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What is a biofilm ?

(Costertoret al., Science, 199Bonné &Dewilde AdvMicrob Physiol 2015)

Bacterialbiofilms are structured communities
of bacterial celleenclosedin a selfproduced
polymer matrixthat is attached to annert or

living surface

A Abiofilm may be mono- or polymicrobial

A Most bacteriain their natural habitats are sessile andttachedasbiofiims to
a surface




Structure and mairpropertiesof abiofilm

Main stepsof biofilm formation in vitro
(adaptedfrom Donné &ewilde AdvMicrob Physiol 2015)
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A Commoncaracteristicof biofilms

Vv Resistancagainstdifferent forms of environmentalstresses biocides antibiotics
dessication hostdefencegin vivobiofilms)

v Highlyregulatedprocessn responseo environmentalsignals




Characterizatiorof biofilms
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* SEM: Scanninglectronmicroscopy —
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Visualizationby different methodsof in vitro biofilms formed
by C. difficilestrainsc o ermand mutant Cwp84 KO
Pantaleoret al.,PlosOne, 2015




Biofiimsin humaninfections

TISSUE
INFECTIONS

Chronic otitis media,
chronic sinusitis

Chronic tonsilitis,
dental plaque,
chronic larynagitis

Lung infection in i
cystic fibrosis § - e

SEM on gastric biopsy specimens
(Cammaroteet al.,ClinGastroenteroHepato| 2010)

Staphylococcuaureus  Pseudomonaseruginosa
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Wound surface
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Human(chroniq) infectionsrelatedto in vivobiofilms Examinationof chronicwound sampleby dual FISH

(LebeauxPathogens2013) combinedwith CLSM(Fazliet al., J Cliviicrobiol, 2009)




Featuresof in-vivo biofilms

Bjarnsholtet al., Trend#Microbiol 2013;Burmolleet al., FEM$8nmunolMed Microbiol, 2010;Burmolleet al., Trend$icrobiol 2014,
Donné &Dewilde AdvMicrob Physiol 2015; HaHStoodley& StoodleyCellMicrobiol, 2009

A Main characteristics
Vv Resistanceropertiesto biocidesenvironmentalstresses, hostiefences
v Generallysmallerin spatial extensiorthan in vitro biofilms
v Matrix canincludehost material

A Diagnosticcriteria for biofilm-associatednfections
Pathogenidacteriaare associatedvith a surface

Directexaminationof infectedtissuedemonstratesaggregatedoacteriaembedded
iIn amatrix

Infectionis confinedto a particularsite in the host

Recalcitranceo antibiotic treatment in spite ofsusceptibilitydemonstratedby
standardtesting

A More than 80% of all microbial infections af@ofilm-associated (US NIH)




Biofiimsassociatedwith asymptomaticcarriage

Marks et al., Infect Immun, 2012; Blanche@ainet al., mBiqg 2013

A Exampleof nasopharyngeatarriageof Streptococcupneumoniae

Mouse model ofcolonization SEMexaminationof
the nasopharynx

SEMexaminationof biofilm formed on human
respiratorycells

mmm) Visualizatiorof aggregatedacteriaembeddedin amatrix




Pathogenesisnodel of C difficile infection (CDI)

Riskof multiple relapses :
chronicinfection
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In which form is C. difficileableto persist
spore , singlébiofilm, polymicrobialmucosalbiofilm?




Spatialorganizationof the microbiota

De VosNpjBiofilmsMicrobiomes 2015;Donaldsoret al., NatRevMicrobiol 2016; DaNeirdt& Van deWiele NpjBiofilmsMicrobiomes
2015;Navaet al.,IsmeJ, 2011 Swidinsket al., J CliMicrobiol 2005

Colonictissue

Sessiléacteria
within the colonic
mucus: concept of
omucosalbiofiimé K

0P »
‘ CLSM of a bacteriahicrocolonyon healthy

Planktonig free- rectal mucosa (IBD patient)
floating bacteria (MacFarlaneet al., Clin Infect Dis, 2004)

Sessildacteria
associatedvith food
particules andcell
debris

Microscopicexaminationafter FISH orfreshfeces

A: allbacterig B:enterobacteria C:bifidobacteria
(MacFarlane& MacFarlaneApplEnvironMicrobiol, 2006)




What do we know about spatial

distribution of C. difficilein vivo ?




