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““"Le coupable
““"Un agresseur a deux visages
““"Arsenal de guerrier

““"Facteurs de Virulence (FV) lies a la bactérie

* Adhesines
* Capsule et biofilm
“~ Facteurs de virulence sécrétés par la bacterie
* Activité super-antigenique
* Toxine a activité protéolytique
* Toxines formant des pores
* Autres FV

“~ Régulation des FV

= A retenir




~1-Lecoup

Acute infection Chronic infection

Wild-type phenotype SCV-like phenotype

ISEeS

Bacterial adaptation
strategies

-
Dynamic reversion

agr?, sigsl, agrl, sigB7,
ToxinsT, Adhesins| Toxins), AdhesinsT
TAggression JAggression

lImmune response

« Protection from the
immune system
and antibiotics

- Bacterial persistence

TImmune response

« Destruction of host
cells and tissues

« Invasion of deep
tissue structures
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Clinical Significance and Pathogenesis of Staphylococcal Small Colony
Variants in Persistent Infections

Barbara C. Kahl,? Karsten Becker,? Bettina Loffler®



Wertheim et al. Lancet Infect DAI'S 2005



/I/VS aureus : a a 2 visages

Deux modes d’infections bactériennes

Infections suppuratives Infections toxinigues

o Cutanéo-mugueuses e Syndrome de choc toxique
 Ostéo-articulaires staphylococcique

e Cardiaques

e Syndrome d’exfoliation
Abces, bactériémie généralisée
Infections sur matériel

f e Toxi-infections alimentaires

<;mration bacterienne

Destruction des tissus R

Toxines

Réaction inflammatoire




/I/%S aureus : a a 2 visages

Deux types d’infections bactériennes

Infections suppuratives Infections toxiniques
 Impeétigo  Impetigo bulleux
e Folliculite _ _
e Euroncle . M,zilza,tdle_ e,xfollante
e Staphylococcie maligne genctace

de la face  Rashes scarlatiniformes et
e Infections muqueuses : choc toxique

Otite, sinusite, etc.

e Dissémination et
infections profondes :

Os, Méninges, etc.

e Toxli-infections alimentaires










.aureus : unage

Toxins Table 1| Prevalence of factors responsible for immune avoidance by Staphylococcus aureus

alpha hemalysin (hia) Factor Abbreviation  Distribution (% strains tested) Refs
beta hemolysin (Aib) Protein A Spa 90/04* 29
delta h@mulysm (hid) Clumping factor A CitA 98/100* 29
enterntux!n A I[SE'&:I Capsular polysaccharide serotypes 5and 8 Cps Type 5: 16-26%, Type B: 55-65° 124127
enterotoxin B (seb) i . o _

; Surface proteins Chemotaxis inhibitory protein CHIPS B2 22
enterotoxin C (sec) bone sialoprotein hinding protein
enterotoxin E- (entE) e fp o 2 (cf 4 gp Staphylokinass Sak 67%: 128
exfoliative toxin A I[Efd.ﬂu:l Elﬂmg:gg fgitg[ B EE."]EB]I} gél-r!grgrllisesglrgg#ogous protein/extracellular - Map/Eap 93/96% 97* 29,129
exfoliative toxin B (etak) collagen binding protein (cna)

. ! Extracelular finrinogen binding protein Efo 60/68", 80 29,130
gamma hemalysin {Aigd-C) extracellular fibrinogen , ﬂ
leukocidin P-V {fukS/F) binding protein (efb/fib) Aureolysin Aur 10 91
toxic shock syndrnme toxin—1 (tsf)  fibronectin hinding protein A (fnbd) Panton-Valenting leukocidin PVL 2/4°, 2 29
Enzymes fibronectin binding protein B (fnbf) |  Leukocidin E-D LukED 33 132
alkalinefacid phosphatase :actpf_i-zrrtljn t;jl_ndlng ;;rn:_ntem y-haemolysin Hig 89/97* 29
beta | B aminin Dincing protein Enterotoxin A Sea 17/32", 54¢ 29,30
eta lactamase (baZ) lectin-like protein

EGEQUHSE {coa) MHC-Il analogous protein (map) Enterotoxin B Seb T, 4 29,30
cystein protease (sspB) plasminogen binding protein Enterotoxin C Sec 11107, 5¢ 29,30
fatty acid modifying enzyme (FAME) protein A (spa) Enterotoxin D Sed 5/5%, 10¢ 29,30
qlycerol ester hydrolase (geh) Sdr A-D (sdrd, B,.C.D) Enterotoxin G Seg 64/55" 29
F!ﬂ'aginat@ :Fﬂis 'Ih.l’ifd;:_' thrombospondin binding protein Enterotoxin H Sen 1015° 29
ipase/butyrylesterase (/jp) vitronectin binding protein Toxic shack syndrome toxin-1 TSST-1 25/30°, 33" 29,30

metalloprotease/aureclysin (aur)
thermonudease (nuc)
Pl-phospholipase C (pic)
staphopain/proteasell (sgo)
staphylokinase (sak)

