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Biofilms in human infections

Biofilms are associated to 652-80° % of human infections and
can colonize virtually all organs ...

Sites of Primary and Secondary Biofilm Infection ear

nose
throat
mouth & teeth
eye
lung
heart
kidney
gall bladder
pancreas
nervous system
skin
bone

*k%k

SITES OF
PRIMARY
INFECTION:

Subvenous
cathether

implanted medical devices

UCL 5 aCDC 1999; bLewis et al, Nat Rev Microbiol. 2007; 5:48-56
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Antibiotics and biofilms in clinical practice
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How to find a solution ?

—> Appropriate models...
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In vitro static models

N

multiwell plates
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Antibiotic activity: planktonic vs. biofilm cultures

Parameter Abbreviation Definition
Minimal inhibitory The lowest concentration of an antibiotic that inhibits the visible
) MIC growth of a planktonic culture after overnight incubation
concentration
- - The lowest concentrations of an antibiotic that resulted in an OD650
Minimal biofilm _ . .
N . MBIC difference at or below 10% (1 Log difference in growth after 6 h of
inhibitory concentration . ) " .
incubation) of the mean of two positive control well readings.
Minimal bactericidal MBC The lowest concentration of an antibiotic producing a 99.9% CFUs
concentration ) reduction of the initial inoculum of a planktonic culture.
e .. The lowest concentration of an antibiotic producing a 99.9% reduction
Biofilm bactericidal o
. BBC of the CFUs recovered from a biofilm culture compared to growth
concentration
control.
Minimal biofilm MBEC The lowest concentration of an antibiotic that prevents visible growth
cradication concentration ' in the recovery medium used to collect biofilm cells.
Biofilm prevention BPC Same as MBIC but bacterial inoculation and antibiotic exposure occur
concentration simultaneously.
UCL 4 Macia et al, Clin Microbiol Infect. 2014, 20(10):981-9
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Determining antibiotic activity against planktonic bacteria

antibiotic conc.

MIC
(minimal inhibitory concentration)

Control 0.5ug/mL 1pg/mL  2pg/mL 4 pug/mL 8 ug/mL

g el B O e i

(minimal bactericidal concentration)

Ly — =

MIC

o

MBC
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Static models: Calgary Biofilm Device

Determination of
Minimal Biofilm Eradication Concentration

(MBEC)
B Cc D
° ® 2h +0; 48h -0, wash wash
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single attac hed bacteria biofilm incubation with antibiotics
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dilution series

Ceri et al, J. Clin. Microbiol. 1999; 37:1771-6; Herrmann et al, J Infect Dis. 2010;202:1585-92
PK/PD in biofilms
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Comparing antibiotic activity: planktonic / biofilm cultures

Ampicillin and levofloxacin vs. H. influenzae from middle ear fluid

100 N 100
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Activity against biofilm << activity against planktonic bacteria

ucL, Takei et al, J Infect Chemother 2013; 19:504-9
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PK/PD studies: the principles

Pharmacokinetics Pharmacodynamics
o
c whd
o e
o T,
Temps | Conc. (log)
PK/PD
9
T,
. Temps
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Static models: 96-well polystyrene plates

appropriate

dyes
to evaluate biomass or
bacterial load
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Quantifying biomass and metabolic activity in biofilms

biofilm mass N

crystal violet

(00000000 AT UL
toococo0® | |

Christensen et al, Infect. Immun. 1982; 37:318-26
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Quantifying biomass and metabolic activity in biofilms

biofilm mass N

crystal violet O cr

(00000000 AT UL
toococo0® | |

Christensen et al, Infect. Immun. 1982; 37:318-26
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>

log CFU/ml

CFU counting vs. RF fluorescence

An example for S. aureus

relation between fluorescence
and bacterial inoculum for S. aureus
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sensitivity depending on incubation time
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Pharmacodynamic model for antibiotic activity

. . see als©
An example with young biofilm of S. aureus ster BY

Diaz g€
et al
vancomycin
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UCLEE Bauer, Siala et al, Antimicrob Ag Chemother. 2013,57:2726-37
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S. pneumoniae biofilms - influence of maturity

moxifloxacin
metabolic activity biomass
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Vandevelde et al, Antimicrob Ag Chemother. 2014; 58:1348-58
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S. pneumoniae biofilms - influence of maturity

moxifloxacin
metabolic activity biomass
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Comparison of PD parameters for different drugs

S. pneumoniae

viability i S5
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CIP 0.1 pg/mL

Study of drug combinations

Ciprofloxacin-Clarithromycin

P. aeruginosa exposed to ciprofloxacin + clarithromycin
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How to explain this “apparent” resistance or tolerance?

