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The infected cell: a guided tour ...
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Intracellular killing of bacteria
by host cell defence mechanisms

Phagosomes

Lysosomes

X

Phagolysosomes
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Some bacteria can escape
host cell defence mechanisms ...

® Q Early endosomes

/‘

Inclusions Phagosomes Mycobacterium spp.
Chlamydia spp. Salmonella spp.
Brucella spp.
O7
Lysosomes C N )

O Cytosol

Listeria monocytogenes
Shigella flexeneri

()
Endoplasmic reticulum
Phagolysosomes Legionella pneumophila

Legionella pneumophila

Staphylococcus aureus
Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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Benefits of intracellular life
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Benefits of intracellular life

14/02/2012 Tours - INRA



Migration to the CNS

L'S tel‘ ia. A. Direct invasion of endothelial cells

from the gut to the CNS

2 3 SN
adherence and transfert
from monocytes to endothelial cells

bone-marrow monocyte
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B. Phagocyte-facilitated invasion C. Neural route - : r (
intra- axonal Iabellng

Oral tissue
by anti-listeria antibodies

\\ <€~ Nerve endlng

Antal et al., Brain Pathol. (2001) 11:432-8; Drevets & Bronze, FEMS Immunol Med Microbiol. (2008) 63:151-65
Drevets & Leenen, Microbes Infect. (2000) 2:1609-18; Drevets et al., Clin. Microb. Rev. (2004) 17:323-47
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Benefits of intracellular life
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S. aureus can survive and multiply
In several cell types

Mechanisms of Staphylococcus aureus invasion of cultured osteoblasts.
Ellington et al. Microb Pathog. (1999) 26:317-23.

Invasion of human keratinocytes by Staphylococcus aureus and
intracellular bacterial persistence represent haemolysin-independent
virulence mechanisms that are followed by features of necrotic and
apoptotic keratinocyte cell death.

Mempel et al. Br J Dermatol. (2002) 146:943-51.

In vitro ability of Staphylococcus aureus isolates from bacteraemic
patients with and without metastatic complications to invade vascular
endothelial cells.

Park et al. J Med Microbiol. (2007) 56:1290-5.

Staphylococcus aureus invasion of bovine mammary epithelial cells.
Almeida et al. J Dairy Sci. (1996) 79:1021-6.
Brouillette et al. Microb Pathog. (2003) 35:159-68.
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S. aureus can survive and multiply
In several cell types

Intracellular Staphylococcus aureus. A mechanism for the indolence of

osteomyelitis.
Ellington et al. J. Bone Joint Surg Br. (2003) 85:918-21

Intracellular persistence of Staphylococcus aureus small-colony variants
within keratinocytes: a cause for antibiotic treatment failure in a patient

with darier's disease.
Von Eiff et al. Clin Infect Dis. (2001) 32:1643-7

Phagocytosis of Staphylococcus aureus by cultured bovine aortic
endothelial cells: model for postadherence events in endovascular

infections.
Hamill et al. Infect Immun. (1986) 54:833-6.

Demonstration of intracellular Staphylococcus aureus in bovine mastitis

alveolar cells and macrophages isolated from naturally infected cow milk.

Hebert et al. FEMS Microbiol. Lett. (2000) 193:57-72.
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P. aeruginosa as an intracellular pathogen

* penetration inside epithelial cells and phagocytic cells
— protection from immune defences

* reservoir responsible for persistence
or recurrence of infections

« intracellular fate not yet fully characterized ....

Pneumocytes Alveolar macrophages

At e,

=

Schmied| et al., Cell Tissue Res. (2010) 342:67-73.
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Benefits of intracellular life
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Failure to eradicate with antibiotics in vitro ...

Reduced Ability of Penicillin to Eradicate

Ingested Group A Streptococci from Epithelial Cells:
Clinical and Pathogenetic Implications

Staphylococcus aureus Small-Colony
Edward L. Kaplan,* Gursharan S. Chhatwal? and Manired Rohde’ . el . .
'Department of Padiatrics, University of Minnesota Medical School, Minneapolis, Minnesota; and *Department of Microbial Pathogenesis; Varlants Wlthm Keratmo ) €s. A Cause
Helmhaltz Centre for Infection Research, Braunschweig, Germany Clinical Infectious Diseases 2006; 13:1398-406
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Intracellular Persistence of

for Antibiotic Treatment Failure in a
Patient with Darier’s Disease

Christof von Eiff,' Karsten Becker,' Dieter Metze,? Gabriele Lubritz,’
Johannes Hockmann,? Thomas Schwarz? and Georg Peters'

