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Response: The terms “virulent”, “non-virulent”, and “low virulence” should be removed 
from the diagnostic criteria for shoulder PJI.  
 
Strength of Recommendation: Limited 
 
Delegate Vote: 53 (98%) agree; 0 disagree; 1 (2%) abstain 
 
Rationale: A comprehensive literature review was undertaken with a search of Medline, 
Embase and Cochrane conducted in January 2025 using the search terms arthroplasty, 
replacement, prosthesis, implants, infection, prosthesis-related infections, bacteria, virulence 
or virulence factors.  Searches were limited to studies in humans. This identified 2,634 
articles, once duplicates were excluded.  Inclusion criteria were all studies published in 
English (level I-IV) that reported on the virulence of bacterial infection associated with 
prosthetic joints.  Exclusion criteria included non-English language, abstracts and review 
articles.  No search of the grey literature was conducted.  References lists of included articles 
were reviewed.  After review of titles and abstracts, 32 were included for full text review.  
17/32 were excluded and an additional 2 relevant articles were identified from the reference 
lists of included articles.  A quantitative analysis could not be undertaken, so a narrative 
review was conducted. 

In the context of bacteria, "virulence" refers to the ability of a bacterial strain to infect 
and cause damage to a host organism, essentially measuring how severe a disease a particular 
bacteria can produce within a susceptible host; it is normally a quantitative measure of the 
pathogenicity of a bacterial strain, considering factors like the number of bacteria needed to 
cause infection and the severity of the resulting disease.( Casadevall 1999)  With the growth 
of genomics and proteomics, specific virulence factors can be identified including toxins, 
adhesion molecules, or enzymes that enable the bacteria to infect and damage the host, and 
the genes that may lead to the expression of these properties. 

In prosthetic joint infection there are organisms that are considered to have higher 
virulence including Staphylococcus aureus, Group A Streptococcus or Enterococcus species.  
Other species are considered to have low virulence including Coagulase-negative 
Staphylococci and Cutibacterium (Propionibacterium) acnes.  The allocation of species to 
high and low virulence categories appears to be defined by the clinical presentation; high 
virulence organisms presenting with early pyogenic infection, low virulence presenting later 
and without typical clinical features of infection (i.e. erythema, pus).(Zimmerli 2004) This 
attribution may be considered to be somewhat arbitrary if we consider the harm of prosthetic 
joint infection to be implant removal, reinfection or death.  Published evidence indicates 
equivalent success from DAIR for all organisms except Enterococcus species, that have been 
shown to have a higher rate of treatment failure from DAIR. (Jacobs 2019, Nurmohamed 
2021). Likewise for single or two stage revision, the infecting organism may not affect the 
success of treatment. (Bejon 2010, Matar 2021) 

Investigation for specific genetic virulence traits in PJI has produced conflicting 
results. Central to these investigations has been the hypothesis that an organism will be more 



virulent if it adheres more readily to the surface of a prosthesis, if it rapidly generates biofilm 
or if it secretes exotoxins.(Lowbeer 2023) Specific genes thought to enhance biofilm 
production include icaOperon, icaABD and Insertion Sequence IS256 amongst 
others.(Galdbart 2000)  A number of studies have analysed expression of these genes in PJI 
but no clear relationship has emerged.(Nilsdotter 2007, Lowbeer 2023, Koskela 2009, 
Sanchez 2020).  Gene expression has been reported to be different between infecting strains 
and commensal strains of C. acnes (Boyle 2020). Sanchez et al and Mansson et al. have 
proposed that whilst gene expression varies, it is the property of antibiotic resistance that 
leads to increased virulence, but again this finding is inconsistent and does not lead us to a 
clear definition. (Sanchez 2020, Mansson 2021) 

The development of disease is not solely attributable to the pathogen.  Host factors 
also play an important role.  Specifically, immune-compromise to due chronic disease or 
iatrogenic causes may increase the likelihood of harm from exposure to a pathogen.  
Therefore virulence is “contingent on the availability of a susceptible host and the context 
and nature of the host-microbe interaction”.(Casadevall 2001) 

Possible markers for virulence of bacteria in PJI have been investigated.  D-dimer 
levels have not been found to be discriminatory (Pannu 2023).  Deirmengian et al. have 
reported that CRP levels are on average lower when infections are attributable to less virulent 
organisms but not cut-off level was described due to the overlap of the CRP level 
distributions.  Krenn et al. have reported high specificity and sensitivity for the diagnosis of 
PJI using histological counts of neutrophils stained with an antigen to CD15 (a marker for 
mature neutrophils) in a high-power field (x20) on microscopy, called the CD15 focus score 
(accuracy 0.92).(Krenn 2017)  The authors report that the accuracy for differentiating 
organisms defined as high virulence from those defined as low virulence had an accuracy of 
0.74 with a cut of value of 106 cells per high-power-field.  This finding was not replicated in 
later studies by the same group. (Liewen 2020) 

There is no formal definition of virulence that enables classification of prosthetic joint 
infection into high-virulence and low-virulence. The evidence that is available is conflicting 
and low strength.  Virulence should be removed from the diagnostic criteria for PJI until there 
is clear difference in the risk of harm from different pathogens and a reliable method to 
determine the risk for individual strains. 
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