Spatial distribution ofC. difficileduring humaninfections

Engevilet al., Am JPhysiolGastrointesiLiverPhysiol 2015

A CLSM observation of colon biopsy _

specimens

v Formalinfixed colon biopsies specimens

v Healthyvolunteers or patients witlecurrent  Healthy
CDI Tissue

A Twomain results

v Modification of the mucus composition in
patients with recurrent CDI:

A decreased MUC2 expression CDI

A modification of the oligosaccharide NS
residues ofmucins

v C.difficile detected as single cells in the
mucus of CDI patients (white arrows)

CLSMexaminationof gut tissuesafter C. difficile
labelingwith specificAb and Hoechsicouterstaining
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Spatial distribution ofC. difficileduring humaninfections

Neumann et al.PlosOne, 2013

A Colonoscopyn patientswith diarrhea

A Directin vivodetection of C. difficileby confocallaserendomicroscopyafter
topical application ofacriflavinehydrochloride

e WG 2 . X ; -

Fluorescenceonfocalimage below the surface of the colonic mucosa after topical applicatiomofiflavine
hydrochloride identified single bacteria (A). 10,000 fold digital magnification (B)

A Biopsies examined by FISH

v Confirmation of thepresenceof intra-mucosal
C. difficile

Microscopicexamination after FISH with specific CD
probe (red) andcouterstainingby Hoechst 12




Spatial distribution ofC. difficileduring humaninfections

Bjarnsholtet al., Trend#Microbiol 2013;Burmolleet al., FEM$8nmunolMed Microbiol, 2010;Burmolleet al., Trend$icrobiol 2014,
Donné &Dewilde AdvMicrob Physiol 2015; HalStoodley& StoodleyCellMicrobiol, 2009

A Diagnosticcriteria for biofilm-associatednfections

V Pathogenidacteriaare associatedvith a surface

V Directexaminationof infectedtissuedemonstratesaggregatedacteria
embeddedin amatrix

V Infectionis confinedto aparticularsite of the host

V Recalcitranceao antibiotic treatment in spite ofsusceptibility
demonstratedby standardesting




Datafrom the hamster model of acute infection

Buckley et al., J Mddicrobiol, 2011; Spencer et al., Gdicrob, 2014

A Mimickssomefeaturesof humaninfection but
causingmore severedisease

A SEManalysis

v Observation of ggregateof Clostridiumlike
bacteria on thetissue surfacéorming microcolony —
plaguesassociated over the crypt crevasses  SEMexaminationof the caecumof a hamste

infected by the strain R20291 36Ip.i.
Vv Intimate tissuebacterial and bacteriabacterial
interactions via specific appendages

A Immunofluorescenceamicroscopy

Vv Bacterialaggregatesssociated with the epithelial
barrier

v Presence of other microrganisms (green)

Immunofluorescence of a notoxigenicstrain

(in red) in hamster tissues 24 p.li. 14




Datafrom conventionallyreared mice-1

Lawleyet al. Infect Immun, 2009;awleyet al., PlosPathog 2012

A Model of longlastingcolonization mA O S
difficile supersheddeg  digdamycin

v Examinatiorby SEM otecaltissue
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SEM examination of mouse intestinal mucosa after infectia . Fniagt A
with the Bl strain illustrating the presence d.difficile S A
microcolonies(left) andbiofilm-like structures (right) on the| | Large aggregates @ .difficile covering the damagec
intestinal mucosal surface cecalepithelium, observed irsupersheddemice
infected with strain M68 4 to 7 dp.i.)




Datafrom conventionallyreared mice -2

Semenuylet al., Infect Immun, 2015

A Colonizationand infection modei miceare made susceptiblavith a strong
antibiotic cocktall

v Kineticexaminationof cecumand colon by FISebmbinedwith CLSM

cecum, uninfected colon, uninfected
F

cecum, 6 days PI

FISHCLSM examination of sections of colon (Bd.) from
mice infected withC.difficile (yellow) followed by
immunodetectionof mucinwith anti-Muc2 Ab (green).

In this model, C. difficileis found within
FISHCLSMexamination of sections of gut tissue from mice the mucus andassociatedwith other

infected with C.difficile (green) 027/BI17. Other bacteria ar¢ bacteria mucosalbiofilm?
labeled in red.




Datafrom monoxenicmice: colonizationmodel -1

Castex et al., J Mddicrobiol 1994

A Infection with alow toxin-producingstrain of C. difficile

v Examinatiorof washedtissue by SEM3O hp.i.

Visualizationof adherentsinglecellsof C. difficile




Datafrom monoxenicmice: colonizationmodel -2

Soavelomandroset al., FrontMicrobiol 2017

A Examinationof gut tissues by CLSMdaysp.i. Bacterialaggregates

Germfreemice  630nermstrain -~ Cwp84 mutant  R20291strain SOstrain
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3D-projection

CLSMexaminationof cecumof miceinfected by different strainsof C. difficile 7 daysp.i. (live/deadlabeling)
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v Heterogeneousdistribution,
bacteria organizedin 3D-structures
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Vv Spores andegetativecellstightly
associatedvith the mucosa | é.
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