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Classical bacteriology

van Belkum et al., Ann Lab Med 2013

PFGE
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MALDI-TOF MS

Clark et al., Clin Microbiol Rev 2013

Matrix-assisted laser desorption/ionization - Time-Of-
Flight Mass Spectrometry
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Commercial MALDI-TOF MS systems

Vitek MS
(bioMérieux)

MALDI Biotyper CA system
(Bruker Daltonics)
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Application: Identification

Fournier et al., Nat Rev Microbiol 2013; Chen et al., J Clin Microbiol 2013; Feirrera et al., J Clin Microbiol
2013

Identification of : 
GPB, GNB, anaerobes, mycobacteria, 
yeasts, filamentous fungi

Identification to the species level:
70-90% of clinical isolates

Identification to the genus level:
90-95% of clinical isolates

Fast and reliable identification of bacteria and fungi from pure
cultures as well as from positive BCs and urines (>105 CFU/mL)

Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Advantages and limits

Singhal et al., Front Microbiol 2015

Some difficulties to identify some bacterial isolates:
- E. coli and Shigella spp.
- S. pneumoniae and S. mitis/oralis
- Corynebacteria
- E. cloacae complex
- Mucoid strains

(3-5’)

(1-2 €)

(150 k€)



Perez et al., J Infect 2014

Prospective monocentric study (USA) comparing ID using MALDI-TOF
MS vs. conventional method in patients with BCs positive for GNB (role
of the antimicrobial stewardship+++)

Clinical impact
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Application: Typing

Steensels et al., Acta Clin Belg 2016

Comparison of MRSA clinical isolates during an outbreak in a
neonatal ICU
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Application: Detection of resistance

Kempf et al., PLoS One 2016

Detection of an enzymatic activity à resistance to carbapenems by
production of carbapenemases in GNB (incubation: 0.5-4 hours)

Hydrolysis product
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Decousser et al., Expert Rev Mol Diagn 2017

Chromogenic tests (ESBL-PE, CPE)

Fast (<2 hours), reliable, cheap
Usable on colonies, positive BCs and urines
Clinical impact poorly investigated
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Immunochromatographic tests (CPE)

Wareham et al., J Clin Microbiol 2017

112 CPE clinical isolates
100% sensitivity and specificity
<15 €

O.K.N. kit 
(Coris)
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Rapid molecular tests

ü Specific detection of bacterial pathogens:
- Screening for carriage: MRSA, VRE, CPE, GBS
- Diagnosis of infection:

. S. aureus

. C. difficile

. M. tuberculosis

ü Detection of a panel of pathogens :
- Meningitis/Encephalitis
- Bacteremia (positive BCs)
- Gastroenteritis
- Respiratory infections
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Commercial tests for MRSA

Palavecino, Meth Mol Biol 2014

Sensitivity et specificity >90 %
NPV > 95%
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Automated systems

BD MAX system
(Becton Dickinson)

GeneXpert
(Cepheid)

~2 min HOT per sample

Widen et al., J Clin Microbiol 2014Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Clinical impact

Roisin et al., PLoS One 2014

Cluster randomized crossover trial (2008-2010) in Belgium comparing
the Xpert MRSA kit (Cepheid) to the enriched chromogenic culture
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Commercial tests for VRE

Bourdon et al., Diagn Microbiol Infect Dis 2010 ; 
Usacheva et al., Am J Clin Pathol 2010 ; Gazin et 
al., Eur J Clin Microbiol Infect Dis 2012

Sens. Spe. PPV NPV
Xpert vanA/vanB

vanA
vanB

74-100
87-100

93-99
15-86

67-89
3-33

81-100
71-100

BD GeneOhm VanR
vanA
vanB

43-88
75-100

96-100
21-85

82-100
7-37

67-97
100

Many false-positive results, especially for vanB à van genes
identified in Gram-positive anaerobes:

-vanB : Clostridium spp., Eggerthella lenta, Ruminococcus spp.
-vanD, vanG : Ruminococcus spp.

