Infections associées.aux biofilms, quoi de neuf

suy le plan diagnostique et'thérapeutique ?

Le point de vue du clinicien...
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Medical com_\gﬁ%ations of biofilm lifestyle
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Medical com_\gﬁ%ations of biofilm lifestyle
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Medical compﬁcatlons of biofilm lifestyle

DEVICE- REL\&\I'ED INFECTIONS CHRONIC INFECTIONS
’b
................... PO 20
Ven{gdé:llar derivations Frrmmemmmtemt T N TN /0 pee e e
""""" 00 Oral infections
........ s A
: ot}c‘ Oro-tracheal tubing ~ t-seeemeeee o € L N e,
;&k L Endocardi e
\?’ ------------------------------------------------- .&Q/
: x >
0" ! Vascular central catheters e <
'Qf,o ...................................................................................................
Q}“ Cystic fibrosis
ic) .......................................................... I L L L Ll el
& i Prosthetic cardiac va ~
: pacemakers D ff It % R
I I Icu gnOSIS-oo (\6\
;\)0
>
(0
"""""""""""""""""""""""""""""""" T P )
Peripheral vascular catheters S Urlnarytractlnfectlons&e@
e (et ndataal O
R Chronic wounds ,c:,lK |
i iccc-iimmcscccssmsmmesecsmmma== é "7
&
............................................ L
! x©
: Urinary catheters @{“‘
---------------------------------------- c,b
&0\)
"""""""""""""""""" ‘8‘ \%
Orthopedic proghesm q’Q
............................................. N
N &
Q
» ©
@
N




Diagnosis: clim’é'al signs

. Only in 10-20% of the patients
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Diagnosis: mla?oblologlcal tools
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* Paired blq@‘a culture (CVC and peripheral vein) +++
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Diagnosis: |ma§|ng
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 Echocard @graphy +++
o (18F- FEsG) PET/CT ‘_
EQG -gated cardiac CT S S
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& leucocyte scintigraphy = S 5 ;\
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Diagnosis: i mgﬁ iNg
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Pathological criteria >

* Microorganisms demonstr@ by culture or on histological
examination of a vegetat@g' a vegetation that has embolized, or an
intracardiac abscess spdcimen; or

* Pathological lesiongy€getation or intracardiac abscess confirmed by
histological exk ation showing active endocarditis

Clinical cnte@ﬁ

* 2 major gejteria; or

o | mag\aa‘:f:rlterlon and 3 minor criteria; or

* 5, mjnor criteria

| major criterion and | minor criterion; or

3 minor criteria

* Firm alternate diagnosis; or

* Resolution of symptoms suggesting |IE with antibiotic therapy for
<4 days; or

* No pathological evidence of IE at surgery or autopsy, with antibiotic
therapy for <4 days; or

* Does not meet criteria for possible |E, as above

2.Imaging positive for IE
a. Echocardiogram positive for [E:
* Vegetation;
*Abscess, pseudoaneurysm, intracardiac fistula;
* Valvular perforation or aneurysm;
* New partial dehiscence of prosthetic valve.
b. Abnormal activity ggound the site of prosthetic valve implantation
detected by '®F BgG PET/CT (only if the prosthesis was implanted
for >3 montgﬂ’ or radiolabelled leukocytes SPECT/CT.

Lc Defi nlteA@q'avalvular lesions by cardiac CT.

Habib, G. et al 2015 Europ Heart J




Diagnosis: |mag|ng in infective endocarditis
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- Cardlagf&T (3 prospective studies, mostly prosthetic):

- es<30 patients/study. 93-100% Sensitivity; 83-88% Specificity
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Diagnosis: |ma§|ng in infective endocarditis
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- Cardlagf&T (3 prospective studies, mostly prosthetic):

e§30 patients/study. 93-100% Sensitivity; 83-88% Specificity
b\)
Q,Q Before surgery: paravalvular lesions +++ / coro-TDM
6
S
&S (18F-FDG) PET/CT (16/24 prospectuvgé’)
&

@ - Prosthetic valves (8 studies) : 73- J(@‘@% Sensitivity; 71-100%
Specificity. Only after 3 monthsqﬁost -surgery

0

- Native valves: 6-39% Sen5|;g¢ﬂ7|ty
PET

18F-FDG-PET

Gomes, A. et al 2017 Lancet Infect Dis Rouzet, F. al; J Nucl Med. 2014



Diagnosis: |mag|ng
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(18F- FD%TSET/CT and implantable cardiac electronic device

21 p@aﬁents with suspected infection vs 14 controls
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Diagnosis: uggé’r@éded microbiology
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* Use of begds-containing vials
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+/- BfSod culture bottles

