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Bactériologie médicale : défis actuels

Nécessité de résultats fiables et rapidement disponibles

Qualité — accréditation

Evolutivité bactérienne ++ (résistance, espéces ...)

Réduction des moyens



Défisr en bactériologie médicale : les solutions ?

« Qrganisations nouvelles
« Personnel formé et habilité

 Méthodes nouvelles : rapides, fiables, évolutives et ... a
un cout raisonnable



Nouvellesr méthoders vtilisables en routine ?

« PCR tout en un »
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*Reéalisation rapide et facile

*Personnel non spécialisé

‘Nombre de cibles limité

Colt ++




Indication and performances of commonly used point-of-care (POC) tests

Test/pathogen Type of test  Sample Indication Performances
Group A streptococcal ElA Pharyngeal swab Sore throat Sensitivity: 53—99%
rapid test Specificity: 62—100%
Pneumococcal antigen ICT Urine Severe pneumonia Sensitivity: 66—70%
(pleural fluid, CSF) (empyema, meningitis) Specificity: 90— 100%
Legionella antigen ICT Urine Severe pneumoniafrisk factors  Sensitivity: 76%
for legionellosis Specificity: 99%
Group B streptococci POC Waginal swab Peripartum detection Sensitivity: 94-97%
test—PCR of colonization specificity: 96— 100%
MRSA carriage POC MNasal swab Risk factors, screening Sensitivity: B6—94%
detection test—PCR Specificity: 93—95%
Clostridium difficile ICT Stool Antibiotic-associated Sensitivity: 49-80%
toxin detection diarrhoea specificity: 95—96%
Chlamydia antigen ICT Vaginal swab, Screening, suspicion of PID Sensitivity: 83%
urine Specificity: 99%
Rapid malaria test ICT Blood Fever in returning traveller Sensitivity: 87—100%
Specificity: 52— 100%
Giardia lamblia rapid ElA Stool Diarrhoea, especially for Sensitivity: 58—98%
diagnosis returning travellers Specificity: 97-98%
RSV antigen ICT Masopharyngeal Wiral symptoms, especially Sensitivity: 59—97%
swab during the winter season specificity: 75—100%
Influenza rapid test ICT Masopharyngeal Flu-like symptoms Sensitivity: 20—55%
swab Specificity: 99%
Rotavirus antigen ICT Stool Diarrhoea (children) Sensitivity: 75—-99%
Specificity: 95%
Adenovirus antigen ICT Stool Diarrhoea Sensitivity: 22%
Specificity: B4%
HIV rapid test ICT Blood (oral fluid) Screening, prevention of sensitivity: 99— 100%
vertical transmission Specificity: 99—100%
Enterovirus POC CSF Meningitis Sensitivity: 97%
test—PCR specificity: 100%

Clerc et Greub Clin Microbiol Infect 2010



Number of results

Détection de Streptococcus agalactiae

PCR temps réel : Xpert GBS (Cepheid)

Insert the swab into the Insert cartridge and

chamber S start assay.

Minutes

Poncelet-Jasserand et al. Int J Obst Gynaecol 2013



PCR assay

A Ros®

Reduction of the use of antimicrobial drugs
following the rapid detection of Streptococcus
agalactiae in the vagina at delivery by real-time

E Poncelet-Jasserand,™* F Fnrges,b‘* M-N Varlet,® C Chauleur,® P Seffert,® C Siani,® B Pozzetto,"*®

Culture at 34-38 PCR at delivery Statistical

weeks of gestation analysis*
Diagnostic performance (%):
Sensitivity (95% CI) 55.6 (35.3-74.5) 66.7 (46.0-83.5)
Specificity (95% Cl) 84.5 (78.7-89.3) 94.9 (90.9-97.5)
Positive predictive value (95% Cl) 33.3(20.0-48.9) 64.3 (44.1-81.4)
Negative predictive value (95% CI) 93.2 (88.4-96.4) 95.4 (91.5-97.9)
Women inadequately treated with prophylactic antimicrobial treatment (%) 136 45 P < 0.001
Women adequately treated with prophylactic antimicrobial treatment (%) 6.8 8.0 NS
Women inadequately not treated with prophylactic antimicrobial treatment (%) 5.4 4.0 NS
Women adequately not treated with prophylactic antimicrobial treatment (%) 74.2 83.5 P < 0.05

“Technical performances (%):
Sensitivity (95% CI)
Specificity (95% Cl)
Positive predictive value (95% CI)
Negative predictive value (95% Cl)

58.3 (36.6-77.9)
92.7 (87.8-96.0)
51.9(31.9-71.3)
94.3 (89.7-97.2)

76.9 (56.3-91.0)
95.4 (91.4-97.9)
69.0 (49.2-84.7)
96.9 (93.3-98.8)

*McMNemar test.

