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meédecine, santé humaine

soins bucco-dentaires

® Medical and human health
® Personal care

® Oral care

® Homecare

® Built environment

® Food and agriculture

= Water and waste water
® Energy and waste

“ Marine

® Oil and gas

u Other mech. & civil eng.

Camara et al, npj 2022
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Extent of shear stress

¢ dessiccation Flemming et al, Nat Rev Microbiol 2023

¢ produits toxiques
* phagocytose (systeme immunitaire / protistes)
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Surfaces
abiotiques

Ramage et al
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30-90 min
Disseminated cells use adhesins
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Hyphal extension and early Long hyphal elements
production of FCM, supported Intertwine to provide structuat
by maximal transcriptional strength. £CM production
activity supports thick 30 structure

Cell division drives expansion of Blomass Increases with small
similar yeast morphotypes. A blofilm  bilayer or tri-layer of cells.
monolayer is held together by the Aggregating phenotype
ECM. Aggr phenotype may promotes ECM biolitm
promote more biohilm, architecture
supported by key adhesins

GEELD

Ramage et al, Nat Rev Microbiol,
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parapsi,...
b o Disseminated cells adhere to the
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:Q‘

Spomsbtmtdomn\cy conidia
swell, adhesins are expressed

.. |and germ tubes appear

Germ tube
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8-12h 24-48h >24-48 h
Dispersion
Hyphal extension and early Long hyphal elements Ch Inthe
production of FCM, supported to de structual

of flow Induce release of
dispersed

Germ tubes expand rapidly and 30 structure Increases, creatinga  Hyphae break from the structure
hyphal elements Intertwine to dense fungal ball-like structure under shear force and disperse
create 3D structure coated In with spatial heterogentety
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Ramage et al, Nat Rev Microbiol 2025
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matrice « adhésive »
densité cellulaire élevée

microenvironnement spécifiques
(gradients)

pompes a efflux (biofilms
iIntermediaires et matures)

vesicules extracellulaires (VE)
Brandt et al, mBio 2024



- veésicules extracellulaires (VE)
- tous les Regnes et modes de vie

- impliquées dans le transfert de
bio molécules produites par les
cellules

- la production de la matrice

Ramage et al, Nat Rev Microbiol 2025 Brandt et al, mBio 2024
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- taille hétérogene : mode de vie, morphologie, ...
- protéines et carbohydrates des VE tres proches de ceux de la matrice

- 34% des protéines de VE spécifiques du mode biofilm
Zarnowski et al, PLoS Biol 2018
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- David An . Univ Wisconsin. .
0 mt %:@mm 4.* avid Andes o , Imparato et al, 2024. Univ Naples
e B e https://www.medicine.wisc.edu/news
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Planktonic form (single-cell forms Canventional planktonic antifungal

suspended ina blological fluld) treatment class
Candiols albicans Trinzole
Echinocandin

Liposemal amphotericin B

Lipasomal amphotericin B

Flucytosine
Triazok
Amphotericin B {(combinational)

Ramage et al
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Planktonic form (single-cell forms Conventional planktonic antifungal || Biofilm form (thick 3D polymer-coated Effective anti-biofilm

suspended in a blological fluld) treatment class treatment class

Candida albicarns Triazole Echinocandin
Echinocandin Lipasomal amphotericin B

Lipesomal amphotericin B

Liposomal amphotericin B

Ramage et al
Nat Rev Microbiol
2025

Flucytosine
Triazol
Amphotericin B (combinationall

Trigzele
Lipesomal amphotericin B
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Keratitis
Otitis media

Rhinosinusitis
Dental caries
Denture stomatitis
Periodantitis
Angular cheilitis

Cystin fibrosis
Pneumoania

Clin Microbiol Rev
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Burn wounds \ ’ ’
|
zix i/ \ Diabetic foot
U 111\(1 sité % e wound infections
7 _of

bitiers

Medical device- | ) PEG tube
related infections ; X g infections
N Peritonitis
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Urinary tract infection
Vaginitis
Peters et al, 2012 S
l steomyelitis
[
|

Bernard et al., 2018, IJAA

Biofilms souvent polymicrobiens

Ex : 27-56% des septicémies
nosocomiales a C. albicans sont
polymicrobiennes

Klotz et al, Diagn Microbiol Infec Dis 2007 ;
Pulimood et al, Diagn Microbiol Infec Dis 2002



a Physical interactions b Chemical exchanges a
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m " "l Antagonism
Hypha \ Farnesol / *
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Bacterial
molecules O:) \//'d;
¢ Use of metabolic by-products d Changes in the environment 7

' . Dopamine @ ' ' . Mutualism Public goods
. . Ethanol l . Lower pH +\ b3 (\—\"‘

