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El microorganisme: Staphylococcus aureus

Estafilococs.

Agrupacio en acumuls irregulars

(Staphylé = carroll de raim)

Immobils. No formen espores.

Alguns produeixen una capsula polisacarida

Cocs grampositius
Geénere Staphylococcus
Génere Streptococcus
Génere Enterococcus

Poc exigents des del punt
de vista nutritiu.

Creixen en medis
ordinaris

Medi selectiu. Chapman.
10 % CINa. Manitol

Fermenten alguns sucres. CATALASA POSITIUS
(diferéncia amb els estreptococs)

capacitat de coagular el plasma (convertir el
fibrinogen en fibrina) COAGULASA

Pigment daurat, beta-hemolisi



Habitat natural estafilococs

Pell i mucoses de I’lhome,
Altres mamifers i aus

Reservori S.aureus: vestibul
anterior de les foses nasals

Portadors persistents: 10-30%
Portadors intermitents: 20-75%




Lowy NEJM 1998

Microorganisme piogen: lesions supuratives.
Multiplicacio local i secrecio enzims per intentar invasio a distancia



Infeccid estafilococcica

1. Infeccions supurades locals
2. Regionalitzacio (limfadenitis)
3. Disseminacio amb sepsia greu
Metastasis a distancia amb cert organotropisme

Infeccio supurada local
Foliculitis, impetigen, infeccio de ferida,
Dacriocistitis, cel-lulitis orbitaria

Bacterial Endocarditis

Infeccio disseminada

Bacteriemia, osteomielitis, abscessos,
Empiema, endocarditis




Staphylococcus aureus: factors de virulencia

A Surface proteins

{exponential-growth phase)

Collagen-
binding
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binding
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Cross-linking
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Lowy NEJM 1998

Proteines de superficie
Proteines secretades, toxines
Proteines immunomoduladores

Sistemes de regulacio quorum sensing

f/
Repeats Ligand-binding
domain

Cell-wall-
anchoring
darmain

Mecanisme invasiu
Mecanisme toxigenic
Mecanisme immunopatogenic




powns Proteines de superficie
Elastin- Q

binding
protain

Components de la paret:

Adhesines: proteina fixadora de fibronectina, proteina fixadora de
col-lagena (adhesio als teixits)

Factor d’agregacio (clumping factor)
Proteina A (activacio del complement, bloqueig Fc de les I1gG)
Capsula polisacarida:
Inhibeix la quimiotaxi i la fagocitosi.
Inhibeix la proliferacio de les cél-lules mononuclears.
Facilita I'adheréncia a cossos estranys.

Collagen-
binding
protein

Fibronactin-
binding
protain

o

Clumping factor

Enzims: Faciliten la invasio dels teixits

Catalasa: desdoblament H,0,, toxic pel
microorganisme

Coagulasa: convertir fibrinogen en fibrina. Evasio *
fagocitosi?

Hialuronidasa: hidrolisi acid hialuronic del teixit

connectiu

Penicil-linasa: hidrolisi de I'anell b-lactamic de la

penicil-lina

Altres: lipases, nucleases, etc
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Adhasion and Biafilm formation Irvmsden Infinmimation

N -O-0-f-f-0-0 Adhesion, invasion and evasion: the

| ' Signal sequence H Wall-spanning region I Sartiig signal

many functions of the surface proteins
of Staphylococcus aureus

Timothy J. Foster!, Joan A. Geoghegan', Vannakambadi K. Ganesh? and Magnus HG6k?
Nature Reviews Microbiology 2014

Adherencia a focus metastasics, alguns tipus més preferencia endocardi

Clumping factor, estat protrombotic

Formacio de biofilm

Major supervivencia al torrent sanguini

Redundancia funcional 9



“Prototip” Multiplicacio extracel-lular. Infeccions invasives

Microorganismes piogens
Staphylococcus aureus,
Streptococcus pyogenes

Inflamacié aguda, afluencia
polimorfonuclears, vasodilatacio,
supuracio




Proteines secretades, mecanisme toxigenic

Citotoxicitat, destruccio cel-lular

= Gastroenteritis (toxoinfeccions alimentaries)