'Institute of Medical Micrabiology and “Department of Dermatology,
Westfélische Wilhelms-Universitat Miinster, Miinster, Germany
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Developmental Cycle

Clarke*
Persistence of etythromycin

Penicillin Induced Persistence in Chlamydia trachomatis:
High Quality Time Lapse Video Analysis of the

Rachel J. Skilton®, Lesley T. Cutdliffe®, David Barlow, Yibing Wang, Omar Salim, Paul R. Lambden, lan N.

Molecular Microbiology Group, University of Southampton Medical School, Southampton General Hospital, Southampton, United Kingdom
-resistant
ntgroup a streptococeiin

__________________ Cultured respiratory cells,

Pakdechnic University Medica) Schoal, Ancona taly
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and treatment difficulties ...

Infection. 1952 Mar-.ﬂ-.pr.EDLZ‘J:QB-‘Iﬂ‘D.

Fatal Legionella pneumophila pneu
sequential oral-parenteral amoxicillin

i d.
Degt_ of Internal edicing, Universty Hospital, Basel, Syvitzerlan

Pathophysiolo

J Ciampolini and K G Harding
Postgrad Med J 2000 76: 479-483

10logy of chronic bacterial
osteomyelitis. Why do antibiotics fail so often?

TEADV (2001] 15, 205—409
ORIGINAL ARTICLE

Electron microscopic evidence of persistent chlamydial infection
following treatment

EY Bragina,t MA Gomberg&* GA Dmitrievt

‘+Department of Microbiology, Central Institute of Skin and Venereal Diseases, Laboratory of Viral Urogenital Infections, Central Institute of Skin
and Venereal Diseases, Korolenko Str., 3, Moscow, 107076, Russia.

monia: treatment failure despite early
-clavulanic acid therapy.

Int ] Tub erc_Lur‘.g Dis. 2004 Jan;2(1)31-2 |
Development of acquired drug resistance |

| in recurrent tuberculosis patients with |
various previous treatment outcomes.
I

Yoshiyama T, Yanai H, Rhiengtong D, P:.Iimpnng:quln P,
Nanqr:.isuﬂ.Swm‘itkul §, Uthaivorawit W, Mori T. |

| Epidemiology Division, Eesearch Institute of Tuberculosis, |
| Kiyose, Tokyo, Japan.

Clinical Infectious Diseases  1999;29:1340-1
Development of Listerial Meningitis
during Ciprofloxacin Treatment
Nicholas M. Grumbach, Eleftherios Mylonakis,
and Edward J. Wing

14/02/2012

Journal of Antimicrobial Chemotherapy (2005) 55, 383-386

Intracellular persistence of Escherichia coli in urinary bladders
from mecillinam-treated mice

M. B. Kerrn'*#, C. Struve', J. Blom®, N. Frimodt-Mgller’ and K. A. Krogfelt'

j;‘_’)\c_vj.uamne.in‘ of Bacteriology, Mycology and Parasitology, *National Center of Antimicrobials and Infection
Control and *Department of Virology, Statens Serum Institut, Copenhagen, Denmark

Tours - INRA 14




How to hit intracellular bacteria with antibiotics ?

Agent antibactérien | [Aw{i{.-
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Antibiotic properties for intracellular activity

PK / PD

cooperation with

metabolism  binding host defences

/nf/ux \ f

physico-chemical

& conditions
efflux accumulation
~and bacterial
bioavailability ,
responsiveness

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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Antibiotic accumulation and subcellular distribution

endocytosis

p-lactams; fast; ~ 1 x aminoglycosides: slow ; 2-4 x
fluoroquinolones : fast glil/cfﬁefgdxe st slow
CIP, LVX: 4-10 x TLV ~ 50 x
MXF, GAR, GMF : 10-20 x ORI ~ 150-300 X
macrolides: fast
? ERY: 4-10 x
linezolid: ~ 1 x ) CLR, ROX, TEL: 10-50x
lincosamides: 1-4 x AZM: > 50 x
tetracyclines: 2-4 x SOL: 350 x
rifampin : 2-10 x oxazolidinones: fast
synercid: 30-50x RDZ : 10 x

diffusion/
segregation
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Can we simply predict intracellular activity
based on MIC and antibiotic accumulation?

