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Diagnostic workflow in PJI: the ideal world
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Invasive PJI diagnostics: current concepts and approaches

Histo-pathology

Culture

Biomarkers

Trampuz, Zimmerli, 2004

Sia, Berbari, Karchmer, 2005

Osmon et al., CID 2013
> 5 PMN / 10 HPF

> 1,7 x 103 PMN/µl

α-Defensin
positive
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Microbiology

Culture-independent: PCR



Pathogen epidemiology in PJI

Tande, Patel, CMR 2014

 Infections caused by commensal bacteria from skin microbiota.

 Significant proportion of infections remain etiologically unresolved.

 Polymicrobial infections possible / more common than anticipated.



Culture-negative PJI: Advanced diagnostics (culture-
independent).

Polymicrobial infections: Discrimination of complex microbial
consortia.

 Skin commensals: Differentiation between contamination and
invasive isolates.

Diagnostic challenges in PJI 



Molecular approaches to PJI diagnosis: targeted amplification or
broad range PCR

Species-specific PCR Pan-bacterial PCR

Primer for
 S. aureus
 Staphylococcus sp.
 Enterococcus sp.
 Streptococcus sp.
 C. acnes
 Enterbacteriaceae

Con
 Species not included in the panel

Pro
 (sensitivity)
 Speed (signal = diagnosis)

Pan-bacterial primer:

Pro
 Universal detection of (all) bacterial

species

Con
 Sensitivity
 Specificity (polymicrobial infections)
 Speed (need for sequencing)



137 episodes (172 samples): PCR and culture from explanted valve material

PCR positive PCR negative

Culture positive 22
77

Culture negative 38

Broad range PCR detection of bacterial pathogens: supporting
evidence

Viridans streptococci 8
Cutibacterium species 3

Aggregatibacter actinomycetemcomitans 2

Bartonella species 2

CoNS 2
Staphylococcus aureus 2

Streptococcus agalactiae 2
Tropheryma whipplei 1
unknown 1

Detection of pathogens in explanted heart valves

Christner, Rohde, in preparation



Specimens:
 434 samples
 144 infections
 290 aseptic loosening

Method:
 Multiplex PCR Panel (10 most common

pathogens) vs. conventional culture

Result
 PCR sensitivity: 77.1 %

BUT: discordant results possible

Molecular diagnostics in PJI: unresolved problems

Cazanave et al., J. Clin. Microbiol 2013

tissue culture Sonicate
fluid culture

Sonicate
fluid PCR



Molecular diagnostics in PJI: detection limit

Malandain et al., CMI 2018



Metagenomic sequencing represents a hypothesis-
free methodology allowing to detct the „unknown
unknowns“.

Traditional diagnostic approaches in infectious
diseases approaches are inherent restricted to
detect known pathogens.



Identification of unknown pathogens using metagenomics 
shotgun sequencing

Patient specimen DNA extraction

human / viral / bacterial
Sequencing

Pathogen A

Pathogen B

Pathogen C

Pathogen D

Pathogen E

etc. ……

Bioinfomatics



Sequences in ≥ 2 samples Sequences in ≥ 20 samples

Sequences in ≥ 20 
samples, 

Sequences from healthy 
subtracted

Loman, Christner, Rohde et al., JAMA 2013
Rohde et al., NEJM 2011

Metagenomics allows for culture-free detection and genome
reconstruction directly from clinical samples



Loman, Christner, Rohde et al., JAMA 2013
Rohde et al., NEJM 2011

Metagenomics allows for culture-free detection and genome
reconstruction directly from clinical samples



Metagenomic detection of pathogens and prediction of
antibiotic susceptibilities from urine

Schmidt et al., JAC 2016



Street et al., JCM 2017

Metagenomic pathogen detection in PJI

 Metagenomic sequencing from sonic fluid.

 Implementation of cut-offs to identify false-positives.

 Sensitivity compared to sonic fluid culture:

• Species-level: 61/69 (88%)

• Genus-level: 64/69 (93%)

Ivy et al., JCM 2018



Meric, .., Rohde, Sheppard et al., Nature Communications 2018

S. epidermidis populations: evidence for selection of
pathogenic clones?
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S. epidermidis population heterogenity in vivo: 
genomic plasticity and adaptation

Both, Huang, Rohde, in preparation



Zusammenfassung

 Pathogen detection in PJI: Culture-based diagnostic remains gold standard.

 Molecular detection of pathogens: of importance in culture negative cases (e.g. 

earlier antibiotics therapy). Improvement of sample preparation and

standardization necessary.

