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Materials and Methods 
Surveillance of blood culture isolates
•	S. aureus clinical isolates included in this study originated from the SENTRY 

Antimicrobial Surveillance Program for 2019.
•	 The SENTRY Antimicrobial Surveillance Program is a cross-sectional, laboratory-based 

program that surveys the frequency of organisms causing various infections, monitors 
for antimicrobial susceptibility patters, and emergence of resistance. 

•	 The 31 participating laboratories were located in 22 US states within all 9 Census 
Divisions. 

•	 Each participating laboratory was instructed to select 100 organisms, 1 per patient 
infection episode, consecutively recovered from blood cultures, and to ship to the 
monitoring site (JMI Laboratories, North Liberty, IA).   

Bacterial identification and susceptibility testing
•	 A total of 3,234 organisms recovered from blood cultures were selected by the 

participating sites, among which 785 (24.3%) were identified as S. aureus and 
included in this study.

•	 Bacterial identification was performed by the participating sites and confirmed by the 
monitoring site (JMI Laboratories) by routine methods and MALDI-TOF.

•	 Isolates were tested for susceptibility by broth microdilution method according to CLSI 
guidelines.
–	 326 (41.5%) isolates were categorized as oxacillin resistant (MRSA). 
–	 459 (58.5%) isolates were defined as oxacillin susceptible (MSSA).

Screening for S. argenteus, genome sequencing and in silico analysis
•	 All S. aureus isolates were subjected to a multiplex PCR assay to screen for 

S. argenteus. The PCR assay targeted the nuc gene to amplify regions specific to each 
species (Figure 1).

•	 Subsequent gel electrophoresis analysis was used for initial identification of S. aureus 
or S. argenteus.

•	 Isolates initially identified as S. argenteus were subjected to genome sequencing, followed 
by DNA analysis. Total genomic DNA was used as input material for library construction.
–	 DNA libraries were prepared using the Nextera XT™ library construction protocol 

and index kit (Illumina, San Diego, CA, USA).
–	 DNA libraries were sequenced on a MiSeq Sequencer using MiSeq Reagent Kit v3 

(600 cycle; Illumina).
–	 FASTQ format sequencing files for each sample were assembled independently 

using de novo assembler SPAdes 3.13.0. 
•	 An in-house designed software was used for in silico screening of resistance genes 

and multilocus sequence typing (MLST) from the assembled contigs.
•	 The polymorphic X region of the protein A gene (spa) was extracted from all 

S. argenteus isolates. 
•	 Repeats, repeat sequences, and spa typing assignments were determined using the 

database available at Ridom GmbH spa website (www.spaserver.ridom.de).
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Conclusions 
•	 A low prevalence (0.4%) of S. argenteus causing BSI was observed in US hospitals in 

2019.
–	 However, in each case, S. argenteus was clearly a causative agent of invasive 

infections.
•	 All 3 S. argenteus were initially identified by the participating laboratories as S. aureus. 

–	 MALDI-TOF identified all 3 strains as S. argenteus, although small differences in 
scores were present.

–	 MALDI-TOF can be considered as a presumptive identification that triggers 
additional analysis, such as PCR, nuc, sodA, or genome sequencing for final 
identification.

•	 ST2250 has predominantly been detected in the USA and Canada, but this study also 
showed other distinct lineages, including strains carrying mecA and various virulence 
genes.

•	 Patient 3 was a 21-year-old male in Seattle. 
–	 This patient was post-transplant and total parenteral nutrition dependent.
–	 This patient presented with fever and chills in the 24 hours preadmission, with a 

medical history significant for catheter-associated BSI.
	– S. argenteus was cultured from blood collected upon admission; therefore, the 

infection was considered of community origin.
–	 The patient received linezolid for 5 days, but blood cultures remained positive.
–	 The central line was removed, and blood cultures cleared thereafter.

Characteristics of S. argenteus 
•	 MALDI-TOF generated highest scores for S. argenteus for all 3 strains, but scores ≥2.0 

were also obtained for S. aureus and S. schweitzeri (Figure 3).
•	 The S. argenteus species identification was confirmed by genome sequencing and 

applying the Kraken system for taxonomic identification. 
•	S. argenteus (ST2198) from patient 1 was susceptible to all agents tested, as were 

the other 2 strains (ST2250 and ST1223), except for oxacillin (Table 1).
•	 The methicillin-resistant S. argenteus strains carried SCCmec type IV(2B). 
•	 A dfrG was also detected in the ST2250 lineage strain.
•	 All 3 strains carried multiple virulence genes (Table 1).
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Results 
Prevalence of S. argenteus bacteremia and clinical presentations
•	 Among 785 S. aureus isolates screened by multiplex PCR, 3 (0.4%) isolates were 

identified as S. argenteus based on the PCR assay targeting nuc (Figures 1 and 2). 
	– S. argenteus originated from medical centers in Milwaukee, Houston, and Seattle.