activity on
MIC antibiotic intracellular
(L. monocytogenes) accumulation Listeria
(5 h: 10 x MIC)
1.5 g 100 g 1.5
75 -
1.0 T 1.0 _
50 -
0.5- 0.5-
25 -
007 AP AZM sPX 0""AWP AZM SPX 007" AmP AZM sPX

Ouadrhiri et al (1999) AAC 43:1242-51
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In vitro model of intracellular infection

i 88
e
1 mL human serum &%

Phagocytosis

Extracellular Wash
Gentamicin 100 X MIC h)

5 -10 x10° CFU/mg prot.
Time 0

Incubation (with antibiotics)
Forupto 24 h
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In vitro model of intracellular infection

L

Opsonization a tﬁ%’;“% S. aureus as an example
9 mL RPMI + }
1 mL human serum g m

Phagocytosis

Extracellular Wash —
Gentamicin 100 X MIC h) 4+ +:1)irr:l

N
i

Alog CFU
fromtime 0 h

2B

5 -10 x10° CFU/mg prot.

Time 0 0 6 12 18 24
\ time (h)
remains in

CCOCC
CCOCC
CCCC vacuoles

Incubation (with antibiotics)

Forupto 24 h _
Seral et al., Antimicrob. Agents Chemother. (2003) 47:2283-2292
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Setting-up appropriate models for the study
of cellular activity of antibiotics

moxifloxacin & S. aureus 9-

® intra
O extra

-0-0.06 -~ MIC
=*~06 10 xMIC
1}+4 = Cmax

b
Alog CFU 24h-0h
X

1
o
E 3 O
) L) L) L) L) L) L)
£ -4 2 1 0 1 2 3
o -5{extracellular - log extracellular
= concentration (mg/L)
2 0
O -14
D 5
0 -2
< ¥

-4-

-5-

intracellular
0 6 12 18 24
time (h)

Barcia-Macay et al, AAC (2006) 50:841-51
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Setting-up appropriate models for the study
of cellular activity of antibiotics

moxifloxacin & S. aureus 9-

® intra
O extra

-0-0.06 -~ MIC
=*~06 10 xMIC
1}+4 = Cmax

Alog CFU 24h-0h
X

0.
-1-
o
E 3 O
‘é'-4. 2 1 0 1 2 3
o -5{extracellular log extracellular
s /=" " :
concentration (mg/L)
2 0
LL
0 -1- 1
g2
< ¥
-4 model C.iat (X MIC)
-5{ intracellular
0 6 12 18 24 extra 0.27
time (h) :
intra 0.63
relative
Barcia-Macay et al, AAC (2006) 50:841-51 potency
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Setting-up appropriate models for the study
of cellular activity of antibiotics

moxifloxacin & S. aureus 9-

® intra
O extra

-0-0.06 -~ MIC
=*~06 10 xMIC
1}+4 = Cmax

Alog CFU 24h-0h
X

0.
B
S ) £+
o -2 —
E 3 O
‘é’ -4 2 1 0 1 2 3
o -5{extracellular log extracellular
s L/ 7 :
concentration (mg/L)

2 0
LL
0 -1- 1
gz
< ¥

-4 model C.iat (X MIC) E.ax

54 intracellular

0 6 12 18 24 extra 0.27 -3.86 (5.22 to 2.51)
time (h) :
intra 0.63 -2.77 (3.31t0 2.22)
relative maximal
Barcia-Macay et al, AAC (2006) 50:841-51 potency efficacy

14/02/2012 Tours - INRA



Setting-up appropriate models for the study
of cellular activity of antibiotics

moxifloxacin & S. aureus 9

® intra
O extra

-0-0.06 -~ MIC
=*~06 10 xMIC
1}+4 = Cmax

b
Alog CFU 24h-0h
X

—
3 ) £+
o -2 —
E 3 O
£ 4 2 10 1 2 3
o -5{extracellular log extracellular
s L :
concentration (mg/L)
2 0
LL
0 -1- 1
gz
< ¥
-4 model C.iat (X MIC) E.ax
-5{ intracellular
0 6 12 18 24 extra 0.27 -3.86 (5.22 to 2.51)
time (h) :
intra 0.63 -2.77 (3.31t0 2.22)

