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Abstract
Background: Infections caused by gram-negative antibiotic-resistant bacteria continue to increase. Despite recommenda-
tions by the Clinical Laboratory Standards Institute (CLSI) and the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) with regards to detection of  antibiotic degrading enzymes secreted by these bacteria, the true prevalence 
of  extended-spectrum β-lactamase (ESBL) and carbapenemase producers remains a difficult task to resolve. Describing of  
previously designed phenotypic detection assays for ESBLs and carbapenemases in a single document avails a summary that 
allows for multiple testing which increases the sensitivity and specificity of  detection. 
Methods and aims: This review, therefore, defined and classified ESBLs and carbapenemases, and also briefly described 
how the several previously designed phenotypic detection assays for the same should be performed. 
Conclusion: Extended-spectrum β-lactamase and carbapenemase detection assays, once performed correctly, can precisely 
discriminate between bacteria producing these enzymes and those with other mechanisms of  resistance to β-lactam antibi-
otics. 
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Introduction
Infections involving extended-spectrum β-lactamase 
and carbapenemase producing gram-negative bacteria 
continue to increase in health-care settings1,2. These in-
fections remain difficult to treat and are a serious public 
health concern1,2. This is because, even the most like-
ly non-fatal infections become fatal when they involve 
these antibiotic resistant bacteria2. Extended-spectrum 
β-lactamase and carbapenemase enzymes hydrolyze 
and hence inactivate β-lactam antibiotics resulting in 
β-lactam resistance in bacteria that are producers of  
these enzymes3. Increased β-lactam resistance in bac-
teria is due to their continuous exposure to β-lactam 
antibiotics, this has contributed to increased uninter-
rupted production and mutation of  β-lactamases in 
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bacteria1,4. The true prevalence of  ESBL and carbap-
enemase producing bacteria remains a difficult task to 
resolve despite the recommendations provided by CLSI 
and EUCAST for detection of  these enzymes1,5–8. This 
is due to among others, incompetence of  most clinical 
microbiology laboratory staff  to correctly perform the 
phenotypic detection assays and report production of  
these enzymes1,5–7. This suggests that improvements in 
competence of  clinical microbiology laboratory staff  to 
correctly perform the assays and report production of  
these enzymes are needed1,5–7. The correct performance 
of  these assays is beneficial in distinguishing between 
bacteria producing β-lactamases and those with other 
mechanisms of  resistance to β-lactam antibiotics. Addi-
tionally, correct performance of  these assays is vital in 
reducing the need to apply the more expensive molec-
ular techniques used in detecting production of  these 
enzymes. Hence, this review defines and classifies ES-
BLs and carbapenemases, and summarizes the several 
previously designed phenotypic assays used to detect 
production of  these enzymes in gram-negative antibi-
otic resistant bacteria.
 
Extended-spectrum β-lactamases: Definition and clas-
sification
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Extended-spectrum β-lactamases are enzymes that 
break down and thus inactivate β-lactam antibiotics1,3,9,10. 
Additionally, ESBLs are characterized by their suscep-
tibility to inhibition by β-lactam inhibitors particular-
ly; clavulanic acid (CA), tazobactam and sulbactam1,3,9. 
β-lactamases are classified according to two schemes, 
these are; i) the Bush Jacoby-Medeiros functional clas-
sification and ii) the Ambler molecular classification1,3,9. 
The basis of  the Bush-Jacoby-Medeiros functional clas-
sification is the functional properties of  the β-lactamase 
enzymes principally, their inhibitor and substrate pro-
files3,9. The Ambler molecular classification however 
is based on the protein homology of  the β-lactamase 
enzymes3,9. The Ambler molecular classification further 
classifies β-lactamase enzymes into four classes namely; 
class A, C and D also known as the Serine β-lactamases 
and class B β-lactamases also known as the zinc or met-
allo β-lactamases3,9.

The CTX-M type forms the most common genetic vari-
ant of  ESBLs1,9,11–14. This family of  β-lactamases special-
ly hydrolyze cefotaxime (CTX) over ceftazidime (CAZ) 
and are found exclusively in the functional group 21,9,11–

14. Also, unique to these β-lactamases is their suscepti-
bility to inhibition by the β-lactam inhibitor tazobactam 
as compared to inhibition by the other β-lactam inhib-
itors, CA and sulbactam1,12,15. The extended-spectrum 
of  activity of  the CTX-M β-lactamases is due to the 
serine residue present at position 237 1,11. The CTX-M 
β-lactamases are divided into five groups namely; the 
CTX-M group 1, 2, 8, 9 and 25 basing on their amino 
acid sequences1,9,16. Unlike the other β-lactamase en-
zymes, the CTX-M enzymes are acquired and dissemi-
nated in bacteria via mobile genetic elements particular-
ly conjugative plasmids and transposons in horizontal 
gene transfer processes1.  The TEM type β-lactamases 
form another β-lactamase family; β-lactamases belong-
ing to the TEM type, TEM-1 a variant of  TEM hy-
drolyze penicillins and first-generation cephalosporins1. 
The TEM-3 β-lactamases, which are another variant 
of  TEM β-lactamases hydrolyze extended-spectrum 
cephalosporins1,17,18. In addition to these families is the 
SHV type β-lactamases, SHV-1 β-lactamases, a variant 
of  the SHV hydrolyze broad spectrum penicillins, these 
include ampicillin, tigecycline and piperacillin18,19; the 
OXA type β-lactamases, these β-lactamases exhibit the 
ability to hydrolyze oxacillin, are predominantly present 
in Pseudomonas aeruginosa and Acinetobacter baumannii how-
ever also occur in other gram-negative bacteria1,9,20,21; 
the PER type β-lactamases, unique about these β-lacta-

mases is their efficient hydrolysis of  penicillins, ceph-
alosporins and their susceptibility to CA inhibition1,3,9; 
the GES type β-lactamases, these β-lactamases hydro-
lyze penicillins and extended-spectrum cephalosporins, 
but not cephamycins or carbapenems, these are also 
inhibited by β-lactamase inhibitors1,3,9; other described 
β-lactamase families include among others the VEB-1, 
BES1, CME-1 and SFO-1, enzymes belonging to these 
families have mostly been found to exhibit β-lactamase 
activity1,22,23.             
 