Arvieux, C. and Common H. OTSR 2018



Diagnosis: qu’FEded microbiology
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Diagnosis: upﬁ%ded microbiology
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* Useof be@zds containing vials
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+/- %,bbod culture bottles
Sgnlcatlon bath

Son@@ion bath
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Diagnosis: upgraded microbiology
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* Use of be@zds containing vials
(’\‘

+/- §3b00d culture bottles

Sgnlcatlon bath @;\,e-

Q,‘p
& 14 days culture (Cutibacterium acnegq)a
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* +/- Molecular biology if prewou%sé?ntlblotlc
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In vitro meth_gé’ilwto assess biofilm formation
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Strain ~ Strain  Strain  Control
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In vitro meth\@él@'to assess biofilm formation
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Di Domenico, E.G. et al Frontiers Microbiol Infect 2016
© Olivares, E. et al J Clin Microbiol 2016



In vitro meth_gé’ilwto assess biofilm formation
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Medical compﬁcatlons of biofilm lifestyle
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Biofilm eradigation?
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|- Ch%@%e the right antibiotics (molecule, dose, duration)
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- Removal of the device (not always feasible...)
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Anti-biofilm aibiotics? Rifampin

ngf‘grated teflon tubes

o
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K
>

S V : vancomycine
o\)
o T : teicoplanin
% . . .
09 R : rifampicin
Q}O?“ C : ciprofloxacin
© Zimmerli, W. et al J Antimicrob Chemother 1994 F: penicillin M



Anti-biofilm aibiotics? Rifampin

@e&(\ Prospective study
Q;‘fhopedlc implant—related staphylococcal Infections
ﬁ&“’ Initial debridement (implants left in place)
/\0&6‘ Cip/Rif (18 patients) VS Clp/plac%igo (15 patients)
& 2w 1V, 3-6 months tne“atment

N
'I'l'_|_+_+_+—'.+_'$_+_'l'l'_+_+
1.00 | 3
| L
= 0.95- II b@‘z’ —— Ciprofloxacin-
% 0904 | Q@ Rifampin Group
5 __, 0&0 ——- Ciprofloxacin-
@ 0.85+ | @b Placebo Group
Q o
0080 &5 &
&. | ¢\
1 /\0 l ' ‘9‘?’
L1h] 0.?51'6;' I &
2 S &
© Q0 - | &
w o [ \'}C)
@6'0.65- 4 @3&0
7 0.60 5
Cb . T T T T T T T v,
,19'\’ 0 200 400 600 800 10001200 140@ 0
Q}&‘ Time After Randomization, d
©

Zimmerli et al JAMA 1998



Anti-biofilm gftibiotics? Rifampin/quinolones
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¥
"b{c .
&8 Retrospective study
rel . o L) o . L)
an‘TotaI hip/knee prosthetic joint-related infections
\9)
Q&‘" S. aureus
\2 . o
7
T 98 patients (100% su_[g@ry)
o .@'w
‘cgf\ 1.00 -
& _ RFP/FQ
e ————————————— N
&
075 0&)&9
% Q,@Q“
& X
2 0.50 Other regimen c)«O"
¢ g &
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Q I T PR T
O 6 12 180© 24
Q}(}" Time from the end of antibiotic treatment (months)

Senneville, E. et al Clin Infect Dis 2011



Anti-biofilm a&ﬁ*tlblotms? Rifampin in other settings
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rL\t?p//:wrzwle,\:wCiif tt 1. Dm/147122031;4/112/222288Q'b
BMC
({\e' Infectious Diseases
& u
RESEARCH ARTICLE Open Access M |
_@ = Prospective study
Factors g¥edictive of treatment failure in
[ ]
staphydococcal prosthetic vascular graft 384 PVGI (71 Sdl‘g)
mfeftlons a prospective observational cohort S - ~
. agfeus (65) or CoNS (22)
5fUdy impact of rifampin ,Q}w R |
"\Q Laurence Legout"”, Piervito Delia®*, Béatrice Sarraz-Bournet®, Cécile Rouyer', Massongo Massongo', c,é}(\
coQ,, Michel Valette', Olivier Leroy?, Stephan Haulon* and Eric Senneville' ("
& NG
> &Q/
24 g
- < .
o @
Q& 060
X L'.e_T RFP-contafhing regimen @Q‘*
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“T 87 ©
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3 N
=N \’19
%@ 1 ] P “(h I
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Legout, J, et al BMC Infect Dis 2014