Quantitative comparison

~ models - relative maximal
~ drugs potency efficacy
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/

In vitro vs in vivo | A i
\ P < i 4
Linezolid & S. aureus O£ /(
in vitro in vivo
(macrophages) (peritonitis)

O extracellular A intracellular

O = {ofg] 0O ==—-cxira A =e=«jnira

MIC 3
5 _ 2
3 3
= =
© ° 1
g g
< § < 0
-24 E19977 ;
1 ] : | '1 | | 1 L}
-4 -2 0 2 4 2 0 2

mg/L (1og+,) mg/kg (log4o)

Sandberg et al. JAC (2010) 65:962-973
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Comparing different drugs against a single species

Activity at 24 h against S. aureus — fully susceptible strain

2.54 ¥ intra @ intra 2.5
v extra

i . N e, N - 0.0
—~ -2 5 v .
= 25 25
o
[]
£ 5,04 oxacillin moxifloxacin o | 5.0
g ] ] ) ] L] \ L] L] ) ] |} \l L]
5" Cmax Cmax
L 2.5+ : ) L 2.5
O H intra A intra
g: O extra A exra
< 004emeeeNeeNeeemacaaed bemaca g NCinaanaa-d - 0.0

=
-2.54 L .25
5.04gentamicin oritavancin L 5.0
| ] | ] | |} || | ] |} | ) | ) | ) | ) | )
2 1 0 1\2 3 2 4 0 1 2\ 3
Cmax Cmax

log extracellular concentration (X MIC)

Barcia-Macay et al., Antimicrob Agents Chemother. (2006) 50:841-51
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Balance of extra-and intracellular activity
of antibiotics against S. aureus

intracellular
A log CFU from time 0

extracellular
A log CFU from time 0

Adapted from Van Bambeke et al., Curr Opin Drug Discov Devel. (2006) 9:218-30
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What about resistant strains ?

VISA and DAP-resistant strains isolated from a patient with endocarditis

higher
intracellular

no effect
of resistance
phenotype

Alog CFU (24 h - 0 h)

m HMC 549 o ATCC 25923)

(m HMC 546

log extracellular concentration {mg/L)

Lemaire et al., Clin. Microbiol. Infect. (2008) 14:766-777

higher
intracellular

lower
intracellular
Emax

no effect
of resistance
phenotype
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What about resistant strains ?

S. aureus strains with increasing MICs to moxifloxacin

MIC (mg/L)

<0.06 0.125

1.0

@ NRS192

e SA1l m NRS386 o SA069

A NRS384

KKHII-7924

>

A log,, cfu/mg protein (24h-0h)

Log,, extracellular concentration (mg/L)

Intracellular
susceptibility

0 1 2 3 4

breakpoint
(b) _ﬂ'l‘oglo Cs _._Emux
(mg/L) (Alog,, cfu)
2
R?=0.875 f‘%
1 b ,Jj
/
A4
/7
0 - e
A Aﬂ«/’//
1] st L]
1 f . i R2=0.689
. i |
— B ;
-2 4 i
i g
' ! ' ! _3 T T T j T T T T T T
S GOBP PP v

MIC (mg/L)

Lemaire et al., J. Antimicrob. Chemother. (2011) 66:596-607
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Beta-lactams ~ MSSA and MRSA

MRSA are as susceptible as MSSA to B-lactams when intracellular !

meropenem cloxacillin

r=)
o
=
S
o
LL
3
o)
o
ﬂ LY
*0Q0.o
Y Y -1

3 2 1 0 1 2 33 -2 414 0 1 2 3
log,_extracellular concentration (mgiL)

Lemaire et al., Antimicrob. Agents Chemother. (2007) 51:1627-1632
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MRSA vs. MSSA:
extracellular activity of B-lactams

MRSA are as susceptible as MSSA in broth at acidic pH

(-—-pH74 — pH54 )

meropenem cloxacillin

1
[3,]

A log cfu (24h - Oh)

Ill:ag1 oextracellular concentration (mg/L)

Lemaire et al., AAC (2007) 51:1627-32
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PBP2a conformation is modified by acidic pH

PeElze «—>( OxA PBP2a <«— OXA
10 10
-0 contro! - pH 7.0 : contro! - p|.| 55
- + oxacillin + oxacillin

o
1

-
=
L

--10

--20

[©] x 107 (degree.cm®.dmol ")

304.. o L h L 30

210 220 230 240 250 210 220 230 240 250
wavelength (nm)

FIGURE 4. Circular dichroic spectra of PBP 2a at pH 7. 0 (/eft panel) and pH 5.5 (right panel) in the absence
(open symbols) and in the presence (closed symbols) of oxacillin (30 um) 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 oxacillin has been subtracted from all data points.

