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Response: While traditionally high virulent organisms are more likely to demonstrate obvious 
clinical signs of infection, organism virulence is ill-defined and should not be included in the PJI 
criteria.  
 
Strength of Recommendation: Limited 
 
Delegate Vote: 54 (100%) agree; 0 disagree; 0 abstain 
 
Rationale: The virulence of a bacteria is defined by the organism’s ability to cause disease1. 
While there are certain bacteria (eg, Staphylococcus aureus) that are more commonly associated 
with clinically-apparent signs and symptoms of shoulder PJI such as sinus tract or intra-articular 
pus, characterization of a bacteria as “virulent” or “low-virulence” is not based on bacterial 
species but rather on the associated clinical signs and symptoms. The term “virulence” must be 
taken in context of the patient’s presentation.  

Specifically in the shoulder, Cutibacterium acnes (C. acnes) is the most common bacteria 
identified at revision shoulder arthroplasty and is commonly labelled as a “low virulence” 
bacteria that often may be a contaminant or commensal rather that a pathogenic organism2,3. This 
concept is supported by multiple studies that suggest that the finding of “unexpected positive 
cultures” does not lead to inferior clinical outcomes after revision arthroplasty compared to 
revision with no bacterial growth4,5. However, these studies exclude shoulder PJIs caused by C. 
acnes that presented with more obvious infectious signs and symptoms. In the American 
Shoulder and Elbow Surgeons (ASES) Revision Arthroplasty / Prosthetic Joint Infection 
Multicenter database, the most common bacteria to cause definite signs of infection (intra-
articular pus or sinus tract) was C. acnes, more so than the commonly-regarded “virulent” 
organisms including methicillin-sensitive Staphylococcus aureus (MSSA) and methicillin-
resistant Staphylococcus aureus (MRSA) (Table 1). C. acnes was the most common bacteria to 
be defined as “Definite PJI” by the 2018 ICM definition, even though other bacteria such as 
Staphylococcus could meet criteria for “Definite PJI” without presence of a sinus tract or pus. 

Subtyping or phylotyping of C. acnes has been performed in multiple studies in attempts 
to associated certain subtypes with strains of C. acnes that are clinically more virulent6-10. 
However, subtyping or phylotyping is not a direct correlation with virulence factors that assist 
the bacteria in colonizing the host and evading the host immune system. As an example, 
virulence of Staphylococcus aureus can be characterized by testing for the presence of the mecA 
gene which is strongly associated with antibiotic-resistant strains11. To date, however, there has 
not been a measurable virulence factor or a virulence gene identifiable by genetic testing of C. 
canes that can be used to characterize virulence. 

It is unclear if the number of positive cultures is an indication of virulence. There are no 
studies demonstrating that any particular threshold of positive cultures indicates more clinically 
severe disease. While surgeons often use a treatment threshold of 2 or more positive or 3 or more 



positive cultures, there has been no evidence to date demonstrating that more positive cultures 
are associated with increased clinical signs or symptoms or any adverse effects on treatment 
outcome4. 

 
Table 1: 

 
 
References: 
1. Casadevall A, Pirofski L. Host-pathogen interactions: the attributes of virulence. J Infect 
Dis. Aug 1 2001;184(3):337-44. doi:10.1086/322044 
2. Hudek R, Brobeil A, Brüggemann H, Sommer F, Gattenlöhner S, Gohlke F. 
Cutibacterium acnes is an intracellular and intra-articular commensal of the human shoulder 
joint. J Shoulder Elbow Surg. Jan 2021;30(1):16-26. doi:10.1016/j.jse.2020.04.020 
3. Patel MS, Singh AM, Gregori P, Horneff JG, Namdari S, Lazarus MD. Cutibacterium 
acnes: a threat to shoulder surgery or an orthopedic red herring? J Shoulder Elbow Surg. Sep 
2020;29(9):1920-1927. doi:10.1016/j.jse.2020.02.020 
4. Falstie-Jensen T, Lange J, Daugaard H, Sørensen AKB, Ovesen J, Søballe K. Unexpected 
positive cultures after revision shoulder arthroplasty: does it affect outcome? J Shoulder Elbow 
Surg. Jun 2021;30(6):1299-1308. doi:10.1016/j.jse.2020.12.014 
5. Grosso MJ, Sabesan VJ, Ho JC, Ricchetti ET, Iannotti JP. Reinfection rates after 1-stage 
revision shoulder arthroplasty for patients with unexpected positive intraoperative cultures. J 
Shoulder Elbow Surg. Jun 2012;21(6):754-8. doi:10.1016/j.jse.2011.08.052 
6. Lee J, Greenwood Quaintance KE, Schuetz AN, et al. Correlation between hemolytic 
profile and phylotype of Cutibacterium acnes (formerly Propionibacterium acnes) and orthopedic 
implant infection. Shoulder Elbow. Dec 2020;12(6):390-398. doi:10.1177/1758573219865884 
7. Hsu JE, Harrison D, Anderson K, et al. Cutibacterium recovered from deep specimens at 
the time of revision shoulder arthroplasty samples has increased biofilm-forming capacity and 
hemolytic activity compared with Cutibacterium skin isolates from normal subjects. J Shoulder 
Elbow Surg. Feb 2022;31(2):318-323. doi:10.1016/j.jse.2021.07.010 
8. Hsu JE, Matsen FA, 3rd, Whitson AJ, Bumgarner RE. Cutibacterium subtype distribution 
on the skin of primary and revision shoulder arthroplasty patients. J Shoulder Elbow Surg. Oct 
2020;29(10):2051-2055. doi:10.1016/j.jse.2020.02.007 
9. Sampedro MF, Piper KE, McDowell A, et al. Species of Propionibacterium and 
Propionibacterium acnes phylotypes associated with orthopedic implants. Diagn Microbiol Infect 
Dis. Jun 2009;64(2):138-45. doi:10.1016/j.diagmicrobio.2009.01.024 



10. McDowell A, Barnard E, Nagy I, et al. An expanded multilocus sequence typing scheme 
for propionibacterium acnes: investigation of 'pathogenic', 'commensal' and antibiotic resistant 
strains. PLoS One. 2012;7(7):e41480. doi:10.1371/journal.pone.0041480 
11. Wielders CL, Fluit AC, Brisse S, Verhoef J, Schmitz FJ. mecA gene is widely 
disseminated in Staphylococcus aureus population. J Clin Microbiol. Nov 2002;40(11):3970-5. 
doi:10.1128/jcm.40.11.3970-3975.2002 

 


