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Abstract 

In current diagnostic criteria for implant-associated bone- and joint infections, phenotypically identical 
low-virulence bacteria in two intraoperative cultures are usually required. Using whole-genome 
sequencing, we have further characterized three phenotypically different Staphylococcus capitis isolated 
from one prosthetic joint infection, highlighting the challenges in defining microbiological criteria for 
low-virulence prosthetic joint infections. 

 

Introduction 
Orthopaedic implant-associated bone and joint 

infections such as prosthetic joint infections (PJIs) and 
fracture related infections (FRIs) are difficult both to 
diagnose and to treat. Since there is no gold standard 
for verifying or excluding infection, several sets of 
diagnostic criteria exist for PJIs, [1-5] while consensus 
criteria for the diagnosis of FRIs have only recently 
been proposed by an international working group. [6] 
However, microbiological criteria differ between 
definitions; examples include a) identical (or same) 
microorganism in two or more intraoperative cultures 
and/or preoperative aspiration (definitive criteria), b) 
virulent microorganism (e.g. S. aureus) in one single 
intraoperative culture or preoperative aspiration 
(definite or non-existent criteria), and c) any 
microorganism in one single intraoperative culture 
(supportive or non-existent criteria). 

In a previous study [7], an included patient 
suffered a chronic knee PJI that presented a sinus tract 

1.5 years after the primary arthroplasty, but the 
prosthesis was not visible, and no other sources of 
infection were found. Coagulase-negative 
staphylococci (CoNS) were isolated in all five 
intraoperative cultures and following the diagnostic 
procedures at the clinical microbiology laboratory at 
that time, three of the five samples were further 
analysed but no determination to species level was 
performed. No comments about macroscopic colony 
morphology were noted. The implant was not further 
analysed, as sonication was unavailable at the 
laboratory. However, none of these three isolates were 
phenotypically identical according to antibiotic 
susceptibility testing, as one isolate (SCPJI10_1-1b) 
was sensitive to erythromycin, clindamycin, 
norfloxacin, and ciprofloxacin, the second 
(SCPJI10_1-1c) was resistant to erythromycin and 
clindamycin but sensitive to norfloxacin and 
ciprofloxacin, and the last isolate (SCPJI10_1-1a) was 
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resistant to erythromycin, clindamycin, and 
norfloxacin but sensitive to ciprofloxacin. All other 
analyses were identical; the isolates were resistant to 
betalactam antibiotics and gentamicin, and 
susceptible to fusidic acid, rifampin, 
trimethoprim/sulfamethoxazole, linezolid and 
vancomycin (MIC 1.5 mg/L), but expressed 
heterogeneously intermediate susceptibility to 
glycopeptides according to the Van4-method [7]. The 
patient was cured using a two-stage revision 
including antibiotic treatment for three months 
(vancomycin followed by fluoroquinolone/rifampin 
combination). 

However, the microbiological results pose a 
clinical challenge; is this a true monomicrobial 
infection with multiple lineages, or contamination of 
the intraoperative cultures by different CoNS species? 
We therefore decided to perform species 
determination and whole-genome sequencing (WGS) 
of these isolates, aiming to explore potential 
similarities and differences of the genomes of three 
CoNS isolates obtained from different intraoperative 
tissue cultures from one patient with a PJI. 

Methods 
Bacterial isolates 

All three isolates were obtained from tissue 
biopsies during the same explantation procedure. 
They were stored at -70°C at the Department of 
Clinical Microbiology, then subcultured at 35°C 
overnight on Columbia II agar (BD Diagnostic 
Systems, Sparks, MD, USA) supplemented with 6% 
horse blood (SVA, Uppsala, Sweden) and were 
determined to species level using MALDI-TOF MS 
(Microflex LT and Biotyper 3.1; Bruker Daltonics, 
Bremen, Germany). 

Whole-genome sequencing (WGS) 
Genomic DNA was purified using a QIAGEN 

Blood and Tissue Kit, and a sequencing library was 
produced using Nextera XT (illumina) followed by 
paired-end sequencing using a 600 cycle kit on a 
MiSeq sequencer, and have been archived at the 
European Nucleotide Archive (ENA) with project ID 
PRJEB29338. Whole-genome sequences were 
assembled de novo using the SPAdes assembler, and 
resistance genes were detected with ABRicate using 
the ResFinder database.  

Core genome phylogenetic analyses 
Single-nucleotide polymorphisms (SNPs) were 

identified using the Northern Arizona SNP pipeline 
(NASP) with the BWA algorithm to align Illumina 
reads from individual isolates against the 
chromosome from S. capitis CR01 (GenBank accession 

number LN866849) after removal of duplicated 
regions using NUCmer. Positions with less than 
10-fold coverage and less than 90% unambiguous 
variant calls were excluded. 

Accessory genome analyses 
Open reading frames were identified and 

annotated with Prokka v1.12 from the assembled draft 
genomes. The annotated bacterial genomes were 
investigated using Roary v3.12 with minimum 85% 
similarity on the protein level, and confirmed using 
reference mapping in the CLCbio Genomics 
Workbench v11. 

Phenotypic analysis 
Biofilm production was analysed using 

microtitre plate assay (MTP) and Congo red agar 
(CRA), as well as standard AST by disc diffusion test, 
as previously described. [7] AST was re-performed for 
norfloxacin in SCPJI10_1-1a, since the zone diameter 
was just below the breakpoint, in contrast to the other 
two isolates. Since the ermC gene was not detected in 
silico in SCPJI10_1-1a, erythromycin AST was also 
re-performed for this isolate. 