Carbapenemases: Definition and classification
Carbapenemases are enzymes that break down and 
thus inactivate carbapenem antibiotics; these enzymes 
represent the most versatile family of  β-lactamases and 
are uniquely characterized by their broad spectrum of  
activity as compared to other β-lactam hydrolyzing en-
zymes3,9,24–28. Carbapenemases are classified into two 
major groups basing on the nature of  their active sites, 
these groups are: the serine carbapenemases belonging 
to the class A penicillinases and class D oxacillinases 
and the metallo β-lactamases belonging to the class B 
carbapenemases which contain one or more zinc atoms 
at their active sites a characteristic future that allows 
them to hydrolyze the bicyclic β-lactam ring3,9,24–28.
Class A carbapenemases, also known as the class A ser-
ine carbapenemases, when present in bacteria confer 
a characteristic reduced susceptibility to imipenem24,28. 
Class A carbapenemases include; IMI/NMC, KPC, 
GES and SME enzymes24,28. These enzymes need an ac-
tive serine at position 70 for their hydrolytic activity in 
the Ambler numbering system for class A β-lactamases, 
hydrolyze carbapenems, cephalosporins, penicillins and 
aztreonam, are inhibited by CA and tazobactam24,28,29. 
IMI, NMC and SME are chromosomally encoded en-
zymes whereas GES and KPC enzymes are plasmid en-
coded24,28. 

Class B carbapenemases, also known as class B metal-
lo β-lactamases hydrolytic activity is dependent on the 
interaction of  the β-lactams with zinc ions in the active 
sites of  these enzymes, these interactions result in the 
distinctive trait of  their inhibition by EDTA which is a 
chelator of  zinc and other divalent ions24,26,28,30,31. These 
enzymes ably hydrolyze carbapenems, are resistant to 
commercially available β-lactamase inhibitors, are sus-
ceptible to inhibition by metal ion chelators and have a 
relatively broad substrate profile that includes cephalo-
sporins and penicillins24,26,28,30,31. Also, characteristic to 
the class B carbapenemases is their inability to hydrolyze 
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aztreonam24,26,28,30,31. These enzymes include; GIM, IMP, 
VIM, NDM and SIM24,28,31. Additionally, these enzymes 
mostly occur in integron structures and are mostly dis-
seminated via mobile genetic elements particularly con-
jugative plasmids and transposons in horizontal gene 
transfer24,28,31,32.
Class D carbapenemases, also known as class D Metal-
lo β-lactamases or the OXA β-lactamases are uniquely 
characterized by their association with plasmids, hence 
are mostly plasmid encoded, although may also be 
chromosomally encoded9,24,28,33,34. Additionally, these 
enzymes hydrolyze oxacillin and cloxacillin, are peni-
cillinases, are poorly inhibited by CA and EDTA, and 
have large amounts of  variability in their amino acid 
sequences9,24,28,34,35.

AmpC β-lactamases: Definition and classification
AmpC β-lactamases are chromosomally encoded ceph-
alosporinases that mediate resistance to most penicil-
lins, cefoxitin, cefazolin, cephalothin, and β-lactamase 
inhibitor-β-lactam combinations36–38. These enzymes 
belong to class C in the Ambler molecular classifica-
tion of  β-lactamases, while they are assigned to group 
1 in the Bush Jacoby-Medeiros functional classification 
scheme1,3,9. They mostly occur in the Enterobacteriaceae, 
however, they have also been reported to occur in a 
few non-Enterobacteriaceae36,37. In most of  these bacteria, 
AmpC β-lactamases are inducible and are expressed at 
high levels by mutation36. The over expression of  these 
enzymes is reported to confer resistance to extend-
ed-spectrum cephalosporins that include: CTX, CAZ 
and ceftriaxone36. Evidence of  induction of  resistance 
in bacterial isolates belonging to Enterobacter spp. initially 
susceptible to these extended-spectrum cephalosporins 
upon therapy is available36–38. The prevalence of  resist-
ance mediated by plasmid-mediated AmpC β-lacta-
mases has been shown to be low in most parts of  the 
world as compared to the ESBLs, these have also been 
documented to be harder to detect as compared to ES-
BLs, and to mostly exhibit  a broad-spectrum antibiotic 
activity36,37. Current detection assays of  these enzymes 
have been reported to lack specificity and/or sensitiv-
ity, they have also been reported to be inconvenient, 
subjective, and to require reagents mostly unavailable to 
many clinical microbiology laboratories37. In addition, 
recent times have witnessed identification of  bacteria 
previously lacking and/or poorly expressing chromo-
somally-mediated AmpC genes as AmpC β-lactama-
ses producers36–38. This has been possible through the 
acquisition of  these genes via conjugative plasmids 
in horizontal gene transfer, a phenomenon typical-

ly seen to occur in Escherichia coli, Klebsiella pneumoniae, 
and Proteus mirabilis36–38. Both chromosomally encoded 
and plasmid-mediated AmpC β-lactamases continue to 
evolve, through evolution, these attain potentials to hy-
drolyze extended-spectrum cephalosporins more effi-
ciently36–38. Just like the AmpC β-lactamases, phenotypic 
detection methods for the same continue to evolve, and 
are mostly not yet optimized for the clinical microbiol-
ogy laboratory36–38.
 
Phenotypic detection of  extended-spectrum 
β-lactamase production
Disk diffusion and broth micro-dilution methods have 
been described to ably detect production of  ESBLs in 
gram-negative bacteria5. However, currently some of  
these methods have become increasingly unreliable, 
this is due to: i) the co-existence of  different classes 
of  β-lactamases in gram-negative bacteria39–42, ii) dif-
ficulties recognizing ESBL production due to the 
over-expression of  AmpC β-lactamases39–42, iii) poten-
tial masking of  ESBL production by AmpC producing 
bacteria which serve as reservoirs of  ESBLs39–42, and 
iv) the general inability of  most clinical microbiology 
laboratory staff  to ably perform testing for detection of  
ESBL production42–45. These affect testing and so result 
in inappropriate antimicrobial therapy39,46. In the testing 
for ESBL production, other factors including inoculum 
density47–49 and the distance between the disks48–51 being 
tested influence the outcomes of  the testing.
 
