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A nationwide survey of extended-spectrum �-lactamase (ESBL) production among Enterobacteriaceae, car-
ried out in 2003, showed that CTX-M-type enzymes have achieved a sizeable prevalence among ESBL pro-
ducers in Italy, mostly in Escherichia coli and, to a lesser extent, in Klebsiella pneumoniae. In this work, we report
on the molecular epidemiology of the CTX-M-producing isolates from that survey and on the mechanisms of
dissemination of these emerging resistance determinants. The CTX-M-producing isolates were detected in 10
of the 11 participating centers distributed across the Italian national territory, although at remarkably
variable rates in different centers (1.2 to 49.5% of the ESBL producers). All CTX-M determinants were of group
1, with CTX-M-15 and CTX-M-1 being the most prevalent variants (60% and 35%, respectively) and CTX-M-32
carried by a minority (5%) of isolates. Each variant was detected both in E. coli and in K. pneumoniae.
Genotyping of the CTX-M-producing isolates by random amplification of polymorphic DNA revealed a notable
diversity, especially among those producing CTX-M-1, while clonal expansion was evident with some CTX-M-
15-producing strains. Mating experiments revealed a higher overall transferability of blaCTX-M-1 and blaCTX-M-32
than of blaCTX-M-15. Coresistance to quinolones and aminoglycosides was overall higher with the CTX-M-15-
producing isolates. The present results indicate that CTX-M-producing strains are now widespread across the
Italian territory and underscore the emerging role of these ESBL determinants in the European setting. They
also reveal notable differences in the dissemination mechanisms of genes encoding different CTX-M variants
of the same lineage.

Plasmid-mediated extended-spectrum �-lactamases (ESBLs)
capable of degrading the expanded-spectrum cephalosporins and
monobactams are among the most important resistance determi-
nants emerging worldwide in Enterobacteriaceae (6, 18, 30).
Strains producing ESBLs are resistant to the above-mentioned
compounds and often exhibit a multidrug-resistant phenotype,
including resistance to aminoglycosides and fluoroquinolones (13,
31), leaving only a few reliable therapeutic options (30, 32). In-
fections caused by ESBL producers are associated with increased
morbidity, mortality, and health care-associated costs (14, 22, 41).

The CTX-M-type �-lactamases, encoded by genes that have
been captured on transferable plasmids from the chromosomes
of Kluyvera spp., are among the most common and widespread
ESBLs encountered in Enterobacteriaceae (4, 30). Although
discovered later than the TEM- and SHV-type ESBLs (2, 3), it
is now clear that the CTX-M-type �-lactamases are playing a
major role as emerging resistance determinants in Enterobac-
teriaceae (4, 30). A worldwide distribution of these enzymes has
been reported (4), and in some settings (e.g., Argentina,
Greece, Japan, Spain, and Taiwan), the CTX-M-type enzymes
are more prevalent than TEM- and SHV-type ESBLs (35, 36,
43, 45, 46). In Europe, where the TEM- and SHV-type ESBLs
were first reported (20, 40) and are widespread overall (12, 26,

30, 33, 37), a rapid and massive dissemination of isolates pro-
ducing CTX-M-type ESBLs has recently been reported in
some countries (1, 16, 17, 21, 25, 44) and is a matter of major
concern.

At least five different lineages of CTX-M-type enzymes have
been identified, indicated as CTX-M-1, CTX-M-2, CTX-M-8,
CTX-M-9, and CTX-M-25 groups after the representative en-
zymes of each lineage (http://www.lahey.org/studies/webt.htm) (4).

In Italy, the presence of CTX-M-type ESBLs was previously
reported in clinical isolates of Enterobacteriaceae from some
hospitals (7, 29, 39), as well as from companion animals (8). In
2003, the second Italian nationwide survey on ESBL produc-
tion among Enterobacteriaceae was carried out, and the results
showed that CTX-M-type enzymes were common overall
(around 20%) among ESBL producers (24). In this work, we
report on the molecular epidemiology of the CTX-M-producing
isolates from that survey and on the mechanisms of dissemination
of these emerging resistance determinants.

(These results were presented in part at the 44th Inter-
science Conference on Antimicrobial Agents and Chemother-
apy, Washington, D.C., 2004.)

