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Topical Candida Auris Biofilm Infections
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With an incidence of 13.0 to 20.3 episodes per thousand patient days, nosocomial infections present a significant area of concern due to their increased socio-economic burden, prolonged hospital stays,
long-term disability and mortality.! In the last two decades, Candida auris has been an alarming global public health threat due to its swift and far-reaching emergence. After its discovery in 2009, the fungal
pathogen has spread simultaneously to all corners of the globe. It has been reported across 23 countries, across five continents, from Venezuela to Japan?. More concerningly, it has demonstrated multiple
drug resistant capabilities to azoles, echinocandins, polyenes antifungals and standard disinfection procedures utilising ammonium or cationic surface activation agents*~. C. auris’ ability to form biofilms has
further bolstered its resistance to antifungals and resulted in higher minimum inhibitory concentrations (MICs) and sessile MICs (sMICs), increasing its difficulty in eradication from biotic and abiotic
surfaces?*®. We propose to address this challenge by developing an ultrasound activated microbubble delivery mechanism to deliver antifungal drugs to wounds and skins, while utilising ultrasound for
remote activation and purely mechanical effects.
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* 41% of isolates are multi-drug resistant with 4% being pan-drug resistant® —
 All antifungals exhibited reduced activity against C. auris biofilms with minimum biofilm
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1 1 Candida biofilms were grown on porcine skin samples and imaged with scanning electron microscopy. Bars
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24 or 48 hours at 37C of 100pum, 20pm, and 10pm for x100, x500, and x2,000 magnification, respectively.2!
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Possible experimental set up utilising porcine or murine model with a gel medium via a Franz Diffusion Pool 23

Hypothesis An ldeal Particle?

We hypothesise that ultrasound microbubble delivery (US-MB) will increase Efficacious antifungal treatment that is low to moderate in toxicity, able to achieve MIC50 and MIC90 with high
permeability to drugs by cavitation and microstreaming effects while causing significant| |structural integrity to withstand stable cavitation while allowing targeted therapy on the microbubble shell. A
physical disruption of the biofilm to provide synergistic antifungal effect and biofilm microbubble shell between 500 nm and 1 um is optimal for drug loading. Ultrasound parameters should range from
shedding. duty cycle of 10% to 50%, no displacement, with acoustic pressure in the range of 0.2 — 1.0 MPa.

Reference 12. Chow NA, Mufoz JF, Gade L, Berkow EL, Li X, Welsh RM, et al. Tracing the evolutionary history and global expansion of candida auris using population genomic analyses. MBio [Internet]. 2020 Jan 7;11(2):2020.01.06.896548.

1. Benedetta Allegranzi SB. Report on the Burden of Endemic Health Care-Associated Infection Worldwide. Vol. 3, World Health Organization. 2011. 13. Mufioz JF, Gade L, Chow NA, Loparev VN, Juieng P, Berkow EL, et al. Genomic insights into multidrug-resistance, mating and virulence in Candida auris and related emerging species. Nat Commun [Internet]. 2018 Dec 17;9(1):1-13.

2. Forsberg K, Woodworth K, Walters M, Berkow EL, Jackson B, Chiller T, et al. Candida auris: The recent emergence of a multidrug-resistant fungal pathogen. Med Mycol [Internet]. 2019;57(1):1-12. 14. Kean R, Delaney C, Sherry L, Borman A, Johnson EM, Richardson MD, et al. Transcriptome Assembly and Profiling of Candida auris Reveals Novel Insights into Biofilm-Mediated Resistance. mSphere [Internet]. 2018 Aug 29;3(4).