D)
€ Alteration of the host immune response \

+ +
l l . Gram-negative bacillus
m ' Gram-positive bacillus
O Gram-positive coccus
Teell O) Yeast

Peleg et al, Nature Rev 2010 Nadell et al, 2016
coopération/compétition dans le biofilm

Nature Reviews | Microbiology
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E. coli-C. albicans
dual-species biofims

Planktonic cells E. coli single-species biofilms

Low

In vitro In vivo

Kurakado et al_Med Mycol 2024
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b Bernard et al., 2018, IJAA
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Tolérance de C. albicans a la MCF +
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Percentage of
Pl positive C. albicans (%)
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Micafungin concentration (mg.L'l]

I Single-species biofilms
B Polymicrobial biofilms

Biofilms : C. albicans C. albicans + C. acnes
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Tolérance de S. aureus a la vancomycine

Biofilm S. aureus + C.
albicans

Biofilm S. aureus

C. albicans

* a-mannan ;:% Vancomyeln

S. aureus 4
e 4 B-1,3-glucan %
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Les biofilms polymicrobiens ﬁfi ijF

C. albicans + S. aureus

sont donc mutuellement bénéfiques ?
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RESEARCH ARTICLE

Studying mixed-species biofilms of Candida
albicans and Staphylococcus aureus using

evolutionary game theory PLOS One

Sybille Diihring > *, Stefan Schuster
2024

Department of Bioinformatics. Friedrich-Schiller-Universitv Jena. Jena. Germanv

» Modélisation mathématique d’un biofilm bi-espece

* Dynamique des populations de chaque espece dans ce biofilm ?

Relation variable suivant 'environnement (taux de farnésol)

Mutualisme — ... —...— Antagonisme
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Classand antifungal compound Mode of action

Table 3 | New antifungal pipeline with potential anti-biofilm activity

Reoported clinical Clinlcal evidence (manufacturer)  Evidence for antl-blofilm
{alternative nomenclatura) activity spactrum activity
Echinocandin Inhibiticn of 1,3-B-o-glucan Candida spp. Once-weaekly infusion trials show In vitro studies reported
Rezafungin (CD101) synthesis Aspergillus spp. that it is non-inferior compared significant prevention of
I ——_— with caspofungin for all-causa bicfilm development and
¥s miortality™=*=* (Mundipharma) eradicated preformed mature
biofilms'™ and evidence of
activity in invasive disease in
animal studies'™
Glycosylphosphatidylinasitol Targets the enzyme GWTI Candida albicans, Phase Il trial suggests that In vitro experiments
(GP1) inhibitor (glycosylphosphatidylinositol- Candida auris, is a safe, well-tolerated and demonstrated that it inhibited
Fosmanogepix (APX001 or E1210) anchored wall proteintransfer1)  Candida parapsilosis,  efficacious treatment for germ tube formation,
Candida tropicalis non-neutropenic patients with adherence to polystyrene
Cryptococcus candidaemia' (Basilea) surfaces and biofilm
Cryptococcus gattii at concentrations above
Aspergillus fumigatus P AT Ry
Scedosporium and
Fusarium
Rhizopus arrihizus
Terpinoid Triterpinoid enfumafungin Candida spp. Phase Il trials for effective In vitro activity against
Ibrexafungerp — Brexafemme derivative — Aspergillus spp. management of vulvovaginal Candiida spp. (C. albicans,
(SCY-078) inhibits1,3-B-p-glucan synthesis candidiasis C. auris)®=*=
Phase Il trial showed that most Pooled trial data and
patients with invasive or chronic meta-analysis indicated that
mucocutaneous candidiasis who it exhibited a superior clinical
were refractory or intolerant cure ratio, mycological
to SOC antifungal treatment eradication rate and overall
had partial or full response to success ratio when compared
ibrexafungerp (Brexafemme)™ with fluconazole/placebo in
(GSK) the treatment of vulvovaginal
candidiasis"™*'*
Orotomide Inhibition of dihydroorotate Aspergillus spp. Phase |l trial demonstrating In vitro studies show low
pyrimidine production Lomant treat filamentous fungal concentration and
OSPOrASPR.  jnfactions (aspergillosis, anti-biofilm activity against
including azole-resistant; azole-resistant A. fumigatus
scedosporiosis, lomentosporiosis, and against Lomentospora
coccidioidomycosis and prolificans™**

Scopulariopsis invasive fungal
infections)™*" (Shionogi and F2G)
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 Le biofilm est une réalité

* llinflue sur l'activité des antimicrobiens

« Sa mise en evidence directe est quasi impossible en routine
 La prise en compte de I'environnement est donc essentielle

| 'état actuel des connaissances incite a la prudence
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Merci pour votre attention !
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