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Response/Recommendation: The literature indicates that, in addition to prevalent 

pathogens, other gram-negative bacilli and Entrobacteriales should be evaluated in 

orthopaedic infections, especially in preclinical models. 

 

Level of Evidence: Moderate 

 

Delegate Vote: Agree: [% vote], Disagree: [%], Abstain: [%] 

___________________________________________________________________________ 

Rationale: Orthopaedic infections can cause devastating complications, including long 

hospital stays and prolonged antibiotic treatment, and pose high morbidity and mortality in 

patients (1). A limited assortment of common microorganisms is recognized as the principal 

etiological pathogens responsible for the majority of orthopaedic infections, including 

Staphylococcus aureus, coagulase-negative Staphylococcus (S. epidermidis), Escherichia 

coli, and Enterobacter cloacae (2–4). However, they are not the only microorganisms that 

cause such a devastating condition. Hence, Preclinical models are crucial in evaluating the 

pathophysiology of the infection and the development of antimicrobial agents (5). 

 

A systematic review was conducted to determine what organisms should be routinely 

evaluated in orthopaedic research. A total of six studies were included (four human studies 

(6–9), one on sheep (10), and one on dogs (11)). All studies (n = 6, 100%) were case series. 

Due to the nature of the studies, we were not able to perform a meta-analysis. The human 

studies found 284 microorganisms, and the other two found 42 and 71 microorganisms. The 

studies evaluated infections of biofilm (6), surgical site (8,11), fracture-related (7), septic 

arthritis (9), and osseointegration (10). 

 

One study with 42 microorganisms did not report the exact number of each microorganism, 

and data extraction was not feasible (10). In the remaining studies (705 microorganisms), the 

most reported isolates were S. aureus (methicillin-susceptible and methicillin-resistant) (n = 

168, 23.8%), Enterobacteriaceae (n = 158, 22.4%), CoNS (n = 156, 22.1%), other gram-

negative bacilli (n = 69, 9.7%),  other Enterobacteriales (n = 52, 7.3%), S. pseudointermedius 

(n = 31, 4.3%), Streptococcus (n = 31, 4.3%), Enterococcaceae (n = 22, 3.1%), gram-positive 

cocci (n = 11, 1.5%), gram-positive bacilli (n = 10, 1.4%), and Pasturella spp. (n = 2, 0.2%). 

The S. pseudointermedius isolates were only observed in one study with dog subjects, as it is 

primarily a pathogen for domestic animals (10). 

 

Bone and joint infections caused by the Staphylococcus genus, including S. aureus and S. 

epidermidis, and the Enterobacteriaceae family, including E. coli, K. pneumoniae, and E. 

cloacae, have been reported and evaluated. However, what is more important is that the 

pathogenesis of other Enterobacteriales and gram-negative bacilli should not be overlooked. 

Moreover, S. pseudointermedius was the isolate in more than half (52.5%) of the surgical site 

infection cultures in an animal study, indicating it is a potential pathogen for orthopaedic 

infections. Furthermore, we suggest considering the Food and Drug Administration (FDA) 

suggestion of microorganisms to be tested against, including Acinetobacter baumanii, 

Bacterioides fragilis, Candida albicans, Candida tropicalis, Enterococcus faecalis, 



Enterococcus faecium, Escherichia coli, Haemophilus influenzae, Klebsiella aerogenes, 

Klebsiella oxytoca, Klebsiella pneumoniae, Micrococcus yunnanensis, Proteus mirabilis, 

Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus, Staphylococcus 

epidermidis, Staphylococcus haemolvticus, Staphylococcus hominis, Staphylococcus 

saprophyticus, Streptococcus pneumoniae, and Streptococcus pyogenes. 

 

In conclusion, the evidence demonstrates that, in addition to prevalent pathogens, other gram-

negative bacilli and Entrobacteriales should also be evaluated in preclinical models. 

Furthermore, evaluation of any technology against fungi can be important. Preclinical studies 

mostly focus on common pathogens, e.g., S. aureus, S. epidermidis, E. coli. Nonetheless, 

more preclinical studies on less common microorganisms are warranted for a comprehensive 

systematic review and meta-analysis.  Publication of these novel studies needs to 

quantitatively document the pathology in the bone and soft tissue, and the strains need to be 

sequenced and deposited into a broadly accessible reference microorganism bank (i.e. the 

American Type Culture Collection, ATCC). 
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