Anti-biofilm afibiotics? Rifampin in PVIE

)
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(Flu)cloxacillin Qo 2 g/day i.v. in 4—6 doses
or 0
oxacillin b..b(-'
with © Starting rifampin 3—5 days later than vancomycin and
Rifampin® R 900—-1200 mg i.v. or orally in 2 or 3 divided gentamicin has been suggested by some experts.
and o8 doses . o
¥ Gentamicin can be given in a single daily dose in order to
Gentarifh 3 mg/kg/day i.v. or im.in 1 or 2 doses reduce renal toxicity
15
&
<Q§° u)cloxacillin as above
4 Rifampin 20 mg/kg i.v. or orally in 3
equally divided doses &
&
N
&
060
Previous gund@ﬂnes &
1 case report of,ts’ capitis PVE... 2
&)
A series of 42 native valve S. aureéﬁ endocardltls (VS 42 controls without) ‘ef"'&
/\0\’ QF\
e
o‘? A
x>
RFP grouﬁ b‘o
56%&&9‘716 ) of RFP-R S. aureus if introduction beforg@Sl clearance
Lg)d'ger duration of BSI \'1,
} . o8
gHigher mortality Q
\ ©
o8
©® Habib, G et al Eur Heart J 2015

Riedel, D.J. et al Antimicrob Agents Chemother 2008



Daptomycin against MRSA biofilms
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Clearance rate (%)

n

-

1

salinel vanbbarl papl riE Lvanl Lzo T Lvx] bap Ioap
@) (20) (30) (12.5) (15) (50) (10) (20) (30)

C |

g
&

& RIF (12 R + L

&L Tissue-cage model &

$ Against MRSA &

© John, A.-K. et al Antimicrob Agents Chemother 2009



Daptomycm @gamst MRSA biofilms

in vivo rabbit m‘odel of catheter-related infections

Q/

1 lock andst"”hen sacrifice

C°

S

Q?«P S. aureus MSSA ATCC 6538P S. aureus MRSA 16
’@'& <2
re’étment negative cultures log,, total cfu,é@* negative cultures log,, total cfu
R\
@c’é . \e'é} :
= / total (%) medlan,ggjﬁﬁ) / total (%) median (IQR)
‘&Q'Q 0
Control 0/12 (0) 6.%(2“’{05.55-6.73) 0/14 (0) 6.59 (6.19- ?0410)
o (Q/Q
> <
Daptomycin 50 9/12 (75)° &Q@ 0 (0-0.58)° 11/13 (84)° U{ﬁﬁ)}a
o\)\'@‘ é’??
Daptomycin 5 3/11 (2@;\ 1.27 (0.07-2.18)° 0/8 (0) 3}66 (2.66-4.83) °
; Cgé S\
<
Vancomycin 10 16,&'2 (8) 3.61(2.56-4.43)° 0/13 (Ulbf\o 4.80 (3.82-5.90)
& v,:jv&
» O
o o°
&

© Meije, Y. et al 2014 J Infect
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Clinical data Wﬁh Daptomycin against biofilms
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Daptomycings lock therapy...

i

o
: &
Variable Q"b Result Efficacy of daptomycin lock therapy in the treatment
r il of bloodstream infections related to long-term catheter
Age in years, me%@é{\(mnge) 61.5
.Q. (35_75) P. Tatarelli *+ A. Parisini * V. Del Bono -
,i}o M. Mikulska * C. Viscoli
Gender (maley, no. (%) 4 (50)
Underlyéqfdisease
A
SD\?@ neoplasia, no. (%) 6(75) S\&'
' 5‘I>ﬁematological neoplasia, no. (%) 1(12.5) &Q}
.%Q::\Q' Short bowel syndrome, no. (%) 1(12.5) oc}\
’@ Type of catheter (port-a-cath/Hickman/Groshong) 6/1/1 ) e\:?’
\ L L]
Clinical presentation, no. (%) Q'bé Com paratlve studies are
Fever 8 (10Q)<¥
— - & needed S
Microorganisms \ob
MRSE?, no. : &
MSSE" S
, no. )
Enterococcus faecium, no. o
~y
Polymicrobial infection®, no. & c,‘?}
ALTY duration in days, mean (range) \{Qf ' 13 (7-16) 6{@&
Outcome C,S‘
O
Success, no. (%) - %&0
Time to microbiological respgase in days, mean Q>
O v
(range) ‘b& \(F"
Failure, no. (%) A" &

© Tatarelli, P. et al 2014 Infection



Daptomycindh endocarditis...

= .