Ethics 
The study was approved by the Regional Ethical 

Review Board of Uppsala (ref: 2014/418). 

Results 
Genomic analysis 

All three isolates were confirmed to be the 
species S. capitis using WGS against the S. capitis CR01 
chromosome. Analysis revealed no more than three 
SNPs discriminating these three isolates within the 
core genome of 91.2% (~2.3 mb) of the reference, thus 
considered clonally identical. There were no 
differences in the accessory genomes, beside the 
identification of a 2.4 kb ermC-encoding plasmid 
identical to pSA7112 (GenBank accession number 
KX011076) previously characterized in S. aureus. 

Biofilm production 
The icaA gene was present in all three isolates, 

and similar phenotypic biofilm production was 
demonstrated using MTP and CRA. 

Antibiotic susceptibility testing 
Details of the AST are given in Table 1. 

Quinolones 
Re-performing the disc diffusion test for 

norfloxacin demonstrated that the zone diameter for 
SCPJI10_1-1a remained unchanged, while the zone 
diameter for SCPJI10_1-1c was found to be 19 
millimetres compared to 17 millimetres previously. 
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Table 1. Antimicrobial susceptibility testing (AST) using the disc diffusion test: zone size measured in millimetres followed by 
interpretation according to EUCAST (SIR) for the isolates. Zone diameters and interpretations in parenthesis represent the results from 
re-performing AST. 

Antibiotic Clindamycin  Erythromycin  Norfloxacin   Ciprofloxacin 
EUCAST breakpoint 22/19  21/18  17/17   20/20  
SCPJI10_1-1a 6 R 6 R 16 (16)  R (R) 24 S 
SCPJI10_1-1b 35 S 37 S 19  S 26 S 
SCPJI10_1-1c 6 (29)  R (S) 6 (30) R (S) 19 (17)  S (S) 24 S 

 
 
However, this did not change the interpretation 

according to EUCAST breakpoints (accessed 
2018-06-26). SNP analysis of the grlA, grlB, gyrA and 
gyrB, and norA genes, including the promoter region, 
[8] revealed no differences between the isolates. 

Erythromycin/clindamycin 
The ermC gene was not detected in SCPJI10_1-1b 

or SCPJI10_1-1c, but was found on a plasmid in isolate 
SCPJI10_1-1a. As SCPJI10_1-1c originally displayed 
phenotypic resistance while ermC was not found, this 
isolate was recovered from the freezer and phenotypic 
AST and WGS were re-performed. The re-analysis 
revealed full susceptibility to erythromycin and 
clindamycin, but the results of re-sequencing were 
identical to the first analysis and no ermC-containing 
plasmid was detected.  

Discussion 
We present a case of monomicrobial PJI, that 

initially was identified as polymicrobial since three 
phenotypically different isolates of S. capitis was 
found, however later confirmed to be identical using 
WGS. This case highlights the difficulties that may 
occur in microbiological diagnosis of 
implant-associated bone and joint infections, and the 
limitations of present diagnostic definitions. The 
IDSA definition states that “Two or more 
intraoperative cultures … that yield the same 
organism (indistinguishable based on common 
laboratory tests including genus and species 
identification or common antibiogram) may be 
considered definitive evidence of PJI”, but goes on to 
note that: “The presence of PJI is possible even if the 
above criteria are not met; the clinician should use 
his/her clinical judgment to determine if this is the 
case after reviewing all the available preoperative and 
intraoperative information”. [3] However, data to 
support the clinician’s judgement in this situation are 
scarce. 

Bacteria in a biofilm have complex 
microbiological characteristics. Diversity by evolution 
has previously been demonstrated both in 
morphological phenotype and in antibiotic 
susceptibility patterns among bacteria in biofilm, [9] 
including small-colony variants in staphylococci. [10] 
It is impossible to say whether the norfloxacin 

resistance detected in one of the isolates in this study 
is solely due to biological variations around the 
breakpoints or reflects actual alterations during the 
growth in biofilm. As for the reversal of 
erythromycin/clindamycin resistance, loss of plasmid 
during handling and subculturing seems plausible, as 
this is a well-described phenomenon. [11] Thus, it 
seems reasonable to perform AST on all, and not only 
a selected few CoNS isolates from tissue cultures 
obtained from infected orthopaedic implants. 

In conclusion, differences in phenotype and in 
antibiotic susceptibility patterns are not reliable 
enough to disprove a suspected CoNS orthopaedic 
implant-associated bone and joint infection when 
multiple cultures show growth of one single, but 
phenotypically different, species. In addition, 
different CoNS species seem to be associated with 
different likelihood of being truly indicative of 
infection. [12] If one single common set of diagnostic 
criteria could be developed for each of PJI and FRI, 
respectively, this may facilitate both clinical care and 
research in the future. However, more data are 
needed on the microbiological definition of 
orthopaedic implant-associated bone and joint 
infections before reconsidering the microbiological 
criteria. Until then, communication between clinician 
and clinical microbiologist is of utmost importance, to 
ensure access to the best available information when 
evaluating a patient with suspected CoNS 
orthopaedic implant-associated infection according to 
current algorithms. 
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