2 commercial kits for direct detection of VRE from
stools/rectal swabs:
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Clinical impact

Birgand et al., Antimicrob Resist Infect Control 
2013

Prospective study (2012) in France comparing Xpert vanA/vanB vs.
enriched chromogenic culture

èRapid decision about the best infection control strategy without
loss of income due to discontinuation of patient transfers and
admissions
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Commercial tests for CPE

Sekyere et al., J Appl Microbiol 2015

Numerous kits for detection directly from stools/rectal swabs

>90%
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Clinical impact

Dubouix-Bourandy et al., ECCMID 2015

Monocentric study (France, 2014) comparing the impact of the
implementation of the Xpert Carba-R on infection control management and
cost effectiveness respect to standard culture (1 OXA-48 case and 14
contact patients)

èNo interruption of admissions and transfers
èNo secondary case
Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Commercial tests for GBS

http://contemporaryobgyn.modernmedicine.com/Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Commercial tests for S. aureus/MRSA

Palavecino, Meth Mol Biol 2014

Sensitivity et specificity >90 %
NPV > 95%
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Performances in BSI (positive BCs)

Buchan et al., J Clin Microbiol 2015

Kit No. HC Sensitivity (%) Specificity (%)
Xpert MRSA/SA BC 792 99.6 99.5
GeneOhm StaphSR 782 99.2 96.5

Detection of S. aureus

Kit No. HC Sensitivity (%) Specificity (%)
Xpert MRSA/SA BC 792 98.1 99.6
GeneOhm StaphSR 782 94.3 97.8

Detection of MRSA

Possibility to use the Xpert MRSA/SA SSTI kit in PJIs and VAPs  
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Monocentric study (USA) comparing the Xpert MRSA/SA BC kit (group
1) vs. conventional method (group 2) in patients whose BCs revealed
Gram-positive cocci in clusters (GPCC)

Parta et al., Infect Control Hosp Infect 2010

But no difference in time to initiation of
therapy for MRSA between groups (P = 0.33)

Clinical impact
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Le Guern et al., Expert Rev Mol Diagn 2013

Sens. (%) Spe. (%)

82-98 91-100

73-98 91-100

93-100 91-99

90-98 98-100

98 93

77-100 93-99

90 97

Commercial tests for C. difficile

Limits :
Risk of false-negative results (mutations, deletions)
Do not detect free toxins in stools
Clinical benefit++
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Detection of MTB

Resp. and non-resp. samples:
Sensitivity of 100 % and 86 % 
specificity of 100 % and 97 %

Malbruny et al., Int J Tuberc Lung Dis 2011

<2 hours
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https://www.aacc.org/publications/cln/articles/2015/april/one-sample-multiple-results

Broad molecular panels

è Syndromic approach

4 FDA-cleared systems (mostly automated)
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FilmArray (Biofire, bioMérieux)

Results in ~1 h

Principle: Two-stage nested PCR, the second stage involving parallel
singleplex reactions folowwed by melt analysis

Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Verigene (Nanosphere)

Principle: Multiplex PCR followed by solid-microarray
detection using nanoparticle-conjugated probes

Results in ~2 h

Buchan & Ledeboer, Clin Microbiol Rev 2015Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



xTAG (Luminex)

Principle: Initial multiplex PCRby liquid-microarray detection
using microbead-conjugated probes

Results in ~5 h
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ePlex (GenMark Dx)

Principle: Competitive DNA hybridization
and electrochemical detection (eSensor)

Results in ~1.5 h
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Meningitis/Encephalitis

Leber et al., J Clin Microbiol 2015

n = 1,643 CSF

6

7

1
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Bacteremia (positive BCs)

