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Key Points: 

 Implant-associated infections and chronic, non-healing wounds are complicated 
by bacterial biofilms. 

 Diagnosis and retrieval of organisms are challenging because of the metabolic 
quiescence and immobile nature of bacteria within a biofilm. 

 Treatment options for biofilm infections are limited and further study in this area 
is required. 

 
 Evidence in humans has shown that implant-associated and chronic/persistent 
soft-tissue infections are complicated by bacteria growing in organized communities or 
biofilms. Although investigation into biofilms is in its infancy in veterinary medicine, this 
bacterial phenomenon is likely a property of the commonly encountered bacterial 
pathogens in veterinary medicine. Recent work has shown that Staphylococcus 
pseudintermedius, the most commonly encountered pathogen in canine surgical site 
infections (SSIs), is able to produce biofilm. 
  
Definition of a Biofilm: 
 Pioneers of biofilm investigation, Donlan and Costerton, define a biofilm as a, 
”microbial derived sessile community characterized by cells that are irreversibly attached 
to a substratum, embedded in a matrix of extracellular polymeric substances that they 
have produced, and exhibit an altered phenotype with respect to growth rate and gene 
transcription.”  In every biofilm there are three essential features and they are 1) bacteria, 
2) extracellular polymeric substances (EPS) also termed glycocalyx and 3) a substrate for 
attachment.   
 
Biofilm Properties and Lifecycle: 

The self-produced EPS layer of a biofilm is considered an insurmountable barrier 
and protects against the host immune system, dessication, antimicrobials, shear stress and 
other environmental threats to biofilm integrity.  Additionally, in many bacterial species, 
the EPS creates an anionic environment to trap essential nutrients and growth factors for 
biofilm growth and maturation. 

Bacterial attachment to a substrate (living or inert) has been well characterized in 
several Staphylococcus and Pseudomonas species.  Attachment of planktonic (also 
termed free floating) bacteria occurs in two stages also termed primary and secondary 
adhesion. In cases of implanted medical devices (e.g. orthopedic implants, suture 
material, indwelling catheters), surface conditioning occurs immediately upon 
implantation. This is characterized by the interaction and modification of the implant 
surface with lipids, proteins, extracellular matrix molecules, and fibronectin. It is 
interesting to note that many bacterial species are unable to attach to an unconditioned or 
native implant surface. Primary adhesion is considered reversible and is a result of 
hydrophobic and electrostatic interactions between bacterial cells and the substrate.  
Secondary adhesion is irreversible and is a result of molecular interactions.   
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Following adhesion to a substrate, many bacteria produce adhesive proteins that 

allow cell-to-cell adhesion and subsequent biofilm maturation. For example, 
Staphylococcus spp. produces a polysaccharide intercellular adhesin (PIA) protein, 
encoded by the ica operon, which promotes cell-to-cell adhesion. A key step in 
maturation is the metabolic shift from planktonic to sessile (“metabolically quiescent”) 
organisms within a biofilm. As the three-dimensional, multi-layered community 
continues to grow, a critical equilibrium point is reached where the biofilm reaches its 
capacity in that particular environment. At this point, the bacterial cells found at the 
outermost layer revert back to a planktonic state, are dispersed from the biofilm and have 
the ability to attach to other substrates beginning the lifecycle again. 
 
Diagnosis of Biofilm Infections: 
 Recovery of bacterial cells within a biofilm using standard microbiological 
techniques for diagnosis of a biofilm infection is challenging. This is because of the 
metabolic quiescence of sessile cells within a biofilm and their immobile nature, resulting 
in negative bacterial culture using standard agar culture media. In chronic implant-
associated infections in humans complicated by biofilms, ultrasonication of removed 
devices has been used to disrupt the biofilm to release the cells and/or DNA to allow for 
characterization. Molecular probing for biofilm specific antigens with polymerase chain 
reaction (PCR) has improved the detection of bacteria from chronic implant-associated 
infections. This is likely because PCR does not rely on conventional culture of the 
bacteria and instead is detecting DNA. Sonication combined with the use of biofilm 
specific molecular probes has not yet been evaluated clinically in veterinary medicine. 
 