Enterotoxines formades als aliments -

= Sindrome de la “pell escaldada”
Exfoliatines. Dos tipus:

ETA (termoestable i de codificacié cromosomica) i ETB (termolabil i
de codificacié plasmidica)

# Sindrome del “shock toxic”

Toxina (TSST-1) de codificacié cromosomica Secreted proteins

(stationary phase)

Enterotoxin B
15571

Q', a-Toxin

= Citotoxines

a, b, d, gileucocidines (ex. Panton-Valentine),




Proteines formadores de porus,
Beta-barrel

Am1 no latch

/ ~— Prestem

receplor-meadiated 2 receptor-independent
1) receptor binding 1
1
1) attachmeant o
1 membrang
a
bk |’i":-\':"':".":>'-".- '.H.'l._-\'-\:'._-" 'E\.ﬁh‘ ?‘ | ko )1 :li.'i.'."
I ! k-ﬁih*!'hﬂ T lis-! 1-\.1-._ a-a.-;a 5 & 4 {rﬁ SUudEY - ::--:.::-J.::!--;
LS 1 2) membrane 3] formation of
e 2) formation of {hexa- disintegrafion  shorl-lived pores
o fo octameric) defined
pores 1
. 1
alpha-toxin

bi-component leukotoxins
(PVL. LUKAB (LukGH),
LukDE, probably gamma-
toxin)

many o-type phenol-soluble
moduling (PSMs)

Current Oipinecn in Microbssiogy

€
Ef (Step 1)
“  secreted as monomer

Hig2

LukF

Binding to the cell

(Step 2)
Dimerization and
release of amino latch

(Step 3)
Release of prestem due to
attack by amino latch

(Step 4)
Prepore formation

(Step 5}
Transmembrane
B-barrel formation

Nature Communications 2014




a-toxin

Panton Valentine leukocydin

Lesions necrotitzants pell i parts toves i

pneumonia
Receptor C5aR

Alpha-toxin

Mitnchendrion
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Cytolysis
Inflammatory madiators or ROS
b :E::::;Sf;ﬁa released following PYL-medialed
j & Iysis beads 1o tissue necrosis
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Prototip toxines formadores de porus
lisi hematies pero també disrupcid tissular
cel-lules endotelials, epitelials, cel -lules T,

macrofags, neutrofils

P
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erythrocytes platelets monocytes neutrophils Tcells pneumocytes keratinocytes endothelial cells
E lysis (human) lysis lysis lysis lysis lysis lysis lysis
= aggregation apoptosis  chemokine secretion  apoptosis i T EGFR-depandant .
-E; lysis (mouse) J’f_:]geg : ki i . = _ apoptosis pruliferaption apoptosis
= interaction L phagocytosis inflammasome cytokine A ) neutrophil adhaslon
@ with clotting  cyiakine secrstion  activation secretion focal adhesion cytokine secretion
factors/ECM " " _— ;
5 actors/EC - ——— activation/ disruption p38 MAPK activation  cytokine, NO release
Iz lysis (rabbit) activation activation proliferation barrier disruption barrier disruption barrier disruption

Berube J. Toxins 2013



Phenol-soluble modulins and
staphylococcal infection

Andreas Peschel and Michael Otto

Nature Reviews Microbiology 2013
@

Biofilm structuring and detachment

Antibacterial
Specific activity
PSMs

== FPR1

o-type P5Ms

Chemotaxis and
activation of neutrophils
Cytokine release

Phagosome Bacterium

L=
aQ
o
o ¥ -vfj,i. Induction of Inhibition of T,;1 cell
=y LY tol ic ph differentiati
NE i; " ' olerogenic phenotype N ifferentiation i
Ry Y Te.
e g ol
Direct After phagocytosis DC T cell
Erythrocytes Neutrophils
[ | 1
Cytolysis

Immunomodulation

Codificades al genoma core, excepte PSM-mec
Activitat citolitica en qualsevol tipus de cél-lula

Regulades per accessory gene regulator (agr)
Major activitat en CA-MRSA
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Staphylococcus aureus hemolysins, bi-component

leukocidins, and cytolytic peptides: a redundant arsenal of
membrane-damaging virulence factors?

