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Mikrobielle Flora des diabetischen
Fussulkus

» Zahlreiche Studien - teilweise e
widersprtchliche Ergebnls%@e\\s
- Einige Studien: §. aure Qdommant

- Dang CN. Diab MEQ 003 S

Llpsky’(B ﬁnfect DIS% 9\2105

L@k\@ A. Arch Int@\\ﬂ 471990 A\
A I@éuere Studmn@&kamnegat\&%@&‘}gbler

pradominant

- Gadepalli R. D?—Pete;l%are 2006

- Shankar EM. Eur J Intern Med 2005
- Rolle der Anaerobier relativ unklar

FuS®




Mikrobiologie im Rahmen einer

grossen prospektiven Studie

Fus®
Verteilung aerob/anaerob (n 04\531)

0o

SO
?\) m Nur Aerobier

rLQ'\a Nur Anaerobier
‘0 m Aerob & Anaerob
m Kein Wachstum

Citron DM. J Clin Microbiol 2007



Monomikrobielle versus
polymikrobielle Infektion

S
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40% %—6)9(\ m 3 Isolate
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Citron DM. J Clin Microbiol 2007



Aerobe und anaerobe Bakterien

(n=1145

énzahl verschiedene 115 ‘ \06\\60 462
pezies 0\6

Zahl der Spezies pro @)ﬁ\ 0-9
Probe ‘\\)«\
Durchschmtthch@qﬁq\o 2.7 O\'? 2.3
pro Probe (\5 G\(\a(o ,\;\
Pro%(l%&)%tlv in 08( 15.2 el rLQ 1.5
Reinkultur \O‘O

O¥

_2®
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Grampositive aerobe Bakterien

|\ 066
Prozentder Patlentensc\\e
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Gramnegative aerobe Bakterien

wS°

Prozent der Patienten \\e“

Stenotrophomonas
Ps. aeruglno

Protw@ﬁg‘lls

Proteus- Provg’qﬁi\l Morganell
ga\g @g@&
Enterobacter cloacae

Klebsiella sppl

,(a DP

‘ Citron DM. J Clin Microbiol 2007
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Anaerobe Bakterien

Eubacterium Gruppe
Clostrldlum

&c@@i}}&ken

5\_ &I\Lgoldla ma
A %‘3\9 Fusobacte@@( ﬁ:ﬁ

Porphyromonas spp

la ;p%
Bacteroides fragil% ruppe

Andere grampos. an

Prevote

Citron DM. J Clin Microbiol 2007




Fragen zur Infektionsdiagnostik

SO
» Sind Entzindungsparameter h‘ilg(@\‘.\lﬁ\)
- CRP 208

.

> Procalcitonin \)(00\

> Leukozytenzahl g&\llffb?ld) 455
> (Laktat j{'@W@ﬂgsekret) 0\’?
o (G :
» Optim fes Vor %Iaéﬁ\%ur Prob%@g%wmnung?
5 -Abstrich aus Ulkus? \k\o‘oe(

- Nadelaspiration aus 'I@ogenn'ahe?
0 Knochenbiopsi’ﬁ'




Patienten mit diabetischem

Fussulkus haben ein erhohtes CRP
A FVS°
Table 2—Systemic immune mediator concentrations in patients w l:;{'aggmﬁdlabf:m foot

ulcer
\'0V

Immune Patients without

mediator Patients WWI%b\)m ulcer P

CRP (mg/) %’9\3\ 38.2) \%ggm <0.0001
Fibrinogen (g/1 ((\ 55+ 1.6 \. ? * 0.9 <0.0001
é cO

IL 6 (pg/ 124 (6.9;30.3) 8(2.2,5.2) <0.0001
7.7 (5.6; m'a( £3(.1;66) A A <0.0001

(pg/ml) 118, 3 2 122.7 (85.0; 2 '\ NS

IL 8 (pg/ml) @e -18.3) %1 ) NS
MIP-1a (pg/ml) 6 (54.6; 132.7) O‘Q 1;107.4) 0.008

MCP-1 (pg/ml) 201.0 202.2;3819) () 3 3 (213.8; 415.6) NS
IP-10 (pg/ml) 4108 (3{19.9@%7} 199 4(216.9; 401.6) <0.0001
RANTES (ng/ml) 469 23¢ 1003 = 44.7 <0.0001

Data are means * SD or mecﬁ# ‘Ej'th percentile; 75th percentile).

