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Antibiotika beim diabetischen Fuss

e Konservative Therapie:
— Gezielte, optimale Antibiotikatherapie
— Mikrobiologie incl. Resistenzprifungen (Knochen)

e Amputation verhindern
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Diabetischer Fuss

BACTERIA
Antibiotika Commensal wright place
Pathogen wrong place - Knochen
COmmensals virulence factors
- Digestion
- Vitamin production
/ - Space holder
Diabetes
Wirt Gezielte
Infektanfalligkeit: Antibiotika
Makrophagendysfunktio

Pathogens

- Virulence
Factors

Optimaler Nahrboden
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TABLE 2. Bacteria found in 80 bone biopsies from the 80

patients included in the present study

Aragon-
Present Senneville Sanchez
Variables study etal. [14] etal [I1]
Mumber of samples 80 76 I 76
Mumber of isolates 129 125 204
Mean number of isolates per sample .6 £ | .54 -
MNumber of culture negative samples (%) 2 (2.5%) 2° 20 (11%)
e (7o) Of Bomkgs, by pathogen
Gram-positive
Staphylococci 6l (47%) 65 (52%) 117 (57%)
Staphylococcus aureus 43 (33%) 33 (26%) 95 (47%)
24 (19%) 12 (10%) 35 (17%)
1 Yo 18 (14%) 32 (26%) 22 (117%)
Streptococci 12 (9%) 15 (12%) 7 (3%)
Enterococci I5 (12%) 10 (8%) 2 (1%)
SeprEICre T 5 (4%) 3 (2%) -
Gram-negative bacilli 26 (20%) 23 (18%) 59 (29%)
Us eudomonas aeruginosa 10 (8%) 3 (2%) 18 (9%)
5 (4%) 6 (5%) -

*MNot included in the present study.

Clinical Microbiology and Infection

Volume 17, Issue 2, February 2011, Pages 28521
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It’s all about location

Bakterien
e Knochen
e Biofilm

e |ntrazellular

Antibiotika
N Gewebepenetration
susseree  Biofilmaktivitat

“I go south in the winter. I have a condo in Hades.”
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Gewebepenetration -Knochen

e Beta-laktame und Glycopeptide:
— im Knochen 5% - 20% Serumspiegel (i.v.>>>>>p.0.)
e Fluoroquinolones, Linezolid, Trimethoprim, Clindamycin:

— im Knochen 50% Serumspiegel (i.v. = p.o.)

e Doxycycline: 2% (Skelet), 86% Mandibula (i.v. = p.o.)

e Metronidazol, Rifampicin: Knochen = Serum
e Fusidin Saure und Fosfomycin: Knochen > Serum

e Rifampicin und Fusidin Saure : nie solo

. UniversitatsSpital
Spellberg & Lipsky CLINICAL PRACTICE » CID 2012:54 Y
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Table 2 Bone Penstration of Anthiotics With High Oral Bioavailability: Data From Clinical Studies