Testing for ESBL production in bacteria is a two stage 
process that involves screening and confirmation that 
follows testing bacteria against array of  antibiotics 
namely: cefpodoxime, CAZ, CRO, CTX and aztreon-
am and identifying specific zone diameters indicative 
of  potential ESBL production52,53. Testing with greater 
than one of  the antibiotics is recommended to improve 
sensitivity of  ESBL detection52,53. It is however recom-
mended to use CTX, due to its consistent susceptibility 
to CTX-M and CAZ, due its consistent susceptibility 
to TEM and SHV52,54–56. Cefpodoxime should be used 
when testing using a single drug52,54–56. Reduced suscep-
tibility to any of  the agents as specified by CLSI is a 
qualification of  ESBL testing and necessitates pheno-
typic confirmatory testing to confirm diagnosis53. Phe-
notypic confirmation of  ESBL production is achieved 
using array of  methods, including: the use of  the ceph-
alosporin/clavulanate combination disk diffusion or 
broth micro-dilution method52,53, use of  DDS meth-
od5,51,52,57,58 and MDDS method which is a modification 
of  the DDS method that confirms ESBL production 
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and differentiates ESBL production and overexpres-
sion of  AmpC-derepressed mutants51,53,57,58.  
 
Double disk synergy (DDS) and modified double 
disk synergy (MDDS)
Both the DDS and MDDS are used in the detection 
of  ESBL production in gram-negative bacteria48,51,57–59. 
In the DDS, testing is performed by inoculating Muel-
ler-Hinton agar with a lawn culture of  organisms for 
the standard diffusion method and placing onto the 
agar plate a commercially available disc of  CTX (30μg) 
and/or ceftriaxone (30μg) and/or CAZ (30μg) and/or 

aztreonam (30μg) and a disc of  amoxicillin-clavulanic 
acid (20/10μg) at a distance of  30mm center to center 
as shown in figure 1  5,51,56,57,60. However, narrower dis-
tances (< 30mm) between the discs is reported to in-
crease the sensitivity of  the test5,51,56,57,60. Interpretation 
of  the results is done after incubation at 350C ± 20C 
for 18-24 hrs as follows: a decreased susceptibility to 
the antibiotic disc used combined with a clear-cut en-
hancement of  the inhibition zone of  same antibiotic 
disc in front of  the CA containing disc, often result-
ing in a characteristic shape-zone referred to as “cham-
pagne-cork” or key hole as seen in figure 1 is indicative 
of  ESBL production5,51,56,57,60.

In the MDDS, the following antibiotic discs are used: 
amoxicillin-clavulanic acid (20/10 μg) or piperacil-
lin-tazobactam (100/10μg) along three third-genera-
tion cephalosporins: CAZ (30μg), ceftriaxone (30 μg), 
and cefpodoxime (30 μg) as well as a fourth-generation 
cephalosporin, cefepime (30μg)5,57. This test is per-
formed by inoculating a lawn culture of  organisms on 
Mueller-Hinton agar for the standard diffusion method 
and placing onto the agar plate a commercially availa-
ble amoxicillin-clavulanic acid disc, preferentially in the 

center of  the testing area5,51,57,60. The discs including the 
third and fourth-generation cephalosporins are then 
placed 15mm and 20mm respectively, center to center 
to that of  the amoxicillin-clavulanic acid disc on the 
agar plate as shown in figure 2 and 3  5,51,57,60. Interpre-
tation of  the results is done after incubation at 350C ± 
20C for 18-24 hrs in ambient air as follows: any distor-
tion or increase in the zone towards the disc of  amox-
icillin-clavulanic acid is indicative of  ESBL production 
as seen in figure 2 and 3  5,51,57,60. In addition, strains are 

 
 

 

 

 

 

Fig .1. DDS. Photograph showing extension and broadening of inhibitory zones of the third 

generation cephalosporins towards the amoxicillin-clavulanic acid disc. Reprinted from the 

European Journal of Clinical Microbiology and Infectious Diseases (vol. 8, Issue 6, pp 527–

529), by Legrand, P., et al., 1989. Copyright 1989 by the European Journal of Clinical 

Microbiology and Infectious Diseases. 
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divided into three groups basing on the interpretation 
with MDDS and their susceptibilities to CTX and CAZ, 
these groups include: Group 1 (Wild type) that includes 
ESBL non-producers sensitive to CTX and CAZ, 
Group 2 (derepressed mutants) that includes ESBL 
non-producers resistant to CTX and CAZ, and Group 

3 (ESBL producers) includes ESBL producers sensitive, 
intermediate or resistant to CTX and CAZ5,57,58. Worth 
mentioning, reporting of  results is as follows; isolates 
with a positive confirmatory test are reportd as resistant 
to all penicillins, cephalosporins and aztreonam except 
for cephamycins and cefoxitin irrespective of  the MIC 
of  the particular cephalosporin5,57,58.

This test can also be used to presumptively identify 
AmpC β-lactamase producing gram-negative bacte-
ria5,36,49,56. This is because, cefepime, the fourth-gen-
eration cephalosporin included in the testing is less 
rapidly inactivated by AmpC β-lactamases than by ES-
BLs5,36,49,56. Cefepime improves the detection of  syner-
gy with the amoxicillin-clavulanic acid in circumstanc-
es when simultaneous stable hyper-production of  the 
AmpC β-lactamases occurs5,36,49,56.