Lemaire et al., JBC (2008) 283:12769-76
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Comparing a class of drugs against different bacteria

Beta-lactams vs. L. moncytogenes and S. aureus

7 artapenam
o ampicillin
broth e — intracellular
ra
0
o 1
&
g
8 . "
S - » more active /A3
=€ nst (9@
AR |, «— agains .
= intracellular
3] bacteria ?
1] -2
9
<] -1
" e
E b
-
L -2
(7]
-3
-4
--5

wWeam

2 5 6 1z 3 2 4 6 1 2
Ingm of multiples of MIC
Lemaire et al. JAC (2005) 55:897-904
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Why are beta-lactams so active against
intracellular L. monocytogenes ?

Proteome analysis of intra- vs extra- Listeria

I 1
{ ABC transporters \|=I hexose transporters Y I

metabolism of sugars/aminosugars/glycerolipids Y
synthesis of dTDP-rhamnose 4 4
/ UDP-glucose & L » glyceraldehyde-3-P »
— 1 pentose phosphate pathway
teichoic acid 4
lipoteichoic acid Synthesis of thiamine precursors = W,
- L
! nucleotide synthesis \
\ i
h! o
] .'.."
|= ..... o
_ . GIUAMELE -seasesserers=™
v v \
1
% ! A Citat
“-. fatty acids <— & — citrate
O -

Reduced N X I
= = ™

cell wall = |3 | 4 4
A I 4—\— D-alanine — s — pyruvates

1 = E . P sasssssssssssssssssssEne
o )

SyntheSIS o o + Oxidative stress response Y o
% ...................... *
=
o

Van de Velde et al. Proteomics (2009) 9:5484-5496
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Comparing a class of drugs against different bacteria

Fluoroquinolones against L. monocytogenes vs. S.aureus

They all look the same ...

Alog CFU from time 0

) L. monocytogenes S aureus

;_ = GMF = GMF
V MXF vV MXE

2 s cP A CIP

1

0- -------------------------------

J N | iRy

-2

-3+ Vv §

-4 /

L) L) L) : L) L)
4 -3 -2 -1 0 1 2 3
log extracell. concentr. (x MIC)

Vallet et al. Int. J. Antimicrob. Ag. (2011) 38:249-256.

4

3 -2 A 0 1 2 3 4

log extracell. concentr. (x MIC)
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Comparing a class of drugs against different bacteria

Fluoroquinolones against L. monocytogenes vs. S.aureus

) L. monocytogenes S aureus A
- ; " GMF ; = GMF
3 vV MXF v mxe| 3
° 2 A CIP ace |,
3N SR 1 G
« | N | peeeeeeeecececctb\Froceecceceennas -0
> -14
though %
...eventnoug §_3_ vy _ |,
they accumulate ] : 1,
to variable levels 5 Py

L) L) L) L) L) L) L) L) L) L) L) L)
4 -3 -2 -1 0 1 2 3 4 -3 -2 -1 0 1 2 3 4
log extracell. concentr. (x MIC) log extracell. concentr. (x MIC)

1500

1000+

a

(=]

(=}
M

e
o
e
Q

]
(&)
(o]
£

~
(o2}
c

CIP MXF GMF
fluoroquinolone

Vallet et al. Int. J. Antimicrob. Ag. (2011) 38:249-256.
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Comparing a class of drugs against different bacteria

