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1. Extended-Spectrum β-lactamase (ESBL)

• ESBLs are enzymes that hydrolyze most penicillins and cephalosporins,
including oxyimino-β-lactam compounds (cefuroxime, third- and fourth-
generation cephalosporins and aztreonam) but neither cephamycins nor
carbapenems.

• Most ESBLs belong to the Ambler class A of β-lactamases and are inhibited
by β-lactamase inhibitors (clavulanic acid, sulbactam and tazobactam) and
by avibactam.



1.1. ESBL-screening in Enterobacterales



1.2. Phenotypic confirmation methods

• Four of the several phenotypic methods based on the in vitro 
inhibition of ESBL activity by clavulanic acid are recommended for ESBL 
confirmation: 

• the combination disk test (CDT)
• the double-disk synergy test (DDST)
• the ESBL gradient test
• the broth microdilution test 
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• To confirm the presence of ESBLs in isolates with high-level expression of AmpC β-
lactamases it is recommended that an additional ESBL confirmation test be
performed with cefepime.

• Alternative approaches include use of cloxacillin. Test formats include CDT with
disks containing the two cephalosporin indicators with both clavulanic acid and
cloxacillin together, and standard CDT or DDST on agar plates supplemented with
200-250 mg/L cloxacillin.

1.3. Phenotypic detection of ESBL in the presence of other 
β-lactamases that mask synergy



2. Acquired AmpC β-lactamase

• AmpC-type cephalosporinases are Ambler class C β-lactamases. 
• They hydrolyze penicillins, cephalosporins (including the third-generation

but generally not the fourth-generation compounds) and monobactams. 
• In general, AmpC-type enzymes are poorly inhibited by the classical ESBL 

inhibitors, especially clavulanic acid
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3. Carbapenemases

• Carbapenemases are β-lactamases that hydrolyze penicillins, in most cases 
cephalosporins, and to various degrees carbapenems and monobactams (the 
latter are not hydrolyzed by metallo-β-lactamases).

• Class A, B and D



3.1. The modified Hodge test

• An overnight culture of indicator organism E. coli ATCC 25922 was
adjusted to a turbidity of McFarland No. 0.5. These suspension was used to
swab inoculate the surface of the agar plates.

• After drying the surface, test organisms were heavily streaked from the
center to the periphery of the plate using an inoculating loop and a 10-
μg imipenem or ertapenem disk was placed at the center, and incubated
overnight.

• The Hodge test is interpreted as positive by the presence of distortion of the
inhibition zone.





3.2. Screening for carbapenemase-production

1: Meropenem offers the best balance of sensitivity and specificity
2: Isolates with 25-27 mm only need to be investigated for carbapenemase-production if 
they are resistant to 
piperacillin-tazobactam and/or temocillin (temocillin contributes more to the specificity). 
3: High sensitivity but low specificity (isolates with ESBL and AmpC may be resistant 
without having carbapenemases)



3.3. Combination disk testing

• The disks contain meropenem ± various inhibitors. 

• Boronic acid inhibits class A carbapenemases 

• Dipicolinic acid and EDTA inhibit class B carbapenemases. 

• Avibactam inhibits OXA-48

• Cloxacillin (inhibits AmpC β-lactamases), has been added to the tests to 

differentiate between [AmpC hyperproduction + porin loss] and 

[carbapenemase-production] 



Algorithm for carbapenemase detection
1: Combination of several carbapenemases can also contribute to no synergy
2: High-level temocillin resistance (>128 mg/L, zone diameter <11 mm) is a phenotypic marker of OXA-48



Abbreviations: DPA=dipicolinic acid, APBA= aminophenyl boronic acid, PBA= phenyl boronic acid, CLX=cloxacillin





3.4. Biochemical (colorimetric) tests (Carba NP-test)

• The CarbaNP test is a rapid (<2 h) test for detection of carbapenem hydrolysis,
which will give rise to a pH-change resulting in a colour shift from red to yellow
with phenol red solution.

• The Carba NP test has been validated with bacterial colonies grown on Mueller-
Hinton agar plates, blood agar plates, trypticase soy agar plates, and most
selective media used in screening for carbapenemase producers.

• The Carba NP test should not be performed with bacterial colonies grown on
Drigalski or McConkey agar plates.







3.5. Carbapenem Inactivation Method (CIM-test)

• The CIM-test utilizes antibiotic susceptibility-testing disks as substrate aliquots.
• Following 2H of incubation of a full loop of bacteria with a meropenem disk, the

disk is placed on an MH agar inoculated with E. coli ATCC 25922.
• Enzymatic inactivation will produce no zone, whereas no carbapenemase activity

will imply there will be a zone.
• One main disadvantage of this technique is that it requires usually at least 18

hours to obtain the results.