Treatment: 

Current medical treatment for implant-associated infections is complicated by 
biofilms, and further research in this area is required to develop novel therapies. For 
example, in cases of fracture-fixation devices, surgical debridement and lavage may be 
required at time of diagnosis depending on the severity of clinical signs and location of 
infection. Antimicrobial therapy is administered until radiographic evidence of fracture 
consolidation has occurred. However, antimicrobial therapy is likely only sufficient 
against planktonic bacteria released from the biofilm and may be sufficient to control 
acute clinical signs, but are not able to eradicate the biofilm.  Local antimicrobial therapy 
(e.g. polymethylmethacrylate impregnated beads, R-gel) is an attractive method for 
surgeons to deliver high concentrations of antimicrobials at the surgical site without 
associated systemic toxicity. However, this requires additional surgical procedures for 
implantation +/- removal resulting in additional patient morbidity and treatment costs. 
Implant removal is performed following fracture consolidation for the concern of chronic, 
delayed infection from biofilm-encased bacteria on the implant.  Long-term antimicrobial 
therapy results in increased morbidity for the patient (e.g. diarrhea, anorexia), 
antimicrobial resistance and increased treatment costs for the pet owner. Biofilm 
infections are devastating in cases of prosthetic joints and critical medical devices (e.g. 
cardiac pacemaker). Explant of the device can result in extreme patient morbidity (or 
even mortality) but may be the only method to resolve the infection.   
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Novel Therapies: 
Current treatment methods are insufficient for infections complicated by biofilms.  

Since aggressive antimicrobial therapy is rarely successful in eliminating biofilms, 
investigative efforts have focused on preventing biofilm formation and using targeted 
therapy for removal of established biofilms. 

Tremendous research has been performed into design and creation of a biofilm-
resistant implant to prevent adhesion and subsequent biofilm formation. This has 
predominantly been achieved by using various molecules for implant coating including 
silver and titanium nanoparticles, antimicrobials, antimicrobial peptides and various other 
materials. Further evaluation of implant coatings with veterinary specific pathogens is 
required. Concerns regarding cost and development of resistance are limitations of 
applying this technology in veterinary medicine.   

Several molecules have been developed for the targeted destruction of established 
biofilms. DispersinB is a naturally occurring N-acetylglucosaminidase enzyme produced 
by Aggregatibacter actinomycetemcomitans that destroys the cell-to-cell adhesion 
molecule PIA required for biofilm formation.  This enzyme may be used in combination 
with an antimicrobial as DispersinB will render cells within a biofilm out the protective 
glycocalyx and susceptible to activity of antimicrobials. Preliminary in vitro investigation 
in S. pseudintermedius has shown that DispersinB is effective at preventing biofilm 
formation and eradicating established biofilms.  Further work with the use of DispersinB 
in a clinical setting is required. Bacterial cells within a biofilm are able to communicate 
with each other and make “collective” decisions through the quorum-sensing (QS) 
system. Inhibition of cell-to-cell communication has been the focus for targeting novel 
anti-biofilm therapy and has resulted in the development of several QS inhibitors.  
Several other molecular features of biofilm formation have been identified  (e.g. bacterial 
attachment adhesion proteins) in a variety of bacterial species and are currently being 
investigated as potential therapeutic targets. 
 Bacterial biofilms complicate chronic implant and soft tissue infections resulting 
in tremendous patient morbidity, increased treatment costs and frustration for medical 
care-givers and owners alike. Diagnosing biofilm-associated infection is challenging as 
standard microbiological techniques rarely yields a positive culture due to the 
metabolically altered phenotype. Further research into biofilms in veterinary specific 
pathogens is required to understand the factors involved in formation and regulation of 
biofilms to develop novel therapeutic strategies.  
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