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Microbiological difficulties and challenges in anti-infective therapy

e Resistance

e Persistence

« Small Colony variants

e |ntracellular forms

 Biofilms
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Difficultés et defis microbiologiques de l'antibiothérapie

3

» A force d'etre agressées, » Elles mutent génétiquement,
les bactéries s'adaptent, deviennent imperméables

par sélection naturelle aux antibiotiques ou produisent

des enzymes aptes

ales décomposer.

Elles continuent de se multiplier.

e Resistance

e Persistence

Elles peuvent parfois transférer
le code genétique de cette
résistance aux

bacteries voisines

 Small Colony varie

e [ntracellular forms| |Quand
les bacteéries

font de la résistance...
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 Biofilms
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Difficultés et defis microbiologiques de l'antibiothérapie

Resistance

Persistence
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Figure 3. Longer-term time kill experiments. Changes in viable cell density, means and standard errors (bars), for three independent cultures of
S. aureus each exposed to different concentrations (5x MIC, 10 MIC and 20 x MIC) of four antibiotics: (A) Ciprofloxacin, (B) Gentamicin, (C) Oxacillin
and (D) Vancomycin.

doi:10.1371/journal pgen.1003123.g003

Johnson & Levin. PLoS Genet. 2013;9:1003123. - PMID: ;

Not all bacteria are dead !
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https://www.ncbi.nlm.nih.gov/pubmed/?term=23300474

Difficultés et defis microbiologiques de l'antibiothérapie

e Resistance

e Persistence

« Small Colony variants

Figure 1| Small colony variants. Columbia blood-agar plates that show the normal (a)
and the small colony variant (b) phenotype of Staphylococcus aureus are shown.

Proctor et al. Nat Rev Microbiol 2006;4:295-305 - PMID:

Eradication of 'small colony variants"” requires
prolonged antibiotic treatments often in multi-drug
combinations
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https://www.ncbi.nlm.nih.gov/pubmed/?term=16541137

Difficultés et defis microbiologiques de l'antibiothérapie

e Resistance

e Persistence

« Small Colony variants

e |Intracellular forms

S. aureus in
human osteoblasts

® I " Kalinka et al., Int 3 Med Microbiol. 2014;
Biofilms 3041103643 - PMID:
Recalcitrant to eradication....
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http://www.ncbi.nlm.nih.gov/pubmed/?term=25129555

Difficultés et defis microbiologiques de l'antibiothérapie

e Résistance

e Persistance

e Small Colony variants Frangoise

Van Bambeke

e Formes intracellulaires Wafi Siala

e Biofilms
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Biofilms in human infections

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

Sites of Primary and Secondary Biofilm Infection ear
nose
SITES OF throa’[
INFECTION: mouth & teeth
Subvenous eye
cathether Iung
heart
Kidney
gall bladder
pancreas
nervous system
skin
bone
*%k*

Implanted medical devices

U-C-vaig‘- aCDC 1999; PLewis et al, Nat Rev Microbiol. 2007; 5:48-56

delouvain 27-04-2018 Antiinfectives and biofilms 8 LDR?



Antibiotics and biofilms in clinical practice
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The presence of antibiotic-resistant nosocomial pathogens in endotracheal tube biofilms and corresponding
surveillance cultures.

Vandecandelaere |, Matthijs M, Melis HJ, Depuydt P Coenye T.

- Treatment failure is not rare...
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In vitro static models

N

multiwell plates
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Antibiotic activity: planktonic vs. biofilm cultures

Parameter Abbreviation Definition

The lowest concentration of an antibiotic that inhibits the visible

Minimal inhibitory - : R :
MIC growth of a planktonic culture after overnight incubation

concentration

The lowest concentrations of an antibiotic that resulted in an OD650
MBIC difference at or below 10% (1 Log difference in growth after 6 h of
incubation) of the mean of two positive control well readings.

Minimal biofilm
inhibitory concentration

Minimal bactericidal MBC The lowest concentration of an antibiotic producing a 99.9% CFUs
concentration ) reduction of the initial inoculum of a planktonic culture.

. G : o .
Biofilm bactericidal The lowest concentration of an antibiotic producing a 99.9% reduction

: 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.
UCLE‘ Macia et al, Clin Microbiol Infect. 2014; 20(10):981-9 LDR?
ﬁ?@'e WY 27-04-2018 Antiinfectives and biofilms 11 S



Static models: Calgary Biofilm Device

Determination of
Minimal Biofilm Eradication Concentration

(MBEC)
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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
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Comparing antibiotic activity: planktonic / biofilm cultures

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

20 -
104

£ 90 £ 90 -
e 4 © 80 -
o 80 o

8 70 - 8 70
c ® 60 -
S 01 S

© 50 $ 50 1
g 40 A g 40 -
B 30 A =

E S

S £

© O

— o™ =

Concentration of AMPC (ug/ml) S 5 6 © 8 o

Concentration of LVFX (pg/ml)
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ucL, Takei et al, J Infect Chemother 2013; 19:504-9
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PK/PD studies: the principles

Pharmacokinetics Pharmacodynamics
g
© L1
Temps | Conc. (log)
PK/PD
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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

crystal violet

@R X X XXX )
vooooc0o0®

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

biofilm mass ~y

crystal violet ‘ cr

cooeeecee (U L
tooococooe® | |

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

Gram(+) bacteria metabolic activity

Gram(-) bacteria
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UCL /4 Tote et al, 2008; Lett. Appl. Microbiol. 46:249-254
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CFU counting vs. RF fluorescence

An example for S. aureus

relation between fluorescence
and bacterial inoculum for S. aureus
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CFU & RF signal proportional sensitivity depending on incubation time

UCL /&, Bauer, Siala et al, Antimicrob Ag Chemother. 2013;57:2726-37; Van den Driessche et al, J.Micr. Meth. 2014; 98:31-4 LDR?
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Pharmacodynamic model for antibiotic activity

An example with young biofilm of S. aureus

vancomycin
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Bauer, Siala et al, Antimicrob Ag Chemother. 2013;57:2726-37
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Pharmacodynamic model for antibiotic activity

vancomycin vs. young biofilms

Comparison between young and mature biofilms

vancomycin vs. mature biofilm
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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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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 SS
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How to explain this “apparent” resistance or tolerance?