MATERIALS AND METHODS

Clinical isolates. The clinical isolates investigated in this work were collected
during the second Italian nationwide survey of ESBL production in Enterobac-
teriaceae (24). In that survey, nonreplicate clinical isolates of Enterobacteriaceae
suspect for ESBL production (showing cefotaxime, ceftazidime, ceftriaxone,
and/or aztreonam MICs of �1 �g/ml) were consecutively collected at the clinical
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microbiology laboratories of 11 teaching hospitals located across the Italian
national territory (Fig. 1). In each center, the collection of isolates was carried
out during the period from September to December 2003 and went on until the
end of the sampling period or until a maximum of 750 isolates from inpatients
and 250 from outpatients had been collected (whichever occurred first). Produc-
tion of ESBL activity was confirmed in all isolates by a double-disk synergy test,
and the presence of major lineages of ESBL genes (blaTEM, blaSHV, blaCTX-M,
and blaPER) was investigated by colony blot hybridization (24). All the ESBL-
producing isolates recognized by the blaCTX-M probes (hybridization was per-
formed under low-stringency conditions using a probe mix that was capable of
recognizing members of all major blaCTX-M lineages) were further investigated in
this study.

In vitro susceptibility testing. Susceptibility testing of ESBL producers was
carried out by disk diffusion (19), and results were interpreted according to the
guidelines of the Clinical and Laboratory Standards Institute (CLSI) (10). With
some antibiotics, MICs were also determined using Etest (AB Biodisk, Solna,
Sweden). Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603
were used for quality control of susceptibility testing.

Molecular characterization of �-lactamase determinants. The blaCTX-M genes
were initially amplified from all isolates using primers CTX-MU1 and CTX-MU2
(Table 1), designed on conserved regions and capable of amplification of an

internal fragment of blaCTX-M genes of all major lineages, as described previously
(29). E. coli Eco02SI (a CTX-M-1-producing isolate from our collection), Proteus
vulgaris PV1SM01 (a CTX-M-2-producing isolate) (29), Enterobacter aerogenes
Rio-3 (producing CTX-M-8) (5), and E. coli 785-D (producing CTX-M-9) (38)
were used as positive controls in PCR experiments. Direct sequencing of the
amplification products allowed group assignment. Complete nucleotide se-
quences of group 1 blaCTX-M genes (the only ones detected following the above-
mentioned screening) were determined on both strands by direct sequencing of
PCR products obtained with primers CTX-M3G-F and CTX-M3GE-R (Table
1), external to the coding sequence, as described previously (28). The presence
of blaTEM and blaSHV genes in CTX-M producers was determined by PCR using
primers TEM/F and TEM/R or SHV/F and SHV/R (Table 1), as described
previously (33). The natures of blaTEM alleles were investigated by sequencing
both strands of the amplification products as described previously (33).

Genotyping of isolates. Random amplification of polymorphic DNA (RAPD)
was carried out using primer 1254 or AP12h (Table 1) for the E. coli and the K.
pneumoniae isolates, respectively. Reactions were carried out in a 25-�l volume
using 1 U of the Taq DNA polymerase enzyme (Promega, Madison, Wis.) in the
reaction buffer provided by the manufacturer, containing 1.5 mM MgCl2, 150
�M of each deoxynucleoside triphosphate, 40 pmol of the selected primer, and
2 �l of a crude cell extract obtained by boiling a bacterial suspension (A600, 0.15)
for 10 min in sterile distilled water. The cycling parameters were as follows: 1
cycle each of 5 min at 94, 36, and 72°C; 10 cycles of 1 min at 94°C, 1 min at 36°C,
and 2 min at 72°C; 20 cycles of 1 min at 94°C, 1 min at 50°C, and 2 min at 72°C;
and a final extension of 10 min at 72°C. The RAPD profiles were resolved by
electrophoresis in 2% agarose gels in Tris-acetate-EDTA buffer; recorded as
digital images after ethidium bromide staining; and analyzed using the Diversity
Database Fingerprinting software (Bio-Rad, Richmond, Calif.). Under the
above-mentioned experimental conditions reproducible profiles were consis-
tently obtained in replicate experiments. Clustering of isolates according to the
RAPD profiles was done according to Dice’s coefficient in combination with
the unweighted-pair group method using average linkages clustering method
(the band intensity was not considered for this analysis). Isolates were considered
to belong in the same lineage when the similarity score was �0.90.

