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We evaluated boronic acid (BA)-based methods for their ability to detect extended-spectrum �-lacta-
mases (ESBLs) among clinical isolates of KPC-producing members of the Enterobacteriaceae family. A
total of 155 isolates of Klebsiella pneumoniae (n � 141), Escherichia coli (n � 6), Enterobacter aerogenes (n �
6), and Klebsiella oxytoca (n � 2) genotypically confirmed to be KPC producers were analyzed. As many as
118 isolates harbored ESBLs (103 harbored SHV-type ESBLs, 13 harbored CTX-M-type ESBLs, and 2
harbored both SHV- and CTX-M-type ESBLs); the remaining 37 isolates were genotypically negative for
ESBL production. The CLSI ESBL confirmatory test was positive for 79 of the 118 ESBL producers
(sensitivity, 66.9%), while all 37 non-ESBL producers were negative (specificity, 100%). When a >5-mm
increase in the zone diameter of either the cefotaxime (CTX)-clavulanate (CA) or the ceftazidime
(CAZ)-CA disks containing BA compared with the zone diameter of the CTX or CAZ disks containing BA
was considered to be a positive result for ESBL production, the method detected all 118 ESBL producers
(sensitivity, 100%) and showed no false-positive results for non-ESBL producers (specificity, 100%).
Double-disk synergy tests, in which disks of CTX, CAZ, aztreonam, or cefepime in combination with BA
were placed at distances of 20, 25, and 30 mm (center to center) from a disk containing amoxicillin
(amoxicilline)-clavulanate-BA, were able to detect 116 (98.3%), 101 (85.6%), and 28 (23.7%) of the
ESBL-positive isolates, respectively; no false-positive results for non-ESBL-producing isolates were de-
tected. Our results demonstrate that the modified CLSI ESBL confirmatory test with antibiotic disks
containing BA is the most accurate phenotypic method for the detection of ESBLs in Enterobacteriaceae
producing KPC carbapenemases.

During the last decade, carbapenem resistance has emerged
among clinical isolates of the Enterobacteriaceae family, and
this is increasingly attributed to the production of �-lactamases
capable of hydrolyzing carbapenems (23). Among these en-
zymes, a new type of Ambler class A �-lactamase, the Klebsiella
pneumoniae carbapenemase (KPC), has been rapidly spread-
ing among K. pneumoniae isolates and other Enterobacteria-
ceae in the northeastern regions of the United States and has
now spread to several regions of North and South America, as
well as in Israel, China, and Greece (2, 13, 16, 21).

The current spread of KPC enzymes makes them a po-
tential threat to currently available antibiotic-based treat-
ments. These enzymes confer various levels of resistance to
all �-lactams, including carbapenems, even though cefamy-
cins and ceftazidime are only weakly hydrolyzed (15, 18).
KPC-possessing strains frequently carry extended-spectrum
�-lactamase (ESBL) genes (1, 3, 8, 13, 24), which could
possibly contribute to the expression and dissemination of

the �-lactam resistance trait (8, 18, 21). It should be also
noted that KPCs and ESBLs are mostly plasmid-encoded
determinants that can easily disseminate to other enterobac-
terial strains (3, 7, 15, 18, 26). Therefore, the phenotypic
detection of ESBLs in KPC-producing isolates of the Entero-
bacteriaceae is of potential interest for epidemiological pur-
poses as well as for limiting the spread of the underlying
resistance mechanisms.