(Flu)cloxacillin or oxacillin {Q:Qéa’day iv. in 4—6 doses Gentamicin addition is not recommended because clinical
; 0“ benefit has not been demonstrated and there is increased
é} 4-6 renal toxicity
b\')
©
&
<@ Paediatric doses:*
,\00 200-300 mg/kg/day iv. in 4—6 equally divided
o Lo doses
A[@nﬂm therapy*
imoxazole® Sulfamethoxazole 4800 mg/day and *for Stahylococcus aureus

Trimethoprim 960 mg/day (iv. in 4—6 doses)

with

Clindamycin 1800mg/day iv. in 3 doses \)e;l-\

&
Paediatric doses:* N
Sulfamethoxazole 60 mg/kg/day and & &
Trimethoprim 12 mgfkg/day (iv. in 2 doses) c,b \g@’
Clindarrycin 40 mg/kg/day (iv. in 3 dcmes),d‘ <O
1690
<
- Some experts r‘ecm;awend adding Y |

Vancomycin® ke’ ay
cloxacillin (2 g/4 ﬁaw] or fosformycin (2 g/6 hi.v.) to daptomycin 3
in order to mcga%&e acnwt;.r and avoid the development of da pt%nzi}rcm resistance;

. TR ik ‘, = LIS G\'

Alternative therapy™: 4y

Daptomycin™ 10 mgfkg!d%ﬁ&?. once daily 4—6 Ila Fc Dapto % superior to vancomycin for MSSA and
Paedi @'I 2 MRSA@ ermia with vancomycin MIC = 1 mg/L

10 w:’daz i.v. once daily
N

o Habib, G et ol Eur Heart J 2015



Daptomycindh endocarditis...

(7]

NG
’b&z
e ICE cghort : 29 Left-sided endocarditis treated with dapto
<
=
(§2 mg/kg)
&Q'Q‘\
& 18% PVIE &
& ,;é"&
oS . " . _ 0 .
Combination = 31% (fosfo, rlfagﬁn, ..)
>
* 149 controls é@(&‘?
&
 Comparable mortality
@Q@ c;\o\’
* Faster bloodstreams€learance (1 VS 5d, P<0.01) &
A'Q,‘o' .{@k
* Discontinuatiog®of daptomycin: n=4 (14.3%) &
6"6{@ Cb«o
NY ,19\'
<0 N
N ™
> ©
QB(J Carugati, M et al Antimcrob Agents Chemother 2013
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Daptomycmm endocarditis...

]
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. Retrgs”pectlve study (2005-2011), S. aureus (84%)

. 76@‘r|ght or left-sided endocarditis treated with dapto (=8

@’Q
* mg/kg) ¥
X
& mg/kg &
& &
k‘\ c, \
2
& * 11%PVIE «°
&e l"
. . 0 . Q\@
* Combination = 34,3% (fosfoéo?lfampm, ) &
< &
o) L
Table 2. Paotients with MRSA IE developing non-susceptibility to dggbgmycin @Q
@b =
IE DAPMIC (mg/L) DAP MIC chc:nge Q’Q VAN MIC (mag/L) VAN exposure (days) «Cgutcome
RIE 0.38—4 day 7 HD D.g\g)\) 15-=2 17 Q} cleared on SXT
RIE 14 day 1 HQ @:\ 22 5 & cleared on SXT
RIE 0.5-4 day 2]® 1-2 =30 days prior to admission 6{“" organism persisted
LIE 14 day+D DAP 22 2 xS cleared on HD DAP
RIE/LIE 0.5=4 t;t&fyll HD DAP hVISA2— 4 prior to admission VAN xﬁ\ﬁé‘eks cleared on HD DAP
RIE/LIE 1-2 S‘dcy 18 HD DAP 15-2 20 @J cleared on HD VAN
U\\ \’MQ
DAP, daptomycin; VAN, vcmcoms@n; HD, high-dose; hVISA, heterogeneous vancomycin-intermediate 5. GL@E‘; SXT, trimethoprim/sulfamethoxazole.
N ©
o8
Q5 Kullar, R et al J Antimcrob Chemother 2013
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Daptomycin ¢ fosfomycin in endocarditis...

\\89;
&6
* In vitr{ga%nd in vivo data: synergistic in 11/14 strains
>
<
O
* FeW reported cases
O
&Q B MRSA time-killing curves of DAP, FOS and FOS + RAP
& 12+ 9 ’ '@Q‘
S >
A0 <
<
oS
(e/
E N
E - Control é,\o
2 DAP Ob°
> " FOS Q/Q“
- - FOS+DAP ,@}
)
s
&
. . : ‘ K
oh ,&h 8h 24h &
& Time (hours) 3
.{\“: «0\)
& ¥
R ,LQN
& In vitro R
Y S
» ©
v
N~

©Q~ Miro, J.M. et al Antimcrob Agents Chemother 2012



Daptomycin&ﬁefosfomycin in endocarditis...

