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Infektions of the locomotor system

Periprosthetic joint
infections

CNS, S. aureus
Streptococcus spp.
Enterococcus spp.
Propionibacterium acnes

Septic arthritis
= S. aureus

= Streptococci
= Enterococci

Posttraumatic
osteomyelitis

= S. aureus

= Polymicrobial

= Gramnegative bacilli

Spondylodiscitis

= S. aureus

= Gramnegative bacilli

= Streptococcus spp,

= Mycobacterium tuberculosis

Diabetic foot infection
= S. aureus
Streptococcus spp.
Enterococcus spp.
Gramnegative bacilli
Anaerobes

Staphylococcus aureus is the most common pathogen

CMSC

Centrum fiir Muskuloskeletale Chirurgie
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Joint replacement

* One of the most successful ﬁ :

Intervention in medicine \é “"

- Improved quality of life in the (&'
Increasingly elderly
population
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Device type No. of devices implanted per Rate of Rate of
year (2017) in Millions revision | infection
Germany | Europe World Mean Range
Fracture fixation devices 0.71 3.5 7.9 10% 5-10%
Joint prostheses 0.47 2.5 5.7 20% 5-10%
Spinal implants 0.24 1.8 3.0 38% 5-10%
Vascular grafts 0.50 3.5 15.9 25% 5-10%
Heart pacemakers 0.80 8.0 28.7 15% 5-15%
Mechanical heart valves 0.35 2.8 8.7 10% 1-8%
Heart assist devices 0.12 0.9 4.1 65% 30-40%
Dental implants 1.0 5.5 25.2 10% 5-10%
Breast implants 0.3 2.9 18.2 20% 5-10%
TOTAL 4.49 31.4 117.4 Ca. 25% | Ca. 5-10%

Darouiche RO. Clin Infect Dis 2018

www.transparencymarketresearch.com
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* Always aggressive tumor-like surgery?
« Mutilating surgery for the patient?
Amputation?

[(
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Biofilm and implants:
difficult to treat?
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30KY _§1984 P72909 S 2oky 51984 P72883
3 h after inoculation 24 h after inoculation

—> Rapid adherence, no elimination by granulocytes.

CENTRUM MUSKULO SKELETALE CHIRURGIE . . . by ,
C M S C Zimmerli et al. J Infect Dis ];932AR|TE



« Foreign body = avascular tissue (local
Immune defect): frustrated phagocytosis

* Low number of bacteria (= 200) sufficient to
cause biofilm on implant

« Mature biofilm (>3 weeks) impossible to
eradicate without implantremoval
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The older the
biofilm, the
lower the
bacterial killing

Antimicrobial tolerance in biofilms.
In: Microbiol Spectr 3: June 2015
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Time after
implantation

Type of
infection

Route

Signs

Pathogen

".': HARITE uUNIVERSITATSMEDIZIN BERLIN

Acute

<1 month 3-36 months Any time
>
Early Delayed Late
postoperative (low grade)
Acute: fever, Chronic: Persistent Acute or
effusion, warmth, pain, loosening, subacute
dehiscence sinus tract
S. aureus Staph. epidermidis S. aureus
Streptococci Cutibacterium acnes E. coli
Enterococci T Streptococci

hronic

CM5
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Pathogen
diagnostics

Ortho/trauma &
Plastic surgeons
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Directed against

~ biofilms
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m INSTRUCTIONAL REVIEW
A standardized interdisciplinary algorithm

for the treatment of prosthetic joint infections
OUTCOME IN A CENTRALIZED AND SPECIALIZED DEPARTMENT

Aims

In 2013, we introduced a specialized, centralized, and interdisciplinary team in our
institution that applied a standardized diagnostic and treatment algorithm for the
management of prosthetic joint infections (PJIs). The hypothesis for this study was that
the outcome of treatment would be improved using this approach.

Patients and Methods

In a retrospective analysis with a standard postoperative follow-up, 95 patients with a

PJI of the hip and knee who were treated with a two-stage exchange between 2013 and
2017 formed the study group. A historical cohort of 86 patients treated between 2009 and
2011 not according to the standardized protocol served as a control group. The success of
treatment was defined according to the Delphi criteria in a two-year follow-up.

Results
Patients in the study group had a significantly higher Charlson Comorbidity Index (3.9 vs
3.1;,p=0. 009) and rate of previous revisions for mfec'tlon (52 6% vs 36% p=0. 025) and

(47. 3% Vs 33 7% p = 0.062). The rate of recurrent mfec'tlon (3 1% vs 10.4%; p = 0.048) and
the mean time interval between the two stages of the procedure (66.6 vs 80.7 days;

p < 0.001) were reduced significantly in the study group compared with the control group
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Teamwork of experts
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IS It an Infection?
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About 20% of prosthesis fail:
Infection or aspetic reason?
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preoperative

Diagnosis

Intraoperative

SN
2L :I: LI

- y

cytology microbiology histopathology

intraoperative sampling

microbiology histopathology

sonication
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Microbiology (culutre,
molecular tests)

Blood tests

QA
A\

Inflammation AN Bone / implant
(leukocyte count, Imaging
histopathology,

biomarkers)

S
AN

Pathogen-specific
biomarker (D-lactate)
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Patient at lower probability of AAQOS Clinical Practice Guidelines
periprosthetic knee infection being Dl ag nOSiS Of PJ |

assessed for infection

"/ 'Both Cel \ 5 J _
Aspirate count/differential Yes Infection
joint AND CulturE/ | Likely
ositive? ¥
Mo
¢/ Either cell !
] ) Repeat
count/differential ™ Yes e Yes
aspiration:
DR_r;uIture positive?
positive? 5
No Frozen section
! AND/OR

No 8 v Intra-operative
es : . Y
s surgery synovial fluid es
No planned? white blood cell

count/differential:

No positive?
10 *
Observe and
Re-evaluate No
1 at 3 months
[ Infection |

{ Unlikely J'




In humans: Avoid an
apparent risk by
pretending it doesn’t
exist.
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DIAGNOSTIC ALGORITHM

+ Clinical examination
+ Laboratory testing (CRP)
+ X-ray (prosthesis)

v

Septic patient?

yes Immediate joint aspiration and
blood cultures (BC)

no
v
no Sinus tract (permanent or | yes v | BC positive | | BC negative |
temporary)? A
..6h \
Hematogenous Contiguous
Joint aspiration: infection: search infection: search
—> - Leukocyte count/differential for distant focus: for adjacent focus:
- Microbiology (culture) + TEE (vegetation)
+OPG * Examination of
* Intravascular skin (cellulitis)
N \ v device (central *Imaging of
Sebtic revision of line, port, ICD/ abdomen/pelvis
Leukocyte count or culture g rF:)sthesisz ith pacemaker) (abscess) and
consistent with infection?! intrac? crative diavnlostic53 * Urinalysis spine (vertebral
P 9 « X-ray of lung osteomyelitis)

nho
Consider other reasons:

- Aseptic loosening
- Periprosthetic fracture
- Dislocation
n
Other reasons excluded? 2 - Muscular pathology
- Wear of bearing
components
- Metallosis
yes - Other

v

Persistent suspicion of
infection® or high level of
suffering?

yeg| Consider arthroscopic or
el -
open biopsy*

no

v

| Repeat diagnostic aspiration 3
months later




Early prosthesis loosening (within 3 years
of implantation) and persistent pain are:

Highly suggestive for low-grade PJI
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Prioritat Rohrchen (mindest-) Sonstiges Ziel
> / Volumen
1 EDTA 1ml Zell eilerlabor
o Leukocyte count [***
sor
2 BK-Flasche mind. 1ml —MiRi.Crhoin MR MiRi
3 Rot 0,5 ml Patho-/Histo-Schein Kristalle Patho-/Histologie
Verteilerlabor
Rohrpost: 1213
4 NATIV 1ml MiBI-Schein MiBi MiBi
(in der ~NATIV" Verteilerlabor
Spritze) Rohrpost: 1213
5 Rot 1,5-2ml Bitte unterschriebenes | Kalorimetrie + | QOrtho-Op Dispatcher
Einwilligungsformular PCR Rohrpost: 1605
mitschicken mit unterschriebenem
Einwilligungsformular!!