The CLSI recommends a phenotypic confirmatory test for
ESBL production that consists of measuring the growth-
inhibitory zones around both cefotaxime (CTX) and cefta-
zidime (CAZ) disks with or without clavulanate (CA) for K.
pneumoniae, Klebsiella oxytoca, Escherichia coli, and Proteus
mirabilis (4). Different double-disk synergy tests (DDSTs)
based on the synergy of amoxicillin (amoxicilline)-clavu-
lanate (AMC) with extended-spectrum cephalosporins and
aztreonam have also been extensively used for the detection
of ESBLs (7). However, strategies for the laboratory iden-
tification of ESBLs need to be reviewed and adjusted as
additional mechanisms of resistance to �-lactams coexist in
enterobacterial strains (7). KPCs hydrolyze several �-lactam
antibiotics, and hence, the presence of an ESBL can be
masked by the expression of a KPC. Moreover, the weak
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inhibition of KPCs by the �-lactam inhibitors (15, 18, 30)
may interfere with the interpretation of ESBL detection
methods and KPC enzymes may be mistaken for ESBLs.
Thus, there is a need to accurately detect ESBLs in the
presence of coexisting KPC expression.

Boronic acid (BA) compounds were recently reported to
be reversible inhibitors of KPCs (6, 16, 27). In particular, we
have shown that BA disk assays are considered positive for
the detection of the KPC enzyme when the growth-inhibi-
tory zone diameter around a meropenem, imipenem, or
cefepime disk with phenylboronic acid is 5 mm or greater of
the growth-inhibitory zone diameter around the disk con-
taining meropenem or cefepime alone (27). The results of
this study also showed that BA affected the activity of CAZ
in ESBL-negative KPC-producing isolates but not in SHV
ESBL-positive KPC-producing isolates, most likely due to
the presence of the SHV ESBL, which is not restrained by
BA (27). BA-based tests with disks of CAZ and CTX have
also been successfully employed for the identification of
ESBLs in AmpC producers (11, 25). These observations led
us to design a modified CLSI ESBL confirmatory test using
antibiotic disks containing BA as well as different DDSTs
employing BA for the accurate detection of ESBLs in KPC-
producing enterobacterial isolates.

MATERIALS AND METHODS

Clinical isolates. A total of 155 clinical isolates of K. pneumoniae (n � 141),
E. coli (n � 6), Enterobacter aerogenes (n � 6), and Klebsiella oxytoca (n � 2)
genotypically confirmed to be KPC producers were included in the study. The
isolates were collected from separate patients who were hospitalized in five
tertiary-care hospitals located in four distinct Greek regions (two hospitals in the
broad region of Athens and one hospital each in Thessaloniki, Larissa, and
Serres). The presence of blaKPC was determined by using previously described
oligonucleotide primers and cycling conditions (14). The identification of all
isolates was confirmed by using the API 20E system (bioMerieux, Marcy l’Etoile,
France).

Antimicrobial susceptibility testing and phenotypic screening. Detailed sus-
ceptibility analysis was carried out by the agar dilution method according to the
guidelines and interpretative criteria of the CLSI (4). The phenotypic detection
of KPC-possessing K. pneumoniae isolates was evaluated by BA disk tests (27).
The screening for the possible production of class B carbapenemases was per-
formed with the metallo-�-lactamase (MBL) Etest (AB Biodisk, Solna, Sweden)
and the combined disk test with imipenem and EDTA (9).

Molecular testing for �-lactamase genes. �-Lactamase genes were amplified
by using a panel of primers for the detection of all types of MBLs (10); KPCs
(14); plasmid-mediated AmpCs in single PCRs for each gene (17); and ESBLs,
including the SHV, TEM, CTX-M, and GES/IBC enzymes (29). Total cellular
RNA was extracted with the TRI reagent (Ambion, Austin, TX), and reverse
transcription of 1 �g of total RNA was performed with a ThermoScript reverse
transcription-PCR system (Invitrogen, Carlsbad, CA), according to the manu-
facturer’s instructions. Derepressed AmpC-hyperproducing E. aerogenes isolates
were identified by quantitative real-time PCR with brilliant SYBR green (Qia-
gen, Hilden, Germany) and primers 5�-TGCGTGTCATAACATTATCCG-3�
and 5�-AACCCGTAGCCCAGGTAAAC-3� (22). The positive controls used
were previously characterized isolates from our collection carrying all types of
tested �-lactamases. The PCR products were subjected to direct sequencing. The
PCR products were purified with the ExoSAP-IT reagent (USB Corporation,
Cleveland, OH) and were used as templates for the sequencing of both strands
with an ABI Prism 377 DNA sequencer (Applied Biosystems, Foster City, CA).