Serum Lewel, Baome Lewel,
Fatiznts, hzan {Range], hizam (Ramgel,  Serum-Bons
Drug hdea. Dicime Rore il T s Ratic, % Raferanos
Clproflooacin 7 500 mg Oral 1.4(04-% 0.4 §0.2-0.9) 30 1501
7 750 mg Cirall 28084 07014 F)
L] 500 mg Chral 2.0008-3) 0.7 24P 35
4 750 mg Ciral 2a01-8) 1.4 027 4%
Ciprofloxacin 20 200 mg Intravenous HA 2 {medullary) 66 511
1.4 jeortical) 47
Clproflooacin 15 200 mg | nvtraviemois MA 0.1-0.9 3-30F 53]
Leneflonasn 2| 500 mg | mtranvemois B & {(medullary) 5 1531
3 cortical) -
Levoflonacin 12 500 mg | mitranremous FR-1 .4 {medullary) ] [54]
3.9 (cortical) 50
Encacin 24 400 mg Oorall ar 4 09 375 155]
7 I mitranrenos 1.3 55
honiflonacin L 400 g [mtranvemons 4.9 1.9 imedullary) A I55]
1.3 fcortical) i)
L 400 g Ciral 37 1.8 imedullary) 449
1.6 |cortical) a3
Limezalid 13 600 g Cirall S 4 Ll 157
Limezalid 12 600 mg Chral NA 9 Bi- I58]
Limezalid 10 600 mg Cirall 3 85 37 |
ThP-ShX 14 1 D5 tabdet teios Ol L.an43 37na 5015 I&0]
daiby for 2 d
Doy ycline & 200 mg | mrawenous A 268 86" 1]
Dicoryeycline .| 200 meg [ vbransemous MA 02 & 2]
Dienoyeyclins 34 200 mg Imitrasenous & 0.13 2 53]
Climdann yeiin 13 &S00 g | Imtranvemons or IS ] ar lE4]
intramnuscular
Climdann yeiin 7 300 mg [mtrarmuscadar 153 283 40 1551
Clindanmycin X3 600 mg | rvtranemous &5 38 45 6]
hetranidarols 16 500 mg | mitranvemos MA 14 liig 671
hetronidazoles 17 1500 mg | nvtraviemois 3 w T 58]
Rifarngin 32 300 mg | mitranemous 2 5(14-88) = 100F k]|
Fusidic acid in 15 500 g 3 tinnes Chral HA 30749 [a]
infacted bons” daiby
14 1 @ 3 timnes daly Cral N 9.8 E4-14.8)
Fusidic acid in | 500 g 3 tinnes Chral 2T -1 12 (1-4d) 44 [l
uninfacted bone daiby for & d
15 500 g 3 tinnes Cirall 45 [E-168) (275 a7
daiby for 610 d

Spellberg & Lipsky CLINICAL PRACTICE o CID 2012:54

itatsSpital



Biofilm

e Extrazellulare Matrix:
Schlechte Penetration/
Diffusion

High activity
Imtermediate activity
Low activity

Dormant
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Persister Bakterien

Hneeny o \Jermindertes/kein

Intermediate activity

Low activity Wachstum — kein
Doren Metabolismus =

Antibiotika wirken

Nature Reviews | Drug Discovery n ic ht

Growing Dormant

Conventional tive Corrupted
antibiotic
. —

Conventional

antibiotic
. —
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Persistenz

Persister Bakterien

o +AB o
Resistance —_
¢ Resistant cell
¢ +AB
Persistence - | @&

Persister cell Sensitive population
Phenotype switching
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Therapeutische Optionen?

Weakening
Prevention = [nhibition of efflux pumps Z t I
= Antibictic prophylaxiz = Degradation of k f - I ' l p f
= Targeting ;f.‘.u"f;:e mxtracellular mamix u u n e n
malscules = Targeting of exrecellular : T . .
« Targeting c-di-CMP ol Ag im Biofilm hochregulierte Proteine
signalling signalling molecules

So—o%0 0% ﬂ Extrazellulare Matrix:
- mechanisch: Sonikation, Chirurgie
- enzymatisch: DNase, Dispersin B
% Bakterien:
7N - t : Antibiotika

o
[+ :’ o
L
ﬁﬁ 009, % o
o

Dizruption Killing
= fechanical dizruption # PE/FD-guided antibiotic
= Biological dizruption treatmernt

with enoymes = Targeting subpopulations
= Targeting of extracellular with different clazzes of

and intrecellular antibiotics

signalling molecules = Targeting of the bacterial

membrans

@ Faszt-growing, susceptible bacteria
B Slow-growing, tolerart bacteria
Matrix of mature biofilm

p UniversitatsSpital
Figure 4| The four anti-biofilm strategi=s. Theblu= . M Ziirich

circles represent susceptible bacteria and the red NatureReview 2013
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Zerkleinern der extrazellularen Matrix