If aspirated synovial fluid volume <5 ml distribute the obtained synovial fluid according to
the priority column (otherwise vials can be completely filled up)

RITE UNIVERSITATSMEDIZIN BERLIN
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Potentially false high
— 6 weeks postoperative
—rheumatologic disease

— after trauma/periprosthetic
fracture/ dislocation

Potentially false low
— sinus tract
—leukopenia

— Low-grade infection
(Cutibacterium acnes)

(CHARITE UNIVERSITATSMEDIZIN BERLIN . CMEC . JULIUS WOLFF INSTITUT



Intraoperative tissue culture

Obtain >3 tissue specimens
- Interface tissue-prosthesis, no swabs

- For culture and histology “
- Prolonged culture incubation: 2l I
10-14 d (anaerobes) g1 | ” lﬂ
8 8
- Culture sensitivity: 60-80% 3 ] “ |
°© 5] L1
100 'E 4::" 1
: m Il m
s0 ] ol
£ 201
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- 60 1 & & @ V4
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o 1 2 3 4 & 6 T 8 9 10 11 12 13 14
days of incubation

Schafer P. Clin Infect Dis 2008

CCENTRUM M MUSKULO SSKELETALE CCHIRURGIE C ,
CHARITE



Sonication of implants

Removed implants Vortex, 30 s

Sonication, 1 min,{lO kHz

Standard method
(=3 tissue hiopsies)

Trampuz A et al. N Engl J Med 2007;357:654-663

CCENTRUM MMUSKULO SSKELETALE CCHIRURGIE ,
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Sonication of Removed Hip and Knee
Prostheses for Diagnosis of Infection

Andrej Trampuz, M.D., Kerryl E. Piper, M.S., Melissa J. Jacobson, A.S.,
Arlen D. Hanssen, M.D., Krishnan K. Unni, M.D., Douglas R. Osmon, M.D.,
Jayawant N. Mandrekar, Ph.D., Franklin R. Cockerill, M.D.,

James M. Steckelberg, M.D., James F. Greenleaf, Ph.D., and Robin Patel, M.D.

N ENGL ) MED 357;7 WWW.NEJM.ORG AUGUST 16, 2007
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Better sensitivity (90%)
Quantitative (more specific: 95%)
Mixed infections (30%)

Faster, less expensive

Fluid for additional investigations

Tissue biopsy Sonication fluid
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Diagnosis of periprosthetic joint infection is confirmed if at least 1 criteria is fulfilled:

Explanation Sensitivity | Specificity

Clinical features  Sinus tract (fistula) or visible purulence 20-30% 100%

around the prosthesis

Leukocyte count >2000/pl leukocytes or 90% 95%

in synovial fluid  =70% granulocytes

Histology Inflammation in periprosthetic tissue (type ~ 70-90% 95%

2 or type 3 after Morawietz & Krenn)

Microbiology Growth in:
- Synovial fluid 45-75% 95%
- >2 periprosthetic tissue samples* 60-80% 92%
- Sonication fluid (= 50 CFU/ml) 80-90% 95%

*For highly virulent organisms (e.g. S. aureus, E. coli) 1 positive tissue sample is sufficient.

(CHARITE i o o
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Microorganism Frequency

Coagulase-negative staphylococci
(e.g. Staphylococcus epidermidis)

Staphylococcus aureus
Streptococci & enterococci

Gram-negative bacilli (e.qg.
Escherichia coli)

Anaerobes (e.g. Cutibacterium
acnes)

Mixed infections!
Fungi (e.g. Candida albicans)?!

Culture negative

1 Often after VAC-therapy or fistula (with antibiotic therapy)
Corvec IJAO 2012; Tande CMR 2014

".': HARITE uUNIVERSITATSMEDIZIN BERLIN

30-43%

12-23%%
12-19%
10-17%

4-10%

10-20%
1-3%
10-30%

Low virulent
organisms
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Normal skin flora
100.000 bacteria/cm?

Hair . - Staphylococci

Skin surface ——=<= \\ - ~ - Staphylococcus
—~—| ;;;;r-f’ epidermidis

Sebam | - Staphylococcus aureus

Follicle “‘a

' - Anaerobes
Sebaceous - Cutibacterium acnes
gland o
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Modern treatment algorithm
of PJI




The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

CURRENT CONCEPTS

Prosthetic-Joint Infections

Werner Zimmerli, M.D., Andrej Trampuz, M.D., and Peter E. Ochsner, M.D.

Zimmerli W et al. N Engl J Med 2004:351:1645-1654
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To achieve high treatment success, a concerted
surgical and antimicrobial concept is needed

(CHARITE UNIVERSITATSMEDIZIN BERLIN M CMEC . JULIUS WOLFF INSTITUT



Infectious Diseases
0%
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Orthopedic surgeons
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250

200

150

100

50

Cure rate 8% Cure rate 9%

.

Johnson, 1986

Bengtson, 1991

® Patients treated with
antibiotics only

“ Cured

Johnson et al. J Bone Joint Surg Br 1986; Bengtson et al. Acta Orhop Scand 1991
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Systemic

antibiotic
e l Resistance

9 i
S g No surgery
o
= 7
c
Bl
s 2 Insufficient debridement, PMMA beads
|- 4 |
@
¢ 39 Persistence
m

2 ] . . .

1 Sufficient debridement,
O I : ‘ ! ‘ I

_ + Local antibiotic
Acute: change of mobile parts ~ ''™® + Implant coating

ic: f thesi -
Chronic: Change of prosthesis + Bacteriophage therapy
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Time after
implantation

Type of
infection

Route

Signs

Pathogen

".': HARITE uUNIVERSITATSMEDIZIN BERLIN

Acute

<1 month 3-36 months Any time
>
Early Delayed Late
postoperative (low grade)
Acute: fever, Chronic: Persistent Acute or
effusion, warmth, pain, loosening, subacute
dehiscence sinus tract
S. aureus Staph. epidermidis S. aureus
Streptococci Cutibacterium acnes E. coli
Enterococci T Streptococci

hronic

CM5

JULIUS WOLFF INSTITUT



Acute PJI Chronic PJI

\ 4

- Good bone/soft

tissue? No

- Stable prosthesis? Prosthesis exchange

- No DTT (if known)?

\ 4

(- DTT (if known)?

- Bad bone/soft tissue?
- Fistula?
" Multiple revisions?

