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Introduction

 Procedures and technical difficulties of molecular

microbiological diagnosis of bone and joint infections

 State of the art techniques



Molecular detection 
of DNA

Microscopy

Serological detection of 
antibodies and antigens

Culture

Microbiological diagnosis
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 European Bone and Joint Infection Society

 European Society of Clinical Microbiology and Infectious Diseases

 European Society of Radiology

 European Association of Nuclear Medicine

Glaudemans et al, 2019



Glaudemans et al, 2019

 The gold standard for the correct identification of the causative microorganism of PBI is 

represented by culture of infected bone.

 Bone biopsy samples should always be collected from a zone in which the bone structure is visibly 

inflamed. 

 A minimum of three tissue samples should be collected. The more samples that are withdrawn, the 

less chance of an incorrect assessment due to contamination is reported. 

 Collected pieces should be divided for bacteriology and histology.

 The samples should be sent for aerobic and anaerobic cultures; cultures for mycobacteria and fungi 

should be performed in patients with clinical and epidemiological features supporting a suspicion for 

these etiologies.

 Samples collected directly from the skin should be avoided since these biopsies are often 

contaminated with skin microbes, leading to false-positive results.



Glaudemans et al, 2019

In a consensus guidelines paper of 14 pages and

7,362 words, signed by four international

societies, the phrase “molecular methods” is

only stated once and in a very ambiguous way



Issues with molecular microbiological 
diagnosis of bone infections

 The clinical specimen - the difficulty issue

 The most common pathogens - the easiness issue

 The PCR target(s) – the multiplex issue



 Issue No 1: the clinical specimen

 Bone tissue  DNA extraction is extremely difficult and it requires harsh 

treatment of the bone with metallic beads, which can also easily destroy 

bacterial cells

 Preferable specimen the surrounding soft tissues, but not always infected

 Prosthetic devises (metal)  no DNA extraction is possible at all, only 

sampling of the biofilm surrounding the metallic devise

Florencio-Silva et al, 2015



Issue No 2: The most 

common pathogens are 

easy to culture



 Issue No 3: the number of the PCR targets

 Until recently, PCR was performed for a single pathogens at any one 

time (single-plex), or, in the best case scenario, for a limited number 

of pathogens/targets (multi-plex) at any one time

 Τhe number of targets detected at the same time depends on the 

nucleotide sequence of each target

 Thus, molecular diagnosis is species-specific, whereas conventional 

diagnosis is syndrome-specific



Streptococcus pyogenes spy1258 (transcription regulator) , speB (toxin)

Staphylococcus aureus nuc (nuclease), mecA (MRSA resistance)

Klebsiella pneumoniae rmpA (regulator of polysaccharide synthesis)

Pseudomonas aeruginosa relBE, higBA, parDE (toxin-antitoxin system)

Mycobacterium tuberculosis IS610 (repeated insertion sequence)

Common pathogens and DNA targets



Ramanan et al, 2018



Curetis
Unyvero

bioMerieux
FilmArray

Luminex
Verigene

GenMark
ePlex

Roche 
LightCycler





Ramanan et al, 2018



Dunyach-Remy et al, 2018







Evaluation

 Sensitivity: 50.1% up to 100.0%

 Specificity: 91.7% up to 100.0%

 The sensitivity differences (and hence the negative predictive 

value differences) are due to:

 The bacterial load at the site of the infection

 The clinical specimen selection

 The DNA target copy number per bacterial cell

 The specificity differences are due to the different CoNS targets

Ramanan et al, 2018





Targeted NGS

1. Selection of DNA targets of clinical interest

2. Sequencing of the DNA sections with or without prior

amplification

3. Evaluation of the obtained information and completion of the

diagnostic process



NGS information workflow

Production… Processing… Translation…

…of the information



Besser et al, CMI 2017

NGS workflow



Semi-automated Automated

http://www.thermofisher.com

NGS workflow



Advantages and disadvantages

Advantages

 Targeted sequencing of DNA regions of clinical importance

 Time management  results within the working hours

 Information size  10-50 Mbp vs >400 Mbp

 Low detection limit (up to 1 copy per ml)

Disadvantages

 Losing of the whole image (sequencing of the whole genome)

 No identification of new DNA regions of potential clinical

significance



Deurenberget al, JB 2017

Main companies and platforms

 Platforms for smaller fragment sequencing

 Faster turn-around time



Deurenberget al, JB 2017



Main workflow steps

 Primer design and protocol optimization

 Up to 6.144 primer pairs can be used at the same time

 Clinical specimen  DNA extraction amplification sequencing

 Evaluation and translation of the information in large data bases

(cloud computing)

 Major advantages (1) Low turnaround time, (2) fast information

processing, (3) low detection limit



Sequencing is performed in small semiconductors

Up to 1,2 billion microwells allow sequencing of up 

to 496.000.000 DNA fragments



http://www.thermofisher.com



Analysis and translation

http://www.thermofisher.com



Applications of NGS in 

bone and implant infections



Goldberg et al, mBio 2015

FDA has already proposed an 

accreditation procedure

Next milestone: incorporation of the 
technique in the Microbiology Lab routine



Franz et al, IJFM 2014

But the chapters still open to discussion are more than the ones that are closed

Next milestone: incorporation of the 
technique in the Microbiology Lab routine



Conclusions

 Well into the 21st century, the Gold Standard for diagnosis of

bone and joint infections is still based on a technique established

during the late 19th century (with major optimizations of course)

 Nevertheless, new techniques, already used in other disciplines,

“slowly” find their way to orthopedic infection diagnosis

 Syndromic molecular diagnostic approach seems to be the most

promising tool for the time being

 NGS will require additional time, but eventually will replace all

other molecular techniques



Thank you for 
your attention


