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Classical scheme for diagnostic 
in microbiology
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From 48 h Pasteur’s Microbiology to
Rapid Diagnostic testing (30 min) 

A culture change…. without culture !

+ 24 h

+ 24 h

Antibiotic susceptibility testing

Clinical sample

In-vitro culture (E. coli)



Penicillins Cephalosporins Carbapenems

Broad-spectrum ß-lactamases in gram negatives 

Extended-spectrum ß-lactamases (ESBL); CTX-M
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Multidrug resistance of ESBL-producing Escherichia coli



E.coli K. pneumoniae

2005

2011

Resistance to expanded-spectrum cephalosporins. 
Enterobacteriaceaein Europe



Global resistance rates for Escherichia coli to 
third generation cephalosporins: mostly CTX-M 

Review on Antimicrobial Resistance, J O’Neill, 2014 UK Prime Minister 



Probability of survival
of patients with ESBL bacteremia

Carbapenem

Pip/Tazo, later
carbapenem

Clin Infect Dis 2015, 60:1319–25



Sample Prep and Broad Range PCR 



Detection of ESBLs : molecular biology

Principles:

- Amplification by PCR +/- sequencing
- Hybridization on DNA chips

Advantages:

- Quick and reliable result when performed directly on colony

Disadvantages:

- Cost +++ / Expertise
- Detect only known ESBL genes



Molecular detection of ATB resistance gene fromclinical samples



Rapid molecular detection
of ESBL producers

• Accurate molecular ESBL assay, with results 

in < 7 h

• Tracking tool for outbreak management 

� includes molecular typing of ESBL

• Identifies ESBL from non-ESBL:

� for CTX-M, TEM & SHV

Problems: Cost ++ and diversity of ESBLs



The diagnostic test for biochemical detection
of ESBL producer; the rapid ESBL NP test

Cefotaxime

Acid production

ESBL

pH

Tazobactam

No acid production

= pH
+

Nordmann et al., JCM 2012



The ESBL NP test; the kit

96 wells plate

Diluted red phenol 
solution, pH=7.8 

Lysis buffer

Beads

Tazobactam

Cefotaxime



The ESBL NP test

①①①① Rapid; less than 1 h

②②②② Sensitive ;94-100%

③③③③ Specific:100%

④④④④ Cheap: 4-5 euros

⑤⑤⑤⑤ Easy-to-handle

⑥⑥⑥⑥ Implementable worldwide







Comparison of three biochemical tests for rapid detection of 
extended-spectrum-β-lactamase-producing 
Enterobacteriaceae

L Poirel, J.Fernández, and P. Nordmann,
J Clin Microbiol,  2015, in press

Rapid ESBL NP test

A rapid detection of resistance to third
generation cephalosporins for
Enterobacteriaceaebased on the cleavage of a
chromogenic substrate; ESBL, +/_ AmpC,
KPC…

Biochemical identification of ESBL producers

Sensitivity         + + + + + + + +

Specificity             + + + + + + +

Rapid ESBL Screen 
B-lacta Test





Emergence of carbapenemases
in Enterobacteriaceae
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K. pneumoniae
Emergence of oxacillinase-mediated resistance to imipenem in Klebsiella pneumoniae. 
Poirel L, Héritier C, Tolün V, Nordmann P. Antimicrob Agents Chemother. 2004 Jan;48(1):15-22
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Future spread of carbapenemase producers 
in Europe

2014

OXA-48-like

NDM

KPC



Carbapenemase producers, France; the future



• Real-Time PCR :

- Check-MDR Real-Time PCR
- Detect the presence of the carbapenemase gene
- 4-5 h
- Cost +++

• Specific PCR +/- sequencing :

- OXA-48-like / KPC / VIM / IMP / NDM
- 3 to 5 h
- Expertise ++
- Cost +

Molecular biology : PCR-based techniques 



Molecular detection of 
carbapenemase genes



The example of the Xpert MDRO cartridge

Cartridge detects four carbapenem 
resistance gene families (54 genes
in total)

–blaKPC

–blaNDM

–blaVIM

–blaOXA-48

• Sample : Rectal Swabs
• Result in 50 minutes

. Cost +++





Gene identification of 
carbapenemase producers in Enterobacteriaceae 
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ICAAC 2014: Genetic and biochemical characterisation of 
FRI-1, a novel carbapenem-hydrolysing class A beta-

lactamase from Enterobacter cloacae

P. Nordmann , L. Poirel, L. Dortet; Univ. of Fribourg, Fribourg, 
Switzerland, Hosp. de Bicetre, Le Kremlin Bicetre, France