\\2/
\Q'

* In wtr@‘?and in vivo data: synergistic in 11/14 strains

(’\‘
. F@\R/ reported cases
;\0
&
<& X2
& &
k‘\ \
b"-ae’ I'@,%f rabbits with sterile vegetations/
\ T
> reatment group I no. of rabbits (%)
Control

2 0/15 (0)

Daptomycin (simulating 6 mg/kg/day) &Q’ 13/18 (72)&50

Daptomycin (simulating 10 mg/kg/day) (Q 14/15 (93)%E

Daptomycin plus fosfomycin tmmulaug_@ﬁ mg/ 16/16 (100)~5F
kg/day plus 2 g/6 h)

Daptomycin plus cloxacillin (5|m®l|ng 6 mg'kg/ 14/16 (B8)2F
day plus 2 g/4 h) ‘09

2Significance is indicated by
1, P = 015 MA, not appll@e (the control animals wer
&
&
'Qf’ . . &
& In vivo (rabbit IE model) ¥
o <
() Q@J
v
o8
i S
> ©

© Miro, J.M. et al Antimcrob Agents Chemother 2012

g&rscnpt capital letters: AD, P = 040: E, F = 1:F, P = 048: G, F = 0.025;

. {\“9



Fosfomycin agdiinst MRSA biofilms

&
b. o &S
+ 100
5 i
g # :
&)
& 80
&Q
\’}@ 70 - -
e
& I — 3
o >
& O 50 +— -
’ X 40
&
SD -1 ) 6\5&
8]
20 4 @Q‘_
"/
10 4 &0\)\,
0 - K
FOS D4%} D100| RIF FOS+ FOS+| FOS( FOS D100 @e«s
& D45 [ D100 | HMI| +RIF  +RIF L
& =
X© «0\)
~ . K
& Tissue-cage model s
i\ ‘ S
N Against MRSA o
N
o8

N
©Q‘ Garrigos, C. et al Antimicrob Agents Chemother 2013



Daptomycm,@m other settings

G’
\\Q/

o Vasculg?? graft infections: retrospective study, 11 patients (1)

c§/11 combinations (rifampin)

b_\)
L* 67% were cured

&Qa

«o"° Complex bone and joint infections, 4?3 patlents (2)
 86% combination (fosfo, rlfamb clinda)

<¢~ ¢
o 77% favorable outcome @\“
\50
* Device-related osteomquls 82 patients (3) &@b
b 2"
* ? % combination S
&
e 82% clinical sue%ess &
Q/ x9
b@“ &0{&
<& 00"
© %
Ry ,LQ\'
0 N
@
N S
‘?{L 1-Arnaiz de la Revillas, F. et al Int J Infect Dis 2018 ©
Q§; 2-Roux, S. et al BMC Infect Dis 2016

© 3-Hermsen, E.D. et al BMC Infect Dis 2016



Removal of cgﬁ)mzed devices?

\\8
Implantable cardla%ﬁectronlc device infection

9.1.2 In generator p@éft infection, ICED-LI and ICED-IE? «

Summary: -\o(‘
&

. Recommer@btlon 9.1.2: Complete and early (as soon as pos-

sible, bqghot more than 2 weeks after diagnosis) removal of -
an m,[géted ICED system (generator and all leads) combined ,,@L ................... Sy -/@V

ﬂﬂ:ppmprlute antimicrobial therapy is the most effective, Vascula ceq;pal catheters
#e and efficient treatment option. [B] : o '

‘.-...-..-.....-......Q ........................ ' .”O”
k“e 2 /\\
2 prorreesseeneeos 0 """"""""""""""" : £ { W
! Pros b)\;tlc cardiac valves and ! c )\ |
e )

'bé' pacemakers

Prosthetic valve IE, if: et
. e"
* Heart failure N
. M SRS EEEIER R SRR

¢ AbSCESS, fistula ?S)(J : Peripheral vascular catheters

. O L PP P PRREE:
° Fungi &
* Persisting positive BC /\o&-@
* Prevention of embolism &

'eﬁe}
<
x5
O\
&
\)‘9
<0
P
Q
Vv
N Sandoe, J.LA.T et al J Antimicrob Chemother 2015

@)
N Habib, G. et al 2015 Europ Heart J

© Mermel, L. et al 2009 Clin Infect Dis



Removal of cgfonized devices?

\\2/
&6
>
Q L

* Duration o({@/\mptoms?

« Stable imPlant?

. AbseQQf% of sinus tract?

. S\l}J\sg’eptibility to antibiotics with

“@ctivity against biofilms? |
o) - ®

> Debridement with retention

— - O‘(\
| /j One-stage exchange S

| &R

—> Two-stage exchange .