Yes

W Yes

Long-term suppressive
antibiotic therapy, permanent
arthrodesis/girdlestone

T

[ Eradication of infection ]

not possible

A

)

No

A 4 A 4

A 4

\ 4

Débridement & retention,

exchange of mobile One-stage exchange

Two-stage exchange Three-stage exchange

parts

DTT = difficult-to-treat infections caused by
pathogens resistant to biofilm-active

A

A

[- DTT-organism?

- Bad bone/soft tissue? ]

antimicrobials

+ No ! Yes
Short interval Long interval
(2-3 weeks) (6-8 weeks)

- Rifampin-resistant staphylococci
- Ciprofloxacin-resistant gram-negative bacteria
- Fungi (Candida)

".': HARITE uUNIVERSITATSMEDIZIN BERLIN
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Unsatisfactory |

course?
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Acute Infection
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« C-reactive protein (CRP) should decrease after
surgery!
« Exclude other reasons of prolonged discharge

TEYEEY 0

(coagulopathy, hemgtgma, albumin deficienc

¥
SRR
A 7

-> revision surgery
If prolonged
secretion (>7 days)

C HARITE uUNIVERSITATSMEDIZIN BERLIN
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Chronic infection

ARITE UNIVERSITATSMEDIZIN BERLIN JULIUS WOLFF INSTITUT



k)

e 78-y-0 female

* Primary hip prosthesis 4 months ago

« Since implantation pain, walking distance
now 20 m

« CRP normal, no loosening on x-ray

im Stehen
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Material:

dntersuchungsaufitag Aspiration 4 months after implantation

Fragestellung:

Mikroskopische Untersuchungen

Grampraparat

Kulturelle Ergebnisse

Allgemeine Bakteriologie

Leukozyten massig
Mikroorganismen nicht nachweisbar

1. |Staphylococcus epidermidis

nach Anreicherung

w’n‘

= sensibel | = intermediar R = resistent f = folgt N = negativ P = positiv

Ampicillin
Amoxicillin + Clavulansaure
Cefalotin
Ceftriaxon
Gentamycin
Norfloxacin
Ciprofloxacin
Levofloxacin
Cotrimoxazol
Tetrazyklin
Imipenem
Penicillin
Oxacillin
Clindamycin
Erythromycin
Rifampicin
Vancomycin
Fusidinsaure

Sy
CHAF{ITE UNIVERSITATSMEDIZIN BERLIN
-

mu oIV T 7 T v e v s v B w BN @0 T v s w B w B w B w Ao w B w B w B w B

High leukocyte count in
joint aspirate (59,000/ul)

AAA
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Overall success

Borens O. Presented at EBJIS in Antwerpt, September 2019



components

One-stage exchange

Explantation

Two-stage exchange
(short interval)

Explantation

Two-stage exchange
(long interval)

Three-stage exchange

".': HARITE uUNIVERSITATSMEDIZIN BERLIN

Change of mobile parts
2 weeks 10 weeks

Retention of fixed
prosthetic %

Explantation & implantation

Implantation

1 week 9 weeks

Implantation

5 weeks

# without

mee  without antibiofilm

' p.o. antibiotics with
antibiofilm activity

O Débridement & biopsies

i.v. antibiotics

antibiofilm activity

p.o. antibiotics

activity

Ex- and reimplantation
of prosthesis

Biofilm treatment

JULIUS WOLFF INSTITUT



DTT = difficult-to-treat microorganisms Mo v

- Rifampin-resistant staphylococs

- Ciprofaxacin-resistant gram-negative
hacteria

-Fungi [Gandicda)

To select the

» |east Iinvasive treatment option depending
on the present features

« with the best functional result
« without compromising the cure rate!

- & D r . _| i
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Prosthetic join infection: Outcome
w
Variable Long interval Long interval Short
w/o optimal AB with interval with
(n =19) optimal AB  optimal AB
(n =19) (n =19)
Patient age (years) 68,5 = 7,7 68,6 = 144 65,4 = 9,6
Duration from implantation to infection (years) 3,2 % 3,0 57 5,1 4,2 = 3,9
Interval from explantation to reimplantation 66,7 = 12,8 66,7 = 38 15,9 = 5,8
Length of hospital stay (days) 25,7 = 8,6 30 = 10 30 7
Follow-up (months) 25,2 18,3 17,8
(7-68) (6—29) (8-19)
Aufenthalt in Geriatrie im Intervall (d) 204 210 0
Relapse of the infection 6 (32%) 1 (5%) 0 (0%)
No. revisionens in interval (median) 2 2 0

CHARITE UNIVERSITATSMEDIZIN BERLIN

N JULIUS WOLFF INSTITUT



Biofilm-active
antibiotics
Improved outcome
of knee PJI:

6-year prospective

= cohort with 103
patients

<

= 100

=

c

g 80+

i Biofilm-active antibiotics

k)

& 60-

Q

h

&

T 40-

..E Biofilm-nonactive antibiotics

._g* 204

E

4]

g 0 1 1 ] |

o 0 1 2 3 4

Time from last surgery (years)

Mumber at risk
Biofilm-active 43 33 13 5 2 0
Bicfiim-nonactive 60 40 26 16 8 0

Gellert M, Hardt S et al. IJAA 2019 (in press)
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Bactericidal activity Good oral bioavailability

_ bakteriostatisch bacterizid

(CHARITE UNIVERSITATSMEDIZIN BERLIN s LLIUS WOLFF INSTITUT



Bacteriostatic Bactericidal

< > « >
TETRACYCLINE : L'POGLYCOfefZ\'gECm
igecvali : LIPOPEPTIDE
°

OXAZOLIDINONE QUINOLONES Ceftaroline
Linezolid : Moxifloxacin

OTHER Levofloxacin

Azithromycin OTHER

Fosfomycin

AMINOGLYCOSIDE

> . . Co-amoxiclav
: Ciprofloxacin

Amoxicillin

Amikacin

Minocycline Cefazolin o Rifampin
Doxycycline : N ) Cephaloridine

: Oxacillin~ ANENYEHIITN/ Gentamicin

Fusidic acid Nalidixic f Ampiciliin £~ Nafcillin
acid

Methicillin

Oxytetracycline

Rolinson GN. Int J Antimicrob Agents 2007;29:3—-8
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When...

... CRP Is nearly normalized

... wound Is closed and dry

... organism and its susceptibility is known

- usually after 1-2 weeks

@H ARITE



How much ends up in the bone?

w” i

Drug Oral bioavailability | Bone penetration

Ampicillin/Sulbactam

Cefuroxim, cefadroxil

Levofloxacin

Rifampin

Cotrimoxazole

Clindamycin 90% 45%
Linezolid 100% 85%

Sanford Guide to Antimicrobial Therapy 2015. 45" ed.
Lorian. Antibiotics in Laboratory Medicine. 5t ed.
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Staphylococci: rifampin (in combination)

Gram-negative rods: ciprofloxacin

Streptococci: penicillin G or ceftriaxon (then

amoxicillin p.o.)