Fluoroquinolones against L. monocytogenes vs. S.aureus

L. monocytogenes S aureus

4 4
n GMF n GMF
3 v MXF v wxe | 3
o 2 A CIP A CIP
[) -2
Q £ 1
. > -1
5 intracellular 5 SETECIRRIERREES) LSRR
6@ B . N B e it 1 1 ittt T L0
Y bioavailability ? 2 »
g7 5
< -3 v § -2
-4 / -3
'5 L) L) L) L) L) L) L) L) L) L) L) L) '4
4 -3 -2 -1 0 1 2 3 4 -3 -2 -1 0 1 2 3 4
log extracell. concentr. (x MIC) log extracell. concentr. (x MIC)
L. monocytogenes S. aureus
1500
= 1(=3cip Ccip
Y & 1009 | amxF CIMXF 100
b 2 1| mmcnF . GMF
£ 1000+ 25 ]
e g
] — =% 10 10
o x93
£ 5004 E5
[=) g o
c 2 1 1
o
o
0 Y T 3
cipP MXF GMF ©
. 0.1 T T T T 0.1
fluoroquinolone 0 log -2 log 0 log -1.0 log
target effect target effect
(difference from initial inoculum) (difference from initial inoculum)

Vallet et al. Int. J. Antimicrob. Ag. (2011) 38:249-256.
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What about P. aeruginosa ?

meropenem

Alog CFU from time 0

S. aureus

2
)

=9 T T T T T

2 A 0 1 2 3 4
log extracellular concentration (X MIC)

ciprofloxacin

S. aureus

Alog CFU from time 0

3 02 1 0 1 2 3 4
log extracellular concentration (X MIC)

N .
m These two look alike ...

Alog CFU from time 0

Alog CFU from time 0

L. monocytogenes

w

=9 T T T T

2 A 0 1 2 3 4
log extracellular concentration (X MIC)

L. monocytogenes

4 3 2 A 0 1 2 3

log extracellular concentration (X MIC)

Alog CFU from time 0

Alog CFU from time 0

P. aeruginosa

=9 T T T T

3 02 A 0 1 2 3
log extracellular concentration (X MIC)

P. aeruginosa

-2 -1 0 1 2 3 4

log extracellular concentration (X MIC)

14/02/2012

Tours - INRA

38



What about P. aeruginosa ?
- .
@ These two look alike

not associated
with lysosomes

after 8 h
(in epithelial cells)

Alog CFU from time 0

Alog CFU from time 0

2
=9 T T T T

L. monocytogenes

w

2 A 0 1 2 3 4
log extracellular concentration (X MIC)

L. monocytogenes

4 3 2 41 0 1 2 3
log extracellular concentration (X MIC)

Alog CFU from time 0

-3 -2 -1 0 1 2 3

Alog CFU from time 0

P. aeruginosa

»

log extracellular concentration (X MIC)

P. aeruginosa

2 A 0 1 2 3 4
log extracellular concentration (X MIC)
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Can we do better ?

"Y'ou are completely free to carry out whatever research
you want, so long as you come to these conclusions.”

14/02/2012

Tours - INRA

40



Can we do better ?

Antibiotic combinations

5.0
o
()
.E 2.5
£ 1.25- synergy
E 0.0 e
D H
2 i E_ 1004 = additivity
& -25{ m Intracellular N 0 -
< O Extracellular \___% w 0.75-
5.0 T T . L =
3 2 4 0o 1 2 3 L
log extracellular concentration (ug/mL) 0.50- antagonism antagonism
1= Emax 0.25- .
antagonism
0.9+
' 0.00 T T Y T Y
FME. EC 1. :---- 0.1 0.3 0.5 0.7 0.9
Cp= AT T50A o 0.7 == : drug A
1-FMEA u— ‘ ‘ T T T T T
u‘j 0_5-.-.5 ..... E‘““. 0.9 0.7 0.5 0.3 0.1
s ' ' ' drug B
o FMEg.ECsgp = oo g
B 0.3 pcdtecccs Lecccbtocee
1-FME, I
[} [} [} [}
| Leceoloncadacan
o I S 1= Eppoy
t t t t t
0.1 0.3 0.5 0.7 0.9
FME of A
FME_, .= FME, + FME =1
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Combinations against extracellular P. aeruginosa

3.0 30

2.5 25
2.0 2.0
1.5+ 1.5+

104 Lo

0.5+

0.0
CIP/CST 0.9/01 0.7/0.3 0.5/0.5 0.3/0.7 0.1/0.9 ==

05/0.5 0.3/0.7 0.1/0.9 =d—

1.51 0.39 017 0.07 0.0 1.36 0.56 0.25 0.06 =T CST

mg/L 0.06 025 056 136 014 032 075 287 =—2—TOB
30 \/
251 25-
2.0 2.0-
1.5 154
1.0 1.0
057 05-
0.0 T T T T T 0-0 T T T T T
MER/CST 0.9/01 0.7/0.3 0.5/05 0.3/0.7 0.1/0.9 =—dk— MER/TOB 0.9/01 07/0.3 05/0.5 03/0.7 0.1/0.9 —b—
" 10.44 271 116 050 013 —O-MER oy 10.44 271 116 0.50 0.13 —O MER
mg 0.06 0.25 0.56 1.36 526 =i CIP 0.04 0.14 032 0.75 2.87 =/—TOB

