ESBL-PRODUCING STRAINS OF ENTEROBACTERIACEAE
AST Survey Question: When reporting a confirmed clavulanic-based extended spectrum beta-lactamase (ESBL)-producing strain of Klebsiella spp., Escherichia coli or Proteus mirabilis, which of the following antimicrobials would you report as resistant?
· Imipenem			
· Piperacillin-tazobactam 
· Ampicillin-sulbactam	
· Cefepime 
· Aztreonam 
· Chloramphenicol 
· All 3rd generation cephalosporins

CLSI M100-S19 (Pg 26)
The following antimicrobials are listed in Table 1: (Suggested Groupings of Antimicrobial Agents) as Group A (Primary) and Group B (Primary-report selectively) for Enterobacteriaceae
Ampicillin		Gentamycin			Tobramycin		      	Cefazolin
Cephalothin		Amikacin			Ampicillin-sulbactam	     	Ertapenem
Cefepime		Amoxicillin-clavulanic acid	Imipenem		     	Cefuroxime
Meropenem 		Piperacillin-tazobactam		Cefotetan		    	 Piperacillin 
Cefoxitin 		Ticarcillin-clavulanic acid	Ceprofloxacin		  	 Levoflaxacin
Cefotaxime or Ceftriaxone				Trimethoprim-sulfamethoxazole 		 	 
CLSI M100-S19 (Pg 29)
The following specific information is provided in Footnote “i" in the Enterobacteriaceae section of the footnotes to Table 1:
Strains of Klebsiella spp., E. coli, and P. mirabilis that produce ESBLs may be clinically resistant to therapy with penicillins, cephalosporins, or aztreonam, despite apparent in vitro susceptibility to some of these agents. 
Some of these strains will show MICs above the normal susceptible population but below the standard breakpoints for certain extended-spectrum Cephalosporins or Aztreonam; such strains may be screened for potential ESBL production by using the screening breakpoints listed in Appendix A, Initial Screen Test. Other strains may test intermediate or resistant by standard breakpoints to one or more of these agents. 
In all strains with ESBLs, the MICs for one or more of the extended-spectrum cephalosporins or Aztreonam should decrease in the presence of clavulanic acid as described in Appendix A, Phenotypic Confirmatory Test. 
For all confirmed ESBL-producing strains, the test interpretation should be reported as resistant for all penicillins, cephalosporins, and aztreonam. (See Glossary I for specific agents included in the antimicrobial class: penicillins, and antimicrobial subclass: cephalosporins.) 
CLSI M07-A8 Pg 29 (12.3.2) and CLSI M02-A10 Pg 24 (11.3.2)
Extended-spectrum B-lactamase (ESBLs) are enzymes that arise by mutations in gens for common plasmid-encoded B-lactamases, such as TEM-1, SHV-2, and OXA-10, or may be related to a native enzyme as CTX-M.
Plasmid-encoded AmpC-like enzymes have a similar profile to ESBLs in that they confer reduced susceptibility to penicillins, cephalosporins, and aztreonam, buth also cephamycins. Because they are carried on plasmids they can be transmissible among bacteria. They are found primarily in K. pneumoniae and E. coli. In contrast to the ESBLs, they are not inhibited by clavulanic acid.
In nearly all strains expressing ESBLs of the TEM, SHV, CTX-M, and OSV type, MICs for one or more of the extended-spectrum cephalosporins or aztreonam should decrease in the presence of clavulanic acid. Strains with plasmid-encoded AmpC-like B Lactamases will not demonstrate lowering of the MIC when combined with clavulanic acid and so will be positive on the initial screen test, but negative on the phenotypic confirmation test. 
CLSI M100-S19 Appendix: A Initial Screen Test and Phenotypic Confirmatory Test
 A directory of screening and confirmatory tests in provided in Appendix A, page 120 of the CLSI M100-S19
CLSI M100-S19 Glossary I
Specific agents included in the antimicrobial class: penicillins, and antimicrobial subclass: cephalosporins are listed in the Glossary I on Pg 140 of the CLSI M100-S19.
PENICILLINS
Penicillin		Ampicillin		Amoxicillin		Azlocillin	Mezlocillin	
Piperacillin 		Carbenicillin		Ticarcillin		Cloxacillin	Dicloxacillin	
Methicillin		Nafcillin 		Oxacillin		Mecillinam 

CEPHALOSPORINS
CEFALOTIN 	         CEFAZOLIN 		      CEFRADINE		CEPHAPIRIN 		CEFUROXIME  
CEFONICID  	         CEFAMANDOLE	      CEFOTAXIME 		CEFTIZOXIME		CEFTRIAXONE 	
CEFTAZIDIME	         CEFOPEROXONE 	      CEFEPIME