v Mechanisches Zerkleinern B'?':g'“hes Zerkleinern
°00o°. - Zahneputzen mltDl\szmeDT\lA |
o oD . . . -
0800 © - Chirurgie -Debridement Nase (DNA) p.i.
©o7e" @ g - : Dispersin B
c - Vortex/Sonication (Nierenstein) _
T (Polysacharide)
= Machanical disruption
. Ei;lu;;li-lcal:i:;upﬁm 108
lTurn:EtirzuFexmelluhr 107 #
and intrecellular
signalling moleculss 106 @.
g 10
g 1|:|.-_
S ot & -4
102 T -
101+
10¢ T T T T T T I
Aggregatez  TEM TEM, TEM, TEM, TEM, TEM, TEM,
once Mo rmice, 55 mix, 10smix, Z0smix, 30smix, 605 mix,
TEM TBM TEM TBM TEM TBM

Tobramycin (TBM) treatment

Figure 3 | Sensitivity of mechanically disrupted Pseudomonas aeruginosa biofilms ]
to tobramycin. Aggregates were grown for 48 hours and subsequently treated with NatureReview 2013
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Welches AB wirkt?

Killing

* FE/FD-guided antibiotic
treatment

= Targeting subpopulations
with different clazses of
antibiatics

= Targeting of the bacterial
membrans

Untreated

Aktivitat im Biofilm und auf
stationare, nicht teillende Bakterien

rrrrr 24 hours
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Penetration/ Diffusion
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N Welches AB wirkt?

Killing

e Aktivitat im Biofilm und auf
e stationare, nicht teilende Bakterien
1.5 Rifampin: Inhibiert bakterielle RNA
Synthese, Wkg bei pH|,
“E
g 1.0 AB mit Wirkung auf die Zellmembran :
< 3 Aktiv auch auf stationare, nicht teilende
= - Bakterien
2 Daptomycin:
I_-=I Lipopeptid, Gram +
0.01— . '
control  1/4xMIC__ 1/8xMIC Colistin: Gram —
rifampicin .
g bei |0,
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Biofilm ‘Toleran?’

Killing

* PE/FD-guided antibiotic
treatment

= Tarngeting subpopulsticns
with different classes of
antibioticz

= Tangeting of the bacterial
membrans

Table 1 | Biofilm tolerance of antibioticz and biocides

Antibiotics and
biocides

B-lactam

Quinolones

Aminoglycosides

Antimicrobial
peptides

and ather
membrane-
active biocides

Azithromyein

Physical (biofilm matrix- Physiological
related) tolerance tolerance
Diffusion partially impaired™ Mo activity on
nen-dividing
cells™
Noimpact™ Impaired activity
in anaerobic
conditions®

= Diffusion impaired by
alginate™

= Extracellular DNA chelates  cells™
cations and thereby
creates cation-limited
conditions: this induces LP5
modifications and impaired
self-promoted uptake of
antibiotics?*®

Extracellular DNA chelates -
cations and thereby

creates cation-limited
conditions: this induces LP5
modifications and impaired
self-promoted uptake of
antibiotics™

Impaired activity
on non-dividing

Adaptive tolerance®

» Induction of B-lactamase, which can impair
diffusion in the biofilm by hydrolysing the
B-actam molecules®

= Subinhibitory concentrations induce
alginate genes™

» Upregulation of efflux pumps as stress
response !

= Upregulation of efflux pumps as stress
response!™

= Upregulation of PA1874-1877 multidrug
efflux pump in combination with ndv (PA14)™

» Upregulation of MexXY efflux pumps®*

» Subinhibitory concentrations induce biofilm
formation™

» ndv-dependent glucan production in
the periplasm and sequestration of
aminoglycosides in this compartment

= Upregulation of PA1874-1877 multidrug
efflux pump in combination with ndy*!