ESBL detection by the CLSI confirmatory test and two different tests using
BA. The stock solution of BA was prepared as described previously (5) by
dissolving phenylboronic acid (benzeneboronic acid; Sigma-Aldrich, Steinheim,
Germany) in dimethyl sulfoxide and water at a concentration of 20 mg/ml. From
this solution, 20 �l was dispensed onto commercially available disks containing
CTX (30 �g) or CAZ (30 �g) with or without CA (10 �g). The final amount of
BA on the disks was 400 �g. The disks were then dried and were used within
60 min.

The CLSI confirmatory test for ESBL production was performed by inoc-
ulating Mueller-Hinton agar by the standard diffusion method and placing
disks containing CTX or CAZ with or without CA onto the agar (4). The test
was considered positive when an increase in the growth-inhibitory zone
around either the CTX or the CAZ disk with CA was 5 mm or greater of the
growth-inhibitory zone diameter around the disk containing CTX or CAZ
alone.

In addition, the following tests were performed for the detection of ESBLs.
(i) Similar to the CLSI ESBL confirmatory test, a �5-mm increase in the zone
diameter of either CTX-CA or CAZ-CA disks tested in combination with BA
(CTX-CA-BA and CAZ-CA-BA, respectively) compared with the zone di-
ameter of CTX or CAZ disks containing BA (CTX-BA and CAZ-BA, re-
spectively) was considered a positive result for ESBL production. (ii) DDSTs
were performed by placing disks of CTX, CAZ, aztreonam, or cefepime (30
�g each) in combination with BA at distances of 30, 25, and 20 mm (center
to center) from a disk containing AMC (10 �g)-BA. (iii) DDSTs were per-
formed by placing disks of CTX, CAZ, aztreonam, or cefepime (30 �g each)
at a distance of 20 mm (center to center) from a disk containing AMC (10
�g). For the DDSTs, ESBL production was inferred when the cephalosporin
or aztreonam inhibition zone was expanded in the presence of AMC. Inter-
pretation of the results of all tests was performed after incubation of the agar
plates at 37°C for 18 h.

Sensitivity and specificity. The performance of the various tests for the de-
tection of ESBLs in KPC producers was evaluated by using PCR as the “gold
standard.” For each test, the sensitivity was calculated from the number of
ESBL-possessing organisms that were correctly determined, while the specificity
was calculated from the number of non-ESBL-possessing organisms that were
correctly determined.

RESULTS

Molecular testing for �-lactamase genes in KPC-producing
isolates. Of the 155 KPC-producing isolates of K. pneumoniae,
E. coli, E. aerogenes, and K. oxytoca, 118 harbored ESBLs,
while the remaining 37 isolates were genotypically negative for
ESBL production. PCR and sequencing analyses showed that
103 (87.3%) of the ESBL producers harbored SHV-type ESBLs
and 13 (11.0%) harbored CTX-M-type ESBLs, while the remain-
ing 2 (1.7%) harbored both SHV- and CTX-M-type ESBLs (Ta-
ble 1). SHV-12 was the predominant SHV-type ESBL, and CTX-
M-15 was the predominant CTX-M-type ESBL. None of the
isolates contained GES/IBC- or TEM-type ESBLs, plasmid-

TABLE 1. Distribution of ESBL genotypes in bacterial isolates
used for validation of test methods

Strain group
and genotype(s)

No. of isolates

Klebsiella
pneumoniae
(n � 141)

Klebsiella
oxytoca
(n � 2)

Escherichia
coli

(n � 6)

Enterobacter
aerogenes
(n � 6)

Total
(n � 155)

