiating S. argenteus from S. aureus using the updated MALDI database, which 
contains additional spectral profiles of S. argenteus.12,24 Therefore, it is recommended to use the latest MALDI-TOF MS 
whenever possible to identify S. argenteus.

ST2250 of S. argenteus is the most frequently isolated clone worldwide,1 and many invasive clinical cases, such as 
aortic mycotic aneurysm, purulent lymphadenitis, infection of the prosthetic joint, bacteremia, and catheter-related 
bloodstream infection, caused by ST2250 have been reported.5,8,9,27,28 Although ST1223 is also one of the major 
clinically isolated strains, infectious cases due to S. argenteus ST1223 are scarce. Our search of PubMed revealed that 
ST1223 has been reported as the causative agent of keratoconjunctivitis and food poisoning outbreaks, and all studies 
were reported in Japan.29–31 Aung et al also reported that 24% of the genotype of ST1223 among 82 S.argenteus clinical 
specimens were mainly isolated from sputum, pharynx, stool, and urine samples in Japan.26 Therefore, compared to other 
countries, Japan may have a unique molecular epidemiology in that ST1223 is the major strain causing invasive infection 
among S. argenteus strains.

This case report has some limitations. First, we could not identify the primary source of S. argenteus infection based 
on clinical history and physical examinations. Second, although this is the first report of IE caused by S. argenteus, we 
could not explain why S. argenteus caused IE in this case. To date, few studies regarding risk factors for invasive 
infections due to S. argenteus have been reported. Further investigation is needed to elucidate the epidemiology and 
clinical features, including what kinds of infections are more likely, and the ST of invasive infections due to 
S. argenteus.

Conclusion
We report a case of IE caused by S. argenteus. Physicians should be aware of this new strain that causes severe infections 
and has higher mortality than S. aureus, although it is difficult to identify S. argenteus by routine conventional tests and 
the old version of MALDI-TOF MS. Additionally, clinicians need to consider the possibility of IE when encountering 
cSAH in a febrile patient, as described in this case. More cumulative cases are required to clarify the clinical features of 
S. argenteus infection.

Abbreviations
MALDI-TOF MS, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; IE, infective endocardi
tis; CT, computed tomography; cSAH, convexity subarachnoid hemorrhage; MRI, magnetic resonance image; FLAIR, 
fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; CRO, ceftriaxone; MEM, meropenem; LZD, 
linezolid; TTE, transesophageal echocardiography; AMP, ampicillin; NRPS, non-ribosomal peptide synthetase; ST, 
sequence type.
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