Weigelt C et al. Diabetes Care 2009




Je grosser das Ulkus desto hoher
das CRP

Table 4—Systemic immune mediator levels stratified by ulcer grade (U“f%hj) ﬂf Texas

classification) e
e

Immune \6

mediator UT grade 1 \)m UT grade 2 UT grade 3

n é%\\)“ 74

hs-CRP (mg/1) ?@\ 19.4) 11. l,é ?ﬁ% 21.0(7.9; 61.6)%

Fibrinogen (%%\ S\J 48+ 1.3 3+1.7 6.0 = 1.6%

IL6 ( 7.90(3.4; 19, DG 105{69 25.6) Qi\'\l%{sg 48.6)t

MRy 7.9( @ 7.0(5.3;9.9 8.6 (6.4; 13.4)
A'[L—IS (pg/ml) 131.3 (799; 103.8) 122.2 %Q % 5) 111.3(85.8; 188.5)

IL-8 (pg/ml) 9.4 (6.7; 20 2) 18.5) 12.9(7.0; 18.1)

MIP-1a (pg/ml) 83.5(50.3; 214. 2%% 85.1 (56.2; 127.4) 77.6(54.2;136.1)

MCP-1 (pg/ml) 256.6 ( 348.4 (220.0; 471.6)% 284.2 (206.8; 367.9)

IP-10 (pg/ml) 4316 (3 558.5} 427.2 (344.9; 517.5) 353.2(275.0; 543.6)

RANTES (ng/ml) 75.3 i 35.?’ 77.7 =436 75.7 £ 34.1

Data are means * SD or medians (25th percentile; 75th percentile). *P << 0.01; TP < 0.001; P << 0.05,
compared with University of Texas (UT) classification grade 1.

Weigelt C et al. Diabetes Care 2009




Procalcitonin und Osteomyelits?

Table 1 - Clinic characteristics and infection markers.

Osteomyehtgso\\ h-Value

Absgﬁﬂ\agesent

. m@\-.\ (n=13
Age (years) 90‘5\“‘ 62 7 +10.1 ?@3% 118 0.757
Sex (M/F) S\Jm 10/3 0.590
Duratig abetes (years) G‘G\Q& 7.6 136 i‘rﬁ\'\ 0.974
A% 0Ce' 85+13 0.664
Procalcitonin (pg/ml) 58.6 jgﬁgg&o 6.7 + 43.5 0.627
White blood cell count (x 103 85+34 0.924

C-reactive protein [mg/diﬂ 18 8+21.5 420+67.5 0.287

>10 mg/dl 5 (45%) 4 (30%) 0.375
Erythrocyte sedimentation 53.7 £46.0 925+334 0.026
rate (mm/h)

Mutluoglu M et al. Diabet Res Clin Pract 2011



Fleischer AE. J Foot Ankle Surg Table 2
2011 Post-treatment laboratory variables analyzed for association with clinical response

(N = 38 patients)

Post-treatment Variable Favorable Response Poor Response p Value®

Postoperative whessran — —

Absolute count (107 cells/uL) 3 A48 +20 9% 5.5 005
2

Trendi d 643
I—e u k O Zyt ose P;igerllrtlaggl;p;: :gductmn (%) 13 4 i@‘g\e 165+ 249 822

Rate of reduction (10° cells/uL/d —055+099 539

ED Neutrophils a
9\ 5 84 + 1.83 007 £ 44 016
Leukozytose >

ungunstige g Wﬂmw_‘ p7sms 1961301 688

Table 3 \)56 -
P ro g r Final multn;er@\ig\?el for prechclm‘g@@{glmcal response (N = 38 patients)

E@k@} act GQ egression Coefﬁc@@’\\ Odds Ratio p Value

A‘ * Intercept v -1. 30&(\\0‘06 V — 160

Severe UT wound grade” 6.0 .078
(versus moderate) %

Post-treatment lsa'ul«mucyET{laJr 2.270 9.7 .048

Abbreviation: UT, University of Texas.

* Severe UT wounds involved extension to tendon, capsule, bone, or joint; moderate
UT wounds involved extension to subcutaneous tissue only.