ESBL-producing
isolatesa

blaCTX-M-3 3 3
blaCTX-M-15 9 1 10
blaSHV-5 5 5
blaSHV-12 94 2 2 98
blaSHV-12 �

blaCTX-M-15

2 2

Subtotal 113 2 1 2 118

Non-ESBL-
producing
isolatesb

28 0 5 4 37

Total 141 2 6 6 155

a Of the ESBL-producing isolates, 77 contained blaTEM-1.
b Of the non-ESBL-producing isolates, 24 contained blaTEM-1 and 5 contained

blaSHV-11.
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mediated AmpCs, or MBLs. blaKPC genes were accompanied
by blaTEM-1 in as many as 77 of the ESBL producers and 24 of
the non-ESBL producers. Moreover, five of the non-ESBL-
producing isolates harbored the broad-spectrum �-lactamase
SHV-11. In addition, quantitative real-time PCR showed that
compared to a control E. aerogenes strain containing inducible
chromosomal AmpC, all six E. aerogenes isolates contained
stably derepressed AmpCs.

Antimicrobial susceptibility testing of KPC-producing iso-
lates. The MIC data for the ESBL-producing and non-ESBL-
producing isolates are summarized in Table 2. The range of
MICs, the MIC50s, and the MIC90s of the �-lactam antibiotics
tested were lower for KPC producers that did not harbor

ESBLs than for those that harbored ESBLs. These differences
were more obvious for CAZ, suggesting the contribution of
ESBLs to the CAZ resistance levels.

Phenotypic testing for ESBLs. Table 3 presents the pheno-
typic test results and the performance characteristics of the
tests for the 118 ESBL PCR-positive and the 37 ESBL PCR-
negative KPC-producing clinical isolates.

(i) CLSI ESBL confirmatory test. The CLSI confirmatory
test for ESBL production, performed with CTX and CAZ disks
with and without CA, yielded positive results for 13 (11.0%)
and 79 (66.9%) of the 118 ESBL-producing isolates, respec-
tively (Fig. 1). In total, by the CLSI confirmatory test, 79 of the
ESBL producers showed a �5-mm increase in the zone diam-
eters around either the CTX-CA or the CAZ-CA disks (sen-
sitivity, 66.9%; Table 3). It is worth mentioning that the test
was not able to detect any one of the 15 KPC producers that
harbored CTX-M enzymes. None of the 37 non-ESBL-produc-
ing isolates showed a �5-mm increase in the zone diameters of
either the CTX-CA or the CAZ-CA disks (specificity, 100%;
Table 3).

(ii) Modified CLSI ESBL confirmatory test with both CA
and BA. When the modified CLSI ESBL confirmatory test,
which uses both CA and BA, was applied, the CTX and
CAZ disks yielded positive results for 114 (96.6%) and 118
(100%) of the ESBL-producing isolates, respectively (Fig.
1). In total, the combined phenotypic test in the presence of
BA showed for all 118 ESBL producers a �5-mm increase in
the zone diameters of either the CTX-CA-BA or the CAZ-
CA-BA disks (sensitivity, 100%; Table 3). The increases in
the zone diameters were higher for CAZ-CA-BA disks than
for CTX-CA-BA disks, possibly because the majority of
isolates produced SHV-type ESBLs (Fig. 2 and 3). Com-
pared with the results obtained with the CTX-BA disks, the
CTX-CA-BA disks failed to detect four isolates carrying
SHV-type ESBLs, although they detected all CTX-M-type
producers. None of the 37 non-ESBL-producing isolates
showed a �5-mm increase in the zone diameter of either the
CTX-CA-BA or the CAZ-CA-BA disks (specificity, 100%;
Table 3).

