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Summary

 Background: Enterobacteriaceae producing ESBL and AmpC enzymes can be associated with failure of antibiot-
ic therapy and related morbidity and mortality. Their routine detection in microbiology laborato-
ries is still a problem. The aim of this study was to compare the sensitivity of selected phenotypic 
methods.

 Material/Methods: A total of 106 strains of the Enterobacteriaceae family were tested, in which molecular biology meth-
ods confirmed the presence of genes encoding ESBL or AmpC. In ESBL-positive strains, the sen-
sitivity of the ESBL Etest (AB Biodisk) and a modified double-disk synergy test (DDST) were eval-
uated. AmpC strains were tested by a modified AmpC disk method using 3-aminophenylboronic 
acid. For simultaneous detection of ESBL and AmpC, the microdilution method with a modified 
set of antimicrobial agents was used.

 Results: The sensitivity of the ESBL Etest was 95%; the modified DDST yielded 100% sensitivity for ESBL 
producers and the AmpC test correctly detected 95% of AmpC-positive strains. The sensitivity 
of the modified microdilution method was 87% and 95% for ESBL and AmpC beta lactamases, 
respectively.

 Conclusions: The detection of ESBL and AmpC beta lactamases should be based on specific phenotypic methods 
such as the modified DDST, ESBL Etest, AmpC disk test and the modified microdilution method.
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Background

At present, Enterobacteriaceae producing broad-spectrum be-
ta-lactamases belong to the most feared group of bacteri-
al pathogens. Of particular clinical importance are ESBL 
and AmpC enzymes capable of hydrolyzing broad-spectrum 
penicillins, monobactams and cephalosporins. The prev-
alence of broad-spectrum beta-lactamases in pathogenic 
bacteria is clinically very important. It increases the risk of 
failure of antibiotic therapy, resulting in higher morbidity, 
mortality and, last but not least, treatment costs. For exam-
ple, Kang et al reported initial antibiotic therapy fails sig-
nificantly more often (73%) in patients with spontaneous 
bacterial peritonitis due to ESBL-positive strains as com-
pared with peritonitis of ESBL-negative etiology (17%) [1]. 
Moreover, they showed 30-day mortality to be higher in pa-
tients with ESBL-positive pathogens (60%) than in those with 
ESBL-negative Enterobacteriaceae (23%) [1]. Pai et al docu-
mented high rates of failure of cefotaxime or ceftazidime 
therapy in patients with bloodstream infections caused by 
Klebsiella pneumoniae strains producing AmpC beta-lactamases 
[2]. Tumbarello et al also reported mortality associated with 
bloodstream infections due to ESBL-positive Enterobacteriaceae 
of as much as 60% in cases of inadequate antibiotic thera-
py as compared with 19% when therapy was adequately tar-
geted to the above multiresistant bacteria [3]. Schwaber et 
al documented a 30% mortality rate in patients with bac-
teremia due to ESBL-producing strains of Escherichia coli, 
Klebsiella spp. and Proteus spp. as compared with 16% mor-
tality in patients with non-ESBL-associated bacteremia [4].

The frequency and number of different types of ESBL and 
AmpC enzymes continue to increase. The EARSS data on the 
resistance of invasive isolates of Escherichia coli and Klebsiella 
pneumoniae suggest that the frequency of third-generation 
cephalosporin resistance has increased in the recent years. 
This negative trend is assumed to be determined by the 
spread of strains producing broad-spectrum beta-lactamases, 
in particular ESBL [5]. In their multicentre study, Paterson 
et al found that 31% of Klebsiella pneumoniae strains isolat-
ed from blood produced ESBL, with ESBL production be-
ing detected in 44% of isolates from intensive care units 
(ICUs) [6]. In their 2004 multicentre study comprising 16 
health care facilities, Kolar et al detected ESBL production 
in 26% of Klebsiella pneumoniae strains, with the prevalence 
reaching 39% in ICUs [7].

The laboratory detection of broad-spectrum beta-lactamases 
remains difficult. A study of 220 ESBL-positive isolates of 
Klebsiella spp. from 35 European ICUs showed that the col-
laborating laboratories incorrectly identified 29% of ESBL-
positive isolates as susceptible to ceftriaxone and 37% as sus-
ceptible to cefotaxime [8]. According to Tenover et al, the 
proportion of laboratories that did not detect production of 
ESBL and AmpC enzymes in Enterobacteriaceae ranged from 
24% to 32%, depending on the types of enzymes present [9]. 
A 2006 Italian study showed that all tested ESBL producers 
were correctly detected by only 42% of laboratories, while a 
2008 Spanish study reported that all tested ESBL producers 
were correctly detected by 91% of laboratories, but only 47% 
of laboratories correctly identified all AmpC strains [10, 11].

