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Abstract 

Microbial resistance through extended-spectrum β-lactamase (ESBL) has emerged globally, and ESBL –producing 

Enterobacteriacae are recognized worldwide as nosocomial pathogens of major importance. 

Several phenotypic tests have been recommended for screening and confirmation of ESBL-producing organisms, but 

these are usually performed on isolated organisms following culture and antibiotic susceptibility testing. 
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Introduction 

β -Lactamases are enzymes that inactivate β -lactam 
antibiotics by opening the β-lactam ring of penicillins and 
cephalosporins and abolish their antimicrobial activity. 
Beta-lactamases have been described for many species of 
gram-positive and gram-negative bacteria. Some β-
lactamases are plasmid-mediated (e.g, penicillinase of 
Staphylococcus aureus), while others are chromosomally 
mediated (e.g, many species of gram-negative bacteria) 
[1]. 

 
The failure to detect ESBL-mediated resistance has led 

to treatment failure and contributed to uncontrolled 
spread of ESBL-producing organisms. On the other hand, 
laboratory-based detection of patients infected or 
colonized by ESBL-producing organisms by surveillance 
cultures has proven useful to control and terminate 
nosocomial outbreaks [2]. 

 
Many clinical microbiology laboratories have 

problems with the detection of ESBL-mediated resistance, 

and the recent emergence and spread of novel types of 
community-acquired ESBLs, have created additional 
challenges that further complicate the detection of this 
resistance mechanism. Several phenotypic tests have 
been recommended for screening and confirmation of 
ESBLs, but these are usually performed on isolated 
organisms following culture and antibiotic susceptibility 
testing [3]. 

 
ESBL detection originated because some ESBL-

producing organisms appeared susceptible to 
cephalosporins using conventional breakpoints. How 
frequently are ESBL-producing organisms susceptible to 
cephalosporins? The answer to this question depends on 
which breakpoints are used. National differences are quite 
considerable. For example, susceptibility to cefotaxime 
may be reported for an organism with MICs ranging from 
≤1 µg/ml to ≤8 µg/ml, depending on the country. 
Variation in reporting of resistance is from ≥2 µg/ml to 
≥64 µg/ml. The most liberal interpretation of 
cephalosporin susceptibility has been that of the Clinical 

and Laboratory Standards Institute (CLSI, formerly 
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National Committee for Clinical Laboratory Standards) 
(cephalosporin susceptibility indicated by MICs ≤8 µg/ml) 
(Table 2). The CLSI breakpoints for susceptibility of 
members of the Enterobacteriaceae to extended-spectrum 
cephalosporins and aztreonam were developed in the 
early 1980s. At that time the clinical success rate of 

cephalosporin treatment for organisms with 
cephalosporin MICs of ≤8 µg/ml (that is, organisms with 
MICs in the susceptible range) was >95%. Unfortunately 
these breakpoints were developed at a time that was 
essentially prior to the advent of ESBLs [4].  

 

Country 
MIC breakpointa (µg/ml) 

S (≤) R (≥) S (≤) R (≥) 
United States of America (CLSI) 8 64 8 32 

United Kingdom 1 2 2 4 
France 4 32 4 32 

The Netherlands 4 16 4 16 
Germany 2 8 4 32 

Spain 1 8 1 8 
Norway 2 16 2 16 
Sweden 4 32 4 16 

 a S, susceptible; R, resistant.  
Table 1: Comparison of national MIC breakpoints for Enterobacteriaceae. 
 