Francois Vandenesch™?*, G. Lina’*® and Thomas Henry"




Sistemes reguladors secrecio factors

Novick and Geisinger, Annu Rev 2008

arp \ Hﬂm[*;i“f;'i de virulencia
/ agr (accessory gene regulator)
\m mnm sigB (sigma B)
/ sarA (staphylococcal accesory regulator)

_— RMAI

ﬁgm\ ‘ll;'f@ /nl—_

t Exoraxins
e A agrnC = All
o 4 0 ag.rﬁ bl } Surface proteins

Varlable reglon

a)
LAy e, B-hanmalymin
- - e

Traber 2008

"Neucle nl;umlﬂ_.l woddn I1"I| Fathiag gEna Taclena worete EfTay of | Sodiem ande kills  bacter
aride of loosescein dye | oxing and enzymes, some of whach | encapsulated fuonecen r |:|m'\.cd
cause lysis of vesscle wall Zhou d etal. 2010

agr: augment expressio proteines secretades, disminucio proteines superficie
Activat per feromones d’autoinduccio (AlP), sistema quorum sensing
Disfuncio agr: alteracio sintesi paret, formacio de biofilms, augment resistencia

vancomicina, bacteriemia persistent
sigB: augment expressio proteines superficie, disminucio secretades



Cicle de vida parcialment intracel-lular?

Inclusions Phagosomes

Chlamydia spp. Salmonella spp.

Brucella spp.

Lysosomes

Phagolysosomes
Legionella pneumophila

< Staphylococcus aureus >

Early endosomes

Mycobacterium spp.

Cytosol

Listeria monocytogenes
Shigella flexeneri

Endoplasmic reticulum
Legionella pneumophila

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34



Focus extracel-lulars 1 intracel-lulars??

Tissue Bloodstream Tissue
Inoculation Dissemination Metastatic infection

Prosthetic
material

Ansimicrotial L i : Fsactive axygen OPINION
e, P Are bloodstream leukocytes
e &;.“;m \ L—-U.'ﬁ . .
e @ e Trojan Horses for the metastasis of
‘ P r— Staphylococcus aureus?
o o Guy E. Thwaites and Vanya Gant
- .v.,gf e S o Nature Reviews Microbiology 2011

Beneficis intracel-lularitat: proteccio, persistencia, invasio 18
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TRENDS in Microbiology

TN 1 Mcrobeclogy

The role of small colony variants : .
Trends in Microbiology 2009 Staphylococcus aureus: new evidence

for intracellular persistence

Christian Garzoni' and William L. Kelley? 11€NdS in Microbiology 2009; 17 (2):59-65

a__
30+3 30+7 30+21
1
%o
5 0% 15 35 55 73 165 158 215 24502850

Tirmee (h)

Characterization of intracellular life stage of Staphylococcus aureus. Involvement in treatment and outcome of
staphylococcal infections.
FIS Exp PI113/01418. 2014-2016.



Resposta inflamatoria

Fenomen dinamic

Microorganism

Genus, strain, virulence factors
Immune evasion mechanismes,
Innoculum size,
extra/intracellular

Importance and function of the organ,
Age, immune status, comorbidities
Antimicrobial treatment