Gene transfer assays. Transfer of resistance genes by conjugation was assayed
by mating experiments in Mueller-Hinton broth (Difco Laboratories, Detroit,
Mich.) using E. coli J-53 (pro met Rifr Nalr) as a recipient and an initial donor/
recipient ratio of 0.1. Mating tubes were incubated at 30°C for 20 h. Transcon-
jugants were selected on Mueller-Hinton agar containing rifampin (300 �g/ml)
plus cefotaxime (2 �g/ml), and their identities were always confirmed by testing
for the recipient’s genetic markers (pro met). The presence of blaCTX-M genes in
transconjugants was always confirmed by PCR as described for the clinical
isolates.

Statistical analysis. The chi-squared test with Yates’ correction was used for
statistical evaluation of comparisons between frequencies.

RESULTS

CTX-M-type �-lactamases in Enterobacteriaceae. During the
second Italian nationwide survey of ESBL production in En-
terobacteriaceae, carried out in 2003, CTX-M-type �-lactamase
genes were detected in 115 of 583 (19.7%) ESBL producers
overall by a colony blot hybridization assay that could detect all
major lineages of blaCTX-M genes but could not discriminate

FIG. 1. Map of the Italian territory showing the locations of the
centers participating in the study, the prevalence of CTX-M producers
observed among the ESBL-positive isolates from each center, and the
CTX-M variants detected in each center.

TABLE 1. Oligonucleotide primers used in this work

Primer Target Sequence (5�–3�) Reference

CTX-MU1 blaCTX-M-like ATGTGCAGYACCAGTAARGT 29
CTX-MU2 blaCTX-M-like TGGGTRAARTARGTSACCAGA 29
CTX-M3G-F blaCTX-M (group 1) GTTACAATGTGTGAGAAGCAG 28
CTX-M3GE-R blaCTX-M (group 1) AACGGAATGAGTTTCCCCCATT 28
TEM/F blaTEM-like ATGAGTATTCAACATTTCCG 33
TEM/R blaTEM-like TTACCAATGCTTAATCAGTGAG 33
SHV/F blaSHV-like GCCCGGGTTATTCTTATTTGTCGC 33
SHV/R blaSHV-like TCTTTCCGATGCCGCCGCCAGTCA 33
1254 —a CCGCAGCCAA 27
AP12h — CGGCCCCTGT 11

a —, not applicable.
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among the different variants. The CTX-M-encoding genes
were mostly detected in E. coli and K. pneumoniae, but also in
single isolates of Citrobacter amalonaticus and Morganella mor-
ganii (Table 2). The last two isolates have been described
previously (28) and will not be discussed further here.

Sequence analysis of PCR products obtained with the CTX-
MU1 and CTX-MU2 primers revealed that all the blaCTX-M

genes belonged in group 1. Sequencing of the complete coding
regions identified the genes as blaCTX-M-1, blaCTX-M-15, or
blaCTX-M-32. Each variant was detected both in E. coli and in K.
pneumoniae (Table 2). CTX-M-15 was the most prevalent vari-
ant (60% of CTX-M producers) but was detected in only 5 of
the 11 centers. CTX-M-1 was the second most prevalent vari-
ant (35%) and the most widespread, being detected in 10 of the
11 centers. CTX-M-32 was the less common variant (5%) and
showed a more restricted distribution (Fig. 1 and Table 2). The
rates of ESBL-positive isolates producing CTX-M-type en-
zymes were highly variable (range, 1.2 to 49.5%) in different
centers (Fig. 1).

Association of blaCTX-M with other �-lactamase determi-
nants. In the CTX-M-positive E. coli and K. pneumoniae iso-
lates, the presence of additional �-lactamase determinants of
the blaTEM and blaSHV types was investigated by PCR. Of the
103 CTX-M-positive E. coli isolates, 92 (89%) also carried a
blaTEM determinant, while none carried a blaSHV determinant.
Of the 10 CTX-M-positive K. pneumoniae isolates, all carried
a blaSHV determinant (as expected, given the presence of a
chromosomal blaSHV gene in the species) (42), while 5 (50%)
also carried a blaTEM determinant. The blaTEM genes always
encoded TEM-1. Carriage of a blaTEM-1 gene was found to be
more frequent among CTX-M-15 producers (96%) than
among CTX-M-1 producers (71%) (P � 0.005). The nature of
the SHV determinants present in the K. pneumoniae isolates
was not further investigated in this work.