' Post-treatment leukocytosis defined as white blood cell count >11,000 cells/uL
shortly after initiating definitive therapy, drawn, on average, for the cohort 3 = 1.4 days
after starting definitive treatment.

B T~ -y




Latat aus Wundsekret: Marker fur
Weichteilinfektion beim diabetischen
Fu SSUIkUS? Table 1 Overall wound characteristics C,S

e

Soft- tlsué\\so soft-tissue

@ﬁa‘@ infection
Loffler M. et al. X W0 (n = 64) P-value
Diabetic Medicine 2011 T 3
‘gﬁ(}lze (cm?) 5.37 6.57 0.857
((\Q @g&% 33))  [(0.19-142))
. 6\‘ 6\] Ulcer l-:}-;an:g \.’ 0.551
Toe (28%) (23%)
%'a\g(\ d?,( G‘(\ 60%% fLQ'\?l\s 70%)
A( . eel 4 (7%)
Positive pr(}bl 55%) 22 (39%) 0.082
to bo n@
Zrl%lble 2 (71%) 44 (69%) 0.491
(L pedal pulses
Wound duration 29 [(5-168]) 29 [(7-103]) 0.402
(days)
Multiple ulcers 22 (49%) 25 (39%) 0.187

(n>2)

Results are expressed as median [(minimum-maximuml|) or »

(%).




Wound fluid lactate concentration in diabetic foot ulcers (DFU)

! Healed within 6 months
P=0.001 I
|

27.18 mmol/l
n=45 |

50 mmoll S
18.:!-& nwnolv‘l F \)6
e

.

Loffler M. et al. 0\
Diabetic Medicine 2011 ((\ @%nm
S\

O
o :
Eher tiefeské ’\:%n\‘L \(\awo\
gunstlg%@ cher Verlauf Oe( G

10.29 mmol/l
n=15

10 mmaol/

ow®
rL’( ° Clinical signs

of soft-tissue
infection

Yes Mo Mo

Lactate
concentration [7.14-80.4] [5.58-50.34]
[min—max] mmaol/l

[7.26-23.31]

Cl
D

FIGURE 1 Baseline wound fluid lactate concentration in diabetic foot ulcers
(DFU). Data are given as box plots showing median [(minimum-
maximum]|) as well as 25th and 75th percentile. Extreme outliers are not
presented.
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Mikrobiologie aus Abstrich oder

perkutaner Knochenbiopsie?

SO
» Retrospektive Studie aus Tourcoi P

» Patienten mit Verdacht auf Q@\@%myelltls bei
diabetischem Fuss (mdﬂ&\?tens 2 Kriterien):

> Ulkus = 2 Woch
> Promine Qell%runter li éhﬁ’en Knochens
> Ulk ache > e‘ger > 3 m\m tief
5 PRB andere Ze@@%n/Befund ox &
- Positives ,probe to bone @é‘@ en
- Positive Blldgebung,’L
> Ausschlusskrit
- Antibiotika innerhalb 4 Wochen vor Biopsie
- Transkutaner pO, < 30 mm Hg

T Senneville E et al. Culture of percutaneous bone biopsy

WA specimens for diagnosis of diabetic foot osteomyelitis:
N\ ,\& Concordance with ulcer swab cultures. CID 2006; 42: 57-62




Probenentnahme

» Abstrich aus Ulkus (innerhalb 3 Tagen VQ@\EI p5|e)

> Reinigung des Ulkus mit steriler \6@tgél%uchteter (NaCl)
Kompresse O\6

- Abstrichtupfer in der"ﬁé‘t\é des Ulkus kraftig rotieren

) KnOCheanOpl&@Oe’\
o Mlnde O mm AE,I, g‘@(%m Ulkusra,{1d
o I@’d\%msmn (5— 5§
o 11-G B|0p5|enadel unter D chtung
> 2 Proben pro Biopsie_99-
- 1 in Rosenow B@ﬂll'on (Biorad)

- 1 in Standardtransportmedium (Port-a-germ)
+ Kulturen aerob (5 Tage) und anaerob (2 Wochen)

\ n Senneville E et al. Culture of percutaneous bone biopsy

0NN specimens for diagnosis of diabetic foot osteomyelitis:
‘*T‘§ Concordance with ulcer swab cultures. CID 2006; 42: 57-62




