Addressing bacterial regrowth of thermally deactivated Pseudomonas aeruginosa biofilms post heat shock
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Upon implantation, most medical devices are susceptible to the adhesion and proliferation of bacteria, which then form a biofilm infection on the device surface. In the biofilm phenotype, these bacteria are extraordinarily resistant to antibiotics, forcing explantation of the medical device followed by eventual implantation of a replacement.  This $5 billion problem has driven significant research into coatings which can avoid, drive away, or deactivate pathogenic bacteria.  Our group recently investigated localized hyperthermia as a mechanism for deactivating and/or dispersing pathogenic biofilms, determining quantitative relationships between the time duration and temperature of a heat shock and the subsequent depopulation of colony forming units (CFU) in the biofilm.  Psuedomonas aeruginosa biofilms were cultured at 37°C for 24 hours in a continuous drip-flow reactor (DFR) and subjected to heat shocks on the range of 50°C to 80°C for durations of 1 to 30 minutes.  Heat shocks were delivered by immersion in thermostatted media for the prescribed time and the resulting concentration of CFU/mL were quantified using direct enumeration.  Up to 7 orders of magnitude reduction in CFU concentration was observed, indicating that thermal deactivation is a reasonable approach for biofilm mitigation.  

Biofilms grown in the continuous DFR result in dense bacterial colonies, which are useful for discerning large decreases in viable cell count, however, it is unlikely for these types of biofilms to be seen in vivo.  To determine the effect of biofilm architecture and test our approach against more physiologically relevant biofilms, closed system biofilms were cultured using glucose enhanced media on an orbital shaker (37°C, 72 hours) resulting in control biofilms on the magnitude of 106 CFU/mL, which is approximately 3 to 4 log less than DFR control biofilms.  Using the same heat shock method, we have shown that the thermal shock had the same relative deactivation on a log scale for the closed system biofilms as for the DFR biofilms.  This suggests that heat shock deactivation is translatable to biofilms grown under many different conditions.  We were also able to fully mitigate biofilms at the extreme time and temperature combinations (80°C, 30 min).  To confirm complete deactivation of these biofilms, they were then re-incubated with fresh glucose media (37°C, 72 hours) for a regrowth period.  Regrowth conditions matched the initial closed system setup using the orbital shaker.  These biofilms resulted in minimal bacterial regrowth, confirming that heat is a reasonable approach to biofilm mitigation.  By integrating this protocol with a magnetic nanoparticle implant coating, we aim to treat implant infections in situ without explantation or device replacement as the long-term goal.
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