Background: Carbapenem resistance in Enterobacteriaceae is mainly linked to 
carbapenemase production. The most commonly carbapenemases identified in Enterobacter 
cloacae are the class A ß-lactamases KPC and NMC-A/IMI, the class B (metallo-ß-
lactamases) VIM, IMP, and NDM, and the class D carbapenemase OXA-48. Our study was 
initiated by the isolation of a carbapenem-resistant E. cloacae. Methods: Antimicrobial 
susceptibility was determined by the disk diffusion method and E-test. The production of a 
class A carbapenemase was assessed using the Carba NP II test aimed to identify a 
carbapenemase activity and its type. The genetic environment of the ß-lactamase gene was 
characterized by cloning and DNA sequencing. The carbapenemase was purified using ion 
exchange liquid chromatography, and kinetic parameters were determined by UV 
spectrophotometry. Results: E. cloacae DUB was recovered from a rectal swab sample of a 
patient hospitalized in France without known history of travel. This isolate was resistant to 
penicillins, 1st and 2nd generation cephalosporins, aztreonam and carbapenems, but 
remained susceptible to 3rd generation cephalosporins. It also remained susceptible to all 
other antibiotics, except to rifampin. Use of the Carba NP test II revealed the production 
of an Ambler class A carbapenemase. Cloning experiments followed by sequencing identified 
a gene encoding a novel class A carbapenemase, FRI-1, sharing 51-55% amino-acid sequence 
identity with the other class A carbapenemases. The blaFRI-1 gene was located on a ca. ~ 
250 kb untypeable, transferable, but non self-conjugative plasmid carrying no other 
antibiotic resistance determinant. A putative LysR family regulator encoding gene at the 5’ 
end of the gene was identified as observed upstream the NmcA and Sme carbapenemase 
genes. The purified FRI-1 significantly hydrolyzed penicillins, aztreonam and carbapenems, 
but spared 3rd generation cephalosporins. The IC50s of clavulanic acid and tazobactam 
were 10-fold higher than those found for KPC, IMI and SME, leading to a lower 
susceptibility towards β-lactamase inhibitors. Conclusion: A novel plasmid-encoded Ambler 
class A carbapenemase was identified from E. cloacae. This enzyme adds to the variety of 
emerging and plasmid-encoded carbapenemases

Failure to detect totally novel genes



OXA-48  type carbapenemases: 
more complicated than expected

ESBL Carbapenemase

OXA-48

OXA-181

OXA-163

OXA-405 OXA-247 OXA-204

OXA-232



False positivity



The problems with the molecular biology techniques

1. Detection of known genes only

2. Lack of detection of novel genes or non frequent 

carbapenemase genes (NmcA, Sme…)

3. Difficult differentiation between ESBL and 

carbapenemases (OXA-48 series, GES..)

4. No established correlation between gene identification and 

enterobacterial strain producing carbapenemases in stools 

5. A need for trained personal. Opening hours

6. Time consuming

7. Cost
8. Still a need for bacterial culture; full antibiogram, 

epidemiology



Protocol :

1) Broth culture with the strain to be tested + carbapenem : 3-6h
2) Mass spectrometry

Mass spectrometry :  MALDI-TOF

Carbapenem
Carbapenem 

hydrolysis product

3) if carbapenemase + : 
hydrolysis of the carbapenem 
molecule leading to a 
degradation product

Advantages :

NDM-1

IMP-1

Specific / sensitive
Cheap if you own the machine 
!

Disadvantages

Material price, result delay
Needed expertise

Hrabák et al. JCM. 2011
Burckhardt et al. JCM. 2011
Hrabák et al. JCM. 2012



Biochemical identification of carbapenemase activity:
the Carba NP test

Nordmann et al., Emerg Infect Dis 2012



Enterobacteriaceae, Pseudomonas aeruginosa, Acinetobacter baumannii



E. coli VIM-1

K. pneumoniae K. pneumoniae



E. coli VIM-1

K. pneumoniae
CTX-M15 + impermeability

K. pneumoniae OXA-48

(+) 35 min(-) 

The Carba NP test



Strategy for rapid identification of 
carbapenemase producers in Enterobacteriaceae 
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1. Biochemical identification       2. Molecular biology
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Carbapenemase producers; carriage detection: outbreak  

J0

J1

+

J2

Molecular biology
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Multiple and combined mechanisms
of colistin resistance



Difficult detection of resistance to 
colistin; not reliable, time consuming…



Rapid diagnostic of polymyxin 
resistance, 

- Colistin

+ Colistin 

Reference 
colistin

S

Reference 
colistin 

R

Strain 
to be 

tested

Rapid Polymyxin NP test
- 1 h -

Sensitivity 99.3%, Specificity 92.3%
SuperPolymyxin screening medium

Sensitivity and Specificity 100%

Colistin R
E. coli

Colistin R
K. pneumoniae

�P. Nordmann et al., submitted Nov 2015



The future in diagnosis of emerging
resistance



Accelerate ID/AST

Rapid susceptibility testing: 2-4 h



Whole genome sequencin ?? 



The problem in gram negatives:
multiple and combined mechanisms of resistance



�Surveillance-Outbreaks



Point-of-care technology

Expected Test 
Pipeline

At launch Mid Term Long Term

HAI
Cdiff SA
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Respiratory Panel

Mtb
Malaria

Immuno-
compromised

HIV Qt
HCV Qt

Genetics 2C19

Disposable

Menu

Instrument



Take home message

1. Rapid evolution towards multidrug 

resistance=increased complexity of 

resistance mechanisms

2. Emergence of totally novel genes 

3. Personalized medicine; a need for rapid 

diagnostic techniques for antibiotic choice

4. Cost effective techniques

1. Antibiogram (rapid)

2. Biochemical detection or immunological 

detection of resistance proteins

3. Molecular biology

Complementary approach