In a review of studies which have evaluated collections 
of ESBL-producing organisms using standard CLSI disc 
diffusion or MIC breakpoints, 13 to 49% of isolates were 
cefotaxime susceptible, 36 to 79% were ceftriaxone 
susceptible, 11 to 52% were ceftazidime susceptible, and 
10 to 67% were aztreonam susceptible. Approximately 
40% of tested organisms were susceptible to at least one 
oxyimino ß-lactam (e.g, cefotaxime, cefriaxone, 
ceftazidime) and 20% to all oxyimino ß-lactams. The 
reason for this apparent susceptibility to some 

cephalosporins is the result of various degrees of 
hydrolysis of cephalosporins by different ß-lactamases 
and enhanced penetration through the bacterial outer 
membrane of some cephalosporins compared to others. 
Regardless, extended-spectrum cephalosporin MICs of 2 
to 8 µg/ml are 4 to 8 dilutions higher than those seen in 
the same strain producing only the parent TEM-1, TEM-2, 
or SHV-1 ß-lactamase (0.03 to 0.25 µg/ml) [5].  

 
It has been well recognized for some time that poor 

outcome occurs when patients with serious infections due 
to ESBL-producing organisms are treated with 
cephalosporins to which the organism is frankly resistant. 
The failure rate in such patients has ranged from 42 to 
100%. Similar failure rates exist when cephalosporins are 
used to treat patients with serious infections due to ESBL 
producers which have cephalosporin MICs in the 
intermediate range and even with some MICs in the 
susceptible range. The failure rate when cephalosporins 
were used for serious infections (bacteremia, hospital-
acquired pneumonia and peritonitis) with ESBL-

producing organisms with MICs for the treating 
cephalosporin of 4 to 8 µg/ml exceeds 90%. The failure 
rate when MICs for the treating cephalosporin were 2 
µg/ml is substantially lowers [6].  

 
It is recommended by the CLSI that clinical 

microbiology laboratories perform specialized tests for 
detection of ESBLs. There are two reasons for this. First, 
there is value of the knowledge of presence of ESBLs in 
terms of aiding infection control. Second, in the presence 
of high-inoculum infections (e.g intra-abdominal abscess 
and some cases of pneumonia) or infections at sites in 
which drug penetration may be poor (e.g. meningitis, 
endocarditis, or osteomyelitis), physicians should avoid 
cephalosporins if an ESBL-producing organism is present 
[4]. 
  

Screening Methods for ESBL Production 

Disc Diffusion Method 

 The CLSI has proposed disc diffusion methods for 
screening for ESBL production by klebsiellae, Escherichia 
coli, and Proteus mirabilis. Laboratories using disc 
diffusion methods for antibiotic susceptibility testing can 
screen for ESBL production by noting specific zone 
diameters which indicate a high level of suspicion for 
ESBL production. Cefpodoxime, ceftazidime, aztreonam, 

cefotaxime, or ceftriaxone may be used. However, the use 
of more than one of these agents for screening improves 
the sensitivity of detection. If any of the zone diameters 
indicate suspicion for ESBL production, phenotypic 
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confirmatory tests should be used to ascertain the 
diagnosis [4]. 

 
Mention should be made of the use of cefpodoxime as 

a screening antibiotic since this antibiotic is not widely 
used in inpatient facilities [7]. Noted that cefpodoxime 
susceptibility by disc diffusion reliably discriminated 
between ESBL-producing and non-ESBL-producing 
Klebsiella pneumoniae and Escherichia coli. The CLSI 
initially recommended a zone diameter of ≤22 mm for a 
10-µg cefpodoxime disc as a suitable screening test for 
ESBL production. Unfortunately, the cefpodoxime 
screening test using a zone diameter of ≤22 mm lacks 
specificity when used to screen Escherichia coli isolates 
for ESBL production. Therefore, the CLSI now 
recommends a change in the cefpodoxime screening zone 
diameter to ≤17 mm; that is, isolates with a cefpodoxime 
zone diameter of ≤17 mm should undergo phenotypic 

confirmatory tests for ESBL production [4]. 
 

Dilution Antimicrobial Susceptibility Test 

The CLSI has proposed dilution methods for screening 
for ESBL production by klebsiellae and Escherichia coli. 
Ceftazidime, aztreonam, cefotaxime, or ceftriaxone can be 
used at a screening concentration of 1 µg/ml. Growth at 
this screening antibiotic concentration (that is, MIC of the 
cephalosporin of ≥2 µg/ml) is suspicious of ESBL 
production and is an indication for the organism to be 
tested by a phenotypic confirmatory test [4].  

