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A simple phenotypic test for detecting the outer membrane permeability contribution in carbapenem resistance

Introduction: The worldwide emergence of carbapenem-resistance in Gramnegative bacteria makes the development of simple tests mandatory to identify antimicrobial resistance mechanisms. Enzymatic and membrane barriers are the prominent resistant mechanisms described in these bacteria. Several tests are currently used to evidence carbapenemase activities. Aim: However, simple test for identification of membrane-associated mechanisms of resistance is not yet available and this mechanism is often inferred after exclusion of a carbapenemase in carbapenem-resistant Gram negative bacteria. Methodology: Different media (liquid and solid) containing a membrane permeabilizer were tested to identify the existence of a membrane barrier. Here, polymyxin B nonapeptide (PMBN) was selected to bypass the role of impermeability in clinical carbapenem-resistant Enterobacteriaceae including Escherichia coli, Enterobacter spp and Klebsiella pneumoniae isolates. In parallel, the expression of porins (OmpC and OmpF types) were checked in the various bacterial strains in order to search the correlation between restoration of susceptibility and expression of porin.

Results: Using a large number of clinical isolates, PMBN associated with a carbapenem allowed to detect porin-deficient isolates with a sensitivity ranging from 89% to 93% and a specificity ranging from 86% to 100%.

Conclusion:

This paves the way for a diagnostic assay allowing the detection of this membrane-associated mechanism of resistance in Enterobacteriaceae.

INTRODUCTION

The spreading of multi-drug resistant (MDR) bacteria combined with the scarcity of novel antibacterial molecules resulted in the emergence of untreatable bacterial infections having a strong human health impact [START_REF] Watkins | Overview: global and local impact of antibiotic resistance[END_REF][START_REF] Laxminarayan | Access to effective antimicrobials: a worldwide challenge[END_REF]. This issue specially concerns the MDR Gram-negative bacteria, which possess a sophisticated envelope comprising an outer and inner membranes that control the uptake/accumulation of charged molecules such as antibiotics that use the porin channel to reach the periplasmic target [START_REF] Nikaido | Molecular basis of bacterial outer membrane permeability revisited[END_REF][START_REF] Pagès | The porin and the permeating antibiotic: a selective diffusion barrier in Gram-negative bacteria[END_REF].

The threat of MDR Gram negative bacteria urgently asked for an appropriate method supporting the early diagnosis of resistant strains. Obviously a better understanding of membrane permeation and intracellular concentration of antibiotics in clinical isolates is required [START_REF] Zgurskaya | Permeability barrier of Gram-negative cell envelopes and approaches to bypass it[END_REF][START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx/efflux in Gram negative bacteria[END_REF]. Indeed, passing the membrane barrier to reach a threshold concentration inside the bacterial cell represents a pivotal step in antibacterial action [START_REF] Zgurskaya | Permeability barrier of Gram-negative cell envelopes and approaches to bypass it[END_REF][START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx/efflux in Gram negative bacteria[END_REF]. This key point has not been strongly addressed until now or only in few specific cases with characterized bacterial strains [START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx/efflux in Gram negative bacteria[END_REF]. Regarding the clinical bacteriology front, if enzymatic and genetic assays are available in clinical microbiology labs to identify the ß-lactamase producer strains and evaluate the level of enzymatic barrier against ß-lactam group, no special effort has been carried out on a large scale regarding the detection of membrane alteration impairing the antibiotic penetration and resulting activity [START_REF] Logan | The epidemiology of carbapenem-resistant Enterobacteriaceae: the impact and evolution of a global menace[END_REF][START_REF] Miller | Clinical laboratory detection of carbapenem-resistant and carbapenemase-producing Enterobacteriaceae[END_REF][START_REF] Lutgring | The problem of carbapenemase-producing-carbapenemresistant-Enterobacteriaceae detection[END_REF][START_REF] Ia | Routine detection of carbapenem-resistant Gram-negative bacilli in clinical laboratories. A review of current challenge[END_REF][START_REF] Wise | Global survey of Klebsiella pneumoniae major porins from ertapenem non-susceptible isolates lacking carbapenemases[END_REF]. This gap is especially important with the emergence of carbapenemases and the development of new generation of non-ß-lactam ßlactamase inhibitors [START_REF] Logan | The epidemiology of carbapenem-resistant Enterobacteriaceae: the impact and evolution of a global menace[END_REF][START_REF] Bush | β-Lactams and β-lactamase inhibitors: An overview[END_REF][START_REF] Kelly | Carbapenem-resistant Enterobacteriaceae in the community: a scoping review[END_REF].