Patientenkollektiv

SO
» 190 Patienten mit 214 Biopsien \\e“?\)

\oU
88 Patienten erfuIlten\.glm‘s\@lusskrltenen

\8 cS
e o P o Ko
tiénten mit posit Kultur a chen
(S@u?enpopulatloﬁé oK \O‘oeuz

D
20~ -

Senneville E et al. Culture of percutaneous bone biopsy
specimens for diagnosis of diabetic foot osteomyelitis:
I Concordance with ulcer swab cultures. CID 2006; 42: 57-62



Swab Bone biopsy

Variable samples samples

MNo. of samples 69 76

Mo. of isolates 109 125

Mean no. of isolates per sample 1.58 1.64 _

Mo. (%) of isolates, by pathogen
Staphylococci

Al 41 (37.8) ¢ \3%54_

Staphylococcus aureus

Verteilung der Au “@(\ 2 26.)

. MRSA 6 12 (9.6
n aChQEWI ese n e n Coagulase- negatlve staw Sa\ 32 (25.6)°
. . Enterococci L
Erreger in Abstrich ) 9)C 23 Eff}z; 1512
1 (0.9) 1{0.8)

Und B|OpS|e '\)((\%DB 12 (11.0) 10 (8.0
Group C ?\)66 2(1.8 1{0.8]

11{0.9 0

)
((\Q Group D }

Sq Strept g@ Jidans 4 (3.8} 1{0.8)

X 6\ ‘CUs pneumoniae ﬁ} 2 (1.6)

r gram-positive coccl & ) 3 (2.4)
)

(\
%‘a\g 0 e‘ Corynebacteria

be‘ 8 (7.3 3 (2.4)
. Gram-negative bagill 28 (25.7) 23 (18.4)
Escheri a&.b 4 (3.6) 4(3.2)
Senneville E et al. Culture of percutaneous rlﬁsie soles oo 2ie
. ) . ) eus species 4 (3.6) 7 (5.8)

bone b|0psy SpeC|menS for dlagnO f‘ - Acinetobacter species 2 (1.8} 3(2.4)
diabetic foot osteomyelitis: Concordance Enterobacter species 4(36) 2(1.6]
th I b It Pseudomonas species 7 (6.4} 3(2.4)
wi uicer swab cultures. Others 6 (5.6) 2 (1.8)
CID 2006; 42: 57-62 Anaercbes 328 6 (4.8)
Bacteroides species 1 (0.9) 2 (1.8)

Peptococcus species 1 (0.9) 2(1.8)

Propionibacterium acnes 1 (0.9) 11{0.8)

Others 0 11(0.8]

NOTE. MRSA, methicillin-resistant 5. aureus.

# P< (05
b p. oot




Senneville. CID 2006
Uebereinstimmung zwischen Abstrich

und Biopsie?

Table 3. Proportion of pathogens isolated from cultures of hone bij gb}:r swab
samples obtained from 69 patients with diabetes with susp&%@ osteomyelitis.

MNo. of instances i Néulture yielded
v

m ibd pathogen
6 \)(\ From érom both
QO From s ne biopsy
S\J((\ bone biopsy and swab  Concordance,?

Path?glgq.“\s\ Total 55{3}%@“\0 onl*,r sampki y %
Wcaccus aureus @e( 13 (rL@ I 42.8 I
D ®Ns 30 \é‘oe 28
Streptococcib 31 O 8 25.8
Enterococci rL% 1 6.67
Corynebacteria 2 8 0 0
Gram-negative bacilli 21?2 12 18 12 285
Anaerobes 6 3 0 0

Total 197 79 65 43 I 22.5 I

NOTE. CNS, coagulase-negative staphylococci.

? Percentage of instances in which bone and swab samples yielded the same pathogen for a given
patient.

® Includes group A, B, C, and D streptococci; Streptococcus viridans,; Streptococcus pneumoniae; and
other gram-positive cocci.




