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PURPOSE:

Beta-lactamases are bacterial enzymes that inactivate beta-lactam antibiotics. Beta-lactamases that inactivate all the penicillins and cephalosporins including the extended spectrum cephalosporins are termed Extended Spectrum Beta-Lactamases, abbreviated as ESBLs.  There are over 150 different ESBLs described all of which are mutations of the classical broad-spectrum beta lactamase enzymes that were initially named TEM and SHV (TEM-1, TEM-2, SHV-1).  ESBL’s are named TEM-3, -4 etc., SHV-2, -3 etc., CTXM-1, -2 etc., OXA-1, -2 etc. ESBLs hydrolyze penicillins, cephalosporins and the monobactam, conferring resistance to all of these drug classes.  They do not hydrolyze the cephamycin antibiotics (ie; cefoxitin), which are close relatives to the cephalosporins.  ESBL’s are also inhibited by beta-lactamase inhibitors such as clavulanate, sulbactam and tazobactam.  ESBLs are generally inactive against the carbapenem antibiotics (Imipenem, Meropenem, Ertapenem).  

An ESBL confirmatory test involves testing cefotaxime and ceftazidime alone and in combination with clavulanate.  Clavulanate inhibits the activity of the ESBL enzyme and makes the organisms appear more sensitive to drug + clavulante combinations. This “greater sensitivity” with clavulante can be demonstrated when the disk containing clavulanate has a zone diameter that is ( 5 mm larger that the zone diameter of the drug tested alone, or when a zone of enhanced sensitivity is observed when a cephalosporin antibiotic is placed in close proximity to a clavulanic containing disk. This is commonly referred to as the “keyhole phenomenon.” (see figure)

AmpC beta-lactamases differ from ESBL’s in that they are cephalosporinases and are resistant to beta-lactamase inhibitors. They hydrolyze the cephamycins (eg. cefoxitin), but not the 4th generation cephalosporins (eg. cefepime). AmpC is normally produced in low levels by many organisms and is not associated with resistance, but it can be produced at high levels and cause resistance. High-level production of AmpC usually causes resistance to all beta-lactams, except carbapenems and 4th generation cephalosporins.  

The AmpC gene is found on the chromosome in 100% of the following organisms: Enterobacter sp, Hafnia alvei, Morganella morganii, Citrobacter freundii, Serratia marcescens, Providencia sp, Aeromonas sp, Pseudomonas aeruginosa. Chromosomal AmpC beta-lactamases can be produced inducibly or constitutively.   Inducible expression of the AmpC gene occurs when the enzyme is produced at a high level when the organism is exposed to inducing agents, such as cephamycins (ie; cefoxitin), ampicillin and carbapenems (ie; imipenem, meropenem, ertapenem).  Induction is temporary and may be reversed when the antibiotic inducer is removed. In some organisms, mutations occur that cause the ampC gene to become permanently expressed at high levels. These organisms are termed permanently derepressed mutants. 

Plasmid-mediated AmpC beta-lactamases can be found in organisms that do not carry the chromosomal AmpC. Plasmid-mediated AmpC’s have been detected in organisms such as E coli, Klebsiella sp, Proteus sp and Salmonella sp. Currently, there are no CLSI approved methods to detect AmpC gene chromosomal or plasmid-mediated resistance.  Since data are urgently needed to evaluate the clinical implications of this resistance, an indirect, but standardized method has been utilized to determine if there is presence of an AmpC beta-lactamase.  

SPECIMEN:

The specimen consists of a pure isolate of the Enterobacteriaceae, which has a susceptibility result that is consistent with an ESBL or an AMPC pattern, ie.; ceftazidime is I/R, cefrtriaxone is I/R, aztreonam is I/R and requires confirmation by a disk method.

