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Staphylococcal biofilms ....a new point of view on how to cure them
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Staphylococcal biofilms and human infections
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DEVICE-RELATED INFECTIONS
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Contact lenses
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Chronic otitis media,
chronic sinusitis

Central vascular catheters
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Prosthetic cardiac valves,
pacemakers and vascular grafts

Chronic tonsillitis, dental plaque,
chronic laryngitis

Endocarditis

Tissue fillers, breast implants

Peripheral vascular catheters
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Chronic wounds

Lebeaux et al, Microbiol Mol Biol Rev. 2014,;78:510-43
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Staphylococcal biofilms: why do they cause persistent infections ? (1/2)
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Otto, Microbiol Spectrum 2018; 6:GPP3-0023-2018 ?
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Staphylococcal biofilms: why do they cause persistent infections ? (2/2)
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Suresh et al, Int ] Med Microbiol. 2019;309:1-12
Otto, Microbiol Spectrum 2018; 6:GPP3-0023-2018

B UCLouvain 14/04/2019 ECCMID 2019

7




Staphylococcal biofilms: strategies currently under investigation

Drug combinations

Antibiotics
(OXA+AZM/GEN+FA,
RIF+CFZ/VAN etc)

Antibiotic-phytochemical
(OXA+ xanthohumol,

CIP+reserpine etc)
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SASEY Mo IR ic aci
[ g&\g—';;\l,,ﬂJ (Thioridazine, Ferulic acid, .
s ien ¥ ol Niclosamide) xanthohumol Photodynamic
plumbagin etc therapy (Ce6)
Nanoparticles
(Silver, Zinc oxide ~ ECM degrading UL S
& nitric oxide enzymes: -
releasing Lysostaphin,
nanoparticles) CHAP,
dispersin-B,

Phages (K, DRA88) neutrase etc

S. aureus

Initial Bacterial Mature
attachment aggregation biofilm

Alteration of surface morphology (MeCe, PEG)

ACL (GEN-EDTA, TMP+EtOH+EDTA; ML:8+Citrox)
Chelators & sulfhydryl compounds (EDTA, TSC, DTT)
Antimicrobial coating (SCAA) Antibodies (CIfA, ABC transporter, TA, PhnD)

Antibiotic-repurposed
drug (TOBRA and
thioridazine)

Antimicrobial peptides
(LL-37, 17BIPHE2, KR-12,
KE-18, citropin 1.1 etc)

{ '\\

Biofilm disruption
& bacterial death

Suresh et al, Int J Med Microbiol. 2019;309:1-12

B UCLouvain 14/04/2019 ECCMID 2019



Staphylococcal biofilms: strategies currently under investigation
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Antimicrobial peptides
(LL-37, 17BIPHE2, KR-12,
KE-18, citropin 1.1 etc)
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S. aureus

Initial Bacterial Mature Biofilm disruption
attachment aggregation biofilm & bacterial death

Alteration of surface morphology (MeCe, PEG)

ACL (GEN-EDTA, TMP+EtOH+EDTA; ML:8+Citrox)

Chelators & sulfhydryl compounds (EDTA, TSC, DTT)

Antimicrobial coating (SCAA) Antibodies (CIfA, ABC transporter, TA, PhnD)

Suresh et al, Int J Med Microbiol. 2019;309:1-12 ?
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Antibiotic combinations: in vitro models

MBEC (Calgary device)
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Antibiotic combinations: in vitro models

MBEC - checkerboard

Metabolically
* inactive
* active
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MBEC - checkerboard

Antibiotic combinations: in vitro models

MIC (mg L-1) MBEC (mg L)
Vancomycin 2 >2048
Daptomycin 0.38 1024
Linezolid 1 >1024
Tigecyline 0.25 1024
Rifampicin 0.008 N/A
Dicloxacillin 0.1252 512

B UCLouvain

Rifampicin Vancomycin Daptomycin Linezolid
(10mgL!) (25mgLl-!) (130mgL-!) (10mgL?)
Vancomycin 256 * 256 512
(mgL™)
Daptomycin 1024 >2048 * >2048
(mgL™)
Linezolid >1024 >1024 >1024 *
(mgL™)
Tigecycline N/A N/A N/A

(mgL™)

But still >> clinically achievable concentrations !