For detection, phenotypic and genotypic methods may 
be used, with phenotyping being preferred in routine 

microbiology practice. In the case of ESBL, the double-disk 
synergy test (DDST), Etest or CLSI test are used, which are 
based on inhibiting the activity of these enzymes by their in-
hibitors (e.g., clavulanic acid) and decreasing the minimum 
inhibitory concentration (MIC) value of a particular ceph-
alosporin, enlarging the zone of growth inhibition around 
the disk or its extension and formation of a characteristic 
pattern between the substrate disk and the disk containing 
the inhibitor [12–14]. AmpC beta-lactamases may be de-
tected using a modified AmpC disk test with disks contain-
ing ceftazidime, ceftazidime with clavulanic acid and their 
combination with 3-aminophenylboronic acid, an inhibitor 
of AmpC beta-lactamases [15].

Our study aimed to compare the sensitivity of phenotyp-
ic methods for detecting ESBL and AmpC enzymes in a 
group of strains with their production detected by molec-
ular biology methods.

Material and Methods

Bacterial strains

A total of 106 strains of the Enterobacteriaceae family were 
tested. The strains were identified by standard microbiol-
ogy methods and the Phoenix automated system (Becton 
Dickinson).

PCR

Molecular biology methods confirmed the presence of 
genes encoding ESBL or AmpC enzymes. ESBL detection 
was based on PCR amplification of blaTEM, blaSHV and blaCTX-M 
genes encoding the most frequent types of these beta-lac-
tamases, with subsequent determination of a particular vari-
ation by direct sequencing [16–18]. AmpC beta-lactamases 
were determined by multiplex PCR capable of differentia-
tion of various types of these enzymes [19].

ESBL and AmpC detection

For the isolates, the results of the disk diffusion and mi-
crodilution methods and the accuracy of the Phoenix au-
tomated system were assessed [13,14]. In ESBL-positive 
strains, the sensitivity of a modified microdilution meth-
od with determination of cefoxitin MIC and the ratio of 
MIC of cefoperazone with the cefoperazone/sulbactam 
combination (Chart 1), as well as of the ESBL Etest (AB 
Biodisk) and a modified DDST (Chart 2) were assessed. 
AmpC strains were tested by a modified AmpC disk test 
using 3-aminophenylboronic acid (Chart 3) and the mod-
ified microdilution method with the determination of 
cefoxitin MIC and the ratio of MIC of cefotaxime and cef-
tazidime with the cefotaxime/3-aminophenylboronic acid 
and ceftazidime/3-aminophenylboronic acid combinations 
(Chart 1). The criteria of positivity for the individual phe-
notypic tests are summarized in Table 1.

results

A total of 106 Enterobacteriaceae strains were tested. PCR 
and direct sequencing were used to detect ESBL pro-
duction in 85 strains and AmpC production in 21 strains 
(Table 2).
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When using the microdilution method with the CLSI crite-
ria, the tested strains were shown to be highly false-suscepti-
ble to cefoperazone (21% for ESBL and 76% for AmpC), ce-
fotaxime (29% and 67%), ceftazidime (32% and 29%) and 
cefepime (60% for ESBL). Also with the disk method, a large 
percentage of strains were identified as false-susceptible to 
third- and fourth-generation cephalosporins according to 
the CLSI criteria (cefoperazone 9% for ESBL and 43% for 
AmpC; cefotaxime 8% and 14%; ceftazidime 45% and 14%; 
cefepime 52%). The results are summarized in Tables 3 and 4.

After the breakpoints for cefepime, cefotaxime and ceftazi-
dime were decreased to 1 mg/L, as recommended by the 
EUCAST, the percentage of false susceptibility in the test-
ed strains of Enterobacteriaceae producing ESBL and AmpC 
enzymes decreased significantly.