Today, taking into account the large literature focused on membrane permeability and antibiotic translocation [START_REF] Nikaido | Molecular basis of bacterial outer membrane permeability revisited[END_REF][START_REF] Pagès | The porin and the permeating antibiotic: a selective diffusion barrier in Gram-negative bacteria[END_REF][START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx/efflux in Gram negative bacteria[END_REF], it is possible to develop a technical approach to evidence the membrane barrier existing in some clinical isolates due to the alteration of porin expression, following the exposure to antibiotic pressure [START_REF] Bolla | Strategies for bypassing the membrane barrier in multidrug resistant Gram-negative bacteria[END_REF][START_REF] Pagès | role of the outer membrane and porins in susceptibility of β-lactamase-producing Enterobacteriaceae to ceftazidime-avibactam[END_REF]. In this study, we have investigated the ability of a membrane permeabilizer, polymyxin B nonapeptide, used in combination with carbapenems, to help the antibiotic molecule in passing through the outer membrane. The assays have been carried out on a collection of usual Gram negative pathogens including Escherichia coli, Enterobacter aerogenes, Enterobacter cloacae and Klebsiella pneumoniae. In parallel to liquid and solid media susceptibility tests, the used strains have been characterized for their porin expression by SDS-PAGE analyses and immunoblots.

MATERIELS AND METHODS

Bacterial strains, growth conditions and media

Bacterial strains used in this study are listed in Table 1. Bacteria were grown routinely at 37°C on Luria-Bertani agar (LB).

Antibiotic susceptibility assays.

On the first hand, strains were grown in Mueller-Hinton II broth (MH II) (Becton Dickinson ® ) at 37°C with shaking. Susceptibility to ertapenem (Sigma-Aldrich), imipenem (Sigma-Aldrich  ), and polymyxin B nonapeptide (PMBN) (Sigma-Aldrich) were determined by the broth micro-dilution method as previously described 15,16).

Minimum inhibitory concentrations (MICs) were determined with an inoculum of 10 6 CFU in 200 µl of broth containing 2-fold serial dilutions of each antibiotic. During the first experiments, PMBN was added at 1/10 of MIC to determine the permeability phenotype of strains [START_REF] Pagès | role of the outer membrane and porins in susceptibility of β-lactamase-producing Enterobacteriaceae to ceftazidime-avibactam[END_REF]. Experiments were made at least twice for each antibiotic, each strain and each condition. Isolates were tested by the broth micro-dilution method according to the Clinical Laboratory Standards Institute (17). The results were scored after 18h at 37°C and were expressed as mg/L (MIC).

On the second hand, strains were grown in MH II agar at 37°C. Firstly, MICs of imipenem, ertapenem, and meropenem were determined by ETEST (bioMérieux), as described by the manufacturer, on MH II agar (bioMérieux) complemented or not with increasing concentration of PMBN.

SDS-PAGE analyses and Western blot.