V& serine protease (sspd)

"Detected by PCR. *Detected by expression of the protein or polysaccharide. "Southern blotting. Failure to detect an amplimer by PCR
witheut confirmation by DNA hybridization might give an underestimate of the presence of a gene. Variation in the incidence of genes
from different studies might reflact differences in the sources of the strains tested. A large number of randormly selected nasal-carmage
isolates will give an even representation, whereas those selected from nosocomial infections from a single hospital might be biased by
the presance of endemic strains (for example, endemic meticilin-rasistant 8. aursus clones). In the study by Peacock ef al ™, the first
of the two numbers rafer to the parcentags of strains frorm carrage isolates that were positive by PCR, whereas the secend number is
the percentage of invasive dissase-causing strains from both community-acquired and nosocormial infections. For Cpsb and Cpa8, the
two numbers refer to the range determined by several different studies. 5The distribution of CHIPS is similar to Sak and Sea because
the three factors are encoded by closely linked genes associated with a family of lysogenic bacteriophages.




B o< o>. aureus . u

Facteurs de virulence de S. aureus

Protein A YC— 1gG
micro- T
capsule PRk iR A
QT A Y S cell membrane damage
"; *, 3 Toxins: |Toxic shock
cell wall 2 ?T exfoliation
e ..' emesis
Invasins: s
hyaluronidase
staphylysin
leukocidin
leukotoxin
coagulase
staphylokinase’ Adhesins:

cell-bound proteins
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Facteurs de virulence o

e S. aureus

Sécrétes par la bactérie

Liés au corps bactérien

Coagulase

B

Protein A

£
Elastin- ,

Adhésines Siding

protein

e

v

Collagen-
binding
protein

== o

Fibronectin-
binding
protein

. ‘}'

Clumping factor

Enterotoxin B

aToxing Toxines et
enzymes

Capsule




P d-FacteursL virulenc

liés au corps bacterien

* Les adhesines
e | a capsule et production de biofilm




virulence -
liés au corps bacterien

4.1- Les adhésines
* Protéines a la surface de la bactérie

e Famille des MSCRAMM

e « Microbial Surface Component Recognizing Adhesive Matrix
Molecules »

e Fixation a matrice extra-cellulaire

* Fixation sur des réecepteurs des cellules de I'hote
o Adhérence
e Initialisation de la colonisation




virulenc
liés au corps bacterien

4.2- Structure des adhésines

Extrémité N-<

terminale

\

(a) FnBPA

Ancrage
LPXTG

\

>

J

e e ./
S A BB C DDDIDl W M
(b) Cna ®
S A B B B
(c) CIfA ®
+

S A R WiM +
(d) Spa

.T.—‘jT.T. +
S Wr | We |[M +

A
LPXTG
A, B, C, D : domaines extra-cellulaires @ domaines de liaison au ligand

M, W : domaines hydrophobes

S : séquence signal

Extrémité

C-terminale



= virulenc

<& liés au corps bacterien

4.3- Maturation des adhésines

e cexr e ML cooH

Signal Jeptidﬂse Sortase

A
:
: P
Parol ﬁlcuh E
GleMAc
L MurNAc = o
L P Ala MurNAc B
1 Clivage | 2 ; X  Glu Al Y
N C
Signal peptidase Retention | 1 T-Gly-Lys Glu A
h G Ala-Gly-Lys— B
Membrane brane

Vv
HH 2
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liés au corps bactérien

4.3- Les adhésines de S. aureus
Les mieux caracterisees/connues pour S. aureus :

e Protéine A : Spa
e Protéine de liaison au collagene : Cna
* Protéines de liaison a la fibronectine : FnBP

e Proteine de liaison au fibrinogene ou clumping factor :
Clf
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protéine A

* Recepteurs :

* ROles :
 Inhibe opsonisation

 Inhibition phagocytose
e Adhérence a I'endothélium

e Fragment Fc des Ig G, surtout
e Liaison au facteur von Willebrand
sur les endothéliums lésés

Y (régions variables) 3

Fab

chaine légére

protein A

* 90 % des souches, gene spa, régulation / ArlS-ArIR

@ |Infections intra-vasculaires (endocardite), échappement au Sl




/ protéine A

inhibition of S. aureus\,
oCYlosis

phagacyt Adherence 1o WVF-
Fab coated surfaces

such as cathedvs

Protein A vWF

multimer

Bacterial aggregation
and biofim formation /

or s ML ML —-

vy |0]8]0]0) AT
: —o —. Cm roloaso \
o..: .nnd o Platelet
Py L

http://microbiologybytes.posterous.com/staphylococcus-aureus-pathogen http://www.nature.com/nrmicro/journal/v4/n6/fig_tab/nrmicro1425 F4.html

& |nfections intra-vasculaires (endocardite), échappement au Sl
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protéine de liaison au collagene

* Gene cna

[ Récepteur . Collagéne Fn Fibronectine

Wi Yitronectine

o Matnce eXtraCGllUlalre Tsp Thrombospondine

Matrice extracellulaire

T

BIOMATERIAL

e Tissus conjonctifs :
os, cartilage, derme...