PK/PD in biofilms:

nutrients
&
. oxygen
catheter, bone, skin, cardiac valve, ..
pharmacokinetics pharmacodynamics
= diffusibility through the matrix " bacterial responsiveness
= bioavailability within the biofilm (metabolic activity of bacteria)
= gccess to bacteria = antibiotic expression of activity
= efflux out of bacteria (local environment [O,, pH, ..])

bl N 27-04-2018 Antiinfectives and biofilms
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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




Importance of antibiotic concentration
iInside biofilms for activity

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

Disrupt the biofilm matrix ...

- Bacterial cell

Enzyme

OOOOXXD  Exopolysaccharide
@MD" DNA
W Protein

Water channel

UCL & Rabin et al., Future Med. Chem. 2015; 7:493-512
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lacA and polysaccharide synthesis in S. aureus

Ica A is involved in N-acetylglucosamine homopolymer synthesis

Peptidoglycan
Teichoic acids

b sigB, sarA
and luxS

—T )
icaD icab icaC

icaA

Mature Reviews | Microbiclogy

Otto et al., Nat. Rev. Microbiol. 2009; 7:555-67
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Importance of icaA expression and PNAG
abundance for antibiotic activity in biofilms

S. aureus bhiofilms
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Fluoroquinolone activity in biofilm is inversely correlated with icaA expression

UCL Siala et al, Nature Communications 2016; 7:13286 LDR?
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~ The antifungal caspofungin _
as an inhibitor of polysaccharide synthesis

g
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GDP- @@ synthase
GDP
Staphylococcus sp. Candida albicans
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
Increases fluoroquinolone penetration in biofilms
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Caspofungin increases fluoroquinolone activity
In vitro and In vivo

20118027
14 14
_ 12 L 12
E 10] ¢ A A L 10
z 8 AA s
Oo 61 I -6
g 4 §B L 4
- 2 B | B Lo
04 - ! L0
> oK O O AD
e 0«‘\* o"“@ﬁo‘* PN oF
= & &
> Xen36
cC 14 14
— _ o121 12
n E 10 . L 10
Q 2 1A AaA A 8
© s{MmE B 6
((b) &£ 4 B B |4
= 5
) 2 2
5 - °
M OK DO A OAD
0& X @*xo‘” dfik foa {)Qt s
& <r
< N
2003/651
14 14
- 121 - 12
E 101 - 10
g 81 A A 8
A
cujc: 61 A A “F 8 [ 6
g 41 A 4
- 2 L2
0- L0
MO D oSt D
0/{2* o"‘@“"‘xd?‘ Qx\@ov & fea
= <
& S
UCLf,E.E Siala et al, Nature Communications 2016; 7:13286 LDR?
@Y 27.04-2018 Antiinfectives and biofilms 32 LM



Caspofungin increases fluoroquinolone activity
In vitro and In vivo

Moxifloxacin Delafloxacin
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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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Environmental pH

S. aureus + delafloxacin  giofiim pH i coon
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Siala et al, Antimicrob. Ag. Chemother. 2014, 58: 6385—-6397. LDR?
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In vitro dynamic models

permanent fluid unidirectional flow constant
stirring replacement conditions
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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

|
:"‘_ . "
~ Immersible )
I_ Heater
E B,
/— 7 O Stir Plate
Media Carboy Peristaltic Pump %
"
1
Waste Carboy
UCL 2 Stewart et al, PLoS One 2012;7(11):€50560 LDR?
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CDC reactor:
Mimicking the pharmacokinetic profile of selected antistaphylococcal agents

concentration (mg/L)

concentration (mg/L)

Dynamic models: bioreactors
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Siala et al, Antimicrob. Agents Cheomther. in press

27-04-2018

Antiinfectives and biofilms

— ORI



Dynamic models: bioreactors

CDC reactor:

Activity of antibiotics alone or in combination
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Conclusion: PK/PD in biofiims: what did we learn ?

= Many methods to evaluate biomass / bacterial survival

no real consensus on the best options

= Many models to grow biofilms in vitro

comparison between studies difficult

more relevant model ?

= 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

UCL 5\

Université 5 & H

catholique %47 s
delouvain "o AQ oo e s
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Pros and Cons on biofilims models ...

Standardized biofilm models more Data interpretation with caution
predictive than planktonic cultures due to in vitro/in vivo differences
viz. in biofilm biology
- Antibiotic activity against sessile
bacteria

- Resistance and tolerance
mechanisms in biofilms

Possible applications Modulation of drug activity by
PK/PD parameters, host (e.g.
immune response, host tissue) and
environmental factors (e.g. oxygen,
nutrients)

with a clinical trial
> Basic biology of biofilms —

- Drug/device registration
- Drug/device comparisons
- Support to move forward

Coenye et al, Clin Microbiol Infect. 2018. pii: S1198-743X(18)30052-1.
UCL doi: 10.1016/j.cmi.2018.01.003. i
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