One UDO/ml samples of exponentialphase bacteria in MH II were pelleted and solubilized in 200 µl loading buffer [START_REF] Pinet | Role of the culture medium in porin expression and piperacillin-tazobactam susceptibility in Escherichia coli[END_REF][START_REF] Philippe | In vivo evolution of bacterial resistance in two cases of Enterobacter aerogenes infections during treatment with imipenem[END_REF] at 96°C. Bacterial proteins were analyzed on sodium dodecyl sulfate-polyacrylamide gels containing 10% acrylamide. Gels were stained with Coomassie brilliant blue R-250 to standardize protein samples [START_REF] Pinet | Role of the culture medium in porin expression and piperacillin-tazobactam susceptibility in Escherichia coli[END_REF][START_REF] Philippe | In vivo evolution of bacterial resistance in two cases of Enterobacter aerogenes infections during treatment with imipenem[END_REF]. For Western blots, proteins were electrotransferred onto nitrocellulose membranes (Schleicher & Schuell, Keene, NH) in transfer buffer (20 mM Tris, 150 mM glycine, 20% isopropanol, 0.05% sodium dodecyl sulfate). An initial blocking step was performed overnight at 4°C with Trisbuffered sodium (50 mM Tris-HCl, 150 mM NaCl; pH 8) containing skimmed milk powder (4%). The nitrocellulose membranes were then incubated in Tris-buffered sodium containing skimmed milk powder (4%) and Triton X-100 (0.2%) for 1h30 at room temperature in the presence of polyclonal antibodies directed against denatured OmpC/OmpF porins [START_REF] Pinet | Role of the culture medium in porin expression and piperacillin-tazobactam susceptibility in Escherichia coli[END_REF][START_REF] Philippe | In vivo evolution of bacterial resistance in two cases of Enterobacter aerogenes infections during treatment with imipenem[END_REF]. The detection of antigen-antibody complexes was performed with alkaline phosphatase-conjugated AffinitiPure goat anti-rabbit immunoglobulin G antibodies (Jackson Immunoresearch, West Grove, PA).

RESULTS

PMBN effect on antibiotic susceptibility in liquid medium

Susceptibilities of a first panel of Gram-negative strains (stock collection) to imipenem and ertapenem were determined (Table 2). Polymyxin B nonapeptide at 1/10 MIC was used to permeabilize the outer membrane and bypass the absence of porins in resistant strains devoid of porins as previously reported [START_REF] Pagès | role of the outer membrane and porins in susceptibility of β-lactamase-producing Enterobacteriaceae to ceftazidime-avibactam[END_REF]. These results showed that the PMBN addition has a reduced effect on ertapenem and imipenem susceptibility in "porin +" strains. In contrast regarding "porin -" strains, the PMBN addition markedly increased the susceptibility to imipenem and ertapenem from 2 to 16 dilutions. Moreover, a significant effect of PMBN was also observed on meropenem susceptibility in E. aerogenes and K. pneumoniae strains devoid of porin in solid assay (Table 1S).

These results indicate that PMBN may have the potential to be an efficient tool for designing a test detecting bacterial strains that express functional porins or not.

Correlation between PMBN restoring ability and porin content in clinical strains

MIC determination

With the aim to determine further if reduction of MIC in presence of PMBN can correlate with the absence of porin, a blind assay was carried out with several clinical strains having an unknown porin phenotype. Results are shown in Table 3. MICs were determined in parallel in the absence or in the presence of PMBN to evaluate the presence of enzymatic activities or the existence of membrane impermeability.

These tests allowed us to hypothesize the presence or the absence of a functional porin in the various tested strains (Table 4).

Porin expression

In a second step, the presence of porin in the various strains was checked by western-blot analysis using well-defined antibodies in the different tested strains. An illustration of the results was presented in Figure 1. Table 4 presented the data obtained with the various strains. Interestingly the data obtained by porin immunodetection fit well with the hypotheses proposed regarding porin expression.

The 35 tested strains correspond to -21 carbapenemase producers, -2 ESBL producers and 2 AmpC producers, and -7 exhibiting an impermeability phenotype (porin loss). For only one strain, we observed a discrepancy between the porin detection and hypothesis (Kp 0404024 metallo carbapenemase VIM).