3. Lee WG, Shin JH, UhY, Kang MG, Kim SH, Park KH, et al. First three reported cases of nosocomial fungemia caused by Candida auris. J Clin Microbiol [Internet]. 2011 Sep ; 49(9):3139-42. 15. Romera D, Aguilera-Correa JJ, Gadea |, Vifiuela-Sandoval L, Garcia-Rodriguez J, Esteban J. Candida auris: a comparison between planktonic and biofilm susceptibility to antifungal drugs. ] Med Microbiol [Internet]. 2019 Sep 1;68(9):1353-8.
4

5

6

. Chakrabarti A, Sood P. On the emergence, spread and resistance of Candida auris: Host, pathogen, and environmental tipping points [Internet]. Vol. 70, Journal of Medical Microbiology. Microbiology Society; 2021. p. 001318. 16. Sherry L, Ramage G, Kean R, Borman A, Johnson EM, Richardson MD, et al. Biofilm-forming capability of highly virulent, multidrug-resistant Candida auris. Emerg Infect Dis [Internet]. 2017 Feb 1;23(2):328-31.
. Chakrabarti A, Singh S. Multidrug-resistant Candida auris: an epidemiological review [Internet]. Vol. 18, Expert Review of Anti-Infective Therapy. Taylor & Francis; 2020. p. 551-62. 17. Chatzimoschou A, Giampani A, Meis JF, Roilides E. Activities of nine antifungal agents against Candida auris biofilms. Mycoses [Internet]. 2021 Apr 1;64(4):381-4.

. Sherry L, Ramage G, Kean R, Borman A, Johnson EM, Richardson MD, et al. Biofilm-forming capability of highly virulent, multidrug-resistant Candida auris. Emerg Infect Dis [Internet]. 2017 Feb 1;23(2):328-31. Available from: doi: 18. Azagury A, Khoury L, Enden G, Kost J. Ultrasound mediated transdermal drug delivery. Adv Drug Deliv Rev. 2014 Jun 15;72:127-43.
10.3201/eid2302.161320 19. Sirsi SR, Borden MA. Microbubble compositions, properties and biomedical applications. Bubble Sci Eng Technol [Internet]. 2009 [cited 2021 Aug 4];1(1-2):3-17.
. Kohlenberg A, Struelens MJ, Monnet DL, Plachouras D, Apfalter P, Lass-Florl C, et al. Candida auris: Epidemiological situation, laboratory capacity and preparedness in European Union and European economic area countries, 2013 to 2017. 20. Tinkov S, Bekeredjian R, Winter G, Coester C. Microbubbles as ultrasound triggered drug carriers. Vol. 98, Journal of Pharmaceutical Sciences. Elsevier; 2009. p. 1935-61. !

Eurosurveillance [Internet]. 2018 Mar 29 23(13):18-00136. 21. Horton M V., Johnson CJ, Kernien JF, Patel TD, Lam BC, Cheong JZA, et al. Candida auris Forms High-Burden Biofilms in Skin Niche Conditions and on Porcine Skin. mSphere [Internet]. 2020 Feb 26 [cited 2021 Aug 4];5(1).
. Osei Sekyere J. Candida auris: A systematic review and meta-analysis of current updates on an emerging multidrug-resistant pathogen. Microbiologyopen. 2018 Aug 1;7(4). 22. Yang M, Du K, Hou Y, Xie S, Dong Y, Li D, et al. Synergistic antifungal effect of amphotericin B-loaded PLGA nanoparticle with ultrasound against C. albicans biofilms. Antimicrob Agents Chemother [Internet]. 2019 Sep 23; 423723. Available
. Kean R, Delaney C, Sherry L, Borman A, Johnson EM, Richardson MD, et al. Transcriptome Assembly and Profiling of Candida auris Reveals Novel Insights into Biofilm-Mediated Resistance. mSphere [Internet]. 2018 Aug 29;3(4). from: https://www.biorxiv.org/content/10.1101/423723v1 S C H O I_ A R S
. Healey KR, Kordalewska M, Ortigosa CJ, Singh A, Berrio |, Chowdhary A, et al. Limited ERG11 mutations identified in isolates of candida auris directly contribute to reduced azole susceptibility. Antimicrob Agents Chemother [Internet]. 2018 23. Zhang N, Wu Y, Xing R, Xu B, Guoliang D, Wang P. Effect of Ultrasound-Enhanced Transdermal Drug Delivery Efficiency of Nanoparticles and Brucine. Biomed Res Int [Internet]. 2017. Available from:
Oct 1;62(10). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5733966/