Three-dimensional tests (direct and indirect)
The three-dimensional tests are also used in detection 
of  ESBL production in gram-negative bacteria5,51,59,61. 
In the direct-three dimensional test, a 0.5 McFarland 
of  the test organisms is inoculated onto the surface of  
a Mueller-Hinton agar plate, this is then dispensed with 
inoculums between 109-1010 cells/ml in a circular slit 

cut in the agar so that the slit is filled5,51,59,61. Following 
this, antibiotic discs are placed on the agar plate, 3mm 
outside the strain- containing slit as shown in figures 4, 
5 and 6  5,51,59,61. By inspecting the margin of  the inhibi-
tion zone in the vicinity of  intersection with the strain 
containing slit, enzymatic inactivation of  each antibiot-
ic is then detected5,51,59,61. Interpretation of  the test as 
positive is dependent on inactivation of  the antibiotic 
as it diffuses through the slit resulting in a distortion or 
discontinuity in the expected circular inhibition zone, or 
production of  discrete colonies in the vicinity of  the in-
oculated slit5,51,59,61. The indirect three-dimensional test 
is a modification of  the direct three dimensional test; in 
this test, the defining difference from the direct three 
dimensional test is that the surface of  agar plate is in-
oculated with a fully susceptible indicator strain, E. coli 
ATCC 25922  5,51,59,61.

 
 

 

 

  

 

 

 

 

Fig. 2. MDDS. The organism shows an enhanced 

zone of inhibition between CAZ, CTX, cefepime, 

aztreonam, and amoxicillin-clavulanic acid (centre 

disc), indicating ESBL production. Reprinted from 

the British Journal of Biomedical Science (vol. 63.2 

(2006): 51-54), by Kader, A. A., et al., 2006. 

Copyright 2006 by the British Journal of Biomedical 

Science. 

Fig. 3. MDDS. The organism shows resistance to 

CTX, CAZ, aztreonam and an enhanced zone of 

inhibition between cefepime (top disc) and 

amoxicillin-clavulanic acid (centre disc), indicating 

ESBL production and presumptive AmpC β-

lactamase production. Reprinted from the British 

Journal of Biomedical Science (vol. 63.2 (2006): 

51-54), by Kader, A. A., et al., 2006. Copyright 

2006 by the British Journal of Biomedical Science. 
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Bacterial producers of  AmpC β-lactamases are suscep-
tible to fourth-generation cephalosporins (cefepime 
and cefpirome)36,41, and are poorly inhibited by CA36,41. 
As a result, these are resistant to β-lactam/β-lactama-
se-inhibitor combinations and give a positive and neg-

ative test during ESBL screening and confirmation re-
spectively62. These features form the basis of  screening 
and confirmation of  AmpC β-lactamase production in 
gram-negative bacteria36,62–64. Presumptive identification 
of  AmpC β-lactamase producing Enterobacteriaceae 
can be achieved following the criteria in figure 7.

 

 

 
 

 

 

 

 

 

 

 

Fig. 4. The circular three-dimensional inoculation (indicated by the arrow) intersected the inhibition zone margins to 

produce major distortions (i.e., positive three-dimensional test results) that indicated enzymatic inactivation of 

piperacillin (A), cefamandole (D), cefoperazone (E), CTX (F), and ceftriaxone (G). Distortions did not occur (i.e., 

negative three-dimensional test results) in tests with aztreonam (B), imipenem (C), CAZ (H), or cefoxitin (I). The 

outer circle is the plastic rim on the bottom of the petri dish. Fig. 5. The three-dimensional inoculation (arrow) 

resulted in minor distortions that indicated antibiotic inactivation (i.e., positive three-dimensional test results) at the 

intersection with the zone margins of cefamandole (D), cefoperazone (E), CTX (F), and ceftriaxone (G). Distortions 

did not occur in tests with aztreonam (B), imipenem (C), or cefoxitin (I). The inhibition zones were too small to 

interpret in the direct three-dimensional test in tests with piperacillin (A) and CAZ (H). Fig. 6. Major zone distortions 

that indicated antibiotic inactivation (i.e., positive three dimensional test results) occurred in tests with piperacillin 

(A), cefuroxime (B), cefamandole (D), cefoperazone (E), CTX (F), ceftriaxone (G), and cefoxitin (I) but not in tests 

with aztreonam (C) or CAZ (H). Note the growth of small colonies in the cefoperazone (E) and CTX (F) zones in the 

vicinity of the three-dimensional inoculation site. The small colonies in this part of the zone also indicated enzymatic 

drug inactivation (i.e., positive three-dimensional test results). Reprinted from the Journal of Antimicrobial Agents 

and Chemotherapy (vol. 36, (9), pp.1877-1882), by Thomson, K.S. and Sanders, C.C., 1992. Copyright 1992 by the 

Journal of Antimicrobial Agents and Chemotherapy. 
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Furthermore, AmpC β-lactamase detection can also be 
achieved using the three dimensional extract test38,49,51,60. 
In this test, 50mls of  a bacterial suspension adjusted to 
a 0.5 McFarland turbidity standard prepared from an 
overnight culture on blood agar is inoculated into 12mls 
of  tryptic soy broth38,49,51,60. Following this, the culture 
is grown at 350C ± 20C for 4 hrs38,49,51,60. The bacterial 
cells are then centrifuged and the crude enzyme pre-
pared by freezing-thawing the bacterial cell pellets five 
times38,49,51,60. The surface of  the Mueller-Hinton agar 
plate to be used is then inoculated with E. coli ATCC 
25922 or E. coli ATCC 11775 following the standard 
diffusion method38,49,51,60. A commercially available ce-
foxitin (30μg) disc is then aseptically placed on the in-

oculated agar plate38,49,51,60. A slit beginning 5mm from 
the edge of  the disc is then cut in the agar in an outward 
direction using a sterile scalpel blade49,51,60. Then, 25-30 
mls of  enzyme preparation is dispensed into the slit us-
ing a pipette, beginning near the disc and moving out-
wards with care being taken not to over fill the slits as 
shown in figure 8  38,49,51,60. The inoculated media is then 
incubated at 350C ± 20C for 18-24 hrs38,49,51,60. Interpre-
tation of  the results is as follows: enhanced growth of  
the surface organism at the point where the slit intersect 
the zone of  inhibition is reported as a positive three-di-
mensional extract test as seen in figure 8  49,60,65,66. Testing 
involving swarming organisms is done on MacConkey 
agar49,51,60.