PMBN effect in solid medium (ETEST)

With these results, it was important to determine if a PMBN effect was similarly observed in solid assay with the various strains. PMBN was incorporated in MH II agar plates at different concentrations and MICs of antibiotic tested were measured by ETEST. An illustration of the results is shown in Figure 1. A clear difference was obtained with the porin-strains when the determination was performed in the presence of PMBN, in contrast no significant difference was observed with porin+ strains in the absence or in the presence of permeabilizer. In Table 5 the results obtained with laboratory and clinical strains were presented. The data clearly indicate that also in solid medium, the addition of PMBN was able to significantly restore a carbapenem susceptibility in strains exhibiting a porin-phenotype. This suggests that this test can also be used to characterize the outer membrane involvement in carbapenem resistance.

Evaluation of the PMBN tool for detection of porin phenotype

In order to evaluate the validity and variability of this assay, the analysis of results of susceptibility determined by ETEST in the absence or in the presence of permeabilizer were collected and presented in Table 5. The results indicated that the conditions and the protocol showed a good correlation between permeability and PMBN effect with the tested clinical strains.

Ertapenem and meropenem seemed to be better antibiotic markers than imipenem to detect porin-strains. The test gave positive results when the concentration of PMBN tested, allowed to decrease MIC of at least two dilutions when comparing to the initial MIC obtained without PMBN. 100 mg/L of PMBN detected 8/9 porin-strains in combination with meropenem, 7/9 porin-strains in combination with ertapenem and 4/9 porin-strains in combination with imipenem. Porin+ strains gave a negative effect with PMBN.

DISCUSSION

Face to the threat worldwide due to growing bacterial resistance, it is important to mention that various assays are available to detect the expression of carbapenemases in carbapenem resistant strains [START_REF] Simner | Carbapenemase detection amongst carbapenem-resistant glucose nonfermenting Gram-negative bacilli[END_REF][START_REF] Sun | evaluation of six phenotypic methods for the detection of carbapenemases in Gram-negative bacteria with characterized resistance mechanisms[END_REF][START_REF] Coppi | Multicenter evaluation of the RAPIDEC® CARBA NP test for rapid screening of carbapenemase-producing Enterobacteriaceae and Gram-negative nonfermenters from clinical specimens[END_REF][START_REF] Cunningham | Multicenter performance assessment of Carba NP Test[END_REF][START_REF] Perry | A decade of development of chromogenic culture media for clinical microbiology in an era of molecular diagnostics[END_REF][START_REF] Aguirre-Quiñonero | Non-molecular detection of carbapenemases in Enterobacteriaceae clinical isolates[END_REF][START_REF] Mancini | Evaluation of the RAPIDEC® CARBA NP and β-CARBA® tests for rapid detection of carbapenemase-producing Enterobacteriaceae[END_REF]. In contrast, no simple test or assay is currently available regarding the identification of a membrane permeability alteration, which can impair the activity of the antibiotic. According to recent publications focused on the antibiotic translocation and accumulation in the bacterial cell [START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx/efflux in Gram negative bacteria[END_REF][START_REF] Stavenger | TRANSLOCATION project: how to get good drugs into bad bugs[END_REF], this represents a worrying gap in the detection of resistance mechanisms exhibit by clinical isolates. This defect can induce a misunderstanding of the bacterial phenotype, which consequently generates a false interpretation of susceptibility tests.

In this study, taking into account the activity of polymyxin B nonapeptide on the enterobacterial envelope [START_REF] Pagès | role of the outer membrane and porins in susceptibility of β-lactamase-producing Enterobacteriaceae to ceftazidime-avibactam[END_REF][START_REF] Allam | Microspectrofluorimetry to dissect the permeation of ceftazidime in Gram-negative bacteria[END_REF], we investigated the use of this molecule to restore the carbapenem susceptibility. Using its effect on the outer membrane permeability, a protocol enabling the detection of the membrane-associated mechanism of resistance in clinical isolates has been developed.

