Oxford engineers develop ultrasound-activated nanoparticles to tackle resistant bacterial biofilms
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Researchers from Oxford's Department of Engineering Science and the Nuffield Department of Orthopaedics, Rheumatology, and Musculoskeletal Sciences have developed a novel system employing ultrasound-activated nanoparticles to combat bacterial biofilms, a significant contributor to chronic infections and antimicrobial resistance. The findings, reported by The Oxford Times, highlight the urgent need for innovative solutions to enhance the efficacy of life-saving antibiotics.
Biofilms, protective layers secreted by bacteria, are known to encapsulate bacteria in approximately 80 per cent of chronic infections. They pose a substantial challenge in medical treatment, as they shield bacteria from both the human immune system and antibiotic therapies, creating up to a 1,000-fold increase in resistance to conventional treatments. Current methods for biofilm removal often rely on mechanical disruption, a procedure that can be challenging within the human body.
To counter this issue, the Oxford team has engineered nanoparticles loaded with antibiotics. When these nanoparticles are activated using ultrasound, they rapidly vaporise, which has two effects: physically disrupting the biofilm structure and simultaneously releasing the antibiotics directly at the infection site. This approach benefits from ultrasound's ability to be precisely focused deep within the body, allowing for targeted, non-invasive treatment.
Professor Eleanor Stride, the principal investigator of the project and a professor of biomaterials at the University of Oxford, stated, "Innovative solutions are desperately needed to extend the action of life-saving antibiotics." She emphasised the promising nature of their findings, addressing the persistent challenge of chronic infections linked to biofilm production amidst growing concerns over antimicrobial resistance.
In their experiments, the nanoparticles were tested against ten clinical bacterial strains, including Escherichia coli and methicillin-resistant Staphylococcus aureus (MRSA), using four different antibiotics. The results indicated that in the absence of biofilms, the combination of nanoparticles and ultrasound decreased the antibiotic concentration necessary to inhibit bacterial growth by more than 10-fold compared to conventional treatments. More significantly, in the context of biofilm-associated infections, this system reduced the required antibiotic concentration by over 40-fold and achieved complete elimination of bacteria at clinically viable doses.
Furthermore, the nanoparticles demonstrated effectiveness against persister cells—dormant bacteria often responsible for recurring infections. Traditional treatments require high doses of antibiotics to eliminate these cells, which can be dangerous or impractical. The new system reduced the antibiotic concentration needed to target persister cells by 25-fold compared with standard antibiotic treatments.
The research team is currently focused on refining the nanoparticle manufacturing process to facilitate clinical testing as soon as possible. The potential for this innovative approach to improve treatment outcomes for chronic infections marks a significant advance in addressing the challenges posed by bacterial biofilm formation and antimicrobial resistance.
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