Genotyping of the CTX-M-positive isolates. Genomic relat-
edness among the CTX-M-producing E. coli or K. pneumoniae
isolates was investigated by RAPD profiling. The results re-
vealed the presence of multiple lineages among the CTX-M
producers of either species, even within the same center (Fig. 2).
Isolates of the same lineage (i.e., sharing a similarity of �0.90)
always carried the same blaCTX-M variant and were never de-
tected in different centers (Fig. 2).

In E. coli, the genotypic diversity appeared to be higher
among isolates carrying blaCTX-M-1 (35 isolates distributed in
31 lineages; lineage/isolate ratio, 0.89) than among those car-
rying blaCTX-M-15 (64 isolates distributed in 21 lineages; lin-
eage/isolate ratio, 0.33). The four blaCTX-M-32-positive isolates
belonged to a single lineage (Fig. 2A).

The 10 K. pneumoniae isolates producing CTX-M enzymes
were distributed in seven different lineages, three producing
CTX-M-1, three producing CTX-M-15, and one producing
CTX-M-32 (Fig. 2B).

Transferability of the blaCTX-M genes. Transferability of the
blaCTX-M genes was assayed with isolates representative of all
of the different lineages (for those lineages including �3 iso-
lates, a random sample of 2 to 5 isolates were selected for this
analysis). Transferability of blaCTX-M-1 was observed for 25
(81%) of the 31 E. coli lineages and for none of the 3 K.
pneumoniae lineages carrying that gene. Transferability of
blaCTX-M-15 was observed in 1 (5%) of the 21 E. coli lineages
and in 1 of the 3 K. pneumoniae lineages carrying that gene.
Transferability of blaCTX-M-32 was observed in both the E. coli
and the K. pneumoniae strains carrying that gene (Fig. 2).

Resistance phenotypes of the CTX-M-positive isolates. All
of the CTX-M-positive isolates were susceptible to imipenem,
and most of them were also susceptible to amikacin and piper-
acillin-tazobactam. Lower susceptibility rates were observed
for gentamicin, ciprofloxacin, and amoxicillin-clavulanate

TABLE 2. Prevalences of CTX-M producers among ESBL-positive isolates of Enterobacteriaceae
from the Italian nationwide survey carried out in 2003

Species (no. of ESBL
producers)

No. of CTX-M
producers (%) CTX-M variant (no.) Centers with CTX-M

producersa

Escherichia coli (188) 103 (54.8)b CTX-M-1 (35) AN, BG, CT, FI, NA, NO,
PA, SS, VA, VR

CTX-M-15 (64) AN, BG, CT, NO, VA
CTX-M-32 (4) VR

Klebsiella pneumoniae (81) 10 (12.3)b CTX-M-1 (3) BG, CT, NO
CTX-M-15 (5) BG
CTX-M-32 (2) CT

Klebsiella oxytoca (18) 0 —c —
Enterobacter spp. (57)d 0 — —
Citrobacter amalonaticus (1) 1 CTX-M-1 (1) VA
Citrobacter spp. (17)e 0 — —
Proteus mirabilis (163) 0 — —
Morganella morganii (3) 1 CTX-M-1 (1) VA
Providencia spp.(45)f 0 — —
Serratia marcescens (10) 0 — —
Total (583) 115 (19.7) — AN, BG, CT, FI, NA, NO,

PA, SS, VA, VR

a AN, Ancona; BG, Bergamo; CT, Catania; FI, Florence; NA, Naples; NO, Novara; PA, Palermo; SS, Sassari; VA, Varese; VR, Verona.
b Percentage of the total number of ESBL producers (of the corresponding species).
c —, not applicable.
d Including E. aerogenes and E. cloacae.
e Including C. freundii and C. koseri.
f Including P. stuartii and P. rettgeri.
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FIG. 2. Dendrograms based on RAPD typing showing genetic relatedness among CTX-M-producing E. coli isolates (A) and among CTX-M-
producing K. pneumoniae isolates (B) from various centers. The vertical dotted line indicates the 0.90 similarity score adopted to assign isolates
to the same lineage. The origins of isolates are also indicated (abbreviations are the same as in Fig. 1). Lineages for which conjugative transfer
of the CTX-M determinant was demonstrated are underlined.
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(Table 3). Coresistance to ciprofloxacin (in E. coli) and to
aminoglycosides (in both E. coli and K. pneumoniae) was
overall more frequent among the CTX-M-15-producing iso-
lates (Table 3).