140

= Specific: induction of am operon and LPS
modification

» Nonspecific: upregulation of efflux
pumps'™®

* Upregulation of efflux pumps as stress
response!™

Upregulation of MexCD—opr] efflux pump®

LP3, lipopolysaccharide. ndv, glucosyltransferaze invelved in the formation of eyclic glucans. * Examples for Pseudomonas
agruginosa. '"TE, O.C. N.H., B.P. Brochmann, A. Toft. C. Haempel and P.&@. Jensen, unpublished cbservations.



It’s all about location

Bakterien
e Knochen
e Biofilm

e |ntrazellular

Antibiotika
N Gewebepenetration
susseree  Biofilmaktivitat

“I go south in the winter. I have a condo in Hades.”
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Intrazellulare Persistenz trotz AB
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Intrazellulare Persistenz trotz AB
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Leimer, N. et al., J Infect Dis. 2015
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Intrazelluldre S.aureus sind geschﬁtzt vor AB

Day 0 Day 3

Scale bars 20 and 5 um, _
respectively

bacteria CFSE, green -

lysosomes LAMP-2 antibody, Alexa Fluor 594, red I UniversititsSpital
nuclei DAPI, blue Ziirich




Niedriger pH induziert persister Bakterien

MSSA Cowan MSSA 6850 MRSA JE2
404 ° pH 4.0 404 © pH 4.0 404 © pH4.0
= pH55 9 |=pH55 9 _|=pH55
3014 pH 6.5 O 3014 pH 65 0 3914 pH65
204opH7.4 ‘gzo.OpHm 220.0pH7.4
" 101 " 10
04 e — i 0 ——
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Grin: AB conc notwendig um
planktonische Bakterien

Zu toten

Rot: Biofilm assoz. Bakterien

Biofilm assoz. Bakterien bis
10’000 x resistenter

{Cone anvration
[ 2™ ]

Tirne {minutzs)

UniversitatsSpital
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Wieviel - Was?

-]
Grin: AB conc notwendig um
planktonische Bakterien

8 Zu toten

E Rot: Biofilm assoz. Bakterien

B

8
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Weakening

= [nhibition of efflux pumps

= Degradation of
extracellular matrix

= Targeting of extrecellular
and imtreceliular
signalling modecules

w

.
%o

Schwachen der Kommunikation

Rote Alge Delisea pulchra
Furanone: inhibieren Bakterienadherenz
auf Algenoberflache

Furanone

interferieren mit dem

Quorum sensing von Gram —
kein Biofilm
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Weakening

= [nhibition of efflux pumps

= Degradation of
extracellular matrix

Schwachen der Kommunikation

= Targeting of extrecellular
and imtreceliular
signalling modecules

w

-/
8

Synthetische Furanone
Weniger S.epidermidis Biofilm

Conc entration

\

Tirmne {minuwbes)
control

Coonc entration

Timee [minutes)
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Weakening

= [nhibition of efflux pumps

= Degradation of
extracellular matrix

= Targeting of extrecellular
and imtreceliular
signalling modecules

Schwachen der Kommunikation

%o

/

#

2

=
]

Interference mit Quorum Sensing -

Knoblauch
Ginseng

AB

- Makrolide

- Ceftazidime
- Ciprofloxacin

{Coong encbrati on

Tamee [minwrte:s]
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Gewebepenetration und Biofilm-Aktivitat

e Lokalisation - Bakterien sind geschiitzt

(Wirtabwehr + AB)

: — Knochen (po)

— intrazellular —Persister
— Biofilm

/\ e Therapie: Pravention

— Gewebepenetration

— Aktivitat im Biofilm (mechan.- Kommunikation)
— Intrazellular aktiv

— Persister -stationare, nicht teilende Bakterien

= (B e Zellmembran: Colistin, Daptomycin

e | [ERED e Modulation: Makrolide, Cipro, Ceftazidim

TR W e Penetration: Rifampicin B niversitssoia
% 9  zirich




Diabetischer Fuss - Infektionen

¢ Hausarzt

e Wundexperten
* Orthopade

e Endokrinologe
e Angiologe

e Mikrobiologe

e Infektiologe
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Table 1. Partial list of human infections involving biofilms.