Patel, Mayo Clin Proc 2016

2 automated systems

19+5 11

3
3

8

5
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Clinical impact

Walker et al., J Clin Microbiol 2016

Retrospective monocentric (USA) evaluating the clinical impact of
rapid PCR (Verigene BC-GN) on positive BCs (n = 195 patients)
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Gastroenteritis

Patel, Mayo Clin Proc 2016Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Respiratory infections

Popowitch et al., J Clin Microbiol 2013

ePlex RPP GenMark Dx Voltammetry No AdV;CoV (229E, HKU1, NL63, 
OC43);influenza virus A (H1/2009, H1, 
H3);influenza virus B;MPV;PIV1, -2, -3, -
4;RSV (A/B);RhV/EV

From nasopharyngeal swab specimens

*Bacteria detected: B. pertussis, M. pneumoniae, C. pneumoniae
**Bacteria detected: M. pneumoniae, C. pneumoniae
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Bloodstream infections (BSI)

Opota et al., Clin Microbiol Infect 2015Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Diagnosis of BSI directly from blood
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PCR-ElectroSpray Ionization-Mass Spectrometry

Ecker et al., Nat Rev Microbiol 2008 ; Lavigne et al., Clin Chem Lab Med 2012 ; Wolk et al., J Mol Diagn 2012

Desalting

Multiplexing

Analysis vs DB

PCR-ESI-MS
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Iridica platform (Abbott)

Technology PCR-ESI-MS
(new version of the Plex-ID)

Expensive equipment

Direct detection 
from blood ~6-8 h

Detection of R genes
(mecA, vanA, vanB, 

blaKPC)

Ecker et al., Nat Rev Microbiol 2008 ; Lavigne et al., Clin Chem Lab Med 2012 ; Wolk et al., J Mol Diagn 2012
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NGS in bacteriology

üGenomics (Whole Genome Sequencing – WGS)
- List of virulence genes
- In silico antibiogram
- Molecular typing

üMetagenomics
- Microbiota diversity
- Personalized medicine
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Current NGS platforms
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Gordon et al., J Clin Microbiol 2014

In silico antibiogram of S. aureus
12

 A
TB

Creation of a panel of resistance mechanisms (501 reference strains) 
tested agaisnt 401 clinical isolates:

FDA cutoffs :    <1,5 %     <3 %
Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Molecular epidemiology by WGS
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Price et al., CID 2014

Transmission mapping

Minimal within-host 
diversity

96.2% avec
>40 SNPs

18.9% of 
transmissions 
from other 
colonized 
patients

Conventional methods falsely identified 3 patient-to-patient
transmissions (all MRSA) and failed to detect 2 acquisitions and 4
transmissions (2 MRSA)
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Sherry et al., J Clin Microbiol 2013 ; Croucher & Didelot, Curr
Opin Microbiol 2015 ; Gilchrist et al., Clin Microbiol Rev 2015

Current limits of WGS

+ Interpretative criteria for typing?
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Third-generation NGS

- Long-read sequencing (3-20 kb)
- No amplification of DNA fragments
- High error rates but recent improvements

MacCannell, Clin Microbiol Newsl 2016Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017



Applications - MinION

Quick et al., Genom Biol 2015

Hospital outbreak of Salmonella Enteritidis (>30 cases)
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Human microbiota and microbiome

1014 bacteria, ie : 
- 10 x more than human cells
- 1-3 % du poids (1-2 kg)
- >1000 different species
- 150 x more of bacterial genes
- No identical human microbiota
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Metagenomics

Metataxonomics
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Challenges in bioinformatics

Caboche et al., Pathogens 2014

Processing and long-term archiving of huge amounts 
of data  (x 10,000 compared to 1995)

Need of academic training 
for clinical microbiologists

Improvement of DB quality
Integration and standardization of meta-data

Simplification of 
bioinformatic tools

(user-friendly softwares)

Présentation faite dans le cadre de la Première Journée scientifique du SDB 10/10/2017