 

 The originally proposed screening criterion for 
cefpodoxime was that isolates which were potential ESBL 
producers had cefpodoxime MIC of ≥2 µg/ml. However, in 
a study of the mechanisms of decreased susceptibility of 
Escherichia coli to cefpodoxime, it was found that none of 
59 strains with cefpodoxime MICs of 2 or 4 µg/ml 
produced ESBLs. The most common mechanism of 
reduced susceptibility to cefpodoxime was production of 
the TEM-1 ß-lactamase associated with the loss or 
alteration of a major porin protein. Other strains lacked 
production of TEM-1 but had porin changes, sometimes 
coupled with modest elevation in production of the AmpC 
chromosomal ß-lactamase. Finally, some of the isolates 
produced the OXA-30 ß-lactamase [8]. 
 

Confirmatory Tests for ESBL Production 

Phenotypic Tests 
Cephalosporin/Clavulanate Combination Discs 

The CLSI advocates use of cefotaxime (30 µg) or 
ceftazidime discs (30 µg) with and without clavulanate 
(10 µg) for phenotypic confirmation of the presence of 

ESBLs in klebsiellae and Escherichia coli. Prior to the 
combination discs becoming available, it was 
recommended that clavulanic acid solution be applied to 
the cephalosporin discs within one hour before they are 
applied to the agar plates. The CLSI recommends that the 
disc tests be performed with confluent growth on 
Mueller-Hinton agar. A difference of ≥5 mm between the 
zone diameters of either of the cephalosporin discs and 
their respective cephalosporin/clavulanate disc is taken 
to be phenotypic confirmation of ESBL production. 

 
Another method known as the disc replacement 

method was described. Three amoxicillin/clavulanate 
discs are applied to a Mueller-Hinton plate inoculated 
with the test organism. After 1 hour at room temperature, 
these antibiotic discs are removed and replaced on the 
same spot by discs containing cefotaxime, ceftazidime and 
aztreonam. Control discs of these three antibiotics are 
simultaneously placed at least 30 mm from these 
locations. A positive test is indicated by a zone increase of 
>5 mm for the discs which have replaced the 
amoxicillin/clavulanate discs compared to the control 
discs Unfortunately this method is not suitable for busy 
clinical microbiology laboratories given the need for a 
second step one hour after the initial plate inoculation [9].  

 
A modification of this test, in which discs inoculated 

with clavulanic acid were used instead of the amoxicillin-
clavulanic acid discs, has been described. The results of 
this method were comparable to the double-disc synergy 
test [10].  
 

Broth Microdilution 

Phenotypic confirmatory testing can also be 
performed by broth microdilution assays using 
ceftazidime (0.25 to 128 µg/ml), ceftazidime plus 
clavulanic acid (0.25/4 to 128/4 µg/ml), cefotaxime (0.25 
to 64 µg/ml), and cefotaxime plus clavulanic acid (0.25/4 
to 64/4 µg/ml). It should be emphasized that both 
ceftazidime and cefotaxime should be used. Broth 

microdilution is performed using standard methods. 
Phenotypic confirmation is considered as a ≥3-twofold-
serial-dilution decrease in MIC of either cephalosporin in 
the presence of clavulanic acid compared to its MIC when 
tested alone [11].  
 

Double-Disc Diffusion Test 

Described a disc diffusion test in which synergy 
between cefotaxime and clavulanate was detected by 
placing a disc of amoxicillin/clavulanate (20 µg/10 µg, 
respectively) and a disc of cefotaxime (30 µg), 30 mm 
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apart (center to center) on an inoculated agar plate [12]. A 
clear extension of the edge of the cefotaxime inhibition 
zone toward the disc containing clavulanate (keyhole 
like) was interpreted as synergy, indicating the presence 
of an ESBL; 30-µg antibiotic discs of ceftazidime, 
aztreonam, and ceftriaxone were also placed on the plate, 
30 mm (center to center) from the 
amoxicillin/clavulanate disc, since sometimes this 
keyhole effect was not observed with cefotaxime but is 
with other ß-lactam antibiotics containing the oxyanion 
group.  