 

 
Fig. 7. Flow chart for detection of AmpC beta-lactamase production in Enterobacteriaceae. Superscript 

letters: a, this category includes Enterobacteriaceae spp. with no known chromosomal AmpC production plus 

E. coli; b, differences of zone diameters indicated as “inconclusive” means there were no visible inhibition 

zones around both cefoxitin discs with or without cloxacillin (pampC, plasmidic AmpC beta-lactamase); c, 

this category refers to mutations in the AmpC promoter region of E. coli that result in the overexpression of 

AmpC. Adapted from the Journal of Clinical Microbiology (vol. 49.8 (2011): 2798-2803), by Polsfuss, Silke, 

et al., 2011. Copyright 2011 by the Journal of Clinical Microbiology. 
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In another method, commercially available discs of  
cefoxitin (30μg) and cefoxitin (30μg) supplemented 
with 200μg of  cloxacillin, an AmpC β-lactamase inhib-
itor or cefpodoxime (10μg) and cefpodoxime (10 μg) 
supplemented with an AmpC inhibitor, either 200μg 
of  cloxacillin or 400μg of  phenylboronic acid (PBA) 
are used51,64,66–68. Testing using either of  the options 
involves, inoculating a Mueller-Hinton agar plate with 
the test organism for the standard diffusion testing 
and placing a cefoxitin disc un-supplemented with an 
AmpC inhibitor and another cefoxitin disc supplement-
ed with the AmpC inhibitor onto the inoculated agar 
plate50,64,66,67,69. This is then followed by incubation at 
350C ± 20C for 18-24 hrs50,64,66,67,69. Interpretation of  the 
results is as follows: the inhibition zone diameters in the 
un-supplemented cefoxitin disc and the supplemented 
cefoxitin disc are measured, an increase in the inhibi-
tion zone diameter in the cefoxitin disc supplemented 
with an AmpC inhibitor by ≥ 4mm as compared to the 
un-supplemented disc is indicative of  AmpC produc-
tion50,64,66,67,69.

Another method of  AmpC β-lactamase detection in-
volving the use cefoxitin (30μg) has been described36. 
In this test, a lawn culture of  E. coli ATCC 25922 ad-
justed to a 0.5 McFarland standard is inoculated on 
Mueller-Hinton agar for standard disc diffusion test-
ing36. Following this, a commercially available cefoxitin 
(30μg) disc is placed on the surface of  the inoculated 
agar plate36. Then a sterile plain 6mm paper disc initially 
inoculated with several colonies of  the test organism 
is placed besides the cefoxitin disc almost making con-
tact with it as shown in figure 936. This is followed by 
incubation at 350C ± 20C for 18-24 hrs36. Interpretation 
is done after examination of  the plates as follows: in-
dentation or a flattening of  the inhibition zone as seen 
in figure 9 is indicative of  enzyme inactivation of  the 
cefoxitin and is reported as a positive result whereas the 
absence of  distortion is indicative of  non-significant 
enzyme inactivation of  the cefoxitin hence is reported 
as a negative result36.

   
 

 

 

 

 

 

 

 

 

 

Fig. 8. Organisms showing clear distortion in the zone of inhibition: (A) enhanced growth of the surface 

organism, E. coli ATCC 25922 near agar slits (arrows) containing extracts of AmpC producing E. coli 

(M563) and K. pneumoniae (M484) test isolates. The remaining slit contained a non-AmpC-producing E. coli 

isolate (M1601). Extract of AmpC-producing E. coli isolate M477 inhibited the growth of one surface 

organism, E. coli ATCC 25922 (B) (arrow), but did not inhibit the growth of the second surface organism, E. 

coli ATCC 11775 (C) (arrow). (D) Swarming growth (dark arrow) of unlysed cells in an extract of AmpC-

producing P. mirabilis isolate M910 interfered with detection of growth of surface organism (white arrow) 

when Mueller-Hinton agar was used. (E) On MacConkey agar, growth of P. mirabilis was inhibited, and 

enhanced growth of the surface organism was easily seen (arrow). Reprinted from the Journal of Clinical 

Microbiology (vol. 38(5), pp.1791-1796), by Coudron, P.E., Moland, E.S. and Thomson, K.S., 2000. 

Copyright 2000 by the Journal of Clinical Microbiology. 
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Detection of  inducible AmpC β-lactamase produc-
tion
Inducible AmpC β-lactamase activity in bacteria is de-
tected using imipenem (10μg), cefoxitin (30μg) and 
amoxicillin-clavulanic acid (20/10μg) discs: in this test-
ing, these are used as inducing substrates38,51,68,69. In the 
same experiments: CAZ (30μg), CTX (30μg) and PBA 
(400μg) are used as reporter substrates51,68,69. Other 
combinations of  the inducing and reporter substrates 
that can be used have previously been described64,66,70–72. 
The discs both supplemented and the un-supplemented 
are placed aseptically at a distance of  20mm apart, after 
a 0.5 McFarland suspension of  the test organism is in-
oculated on a Mueller-Hinton agar plate following the 
standard diffusion testing51,68,69. Following this, interpre-
tation is done after the agar plate has been incubated in 
ambient air at 350C ± 20C for 18-24 hrs based on any 
obvious blunting or flattening of  the zone of  inhibition 
between the disc serving as the inducing substrate and 
the disc serving as the reporter substrate51,68,69. This ob-
servation confirms inducible AmpC β-lactamase pro-
duction in the bacteria51,68,69. In the testing micro colo-
nies present in the clear zones of  inhibition are mostly 
ignored and measurements of  inhibition zone diame-
ters are done to the edge of  the obvious inhibition51,68,69.
 