Jorgensen et al, Path Dis, 2016;74: ftw019
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Antibiotic combinations: from in vitro to in vivo models

Osteomyelitis
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Combinations do not seem more efficacious in vivo than drugs alone ...

Jorgensen et al, Path Dis, 2016;74: ftw019 ?
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Combinations in microplates at fixed concentrations (free humanC__.)
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Antibiotic combinations: in vitro models
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Siala et al, Antimicrob Agents Chemother. 2018,;62:pii: e00598-18
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Antibiotic combinations: in vitro models

Combinations in microplates at variable concentrations
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Combinations in CDC bioreactor (mimicking human PK)

Antibiotic combinations: in vitro models
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Combinations of FUS + LZD and DAP still more effective
...but not combinations with VAN ?
Siala et al, Antimicrob Agents Chemother. 2018,;62:pii: e00598-18
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Antibiotic combinations: in vitro models

Combinations in CDC bioreactor (mimicking human PK)

Osteomyelitis
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Staphylococcal biofilms: strategies currently under investigation
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Nanoparticles plimbaginiete SIapY (Ce5) Antibiotic-phytochemical
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& nitric oxide enzymes: ClIP+reserpine etc)

releasing Lysostaphin, Antibiotic-repurposed
nanoparticles) CHAP, drug (TOBRA and

dispersin-B g .
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Phages (K, DRA88)  neutrase etc ioridazine)

Antimicrobial peptides
(LL-37, 17BIPHE2, KR-12,
KE-18, citropin 1.1 etc)

S. aureus

Q)

Initial Bacterial Mature Biofilm disruption
attachment aggregation biofilm & bacterial death

Alteration of surface morphology (MeCe, PEG)

ACL (GEN-EDTA, TMP+EtOH+EDTA; ML:8+Citrox)

Chelators & sulfhydryl compounds (EDTA, TSC, DTT)

Antimicrobial coating (SCAA) Antibodies (CIfA, ABC transporter, TA, PhnD)

Suresh et al, Int J Med Microbiol. 2019;309:1-12
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Drug repurposing as a source of potentiators

New drug development

N

‘ Basic Drug In vitro In vivo -
"!J’ research design efficacy efficacy Phase 1 Phase 2 Phase 3 FDA filing

3~5 years 5~7 years

1~2 years

Rediscovery of old drugs
International Journal of Antimicrobial Agents 49 (2017) 315-320 for new uses

Contents lists available at ScienceDirect

\V
International Journal of Antimicrobial Agents M\,

rrertera Sacen o emcmera

journal homepage: www.elsevier.com/locate/ijantimicag

Screening a repurposing library for potentiators of antibiotics against @Cmm ... but often active at supratherapeutic concentrations
Staphylococcus aureus biofilms and/or onIy in vitro

Freija Van den Driessche, Gilles Brackman, Rosalie Swimberghe, Petra Rigole,
| Tom Coenye *

Laboratory of Pharmaceutical Microbiology, Ghent University, Ottergemsesteenweg 460, 9000 Gent, Belgium

Gupta et al, Trends Pharmacol Sci. 2013;34:508-17
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Drug repurposing as a source of potentiators: a possibly successful story ?

What about
the antifungal
caspofungin ?
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Combining antibiotics with drugs having a complementary action

Fibrinolytic agents

QUL OS2200Q_ 00
06906065600 009008

RO St Zapotoczna et al., PLoS Pathog. 2016,;12:e1005671
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Combining antibiotics with drugs having a complementary action

Fibrinolytic agents catheters in vitro

12 Treatment of USA300 JE2 biofilm

Hogan et al, Antimicrob Agents Chemother. 2018;62. pii: e02008-17
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Combining antibiotics with drugs having a complementary action

|
Fibrinolytic agents catheters in vitro
12 Treatment of USA300 JE2 biofilm
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Fibrin biofilm Zapotoczna et al., PLoS Pathog. 2016;12:e1005671 Hogan et al, Antimicrob Agents Chemother. 2018;62. pii: e02008-17
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Combining antibiotics with drugs having a complementary action

Fibrinolytic agents catheters in vitro catheters in vivo

A (i)

(iv)

(iii)

12 Treatment of USA300 JE2 biofilm
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Combining antibiotics with enzymes destroying the matrix
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Staphylococcal biofilms: strategies currently under investigation
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Agent antibactérien T i