Limitierte Aussagekraft von
oberflachlichen Abstrichen: altere Studie

SO
» Vergleich zwischen Abstrich aysﬁés‘tgpund

Knochenbiopsie bei chroniggﬁ@o steomyelitis

> 30.4% mit identischer LP\aus Fistel und Knochen

- Konkordanz fu(g%l\mrfﬁt—s.aureus‘: 0-29.2%
. Konko’r&d_ng(‘@r S. aureus(:}&@%\%?ennewlle: 42 .8%)

: \!
A 63\9‘\5 Macko%iigﬁ@r‘&aal. Diagnostic '\e%f sinus-tract
. culture

chronic ostegg@(s. AMA 1978; 239: 2772-5




Nadelaspiration an Stelle der
Biopsie?
VS

» Biopsie fur viele zu ,invasiv’, e‘rfo((@k@?t
entsprechende Fertigkeite\%\oBﬂ%f’gebung

» Nadelaspiration ,kanﬂﬂﬁéger‘

» Frage: 90‘5\\)«\ cus®

-

o |Ist di%\@g_@ ggelﬁraft c{\e&é@‘blration vg\rgleichbar mit
dep\Biopsie bE%%kIg’I
‘Diagnostik?

mikrobiolgg/@gher

\0)
ox®
i




Prospektive Studie (Senneville)

» Am selben Tag e
- Transkutane Knochenb|0p5|e \Oe\\s
06

- Nadelaspiration 7’\)((\
> Abstrich aus Ul nd

Senneville E et al. Needle puncture and transcutaneous bone
biopsy cultures are inconsistent in patients with diabetes and
suspected osteomyelitis of the foot. Clin Infect Dis. 2009




Probenentnahme

S
» Abstrich aus Ulkus ?\)5

\\\
- Reinigung des Ulkus mit steriler, an \Uthteter (NaCl)
Kompresse, Abstrichtupfer in ¢ e des Ulkus kraftig

rotieren
» Knochenbiopise . g\i\)«\
gﬁ stand v usrand

> Mindestens 2&@0@

* Hautinzis 10 mm) oV

o P@Bﬁ)psienadel L%r@(?\@urchleuch}z“fg\
) Na%@laspiration 191> el

- Spritze mit 1 ml NacCl, 18—@\&99el

> Abstand mindestens/ZQfEan von Ulkus

- Rontgenkontrollg:INadelspitze auf Corticalis unterhalb
des Ulkus

- Aspiration; falls sicca, dann ausspiilen der Nadel flr
Kultur

Senneville E et al. Needle puncture and transcutaneous bone
biopsy cultures are inconsistent in patients with diabetes and
suspected osteomyelitis of the foot. Clin Infect Dis. 2009



Patientenkollektiv

» 451 Patienten mit Diabetes und %@5\5‘{1

1 6\0 s’

79 Patienten mit Verd&;’mﬁq\uf Osteomyelitis
" us®
q((\ \,?

31 P@@\Qﬂen mit egédlfé\ﬁaEmschlusQ@ﬁ'\enen
ol

_7%:

207

Senneville E et al. Needle puncture and transcutaneous bone
biopsy cultures are inconsistent in patients with diabetes and
suspected osteomyelitis of the foot. Clin Infect Dis. 2009




A.©

Tahle 1.

Distribution of microorganisms isolated from bone biopsy specimens, needle

puncture specimens, and swab samples obtained concomitantly from 31 patients with

diabetes and suspected osteomyelitis of the foot.

Bone biopsy  Needle puncture
Specimens Specimens Swab samples
Variable (n = 31) (n = 31) (n = 31]
No. (%) of sterile sample cultures 10 (32.3) 13 I[-*-11 9) (‘ g
Total no. of isolates 42 . 0\\
Mean no. of isolates per sample 1.35 \6 2.51
Gram-positive cocci 21/42 (50) % 51.2) A5/78 (57.7)
Staphylococci 17/4 \Z)M 16/41 (39.0) 32/78 (41.0)
Staphylococcus aureus
All \_)\'(\wzlz (33.3) 8/41 5) ) 17/78 (21.8)
MRSA 2/14 (14.3) ? 3/17 (17.6)
Coagu as% phvlom{}m 3;"-42 '[? ] \_’ 8/41 (19.5) 15/78 (19.2)
posifive cocci® “@ 5/41 (12.2) SBNB (16.7)
a\&l—negatwe bacilli G 6/42 (38.1) 15/41 {3? \ 6/78 (33.3)
Escherichia coli 0 2/42 (4.8) 578 (6.4)
Proteus species 6/42 QK O 41 (12.2) 7/78 (9.0)
Pseudomonas species 3/41 (7.3) 5/78 (6.4)
Serratia marcescens 2 i (4.8) 0 3/78 (3.8)
Enterobacter species rL’( . 1/42 (2.4) 1/41 (2.4) 0
Morganella morganii 3/42 (7.1) 4/41 (9.8) 3/78 (3.8)
Haemophilus species 0 0 1/78 (1.3)
Acinetobacter baumannii 1/42 (2.4) 0 2/78 (2.6)
Anaerobes” 5/42 (11.9) 5/41 (12.2) 7/78 (9.0)

species.

