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Non-wounded skin ‘Q%T Hemostasis Phase
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Chronic wound abnormalities:
1. Infection/biofilm

2. Hyperproliferative epidermis/
stalled re-epithelialisation

. Persistent inflammation

. Fibroblast senescence

. Impaired angiogenesis

. Fibrin cuffs (barrier to oxygen)
. Elevated MMPs

Inital phase:
1. Scab formation

2. Immune cell
infiltration

Healing phase:
3. Re-epithelialisation

4. Angiogenesis
5. Fibroblast migration
6. Collagen deposition
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aerobes

P. bivia

Jneid, Hum Mic J 2017

Gram-negative
A. hwoffii
A. calcoaceticus,

P. gergoviae

Anaerobes

Gram-negative
anaerobes

B. fragilis

F. magna

Johani, Clin Microbiol Infect 2019
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Bacteria

Positive Effects

Negative Effects

Staphylococcus epidermidis

Stimulates keratinocyte production of host AMPs
(hBD3, RNase?) [22,74,75,88]

Induces CD8+ T and IL-17A+ T cells [79]

Enhances innate barrier immunity and limits pathogen
invasion in absence of inflammation [6,74,80,89]

Occasionally pathogenic
Implicated in production of biofilms [79,90-93]

Staphylococcus aureus

At alocal level, super antigen production results in less
skin inflammation and purulence due to decreased

Group A streptococcus (GAS)

Usually pathogenic

Pseudomonas aeruginosa

Accelerates epithelialization and neovascularization in
acute wounds

Suppresses staphylococcal pathogens in polymicrobial
wounds [84]

Usually pathogenic
Implicated in production of biofilms and delayed wound
healing in chronic wounds [90-93]

Corynebacterium jeikeium

Manganese acquisition and production of superoxide
dismutase result in host epidermal protection from free
radical oxygen species (ROS) [5]

Occasionally pathogenic
Common cause of nosocomial skin infections [95]

Propionibacteria

Production of bacteriocins protect sebaceous ducts from
other pathogenic inhabitants [77]
induces expression of TLR2 and TLR4 in keratinocytes?71

Occasionally pathogenic
Overabundance associated with development of Acne [5]

Johnson, Int ] Mol Sci 2018
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MacLeod, Cell Host Microbe 2019



= « Agrégats de microorganismes dans lesquels les cellules sont enrobées dans une
matrice autoproduite de substances polymériques extracellulaires (EPS),
adhérentes les unes aux autres et/ou a une surface » Vert, Pure Appl Chem 2012

= A l'intérieur du biofilm, les bactéries :
= peuvent résister a la réponse immunitaire de I’héte

= sont moins sensibles aux antibiotiques et aux désinfectants que les bactéries
planctoniques

= La capacite a former un biofilm reconnue comme une caractéristique propre a de
nombreux microorganismes.

= La présence de biofiims lors d’infections demande de nouvelles méthodes
= de prévention
= de diagnostic
= de traitement



4. Cellular detachment
Biofilm dispersal:

Detachment signals

80 % de la biomasse \ 2 0

microbienne de notre planéte SS9

réside sous forme d’un biofilm 7
Richards & Melander Chem Biol Chem 2009

Biofilm maturation:
Adhesin down-regulation
Matrix degradation

Initial adhesion: Quorum-sensing jamming

~c Biosurfactants

“Surface blanketing”™
'|' - g

Host factors:\ o

Environmental cues \Q
Biosurfactants
Quorum-sensing jamming
NLLLLLLLLLLLLLLLLLRAAARARARRRARRRRAR AR RN NN NNV
2. Microcolony formation 3. Mature 3D biofilm

Omar, Microorganisms 2017
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Coloration de Gram
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Vibrio cholerae Schultz, Proc Natl Acad Sci USA 2012
Oates, ] Diabetes Res 2014

Escherichia coli =

Microscopie confocale



Flemming & Wingender, Nat Rev Microbiol 2010
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Charlton, J Bacteriol 2019
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Inner region

Hobley, FEMS Microbiol Rev 2015 O
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H PSM Amyloid fibres

g Extracellular DNA

© Recycled cytoplasmic proteins

©-= Cell wall anchored proteins
-

°°o Phenol soluble modulins

J

Hobley, FEMS Microbiol Rev 2015



tolérance a la dessiccation

¥ oa

e Skin formation

e EPS overproduction

e Compatible solute
production

¢ Hydrophobic EPS
components

e Protection by

cellulose

captage et rétention des ressources

Inorganic Organic Organic
particles particles molecules
(clay, silt, (humic (polar and
hydroxides, substances, non-polar)
debris,

TR

Sorbed by biofilm

e Nutrient acquisition

e Stabilization of matrix
 Recycling of cellular debris

Activated
matrix

* Biodegradation of solid waste
* Biodeterioration
* Biocorrosion

Flemming, Nat Rev Microbiol 2016
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Stochastic formation
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Oxygen No O,

Nutrients

. g . Fast growth
Biofilm formation

No growth
Jensen, APMIS 2017

() Active cell ) Persister cell Q. VBNCcell

Ayrapetyan, Trends Microbiol 2014

Persisters = cellules insensibles aux biocides donnant naissance a une
population sensible aprés élimination de la substance toxique

VBNC = cellules qui ont perdu leur capacité a se développer sur un milieu
de culture mais qui restent viables.

Fux, Trends Microbiol 2005
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Antimicrobial disinfectams Small wncharged
and toxic metals antimicrobials Initial population size
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Fluorescence intensity (a.u.)

Diffusion non empéchée
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Time (ns) Daddi Oubekka, Antimicrob Agents Chemother 2012 @
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Daddi Oubekka, Antimicrob Agents Chemother 2012



105 Wild type biofilm
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Biofilm = continuum d’états
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Suscop(blc versus resistant bacterial strains
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Biofilms de P, aeruginosa

Cells

Dispositif de Calgary ou MBEC assay®

Antibiotic MIC (mg/L) MBIC (mg/L) MBC (mg/L) MBEC (mg/L) BBC (mg/L) BPC (mg/L) Biofilm model
AZT 4 >128* 8 >1024° - - Calgary device
CAZ 2%/1/2¢ 128%/128¢ 2¢/4° >1024° 161024° 16 Calgary device
MER <1%/0.5¢ 4 I - 8° - Calgary device
IMP 29/1¢ 644/32° 49/4° 1024°/>1024° 256° 32¢ Calgary device
clp 0.5%/0.125%1¢ 1214 0.25¢/1¢ 4° 2¢/64¢ | Calgary device
TOB 2*/2¢ 4*/g¢ 2¢ 2° 64¢ 4 Calgary device
coL 29/2¢ 169/16° 14/8° 128° 64¢ 2¢ Calgary device
AZM 1287128° 2%/16° >128¢ — 512¢ 8¢ Calgary device
CXA-101 0.5¢ - 0.5¢ - 0.5¢ - Calgary device

AZM, azithromycin; AZT, aztreonam; BBC, biofilm bactericidal concentration; BPC, biofilm-prevention concentration; CAZ, ceftazidime; CIP, ciprofloxacin; COL, colistin; IMP,
imipenem; MBC, minimal bactericidal concentration; MBEC, minimal biofilm-eradication concentration; MBIC, minimal biofilm inhibitory concentration; MER, meropenem; TOB,

tobramycin.

Macia, Clin Microbiol Infect 2014 @



Souches de Haemophilus influenzae
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