&

.,\\": .
Long-term supp¥@ssive : _ _
.. . : Orthopedic prosthesis
antlmlcroblgﬁ)reatment -----------------------

fl’ ¥
N

&

©

Zimmerli, W. and Sendi, P. APMIS 2017



Eradication o;té%atheter associated biofilms

\\8
&Qa

Antibiop*: Iock technic (ALT)
f@? catheter-related s
@Q infections

«O&V

Q}Le?jcal / high concentration of antibiotics
&

’ (up to 1,000 x MIC)

Long dwelling time (12-24 hours) @'

Associated with systemic antlblota;é’s
Q,Q

«t

IDSA 2009: « ConS@?vatlve treatment of Uncompllcagéd
long-term mt&‘évenous catheter-related BSI CaU§€d by
& CoNS or enterobacteria » \3;\0\)

<9 | S
,\ib Messing, B. J Parenter Enteral Nutr 1988 N

\'19 Rijnders, B. J. et al 2005 J Antimicrob Chemother 55, )
\(j?“ Mermel, L.A. et al 2009 Clin Infect Dis 49, 1
©Q‘ Lebeaux, D. et al 2014 Lancet Infect Dis




Lock therapy a*gamst Gram-negative bacteria...

Effectiveness oﬁ\ﬁntlblotlc Lock January 2004 - December 2009
Therapy fog&ong Term Catheter- ellepis it oleeRs n 202
Related ﬁ@cteremla Due to Gram-

Negatleb% Bacilli: A Prospective <P SR eh
-Septic shockn =2
Obgﬁv&tlonal Study & "-No further catheter need n = 10
<
4 . . b .
& Ciprofloxacine or amikacine &onservative treatment n = 46
< &
’ 2000 pg/ml Q,g»\“ &
< . 0(\
. . é@é\ -No evidence of treatment Qc’}}
CRB etiologies ) failure during follow-up. (06
Single GNB microorganism, n (%) SEb@Q] @Q
Pseudomonas spp.”, n eQﬂ
Escherichia coli, n &_ef 6
Enterobacter cloacae, n ‘e,‘;'\o 5
Klebsiella pneumoniae, n &C‘ 4
. .. (2
Acinetobacter baumannii, n 3 {\5’* 3 Conservati)(é’etreatment
K o=
Proteus spp., n 96 3 Q’i”‘
Others®, n «o 4 (}-
Polyrnicrobial GNB mfat;l’tb?fn n (%) 10 (22) S

Overall success%l treatmentn = 37

Funalleras, G. et@c;t&%ll Clin Infect Dis



ALT with ethamol why not

&

1,5
\\Q/

S
2
)
@

]

\\QJ

Ethan@‘f has a wide antimicrobial spectrum
@

. A@fve against in vitro biofilms

gQ Cllnlcal data (catheter-related mfectlons)

- Between 75-92% success &
- Shorter treatment length (1&0 5 days)

- Can be used against poky?mlcroblal infections

o0
&

Y
But @Q(o ;&0\)
RZ
- Many pedlatrlc@tudles &
\."’k
(O
- ToIerance(t‘ﬁrombosm issues /\oc,b

&O

- Dwect@bmparlson ETHALOCK (O. Lesené;)WJNI 2018

’L ©
Va ine, K.M. et al Pediatr Crit Care Med 2011 Broom, J. et al Scand J Infect Dis 2008
cGrath, E.J. et al Clin Pediatr (Phila) 2011 Onland, W. et al Arch Pediatr Adolesc Med 2006



Biofilm eradigation?

s N2
e
@ . e .
- Chogse the right antibiotics (molecule, dose, duration)
' <
S
- Removal of the device (not always feasible...)
&K
<< 2
= Oratleast local treatment (debriffement, ALT) |
< N B ﬁ}:\ e RN
N
1.00 pr+—— W Q’g\&
vosl | | Can we @b better?
*'::_E 0.90- Ii FlzlEampin Group ,-000
% ' L, ——- Ciprofloxacin- 50(’
v 0.85 | Placebo Groy
Boso{ - @
L- | <
$ 0.75- A &
3 0.70 | &
(] 0.65- ~—+—+——‘—\6{@+————+——+
0.60 \"b

0 200 400 60g“B00 1000 1200 14001600
Time A#grRandomization, d
A
&

X

© Zimmerli et al JAMA 1998



Biofilms are teferant towards antibiotics

S
e}
%E
&QJ
>
_Q
N
Kersisters
& i Impaired
S = e .
© A antibiotic
@’Q .
¥ g diffusion
AQ . . "
1@?- Bactericidal
L& antibiotics
&
> — 100
©
= o
g 104 6-00
2 1 ob°
R " &
0.1 . , : : S
0 1 2 3 4 <O
Time (hours) &’
&
1S
<
L
.s\{o
Q
&
e}
& &
e >
N5 v
<9 N
Qp{b Lebeaux, D. et al 2015 J Antimicrob Chemother ¢(_,
\’\f Lebeaux, D. et al 2014 ) Infect Dis ©
(5‘” Chauhan A., Lebeaux, D. et al 2012 Antimicrob Agents Chemother

N
@Q\ Chauhan A., Lebeaux, D. et al 2012 PLoS One



Biofilms are teferant towards antibiotics

o
\\2/

. \(J . ]
Antl—p%@lster Anti-matrix
comﬂ@@ounds? + antibiotics?

