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Background: Staphylococcus argenteus, a member of the Staphylococcus aureus complex, has increasingly been recognized as
a human pathogen but is frequently misidentified as S. aureus in routine clinical laboratories. Reports of prosthetic joint infection (PJI)
caused by this species remain rare.

Methods: We describe a case of delayed-onset PJI in a 71-year-old woman following total knee arthroplasty. Repeated conventional cultures
were negative after empirical vancomycin therapy. Metagenomic next-generation sequencing (mNGS) of wound exudate detected S. argenteus,
which guided extended culture and subsequent isolation of low-abundance colonies. Species identification was confirmed by whole-genome
sequencing (WGS), multilocus sequence typing (MLST), and reinterpretation of MALDI-TOF MS results. Antimicrobial susceptibility testing
(AST) was performed and compared with WGS-based resistance prediction. Phylogenetic analysis was conducted using 452 publicly available
S. argenteus genomes.

Aim: This study aimed to describe the clinical diagnosis, microbiological identification, and genomic characterization of
a Staphylococcus argenteus strain causing prosthetic joint infection.

Results: The isolate was identified as sequence type ST2250 and lacked the staphyloxanthin operon, consistent with the non-pigmented
phenotype. WGS and phenotypic AST showed 100% concordance across 11 clinically relevant antibiotics. Phylogenomic analysis revealed
that the strain clustered closely with Southeast Asian lineages. Following targeted therapy with intravenous vancomycin and surgical wound
management, the patient showed rapid clinical improvement with resolution of local inflammation and complete wound healing.
Conclusion: This is the first confirmed case of S. argenteus PJI in Suzhou, China. The case highlights the diagnostic value of mNGS
in culture-negative PJI, the importance of molecular tools for correctly differentiating S. argenteus from S. aureus, and the potential of
WGS to support resistance prediction for rare staphylococcal pathogens.
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Introduction

Staphylococcus argenteus is a recently recognized member of the Staphylococcus aureus complex and was formerly classified as
clonal complex 75 of S. aureus. Although genetically related to S. aureus,'* S. argenteus lacks the carotenoid pigment operon
(crtOPQMN) and is therefore non-pigmented. Traditional biochemical identification and MALDI-TOF MS often misclassify it as
S. aureus, complicating surveillance and clinical management. Over the past decade, S. argenteus has been increasingly reported
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across Southeast Asia, Australia, and parts of Europe and the Americas. Molecular epidemiological studies suggest that certain
sequence types are geographically clustered, reflecting regional transmission patterns and lineage expansion.” It is associated with
skin and soft tissue infections, bacteremia, osteomyelitis, and, rarely, prosthetic joint infections (PJI).*”” Although PJI are most
commonly caused by Staphylococcus aureus and coagulase-negative staphylococci, rare members of the S. aureus complex such
as S. argenteus may also act as opportunistic pathogens, particularly in patients with implanted orthopedic devices. The
epidemiology, virulence determinants, and antimicrobial resistance characteristics of S. argenteus show considerable diversity
across different sequence types (STs). Previous molecular epidemiological studies have demonstrated genotype-specific virulence
and resistance profiles, such as the presence of enterotoxin sey in ST2250, while ST1223 commonly carries seb and enterotoxin
gene clusters (egc), and ST2198 exhibits higher resistance rates to penicillin, macrolides, and aminoglycosides compared with
other lineages.®’ Prosthetic joint infections caused by uncommon staphylococcal species pose a diagnostic challenge, especially
when routine cultures are negative due to prior antibiotic exposure or low bacterial burden.>'*!" Metagenomic next-generation
sequencing (mNGS) and whole-genome sequencing (WGS) provide valuable support for species identification and resistance
profiling in these situations.

Here, we describe the clinical course, microbiological workup, WGS characterization, and phylogenomic context of
an ST2250 S. argenteus strain isolated from a case of delayed-onset PJI. This is, to our knowledge, the first reported case
from Suzhou, China. The genotype—phenotype concordance observed in antimicrobial susceptibility testing further
provides evidence supporting the integration of genome-based resistance prediction for rare staphylococci.

Methods

Patient and Clinical Assessment
A 71-year-old woman with a history of right knee osteoarthritis underwent total knee arthroplasty in March 2023. On
3 August 2025, she presented with progressive knee swelling, erythema, purulent exudation, and pain (Figure 1A), and
admitted to our hospital. Laboratory evaluation revealed normal leukocyte count, CRP, and PCT but elevated ESR
(62 mm/h). Radiographs showed a well-positioned prosthesis without evidence of loosening. Three consecutive microbial
cultures (performed on August 3, 4, and 7) failed to isolate pathogenic bacteria. However, Staphylococcus argenteus was
detected by mNGS on August 6. Upon admission, the patient was started on empirical vancomycin (1.0 g q12h) for anti-
infective therapy, along with wound dressing changes. The wound on the patient’s right knee had fully healed by
August 18, when she was discharged from the hospital.