With all the CTX-M-producing isolates, cefotaxime and
ceftazidime MICs were equal to or higher than the breakpoints
(2 �g/ml) recommended by CLSI for suspicion of ESBL pro-
duction (10), although the cefotaxime MICs were higher over-
all than those of ceftazidime (Table 4). Isolates producing
CTX-M-15 or CTX-M-32 showed higher ceftazidime MICs
than those producing CTX-M-1 (Table 4), in agreement with
the enhanced ceftazidimase activities of the former enzymes
(9, 34).

In disk diffusion testing, all the CTX-M-producing isolates
yielded inhibitory-zone diameters lower than the breakpoints
recommended by CLSI for suspicion of ESBL production
with cefotaxime (�27 mm) and with aztreonam (�27 mm)
(10), while 18% of the CTX-M-1-producing E. coli isolates
yielded an inhibitory zone diameter of �22 mm with cefta-
zidime (Table 4).

DISCUSSION

ESBL production is the major emerging mechanism of re-
sistance to expanded-spectrum cephalosporins and monobac-
tams among Enterobacteriaceae and is a matter of major con-

cern in the field of microbial drug resistance. In the European
scenario, where the TEM- and SHV-type ESBLs were first
detected (20, 40) and are widespread (12, 26, 30, 33, 37), recent
reports have shown a rapid and alarming dissemination of
Enterobacteriaceae producing ESBLs of the CTX-M type in
some countries, with notable changes in the epidemiologies of
these resistance determinants (15, 23, 44). The second Italian
nationwide survey on ESBL production in Enterobacteriaceae,
carried out in 2003, revealed that CTX-M-type ESBLs are now
also widespread in Italy, where they are present in approxi-
mately 20% of ESBL-producing Enterobacteriaceae and in
more than 60% of ESBL-producing E. coli isolates (24).

The results of this work provided some insights into the
molecular epidemiology of this emerging problem in Italy.
Isolates producing CTX-M-type enzymes were detected in 10
of the 11 centers distributed across Italian territory, showing
that these enzymes have achieved a countrywide distribution.
However, their prevalences in different areas appeared to be
highly variable, which could reflect the scenario of a relatively
early stage of dissemination of these resistance determinants in
the clinical setting. Continuing surveillance will be necessary to
monitor the evolution of this phenomenon and to verify
whether the CTX-M-type ESBLs will eventually prevail over
the TEM- and SHV-type ESBLs, which are still widespread,
especially in some areas. It will also be interesting to investi-
gate if these epidemiological differences could reflect differ-
ences in regional antimicrobial policies (the Italian Public
Health System is organized on a strictly regional basis).

Unlike in other countries (e.g., Spain, France), where mem-
bers of multiple CTX-M lineages have been reported (15, 43),
a virtually absolute prevalence of members of the CTX-M-1
lineage was observed in Italy. The reasons for this finding,
which is similar to that reported in Poland (1), remain to be
clarified, but it might also be consistent with a stage of early
dissemination of these ESBL determinants.

Molecular characterization of the CTX-M-producing iso-
lates and investigation of transferability of the CTX-M-encod-
ing determinants revealed significant differences between the
two closely related allelic variants blaCTX-M-1 and blaCTX-M-15.
In particular, the notable genotypic diversity among the E. coli
isolates producing CTX-M-1 and the high frequency at which
conjugative transfer of the blaCTX-M-1 gene could be detected

TABLE 3. Resistance phenotypes of E. coli and K. pneumoniae
isolates producing CTX-M-type ESBLs

Species Enzyme
(no. of isolates)

% Susceptible toa,b:

AMC PTZ IMI GEN AMK CIP

E. colic CTX-M-1 (35) 77 100 100 89 97 54
CTX-M-15 (64) 22 89 100 46 98 2
CTX-M-32 (4) 0 100 100 100 100 0

K. pneumoniae CTX-M-1 (3) 67 100 100 100 100 100
CTX-M-15 (5) 20 80 100 0 80 100
CTX-M-32 (2) 0 100 100 100 100 100

a Based on disk diffusion testing.
b AMC, amoxicillin-clavulanate; PTZ, piperacillin-tazobactam; IMI, imi-

penem; GEN, gentamicin; AMK, amikacin; CIP, ciprofloxacin.
c Chi-squared test (CTX-M-1 and CTX-M-15): AMC, P � 0.001; PTZ, P �

0.05; GEN, P � 0.001; AMK, not significant; CIP, P � 0.001.