Infection or disease

Common biofilm bacterial species

Dental caries
Periodontitj

Necrotizing fasciitis
Biliary tract infection
Osteomyelitis
Bacierial prostatiti
Native vame endocarditis
Cystic fibrosis pneumonia
Meloidosis
Nosocomial infections

ICU pneumonia

Sutures

Exit sites

Arteriovenous shunts

Schleral buckles

Contact lens

Urinary catheter cystitis

Peritoneal dialysis (CAPD) peritonitis

IUDs

Endotracheal tubes

Hickman catheters

Central venous catheters

Mechanical heart valves

Vascular grafts

Biliary stent blockage

Orthopedic devices

Penile prostheses

Acidogenic Gram-positive cocci (e.g., Streptococcus)
Gram-paaeseearnacrobic oral bd

pable strains of Haemophilus influenza€
Gram-positive cocci (e.g,, staphylococci)
Group A streptococci

Enteric bacteria (e.g., Escherichia coli)
Various bacterial and fungal species—often mixed
oli and other Gram-negative bacteria
ViridaMesmsaun streptococci
P. aeruginosa and Burkholderia cepacia
Pseudomonas pseudomallei

Gram-negative rods

Staphylococcus epidermidis and S. aureus
S. epidermidis and S. aureus

5. epidermidis and S. aureus
Gram-positive cocci

P. aeruginosa and Gram-positive cocci
E. coli and other Gram-negative rods
A variety of bacteria and fungi
Actinomyces israelii and many others
A variety of bacteria and fungi

S. epidermidis and C. albicans

S. epidermidis and others

S. aureus and S. epidermidis
Gram-positive cocci

A variety of enteric bacteria and fungi
S. aureus and S. epidermidis

S. aureus and S. epidermidis

ciencemag.org SCIENCE VOL 284 21 MAY 1999 1



Gewebepenetration - Diabetes

e Durchblutungsproblematik
e Hautdefekte
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Infektanfalligkeit - Diabetes

e Durchblutungsproblematik
e Hautdefekte
¢ |nfektanfalligkeit:

— Makrophagendysfunktion

— Optimaler Nahrboden

DIABETES — Bakterien -> Antibiotika

KNOW THE SYM PTOMS

\ Freguen_'hr rination.

Blurry vision.

5 m irsty.
QR >
99,
\\'! A . o
i Numb or tlnghm &\
4 hands or fest. )
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Antibiotika beim diabetischen Fuss

Konservative Therapie:

Gezielte, optimale Antibiotikatherapie

Mikrobiologie incl. Resistenzprüfungen (Knochen)



Amputation verhindern
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It’s all about location
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Gewebepenetration -Knochen

Beta-laktame und Glycopeptide: 

im Knochen 5% - 20% Serumspiegel (i.v.>>>>>p.o.)

Fluoroquinolones, Linezolid, Trimethoprim, Clindamycin:

im Knochen 50% Serumspiegel (i.v. = p.o.)

Doxycycline: 2% (Skelet), 86% Mandibula (i.v. = p.o.)

Metronidazol, Rifampicin: Knochen = Serum

Fusidin Säure und Fosfomycin: Knochen > Serum

Rifampicin und Fusidin Säure : nie solo







Spellberg & Lipsky
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Biofilm





Extrazelluläre Matrix: Schlechte Penetration/ Diffusion





Persister Bakterien





Standardmodus







Persister Bakterien





Vermindertes/kein Wachstum – kein Metabolismus  Antibiotika wirken nicht













Conlon et al., 2013

Growing

Dormant







Persister Bakterien
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Persistence





≠







































































+AB

Resistant cell

Resistant population

+/-AB

Persistenz











































































+AB

-AB

Persister cell

Sensitive population

Phenotype switching











Resistance: genetically different. 

Persistence: phenotype switching/diversity, stochastic. 