* ROles :
* Adhérence aux cartilages, os...
e Association a la Bone sialoprotein binding (Bpb)

& |nfections ostéo-articulaires
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protéine de liaison a la fibronectine

FNBPA et FnBPB ¢ 2 genes fnbpA et fnbpB

Récepteur : fibronectine

Roles :
» Adhérence aux C épithéliales et
endothéliales
» Adhérence aux biomatériaux
e Adhérence aux plaquettes

Structure de la Fibronectine humaine

Fibnne
Héparine
Bacténe

Gélatine _ o
Collagéne Cellules Héparine Fihrine

Typel I
Typell §
Typelll A

& Infections sur matériel, mais aussi caillot, etc.




protéine de liaison a la fibronectine

a Rapid activation

FnBRAZCIIA

Fibrinogen

GPlib/1lla

2006)

b Rapid activation

L3

L

Fibronectin bridge

€ Slow activation

CHAPY/SdrE

Copyright & 2006 Nature Publishing Group
Nature Reviews | Microbiology

The interaction o bactenal pathogens with platelets J. Ross Fitzgerald, Timothy J. Foster & Dermot Cox Nature Reviews Microbiology 4, 445-457 (June



http://www.nature.com/nrmicro/journal/v4/n6/full/nrmicro1425.html

protéine de liaison a la fibronectine

Zipper-Mechanismus

* Réles :
e |nvasion/Internalisation

e Zipper mécanisme

FnBEPs

Fn

agfy

@ Persistance et récurrence, échappement au S




protéine de liaison au fibrinogene

» CIfA et CIfB © 2 genes clfA et clfB

y: ? : N — : p— — <«
» Récepteur : fibrinogene R
Endothélium
e
o Agrégation des bactéries — ’
2 . Pro-thrombine \
en présence de plasma o LEbackneg. L} mwariie (@3
e Adhérence aux tissus, — '::::* nELm? Prhseiie
biomatériaux e e [

& |[nfections sur matériel, caillot ‘




A Wall-spanning
Adhesion to domain
fibrinogen/elastin Fibronectin-binding repeats Membrane-spanning
l domain
- 3 :
N2 i 5 o e I O B B et - Staphylococcal Adhesion and Host
Cell Invasion: Fibronectin-Binding
! e ST T t and Other Mechanisms
Signal A 81 82 { D1 D2 D3 D4 LPXTG Jéréme Josse', Frédéric Laurent*23+* and Alan Diot'
sequence Prolin-rich * ntemational Canter for Infectiology Fisearch, INSERM U111, CNRS UMBS308, ENS Lyon, Lyon 1 Universit, Lyon,
repeats koo Co b ety 5on P Moy Mo Dt Faacon s

Phamaceutiques et Biologiques de Lyon, Lyon, France

S. aureus

Atl, AtlL,

FnBPA/B :
AtIC, Aas

B S. aureus
SpsD/L

/ Embp

Fibronectin

Host cell

FIGURE 1 | Staphylococcal mechanisms of adherence to and internalization into host cells. (A) Schematic diagram of structural organization of FnBP from

S. aureus. Gray items (A, B1, B2, C, D1, D2, D3, D4) represent an alternative nomenclature to the fibronectin-binding repeats. (B) The Fibronectin a581 integrin
pathway for adherence and internalization of S. aureus (FNBP A/B), S. pseudintermedius (SpsD/L) and S. epidermidis (Embp). This internalization pathway was
hypothesized for S. epidermidis (Embp) but refuted. (C) Staphylococcal secondary mechanisms involved in adherence to and internalization into host cells. Bacterial
adhesins presented in the figure's panel are FnBP A/B, adhesion/autolysin family (Atl), fibrinogen binding adhesion (Fbl and CIfA), sdrD, Tet38, SraP, Eap, and GapC.
The internalization pathway including Fbl, fibrinogen and host receptor was hypothesized for S. lugdunensis but refuted. Please refer to Table 1 for

adhesin/Staphylococccus species concordance.