CONCLUSION:
When reporting a confirmed clavulanic-based extended spectrum beta-lactamase (ESBL)-producing strain of Klebsiella spp., Escherichia coli or Proteus mirabilis, report as resistant:
· ALL THIRD-GENERATION CEPHALOSPORINS 
· CEFEPIME (A FOURTH-GENERATION CEPHALOSPORIN)
· AZTREONAM 

CASE STUDY – (CDC Multi-level Antimicrobial Susceptibility Testing Resources )
Case:
A 56-year old woman who has been in the hospital for four days for treatment of metastatic breast cancer develops fever with shaking chills. Two sets of blood culture bottles become positive for gram-negative bacilli. The identification of the organism via an automated identification and antimicrobial susceptibility testing (ID/AST) system is Klebsiella pneumonia.
Antimicrobial susceptibility profile:
	Agent
	MIC (mcg/mL) 
	Interpretation

	Amikacin
	>32
	R

	Ampicillin
	>32
	R

	Cefazolin
	>32
	R

	Ceftazidime
	>32
	R

	Ceftriaxone
	>32
	R

	Cefepime
	>32
	R

	Ciprofloxacin
	>4
	R

	Gentamicin
	4
	S

	Imipenem
	4
	S

	Meropenem
	4
	S

	Piperacillin-Tazobactam
	>128/4
	R

	Tobramycin
	>16
	R

	Trimethoprim-Sulfamethoxazole
	>4/76
	R

	Automated ESBL test:
	 
	negative



Question 1.     This multi-drug resistant K. pneumoniae shows carbapenem MIC results (imipenem and meropenem) that are in the susceptible range but are unusually high. Do these results need to be confirmed? Is additional testing warranted? 
 
Answer: Yes to both questions. The MIC test should be repeated to confirm the unusual carbapenem results. In addition, according to the most recent Clinical and Laboratory Standards Institute (CLSI) document M100-S18, the imipenem and meropenem susceptible MIC results of 4 mcg/mL suggest that this K. pneumoniae may contain a carbapenem inactivating enzyme, such as a KPC beta-lactamase (Klebsiella Pneumoniae Carbapenemase). Consequently, additional testing is necessary to determine if a K. pneumoniae isolate, for which the imipenem or meropenem MICs are 4 mcg/mL, produces a carbapenemase. Carbapenemase producers may result in clinical failure when a patient is treated with a carbapenem even if the MIC or zone diameter results for carbapenems are in the susceptible range.
 
 
Question 2:     How should we confirm the original results?
 
Answer: The original results from the ID/AST system showing increased imipenem and meropenem MICs can be confirmed using the same type of card or panel.   Alternatively, you may choose a different method of testing (either MIC or disk diffusion) to confirm the unusual carbapenem phenotype (i.e., MICs in the upper end of the susceptible range, which are 2-3 doubling dilutions higher than the typical MICs for carbapenem-susceptible K. pneumoniae isolates – [e.g., see 2007 EUCAST data http://www.srga.org/eucastwt/WT_EUCAST.htm, see below]). By disk diffusion, zones of inhibition between 17 and 21 mm around meropenem disks are often seen with Enterobacteriaceae isolates for which the imipenem and meropenem MICS are 2-4 mcg/mL.

Question 3. How would testing for a carbapenemase impact the susceptibility test report? 
 
Answer: Detecting a carbapenemase in the isolate of K. pneumoniae would indicate that the “susceptible” results for ertapenem, imipenem, meropenem, and the newly released doripenem, need to be interpreted with caution. These drugs may not be effective clinically, particularly for treating systemic infections like bacteremia. This is analogous to testing for ESBL-producing organisms that may yield MIC results for extended-spectrum cephalosporins in the susceptible range, even though those drugs will not be effective clinically. Thus, current methods for detecting carbapenem-resistant Enterobacteriaceae often lack sensitivity for detecting KPC and other carbapenemase producers and require the use of supplemental tests to improve detection.
 
 
Question 4: Will ertapenem MICs also increase with carbapenemase producers?
 
Answer: Yes. However, while ertapenem is a much more sensitive indicator of carbapenem resistance, it is less specific for carbapenemase production. In other words, the increase in the ertapenem MICs may be due to mechanisms of resistance other than carbapenemases. For example, ertapenem MICs often increase when an organism loses one or more of its porins (water channels in the cell wall that allow passage of antimicrobial agents and other molecules inside the cell). The presence of beta-lactamases other than carbapenemases (like AmpC or CTX-M beta-lactamases) together with porin changes, can result in ertapenem MICs in the intermediate or resistant range, while imipenem and meropenem remain susceptible (and in some instances clinically active). 