Although the sensitivity of ESBL detection by the Phoenix au-
tomated system was high (99%), it only reached 38% in the 

group of AmpC-positive strains. High sensitivity was achieved 
with tests specific for a given type of a broad-spectrum beta-
lactamase. The ESBL Etest detected 95% of ESBL-positive 
strains. The modified DDST showed 100% sensitivity for ESBL 
producers, whereas the modified AmpC test with 3-amino-
phenylboronic acid proved correct in detecting 95% of AmpC-
positive strains. In the group of ESBL-positive strains, 87% of 
strains were shown to have cefoxitin MIC of 16 mg/L or less 
and a ratio of MIC of cefoperazone and cefoperazone/sul-
bactam >2:1. The sensitivity of the modified microdilution 
method for AmpC beta-lactamases was 95% (Table 5).

discussion

From a microbiological and clinical point of view, early and cor-
rect detection of ESBL and AmpC beta-lactamase production 
is essential. In routine microbiology practice, this remains com-
plicated by false-negative results, especially if traditional meth-
ods for determination of bacterial resistance to antimicrobial 

AMS AZT CXT CTX CTX/3APB CTZ CTZ/3APB CPR CPS CPM PIP PPT

64 64 64 64 64/300 64 64/300 64 64 64 256 256

32 32 32 32 32/300 32 32/300 32 32 32 128 128

16 16 16 16 16/300 16 16/300 16 16 16 64 64

8 8 8 8 8/300 8 8/300 8 8 8 32 32

4 4 4 4 4/300 4 4/300 4 4 4 16 16

2 2 2 2 2/300 2 2/300 2 2 2 8 8

1 1 1 1 1/300 1 1/300 1 1 1 4 4

0.5 0.5 0.5 0.5 0.5/300 0.5 0.5/300 0.5 0.5 0.5 2 2

Chart 1.  A modified set of antimicrobial agents for the standard microdilution method for simultaneous detection of ESBL and AmpC production 
(concentrations in mg/L).

AMS – ampicillin/sulbactam; AZT – aztreonam; CXT – cefoxitin; CTX – cefotaxime; CTZ – ceftazidime; CPR – cefoperazone; 
CPS – cefoperazone/sulbactam; CPM – cefepime; PIP – piperacillin; PPT – piperacillin/tazobactam; 3APB – 3-aminophenylboronic acid.

Chart 2. Modified DDST for ESBL detection. Chart 3. AmpC test for AmpC detection.
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agents are used. In severe bacterial infections, particularly in 
intensive care patients, antibiotic therapy should be initiated 
as soon as possible, preferably within an hour of diagnosis. 
However, microbiological results of phenotypic tests (includ-
ing correct determination of susceptibility/resistance of bac-
terial pathogens to antimicrobial agents) remain an impor-
tant primary source for selecting adequate antibiotic therapy 
and, if needed, de-escalation antibiotic therapy.

Results of our study show a high percentage of false suscep-
tibility in the standard microdilution method (21–76%) and 
disk diffusion method (8–52%) when using the 2009 CLSI 
criteria [13]. When decreasing the breakpoints for cefepime, 
ceftazidime and cefotaxime to 1 mg/L, in accordance with 
the EUCAST clinical breakpoints, false susceptibility drops 
to 5–43% [14]. The use of the EUCAST criteria for the disk 
diffusion method results in a clear decrease of false suscep-
tibility to 10–38% [14].

Detection of broad-spectrum beta-lactamases should be 
based on specific phenotypic methods, especially the mod-
ified DDST and AmpC disk method. Sensitivity of the 
mDDST used for ESBL detection was 100%, and 95% in 
the mAmpC test. Although very good results were also ob-
tained with the ESBL Etest (a sensitivity of 95%), this might 
not be the most suitable method for common use in micro-
biology due to higher operating costs associated with this 
test. The standard microdilution method with a modified 
set of antibiotics seems to be an effective method since it 
meets the criteria of high sensitivity (87% for ESBL and 
95% for AmpC) and simultaneous detection of the 2 en-
zyme types. Wiegand et al tested 3 semi-automated and 3 

Figure 1.  Positive result of the modified DDST in an ESBL-positive 
strain of Klebsiella pneumoniae.

Figure 2.  Positive results of the modified AmpC test in an AmpC-
positive strain of Klebsiella pneumoniae.

Test ESBL detection AmpC detection

mDDST*

Extension of the inhibition zone towards the disk with the 
inhibitor and/or
enlargement of the zone by more than 5 mm around the disk 
with the inhibitor (Figure 1)

mAmpC test**  
Enlargement of the inhibition zone by more than 5 mm as 
compared with the disk without 3-aminophenylboronic acid 
(Figure 2)

mMIC***

Cefoxitin MIC ≤16 mg/L and a ratio of MIC of cefoperazone 
and cefoperazone/sulbactam >2:1

Cefoxitin MIC ≥16 mg/L and a ratio of MIC of cefotaxime 
and cefotaxime/3-aminophenylboronic acid or MIC of 
ceftazidime and ceftazidime/3-aminophenylboronic acid 
>2:1

ESBL Etest

At least 4-fold decrease of MIC of the particular third- or 
fourth-generation cephalosporin (cefotaxime and ceftazidime 
in case of E. coli and K. pneumoniae, and in addition 
cefepime in S. marcescens) in the presence of the inhibitor 
(cefotaxime/clavulanic acid and ceftazidime/clavulanic acid, 
and additionally cefepime/clavulanic acid in S. marcescens) 
(Figure 3)

Table 1. Criteria of positivity of the phenotypic tests used to detect ESBL and AmpC enzymes.