Genetic polymorphisms




The inflammatory response

Insult | Lincontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosisfanaphylaxia
i PAMPs DAMPs
Trigger LP5, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc. HMGE-1, heat-shack protein, DNA, uric acid, ete.
LS )
i
Complex protein systems Vascular and tissue cells Blood and lymphatic cells
%3, o (2 @)
Sensors and a%'ﬂ‘ﬂ
effector cells of ) 5
Oﬁ Pa o Ne
(l:m'q'llnrwnl Coagulation Fnt!mhphnl Epithelial Adipoae Granulocytes M.wm[:lu?m" | ymph:scm«.
system system cells tissue (Tecells, Becells)
ey :'JI. == W
¥ e
C5a, aPPT, Endothelial Acute phase || Cytokines chemokines Cell surface
M nd C3a, FT stress response: || reactants: Soluble receptors: markers:
H“"“’“'r;: C5aR, AT ELAM-1, CRP LBP. IL-6, IL-8, IL-4,IL-10 mHLA DR,
omarkers  feereg! Protein € || ICAM-1, PCT, elc. MIF, HMGE1, sTNF, €064, C048,
elc. e, Selecting, | SuPAR, sTREM-1, e1c. C5aR, e1c.
LY v ]
Brain Lung Cardiovascular  Kidney Liver Micro-
system circulation
Impact on
organ function
Respiratory Qliguria/l Excratary Loss of barrier  Capillary leak
distress Shock Anuria failure function,ileus  edema, DIC
Effective source control Ineffective source control
Outcome Mormalization of biomarker abnormalities Persistence of biomarker abnormalities

Resolution of organ dysfunction; recovery Multiple organ failure; death

Konrad Reinhart et al. Clin. Microbiol. Rev. 2012;25:609-634

Clinical Microbiology Reviews

Journals ASM.Org | Copyright @ American Society for Microbiology. All Rights Reserved. 2



Rolling

Adhesion Transmigration
Neutrophil Blood vessel
— - . Endotlhelium

Activation Basement T'issue
membrane
Phagosome Granule
Chemotactic
migration

NADPH
oxidase T
Phagocytosis Site of infection /
Opsonization METosis

)
& — 20®0
Antibody 0 .

Complement Staphylococcus
aureus

Entrapment

Neutrophils Versus
Staphylococcus aureus: A
Biological Tug of War*

Andris N. Spaan, Bas G.J. Surewaard, Reindert Nijland,
wndJos AGovanStiip - pay Microbiol 2013



a Evading extravasation

KF:(%TQ\.\ 'A_diheii;n\'

™ L)
\» . - | Transmigration

= Neng g

Endotrllelium

Evasio de la immunitat

PSGL-1 B2 integrins (@
P-selectin cAM-1NS ¢ o
- - . q ]
L ]

b Neutrophil attack and evading activation

Chemokines
Anaphylatoxins

Evasié del complement

Estafilocinasa

Extracellular fibrinogen binding protein
Staphylococcal complement inhibitor

Basement
membrane

Formylated
peptides (fMLP)

Evasio dels péptids antimicrobians
Estafilocinasa

Evasié dels anticossos
Proteina A
(bloqueig fraccié Fc de les 1gG)

Receptors especifics hostatger, polimorfismes genétics que determinen

susceptibilitat

Evasio del reclutament de neutrofils
Extracellular adherence protein
Chemotaxis inhibitory protein

FPR-like 1 inhibitory protein

D Staphyloxanthin

& Mprf, dit operon [Staphylocoon derived)
FLAULY Antimicrotial proteins/peptides thast detbed)

Modulacio resposta adaptativa

Alfa-toxina: dany cel-lular a mondcits, cel-lules B i cél-lules T
Alteraci6 senyalitzacio entre innata i adaptativa via IL17A
Accés citosolic al lligant intracel-lular del peptidoglica NOD2
Regulacio inflamasoma

Spaan A et al. Annu Rev Microbiol 2013




Sabem que:
Importancia eradicacio del focus

Necessitat de tractament perllongat
Beta-lactamics millor que glicopeptids, també MSSA

L’hostatger

Accio dels farmacs

El/s farmac/s

Bactericida o bacteriostatic
Farmacocinetica/farmacodinamica

Acci6 intracel-lular o extracel-lular

Accio diferent en diferents subpoblacions
Induccio de resisténcies

Accio sobre resposta inflamatoria

Canvis durant tractament perllongats

El microorganisme




Mecanisme d’accio i desenvolupament de resistencies

-

W

Antibiotic Targets

Cell Wall
[-lactams

Vancomycin \

Antibiotic Resistance

DNASRMNA Synthesis
Fluoroguinolones
Rifamycins

Folate Synthesis
Trimethoprim
Sulfonamides

Protein Synthesis
Linezolid

Cell Membrane

Daptomycin
Tetracyclines
Macrolides
Aminoglycosides

Inactivating Enzymes
p-lactams
Aminoglycosides
Macrolides

Rifamycins

Figure 1. Antibiotic targets and mechanisms of resistance, See text for details.