The effect of PMBN is clearly demonstrated on the carbapenem susceptibility with different enterobacterial strains. Importantly, this effect was only obtained when the resistance is associated with a lack of outer membrane porin, whatever the conditions used, liquid or solid medium, during the test. This work confirms some partial and previous studies reporting the restoration of susceptibility towards ßlactams by outer membrane permeabilizers in strains devoid of porins [START_REF] Pagès | role of the outer membrane and porins in susceptibility of β-lactamase-producing Enterobacteriaceae to ceftazidime-avibactam[END_REF][START_REF] Allam | Microspectrofluorimetry to dissect the permeation of ceftazidime in Gram-negative bacteria[END_REF][START_REF] Corbett | Potentiation of antibiotic activity by a novel cationic peptide: potency and spectrum of activity of SPR741[END_REF]. This allows us to perform a blind assay with a collection of clinical isolates: in a first step, the MICs were determined in the absence or in the presence of permeabilizer, and in a second step, the characterization of the porin content was carried out for the respective isolates. With this study, we obtained a good match between the detection of porin and the PMBN effect on carbapenem susceptibility.

With the regard of the strain 0404024, a positive signal was obtained by immunobloting whereas a weak recovery of susceptibility was observed.

Interestingly, the expression of mutated OmpK36 confers low carbapenem susceptibility in K. pneumoniae producing cells [START_REF] Fajardo-Lubián | Host adaptation and convergent evolution increases antibiotic resistance without loss of virulence in a major human pathogen[END_REF][START_REF] Wong | OmpK36-mediated carbapenem resistance attenuates ST258 Klebsiella pneumoniae in vivo[END_REF]. Specific mutations located in the porin channel impairs the penetration of ß-lactams without altering the porin expression [START_REF] Pagès | The porin and the permeating antibiotic: a selective diffusion barrier in Gram-negative bacteria[END_REF]. The prevalence of this original mutation in the enterobacterial species is low and can merge under very special conditions [START_REF] Pagès | The porin and the permeating antibiotic: a selective diffusion barrier in Gram-negative bacteria[END_REF][START_REF] Wong | OmpK36-mediated carbapenem resistance attenuates ST258 Klebsiella pneumoniae in vivo[END_REF]. In the clinical 0404024 strain and due to antibiotic treatment, we may hypothesize the presence of a modified porin channel, which combined to the expression of VIM metallocarbapenemase confer this scarce resistant phenotype.

Finally, the test has been carried out using ETEST on clinical strains producing or not a porin. The analyses indicate a high level of sensitivity and specificity that support the correlation between porin detection and PMBN effect (Table 6). This assay is able to discriminate the enterobacterial strains that have a porin-phenotype and can be used to identify such strain in collection of clinical isolates.

It will be interesting to test other Gram negative bacteria that are not addressed in the present study, such as Pseudomonas and Acinetobacter. A similar response could support a substantial extension of the protocol for the determination of bacterial strains exhibiting membrane alteration. To conclude, this work proposes the basis for a rapid, easy and reliable assay for detecting the modification of the membrane permeability associated with the carbapenem and cephalosporin resistance 1 . With this test it is possible to determine the prevalence of membrane-associated mechanism of resistance in clinical isolates and evaluate the contribution of permeability alteration during an antibiotic treatment. 
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TABLE 1 : Bacterial strains used in the study 373 374