According to the European Bone and Joint Infection Society (EBJIS) standards,'? the diagnostic basis primarily falls into
four categories: clinical, laboratory, microbiological, and histopathological. In this case, the clinical diagnosis of PJI was
established based on the findings of a knee swelling, erythema, purulent exudation, elevated ESR, and the result of mNGS.

Sample Collection and Microbiological Culture

The specimens were inoculated onto blood agar plates and incubated under aerobic conditions at 35°C. Wound exudate
samples were collected on August 3, 4, and 7. Routine bacterial cultures were negative (<5 CFU observed) following
empirical vancomycin administration. A repeat wound exudate sample collected on August 5 was cultured for 48 hours,
yielding two non-pigmented colonies. Initial identification was performed using a MALDI-TOF MS system (Bruker
Biotyper, Bruker Daltonics, Germany). The database version used in this study was DB 5989. Due to limited reference
spectra for S. argenteus in earlier databases, misidentification as S. aureus may occur.

Metagenomic Next-Generation Sequencing (mNGS)
DNA extracted from the August 5 specimen was sequenced on the MGI-Seq200 platform (single-end, 60 bp). High-quality
reads were aligned to microbial databases (RefSeq and NT) for pathogen identification and resistance gene detection.

Whole-Genome Sequencing and MLST
Whole-genome sequencing was performed on a single isolate obtained from the patient sample. The isolate was purified
by subculturing, and genomic DNA was extracted from a pool of three individual colonies to ensure sufficient yield and
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Figure | (A) Wound after debridement. (B) Culture results of Staphylococcus argenteus. After 24 hours on blood agar, Staphylococcus argenteus forms silvery-white, circular; convex
colonies (2-3 mm in diameter) with entire edges and an opaque, moist texture. Beta-hemolysis is typically present, but the colonies lack the golden pigment characteristic of
S. aureus. (C) Comparison of phenotypic antimicrobial susceptibility and whole-genome sequencing-based resistance predictions for S. argenteus ST2250. Green indicates
susceptibility (S), red indicates resistance (R). (D) Global phylogenetic tree of S. argenteus. Circular maximum-likelihood tree constructed from whole-genome SNPs, showing
geographic distribution of 452 strains. Colors represent different global regions. The triangle marker indicates strain SZ01. (E) Phylogenetic tree of S. argenteus strains in Asia.
Rectangular layout with regional color coding, distinguishing Chinese cities (eg, Suzhou, Shanghai, Guangdong) and countries in Asia. The triangle marker indicates strain SZ0I.

minimize potential heterogeneity. Sequencing was then carried out on the MGlIseq-200 platform, and analyzed for MLST,
virulence factors, and resistance genes using established databases (ResFinder, PubMLST). Average nucleotide identity
and gene presence/absence analyses were performed.

Antimicrobial Susceptibility Testing (AST)
Phenotypic AST was performed using the VITEK 2 AST-GP P639 card and interpreted according to CLSI standards.
WGS-based resistance predictions were compared against phenotypic results.

Phylogenetic and Source-Tracing Analysis

A total of 468 publicly available S. argenteus genomes were retrieved from NCBI. After quality filtering, 452 high-
quality entries were used for whole-genome SNP phylogenetic reconstruction. Maximum-likelihood trees were generated
to evaluate geographic clustering and relatedness to the Suzhou strain (SZ01).

Results and Analysis

Clinical Course

The patient exhibited signs of delayed-onset PJI. Despite multiple negative cultures, mNGS of wound exudate identified
S. argenteus. Following targeted therapy with vancomycin 1 g every 12 hours, there was rapid improvement in erythema,
swelling, and ulcer healing.
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Table | Antimicrobial Sensitivity Test Results

Antibiotic Class MIC INT
Cefoxitin screen Negative -
Benzylpenicillin 20.5 R
Oxacillin <0.25 S
Cefuroxime 0.25 S
Gentamicin <0.5 S
Levofloxacin <0.12 S
Moxifloxacin <0.25 S
Inducible clindamycin resistance Negative -
Erythromycin <0.25 S
Clindamycin 0.25 S
Rifampin 2 S
Daptomycin 0.5 S
Teicoplanin 4 S
Vancomycin | S
Tigecycline <0.12 S
Linezolid <0.5 S
Trimethoprim—sulfamethoxazole (TMP-SMX) <I0 S

Abbreviations: R, resistant; S, susceptible.