Wright BMC Biology 2010

Efflux
Fluoraquinolones
Aminoglycosides
Tetracyclines
[i-lactams
Macrolides
Immunity

& Bypass
Tetracyclines
Trimethoprim
Sulfonamides
neomycin

Target Modification
Fluoroquinalones
Rifarmycins
Vancomycin
Penicillins
Macrolides
Aminoglycosides




Canvis durant tractaments perllongats

A, Vancomycin-susceptible 5. oureus

Division septum

= -,'_f‘,_-'a-,_?-.‘_:-';' )

e I e

Frian

WalkR [ YycF Gl regulon controls cell
divisione ssad, b, soedh, M, aled
{astedysins, required for cell wall urmover)

Reduced protein A
Increased capsule

1:3
JKkDso21 0
Jmms. . ® e

b e -

= T W R

Heterorresisténcia

- Vancomicina
Engruiximent paret
ey Dyl s Menor autolisi 5 "
s vsrpiesronnd | } topscn samton o & mpsmec [40gened Menor produccio proteina A

o Amon oo —e rduced o prosucion Augment expressio capsula
Menor activitat agr, modificacio de gens

Howden BP, Clin Microbiol Rev 2010
regulats per agr



Bactericida o bacteriostatic? Accio en resposta inflamatoria

Bactericidal or bacteriostatic?

adverse effects of bactericidal drugs because of the release of large amounts of
PAMPs including bacterial lipoproteins and lipoteichoic acids recognized by TLR
and leading to overproduction of ROI, excessive inflammatory reaction as a
response to bacterial lysis

Pankey GA, CID 2004.

Drugs such as clindamycin, rifampin or linezolid inhibit protein synthesis so
also toxin production.

Vancomyecin interferes cell wall biosynthesis so releases cytosolic toxins upon cell
lysis. Linezolid could be superior to vancomycin by attenuating an excessive

inflammatory reaction
Jacqueline C et al JID 2014

No qui vol siné qui pot...

Lower antibody levels to S.aureus exotoxins are associated with sepsis in
hospitalized adults.
Adhikari RP et al. J Infect Dis 2012




Daptnmycin: Pros and Cons Dalbavancin/Oritavancin: Pros and Cons

Tigecycline: Pros and Cons « rapidly bddericidal

» rapidly bactericidal = very low MICs
. hrghl:.r potent, nm_udmg = once { once-a-week
against MDR strains + safety (so far)

« achive agamst MRSA
resistant to other
antibiotics

« good cellular
penetration

Tedizolid: Pros and Cons
Ceftaroline: Pros and Cons

Ceftobiprole: Pros and Cons
» aclive on gfr+ LZDR

strains
) « more polent against
::ruaﬂ W:E;m} intracellular bacleria
+ bactericical broad spactrum? " o jess 1y
N i wi * than LZD
synergistic with AG {polymicrobial infections)
. l|s§uu pﬂ_'nelralm + bacterigidal
« gifiglent in ¢SSTI, + gynergistic with AG
CAR + lissue penetration
+ alternativie for « efficient in HAP and
VANGOMmyecin CAP

New approaches to antibiotic therapy in Gram-positive infections.
Paul M Tulkens. ECCMID2014



Accio intracel-lular o

extracel-lular?

metabolism
L]

cooperation with

L) binding host defenses

efflux
| P — 4J
0
D=p D 0 ® | physico-
influx chemical
accumulation ——— conditions
and bacterial
bioavailability = €SPONSIveness

7

INFECTIOUS
DISEASE
CLINICS

of North America

Infect Dis Clin N Am 17 (2003) 615-634

Intracellular pharmacodynamics
of antibiotics

Stéephane Carryn, PharmD, PhD,
Hugues Chanteux, PharmD, PhD,
Cristina Seral, PharmD, PhD,
Marie-Paule Mingeot-Leclercq, PharmD, PhD,
Francoise Van Bambeke, PharmD, PhD,
Paul M. Tulkens, MD, PhD*