—~>importance of PK/PD parameters

UCL 3 ' 20 LDR?
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PK/PD parameters in biofilms

nutrients
&
oxygen

catheter, bone, skin, cardiac valve, ..

pharmacokinetics

= diffusibility through the matrix
= bioavailability within the biofilm
= access to bacteria

= efflux out of bacteria

PK/PD in biofilms

pharmacodynamics

= bacterial responsiveness
(metabolic activity of bacteria)

= antibiotic expression of activity
(local environment [O,, pH, ..])




PK/PD parameters in biofilms

nutrients
&
oxygen

catheter, bone, skin, cardiac valve, ..

pharmacokinetics

= diffusibility through the matrix
= bioavailability within the biofilm
= access to bacteria

= efflux out of bacteria
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Importance of antibiotic concentration
iInside biofilms for activity

S. aureus biofilms
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How to help antibiotic to reach their target ?

—>disruption of the matrix
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lacA and polysaccharide synthesis in S. aureus

Ica A is involved in N-acetylglucosamine homopolymer synthesis

Peptidoglycan
Teichoic acids

¥ GleNAc-transferase
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Mature Reviews | Micrabiclogy
ucL fﬁ‘z Otto et al., Nat. Rev. Microbiol. 2009; 7:555-67 LDRi’
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Importance of icaA expression and PNAG
abundance for antibiotic activity in biofilms

S. aureus biofilms

icaA
expression
1
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Fluoroquinolone activity in biofilm is inversely correlated with icaA expression
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el N 06/10/2016 PK/PD in biofilms 26 mmef1 N



The antifungal caspofungin
as an inhibitor of polysaccharide synthesis

I
OHp HHN™ o
N
(0]
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(0]
WNH
(0]
A NH,
IcaB HO' Hin A\\\OH
g HO,
N-deacetylation -0 N ©

S )

OH

Mannoprotein
polypeptide
Glucan polymers

Chitin

Glucan

synthase

GDP- @

GDP

Candida albicans

Staphylococcus sp.

Atkin et al, FEBS Lett. 2014;588:1869-72 Adapted from Arnold, Kucer’s 6the edition
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| Inhibition of IcaA by caspofungin
iIncreases fluoroquinolone penetration in biofilms

iNFi 100
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| Inhibition of lcaA by caspofungin
iIncreases fluoroquinolone efficacy in biofilms

S. aureus biofilms
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Improving drug delivery thanks to vectors

come
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Antimicrobial Antimicrobial molecule carriers
molecule carriers conjugated with antibodies

s

Antimicrobial molecule carriers
conjugated with antibodies

: Polymeric NP . Future... l! :

Antimicrobial molecule carriers
Ag NPs carrying antimicrobial

: molecules conjugated with antibodies

NO carriers  Antimicrobial molecule carriers
conjugated with antibodies

N
M
etal NP — “
Ag, Au, Cu, ZnO or MgF,

Nitric oxide (NO) @@

Metal with antimicrobial

properties o 5
Antimicrobial molecule .
UcCL @ Ribeiro et al. , Pharmacology & Therapeutics 2016; 160:133—144 LDRi’
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PK/PD parameters in biofilms

nutrients
&
. oxygen
catheter, bone, skin, cardiac valve, ..
pharmacodynamics

= bacterial responsiveness
(metabolic activity of bacteria)

= antibiotic expression of activity
(local environment [O,, pH, ..])
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Why do bacters
ia feel well ibioti
> biofilanq? antibiotics feel bad
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ucL 5\
e |/
ddddd 7 06/10/2016