Buyck et al, ICAAC 2011
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Combinations against intracellular P. aeruginosa

3.0

2.5

2.0

0.5+

0.0
CIP / CST

mg/L

0.9/0.1

2.53
0.04

0.7/0.3

0.66
0.17

0.5/0.5 0.3/0.7

0.28
0.39

3.0

2.5+

0.1/0.9 ===

3.0

2.5

.5/0.5 0.3/0.7 0.1/0.9 =

0.39 0.17 0.04 == CST
3.03 7.06 27.23 =—X—TOB

2.0 2.0-
1.5 1.5
1.0 4.0 - <o mme e s
0.5 0.5-
O.G T T T T T o-c T T T T T
MER/CIP 09/01 07/0.3 05/05 03/0.7 0.1/0.9 == MER/TOB 0.9/0.1 0.7/0.3 0.5/0.5 0.3/0.7 0.1/0.9 =——tem
543 141 0.60 0.26 0.07 =—C~MER 5.43 1.41 0.60 0.26 0.07 == MER
mg/L 0.03 0.12 0.28 0.66 2.53 =/ CIP 0.34 1.30 3.03 7.06 27.24 —/—TOB
Buyck et al, ICAAC 2011
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Combinations against intracellular S. aureus

4 4
rifampin / oritavancin (H)

moxifloxacin / oritavancin (H)

aximal effect (FME)

Fractional maximal effect (FME)

T T T T

RIF/ ORI 0.1/0.9 0.3/0.7 0.5 MXF / ORI 0.1/0.9 0.3/0.7 0.5/0.5 0.7/0.3 0.9/0.1 —k—

0.002 0.007 0.01 161 -[~RIF mg/L 0.035 0.134 0.312 0727 2.805 —<O—MXF

Ml 17172 ass2 19.08 171.72 4452 19.08 817 212 -O-ORI

rifampin / moxifloxacin

Fractional maximal effect (FME)
[ %)

RIF/MXF 0.1/0.9 0.3/0.7 0.5/0.5 0.7/0.3 0.9/0.1 =

0.002 0.007 0.018 0.042 0.161 =-O- RIF

mall 5805 0727 0312 0134 0035 —o— MXF

Nguyen et al. Antimicrob. Ag. Chemother. (2009) 53:1443-1449
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What do these models tell us ?

“THIS STUFF IS ASNAP FOR ME.] USED To BE A PHARMACIST .Y
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What do these models tell us ?

Now, | know how
to catch them !

D

* high intracellular biodisponibility -
» capacity to rejoin the infected compartment =
* not substrate for efflux pumps g

* low MIC at both neutral and acidic pH

-

* highly bactericidal, including against slow growing bacteria

* no cell toxicity

NN

 cooperation with cell defence mechanisms

46
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Use of these models to position new molecules

Guidance for Industry

Microbiological Data for Systemic
Antibacterial Drug Products —
Development, Analysis, and
Presentation

"That must be the new miracle drug."

U.S. Department of Health and Human Services
DRAFT GUIDANCE P

Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

September 2009
Clinical Antimicrobial

C. Intracellular Antimicrobial Concentration Assessment

The ability of an antibacterial drug product to achieve significant intracellular concentrations
may have clinical importance when the target organism can reside within the cell (e.g.. Listeria,
Chlamydophila. Legionella). In situations where the antimicrobial drug product 1s intended to
treat mmfections caused by microoreganisms that reside within the cell, sponsors should provide
data on the drug product’s ability to penetrate into host cells and demonstrate the drug product’s
activity mside the cell against target microorganisms.
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Take home message
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Our intracellular PK/PD team over the years ...

M. Barcia-Macay
S. Lemaire

S. aureus

L. Garcia

L. monocytogenes

P. aeruginosa

A. Anantharajah
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G. de Laminne
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