*» Réseau de polysaccharides
e 11 types capsulaires
e |es plus fréquents : 5 et 8

Paroi

Peptidoglycane

e i

Protéine
infrinseque

Espace
périplasmique

Membrane
plasmique

»’

* Présente chez 90% des souches mais microcapsule
* Role:
* Reésistance a la phagocytose

Phospholipides




Staphylococcal Osteomyelitis: Disease Progression, Treatment
Challenges, and Future Directions

e

—

\\

wecan | Clinical Microbiology
SOCIETY FOR | ' ®
—= MICROBIOLOGY | Reviews

Nicola Kavanagh,>® Emily J. Ryan,®<f Amro Widaa,*< Gillian Sexton,*< Jerome Fennell,¥ Sadhbh O’Rourke,? Kevin C. Cahill,®
Cathal J. Kearney,2<f Fergal J. O'Brien,2<9 Steven W. Kerrigana.p

4 Protein A\

Fibronectin —
binding protein A

Fibronectin —
binding protein B

Bone sialoprotein —
binding protein

Collagen —

adhesion protein

- J

S. epidermidis

Serine-aspartate
repeat-containing proteins

Extracellular-matrix-
binding protein

— Proteinaceous

autolysin E

Lipase D

FIG 2 Staphylococcus aureus and Staphylococcus epidermidis cell surface proteins, known as microbial surface
components recognizing adhesive matrix molecules (MSCRAMM:s), that are involved in interacting with bone and

the bone ECM.

Matrix/bridge
Organism MSCRAMM(s) protein(s) Receptore Functional response
S. aureus Collagen adhesion (CNA) Collagen NA Colonization
Bone sialoprotein (Bbp) Fibrinogen Bone sialoprotein  Unknown
Fibronectin binding proteins Fibronectin a5p1 Internalization

(FnBP)

Staphylococcal protein A (SpA)

TNFR1

Induction of bone loss (apoptosis) and
bone destruction (osteoclastogenesis), 6
inhibits mineralization :



le biofilm

* Exopolysaccharides
» Biofilm engluant les bactéries

REPONSE

* Roles : IMMUNITAIRE
e Adhérence \

e Résistance aux ATB \

e Echappement au Sl

Destruction des
tissus sains

RESISTANCE ACCRUE
AUX ANTIBIOTIQUES

l Pénétration difficile

l Diffusion ralentie

Modifications de I’expression génétique dormance des bactéries

Etat de

& |nfections sur matériel




le biofilm

Antibiotiques

Résistance

ﬁ

Biocompatibility

aux antibiotiques

<
(S)
90
e

& |nfections sur matériel




liés au corps bacterien : le biofilm

S LT 7

Developing osteomyelitis infection

‘/f \
e

—— S

1. Planktonic bacteria 2. Microcolony formation 3. Proliferation and 4. Bacteria detachment

attachment and initial biofilm mature biofilm and biofilm dispersal
matrix production formation

FIG 3 Stages of biofilm development (214). The first stage of biofilm formation in bone is attachment. Once
attached, the bacteria begin to accumulate and produce a sticky matrix, which is the initial biofilm. This accumulation
results in the formation of biofilm microcolonies and development of mature biofilm. The biofilm may then finally break
down and release the bacteria from within, causing dissemination throughout the host.
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Secretes par S. aureus

meécanisme d’action

e Les toxines a activite
super-antigenique

Toxine

TSST-1

SEA

SEB

SEC

SED

SEE

SEG

SEH

SEI

SEJ

SEK

SEL

SEM

SEN (ex. SEK )
SEO (ex. SELy,)
SEP

SET1 a SET15

e Classification des toxines en fonction de leur

Fréquence

11 %
19 %
7 %
19 %
14 %
0%
57 %
4 %
57 %
14 %
ND
ND
57 %
57 %
57 %
ND
20/20

Spécificité
pour les familles TCR V§
2
1,5,6,7,9, 18 et 23
3,12, 13, 14, 15, 17, 20
3,12,13, 14,15, 17,20
5,12
5,6,8,18
12, 13, 14
ND
1,5,23
ND
5,6
ND
6, 21
9
5,7,22
ND
ND

SEA a P : entérotoxine staphylococcique A a P ; TSST-1 : toxine du choc toxique

staphylococcique 1 ; SET1 a SET15 : exotoxine staphylococcique 1 & 15.
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Secretés par S. aureus : superantigenes

Activation par
un antigéne « classique »

Lymphocyte T

@fm@

CMH II

Activation clona.le

O

Antigéne « classique »

Activation classique

Activation par \
un superantigéne

o

Lymphocyte T /

Spécificité Vp

N

o

l @ = Toxine superantigénique
L s T
ymphocyte HLA T
* dacesl Spécificité HLA Il
O / Cellule présentant \
I'antigéne
[ Activation polyclonale ]
I TSST-1
n [ Libération massive de cytokines ] EXfOI Iatl n e
Superantigéne Choctoxique E nt e r Ot OXI n e

Activation polyclonale des LT (5-50 % des LT)
Double spécificité CMH Il et boucle VB TCR2
Pas de transformation pour étre actif (endocytose)




P — O.7- Fd

Secretés par S. aureus . entérotoxines

Alphabet des entérotoxines : A (65%), B (20%), C...Q
Mécanisme d’action :
» Mastocytes e