 
Evaluation of the double-disc diffusion test against 

strains which have been genotypically confirmed to be 
ESBL producers or non-producers have revealed 
sensitivities of the method ranging from 79% to 97% and 
specificities ranging from 94% to 100%. False-negative 
results have been observed with isolates harboring SHV-2, 
SHV-3, and TEM-12. In isolates which are suspicious for 
harbouring ESBLs but are negative using the standard 
distance of 30 mm between discs, the test should be 
repeated using closer (for example, 20 mm) spacing [13]. 

 
A major advantage of the double-disc diffusion test is 

that the test is technically simple. However, the 
interpretation of the test is quite subjective. Sensitivity 
may be reduced when ESBL activity is very low, leading to 
wide zones of inhibition around the cephalosporin and 
aztreonam discs. This has been noted for Proteus mirabilis  
 

Agar Supplemented with Clavulanate 

Described a method by which Mueller-Hinton agar was 
supplemented with 4 µg/ml of clavulanate. Antibiotic 

discs containing ceftazidime (30 µg), cefotaxime (30 µg), 

ceftriaxone (30 µg), and aztreonam (30 µg) were placed 
on the clavulanate containing agar and on regular 
clavulanate free Mueller-Hinton agar plates [14]. A 
difference in ß-lactam zone width of ≥10 mm on the two 
media was considered positive for ESBL production. A 
major drawback of the method is the need to freshly 
prepared clavulanate containing plates. The potency of 
clavulanic acid begins to decrease after 72 h [15]. 
 

Three-Dimensional Test 

The three-dimensional test gives phenotypic evidence 
of ESBL-induced inactivation of extended-spectrum 
cephalosporins or aztreonam without relying on 
demonstration of inactivation of the ß-lactamases by a ß-
lactamase inhibitor. In this test, the surface of the 
susceptibility plate is inoculated by standard methods for 
disc diffusion testing using a susceptible organism to the 

ß-lactam antibiotic disc used in the test. A slit is cut in the 
agar 5mm from the edge of the ß-lactam antibiotic disc in 
an outward radial direction or a spot is formed in the agar 
7-8mm away from the ß-lactam antibiotic disc. The slit or 
the spot is filled with 25µL of a milky suspension 
(McFarland number 5 turbidity standards) of the tested 
strain in broth. After overnight incubation at 37ᵒC, the 
three dimensional test is interpreted positive when the 
inhibition zone around the ß-lactam antibiotic disc is 
distorted by the growth of the tested organism resulting 
in decreasing the diameter of the inhibition zone (Figure 
1) [16].  

 
 

 

 Figure 1: The Three-dimensional test. 
 
 

Commercial Methods for ESBL Detection 

E-Test for ESBLs 
AB Biodisk (Solna, Sweden) produces plastic drug-

impregnated strips, one end of which contains a gradient 
of ceftazidime (MIC test range 0.5 to 32 µg/ml) and the 
other with a gradient of ceftazidime plus a constant 
concentration of clavulanate (4 µg/ml). Similar strips 
containing cefotaxime and cefotaxime/clavulanate are 
now available. The reported sensitivity of the method as a 
phenotypic confirmatory test for ESBLs is 87% to 100% 
and the specificity is 95 % to 100%. The sensitivity and 
specificity of the method depend on the ratio of MICs of 
the cephalosporin versus cephalosporin/clavulanate 

combination used. The manufacturer recommends a ≥8-
fold reduction in cephalosporin MICs in the presence of 
clavulanate. Occasionally the MIC of the cephalosporin 
alone is difficult to read because the inhibition zone is 

http://jac.oxfordjournals.org/content/vol54/issue3/images/large/112327f1.jpeg
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distorted by the clavulanic acid diffusing from the 
opposite ends of the strip. In these cases, some prefer to 
measure the MIC of the cephalosporin alone using a 
separate conventional strip containing only ceftazidime or 
cefotaxime. The availability of cefotaxime as well as 
ceftazidime strips improves the ability to detect ESBL 
types which preferentially hydrolyze cefotaxime such as 
CTX-M-type enzymes [17].  
 