 1 

	Species	Bacterial strains	Resistance mechanism	Porins (detection immunoblot)
		API 1008077 Metallo carbapenemase VIM	+
	Escherichia coli	API 1011168 Metallo carbapenemase NDM API 1012292 Carbapenemase KPC API 1108013 Metallo carbapenemase IMP	+ + +
		API 1204043 High level AmpC + Carbapenem impermeability	-
		KP 45	SHV1	+
		KP 55	SHV2, impermeability	-
		KP J6	ESBL, impermeability	-
		KP 63	ESBL, impermeability	-
		API 0404024 Metallo carbapenemase VIM	+
		API 0901027 Carbapenemase KPC	+
		API 1002013 ESBL	+
		API 1002014 ESBL	+
	Klebsiella pneumoniae	API 1002015 ESBL+ Carbapenem impermeability API 1012335 Carbapenemase OXA-48 like API 1104053 Carbapenemase OXA-48 like	-+ +
		API 1108001 Carbapenemase KPC	+
		API 1108002 Carbapenemase KPC	+
		API 1108006 Carbapenemase KPC	+
		API 1108007 Metallo carbapenemase VIM	+
		API 1108012 Metallo carbapenemase NDM	+
		API 1108014 Carbapenemase KPC	+
		API 1108016 Metallo carbapenemase VIM	+
		API 1204034 ESBL CTX-M + Carbapenem impermeability	-
		EA 2	susceptible	+
		EA 5	High level AmpC, imperneability	-
		EA 27	High level AmpC, imperneability	-
		EA 15038	ATCC strain	+
		SM 696	High level AmpC, imperneability	-
	Enterobacter	SM 707	High level AmpC	+
	aerogenes	SM 727	High level AmpC, imperneability	-
		SM 744	High level AmpC	+
		API 9203076 High level AmpC + Carbapenem impermeability	-
		API 9306071 High level AmpC + Carbapenem impermeability	-
		API 1204046 High level AmpC	+
		API 1204048 High level AmpC + Carbapenem impermeability	-
		BM 1247	High level AmpC	+
		BM 1267	High level AmpC, imperneability	-
		BM 1316	High level AmpC	+
		API 9304026 High level AmpC	+
	Enterobacter cloacae	API 9402034 High level AmpC + Carbapenem impermeability API 0901026 Carbapenemase KPC API 1008073 Metallo carbapenemase VIM	-+ +
		API 1008079 Metallo carbapenemase IMP	+
		API 1008096 Metallo carbapenemase VIM	+
		API 1011172 Metallo carbapenemase NDM	+
		API 1204045 High level AmpC + Carbapenem impermeability	+
	Citrobacter	API 0403012 High level AmpC + Carbapenem impermeability	+
	freundii	API 1204047 High level AmpC + Carbapenem impermeability	+
	Serratia marcescens	API 1008175 Metallo carbapenemase IMP	+

Table 2 : PMBN effect on antibiotic MIC (mg L -1 ) of various strains in liquid assay

 2 

	Bacterial strains	Porin phenotype	MIC for	Imipenem	Ertapenem
			PMBN	-	+PMBN (1/10)	-	+PMBN (1/10)
	E. aerogenes						
	SM 707	+	1024	0.5	0.125	0.25	0.25
	SM 727	-	1024	4	1	16	1
	SM 744	+	512	0.25	0.25	0.125	0.5
	SM 696	-	512	2	2	8	2
	EA 5	-	1024	4	2	32	4
	EA 27	-	256	8	8	64	16
	EA 2	+	1024	0.03	0.06	0.03	0.25
	EA 15038	+	256	0.25	0.5	0.25	0.125
	E. cloacae						
	BM 1247	+	1024	0.25	0.5	8	2
	BM 1267	-	256	4	0.5	32	4
	BM 1316	+	1024	0.25	0.5	8	2
	K. pneumoniae						
	KP 55	-	1024	0.25	0.125	0.5	0.125
	KP 45	+	512	0.125	0.06	0.015	0.015
	KP J6	-	512	0.25	0.06	1	0.06

TABLE 3 : Effect of PMBN on the susceptibility of clinical strains 415 416

 3 

	Bacterial strains		MIC of PMBN (mg/L)	MIC Imipenem (mg L -PMBN -1 ) (1/10 MIC)	MIC Ertapenem (mg L PMBN -(1/10 MIC) -1 )
		1108013 1024	1	0.5	4	4
		1204043	512	8	2	32	1
	E. coli	1008077 1024	16	16	8	4
		1011168 1024	8	8	64	32
		1012292 1024	8	4	8	4
		1204046 1024	0.25	0.125	0.5	0.5
	E. aerogenes	9203076 1024 9306071 1024	8 8	2 2	32 32	4 4
		1204048 1024	16	2	32	4
		1204045	512	0.25	0.5	4	2
		9304026 >1024	8	4	16	4
		9402034 >1024	16	8	64	16
	E. cloacae	0901026 1024 1008073 1024	16 0.25	16 0.25	16 2	32 1
		1008079 >1024	2	4	4	8
		1008096 1024	4	8	4	4
		1011172 1024	4	8	4	8
		1002013 >1024	0.25	0.125	0.06	0.125
		1002014 >1024	0.25	0.125	0.015	0.015
		1002015 >1024	2	0.5	32	4
		1012335 >1024	2	2	2	4
		1104053 >1024	2	2	4	4
		1108001 1024	8	8	16	16
		1108012	512	128	128	1024	256
	K. pneumoniae	1108014 1024	64	64	256	128
		1108016	512	4	8	1	4
		0404024 >1024	64	64	128	16
		0901027 >1024	8	16	16	64
		1108002 >1024	16	16	16	64
		1108006 >1024	32	32	64	256
		1108007 1024	32	16	8	16
		1204034	256	2	0.5	64	8
	S. marcescens 1008175 >1024	128	128	256	256
	C. freundii	1204047 0403012	512 256	1 4	2 2	32 8	8 8