FeyRILA et B {CD32) sur HMCI

Récepteurs des agents
pathogénes

Fractions du complément

{C30/C3b, Coal

-> derivés de A. arachidonique e
ecepleurs des cylokines
° ACtIOﬂ SUI’ R neuronaux tMHC'”] SCF, IL-4, IL-6, IL-10 2, TiNFece, IFN-y)
HLA-DF,
du syst gatro-intestinal Olsniadiring
i i coepleurs d' éren
e Stimulation des centres nerv. e Argines do cpcpcs
: v o ICAM-1, -2, -3; CD44..) N B
(VO mIsseme nts’ d I arrheeS) Récepteurs des ioiEurs lipidiques
(PAF. PGEZ)
Implications et caractéristiques :
e 15a20% des TIAC
e Choc staphylococcique (en association avec TSST-1)
* 3,5 yg d’entérotoxine ingérée — délai 5h
e Thermostable
e Support chromosomique ou plasmidique
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| sécrétés par S. aureus : superantigenes

“=Porteur de S. aureus

?L,

Contamination des aliments
par S. aureus toxinogene

Hygiene !l

Malade

- Incubation courte, pas de
fievre

Entérotoxine

secrétée au sein des

aliments Ingestion d’aliments
contaminés (toxine - Pas de multiplication
préformée) bactérienne intra-intestinale

- Vomissements/ diarrhées
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Secretés par S. aureus . TSST-1

Toxic Shock Syndrom Toxin

Roles :

e Syndrome de choc toxique staphylococcique
« Fievre
- Erythrodermie généralisée
« Hypotension
« Au moins 3 atteintes viscérales

e 1°'s cas decrits : femmes en période menstruelle, tampon++
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Secretés par S. aureus . TSST-1

Résorption osseuse et [toxines]

14 - *kk

*%k%k T T
*

129 T 1 Human Monocyte-Derived Osteoclasts Are

Targeted by Staphylococcal Pore-Forming

10 4 1 Toxins and Superantigens

Sacha Flammier'#, Jean-Philippe Rasigade', Cédric Badiou', Thomas Henry?,
Francois Vandenesch', Frédéric Laurent’, Sophie Trouillet-Assant’

Resorbed area 24 h post treatment
(n-fold change to untreated cells)

0.8 | ‘
0.0

é@b Q{\ N N N ,\@Q
@
D TSST-1 (ng/ml)

Collectively, our results suggest that'bone loss during staphylococcal BJIs might not only be
driven by non-specific inflammation and local acidity, created by dead cells, but also by the
specific targeting and activation of bone resorbing cells by bacterial toxins. The balance
between osteoclasts killing by PFT's and the superantigen-mediated increase in osteoclasts’
bone resorption activity may control the different clinical expression of BJIs associated with
the toxinic profile of the different S. aureus strains.
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Sécreétes par S. aureus

Figure 3. Modéle de la pathogénie induite par les superantigénes.

Immunosuppression
Activation de lymphocytes T suppresseurs
Apoptose/anergie deslymphocytes T helpers
Lyse des lymphocytesB

!

Choc Activation
Lesogucljte I’enlc:Iot'hellum T Superantigene deslymphocytesT s Maladie auto-immune
ez e / lymphocytes autoréactifs
$ Inhibition de la clairance

hépatique des endotoxines Interféron y

J Cellules /

Endotoxines —# g
mononucléées

Y

| TNFo.
| TNR |

Expression de molécules d’adressage vers la peau
(cutaneous lymphocyte-associated antigen)

Eruption cutanée =——

& Boost inflammatoire, persistance de la souche par immunosuppression
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/ , S :
’ secretes par S. aureus

e Classification des toxines en fonction de leur
meéecanismes d’action

e Les toxines a activité proteolytique
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sécrétés / S. aureus : exfoliatines A et B

* Mécanisme d’action
e Sérine protéases : cible desmogléine 1
» Protéolyse décollement bulleux intra-epidermique

Stratum comeun (SC)

Structure de la peau i
Stratum granulosum =) = =S S .Clanljlall layor (GL)

Epidermis
r 1

Basament

mambrana
Basal layer (BL)

==t Basement membrare

B Adhaere junction es Hamidesmosome ssDesmosome  © Focd contacts
I

Fuchs et Raghavan 2002,
Nature Reviews Genetics 31:199-209.

Desmogléines

Darmis




sécretés / S. aureus : exfoliatines A et B

* Implications cliniques :
* Formes localisées : impétigo
e Formes géneéralisées
- Syndrome d’exfoliation généralisée
- Syndrome de la peau ébouillantée
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Secretés par S. aureus : superantigenes

Classification des toxines en fonction de leur
meécanismes d’action

e Les toxines formant des pores
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sécrétes /S. aureus : Leucocidine de P&V

* Famille des toxines synergohymenotropes (SHT)

* Toxine a 2 composants :
* Protéine de classe S (slow eluted) : LukS-PV
* Protéine de classe F (fast eluted) : LukF-PV

* Fréquence : rare en France,
B I
* 3% des S. aureus 4“'(}0

‘)
Wb
)

o v
a«loxin pore, sice view u-oxin pore, top view
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écrétés / S. aureus : Leucocidine de P&V