Automated Methods 
Automated methods for bacterial identification and 

susceptibility testing are used in the detection of ESBL 
producing organisms. The BD Phoenix System (Becton-
Dickinson Biosciences, Sparks, MD) uses its "expert 
software" to interpret the growth response to ceftazidime, 
cefotaxime, ceftriaxone and cefpodoxime, with or without 
clavulanate. Similarly, the Vitek 2 system (bioMerieux, 
Marcy L’Etoile, France) uses a card containing ceftazidime 
and cefotaxime alone and in combination with 
clavulanate. Ceftazidime or cefotaxime plus beta-
lactamase inhibitors are also used in the MicroScan 
Walkaway-96 System (Dade Behring, Inc., West 
Sacramento, CA). The above three semi-automated 
systems were recently compared to the conventional 
phenotypic confirmatory tests with regard to their ability 
to detect ESBL production in well characterized 
Enterobacteriaceae including Enterobacter spp., 
Citrobacter freundii and Serratia marcescens. The system 
with the highest sensitivity was Phoenix (99%), followed 
by Vitek 2 (86%) and MicroScan (84%) [18]. 
 
Implications of Positive Phenotypic Confirmatory 
Tests 

According to CLSI guidelines, isolates which have a 
positive phenotypic confirmatory test should be reported 
as resistant to all cephalosporins (except the 
cephamycins, cefoxitin, and cefotetan) and aztreonam, 
regardless of the MIC of that particular cephalosporin. For 
example, an isolate with a ceftazidime MIC of >256 µg/ml, 
cefotaxime MIC of 4 µg/ml and cefepime MIC of 2 µg/ml, 
which has a positive phenotypic confirmatory test should 
be reported as resistant to ceftazidime, cefotaxime and 
cefepime, when CLSI guidelines are followed. The isolate 
should also be reported as resistant to penicillins (for 
example, piperacillin or ticarcillin) regardless of the MIC, 
but as regard ß-lactam/ß-lactamase inhibitor 
combinations (for example, ticarcillin/clavulanate or 
piperacillin-tazobactam) should be reported as 
susceptible if MICs or zone diameters are within the 
appropriate range [13]. 

 

False Positives and False Negatives Obtained with 
Phenotypic Confirmatory Tests 
 The phenotypic confirmatory tests are highly sensitive 
and specific compared to genotypic confirmatory tests. 
However, there are a number of instances whereby the 
phenotypic confirmatory tests may be falsely positive or 
negative.  

 
Klebsiella pneumonia or Escherichia coli isolates which 

lack ESBLs but which hyper produce SHV-1 may give 
false-positive confirmatory tests. Such isolates can have 
ceftazidime MICs as high as 32µg/ml [19]. Characterized 

one of those organisms where a single base pair change in 
the promoter sequence resulted in increased production 
of chromosomally encoded SHV-1. Additionally, outer 
membrane protein (OMP) analysis revealed a decrease in 
the quantity of a minor 45-kDa outer membrane protein. 
There are limited clinical data to determine whether 

cephalosporin’s can be successfully used in patients with 
such non-ESBL-producing organisms. 
 

Described an outbreak in a paediatric ward in which 
Klebsiella pneumonia isolates without ESBLs had positive 
confirmatory tests. The bacteria were subsequently 
shown to produce TEM-1 and SHV-1 and be deficient in 
the outer membrane protein OmpK35. Eight bacteraemia 
patients were successfully treated with third-generation 

cephalosporins, for which MICs were 1 µg/ml or lower 
[20]. 