&
™)
Q«\Ob GFP P. aeruginosa biofilm
@a
«0‘5@

1@?- Bactericidal
o antibiotics
<

e
ey

©
=
>
S
N Genta+
o 1
E pH8,5
01"1 — T Y
0 1 2

Time (hours)

redidium iodide =
V %& Dead bacteria

&0
RS
o . . <0
N
& Gentamicin + EDTA S
49 N
P Lebeaux, D. et al 2015 J Antimicrob Chemother & LS N
d?{l’ Chauhan A., Lebeaux, D. et al 2012 Antimicrob Agents ChefAother Turaak:li:: Miit ol AEM 1983
Q} Chauhan A., Lebeaux, D. et al 2012 PLoS One



In vivo model ocgfé%‘%theter-associated biofilm

'
S\ e

Luminescent bacteria,@‘
O

O '
Blgiﬁm|nescence
N L
2> monitoring
E. Al -

© Lebeaux, D. et al 2014 J Infect Dis / Chauhan A., Lebeaux, D. et al 2012 PLoS One
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Anti-biofilm _s\.ﬁ%tegy: gentamicin + EDTA

©

\Z
&
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e
fe}@
<
.\0(‘
<
. N
<$‘0 *%
@ = «© in vivo |

0\} *¥X i

- *9e Sureus
~y e e
S -
& 8 3 3. epidermidis
-EI 7= &Q;
B s | *E. coli
oo T el (&Q . &0
e B —— & *P. aeruginosa T
g’ 4~ _\0'(\ Q‘\O
— 34 \)(‘}' Q}Q/
(0 - - 3 &"

24 & l | In vIitro <0

1 . . : "

h ST *18 clinical strains

- - i ;l"e
Untreated Ethanol Gentamlcmé%DTA Gené?)?x:m 8‘6{@
- Staphylococ%&s aureus - <>
\}‘9 ,LQN%
5 &
rfj)’» Lebeaux, D. et al 2015 J Antimicrob Chemother @,Q§
(}’\ Chauhan A, Lebeaux D et al 2012 Antimicrob Agents Chemother
5 Lebeaux, D. et al 2012 Medicine (Baltimore)



Antibiotic Iocj&herapy (ALT)

\\2/

Antlbloye Iock technic (ALT)
f@? catheter-related
s infections

O
&
<
,@a

4\0
ﬂe"’LocaI / high concentration of antibiotics

@c’
]

Long dwelling time (12-24 hours)

Already used in clinics &

Uncomplicated C-RBSI cgsfsed by
coagulase-negative sta‘ﬁhylococa

or enterohacterla

Success ~ gm% - 80%??
%

Withﬁ@éntamicin + EDTA

For long-term catheters



Conclusions _&ﬁ

9‘9

N7
O
(2]

R

o
Dlag‘hostlc improvement: imaging, microbiology

% lot to be done with standardized tests

.@1

Rifampin/fluoroquinolones for ortl@épedic implant—related

Qf
\\0

staphylococcal Infections HH L &
@“’ S
Beside, lower level of ewglé‘nce Q@b\’
<
i
A large room for |mp§§> ement... <
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Daptomycin4“oxacillin/nafcillin...

P
\\Q/

. MRSA@p?t—:'rsmtmg bloodstream infection

. Ang‘gtaphylococcal beta-lactam increases:
@063 Daptomycin bactericidal activity

@
<@ ‘2
5«0*  Daptomycin membrane blndlng ab‘
©
<

<& * Seven patients: cured, 2 relaps dﬁ'

<

, 10 ,glo 632'

.\OQ‘
o
»
O
@Q
&
—+—DAP 10 QO
Log 10 CFU/mL ~— DAP 10+0XA20 é’i’f’-
OXA20 'Q:'De
'@‘94 e ‘9&
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¢ O
{é’ cpb
< >
o <O
& N
R ’19
<9 N
N 0 @)
S 8
rﬁb 0 13 24 ©
v\ Time (hr)
@)

N . .
© Dhand, A. et al Clin Infect Dis 2011



Daptomycin&s lock therapy...

RN ST

64 (53-71)
Gende{\qﬁale}, no. (%) 7 (54)
Urgh(ﬂying disease
Qg}OSoIid neoplasia, no. (%) 3 (23)
Haematological neoplasia, no. (%) 3(23)
Renal failure, no. (%) 7 (54)
Neutropenia at diagnosis, no. (%) 1(7)
Type of catheter (port/Hickman) 6/7

N
Table 1 Charactegﬁ}cs and outcome of patients
included in theg®ud
1 u 1 Q}@l )’

. "Q,'& . *
Age in yeagy‘median (IQR )

Catheter life span in days until infection
episode, median (IQR
Microorganisms
Staphylococcus epidermidis, no.
Staphylococcus hominis, no.