Repurposed drugs
(Thioridazine,
Niclosamide)

Nanoparticles
(Silver, Zinc oxide
& nitric oxide
releasing
nanoparticles)

Phages (K, DRA88)

Phytochemicals:
Ferulic acid,
xanthohumol
plumbagin etc

ECM degrading
enzymes:
Lysostaphin,
CHAP,
dispersin-B,
neutrase etc

Laser shock
waves

Photodynamic
therapy (Ce6)

Ultra sound

Drug combinations

Antibiotics
(OXA+AZM/GEN+FA,
RIF+CFZ/VAN etc)

Antibiotic-phytochemical
(OXA+ xanthohumol,
CIP+reserpine etc)

S. aureus

Initial
attachment

Bacterial
aggregation

Mature
biofilm

Alteration of surface morphology (MeCe, PEG)
ACL (GEN-EDTA, TMP+EtOH+EDTA; ML:8+Citrox)

Chelators & sulfhydryl compounds (EDTA, TSC, DTT)
Antimicrobial coating (SCAA)

Antibiotic-repurposed
drug (TOBRA and
thioridazine)

Antimicrobial peptides
(LL-37, 17BIPHE2, KR-12,
KE-18, citropin 1.1 etc)

{ '\\

Biofilm disruption
& bacterial death

Antibodies (CIfA, ABC transporter, TA, PhnD)

Suresh et al, Int J Med Microbiol. 2019;309:1-12
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Mode of action of antimicrobial peptides against biofilms

extracellular
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Grassi et al, Front Microbiol. 2017;8:2409 i
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A An example with nisin ...

Nisin and derivatives thereof

0D492

Field et al, Front Microbiol. 2016,;7:508
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Field et al, Front Microbiol. 2016;7:508

An example with nisin ...
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An example with nisin ...

Nisin and derivatives thereof

0D492

-

CHL +
Nisin & derivatives

Field et al, Front Microbiol. 2016;7:508
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Mode of action of antibodies against biofilms

'd ™\ i ™\
(A) Neutralization (B) Opsonophagocytosis
- P b Adhesins
Tested targets for mAbs MSCRAMMs (CIfA, FnBPA), Binding to bacteria and
Cna, $asG soluble bacterial factors
Cell wall-modifying
enyzmes \- 7”’
Amd*, Gmd*, IsaA }_ *
Capsule (CP) Y
Cell wall (LTA, WTA) Blocking bacterial
Glycopolymers Membrane - adhesion to a surface
LTA, WTA, CP Cytosol j \ o ‘f" §
Others ‘m} Toxins
GrfA, PhnD W ) Hla, LukAB,
@ ﬁ LukED, LukSF,
HlgAB, HigCB
PNAG,
DNABII
e ~N
(€) Complement (D) Destabilization of
activation biofilm matrix
Inflammation
(C3a, C5a)

\-Lﬁr Clq

L t
Opsonization Direct killing -
(C3b) (MAC)
Bacterial attachment Biofilm formation and maturation Biofilm dispersal
Bacterial adhesion via Proliferation, cell aggregation Matrix disruption
MSCRAMMSs (FnBPA, FnBPB, CIfA, (via SasG), and matrix production (by mechanical stress; PSMs,
Cna), Atl, Bap, SasC, SasG (PNAG, eDNA, proteins) proteases, nucleases)

Raafat et al, Trends Microbiol. 2019;27:303-22 i
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Antibodies against biofilms to destroy the matrix

In vivo (endocarditis)
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Staphylococcal biofilms: strategies currently under investigation
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Antipersister compounds to help antibiotics eradicating bacteria in biofilms
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Antipersister compounds to help antibiotics eradicating bacteria in biofilms
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Antipersister compounds to help antibiotics eradicating bacteria in biofilms
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Staphylococcal biofilms: which are the best weapons to combine?

* Antibiotic combinations:
* Useful to prevent resistance
* Frequent synergy in vitro
* Sometimes synergy in vivo }

rifampicin / other bactericidal drugs ?

* Repurposed drugs as potentiators:
* May accelerate development
* But consider active concentrations vs. therapeutic concentrations

e Peptides and antibodies:

* Promising, some are in clinical development
* But ADME issues .....

* Antipersisters:
* Highly effective
e Currently only preclinical preliminary data available
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