Enterococci: ampicillinfamoxicillin + fosfomycin

+ gentamicin

".':Z HARITE uUNIVERSITATSMEDIZIN BERLIN

. JULIUS WOLFF INSTITUT
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Early postop. and late acute PJI: Rifampicin-susceptible staphylococci
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Do not use:

Before surgery

In the interval before re-implantation
of prosthesis

In open wounds

As single antibiotic (monotherapy)

".':Z HARITE uUNIVERSITATSMEDIZIN BERLIN

. JULIUS WOLFF INSTITUT



Strategy: long interval (6 weeks)

2W AW | 1W 5w

[ No prosthesis [ Prosthesis
| Osteomyelitis | Biofilm-active
therapy therapy

Suppression Eradication

1

No rifampin rifampin
during interval!

{CHARITE UNIVERSITATSMEDIZIN BERLIN ‘!-"".:ms. | ULIUS WOLFF INSTITUT



EMPFOHLENE ANTIBIOTIKATHERAPIE

Empitische Antib

iotikatherapie:
AmpicillinSulbactam’ 3 x 3 g i.v. {+/- Vancomycin® Z x 1 g bei sepischen Patienten,
bekannien MRSA-Tragern, multiplen Voroperationen und V. a. Low-Grade infekt)

Gezielte Antibiotikatherapie (Deeskalation, sobald @) bekannt).
Mikroorganismus. (Dla: Niereradagtion Gabe
Arot Probemeceger)  (Empfindiichiker berpeifen)  notwerdig)
Staphylococcus spp.
- Oxacllin-Methicllin- Fludoxacilin® 4x2¢g iv.
empfindlich (oder Fosformycin) (3x5g) iv.
-
Ritarrpicin® 2x450 mg po.
mzwmmoem;\wm\)
- Levofloxacin oder 2 x 500 mg p.o.
- Cotnmaxazol oder 3 x 960 mg po
- Doxycydin oder 2x100 mg po.
- Fusiginsauwe 3x500mg po.
-
Rifampicin® 2x450mg p.o.
- Oxacillin-Methicilin- Daplomycin oder 1xBmgkg iv.
resistant Vancomycn® 2x1g iv.
{oder Fostomycin) (3x5g) iv.
*
o 2x450mg po.

tiir 2 Wochen, cann in Kombination wie oben 1r Oxacllin-
Methicilin-empfindiche

- Rilampicn-resislent  Vancomycin oder Daplomycin fir 2 Wochen {wie oben), dann.
Langzeitsuppression fir 21 Jahr, abhangig von Empfindichkeit (2 5.
it Cotrimoxazal, Doxycycin oder

Streptococcus spp. Penidillin G- oder 4x5 Mmmer u iv.
Cafiriaxon 1x2¢g iv.

10r 2-4 Wochen, dann.
Amoxicilin oder 3x 1000 mg po
Levofioxacn 2x 500 mg po.
{gg!. Suppression for * Jahr)

Enterococcus spp.

- Penicilin-empfindlich e 4x2g iv
Gentamicin' 2 x 60-80 mg iv.
(- Fosfomycin) (3x5¢) {iv)
1ar 2-3 Wochen, dann.
Amoxicilin 3x 1000 mg p.o.
- Penicilin-resistant Vancomydin® oder 2x1¢g iv.
Daptomycin 1 %10 mgig iv.
-
Gentamicin’ 2x60-80mg i
(- Fostomycin) 3x5¢g iv.
1ar 2-4 Wochen, dann.
Linezolid {max. 4 Wochen) 2x 600 mg po
- Vancorwein- Individuell, Entfemung des implantates ader lebensiangiiche
resistent (VRE) Suppression notwendig, 2.8. mit Doxycydiin (falls empfindiich).

i,: HARITE uUNIVERSITATSMEDIZIN BERLIN

Gramnegative Erreger

« Enterobaciern P IxT0mg pe
(E. cok Kiebsiala,

- Nonfermenter PperscllinTazotactamooer 3Ix4. g [
(Psewgomonss Meropene™ oder Ix1p iv
aerugnosa, Cetazidim Ix2g v
Acinetobacter spp)  *

Tobeamyon ' x 300 mg Le

(oder Gentamicn) *x 260 mg iv
fr 2-3 Wochen, damn.

Ciprofoxacn 2270 My pa

« Cipofoxaon- Abhiingig vom Antitiograme Mesopenem (v 3 x 1 g, Coliste I x 3
resssiont Mio £ i v endioger Fostormyon 3 x 5 g | v, Gann orsle Suppression

Anserobler

- Gram-positv Peniclin G° oder 4 x 5 Milioren £ iv
{Prop p, Ceftrs ix2¢g Lv.
Peplostreplococcus, +
Finsgoidie magna) 2x 450 mg po

fir 2 Wochen, dann:
Levolaxacin oder 2x 50 mg pe
Armoxicillin 3x 1000 mg po
% po
Rifamgscir™ 2x&50 mg
Gram-regatv 3xdg e
{Bacteroides spo fir 2 Wochen, dann:
» ®p) W dazal 3 x 400 mg pe

Candida spp. Caspofungn oder 1 x50 mg {1.Tag 70 mg)

« Flocorazo An Tx 100 Mgt Tag200mg) v
emphindhct fir 1-2 Wochen, darn:

Flucorazol (Scppression R T x 400 myg pa
21 Jabr)

« Flutorazoiresistent

Kultur-negativ

Individuet (2 8 it

2x200 mg p.o ) Entlernung des

3xdg v
fir 2 Wochen, dann
Levotoxaon « 2x50 ryg po

. 2x 450 mg po

Rifargon
Oouu.lwdov‘mm 12 Wochen, ca. 2 Wochen intavends [ v ), dann ol (po.).
* Laborkontrolle ZuWoche: Laukozyten, Creskiives Proten, KrestnmeGFR,

(AST/IGOT und ALT/GPT). Dosisanpassung nach Nigrenfunkiion und Karpeegowscnt (<40 kg

oder >»100 kg)

Mdm:lew.mm “Typ 1 (25 Exarthem) Cotuzoln (3x2giv) Bel
CQuincke-Odem, Bronchospasmus,

Anaphytie (= Typ *-Aterge mit

kg i v.). Ampicilin/Subactsm s squlvalent 2u

) eder Capt

Bronchospasmus, snaphylakischem
woin (2 x 1 g lv) oder Daplormyces (1 x 8
(3x22giv)

T Rifampicin ecs! nach Prothosen-\Weder sufbias und bei trockenen Wondverhaltwssen bzw
Dranagen emselzen, Dosisredultion suf 2 x 300 mg bel Aller >75 Jatve

ﬂ.m‘l’

mindestens 1Woche, Blutabnahme unmiBeber

vor nichster Gabe. Zistwert 15-20 ugimi.

Muelmvm wenn

Mikr

Labor ¢

Gentamian high-level (HL) emofndich getestet wed (im
Enterokorken

agen). Be Gertarmion HL-resissenien Gentarnan

durch Ceftiaxon (7 x2 G iv.) ersetzen

JULIUS WOLFF INSTITUT




» Aim: suppression of the infection (no eradication)

» used substances:

Organism substance

Staphylococci Cotrimoxazol, Doxycyclin, Clindamycin
Streptococci Amoxicillin, Clindamycin, Levofloxacin
Enterococci Amoxicillin, (Linezolid)

Anaerobes Clindamycin, Amoxicillin, Metronidazole

Gram negative organisms Ciprofloxacin, Cotrimoxazol

» Seamless intake until |mplantat|on (no

i,: HAR & E~ U 1" (REm B2 d T b lotn B 55 A dud . cwse .I JULIUS WOLFF INSTITUT



Pocket Guide zur

Diagnostik und Behandlung von il
periprothetischen Infektionen Version 8

01. Oktober 2018

Individuelle Beratung uber das Onlineportal: cs.pro-implant-foundation.org
PRO-IMPLANT Workshops: www.pro-implant-foundation.org

DEFINITION
Vorliegen einer periprothetischen Infektion, wenn =1 Kriterium erfillt ist:

Pocket Guide zur Diagnostik
und Behandlung von Implantat-
assoziierten Infektionen nach
Frakturversorgung

. -IMPLANT
FOUNDATION

Version 3
01. Oktober 2018

Nutzen Sie fiur individuelle Empfehlungen das Beratungsportal unter: cs.pro-implant-foundation.org.
Besuchen Sie unseren Workshop: www.pro-implant-foundation.org.