MATERIALS:

1. Antibiotic disks in dispenser, labeled “ESBL / AMP C”, kept in fridge (2-8C), until use:

Aztreonam (30)

Ceftazidime (30)

Ceftazidime + clavulante (30/10)

Cefotaxime (30)

Cefotaxime + clavulante (30/10)

Cefoxitin (30)

Ceftriaxone (30)

Cefepime (30)

Ertapenem (10)

Imipenem(10)

2. Mueller Hinton (MH) agar plate, 150 mm , kept in fridge (2-8C), until use

3. sterile saline or tryptic soy broth (TSB)

4. sterile swabs

5. 0.5 McFarland barium turbidity standard / photometer (colorimeter)

METHOD:

1. Allow the MH agar plate and disk dispenser to come to room temperature before use.  

2. Prepare a 0.5 McFarland standard of the organism to be tested in sterile saline or TSB.  Standardize the inoculum using the colorimeter.

3. Streak the bacterial suspension evenly in 3 planes onto the surface of the MH agar plate, using a cotton swab.  Rim the edge of the plate. Refer to procedure BK3250-48, Kirby Bauer method for a detailed and complete description.

4. Place the “ESBL / AMP C” labeled disk dispenser over the MH agar plate and depress the knob.  This will allow the antibiotic disks to dispense and automatically “tamp” the disk into place. Refer to procedure BK3250-24 for proper usage of the disk dispenser.

5. All of the disks must be placed on the same MH agar plate in a specified order (See Figure 1)

6. Incubate the MH agar plate overnight in a non-CO2 incubator at 35C.

7. The following day, read and record all zones of inhibition.

RESULTS:

1. If the zone size increases 5 mm or more when clavulanate is added compared to the drug alone the isolate is considered an ESBL.  Only one antibiotic must be "reversed" by the clavulanate to be an ESBL.  For example:
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CAZ/CLA – 22 mm CAZ – 11 mm




22 –11 = > 5mm = ESBL


2. 
In addition, an “enhancement” between the parent antibiotic and the clavulanate disk may take place.  This is seen as inhibition or a “KEYHOLE” effect, and is indicative of ESBL production.




Keyhole Formation = ESBL

3. 
AmpC producing organisms can be recognized utilizing the same disks.  


AmpC strains are resistant to the cephamycins (ie; cefoxitin).  High level


AmpC production causes resistance to all 2nd and 3rd generation cephalosporins, 


except not to the 4th generation cephalosporins (ie; cefepime).  [They are also 


resistant to the beta lactams and the monobactam, aztreonam.]  
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4. Record all disk diffusion mm zone size readings in the culture work up.

5. Change/override any previous MIC result to resistant, if the antibiotic is a penicillin, cephalosporin, or monobactam.  Follow CLSI interpretive guidelines for ESBL.  Refer to CLSI document M100-S16 or refer to procedure BS3250-87-2, Suceptibility Antibiotic Reporting.   In addition, all ESBL producing organisms are susceptible to the cephamycins (ie; cefoxitin).

6. Add proper ESBL organism code to patient report, stating that any treatment with any cephalosporin may be unreliable.

7. For ESBL organisms only, fax Infection Control and log organism into Resistant Organism Computer data base.  On weekends or holidays, call the patient’s floor to ensure that Infection Control isolation measures take place. 

QUALITY CONTROL:

Disk diffusion testing is performed weekly with ATCC# 700603 Klebsiella pneumoniae 2 ESBL disks, in addition to ceftazidime and cefotaxime.  If correct quality control results are not obtained, the test is invalid and patient results cannot be reported.  An alternative method (MIC, E test) can be performed.
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Combination Disk Method





11mm





  22 mm





Double Disk Method – P. mirabilis with ESBL





Double Disk Method - E. coli with plasmid mediated AmpC





Fig 1. Template for Disk Potentiation Method for Detecting 


ESBL and ampC beta-lactamases
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Abbreviation KEY


cefotaxime-clavulanate


aztreonam


cefepime


ceftriaxone


empty


empty


cefoxitin


ertapenem


imipenem


10	cefotaxime	


11	ceftazidime-clavulanate


12	ceftazidime


						 