TABLE 5 : PMBN effect on antibiotic susceptibility in solid assay

 5 

	421														
	422														
	423														
		Strains		Porins detection		Imipenem			Ertapenem PMBN (mg L	-1 )		Meropenem
				(SDS-PAGE)	0	50 100	150	0	50	100	150	0	50	100	150
		Laboratory strains													
		E. aerogenes	EA 5	-	6	4	4	4	>32	4	1.5	0.75	3	0.5	0.5	0.38
			EA 27	-	12	6	3	3	>32	4	1.5 0.75	4	0.75	0.5	0.19
		K. pneumoniae	KP 55	-	0.38 0.25 0.25 0.25	0.38 0.25 0.19 0.125 0.19 0.125 0.064	0.064
		Clinical strains													
			1002014	+	0.38 0.25 0.25	ND	0.008 0.016 0.016 ND 0.032 0.032 0.032	ND
		K. pneumoniae	1204034 0404024	-+	3 0.38 0.38 0.38 >32 >32 >32 >32	>32 >32	4 >32	2 24	1.5 12	6 >32	1 >32	0.5 >32	0.5 >32
			1002015	-	0.75 0.75 0.75 0.38	6	1.5	0.75	0.5	1.5	0.5	0.25	0.19
		E. coli	1108013 1204043	+ -	0.5 12	1 0.75 2 1.5	ND 1	1.5 12	2 2	1.5 1.5	ND 0.38	0.38 0.75 0.38 1.5 0.25 0.19	ND 0.064
			1204046	+	0.25 0.75 0.38	ND	0.25 0.38 0.25	ND 0.047 0.125 0.064	ND
		E. aerogenes	9306071	-	4	6	4	6	4	3	3	3	4	2	1.5	0.75
			1204048	-	24	12	8	8	>32	12	3	3	16	3	1.5	0.75
		E. cloacae	9402034 0901026	-+	16 1.5 ND ND 3 2	6 3	>32 4	3 8	6 3	6 3	8 2	0.75 4	1 2	1.5 2
	424														
	425	ND: No Determined													
	426														
	427														
	428														
	429														
	430														

Table 6 :

 6 PMBN tests summaryThree carbapenems were assayed (imipenem, ertapenem, meropenem) without and with PMBN on E. coli, E. aerogenes and K. pneumoniae strains.

	Test			Tested strains	Sensitivity (detection of porin-)	Specificity (detection of porin+)
	Liquid MHII	a	40 (9 porin-)	89% ( 8/9 detected)	100% (31/31 detected)
	Solid MHII		31 (10 porin-)	90% ( 9/10 detected)	90.5% (19/21 detected)
	Etest strip	b	23 (16 porin-)	93% (14/15 detected)	86% (6/7 detected)

a Significant if the observed difference was > 2 dilutions b Significant if the observed difference was > 2 concentrations

this is a part of the patent entitled " Identification of bacteria that are resistant to carbapenems by determining membrane impermeability in the presence or absence of polymyxin B nonapeptide.Franceschi, C, Pinet, E, Pages, J-M, ; Zambardi, G PCT Int. Appl. (2016), WO
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