DEFINITION

Klinik Fistel oder 0 0
Eiter um die Prothese? e loess
Leukozytenzahl >2000/ul Leukozyten oder ~90% ~959
im Punktatb >70% Granulozyten (PMN) ° °
Histologie cE;;t;:g:lcmg im periprothetischen 73% 95%
Mikrobiologie Erregernachweis in . .
* Synovialflussigkeit oder 45'7504’ 9504’
+ 22 Gewebeproben? oder 60-80% 92%
80-90% 95%

e Sonikat = 50 Kolonien/mle

2 Bei der Metall-Metall Gleitpaarung kann Eiter durch Abrieb simuliert werden
(,Pseudopus”), die Leukozytenzahl ist normal oder erhéht (Metalldebris sichtbar)

b Bei rheumatischer Arthropathie, Luxationen, periprothetischer Fraktur, Vorliegen
einer Fistel und 6 Wochen postoperativ nicht verwertbar. Die Leukozytenzahl sollte
innerhalb von 24 Stunden bestimmt werden (Mikroskopie oder automatisierte
Auszédhlung); geronnene Proben werden mit 10 pl Hyaluronidase versetzt

¢ entspricht Typ 2 oder 3 hach Krenn und Morawietz (223 Granulozyten/10 HPF)

9 Bei hoch-virulenten Erregern (z.B. S. aureus, E. coli, streptococci) oder Patienten
unter Antibiotika ist der Nachweis in giner Gewebeprobe signifikant

¢ Unter Antibiotikatherapie, bei S. aureus und Anaerobiern kénnen schon <50
Kolonien/ml relevant sein

Copyright: Stiftung PRO-IMPLANT (N. Renz, A. Trampuz). Der Pocket Guide richtet sich
nach internationalen Empfehlungen. PRO-IMPLANT Ubernimmt keine Haftung fur
Therapieversagen oder Nebenwirkungen von Antibiotika. Die aktuellste Version ist erhaltlich
unter: www.pro-implant-foundation.org. Kontakt Mail: info@pro-implant-foundation.org.

* Ruhe-/Nachtschmerz
Anamnese » prolongierte Wundsekretion
» Revisionen und Antibiotikatherapien postoperativ

* Implantatlockerung
* Pseudarthrose
» Sklerosen

+ Infektionskallus
Bildgebung + Sequester
+ Osteolysen

Infektion méglich

+ Fistel
Klinik * Pus/sichtbares Implantat
» Positive ,probe to implant®

Entziindung im periimplantaren Gewebe (>5
Neutrophile pro Gesichtsfeld bei 400x
Vergrésserung)

Histologie

Erregernachweis in:
Mikrobiologie « =2 periimplantidren Gewebeproben?
+ Sonikationsflussigkeit (= 50 KBE/ml)®

Infektion bestitigt!

1Bei mind. einem erfiliten Kriterium ist die Infektion bestéatigt

2 Bei hoch-virulenten Erregern (z.B. S. aureus, E. coli) und Patienten unter Antibiotika ist bereits der
Nachweis in einer Gewebeprobe fur die Diagnose der Infektion ausreichend

3 Unter Antibiotikatherapie, bei S. aureus und Anaerobiern kdnnen schon <50 Kolonien/ml relevant sein

Copyright: PRO-IMPLANT Foundation (N. Renz, A. Trampuz). Der Pocket Guide richtet sich nach
internationalen Empfehlungen. PRO-IMPLANT tbernimmt keine Haftung fur Therapieversagen oder
Antibiotika-Nebenwirkungen. Die aktuellste Version ist erhéltlich tiber www.pro-implant-foundation.org

ARITE
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Vodic za dijagnostiku i lijecenje
periprostetickih zglobnih infekcija
(PZI)

£a detaline preporuke kontaklirajte nas portal na adresi: cs.pro-implant-foundation.org
£a vide informacija prijavite se na nasu radionicu; www pro-implani-foundation orglevents/workshops

DEFINICJA
Periprostetitka zglobna infekcija, kada je 21 uvjeta ispunjeno:

PRO-IMPLANT
FOUNDATION

Verzija 7: Studeni 2017

N

Vodi¢ za dijagnostiku i lije€enje .
infekcija povezanih s implantatom i bbinkaiid]
FOUNDATION

nakon fiksacije prijeloma Verzija 2: Listopad 2017

Za detaljne preporuke mozZete nas kontaktirati na adresi:: cs.pro-implant-foundation.org
Za viSe informacija prijavite se na nasu radionicu: www.pro-implant-foundation.org/events/workshops

DEFINICIJA

Klinicka slika Sinus trakt (fistula) ili

pojava gnojne sekrecije 20-30% 100%
oko endoproteze®
Broj leukocitau > 2000/l leukocita ili
sinovijalnoj > 70% granulocita (PMN) =90% =95%
tekucini®
Histologija Upala (223 granulocita na
periprostetickog 10 puta uveéanom polju) 73% 95%
tkiva®
Mikrobiologija Rast mikroorganizama:
* U sinovijalnoj tekucini ili . &
» 22 uzorka tkiva® ili 45-?5;'{] 95;{’
= U sonifikacijskoj tekuéini il s
80-90% 95%

(>50 CFU/mI)®

& Epdoproteze s nosedim dodimim povrSinama metal-metal mogu oponasati stvaranje gnojnog sadriaja
(«pseudognoj»), broj leukocita je uglavnom normalan (metaloza)

b Broj leukocita moZe biti poviden do 6 tiedana nakon operacijskog zahvata bez infekcije, kod reumatoidnog
artritisa (ukljufujuéi pseudogiht), periprostetitkog prijeloma ili is¢asenja. Broj leukocita u uzorku potrebno je
odrediti najkasnije 24h po aspiraciji korigtenjem mikroskopa ili avtomatskog brojada; za razrijedivanje uzorka
moguée je dodati 10 pl hijaluronidaze)

tKlasifikacija po Krenn i Morawietz-u: PZ| odgovara tipu 2 ili tipy 3

4Za izrazito virwlentne organizme (npr. S, aureus, streptococei, £, colf) ili za bolesnike na antibiotskoj terapii,
dovoljan je jedan uzorak koji potvrduje dijagnozu PZI

¢ Na antibiotskoj terapiji, za 5. Aureus i anaerobe, <50 CFU/mI mofe biti znadajno