(iii) DDSTs. Table 4 shows the results of a comparative
evaluation of various forms of DDSTs applied to the screening

TABLE 2. Antimicrobial susceptibilities to �-lactam antibiotics for
118 KPC- and ESBL-producing isolates and 37 KPC-producing

non-ESBL-producing isolates

Strain group and
antimicrobial

MIC (�g/ml)
% Resistanta

Range 50% 90%

ESBL-producing isolates
Aztreonam 128–�256 256 �256 100
Cefepime 16–128 64 128 85.6
CTX 64–�128 64 �128 100
CAZ 128–�256 128 �256 100
Ertapenem 4–64 16 32 90.7
Imipenem 4–64 16 32 66.1
Meropenem 2–64 16 32 61.9
Piperacillin-tazobactam 256–�256 256 �256 100

Non-ESBL-producing
isolates

Aztreonam 64–�256 128 256 100
Cefepime 8–128 16 128 43.2
CTX 16–128 64 128 73.0
CAZ 8–128 32 128 70.3
Ertapenem 4–64 8 32 54.0
Imipenem 2–32 8 16 43.2
Meropenem 2–32 8 16 37.8
Piperacillin-tazobactam 16–�256 128 256 81.1

a The CLSI breakpoints used to define resistance were as follows: aztreonam,
�32 �g/ml; ertapenem, �8 �g/ml; cefepime, �32 �g/ml; CTX, �64 �g/ml; CAZ,
�32 �g/ml; imipenem, �16 �g/ml; meropenem, �16 �g/ml; piperacillin-tazobac-
tam, �128/4 �g/ml.

TABLE 3. Sensitivities, specificities, positive predictive values, and negative predictive values of the various combination tests and DDSTs
evaluated for the phenotypic detection of ESBLs in 155 KPC-producing isolatesa

ESBL screening method

No. (%) of isolates confirmed by PCR
to be: Test performance (%)

ESBL-producing
isolates

(n � 118)

Non-ESBL-producing
isolates

(n � 37)
Sensitivity Specificity PPV NPV

CTX-CA vs CTX and/or CAZ-CA vs CAZ 79 (66.9) 0 (0) 66.9 100 100 48.7
CTX-CA-�� vs CTX-�� and/or CAZ-CA-�� vs CAZ-�� 118 (100) 0 (0) 100 100 100 100
DDST,b ATM, CAZ, CTX, or FEP 20 mm from AMC 8 (6.8) 0 (0) 6.8 100 100 25.2
DDST,b ATM-BA, CAZ-BA, CTX-BA, or FEP-BA 30

mm from AMC-BA
28 (23.7) 0 (0) 23.7 100 100 29.1

DDST,b ATM-BA, CAZ-BA, CTX-BA, or FEP-BA 25
mm from AMC-BA

101 (85.6) 0 (0) 85.6 100 100 68.5

DDST,b ATM-BA, CAZ-BA, CTX-BA, or FEP-BA 20
mm from AMC-BA

116 (98.3) 0 (0) 98.3 100 100 94.9

a Abbreviations: ATM, aztreonam; FEP, cefepime; PPV, positive predictive value, NPV, negative predictive value. All other abbreviations are defined in the text.
b At least one combination.
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of ESBLs in KPC-producing isolates. The DDST performed by
placing disks of CTX, CAZ, aztreonam, or cefepime at dis-
tance of 20 mm (center to center) from a disk containing AMC
was able to detect only 8 of the 118 ESBL producers (sensi-
tivity, 6.8%). The application of this DDST with the 37 non-
ESBL producers gave negative results for all isolates (specific-
ity, 100%; Fig. 4).

The DDSTs performed by placing disks of CTX, CAZ,
aztreonam, or cefepime in combination with BA at distances
of 20 mm (center to center) from a disk containing AMC-BA
were able to detect 111, 103, 93, and 114 of the 118 ESBL

producers, respectively (Table 4; Fig. 4). In total, the test was
able to detect 116 ESBL producers with at least one combina-
tion (sensitivity, 98.3%; Table 3). Application of the test to the
37 non-ESBL producers gave consistently negative results for
all isolates (specificity, 100%; Table 3). DDSTs performed by
placing disks of CTX, CAZ, aztreonam, or cefepime in com-
bination with BA at distances of 25 and 30 mm (center to
center) from a disk containing AMC-BA were able to detect
101 (85.6%) and 28 (23.7%) of the 118 ESBL producers, re-
spectively; they showed no false-positive results for non-ESBL
producers (Tables 3 and 4). It should be noted that when the

FIG. 1. 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.
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distance of 30 mm (center to center) was used, none of the
CTX-M producers was detected.