Figure 4 - Mode d’action des leucotoxines a deux composeés
de Staphylococcus aureus.

core pmg;a&;, stem

Fixation séquentiele des
monomeéres LUKSPV puls LukF
PV au récepteur membranaire

Insertion du pore transmembranaire
= nsertion du domaine Stem
Oligomeérisation
Ouverture d'un

Canal calcique

el
g )

Canal
Calcique v
Ca** =5
/ s = Em’i‘:g.m
/ / /
I i
Transduction intraceliulaire du signal = =
Sécrétion du contenu des granules & Lyse cellulaire - libération de nutriments

(IL-6, IL-8,1L-12, LTB4, histamine)

1HHITIHIVIALIT UCT LUUIIUIT UIVIC
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ﬁés / S. aureus : Leucocidine de P&V

RoOles : ——
* Destruction des phagocytes /\5} Q - o)
e PNn ++ L @ A
 [nhibition de la phagocytose \/ | WUAWS
» Nécrose v
e Dissémination ke
s,
* Necrose cellules épithéliales s o adars 05
R Y . o

Macrophage :

recruitment

@ Action leucotoxique et nécrotique, echappement au Si
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sécrétes / S. aureus : Leucocidine de P&V

* Apoptose

MRSA

» Pores dans les mitochondries
* Relargage du cytochrome C
e Activation de la voie des caspases

=.—@
= DNA fragmentation
b2 O F® Cytochrome c
Do, /\/\/
el
i

& Action nécrotique




sécrétes / S. aureus : Leucocidine de P&V

Implications cliniques :
» Atteintes cutanées ex : furoncle
* Pneumopathie nécrosante

Infection virale

Desquamation de I'épithélium

Adhérence de S. aureus (adhésines)

Sécrétion de toxines : LPV +++

Nécrose tissulaire

Dissémination

& Mortalité +++
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Secretes par S. aureus : autres toxines

* o-toxine
e Cytotoxicité : plaquettes et monocytes
y-toxine
e Cytotoxicité : leucocytes et GR
* [-toxine
» Sphingomyélinase (phospholipase)
» altéere les membranes riches en lipides
e Surtout chez souches animales

e J-toxine




Delta-toxin production deficiency in Staphylococcus aureus: a diagnostic
marker of bone and joint infection chronicity linked with osteoblast
invasion and biofilm formation

F. Valour">*", J.-P. Rasigade””"%, S. Trouillet-Assant’, ). Gagnaire’, A. Bouaziz', ). Karsenty', C. Lacour’, M. Bes™’, S. Lustig™”*”,

T. Bénet®, C. Chidiac'**, ). Etienne”**, F. Vandenesch®”*, T. Ferry"** and F. Laurent>**, on behalf of the Lyon BJI Study Group

Additionally, agr dysfunction, detected by the lack of delta-toxin production using whole-cell matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) analysis (n = 15; 15.8%), was significantly associated with BJl chronicity, osteoblast invasion and biofilm
formation. These findings provide new insights into MSSA BJl pathogenesis, suggesting the correlation between chronicity and

staphylococcal osteoblast invasion. This adaptive mechanism, along with biofilm formation, is associated with agr dysfunction, which can
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Staphylococcal Osteomyelitis: Disease Progression, Treatment
Challenges, and Future Directions Clinical Microbiology

SOCIETY FOR

—| MICROBIOLOGY Reviews®

Nicola Kavanagh,>® Emily J. Ryan,®<f Amro Widaa,*< Gillian Sexton,*< Jerome Fennell,¥ Sadhbh O’Rourke,? Kevin C. Cahill,®
Cathal J. Kearney,2<f Fergal J. O'Brien,><9 Steven W. Kerrigan2P

=
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TABLE 3 Toxins and exoproteins involved in progression and pathogenicity of staphylococcal infection

Organism Toxin(s) or exoprotein(s) Functional response

S. aureus Toxic shock syndrome toxin 1 (TSST-1) Activates osteoclastogenesis
Alpha-hemolysin (Hla) Osteoblast/osteoclast cell death
Panton-Valentine leukocidin (PVL) Persistence of infection
Canonical coagulase (Coa) Inhibits osteoblast function
Phenol-soluble modulins (PSMs) Osteoblast cytotoxicity

Osteoblastes Osteoclastes

>
@
8

1.40
1.20
1.00
0.80

-
o

e 8325-4
= DU5883
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-
o

(

Intracellular bacteria
% of inoculum)
Intracellular bacteria

0.40

0204
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infection of precursors infection of mature
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secretés / S. aureus : la coagulase libre

coagulase

_ staphylothrombine
» thrombine

Prothrombine

> fibrine——> calllot
insoluble

fibrinogene

soluble

@ Protection vis-a-vis du Sl
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seécretes par S. aureus : la staphylokinase

Plasminogene
Plasmine <_. Action fibrinolytique

Lyse de la fibrine

Vv

Fragmentation du caillot

\\4
Libération de micro-embols

@& Dissémination
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: Staphylokinase and ABO group

Table 4. Comparison of the genotypic profiles of Staphylococcus aureus belonging to MLST
donal complexes (CC) 8 and others CCs*.