Copyright: PRO-IMPLANT Foundation (M. Renz, A. Trampuz). Vodit za PZI slijedi medunarodne preporuke.
PRO-IMPLANT Zaklada nije odgovorna za neuspjehe lijegenja ili nuspojave primjene antibiotske terapije.
Poslednju verziju vodita za PZI moZete pronaci na: www.pro-implant-foundation.org

PRO-IMPLANT Foundation, Chausseestrasse 1214, 10115 Bedin, info@pro-implant-foundation.org

Bol u mirovanju/po no¢i
Anamneza » Produzena sekrecija rane
* Revizijaili antibiotska terapija postoperativho

* Inficirani kalus  + Razlabavljenje implantata

Sumnja na
infekciju

R:a?::loeske » Sekvestar *» Pseudartroza
P 9 + Osteoliza * Kortikalna skleroza
» Sinus trakt (fistula)
i Klini¢ka slika » Vidljiva gnojna sekrecija oko implantata
» Pozitivan test sondom za ispitivanje implantata
Histologija Infekcija peri-implantatskog tkiva

(>5 neutrofila na 400x uve¢anom polju)

Rast mikroorganizama:
Mikrobiologija + 22 uzorka peri-implantatskog tkiva?
+ U sonifikacijskoj tekucini (= 50 CFU/ml)3

Potvrdena infekcija

" Ispunjenje ve¢ 1 kriterija potvrduje infekciju

2Za izrazito virulentne organizme (npr. S. aureus, streptococci, E. coli) ili za bolesnike na antibiotskoj
terapiji, dovoljan je jedan uzorak koji potvrduje dijagnozu

3 Na antibiotskoj terapiji, za S. Aureus i anaerobe, <50 CFU/ml moZze biti znagajno

Copyright: PRO-IMPLANT Foundation (N. Renz, A. Trampuz). Vodi¢ slijedi medunarodne preporuke. PRO-
IMPLANT Zaklada nije odgovorna za neuspjehe lijeenja ili nuspojave primjene antibiotske terapije.
Posljednju verziju vodi¢a moZzete pronaéi na: www.pro-implant-foundation.org

PRO-IMPLANT Foundation, Chausseestrasse 121A, 10115 Berlin, info@pro-implant-foundation.org




Pocket Guide zur ~_
Diagnose & Behandlung von PRO-IMPLANT
FOUNDATION

Wirbelsauleninfektionen F \
Version 1: 1. Méarz 2018

Nutzen Sie fir individuelle Beratungen das Onlineportal unter: cs.pro-implant-foundation.org.

DEFINITION
Spondylodiszitis ist bestatigt, wenn alle 3 Kriterien vorhanden sind:

Klinik Akute oder chronische Riickenschmerzen

Bildgebung Computertomographie (CT) oder
Magnetresonanztomographie (MRI) vereinbar mit
Spondylodiszitis

Mikrobiologie Erregernachweis in der Blutkultur oder Gewebe des

oder Wirbelkérpers oder Diskus!

Histologie Akute oder chronische Entziindung im Gewebe

Spondylodese-assoziierte Infektion ist bestatigt, wenn =1 Kriterium vorhanden ist:

Test______riteriom ________________________

+ Fistel oder Wunddehiszenz
Klinik * Sichtbarer Eiter

* Positiver ,probe-to-implant® Test
Histologie Entzindung im peri-implantaren Gewebe

Signifikanter Erregernachweis? in:
Mikrobiologie « 22 peri-implantaren Gewebeproben

+ Sonikat (= 50 KBE/mI)
1 Niedrig-virulente Hauterreger missen im klinischen Kontext (vorherige Infiltrationen? Intravaskulares Device in

situ?) interpretiert werden
2Fur hoch-virulente Erreger (z.B. S. aureus, E. coli, Streptokokken) oder Patienten unter Antibiotikatherapie reicht
eine positive Probe aus bzw. kann ein Sonikationsresultat mit <50 KBE/ml signifikant sein.

Suggestive Kriterien fiir Infektion:

* Prolongierte Wundsekretion
+  Sekundare Wunddehiszenz

+ Schrauben-/Implantatlockerung
+ Pseudarthrose

Pocket Guide fiir
Diagnostik & Behandlung von Intra- )t

O-IMPLANT

’ i g 5 L~ FOUNDATION
kraniellen Neurochirurgischen Infektionen I
1 Mai 2019

KLASSIFIKATION nach betroffenem Gewebe/Fremdkorper

Gruppe | Infektionstyp

Extradurale | « Knochendeckelinfektion (mit Fixationsmaterial)
B e o a=ikirtiokhan (PMLA) PEER Tian  Remmik)

« Postoperatives Epiduralempyem (mit / ohne Duraplastik)

Intradurale
Infektionen

* Postoperative Meningitis

» Postoperativer Hlirnabszess

* Postoperatives Subduralempyem (mit/ohne Duraplastik)

Andere « Ventrikuloperitoneal (VPS)- / Ventrikuloatrialshunt (VAS)-Infektion
DeVIc?- + Externe ventrikulére oder lumbale Drainage (EVD/ELD)-Infektion
assoziierte

Infektionen | * Neurostimulator-Infektion

" Nahtmaterial gilt nicht als Fremdmaterial

KLASSIFIKATION nach Zeitpunkt des Auftretens?
Friihe Infektion Verzogerte / spate infektion

(akut) (chronisch)
Zeitpunkt < 6 Wochen nach Implantation |> 6 Wochen nach Implantation
Biofilm “Unreif” “‘Reif”

Chirurgisches | Débridement und Erhalt des Entfernung oder Wechsel des
Prinzip Implantates moglich Implantates notwendig (1- od. 2-zeitig)

2 Nur fur implantat-assoziierte Infektionen (mit Biofilmen) relevant

PMMA: Poly-Methyl-Methacrylate
PEEK: Polyether Ether Ketone
ZNS: Zentrales Nervensystem

Abkiirzungen:
EVD/ELD: Externe ventrikulare/lumbale Drainage
VPS/VAS: Ventrikuloperitoneal-/Ventrikuloatrialshunt

Hinweis: Viele Empfehlungen basieren auf Expertenmeinung, da keine soliden klinischen Daten
vorliegen und die Durchfiihrung daftr designter Studien schwierig ist. Der Pocket Guide soll eine
praktische Hilfe fur die klinische Praxis sein.

Copyright: Stiftung PRO-IMPLANT (N. Renz, S. Feihl, A. Trampuz). Der Pocket Guide richtet sich nach
internationalen Empfehlungen. PRO-IMPLANT tbermimmt keine Haftung fur Therapieversagen oder
Nebenwirkungen von Antibiotika. Die aktuellste Version ist erhaltlich unter: www.pro-implant-foundation.org.
Kontakt Mail: info@pro-implant-foundation.org

RITE

UNIVERSITATSMEDIZIN BERLIN

Copyright: PRO-IMPLANT Foundation (A. Conen, N. Renz, A. Trampuz, P. Vajkoczy). PRO-IMPLANT
tbernimmt keine Haftung fur Therapieversagen oder Nebenwirkungen von Antibiotika. Die aktuellste
Version ist erhaltlich unter: www.pro-implant-foundation.org.
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Vodi€ za dijagnostiku i
. v . - . . v . PRO-IMPLANT
lije€enje infekcija kraljesnice FOUNDATION

Verzija 1: Studeni 2019
Za detaljne preporuke moZete nas kontaktirati na adresi: cs.pro-implant-foundation.org