 
There are now numerous reports in which Klebsiella 

pneumonia isolates have been found to harbour plasmid-
mediated AmpC-type ß-lactamases. Some of these 
organisms have been found to harbour both AmpC-type ß-
lactamases and ESBLs .The coexistence of both enzyme 
types in the same strain results in elevated cephalosporin 
MICs but may result in false negative tests for the 
detection of ESBLs. The likely explanation is that AmpC-
type ß-lactamases resist inhibition by clavulanate and 
hence obscure the synergistic effect of clavulanate and 

cephalosporin’s against ESBLs. The relative amount of 
each ß-lactamase required to obscure the presence of the 
other is not known [13].  

 
Evaluated the performance of broth micro dilution 

screening and confirmatory tests at inocula within 0.5 log 
unit of the standard inoculum [11]. False negative results 
occurred with both screening and confirmatory tests 
when lower inocula were used. 
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Quality Control When Performing Screening and 
Phenotypic Confirmatory Tests 

Quality control recommendations are that 
simultaneous testing with a non-ESBL-producing 
organism as (Escherichia coli ATCC 25922) and an ESBL-
producing organism as (Klebsiella pneumonia K6 ATCC 
700603) also be performed. Control limits for these 
organisms are widely available. The ESBL control 
organism, Klebsiella pneumonia K6 (ATCC 700603), has 
been recently characterized; it produces SHV-18 and has 
lost the OmpK35 and OmpK37 porins [4].  
 
Molecular Methods for ESBL Detection 

Early detection of ß-lactamase genes was performed 
using DNA probes that were specific for TEM and SHV 
enzymes. The first ESBLs studied were with probes 
belonging to the TEM family.  

 
 Polymerase chain reaction (PCR) with oligonucleotide 

primers that are specific for a ß-lactamase gene is the 
easiest and most common molecular method used to 
detect the presence of a ß-lactamase belonging to a family 
of enzymes [19]. However, PCR doesn’t discriminate 
between different variants of TEM or SHV [20,21]. 
Sequencing is essential to discriminate between the non-
ESBL parent enzymes (eg, TEM1, TEM2, or SHV1) and 
different variants of TEM or SHV ESBLs (eg, TEM3, SHV2, 
etc) [22].  

 
Several molecular methods that aid in the detection 

and differentiation of ESBLs without sequencing have 
been suggested. The oligotyping method was used to 
discriminate between TEM-1 and TEM-2. This method 
used oligonucleotide probes that are designed to detect 
point mutations under stringent hybridization conditions. 
Several new TEM variants were identified using this 
method. These probes are less sensitive for the detection 
of mutations which are responsible for the extended 
substrate range [21]. In some cases these mutations lead 
to the appearance or disappearance of restriction sites. 
Amplification of the relevant part of the gene by PCR 
followed by restriction enzyme analysis can thus indicate 
the presence or absence of specific TEM or SHV derived 
ESBLs [23].  

 
PCR-single-strand conformation polymorphism (PCR-

SSCP) has also been applied to the study of ESBLs with 
satisfactory results [24]. This method has been used to 
detect a single base mutation at specific location within 
the beta-lactamase gene. The combination of PCR-SSCP 
with PCR-restriction fragment length polymorphism 
(PCR-RFLP) allows the identification of newer SHV 

variants. The ligase chain reaction (LCR) is used for the 
identification of SHV genes. Ligase chain reaction (LCR) 
allows the discrimination of DNA sequences that differ by 
a single base pair [25]. 

 
A sequence-specific peptide nucleic acid (PNA)-based 

multiplex PCR detection method provides an accurate 
means of identification of bla (GES-2) compared to the 
standard PCR and the gene sequencing techniques [26]. 

 
In Italy, the distribution of PER-1 ESBL was 

investigated by southern blot analysis with a PER-1 gene-
specific probe [27]. However, nucleotide sequencing 
remains the standard for determination of the specific ß-
lactamase gene present in a strain [28]. 
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