PK/PD in biofiims




Environmental pH

. o
S. aureus + delafloxacin  giofiim pH _ oo
|
N N
F
HO' NZ |
H,N X
20118027 2005/179 2003/651
6.7 6.7 6.7
Jg:_ 6.2 6.2 6.2 delafloxacin
57 57 5.7 ]
52 52 52 Correlation between
“0 5 10 15 20 25 30 “0 5 10 15 20 25 30 “0 5 10 15 20 25 30 delafloxacin relative potency
biofilm depth (um) and MIC at the pH
* Labelling with Seminaphthorhodafluor-4F 5-(and-6) carboxylic acid (C-SNARF-4) of the surface of the biofilm
-5 variance * ®
analysis
= -6 .
Influence of pH on delafloxacin MIC 2%. 6]Prob:0.120
d E
0?2'2' 20118027 . 2005/179 - 2003/651 o=
0425 - : € o
3 0.06257 ' . ~'a
E o032 - : /// (8] ﬁ
0.0156251 ] ] =
= 7.8x100% 1 1 = ®
O 3.9x10-031 N 4=
= 2.0x10-0% o 5
9.8x1004 Sa
4.9%10°%4
240 55 60 65 70 75 50 55 6.0 65 7.0 7.5 50 55 6.0 6.5 7.0 7.5
pH - . r : . . .
3 2 1 0 1 2 3
- . T .. relative potency
Biofilm pH may influence antibiotic intrinsic activity (log C25 [mglL])
ucyggﬁa Siala et al, Antimicrob. Ag. Chemother. 2014, 58: 6385-6397. LDR?
g\ 06/10/2016 PK/PD in biofilms 34 =L N



Specific phenotypes in biofilms: persisters

IPersister cell
Primary attachment Accumulation N F
and matrix ?
@ @ production y g Matrix
Surface \ . @ "'_"‘ - - =
Y
Immunity Factors and
Biofilm regrowth and Bactericidal Antibiotic treatment
infection relapse antibiotic o - F
Persister \&i‘ .q o Dead::l:

resuscitation Symptoms alleviate Q ;. — ' B o e

@ Antibiotic treatment e 6 T / Matrixc kb it

? ? ° ceased ool X e ) 'D"::;T;f::

2 & o £
Conventional
antibiotic
«— | —
Anti-persister
antibiotic
— . —y
UCL 5@ Coulon, Bioassays 2014, 36: 991-6
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How to help antibiotics waking up bacteria ?

—>anti-persister compounds
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Antipersisters + antibiotics

S. aureus + ADEP4 + antibiotics
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In vitro dynamic models

IR

permanent fluid unidirectional flow constant
stirring replacement conditions
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What does constant flux to the story ?
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Dynamic models: bioreactors

CDC reactor:

» constant mixing by stirring
—> kinetic experiments with change in medium composition over time
* high shear stress

Bioreactors

|
Iﬂ_ . O
_ Immersible )
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Study of antibiotic activity - mimicking human exposure

S. aureus biofilms

Simulated regimens:
DAP (10 mg/kg once daily) / LZD (600 mg twice daily)
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Study of antibiotic activity - mimicking human exposure

S. aureus biofilms

poster ¥
Simulated regimens: giala et @
DAP (10 mg/kg once daily) / LZD (600 mg twice daily)
Planktonic cultures Biofilm (CDC reactor)
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Combination more useful against biofilm than planktonic bacteria
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Conclusion: PK/PD in biofilms: what did we learn ?

Painting of the establishment of the State University of Ghent in 1817
when the city was under Dutch rule

et o LORI
catholique \A:j 06/10/2016 PK/PD in biofilms A4 e

de Louvail



Conclusion: PK/PD in biofilms: what did we learn ?

: : : King
= Many methods to evaluate biomass / bacterial survival LOS by
forwar

ON
no real consensus on the best options o PROIC \
debate *

» Many models to grow biofilms in vitro many

comparison between studies difficult prese“‘?d
more relevant model ? p

= Antibiotic activity on biofilms <<< planktonic bacteria
no or limited effect on the matrix
determining PK parameters: diffusion / bioavailability

determining PD parameters: expression of activity / bacterial responsiveness
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Perspectives: PK/PD in biofilms: where do we go ?
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PK/PD in biofilms: Where do we go ?

. T - . . - e ch more
Increasing antibiotic activity against biofilms g“ée \earne

ing 'S
PK = - dispersing the matrix

L o matrix constituants ?
o hanovectors to improve delivery

o metabolism within biofilm ?

ﬁ - modifying environmental factors
§ o factors affecting antibiotic activity ?

- modifying bacterial metabolism
o reversion from persister phenotype
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