Poncelet-Jasserand et al. Int J Obst Gynaecol 2013




are  PRACTICE GUIDELINES natura publishing grosp
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Guidelines for Diagnosis, Treatment, and Prevention of
Clostridium difficile Infections

Christinz M. Surawtcz, MDY, Lawrenca [. Brandt, M2, David . Binton, MDY, Ashwin M. Ananthakrishnan, MDD, MPHY, Scott B Carry, M1,
Pater H. Giligzn, PROF, Lynna V. McFarland, PRI, Mark Mellow, MDF and Brizn 5. Zuckerbraun, MO

« Nucleic acid amplifications tests (NAAT)
for C. difficile toxin genes such as PCR

are superior to toxins A + B EIA testing as

a standard diagnostic test for CDI »

45 min

(strong recommendation, moderate-quality evidence)

Am J Gastroenterol April 2013



Clinical impact of switching conventional enzyme immunoassay with nucleic
acid amplification test for suspected Clostridium difficile-associated diarrhea

Steven W. Johnson PharmD a.bx Meganne Kanatani PharmD ¢, Romney M. Humphries PhDY,
Daniel Z. Uslan MD €
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Fig 2. Days of empiric therapy in patients who had negative stool assays.

American Journal of Infection Control 41 (2013) 373-5



Patient avec diarrhée PCR (+) Tox (-)
uniguement excréteur ?

<

GDH ou PCR & si + : EIA Tox
ou ...

Baker et al. J Hosp Infect - July 2013
Planche et al. Lancet Infect Dis — September 2013



Identification des bactéries par spectrométrie de

masse MAWDI-TOF

Matrix Assisted Laser Desorption/lonization — Time Of Flight

6-8min30s

MALDI-TOF-MS

LJELL;

Intensity

v

D’aprés Clark et al. CMR 2013 - Seng et al. JCM 2013 & Kliem et al. Curr Opin Microbiol 2012



Cardiac Device-Related Endocarditis Caused by Paenibacillus
glucanolyticus

2
R B

acille a Gram négatif ...
ou non ??

- ldentification phénotypique standard

A partir des colonies (24-48 h) — délai : + 24-48 h

- identification Gram négatif : Cronobacter ou Aeromonas ?
- Identification Gram positif : Paenibacillus glucanolyticus

Ferrand et al. J Clin Microbiol 2013



Cardiac Device-Related Endocarditis Caused by Paenibacillus
glucanolyticus

Bacille a Gram positif !

— Spectrométrie de masse : Paenibacillus glucanolyticus
A partir des colonies (24-48 h) — délai : + 20 minutes

— PCR universelle (ADNr 16S) : Paenibacillus glucanolyticus
A partir prélevements : 48 h
A partir colonies (24-48 h) — délai : + 24-48 h

Ferrand et al. J Clin Microbiol 2013



Impact of MALDI-TOF MS on the clinical management of patients
with Gram-negative bacteremia : a prospective observational study

«Centre hospitalier et universitaire de Lausanne (2010)

«202 épisodes de bactériémies

Ildentification correcte / genre : 86,7% (hémocultures monomicrobiennes)
‘Impact de I’'examen direct (Gram) : 20,8%

‘Impact SM-Maldi-TOF : 35,1% (modification antibiothérapie)

Clerc et al. Clin Infect Dis 2013



Spectrométrie de masse MAWDI-TOF

et détection de [B-lactamarsers

Ex : carbapénémases
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Hrabak et al. Clin Microbiol Rev 2013




Détection des bactériers par PCR - ESI-TOF

Electrospray ionization — Time Of Flight

e _—
Seuil détection = 1-5 génome(s) 2125552 o-:
peptideionsy @ MA
dans prise d’essai B 08, | sricmsse

O

Analyse des
spectres
Résultats

PCR « a large spectre »
16 rDNA, 23S rDNA, rpoC, valS, rpoB, tufB, rplB, infB, sspE
vanA, vanB, bla,,., mecA