Dormancy: many mechanisms  mutant that forms no persister cell not found  difficult to study (redundancy)
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Therapeutische Optionen?

Extrazelluläre Matrix:

	- mechanisch: Sonikation, Chirurgie

	- enzymatisch: DNase, Dispersin B 

Bakterien: 

	- † : Antibiotika

	



NatureReview 2013

Zukunft - Impfen 

Ag im Biofilm hochregulierte Proteine





Zerkleinern der extrazellulären Matrix

Biologisches Zerkleinern mit Enzymen

DNase (DNA) p.i.

Dispersin B (Polysacharide)





Mechanisches Zerkleinern

Zähneputzen

Chirurgie -Debridement

Vortex/Sonication (Nierenstein)
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Aktivität im Biofilm und auf  

stationäre, nicht teilende Bakterien 





Welches AB wirkt?



Extrazelluläre Matrix: Schlechte Penetration/ Diffusion



Persister Bakterien





J Ex Med 1956







 

Rifampin: Inhibiert bakterielle RNA Synthese, Wkg bei pH



AB mit Wirkung auf die Zellmembran : Aktiv auch auf stationäre, nicht teilende Bakterien

Daptomycin: 

Lipopeptid, Gram +



Colistin: Gram –

bei     02









Aktivität im Biofilm und auf  

stationäre, nicht teilende Bakterien 





Welches AB wirkt?







Biofilm ‘Toleranz’







aminoglycosides, fluoroquinolones and β-lactams do not function well under hypoxic conditions and therefore kill only the outer, growing part of the biofilm. 
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Intrazelluläre Persistenz trotz AB









Intrazelluläre Persistenz trotz AB















Leimer, N. et al., J Infect Dis. 2015 





Intrazelluläre S.aureus sind geschützt vor AB



Day 0





Day 3

Day 5

Day 7

Scale bars 20 and 5 µm, respectively



bacteria CFSE, green 

lysosomes LAMP-2 antibody, Alexa Fluor 594, red

nuclei DAPI, blue 





Figure 2. Intracellular persistence of S. aureus within phagolysosomes.  A549 cells were infected with S. aureus Cowan and extracellular bacteria were killed by addition of flucloxacillin. The intracellular localization of persisting bacteria (CFSE, green) was analyzed by fluorescence microscopy. Lysosomes were visualized with LAMP-2 antibody (Alexa Fluor 594, red) and nuclei were stained with DAPI (blue). 



CFDA SE = carboxy-fluorescein diacetate, succinimidyl ester. 

Crosses the plasma membrane and covalently binds to all free amines on the surface and inside of cells and shows little cytotoxicity

Passively diffuses into cells. colorless and nonfluorescent until its acetate groups are cleaved by intracellular esterases to yield highly fluorescent, amine-reactive carboxyfluorescein succinimidyl ester. The succinimidyl ester group reacts with intracellular amines, forming fluorescent conjugates that are well-retained and can be fixed with aldehyde fixatives. Excess unconjugated reagent and by-products passively diffuse to the extracellular medium, where they can be washed away. The dye–protein adducts that form in labeled cells are retained by the cells throughout development, meiosis, and in vivo tracing.

The label is inherited by daughter cells after cell division or cell fusion, and is not transferred to adjacent cells in a population.



Lysosome associated membrane protein 2: LAMP-2 = CD107b; membrane glycoprotein. 
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Figure 1. Induction of S. aureus SCVs and non-replicating persisters by low pH and bacterial regrowth through pH increase. (a) S. aureus strains 6850, JE2 and Cowan were inoculated in media buffered at different pH as indicated. Colony phenotypes of viable bacteria were determined and the percentage of SCVs plotted over time. Three independent experiments done in triplicates are presented as mean ± SEM.
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Table 1. Partial list of human infections involving biofilms.

Infection or disease

‘Common biofilm bacterial species
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Contact lens
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Mechanical heart valves
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Biliary stent blockage
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Penile prostheses

itis
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Gram-negative anaerobic oral bacteria
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