•	 Patient 1 was a 12-year-old female in Milwaukee. 
	– S. argenteus was recovered from blood specimens collected 10 days after 

admission.
–	 The infection was determined to be of nosocomial origin based on the specimen 

collection date versus patient admission date (i.e., >48 hours as per the CDC 
guidelines).

–	 Additional clinical information was not available.
•	 Patient 2 was a 64-year-old female in Houston.

–	 This patient presented with multiple morbidities, including end-stage renal disease 
on hemodialysis, diabetes, hyperlipidemia, and hypertension.

–	 Previous hospitalizations due to gastrointestinal bleeding associated with anemia 
and the removal of a nonfunctional arteriovenous fistulae were documented. 

	– S. argenteus was cultured from blood specimens on day 4, therefore the infection 
was considered as of nosocomial origin.

–	 Vancomycin was prescribed, but the patient died on day 24.

Introduction 
•	Staphylococcus argenteus is a novel species within the Staphylococcus aureus 

complex, formerly characterized as S. aureus clonal complex 75 (CC75). 
•	 Differentiating S. aureus and S. argenteus using routine diagnostic methods is 

challenging for clinical microbiology laboratories given the close genetic relationship of 
these species. Shared characteristics include: 
–	 Virulence factors and antibiotic resistance genes, such as mecA, Panton-Valentine 

leucocidin, enterotoxins, and toxic shock syndrome toxin-1. 
–	 An identical 16S rRNA gene sequence. 
–	 The thermostable nuclease gene nuc, although their sequences share only 84% 

identity.
•	 The recognition of S. argenteus as a separate species from S. aureus resulted in 

increased clinical reports and descriptions of this organism causing human infections 
and colonization worldwide.

•	 This study evaluated the prevalence of S. argenteus causing bloodstream infection 
(BSI) in US centers, and the phenotypic, genotypic, and clinical outcomes associated 
with S. argenteus BSI.

Figure 2. Nucleotide sequence alignment of nuc genes from S. aureus, S. argenteus, 
and S. schweitzeri

Figure 1. Gel electrophoresis of the multiplex PCR assay for screening 
of S. argenteus isolates

Table 1. Description of the 3 S. argenteus isolates in this study
Patient 1 2 3
City Milwaukee Houston Seattle
Medical Service Pediatrics Internal Medicine Renal
Infection origin Nosocomial Community-acquired Community-acquired
Antimicrobial Agent MIC (mg/L)
Oxacillin 0.5 >2 >2
Ceftaroline 0.12 0.5 0.5
Ceftobiprole 0.25 1 1
Ceftriaxone 4 >8 >8
Erythromycin 0.12 0.25 0.25
Clindamycin 0.06 0.06 0.06
Vancomycin 1 1 1
Teicoplanin 0.5 1 1
Dalbavancin 0.015 0.06 0.06
Daptomycin 0.25 0.25 0.5
Gentamicin ≤1 ≤1 ≤1
Levofloxacin 0.25 0.25 0.25
Moxifloxacin ≤0.06 ≤0.06 ≤0.06
Linezolid 1 2 2
Tedizolid 0.12 0.25 0.25
Tetracycline ≤0.5 ≤0.5 ≤0.5
Tigecycline 0.06 0.12 0.06
Minocycline 0.06 0.06 0.06
Trimethoprim-sulfamethoxazole ≤0.5 2 ≤0.5

Molecular characterization
MLST 2198 2250 1223

spa NST (259-366-23-
368-17-16)

t6675 (299-25-17-17-
16-16-16)

NST 
(259-25-17-16-16-16)

Resistance determinants tet(38)a dfrG, mecA, tet(38)a mecA, tet(38)a

Virulence genes sak, scn sei, sen, seo, scn
SCCmec NA SCCmec IV(2B) SCCmec IV(2B)

MLST, multilocus sequence etype; NST, new spa type; NA, not applicable; SCCmec, staphylococcal cassette chromosome mec. 
a tet(38) genes are intrinsic in this species. 
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Figure 3. MALDI-TOF outputs obtained for each S. argenteus