 Metagenomik: unbiased pathogen detection. Potential of molecular pathogen 

analysis (pathogenicity, resistance). Significant number of unclear aspects (e.g. 

pre-analytic, sample preparation, bioinformatics, costs).

Summary







Wildtyp Nicht-Wildtyp; resistent

(Betalaktamase)

Vorhersage eines Therapieerfolgs durch

standardisierte Empfindlichkeitsprüfung



Vorhersage eines Therapieerfolgs durch

standardisierte Empfindlichkeitsprüfung



Biofilmbildung ist das wesentliche Merkmal bakterieller 
Physiologie bei PJI



Ivy et al., JCM 2018

Metagenomische Detektion von Erregern bei PJI
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Biofilmbildung als Ursache phänotypischer Resistenz
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Aufbau von Systemen zur Beschreibung der 

Empfindlichkeit biofilmbildender Erreger

Coenye et al., CMI 2018

Es fehlen:
 Geeignete durchsatzfähige Systeme zur Bestimmung der Empfindlichkeit in 

Biofilmen.
 systematische Daten zur Beschreibung der differentiellen Empfindlichkeit an 

definierten Patientenisolaten.
 Prospektive, klinische Daten.



Durchflusszytometrie
Huang et al., Anal Chem 2015

Mikrofluidik
Matsumoto et al., PLoS One 2016

Nanoscale Kulturen
Weibull et al., JCM 2014

Smarticles: lebende Bakterien emittieren Licht
Roche Diagnostics

High resolution imaging
Accelerate Diagnostics

Mikrofluidik: Bakterielles Wachstum in AB-Gradienten

Matsumoto et al., PLoS One 2016

Neue Verfahren zur Empfindlichkeitsprüfung

bakterieller Erreger



 Empfindlichkeitsprüfung: Methoden zur sicheren Vorhersage von 

Resistenzphänotypen im Biofilm fehlen. Durchsatzfähigkeit und Möglichkeit zur 

Testung von Synergismen sollten Ziele technischer Innovation sein. 

 Derzeit sind keine Daten zur klinischen Nutzbarkeit verfügbar: Es mangelt an 

zuverlässigen prospektiven Datensätzen. 

Zusammenfassung



Procedure Material Processing Archive 

Pre- / intra- OP 
puncture

Aspirate Quantitative 
culture

Infecting strain 
(pre-OP)

Intra-OP 
Debridement

Tissue / 
exudate / pus

Quantitative 
culture

mRNA preparation

DNA preparation

Histology

Infecting strain 
(intra-OP)

bacterial cDNA

Whole gDNA

Fixation

Tissue/ 
exudat / pus

4 °C

4 °C

Fixierung,
-20 °C

Klinik (ENDO-Klinik, UKE) Labor (Microbiologie, Pathologie)

Paraffin block

Aufbau einer Kohorte “Prosthetic device infections”

Hamburg prosthetic device infection cohort study (HAPDICS)

DAMP Stiftung 2014 – 2019

Pre-OP
nose swab

Colonizing 
strain(s)

Culture
mRNA preparation

4 °C Colonizing strain 
bacterial cDNA



Positivity rate 16S-PCR [specimen]
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Broad range detection of bacterial pathogens: real world
experience

AspirationBlood TissueCSF



Detection of pathogens in explanted heart valves

137 episodes (172 samples): PCR and culture from explanted valve material

PCR positive PCR negative

Culture positive 22
77

Culture negative 38

Broad range detection of bacterial pathogens: a positive 
experience

Christner, Rohde, in preparation



137 episodes (172 samples): PCR and culture from explanted valve material

PCR positive PCR negative

Culture positive 22
77

Culture negative 38

Broad range detection of bacterial pathogens: a positive 
experience

Viridans streptococci 5

Enterococcus faecalis 5

Staphylococcus epidermidis 5
Cutibacterium acnes 2

Staphylococcus aureus 2
Corynebacterium diphtheriae 1

Gemella species 1
Staphylococcus lugdunensis 1

Christner, Rohde, in preparation

Detection of pathogens in explanted heart valves



137 episodes (172 samples): PCR and culture from explanted valve material

PCR positive PCR negative

Culture positive 22
77

Culture negative 38

Broad range detection of bacterial pathogens: a positive 
experience

n=15: pathogen recovery from blood cultures
n=23: culture-negative

Detection of pathogens in explanted heart valves

Christner, Rohde, in preparation



5-STB: 5 soft tissue biopsies
PC: prosthetic components
JF: Joint fluid

BB: bone biopsies
SW: prosthetic swab

Larsen et al., JCM 2018

Diagnostic specimens: importance of tissue cultures