Question 5: Which isolates should be tested for carbapenamase activity?
 
Answer: Isolates that meet the following two criteria should be tested for carbapenamase activity: 
 
1.) one or more carbapenem results are susceptible, with MIC or disk diffusion zone diameters that are close to the standard CLSI susceptible breakpoints (see below), and
2.) one or more third-generation cephalosporin results are resistant.
	 
	Standard CLSI susceptible breakpoints
	Values suggesting carbapenemase activity*

	
	MIC (mcg/mL)
	Disk
 (mm)
	MIC
(mcg/mL)
	Disk
(mm)

	Ertapenem
	≤2
	≥19
	2
	19-21

	Imipenem
	≤4
	≥16
	2-4
	N/A†

	Meropenem
	≤4
	≥16
	2-4
	16-21


* Isolates with intermediate or resistant carbapenem results need not be tested for carbapenemase activity.
 
† N/A, not applicable (poor test performance)

Question 6: How can I test this K. pneumoniae isolate (or other isolates which meet the criteria listed above) for carbapenemase activity?
 
Answer: The disk-based phenotypic confirmatory test for carbapenem inactivation (also called the modified Hodge test) detects carbapenemase production among the Enterobacteriaceae. In this assay, a carbapenem-susceptible organism, such as Escherichia coli ATCC 25923 is inoculated onto a Mueller-Hinton agar plate. Carbapenem disks are placed on the plate and the test organism (in this case, the K. pneumoniae isolate) is streaked from the disk (using an inoculating loop) towards the periphery of the plate or towards the center of the plate as shown in the figure below. A carbapenemase-negative organism, such as K. pneumoniae ATCC BAA-1705, should be inoculated on the other side of as disk as a control. A positive control (i.e., ATCC BAA-1706) should be tested at the same time (may be on a separate plate). If a carbapenemase is present in the test organism, it will diffuse in the agar away from the streak and inactivate the carbapenem in the zone of inhibition, allowing the E. coli to grow along the streak of the test organism towards the carbapenem disk. This carbapenem inactivation test is not specific for KPC beta-lactamases but will be positive for most carbapenem inactivating enzymes (such as VIM, IMP, or IMI beta-lactamases) (See figure below).
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Question 7: How do I report the carbapenem results if the phenotypic confirmatory test for carbapenemase activity is positive?
 
Answer: There are two options for reporting the results if the test is positive. 
 
Option one (for MIC results) is to report the carbapenem MIC results without interpretations and to add a comment to the report indicating that the clinical efficacy of carbapenems for treating infections caused by Enterobacteriaceae with carbapenem MIC results in the standard CLSI susceptible range, but with confirmed carbapenemase production, has not been established. For example, "Although this isolate tests as susceptible to carbapenems, such as impenem and meropenem, it contains an enzyme that inactivates these drugs. Carbapenem drugs should be used with caution." 
 
Option two (for disk diffusion results or MIC results) is to change the susceptible results for all carbapenems to either intermediate or resistant. A comment regarding the presence of a carbapenemase similar to the one above may also be added to the report.
 
Check with your Laboratory Director, and the Pharmacy and Infectious Disease services, about the most appropriate way to report results for the phenotypic carbapenemase confirmation test in your institution.
 
Question 8: The KPC beta-lactamase is a Class A enzyme and is an ESBL (i.e., it inactivates extended-spectrum cephalosporins). Why is the ESBL screen-test (with clavulanic acid) negative for this organism?
 
Answer: K. pneumoniae isolates that produce a KPC beta-lactamase typically harbor other beta-lactamases as well. These often overcome the clavulanic acid used in the ESBL confirmation test producing a negative result. Some KPC-producing strains are ESBL screen test positive.
 
Question 9: Should the preliminary culture and susceptibility report advise the physician that additional testing is being performed to detect carbapenemase production?
 
Answer: Yes. The laboratory may issue a preliminary report that either suppresses the carbapenem results, or notes that the carbapenem susceptible results are unusual and require confirmation.  A comment may be included that further testing to detect carbapenemase production by the isolate is in progress. The laboratory may also choose to alert the infectious disease service and infection control department that a multi-drug resistant K. pneumoniae isolate that is potentially carbapenem-resistant has been isolated.
 
Question 10: Is there a PCR test for the genes encoding the KPC beta-lactamases?
 
Answer: Yes, however, a negative PCR test for the genes encoding KPC beta-lactamases does not rule out the presence of other carbapenemase genes.
 
image1.gif
Figure for Carbapenem-Resistant K. pneumoniae case

Positive test: E. coli is growing along test streak towards disk