DISCUSSION

The complex epidemiology of �-lactamases among multi-
drug-resistant isolates of the Enterobacteriaceae family com-
plicates the accurate phenotypic detection of different types
of �-lactamases. KPC enzymes have recently disseminated
among K. pneumoniae isolates in different regions world-
wide (12, 13, 15, 21). These �-lactamases have also been
sporadically detected in other enterobacterial species (3,
15). KPC enzymes efficiently hydrolyze all �-lactam mole-
cules but lack any significant catalytic activity for CAZ (15,
18, 30). Thus, the coproduction of ESBLs, such as the SHV
and CTX-M derivatives, seems to contribute to the hydro-
lytic activity of KPCs and the levels of resistance to broad-
spectrum cephalosporins (15, 18). Moreover, KPC genes
may be cotransferred with ESBL genes (18, 26), and both
KPC and ESBL genes are often associated with plasmid-
mediated fluoroquinolone and aminoglycoside resistance
determinants (15, 20). This may possibly contribute to the
dissemination of additional resistance mechanisms among
KPC producers. Therefore, the phenotypic detection of
ESBLs in KPC-possessing isolates is important for epidemi-
ological purposes, as well as from an infection control per-
spective, adding to the studies that may be performed for
the preliminary characterization of antimicrobial resistance
mechanisms.

In the present study the CLSI ESBL confirmatory test was
initially evaluated for its ability to differentiate the ESBLs
from a large collection of KPC-possessing clinical isolates of
the Enterobacteriaceae. This combined test was able to iden-
tify almost 70% of the ESBL producers, in contrast to the
DDSTa with disks of CTX, CAZ, aztreonam, and cefepime
at a distance of 20 mm from a disk of AMC, which failed to
detect ESBLs in the vast majority of ESBL PCR-positive
KPC-producing isolates. In a previous study, the CLSI
ESBL confirmatory test was able to detect a similar percent-
age of ESBL-positive isolates among a collection of AmpC-
producing isolates of the Enterobacteriaceae (11). However,
in that study, both CTX-CA and CAZ-CA disks identified
equal numbers of ESBL-positive isolates, whereas in our
study, CAZ-CA detected a considerably greater number of
ESBL-positive isolates, possibly because the hydrolytic ac-
tivity of the KPCs is greater for CTX than it is for CAZ.

Herein different phenotypic tests based on BA were eval-
uated for their ability to detect ESBLs in KPC producers.
Disk tests based on the inhibitory activity of BA have orig-
inally been described for the identification of class C AmpC-
type �-lactamase-producing enterobacterial pathogens (5).
These tests were found to enhance considerably the growth-
inhibitory zone around disks of cefamycins, allowing the
differentiation of AmpC-producing isolates. It has also re-
cently been described that BA disk tests with carbapenems

FIG. 2. Increase in the inhibition zone diameters of CTX-CA-BA
disks versus those of CTX-BA disks for 118 isolates producing both
KPCs and ESBLs and 37 isolates producing KPCs but not ESBLs.

FIG. 3. Increase in the inhibition zone diameters of CAZ-CA-BA
disks versus those of CAZ-BA disks for 118 isolates producing both
KPCs and ESBLs and 37 isolates producing KPCs but not ESBLs.

TABLE 4. Comparative evaluation of various forms of DDSTs
applied to screening of ESBLs in 118 ESBL- and

KPC-producing isolatesa

DDSTb

No. (%) of tests positive
for ESBL- and KPC-

producing isolates
(n � 118)

AMC 20 mm from:
CAZ ............................................................................... 0
CTX ............................................................................... 3 (2.5)
ATM .............................................................................. 0
FEP ................................................................................ 7 (5.9)
At least one combination............................................ 8 (6.8)