* Modified double-disk synergy test; ** modified AmpC disk method; *** modified microdilution method.
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manual phenotypic methods for ESBL detection. In the 
semi-automated systems, the sensitivity rates were 99% for 
Phoenix, 86% for VITEK 2 and 84% for MicroScan. The 
compared manual methods included agar diffusion assays, 

the DDST, ESBL Etest and CLSI disk method. Sensitivity of 
these tests for ESBL detection ranged from 93% to 94%. 
Thus, the manual diffuse tests were more precise than the 
automated systems, which is in accordance with our results 
documenting 100% sensitivity of the mDDST [20]. Linscott 
and Brown compared 4 phenotypic methods for ESBL de-
tection; however, their production was not confirmed by 
PCR. Unlike the study by Wiegand et al., they reported 
higher sensitivity of semi-automated methods (MicroScan 
ESBL plus ESBL confirmation panel 100%; VITEK 1 99%) 
as compared with agar diffusion assays (ESBL Etest 97%; 
CLSI ESBL disk method 96%) [21].

conclusions

It is obvious that 100% sensitivity in the detection of ESBL pro-
duction is difficult to achieve. Our results, especially those of 
the modified DDST, suggest that the best solution seems to be a 
combination of 2 phenotypic methods. In case of a high preva-
lence of AmpC-positive Enterobacteriaceae, routine testing should 
include a phenotypic method to detect potential AmpC pro-
duction. As a suitable highly sensitive method, the AmpC disk 

test with 3-aminophenylboronic acid could be recommended. 
For basic screening, it would be advisable to use the microdi-
lution method with a modified set of antibiotics able to detect 
both ESBL and AmpC enzyme production in a single assay.

Species Number of strains Broad-spectrum beta-lactamase type

Escherichia coli
50 ESBL (CTX-M-1, CTX-M-9, CTX-M-14, CTX-M-15, CTX-M-27, SHV-12)

4 AmpC (CMY-2)

Klebsiella pneumoniae
33 ESBL (SHV-2, SHV-2a, SHV-12, CTX-M-1-like, CTX-M-9-like)

11 AmpC (DHA type)

Serratia marcescens 2 ESBL (SHV-12)

Enterobacter cloacae 3 AmpC (EBC type)

Citrobacter freundii 2 AmpC (CIT type)

Providencia rettgeri 1 AmpC (DHA type)

Table 2. A group of ESBL- and AmpC-positive isolates for determination of sensitivity of phenotypic methods.

Antibiotic

False susceptibility 

CLSI criteria EUCAST criteria

Breakpoint
(mg/L)

ESBL strains
(%)

AmpC strains
(%)

Breakpoint
(mg/L)

ESBL strains
(%)

AmpC strains
(%)

Cefoperazone ≤16 21 76 not stated – –

Cefotaxime ≤8 29 67 ≤1 7 43

Ceftazidime ≤8 32 29 ≤1 5 5

Cefepime ≤8 60 – ≤1 8 –

Table 3.  Percentage of false susceptibility to third- and fourth-generation cephalosporins in the groups of ESBL and AmpC producers when using the 
microdilution method.

Figure 3.  Positive result of the ESBL Etest in an ESBL-positive strain of 
Klebsiella pneumoniae.
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Antibiotic

False susceptibility (%) 

CLSI criteria EUCAST criteria

Breakpoint
(mm)

ESBL strains
(%)

AmpC strains
(%)

Breakpoint
(mm)

ESBL strains
(%)

AmpC strains
(%)

Cefoperazone ≥21 9 43 not stated – –

Cefotaxime ≥23 8 14 ≥21 11 29

Ceftazidime ≥18 45 14 ≥20 38 10

Cefepime ≥18 52 – ≥24 19 –

Table 4.  Percentage of false susceptibility to third- and fourth-generation cephalosporins in the groups of ESBL and AmpC producers when using the 
disk diffusion method.

Phenotypic method
Sensitivity (%)

ESBL AmpC

Phoenix 99 38

mDDST 100 –

mAmpC test – 95

mMIC 87 95

ESBL Etest 95 –

Table 5.  Sensitivity of the tested phenotypic methods in the groups of 
ESBL and AmpC producers.
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