Phenotypic detection of  carbapenemase produc-
tion
Phenotypic detection of  carbapenemase production 
in gram-negative bacteria is achieved by performing 

either: i) MHT31,61,73–76 or ii) mCIM, a modification of  
the carbapenem inactivation method (CIM)77,78. These 
methods have not only been documented to be simple 
and cost effective but have also been documented to 
have high sensitivity31,61,73–76. Despite the high sensitivity 
of  MHT, it has a high frequency of  false-positive re-
sults especially in carbapenem resistant Enterobacteriaceae 
that are producers of  ESBLs and AmpC β-lactamases 
and low sensitivity in regards detection of  NDM-1 pro-
ducing bacteria79,80. In addition to this, the use of  E. coli 
ATCC 25922 has also been implicated with low sensitiv-
ity, specificity and repeatability of  MHT 80,81. However, 
replacing E. coli ATCC 25922 with Klebsiella pneumoniae 
ATCC 700603 has been shown to provide high sensi-
tivity, specificity and repeatability of  the test 81. MHT 
has also been associated with inability to discriminate 
between the different classes of  carbapenemases (i.e. 
Klebsiella pneumoniae carbapenemase, Metallo β-lactama-
se and Oxacillinases), and difficulty in interpretation 
of  results is reported82. Despite these, MHT remains a 
phenotypic reference method for confirmation of  car-
bapenemase production82.
 
Modified hodge test (MHT)
The modified hodge test (MHT) is used in detection 
of  carbapenemase production in gram-negative bacte-
ria31,49,63,73–75,83. In MHT, a 0.5 McFarland dilution of  E. 
coli ATCC 25922, an indicator strain in 5 ml of  sterile 
saline or nutrient broth is prepared31,63,73–75,83. The same 
is done for a second indicator strain, Klebsiella pneumoniae 

 

 

Fig. 9. Positive AmpC test shown by indentation of the zone of inhibition around cephoxitin disc. 

Reprinted from the Journal of Clinical and Diagnostic Research (vol. 7, 2 (2013): 229–233), by 

Kaur, Jaspal et al., 2013. Copyright 2013 by the Journal of Clinical and Diagnostic Research. 
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ATCC 700603 31,63,73–75,83.  Following this, a 1:10 dilution 
of  the indicator strains is each streaked as a lawn onto a 
Mueller-Hinton agar plate using a sterile swab31,63,73–75,83. 
Then, a commercially available meropenem (10μg) or 
ertapenem (10μg) or imipenem (10μg) disc is placed at 
the center of  the test area on the Mueller-Hinton agar 
plates31,63,73–75,83,84. The test organism(s), positive con-
trol and negative control are then streaked in straight 
lines from the edge of  the disc to the edge of  the plate 
as shown in figure 10  31,63,73–75,83. Klebsiella pneumoniae 
ATCC BAA-1705 and Klebsiella pneumoniae ATCC-1706 
are used as positive and negative controls respectively, 

these are ran with each batch of  the test31,63,73–75,83. Incu-
bation of  the test plates is done at 350C ± 20C for 18-24 
hrs in ambient air31,63,73–75,83.  Interpretation of  the tests 
is done after incubation as follows: the test organism(s) 
is positive for MHT when a clover leaf-like indentation 
of  the E. coli ATCC 25922 or Klebsiella pneumoniae ATCC 
700603 growing along the test organism growth streak 
within the disc diffusion zone is observed as seen in 
figure 1031,63,73–75,83. MHT negative organism(s) show 
no growth of  the E. coli 25922 or Klebsiella pneumoniae 
ATCC 700603 along the test organism growth streak 
within the disk diffusion as seen in figure 10 31,63,73–75,83.

Metallo β-lactamase test (MBL)
Detection of  metallo β-lactamase production in 
gram-negative bacteria is achieved by using two meth-
ods, namely: the imipenem-ethylene diamine tetra acetic 
acid, EDTA method and another double disc synergy 
method that involves use of  a CAZ (30μg) disc and a 
CAZ (30μg)-2-mercaptopropionic acid disc85,86.
In the imipenem-EDTA method, testing is by inoculat-
ing the test organism(s) onto Mueller-Hinton agar for 
the standard diffusion method 85,86. This is then followed 
by adding to the agar plates two commercially availa-

ble imipenem (10μg) discs, one of  the discs un-sup-
plemented with EDTA and another supplemented 
with EDTA at a distance of  15 mm center to center 
as shown in figure 11; however narrower distances are 
associated with high test sensitivity and have been  de-
scribed 85,86. The supplementation of  the imipenem disc 
is done by adding 10 μl of  0.5M EDTA to obtain the 
desired concentration of  1000 μg74,84,85. A concentration 
of  750 μg can also be used in the testing63,74. The 0.5M 
EDTA stock solution is prepared by dissolving 186.1g 
of  disodium EDTA. 2H2O in 1000 ml of  distilled wa-

 
  

 

 

 

Fig. 10. MHT. (1) K. pneumoniae ATCC BAA 1705, positive result (2) K. pneumoniae ATCC BAA 1706, negative 

result; and (3) a clinical isolate, positive result. Reprinted from the Iranian Journal of Microbiology (vol. 3, 4 

(2011): 189–193), by Amjad, A et al., 2011. Copyright 2011 by the Iranian Journal of Microbiology. 
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ter and adjusting the solution PH to 8.0 using NaOH85. 
After preparation of  the mixture, it is sterilized by au-
toclaving85. Incubation of  the Mueller-Hinton test agar 
plates is done at 350C ± 20C for 18-24 hrs in ambient 
air85. These tests are interpreted after measuring the in-
hibition zone diameters around the imipenem disc not 
supplemented with EDTA and the imipenem discs sup-
plemented with EDTA as follows: the inhibition zone 
diameters of  the imipenem disc supplemented with 

EDTA are each compared to the inhibition zone di-
ameter of  the un-supplemented imipenem disc and an 
increase in inhibition zone diameter of  ≥ 5 mm in the 
EDTA-supplemented disc is interpreted as positive for 
metallo β-lactamase production74,84,85. Noteworthy, the 
supplemented discs prepared maybe kept at 40C or at 
-200C in airtight vials without desiccant and under these 
conditions, these remain stable for 12 and 16 weeks re-
spectively85.