CC8isolates (%), n=15 Otherisolates (%),n=73  p-value®
phenotype: new players in Staphylococcus A
fnbA 15 (100.0) 73 (100) -
aureus implant-associated infections bt 15 (1000) 55 0005
clfd 15 (100.0) 73 (100.0) -
d eve I o) p me nt clfB 15 (100.0) 72 (98.6) 0.83
onad 0 (0.0 41 (56.2) 26X 10
spa 15 (100.0) 70(95.9) 0.57
sdrC 14 [93.3) 72 (9B.6) 031
Guillaume Ghislain Aubin'2, Jean-Philippe Lavigne4, Béatrice Guyomarch?, <drD 1 (73.3) 60 (82.2) 0.48
Christian Dina®, Francois Gouin®, Didier Lepelletier"? & Stéphane Corvec*'? bbp 14 (93.3) 66 (90.4) 059
bbp (allele from COL and 14 (93.3) 4 (5.5) 6.7 x 1077
MW?2 strains)
ebps 15 (100.0) 73 (100.0) -
map/eap 15 (100.0) 69 (94.5) 047
sasG 15 (100.0) 30(41.0) 1.5 = 10
Toxins
ata 0(0.0) 2(2.7) 0.69
ath 0 (0.0 1(1.4) 0.83
. i ot 0 (0.0 22 (30.7) 29 %107
The Journal of Infectious Diseases %IDS A h IVma 010.0) 51 (69.9) 083
14 (93.3) 69 (94.5) -
s virulence genes
Staphylokinase Control of Staphylococcus aureus Biofilm 15(100) 73 (1000) :
. . 4 (26.7) 51 (69.9) 0.003
Formation and Detachment Through Host Plasminogen 13 (867) 63863 050
. . 13 (B6.7) 51 (69.9) 0.22
Activation 000 000 :
Jakub Kwiecinski,' Marijke Peetermans,® Laurens Liesenborghs,® Manli Na,' Halla Bjorsdottir,' Xuefeng Zhu,? Gunnar Jacobsson,® Bengt R. Joh 3 15 (100.0) 51 (83.6) o.M
Joan A. Geoghegan,” Timothy J. Foster,” Elisabet Josefsson,' Johan Bylund,"* Peter Verhamme,® and Tao Jin' 14(93.3) 33 (45.2) 0,007
"Department of Rheumatology and Inflammation Research, Institute of Medicine, 2Department of Medical Biochemistry and Cell Biology, *Electron Microscopy Unit, *Department of Oral Microbiology
and Immunology, Sahlgrenska Academy at University of Gothenburg, and 5I]epartmenl of Infectious Diseases, Skaraborg Hospital, Skivde, Sweden; SCenter for Molecular and Vascular Biology,
geg‘azml:eem;Cardiwasnular Sciences, University of Leuven, Belgium; and " Department of Microbiology, Moyne Institute of Preventive Medicine, School of Genetics and Microbiology, Trinity College, 14 (93.3) 21 (28.8) 1.7 = 107
oy agrll 0(0.0) 26 (35.6) 0.004
agrll 0(0.0) 25(34.2) 0.005
agr IV 0(0.0) 1(1.4) 0.13
*o-values were calculated for gene or allele using Fisher's exact test.
|, ST, 580 aNd S8 genes
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* Hyaluronidase
» Hydrolyse de I'acide hyaluronique du tissu conjonctif
e Destruction des tissus et dissémination

* Dnases
* Proteases, lipases, esterases

e Delta toxine

& Dissémination et mise a disposition des nutriments




Dual Impact of Live Staphylococcus aureus on the
Osteoclast Lineage, Leading to Increased Bone

Sophie Trouillet-Assant,"***5 Marléne Gallet,">%’ Pauline Nauroy,"*®” Jean-Philippe Rasigade,
Sacha Flammier,"*4%¢ Peggy Parroche?>*>® Jacqueline Marvel,%*>® Tristan Ferry,"****® Francois Vandenesch,"%3*%5
Pierre Jurdic,*** and Frederic Laurent'****®
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de I’expression des facteurs de virulence

Systemes régulateurs globaux
e agr (accessory gene regulator) +++
» sar (staphylococcal accessory regulator)

Quorum sensing
e Systeme de communication bactérienne
* Dépendant de la densité bactérienne sauf Enterotoxine A
o Détection par les bactéries de petites molécules : auto-inducteurs