DEFINICIJA
Osteomiijelitis kraljeSnice, ukoliko su 3 uvjeta ispunjena:

Test Kriterij

Klini¢ka slika Akutna ili kroni€na bol u ledima

Dijagnostika Kompijuterizirana tomografija (CT) ili magnetska

rezonancija sugestivna za osteomijelitis kraljesnice

Mikrobiologija Rast mikroorganizama na hemokulturi ili tkivu

ili kralje$nicel

Histologija Akutna ili kroni€na upala tkiva kraljeSnice

Infekcija kraljeSnice povezana s implantatima, ukoliko je 21 kriterij ispunjen:

* Poremecaj cijeljenja rane ili fistula
Klini¢ka slika * Vidljiva gnojna sekrecija oko implantata
* Pozitivan test sondom za ispitivanje implantata

Histologija Upala u peri-implantatskom tkivu

Signifikantan rast mikroorganizama? u:
Mikrobiologija + 22 uzorka peri-implantatskog tkiva
+ Sonifikacijskoj tekucini (= 50 CFU/ml)

1 Nisko virulentni kozni patogeni moraju se interpretirati u klinickom kontekstu (prethodne infiltracije? Prisutan
intravaskularni implantat?)

2Za visoko virulentne mirkoorganizme (npr. S. aureus, E. coli, streptococci) ili u pacijenata s antibiotskom
terapijom se ve¢ jednom pozitivnom kulturom dokazuje infekcija te sonifikacija <50 CFU/ml moze takoder biti
signifikantna

Potporni kriteriji za infekciju:

. ProduzZena sekrecija rane + Razlabavljenje implantata/vijaka
. Sekundarna dehiscencija * Pseudartroza
rane



General Orthopaedics
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CONSULTATION SERVICE PORTAL

cs.pro-implant-foundation.org

4B \\\\/

i PRO-IMPLANT %
. { FOUNDATION |
7

ONSULTATION PRO-IMPLANT
, ERVICE ON FOUNDATION
IMPLANT INFECTIONS

The Consultation Service of the
PRO-IMPLANT Foundation provides l
advice to healthcare professionals on |

the management of complex bone, joint and
implant-associated infections.

CONSULTATION SERVICE

Website: cs.pro-implant-foundation.org

CCENTRUM M MUSKULC SSKELETALE CCHIRURGIE

CHARITE



CCENTRUM M MUSKL

p— Consultation
‘._ Portal

One Case Consultation
FREE OF CHARGE

Coupon valid during introductory period
(from 11 September through 30 November 2019)

How does the PRO-IMPLANT Consultation Portal work?

. Register first at: www.pro-implant-foundation.org

. Choose: “Consultation Portal”

. Click on “Purchase” and choose "SC-1 (single case)”

. Apply Coupon-Code: |CP-FREE
Free coupon is only applicable for SC-1 (single case)

. Follow further steps

. Click "Add New Case”

Fu W R =
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CHARITE



Consultation service: www.pro-implant-foundation.orgﬁlf7--"'

CONSULTATION =\
We provide practical REQUESTS ARE
advice on diagnosis,

THE CONSULTATION prevention and treatment SUBMITTED THROUGH

SERVIGE Is of implant-associatec -
PROVIDED BY AN e AEB BPSED PORTAL

INTERDISCIPLINARY current knowledge and

website free of charge:
® . www.pro-implant-foundation.org
INFECTIOUS ~ ORTHOPEDIC MICHOBIOLDGISTS [ Log-in
DISEASES ~ AND TRAUMA on the Enter Optional:
SPECIALISTS ~ SURGEONS PHAHMAClSTS Consultation relevant upload

patient images or

Service . )
information files

portal

“AVAILABILITY AND PRICE:

During the test period, the consultation service is free of charge. .
Further information is available at ¢s.pro-implant-foundation.org.

‘\_ WEB PHONE

LEGAL DISCLAIMER: CONTACT CONTACT
PRO-IMPLANT Foundation accepts no liability for the content or Reply is provided Available on
the consequences of any actions taken on the basis of the advice within 24 hours weekdays, from
provided. The received information is treated conﬁdentially.{.- on weekdays. 8 am to 6 pm.
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Countries that used the Consultation Portal in 2018

(CHARITE UNIVERSITATSMEDIZIN BERLIN

m Germany

B Netherlands

m Austria

B Belgium

m Switzerland

® England

m Croatia

m Slovenia

W Spain

W Ireland

m Malaysia

W Lithuania

m [taly

® Portugal

®m Ukraine

m Australia

®m South America
m Spain

B Argentina

® Nord macedonia
®m Russia

m Sweden

m Chile
m Poland
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Infection Is the best possible complication, if...
...appropriate diagnostic is combined with

...correct surgery and
...efficient anti-biofilm agents.

Cure rate >90%

Infection Is the best possible complication
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Thank you

andrej.trampuz@charite.de
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Focus on implant, bone and joint-associated infections:

» Surgery: New concepts (retention, 1-stage, 2-stage short interval)
 Diagnosis: Fast innovative methods

 Antibiotics: Active against biofilms
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Future developments and
outlook




Contiguous spread from
adjacent infected tissue

Hematogenous
infection
(spread from a
distant infection
Postoperative focus)

infection

PJis treated at Charité, 01/2017-01/2019
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Primary foci: cohort of 106 episodes

w’ i
« 1 (+3?) colon adenoma \" >y « 1 contralat. PJI
* 1 Gl bleeding ' { Gastrointestinal tract, 7 Others,3 | © 1 pn(?umonla
» 2 Gl infections b -4 1 epidural abscess
« 7 dental treatments m
* 5 dental infections Oral cavity, 12

Unknown, 34
e Urogenital tract, 12

« 2 manipulations G:‘-)
* 10 infections o B Skin and Cardiovascular

soft tissue, 16 system, 22

9 skin erosion (pedicure, skin
disease, chronic ulcers)
7 skin and soft tissue infections

* 14 endocarditis 7 ‘
« 5 infected CIED “V’} %
3 catheter infections

Rakow A et al. CMI 2018
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Pathogen
Staphylococci

Diagnostics

Blood cultures
Echocardiography (TEE)
Skin examination

Streptococci
« S. oralis/mitis

« S. agalactiae
» S. dysgalactiae

- S.
bovis/gallolyticus

Orthopantomogram (OPTG),
dentist, TEE

Urinanalysis, imaging abdomen,
skin examination, OPTG

Colonoscopy

Enterococci

Urinanalysis, TEE

Enterobacteriaceae

C HARITE uUNIVERSITATSMEDIZIN BERLIN

Urinanalysis, CT Abdomen

Renz N., Chirurg, 2017
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_ Specmc'ty

Alpha-defensin 67% 93%
(lateral flow test)

Kasparek MF, JA 2016

Leukocyte esterase Leukocytes 81% 97%
60 - 120 sec
neg. trace + + \Wyatt MC, JBJS 2016
D-Lactate ) 94% 98%
t‘; Karbysheva S, personal

Q/ communication

Multiplex-PCR 60% 89%

Morgenstern C, DMID, 2017

CHARITE UNIVERSITATSMEDIZIN BERLIN
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Synovial fluid D-lactate

Lactic acid

L-lactate is constantly produced during

metabolism and exercise

D-Lactate production in mammals is extremely low,
with normal serum concentrations in the nano to

micromolar range (nMol - pMol).