282 (53-750)

Staphylococcus haemolyticus, no.
Enterococcus faecalis, no.
Polymicrobial (CNS), no.

ALT" duration In days, median (IQR /\0 4 (10-14
IV antibiotic use, no. (%) \{6‘7 11 (85)
IV Daptomycin use, no. (%) o 9 (69)

Outcome

2o
Success, no. (%) &0\

Relapse, no. (%) R
Failure, no. (%) e

Infection attributakd ¥
S

N
'Interqual@%range. YALT, antimicrobial lock therapy.

ORIGINAL PAPER

Daptomycin lock therapy for grampositive long-term
catheter-related bloodstream infections

J. L. Del Pozo,"* R. Rodil,* A. Aguinaga,® ). R. Yuste,"* C. Bustos,' A. Montero,® G. Espinos

N. Garcia-Fernandez’

Del Pozo, J.L. et al 2012 Int J Clin Practice



Toward a cllng@al study: a steeplechase run

Micro b@fogy

Is it strgc;ﬁ specific ?

| owran L ¥}

o
‘\ob
&
@
,\0 . Bl omvae =l
ol J

& Genta/EDTA
& S. aureus
4 S. epidermidis

E.coli
P. aeruginosa

~
N
18 clinical stralr;s“ <
Y
C-RBSI, Beawon o
'19” oF

Lebeaux, D. et al 2015 J A\Qﬁﬂmcrob Chemother
Lebeaux, D. et al ZOJ@%Iedicine (Baltimore)



Toward a cllng@al study: a steeplechase run

\\@ §
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P. aeruginosa & O

PharmaCIQcﬁopltaI E. Herriot,
18 clinical StralQS' EDTA + AB Hos‘r\yi:es Civils de Lyon,
Stability ? Pd;ﬁteforme FRIPHARM
C RBSI Beaw’on Y (y\ Fabrice Pirot
,19” ©¢ Elise Jandot
Lebeaux, D. et al 2015 J A\Qﬁmlcrob Chemother Pauline Doucet

Lebeaux, D. et al ZOJ@%Iedicine (Baltimore) Anne-Sophie Fiolet

\.




Toward a clin§@§'l study: pharmacology
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(Mass 5pec"°metr¥¥ No visible particle \@0
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@d\ ©
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Toward a cllng@al study: a steeplechase run

Micro b@fogy

Is it strgc;ﬁ specific ?

o
‘\ob
&
&
A0 . Il omwac: B
ol J

& Genta/EDTA
& S. aureus
4 S. epidermidis

E.coli
P. aeruginosa

Pharmacy

18 clinical stralr;S‘
CR-BSI, Beag;’on

Q)r\'
’L
Lebeaux, D. et al 2015 ) A\Qﬁmlcrob Chemother
Lebeaux, D. et al ZOJ@%Iedicine (Baltimore)
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Methodology
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Toward a cIinL@g'l study

Q/
&

Q’b

. Ph§§e 2 study
%5 patients: HEGP, St-Louis, Mondor

& <2
<& . &
< * Adverse effects, efficacy &

X
eco

&
& o

. g . . O

* Coagulase-negative staphyfococci + Enterobacteriaceae &
)

b‘)b 2

©

2>
Q S
<
2}.

— CRT Pasteur (tec@ﬁlcal/human support = 100 k€) &

* Conservative treatment of un{}g@f’\\mplicated LTIVC-related BSI @

* Funding:

— Labeix Pastqu? (20 k€) By
%
— Fondatj@ﬁ Descartes Sauver la Vie (35 k€) (’v’v&

— 25 Is:%are missing: crowdfunding (Thellie) 2 I\%vember 2018
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New approacta%s for biofilm eradication
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<

Anti-matrix

,(\.
Anti-persjsters? - et
<& : + antibiotics?
Gegf“z\:\micin .
6@‘5‘ Aminoglycosides
> |

Slgar T .pl.-l | - SH
& (L-arginine) Cllnlcal studles rgelust now

| Chelators (EDTA)

e

& L &
Rifampicin | | Antibiotic be perfermed Ant|b||ot|cs b&,@
: Wy Pro-dispersal agelafs
ADEP4 Silver Dispersin B, Dr),a%e l,
(ROS SN S/ R W Automducmg p@ptldes (QS)
production) Ogn— - \ \ 6’\""
PSS L] ; <
<& )
&é‘f’Phages Others? N-acetylcyit\gﬁl
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epeaux, et nftect Dis
Allison, K. %}012011 Nature InO/ / t Izano, %{.:Jetalzoos Appl Environ Microbiol
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Chauhan, A., Lebeaux r@@t al 2012 Antimicrob Agents Chemother Raad, I. et al 2013 Antimicrob Agents Chemother
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