TABLE 4. MICs of cefotaxime and ceftazidime and inhibitory-zone diameters of expanded-spectrum
cephalosporins and aztreonam for CTX-M-producing isolates

Species Enzyme
(no. of isolates)

MIC (�g/ml)a Inhibitory zone diam (mm)a,b

CTX CAZ CTX CAZ ATM FEP
rangeRange Median MIC90 Range Median MIC90 Range % Idd Range % Id Range % Id

E. coli CTX-M-1 (35) 32–�256 64 �256 2–8 2 4 6–14 100 16–24 82 10–18 100 14–22
CTX-M-15 (64) 64–�256 256 �256 4–�256 32 128 6–14 100 6–20 100 6–18 100 10–22
CTX-M-32 (4) 128–�256 256 16–48 32 6–10 100 14–16 100 6–12 100 16

K. pneumoniae CTX-M-1 (3) 24–�256 32–64 6–10 100 14–20 100 6–14 100 10–18
CTX-M-15 (5) 64–�256 128 24–64 32 6–10 100 10–14 100 6–10 100 10–20
CTX-M-32 (2) �256 �256 6 100 6 100 6 100 14–16

a CTX, cefotaxime; CAZ, ceftaxidime.
b ATM, aztreonam; FEP, cefepime.
c A 6-mm value means no zone of inhibition. The breakpoints for suspicion of ESBL production were as follows: CTX, �27 mm; CAZ, �22 mm; ATM, �27 mm (10).
d % Id, percentage of isolates categorized as putative ESBL producers by disk diffusion testing, based on the CLSI breakpoint for suspicion of ESBL production,

with the corresponding drug (10).
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suggest that plasmid-mediated horizontal transfer played a ma-
jor role in the dissemination of this ESBL determinant in E.
coli. On the other hand, the lower genotypic diversity among
the E. coli isolates producing CTX-M-15 and the lower pro-
pensity of blaCTX-M-15 to be transferred by conjugation suggest
that dissemination of blaCTX-M-15 was more heavily dependent
on clonal expansion. These different behaviors, which likely
reflect different natures of the genetic elements carrying the
two CTX-M determinants, could account for the more re-
stricted geographical dissemination of CTX-M-15 producers
than of CTX-M-1 producers, despite their higher overall prev-
alence. Investigation of the genetic support of the CTX-M
determinants is ongoing, to clarify the nature of the conjuga-
tive plasmids and to assess the locations of blaCTX-M genes that
were apparently not transferable by conjugation.

Concerning antimicrobial susceptibility, all the CTX-M-pro-
ducing isolates investigated in this study retained susceptibility
to carbapenems and most of them also to amikacin and piper-
acillin-tazobactam. High resistance rates were observed with
gentamicin, ciprofloxacin, and amoxicillin-clavulanate. The no-
table discrepancy in the behaviors observed with the two �-lac-
tam/�-lactamase inhibitor combinations is likely due, at least in
part, to the higher susceptibility to tazobactam than to clavu-
lanate of the CTX-M-type enzymes (6). The higher rates of
resistance to gentamicin and ciprofloxacin observed with the
CTX-M-15 producers could be due to genetic linkage of
blaCTX-M-15 with other resistance determinants on the same
genetic element and/or to the expansion of clones carrying
these resistance determinants.

Although ceftazidime MICs were overall lower than those of
cefotaxime, especially for CTX-M-1-producing isolates, the
MICs of both compounds for all the CTX-M-producing iso-
lates were equal to or higher than the 2-�g/ml breakpoint
recommended by CLSI for suspicion of ESBL production. In
disk diffusion testing, however, 18% of the CTX-M-1 produc-
ers would have been missed as potential ESBL producers if
ceftazidime alone were used as an expanded-spectrum cepha-
losporin for screening purposes. Thus, when disk diffusion is
used for susceptibility testing, the use of ceftazidime alone is
not advisable for screening of ESBL production. This is an
important point that clinical laboratories should consider as
the CTX-M-type �-lactamases continue to expand.
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