COOH
I
HO-C-H

l
CHs

L (+) Lactate

L. Szalay 2003; Sh.M. Smith 994

CCENTRUM M MUSKULC SSKELETALE CCHIRURGIE

D-lactate is produced by bacteria as a

product of bacterial fermentation

D-lactate concentration is increased to millimolar

range (mMol) in bacterial infection.

COOH
I
H-C-OH

|
CHs

D (-) Lactate

Wellmer A. 2001; Gratacés J. 1995
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Measurement of D-lactate

v Volume of sample: 50 pl
of synovial fluid

v"Incubation:; 30 min at +37°C

v’ Determination: standard microplate absorbance reader (A =
570-600 nm)

CMSC CHARITE JULIUS WOLFF INSTITUT

Centrum fiir Muskuloskeletale Chirurgie



Contents lists available at ScienceDirect

Journal of Infection

S F

g

EL

SEVIER journal homepage: www.elsevier.com/locate/jinf

S

Performance of synovial fluid D-lactate for the diagnosis of
periprosthetic joint infection: A prospective observational study

Katsiaryna Yermak®!, Svetlana Karbysheva®"! Carsten Perka? Andrej Trampuz?"*
Nora Renz*

4 Charité — Universitdtsmedizin Berlin, corporate member of Freie Universitdt Berlin, Humboldt-Universitdit zu Berlin, and Berlin Institute of Health, Center
for Musculoskeletal Surgery (CMSC), Augustenburger Platz 1, D-13353 Berlin, Germany
b Berlin-Brandenburg Center for Regenerative Therapies, Charité — Universititsmedizin Berlin, Germany

Published August 2019
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Concentration of SF D-lactate was significantly higher in patients with PJI
compared to those with aseptic failure (p<0,0001)

D-lactate (mmol/l)

cut off 1,2
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SF D-lactate test had better sensitivity to confirm PJI (98%) compared to
leucocytes (88%)
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/ﬂ.@@. K Virulent phages

erlin-Brandenburg
School for Regenerative Therapies

9

Lytic Cycle @
-

Lysogenic
Cycle

UFG

Graduate School 203




DEFENSIE
LA DEFENSE

Use of phages in military medicine

VOORRANG AAN VREDE
PRIORITE A LA PAIX

* Red Army (Finnish campaign and WWII)
« German Army (North Africa campaign)

* British Army in India

« Japanese Army

 Chinese Army (Korean War)

Verandkasten

Anti-dysenterial phage
preparations in first aid box




ELIAVA institute, Tbilisi, Georgia

About 800 people used to work at
the “Bacteriophage”, of whom 120
engaged in research.

During the Soviet period, the Eliava §
Institute elaborated novel biological
preparations against: anthrax,
rubies, tuberculosis, brucellosis,
salmonellosis, dysentery.

After the collapse of the Soviet
Union, the Institute was partly
privatized.
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YY T Ksb-l and Pyo-phage

Berlin-Brandenburg
School for Regenerative Therapies
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GLOMGE TLAVA INSTITIS TS
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BACTERIOPHAGE
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10mix5s

@ PYo
BACTERIOPHAGE

ANTISACTIEMG SLTION FOR TOFICAL AMD 0N iRk

10mixs |

UFG

Graduate School 203
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Berlin-Brandenburg

@@@Q Qrojects with bacteriophages

School for Regenerative Therapies

1. Evaluating activity of commercial
phage preparations vs. biofilm.

2. Evaluating best strategies for in vivo
administration of phages.

3. Establishing ex vivo & in vivo )
models for evaluation of
bacteriophages activity vs biofilm ‘,; f/

infections. .

Galleria mellonella
in vivo model

4. Creating a phage libary: Finding &
Isolating novel phages & select the
best candidates for phage therapy.
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YY T Ksb-l and Pyo-phage

Berlin-Brandenburg
School for Regenerative Therapies
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GLOMGE TLAVA INSTITIS TS

§ i =
STAPHYLOCOCCAL

BACTERIOPHAGE

TIPRLE U0 SOWEOM FOR DRAL ANTI SORCAL e
10mix5s

@ PYo
BACTERIOPHAGE

ANTISACTIEMG SLTION FOR TOFICAL AMD 0N iRk

10mixs |

UFG

Graduate School 203
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Berlin-Brandenburg

Yy KAnti-biofiIm activity

School for Regenerative Therapies

108CFUs/mL MRSA

2.2 ¢ .

37° C

Increasing PFUs/ml

Porous glass bead

24h
37°

Porous glass bead

Biofilm prevention

24h,37° C

CHARITE {8*
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Phage isolation

Sources: Human saliva, sewage, river water

Clinical strains used as hosts: S. aureus, S.
epidermidis and E. coli strains from PJI patients

4

Isolation of bacteriophages displaying lytic
antibacterial activity from the plaque of lysis

4

Evaluation of the susceptibility of a panel of
clinical isolates to newly isolated phages
(spot-assay)
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. (AR e . KPIaq ue assay
-w
Berlin-Brandenburg

School for Regenerative Therapies

» Sources: human saliva, sewage, river water

.

I g

Bacterial host strains: S. aureus, S. epidermidis, E. coli (laboratory strains & strains previously
isolated from PJI)

Incubation of source & bacterial host culture

Amplification of plaques

v
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In vitro activity of phages vs P.aeruginosa
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SnE < KNewa isolated phages

Berlin-Brandenburg

School for Regenerative Therapies

Staphylococcus aureus Escherichia coli
Source for Source for
isolation isolation
AbkG Saliva (No.1)  MRSAATCC 43300  /\Pk3  Sewage E. coli'3
Abk4  Saliva(No.2) E.coli4
AbkM Saliva (No.2)  MRSAATCC 43300 :
Abk8  Sewage E.coli 8
AbkA Saliva (No.3) MRSAATCC 43300 Abk9  Sewage E. coli9
AbkK Saliva (No.4) MRSAATCC 43300  /°K11 Riverwater  E.coll ATCC
25922
AbKE Saliva (No.5) MRSAATCC 43300  /\PK13 Sewage ST
25922
AbkT Saliva (No.6) MRSAATCC 43300  Abk14  Saliva (No1) f—;gg;”co

Staphylococcus epidermidis: no phages were detected in any of the tested sources

D\j""‘“";-e
‘ C H A R | T E %gﬁ; Freie Universitdt
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80 years old woman %%

MDR P. aeruginosa PJI of a total knee arthroplasty and
chronic osteomyelitis

Previous two-stage exchange and antibiotic treatment failed
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Unconventional Approach %%

Surgical treatment

- Two-stage exchange

- PMMA (1g gentamycin, 19
clindamycin per 40g PMMA)

Local use of phages

- Custom prepared phage

Antibiotic treatment (i.v) k&
- Colistin

- Ceftazidime —
Instituts
- Meropenem %I ELIAVA

CCENTRUM M MUSKULO SSKELETALE CCHIRURGIE ,
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Local use of phages %ﬁ

- The surgical site was cleaned with 2-3% sodium
bicarbonate solution

- No antiseptics

- 4 intraoperatively placed drains were used as
local delivery system

- First, single intraoperative loading dose of phage
were administrated

- Then, three times a day for 5 days through
drains
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