Unité de Phannacologie Cellulaire et Molé culaire, Université Catholique de Louvain,
UCL 73.70 Avenue E. Mounier 73, Brussels B-1200, Belgium

e Diferents focus simultanis infeccid, extracel -lulari intracel-lular
e estudis PK/PD estan basats en concentracions en serum
« concentracions variables a nivell intracel-lular segons tipus antibiotic :

beta-lactamics , aminoglicosids i vancomicina NO

Macrolids, quinolones, tetraciclines Si... perd no s6n conceptes absoluts:

« acumulacio intracel-lular no és directament proporcional a activitat

» Influenciasi temps o dosi depenent i col-laboracio amb defenses hostatger
« canvis metabolics del microorgansime quiescent, diferent del testat in vitro



VELOCITAT DE MULTIPLICACIO

Un moment de paral-lelisme

Poblacions bacterianes a les lesions tuberculoses

ALTA .
A Poblacio A
Bacils extracel-lulars en multiplicacio activa
Alt contingut d’oxigen i pH neutre
La poblacié més abundant, 108 bacils, possibilitat mutants resistents
Poblacio B Poblacio C
Bacils intracel-lulars (macrofags) Material caseods
pH acid Poc oxigen, pH neutre
Creixement lent Baixa activitat metabolica
_ Periodes intermitents de creixement
Poblacio D
Bacils latents
BAIXA

Small colony variants Staphylococcus aureus
Supervivencia intracel-lular, metabolicament quiescent
Sensibilitat als antibiotics diferent de la testada in vitro

Reduccio en expressio alpha-toxina
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FIGURE 4. Circular dichroic spectra of PBP 2a at pH 7. 0 (left panel) and pH 5.5 (right panel) in the absence
(open symbols) and in the presence (closed symbols) of oxacillin (30 pum) for 30 min at 25 °C, The thin
dotted lines in each graph represent minima of PBP 2a molar ellipticity at 222 nm (vertical arrow on the abscissa)
for each condition. The spectrum of axacillin has been subtracted from all data points.

Lemaire et al_, J Biol Chem (2008) 283:12769-76
PBP2a conformation is modified in acidic pH
MRSA are as susceptible as MSSA in acidic pH
Lemaire S. AAC 2007



Aproximacions “alternatives”

Combinar antibiotics?
Combinar antibiotics i adjuvants?

nature
chemical biology

Farmacs anti-factors de virulencia i els
seus receptors

Adjuvants d’antibiotics

Peptids antimicrobians

Terapia fagica

Estrategies immunitzacio passiva

Targeting virulence: a new paradigm for
antimicrobial therapy

Anne E Clatworthy, Emily Pierson & Deborah T Hung

Review

Nanocarriers for antibiotics: A promising solution to treat
intracellular bacterial infections

Nadia Abed, Patrick Couvreur*

INVITED ARTICLE CLINICAL PRACTICE

tite J. C. Goldsten, Secson Edvor
Challenges for a Universal Staphylococcus
aureus Vaccine

Richard A. Procior

Depanments of Medical Microbéology/immunalogy and Medicine, University of Wisconsin School of Medicing and Public Health School, Madizon
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Missatges per emportar cap a casa

UMudltiples factors de viruléncia amb funcions redundants
UMultiples mecanismes d’evasio de la immunitat
UCicle de vida parcialment intracel-lular

UNo tots els pacients sén iguals ni totes les soques de S.aureus h
son iguals: factors depenents de I’hostatger i factors depenents
del microorganisme en la presentacio clinica i en I'evolucio

UAccio dels farmacs sobre la resposta inflamatoria de I’hostatger i
sobre I'adaptacié del microorganisme, terapies meés selectives?

. COUNTERTHINK

W MEET THE HOSPITAL STAPH

[ED)] EMPLOMEES

U= st wesn
TN S N eereme

Més val prevenir... i - i e



Gracies!!
crisprat2010@gmail.com

Combinem....coneixements, experiencia i sentit comu
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