AMC-BA 30 mm from:
CAZ-BA ........................................................................ 6 (5.1)
CTX-BA ........................................................................ 13 (11.0)
ATM-BA ....................................................................... 2 (1.7)
FEP-BA ......................................................................... 26 (22.0)
At least one combination............................................ 28 (23.7)

AMC-BA 25 mm from:
CAZ-BA ........................................................................ 44 (37.3)
CTX-BA ........................................................................ 86 (72.9)
ATM-BA ....................................................................... 45 (38.1)
FEP-BA .........................................................................101 (85.6)
At least one combination............................................101 (85.6)

AMC-BA 20 mm from:
CAZ-BA ........................................................................103 (87.3)
CTX-BA ........................................................................111 (94.1)
ATM-BA ....................................................................... 93 (78.8)
FEP-BA .........................................................................114 (96.6)
At least one combination............................................116 (98.3)

a All forms of DDSTs gave negative results for the 37 ESBL PCR-negative
KPC-producing isolates.

b Abbreviations: ATM, aztreonam; FEP, cefepime. All other abbreviations are
defined in the text.
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or cefepime can be used for the accurate identification of
KPC carbapenemases (6, 16, 27). Additionally, BA disk tests
have been shown to exhibit high sensitivities and specificities
for the detection of ESBLs even when they are potentially
masked by the presence of a derepressed chromosomal or
plasmid-mediated AmpC �-lactamase (11, 25). Correspond-
ing to the findings presented in those studies, in the present
study we proposed a modification of the CLSI confirmatory
test based on BA in order to detect ESBLs in KPC-produc-
ing isolates. The inhibitory activity of BA on KPC enzymes
seems to influence the sensitivities of the CTX-CA and
CAZ-CA disks compared with those of the CTX and CAZ
disks for the detection of ESBLs in KPC producers. The
method was able to identify all ESBL PCR-positive isolates
and did not give false-positive results for any of the ESBL

PCR-negative isolates. It is also remarkable that the assay
successfully detected ESBLs in E. aerogenes isolates with
mutants with derepressed AmpC mutations that coproduced
ESBL and KPC enzymes. This might indicate that the pro-
posed modification of the CLSI ESBL confirmatory method
could detect ESBLs even in isolates that harbor both KPCs
and that overproduce AmpC enzymes.

DDSTs based on BA were also evaluated for their ability
to identify ESBLs. We found that the sensitivity of the test
was significantly improved by reducing the distance between
the tested disks to 20 mm and using cefepime disks. Similar
to those findings, we have previously proposed that the
sensitivity of the DDST for the detection of ESBLs in En-
terobacter spp. with stably derepressed AmpCs can be im-
proved when the distance between the cefepime and the

FIG. 4. Representative results of DDSTs performed by placing antibiotic disks at a distance of 20 mm (A and C) and the DDST modification
performed by 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. ATM, aztreonam; FEP, cefepime.
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AMC disks is reduced to 20 mm (28). However, in the
present study, none of the DDSTs based on BA were able to
identify all ESBL producers, whereas the modified CLSI
ESBL confirmatory test accurately differentiated all isolates.
It should also be noted that the interpretation of DDST
results may be difficult and subjective in some cases, whereas
interpretation of the results of the combined tests is always
objective (7).

In our study and despite previous implications that the
inhibition of KPCs by �-lactam inhibitors might give false-
positive phenotypic results for ESBL detection (19), the
combination disk methods as well as the different DDSTs
did not give false-positive results for the 37 ESBL PCR-
negative KPC-producing isolates. This could be attributed
to the weak inhibitory activity of CA referred to previously
(15), which possibly does not interfere with the interpreta-
tion of our test results. The present findings are also in
accordance with recent observations showing that the com-
mercially used �-lactamase inhibitors (CA and tazobactam)
are unable to lower the MICs of �-lactams for clinical KPC-
producing isolates (8). In conclusion, our results demon-
strate that BA compounds are useful tools in the clinical
laboratory not only for the detection of KPCs but also for
the identification of possibly coproduced ESBLs by means
of a modified CLSI ESBL confirmatory test.
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