Bacterial Isolation and Species Identification

Extended culture yielded two hemolytic, non-pigmented colonies that MALDI-TOF MS initially misidentified as
S. aureus with low confidence score (Figure 1B). WGS confirmed the isolate as S. argenteus and assigned it to
ST2250. The strain lacked the crtOPQMN operon (a bacterial gene cluster responsible for the biosynthesis of carotenoid
pigments, particularly staphyloxanthin, which contributes to the golden color and oxidative stress resistance in pathogens
like Staphylococcus aureus.), consistent with the non-pigmented colony phenotype characteristic of S. argenteus.

Antimicrobial Susceptibility and Genotype—Phenotype Concordance

The isolate was susceptible to oxacillin, vancomycin, teicoplanin, gentamicin, fluoroquinolones, clindamycin, linezolid,
rifampicin, tigecycline, and TMP-SMX (trimethoprim—sulfamethoxazole) but resistant to penicillin (Table 1).
Phenotypic and genotypic AST results were concordant for all 11 antibiotics tested (Figure 1C), supporting the accuracy
of WGS-based resistance prediction for this lincage.

Genome analysis revealed the presence of several virulence-associated genes, including immune evasion cluster
proteins (Sak and Scn). Antimicrobial resistance gene blaZ was identified. No major antimicrobial resistance genes such
as mecA, mecC, or vancomycin resistance determinants were detected. These findings were consistent with the
phenotypic antimicrobial susceptibility results.

Phylogenomic Context

Among 452 reference genomes, the Suzhou strain clustered with Southeast Asian ST2250 isolates, especially strains
from Indonesia and Vietnam (Figure 1D and E). This suggests a potential regional origin or transmission link, although
direct epidemiological data were lacking.

Discussion
This study reports the first-confirmed case of prosthetic joint infection caused by S. argenteus ST2250 in Suzhou, China.
The case underscores several important diagnostic and clinical considerations.

First, S. argenteus is easily overlooked in orthopedic infections. Its close resemblance to S. aureus and its non-
pigmented appearance can result in misclassification by routine biochemical and mass spectrometry methods.' In this
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case, low colony counts following empirical antibiotic therapy contributed to repeated false-negative cultures, emphasiz-
ing the need for extended culture and molecular confirmation in suspected PJI.

Second, mNGS proved essential for pathogen detection in the setting of low bacterial burden. By identifying
S. argenteus when conventional culture initially failed to identify the pathogen, mNGS guided subsequent targeted
culture and enabled definitive species-level confirmation through WGS. Such workflows may significantly improve
diagnostic accuracy in culture-negative PJI.

Third, the perfect concordance between phenotypic AST and WGS-based resistance prediction highlights the
potential role of genome-based antimicrobial profiling in rare or emerging staphylococci. Although broader valida-
tion across species is still required, the results support the use of WGS as a complementary tool in diagnostic
microbiology.

Finally, several cases of S. argenteus infections have been reported worldwide, including bacteremia, skin and
soft tissue infections, and osteomyelitis.'* However, prosthetic joint infections caused by S. argenteus remain
extremely rare. Soderquist et al'® previously reported a case of hip prosthetic joint infection caused by
S. argenteus in Sweden, highlighting the diagnostic challenges posed by this species. Similar to our findings,
conventional identification methods initially misclassified the isolate as S. aureus. Misidentification may obscure the
true epidemiology of S. argenteus infections and may affect surveillance and clinical recognition of this emerging
pathogen.

Compared with previously reported isolates, the ST2250 lineage identified in this study clustered with Southeast
Asian strains, which is consistent with earlier genomic studies suggesting that S. argenteus is widely distributed in
Southeast Asia.'> These findings further support the importance of genomic surveillance to better understand the global
epidemiology and transmission patterns of this emerging pathogen.

This study has several limitations. First, it represents a single case report and therefore cannot provide definitive
conclusions regarding the epidemiology of S. argenteus PJI. Second, although phylogenomic analysis suggested cluster-
ing with Southeast Asian lineages, epidemiological linkage could not be established. Third, interpretation of mNGS
results may be challenging in low-biomass samples and should always be considered alongside clinical findings.

Conclusions

This report describes a rare case of prosthetic joint infection caused by S. argenteus ST2250. The pathogen was initially
detected by metagenomic next-generation sequencing and subsequently confirmed by whole-genome sequencing. This
case highlights the diagnostic challenges in distinguishing S. argenteus from Staphylococcus aureus using routine
microbiological methods and underscores the value of molecular approaches in culture-negative infections. Improved
recognition of S. argenteus may enhance pathogen identification and understanding of its role in orthopedic infections.
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