A 1 7 ” o /
~ 6-Regulation génetique
de I’expression des facteurs de virulence

Le systeme agr
Operon de 4 genes agrD, agrB, agrC, et agrA

e agrD : synthese d’'un peptide signal
e agrB : seécrétion et clivage (protéase) en peptide auto-inducteur
(= octapeptide)

e Systeme a 2 composants :
- agrC : senseur Octapeptide 3¢
- agrA : régulateur de * % Fg *

ipti agrc g
la transcription / % 8] e \

. ’ \pamuinducing
pro-peptide - .
T s &-haemolysin

P AgD P2 : : P3 |

| | IkE —
[ Aga | AgrC J&( AgrB

‘ ‘ ‘ 4 extracellular

: virulence factors
Response Transmembrane endopeptidase :
Regulator Receptor :
. HPK - | surface-associated
Ly virulence factors
\ Two-component /

partners RNAP
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de ’expression des facteurs de virulence

Type of virulence factors

Selected factors®

Genes

Assaciated clinical syndromes Reference(s)

Involved in attachment

Invalved in persistence

Involved in evading/destroying host
defenses

Invalved in tissue invasion/penatration

MSCRAMMS (e.q., clumping factors, fibro-
nectin-binding proteins, collagen, and
bone sialoprotein-binding proteins)

Bicfilm accumulation (e.q., polysaccharide
intercellular adhesion), small-colony vari-
ants, and intracellular persistence

Leukocidins (e.g., PVL and +-toxin), capsu-
lar polysaccharides (e.g., 5 and 8), pro-
tein A, CHIPS, Eap, and phenol-soluble
modulins

Froteases, lipases, nucleases, hyaluronate
lyase, phospholipase C, and metallopro-
teases (elastase)

Involved in toxin-mediated disease and/ Enterotoxins, toxic shock syndrome toxin-

of sepsis

With poorly defined role in virulence

1, exfoliative toxing A and B, a-toxin,
peptidoglycan, and lipoteichoic acid

Coagulase, ACME, and bacteriocin

clfA, clfB, fnbA, fnbB, cna, sdr, bbp

ica locus, hemB mutation

IukS-PV, lukF-P\V, hig, caps and 8 gene
clusters, spa, chp, eap, psm-w gene
cluster

V8, hysA, hla, plc, sepA

sea-q (no sef), tstH, eta, eth, hia

arc cluster, opp-3 cluster, bsa

Endocarditis, osteomyelitis, septic arthritis, [5-8]
and prosthetic-device and catheter
infections

Relapsing infections, cystic fibrosis, and
syndromes as described above for
attachment

Invasive skin infections and necrotizing
pneumnonia (CA-MRSA strains that cause
these are often associated with PVL) ab-
scesses (associated with capsular
polysaccharides)

Tissue destruction and metastatic
infections

[8-15]

[16-20]

[21]

Food poisoning, toxic shock syndrome, [22-26]
scalded skin syndrome, bullous impetigo,
and sepsis syndrome

(27, 28]

NOTE. ACME, arginine catabolic mobile element; CA-MRBSA, community-acquired methicillin-resistant 5. aureus; CHIPS, chemotaxis inhibitory protein of staphylococei: Eap, extracellular adherence protein;
MSCRAMMS, microbial surface components recognizing adhesive matrix molecules; PYL, Panton-Valentine leukocidin, Adapted from Projan and Movick [21] and Archer [29].

9 Several factors may have =1 role in 5. aureus pathogenesis,

Clin Infect Dis. 2008 June 1; 46(Suppl 5): S350-S359.

Pathogenesis of Methicillin-Resistant Staphylococcus aureus

Infection

Rachel J. Gordon and Franklin D. Lowy':2 57
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7- Régulation génétique —

de I’expression des facteurs de virulence

Expression temporelle des facteurs de virulence

Mombre de cellulesfpar mL

Systeme agr QS 4

coordonne
I'expression des
FDV en fonction

Phase stationnaire

du stade de e expotientielle
croissance |
bactérienne atence |
- | i Temps
= < = 2
: N
- Adhésines -Toxines
.;_..."'. - Lipase
e @ « == -Protéases
- o
Invasion

Porte d’entrée

Colonisation

Dissémination




Dissémina;ion

Facteurs de virulence Facteurs de virulence

associés a la paroi . excrétées
Adhésines (MSCRAMMSs) Exotoxines
Exotoxines superantigéniques
I I
:;zﬁlenc:i? s TSST-1, SEA SEB, etc.

au fibrinogéne, au collagéne, & "ém?r'\"“ —

I'élastine.a la laminine eta la pha-loxine, Béta-toxne, etc.

sialoprotéi Toxines synergohymeénotropes

protéine osseuse 2 A
Leucocidine de Panton-valentne

Enzymes
Staphylokinase, Protéases,
Lipases, Nucléases,
Hyaluronidase, etc.

Adhésines (SERAMSs)

Coagulase, Eb, Emp. Eap

Protéine A liantle facieur
von Willebrand et le
fragment Fcdes Ig

v

Echappement aux
defenses de I'hote
4

Paroi

(peptidoglycane et acides
lipoteichoiques)

Facteurs de persistance

Modification du phénotype (bicfilm, variants microcolonies)
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