6h



PCR/ESI-MS CHARACTERIZATION OF BLOODSTREAM INFECTIONS

Sample Organisms contained in mixture Fals_.e Gram stain - Sample Organisms contained in mixmre Gram stain
no. negative” result no. result
BCBO28  Staphylococcus capitis Positive  BCB206  Klebsiella oxytoca * Negative
.il'ﬂpjl}'lﬂfﬂffﬂi epidermidis Positive Sta OCCHS @UFELs Positive
8 GCCHE Warnen . Positive BCB217  Klebsiella oxyioca * Negative
BCBOBY  Coagulase-negative staphylococcus sp. FMN Positive Sta CCCHS AUTElis Positive
- i ' i BCB218  Streptococcus oralis (viridans group) Positive
BCBO93 iﬂ%‘gﬂi hominis Positive Streprococcus sanguinis (viridans group) Positive
Pre 5 stutzeri * MNegative  BCB222  Candida albicans _
BCB110  Streptococcus dysgalactiae Positive Acingiobacter bavwmarii * Megative
Streptococcus prewmoitiae Positive 2 i jidi
BCB115  Bacteroides thetaiotaomicron * Negative Enterococcus faecalis Positive
S"Iﬂphliﬂfﬂffus AUFEls Pﬂslm‘e BEBHE .il‘i"é‘ OIS 25 PDE'.L“'E
BCB124 S OCCHT @S M Positive OCCUE @urens Positve
Streptococcus oralis (viridans group) Positive | | BCB2T1 Cuaplase—negame staphylococcus sp. Positive
‘ Strepdococcus sanguinis (viridans Positive '
BCB135  Coagulase-negative siaphylococcus sp. FN Positive | BCB284  Enterobacter homaechet _ * Negative
Sir lis (viridans group) Positive Enterobacter hormaechei (second sirain) * Megative
- srovp o BCB293  Acinetobacter lwoffi * Negative
Strepiococcns saneuinis (viridins Positive X N cgau
BCBI38  Viridans group streptococci Positve oo 'l"i;”"“-"”b”m"' baumarnii . * g;ﬁ“.‘”"e
Streplococcus preumeoniae Positive EPIOCOCCIT Cristaiis (.ﬂr ans group) e
BCBI34  Staphylocaccus hominis Positive  reRang Coagulase-negative staphylococcus sp. Positive
Sta OCCLE COrostis Positive Enterococcus faecium Positive
Staphylocaccus auricularis Positve  y T Acinetcbacier baumannii x Negaive
gaph}'.ﬂac occus piscifermentans ﬁlm Acinetobacter calcoaceticus Negative
aphylococcus alarews Hve BCB3MT  Stomatococcus mucilaginosus Positive
BCBISI  Swphylococcus hominis Positive Streptococcus salivarins (viridans group) Positive
Acinetobacter baumarmnii * Negative  prpags Streptococcus sanguinis (viridans group) Positive
BCB178  Coagulase-negative siaphylococcus sp. Positive Streplococcus preumeoniae Positive
Sta CECHE GUTes Positive BCB3T3  Staphviococcus epidermidis Positive
Coagulase-negatve staphylococcus sp. N Fostuive Enterococcus faecalis Positive
Beta-hemolytic ELrEplcrmm Positive | BCB374  Sia occus epidermidis Positive
Enterococcus § FN Positive Candida albicans
BCB440  Streptococcus oralis (viridans group) Positive
Strepiococous sanguinis (viridans group) Positive

Kaleta et al. J Clin Microbiol 2011



Spectrométrie et hémocultures

| PCRESLOR VAUDITOR

Seuil de détection 1-5 génome(s) 10 UFC

Hémocultures mono-microbiennes
|dentifications (espece) correctes  Flacon positif : 95%  Flacon positif : 80%
Subculture : 94.9%

Hémocultures pluri-microbiennes
Erreurs 24% 76 — 100 %

Détection directe a partir du sang Sensibilité : 50% -
Spécificité : 94%
Codut +++++ +++

D’apres : Jordana-Lluch et al. PLOS ONE 2013 - Chen et al. J Clin Microbiol 2013
Kaleta et al J Clin Microbiol - 2011 Kaleta et al Clin Chem 2011



Successful identification of pathogens by PCR ESI-TOF-MS in culture negative

periposthetic joint infection
Jacovides et al. J Bone Joint Surg 2012

PCR-ESI-TOF MS : a new tool for the diagnosis of infective endocarditis

from heart valves
Wallet et al. Diagn Microbiol Infect Dis 2013

PCR-ESI MS for direct detection of pathogens and antimicrobial
resistance from heart valves in patients with infective endocarditis
Brinkman et al. J Clin Microbiol 2013