In the CAZ disc method, a CAZ disc and another sup-
plemented with 2-mercaptopropionic acid are used as 

shown in figures 12 and 13 85. In this method, the pro-
cedure and interpretation is done as documented in the 
previous method, the imipenem-EDTA85. 

 
 

 

 

 

 

Fig. 11. The phenotypic appearance of an MBL-producing gram-negative bacteria. (A) Combined-

disk test, using two imipenem (10 g) disks, one with EDTA, showing an increase in zone 

inhibition of 4 mm around the disk with EDTA. (B) Double-disk synergy test, using an IPM (10 g) 

disk placed 20 mm (center to center) from a blank filter disk containing EDTA. (C) Aztreonam (30 

g) disk with a 30-mm zone of inhibition. Reprinted from the Journal of Clinical Microbiology (vol. 

44(9), pp.3139-3144), by Franklin, C., Liolios, L. and Peleg, A.Y., 2006. Copyright 2011 by the 

Journal of Clinical Microbiology.  
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Detection of  KPC, differentiation of  KPC and 
MBL, and KPC and MBL co- production
The detection and differentiation of  Klebsiella pneumoni-
ae carbapenemase production and metallo β-lactamase 
production is achieved using a phenotypic algorithm 
that involves the use of  three combined-disc tests7,87,88. 
These tests consist of; i) meropenem alone and mero-
penem supplemented with PBA, ii) meropenem alone 
and meropenem supplemented with ethylene diamine 
tetra acetic acid (EDTA), and iii) both tests7,87,88. Addi-
tionally, these tests are used to detect co-production of  

both carbapenemases in bacteria7,89 In these tests, the 
concentrations of  the PBA and EDTA used are 400 μg 
of  PBA and 292 μg of  EDTA7,88. The stock solution 
of  PBA is prepared by dissolving PBA in DMSO at a 
concentration of  20 mg/mL7,88,89. From this solution, 
20 μl (containing 400 μg of  PBA) are then added onto 
commercially available meropenem discs to obtain the 
PBA supplemented meropenem discs788,89. Similarly, the 
stock solution of  EDTA is prepared by dissolving an-
hydrous EDTA in distilled water at a concentration of  
0.1M 7,88,89. From this solution, 10 µl (containing 292 μg 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Inhibitory effects of 2-mercaptopropionic acid (2-MPA) on IMP-1 producers and non–IMP-1 

producers. Three CAZ-resistant strains belonging to the gram-negative bacterial species P. aeruginosa, S. 

marcescens, and K. pneumoniae and producing IMP-1 metallo-β-lactamase or serine-β-lactamases (SHV-

12 or AmpC) were tested. For each IMP-1 producer, a distinct growth inhibitory zone appeared between 

the KB disk containing CAZ and the filter disk containing 2-MPA (left column). No change is evident 

around the two KB disks containing CAZ with or without 2-MPA for each serine b-lactamase producer 

(right column). Fig. 13. Appearance of growth-inhibitory zone in IMP-1-producing strains by use of CAZ 

and 2-mercaptopropionic acid (2-MPA). Various levels of growth inhibition were observed in the IMP-1-

producing gram-negative bacterial species tested. Marked growth inhibitions were observed in 

Acinetobacter sp., Alcaligenes xylosoxidans, Enterobacter aerogenes, E. coli, Proteus vulgaris, and 

Pseudomonas putida, whereas weak and ambiguous growth inhibitions were observed in C. freundii and E. 

cloacae. Reprinted from the Journal of Microbiology (vol. 38.1 (2000): 40-43), by Arakawa, Yoshichika, 

et al., 2000. Copyright 2000 by the Journal of Microbiology.  
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of  EDTA) are then added onto commercially available 
meropenem discs to obtain the EDTA supplemented 
meropenem discs7,88,89. Following disc preparation, the 
discs are dried and used within 60 minutes7. Testing is 
performed by inoculating Mueller-Hinton agar for the 
standard diffusion method and placing onto agar plates 
a disc of  meropenem that is not supplemented with any 
of  the inhibitors (PBA and EDTA) and three discs of  
meropenem supplemented with 400 μg of  PBA, 292 μg 
of  EDTA or both 400 μg of  PBA and 292 μg of  EDTA 
as shown in figure 13 7,88. Incubation of  the agar plates 
is done at 370C for 18-24 hrs7,88,89. These tests are in-
terpreted after measuring the inhibition zone diameters 
around the meropenem disc not supplemented with any 
inhibitor and the meropenem discs supplemented with 
either PBA, EDTA or both PBA and EDTA as follows: 
the inhibition zone diameters of  the meropenem disc 
supplemented with either PBA, EDTA or both PBA 
and EDTA are each compared to the inhibition zone 
diameter of  the un-supplemented meropenem disc7,88. 
An increase in the inhibition zone diameter in any of  
the supplemented meropenem discs by ≥ 5 mm is con-
sidered positive for Klebsiella pneumoniae carbapenemase 
production7,88. Bacterial isolates are considered posi-
tive for KPC and MBL co-production only when, the 
inhibition zone diameter around the meropenem disc 
supplemented with both PBA and EDTA is ≥ 5 mm 
compared to the inhibition zone diameter of  the mero-
penem disc not supplemented with any inhibitor while 
the inhibition zone diameters of  the meropenem disc 
supplemented with PBA and that supplemented with 
EDTA each are ≤ 5 mm compared to the meropenem 
disc not supplemented with any of  the inhibitors7,88.