MNOTE. Data are proportion (%] of isclates, unless otherwise indicated. Percentage values do not
add up to 100% because of decimal approximation. MRSA, methicillin-resistant 5. aureus.

# Includes group B streptococei, enterococci, and corynebacteria.

® Includes Veillonella species, Fusobactenum species, Bacteroides species, and Peptostreptococcus

—



Korrelation zwischen Abstrichkultur und
Knochenbiopsie

PRV~
UJ
Anzahl Kulture‘n G‘\Y
Mikroorganismen | Total Nur '%N)ﬁa Knochen | Korrela-
KnochWKOA strich und tion
. - poS. Abstrich %
e %
J«eo% S pos.
S. aureus . BNYY? 0 OP\" 3 14 82.3
A\
_ _A\‘g(\ ()6\‘ G\\ ,Z(\J‘\ A
Koa —n‘éf. 18 3 0 0
Staph. ’\,()\0ég
Andere Grampos. 13 ’ /’p‘é - 9 4 30.7
[ -
Gramneg. 28 | 2 12 14 50
Anaerobe 8 1 4 3 37.5
Total 84 6 43 35 41.7




Korrelation zwischen Aspiratskultur und
Knochenbiopsie

PRV~
UJ
Anzahl Kulture‘n G‘\Y
Mikroorganismen | Total Nur '.a[@)ﬁa Knochen | Korrela-
KnochW‘OXspirat und tion
'\)‘mi poOS. Aspirat (%)
J«‘;o%\ cus® pos.
S. aureus ‘ \%\J“I\g 7 (OP\" 1 7 46.7
_ _,.\‘g(\s S ce ,Zr\‘\ A
Koagy-netf. 11 D 3 S 0 0
Staph. \0\0
Andere Grampos. 8 . /’;b' - 4 1 14.3
[ -
Gramneg. 25 | 10 9 6 24.0
Anaerobe 8 3 3 2 25.0
Total 67 26 25 16 23.9




Korrelation zwischen Biopsiekultur und

Histologie
oy
Table 4. Histological examination and bone hl\g{@f\sgeclmen
culture results for 14 patients with dlabetré\\ﬁﬁ suspected os-
teomyelitis of the foot. 0\6
A\\m

bv
: \)m Bone bigpsy speci-

\
((\906 @W [ture results
Teclqaq@ ‘(\3 PDSITIVE n&lﬁ@@twe Total
M. pstologmal examma@?ﬂndmgs O\Oe
Positive % O \' 1 5
Negative ,( /rL 7 2 9
Total AN 11 3 14

Korrelation: 42.8%
Grund? = Hypothesen: Osteomyelitiskriterien nicht
klar definiert, sampling error




Korrelation zwischen Kultur und

Histologie bei intraoperativer Biopsie
VS°

Table 3 ?
Contingency table counts depicting outcome” by diagnostic test (N = 44 Spﬁlﬁ@‘l\

37 patients) G
Diagnostic Test Histology (\\66 a Row Totals

Qutcome Pusntlve\ \m Q{gauw&

Microbiology Positive ? 3 ]
Negative 5\\) 6
Column totals L (’(\O k ?

M::Nemar 5 BX 23\‘ Chl -squared test, P = %%

@e st positive for usteum},.re

Korrelation 66% O\k\o




Fazit betreffend mikrobiologische
Diagnostik

» Knochenbiopsie als Goldstandarq\eo
> Kultur als sensitivster Test \Oe\\s

- Negative Histologie bgi\gogi)uver Kultur schliesst
Infektion nicht aLs)

S
» Falls chlrgg‘i@%er Eln\% —F“S

? él%peratlve P(@é%entnahm%q’}ﬁ\r'\Kultur plus
A-Histologie! \0‘06
o¥
_7%:

FuS®
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