PCR and ESI MS for detection of persistent Enterococcus faecalis in
cerebrospinal fluid following treatment of postoperative ventriculitis
Farrell et al. J Clin Microbiol 2013



lers novuvellers « anciennes méthoders »

Le Carba NP test Imipénéme

Pas de bactérie

Bactérie non productrice de carbapénémase

Bactérie productrice de carbapénemase




Ambler class, MIC range, ma/L Carba NP
carbapenemase type Species B-Lactamase No. IMP ERT MER test result
Class A
KPC-type Klebsiella pneumoniae KPC-2 27 05-=32 4-=32 1—=32 +
KPC-3 3 0.5-8 4-=32 1-8 +
Klebsiella ozaenae KPC-3 1 =32 =32 2 +
Escherichia coli KPC-2 A 054 0.5=32 052 +
Enterobacter cloacae KPC-2 T 1-24 15-32 0.75-16 +
Enterobacter asrogenes KPC-2 1 8 =32 a +
Citrobacter freundii KPC-2 s B—=32 1.5-=32 153 +
Serratia marcescens KPC-2 2 =32 =32 =32 +
Salmonella spp. KPC-2 1 4 1 0.25 +
NMC-A E. cloacae MNMC-A 1 16 =32 16 +
SME-type S. marcescens SME-1 1 32 4 12 +
SME-2 1 a2 4 12 +
GES-type E. clpacae GES-5 1 =32 =32 =32 +
IMI-type Enterobacter asburiae IMI-2 1 =32 =32 =32 +
Class B
NDM-type K. pneumoniae MNDM-1 16 05-—=32 2-=32 1—=32 +
NDM-4 1 =32 =32 =32 +
E. coli NDM-1 T 1-16 3—=32 1-16 +
E. cloacae NDM-1 1 2 16 2 +
C. freundii NDM-1 1 =32 =32 =32 +
Providencia stuartii NDM-1 1 12 0.38 156 +
Proteus rettger NDM-1 1 3 05 15 +
VIM-type K. pneumoniae WIM-1 15 05—=32 0.5-=32 0.38- +
=32
YVIM-19 1 8 16 4 +
E. coli ViM-1 2 153 03815 0.5-1 +
ViM-2 b 24 0515 0.36- +
05
VIM-19 1 8 16 4 +
E. clpacae VinM-1 4 1—=32 03810 0.5—=32 +
=32
S. marcescens WIM-2 1 =32 =32 =32 +
IMP-type K. pneumoniae IMP-1 5 058 2-4 1-8 +
IMP-2 2 0.5-1 0.5-1 05 +
E. coli IMP-1 2 05 -4 0.5 +
IMP-2 1 5] a 3 +
E. cloacae IMP-1 12 B—=32 =32 2-=32 +
IMP-2 2 0.75— 0.5-1 0.5 +
15
S. marcescens IMP-1 2 8—=32 =32 2—=32 +
IMP-11 1 8 =32 2 +
Class D
OXA-48 type K. pneumoniag OXA-48 15 036 0.38—=32 0.36- +
=32 =32
QXA-181 2 0.51 2—4 0.5-1 +
E. coli OXA-48 G 0.38-3 0.5-16 0121 +
E. cloacae OXA-48 3 0.5-1 0.5-16 0515 +
F.retigert CXA-181 1 & 1 2 +

Nordmann et al Emerging Infectious Diseases September 2012
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Mesures d'hygiéne

; renforcées
Absence Production
de carbapénémase d'une carbapénémase
Dédaration aux ARS

v

Biologie moléculaire (PR simplex/multiplex, micropuce a ADN, etc.):
recherche des génes de carbapénémases fréquentes :

bla,, bla,, blag,, blag, ..o

3-5h
«— L »
99,9% 0,01%

Biologie moléculaire : recherche des génes
de carbapénémases rares :
bla, bla ., bla, bl ,, bl bla

24-48h
99,9% 0,01%
« >
24-48h Clonage
(Nouvelle carbapénémase)

ARS : agences regionales de santé ;

PR : réaction en chaine par polymérase Séquengage

{Polymerase Chain Reaction).

Poirel et al. La Lettre de I'Infectiologue juillet-aolt 2013



€En conclursion

*Nouvelles methodes en bactériologie = nécessaires mais non
suffisantes

Les industriels ne sont pas philanthropes : colt !

*Al'ere des nouvelles méthodes

« L'examen microscopique reste nécessaire (Ex : hémocultures
plurimicrobiennes)

* La culture des bactéries (antibiogramme ... ) : aussi !

« La « culture » des biologistes et des technicien(ne)s : aussi !