Detection of  ESBLs in KPC producing bacteria 
using boronic acid based tests
Boronic acid based tests are used to detect ESBL pro-
duction in KPC positive isolates88,89. In this testing, 
combined disc tests are used, namely: i) CTX with 
or without CA supplemented with PBA and ii) CAZ 
with or without CA supplemented with PBA88,89. The 
stock solution of  PBA is prepared by dissolving PBA 
in DMSO and water at a concentration of  20 mg/ml. 
From the stock solution, 20 μl are added onto commer-
cially available discs containing CTX (30 μg) or CAZ 
(30 μg) with or without CA (10 μg). Addition of  this 
volume to either of  the discs makes the final volume on 
the discs 400 μg 88,89. Following this, discs are dried and 
used within 60 minutes88. Testing is performed by inoc-
ulating Mueller-Hinton agar for the standard diffusion 
method and placing onto the agar plates a disc of  CAZ 
or CTX with or without CA that is not supplemented 
with PBA and two discs of  CAZ or CTX with or with-
out CA supplemented with 400 μg of  PBA as shown in 
figure 14 7,88. These tests are interpreted after measuring 
the inhibition zone diameters around the CAZ or CTX 
disc with or without CA not supplemented with BA and 
the CTX or CAZ disc with or without CA supplement-
ed with BA as follows: the inhibition zone diameters of  
the CTX or CAZ disc with or without CA disc supple-
mented with BA are each compared to the inhibition 
zone diameter of  the un-supplemented CTX or CAZ 
disc with or without CA88. An increase in the inhibi-
tion zone diameter in any of  the supplemented CAZ or 
CTX discs with or without CA by ≥ 5 mm is considered 
positive for ESBL production88.
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The modified carbapenem inactivation method 
(mCIM)
The modified carbapenem inactivation method is a 
phenotypic method used in detection of  carbapene-
mase production77,78.  In this method, a sterile inocu-
lating loop is used to add 1μl of  the test organism to 
a tube containing 2 mls of  tryptic soy broth, following 
this, the bacterial suspension is then mixed by vortex-
ing for 15 seconds77,78. This is then followed by asepti-
cally adding a commercially available meropenem disk 
(10μg) to the bacterial suspension77,78. Incubation of  the 
bacterial suspension containing the meropenem disk is 
then done at 350C ± 20C in ambient air for 4 hrs ± 15 
minutes77,78. Before completion of  the incubation time, 
a suspension of  the mCIM indicator organism, a car-

bapenem susceptible Escherichia coli ATCC 25922 with a 
turbidity equivalent to a 0.5 McFarland is prepared and 
the surface of  a Mueller-Hinton agar plate is inoculated 
following the standard disk diffusion method and plac-
ing onto the agar plate the meropenem disc previously 
aseptically removed from the tryptic soy broth suspen-
sion after dragging it on the walls of  the tube to drain 
off  the excess fluid80, 81. Incubation of  the plate is then 
done at 350C ± 20C in ambient air for 18-24 hrs77,78. The 
test is interpreted after measuring the inhibition zone 
diameter of  the meropenem disk as follows: inhibition 
zone diameters of  6-10 mm are reported as positive for 
carbapenemase production, 11-19 mm as intermediate 
results and ≥ 20 mm as negative for carbapenemase 
production as shown in figures 15 and 16  77,78.

 

 

 Fig. 14. Representative results of the CLSI ESBL confirmatory test (A and C) and its modification 

using antibiotic disks containing BA (B and D) for ESBL PCR-positive (A and B) and ESBL 

PCR-negative (C and D) KPC-possessing isolates. Reprinted from the Journal of Clinical 

Microbiology (vol. 47.11 (2009): 3420-3426), by Tsakris, Athanassios, et al., 2009. Copyright 

2009 by the Journal of Clinical Microbiology.  

 

FIG 2 Example of pinpoints within mCIM inhibition zone. During mCIM testing of some 
isolates, multiple small colonies were observed growing throughout the zone of inhibition of 
the 10-g meropenem (MEM) disk; results were interpreted as positive when the zone of 
confluent growth inhibition measured 18 mm in diameter and as indeterminate when the zone 
measured 19 mm in diameter. FIG 3 Reading and interpretation of mCIM results. (A) A 
22-mm zone of inhibition of growth of the carbapenem-susceptible indicator organism 
is present around the meropenem (MEM) disk that was incubated with the negative-
control organism (N), while no zone of inhibition is present around the MEM disks that 
were incubated with the positive-control organism (P) or the test organism (T). (B) 
Closer examination of the zone around the MEM disk incubated with the negative-
control organism reveals a narrow ring of growth abutting the disk, which represents 
carryover of the test organism from the tryptic soy broth; this growth is ignored when 
interpreting mCIM results. 
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Another interpretation criteria has been previously de-
scribed, in this criteria, uninhibited growth of  the indi-
cator strain is indicative of  carbapenemase production 
whereas inhibition zone diameters of  ≥ 20 mm are in-
dicative of  non-carbapenemase production77,78,90.

Conclusion
The review and description of  previously designed 
phenotypic detection assays for ESBLs and carbapen-
emases in a single document avails a summary that al-
lows for multiple testing which increases the sensitivity 
and specificity of  detection. Also, extended-spectrum 
β-lactamase and carbapenemase detection assays when 
performed correctly can precisely discriminate between 
bacteria producing these ezymes and those with other 
mechanisms of  resistance to β-lactam antibiotics.
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Fig. 15. Example of pinpoints within mCIM inhibition zone. During mCIM testing of some isolates, multiple 
small colonies could be observed growing throughout the zone of inhibition of the 10-g meropenem (MEM) disk; 
results are interpreted as positive when the zone of confluent growth inhibition measures 18 mm in diameter and as 
intermediate when the zone measures 19 mm in diameter. Fig. 16. (A and B). Reading and interpretation of mCIM 
results. (A) A 22-mm zone of inhibition of growth of the carbapenem-susceptible indicator organism is present 
around the meropenem (MEM) disk incubated with the negative-control organism (N), while no zone of inhibition is 
present around the MEM disks incubated with the positive-control organism (P) or the test organism (T). (B) Closer 
examination of the zone around the MEM disk incubated with the negative-control organism reveals a narrow ring 
of growth abutting the disk, which represents carryover of the test organism from the tryptic soy broth; this growth 
is ignored when interpreting mCIM results. Reprinted from the Journal of Clinical Microbiology (vol. 55.8 (2017): 
2321-2333), by Pierce, Virginia M., et al., 2009. Copyright 2017 by the Journal of Clinical Microbiology. 
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