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Abstract

The prevalence of extended-spectrum �-lactamase (ESBL) production by consecutive non-repeated isolates of Enterobacteri-
aceae was determined over a 6-month period. A total of 8015 strains were isolated from ten Italian laboratories and 509 (6.3%)
of these were designated ESBL producers from the results of a double-disk synergy test. Escherichia coli was the most isolated
microrganism, followed by Klebsiella pneumoniae and Proteus mirabilis. Pro�idencia stuartii (28.1%) was the most frequently
isolated ESBL producer, followed by K. pneumoniae and Enterobacter aerogenes (20.5%). However, amongst all ESBL producers,
K. pneumoniae (38.2%) was the most represented followed by P. mirabilis (25.7%). All the strains positive to DD tests were
confirmed for the carriage of TEM and SHV genes using colony-blot hybridisation (CH). A total of 447 strains (88.0%) were
CH-positive, of which 42.3% hybridised with the TEM-type probe, 30.1% with the SHV-type probe and 15.6% with both probes.
In conclusion, our findings indicate that 6.3% of all Enterobacteriaceae tested produced ESBLs, 42.3% of which were
TEM-derived enzymes. More than 20% of P. stuartii, K. pneumoniae and E. aerogenes harbour these enzymes. The double-disk
test seems to be a useful test to identify ESBL producing strains. © 2002 Elsevier Science B.V. and International Society of
Chemotherapy. All rights reserved.
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1. Introduction

Bacterial resistance to �-lactam antibiotics is increas-
ing worldwide, mainly through the spread of plasmid
extended-spectrum �-lactamases (ESBLs). Most ESBLs
are derived from TEM- and SHV-type enzymes by
stepwise mutations of their structural genes, resulting in
either single or multiple amino acid substitutions in the
encoded enzymes [1]. These changes make the enzyme
more flexible, permitting it to hydrolyse third genera-
tion cephalosporins, which have large side chains that
hinder attack by the parent enzyme. ESBLs were first
recovered in Klebsiella pneumoniae [2] and have spread
to different genera of Enterobacteriaceae, which now
cause serious therapeutic problems in most developed

countries. Today, more than 80 different plasmid-medi-
ated ESBLs have been discovered in Enterobacteriaceae
and their presence confers variable levels of resistance
to cefotaxime, ceftazidime and other broad spectrum
cephalosporins, to aztreonam and to penicillins, but
they have no activity against carbapenems [3,4]. Many
reports have described and characterised these enzymes
in K. pneumoniae and Escherichia coli, but few national
surveys on their frequency in Enterobacteriaceae have
been undertaken [5,8]. In Italy, ESBL production has
been described mainly in single strains [9–13] and with
the exception of a few centres participating in national
or international studies [14–16], no information on
ESBL prevalence in Italian hospitals is available. This
study was designed to determine the occurrence of
ESBLs in Enterobacteriaceae over a 6-month period in
1999; ten microbiological laboratories distributed
throughout Italy were involved.
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2. Materials and methods

2.1. Study design

During a 6-month period from January to June 1999,
ten Italian hospital laboratories collected all Enterobac-
teriaceae consecutively from in-patient specimens. Only
one isolate per species per patient was included in the
study. All participating laboratories performed their
own identification tests and susceptibility testing was
performed by the disk diffusion method on Mueller–
Hinton agar (Oxoid, Milan, Italy) according to NCCLS
guidelines [17].

All Enterobacteriaceae isolated showing reduced sus-
ceptibility or resistance to ceftazidime (�22 mm for 30
�g disc) and/or cefotaxime (�27 mm for 30 �g disc)
and/or aztreonam (�27 mm for 30 �g disc) were tested
for the production of ESBLs by the double-disk diffu-
sion test (DD), as described by Jarlier [18] with the
modification suggested by Emery and Weymouth [19].
After inoculating Mueller–Hinton agar plate as for
routine disk diffusion method, 30 �g disks of
aztreonam, ceftazidime and cefotaxime were placed 25
mm (centre to centre) from an amoxycillin-clavulanate
(20:10 �g) disk. After overnight incubation at 37 °C, an
enhancement of the inhibition zone of at least one of
the antibiotics towards the area containing clavulanate
was taken to indicate production of an ESBL.

All centres performed this test and all the personnel
who performed this screening were trained to avoid any
missing data and bias in the final assessment results.
Putative ESBL strains were sent to a central laboratory
to confirm their identification and molecular studies
were performed.

2.2. Molecular study

All the DD positive strains were sent to the Univer-
sity of L’Aquila, where the identity of strains was
confirmed by API 20 E (BioMèrieux, France) and
analysis for the presence of ESBLs was performed.

Colony-blot hybridisation technique (CH) was per-
formed on nylon membranes [20] (Hybond-N, Amer-
sham-Pharmacia Biotech, Milan, Italy), using random
primed 32P-labelled probes. PCR-generated amplicons
containing either blaTEM-1 or blaSHV-1 genes were used
as probes for detection of blaTEM and blaSHV alleles.
PCR amplification of the blaTEM alleles was performed
using the ApliTaq Gold DNA polymerase (Perkin-
Elmer, Milan, Italy) described previously [10].

2.3. Data analysis

Inhibition zone diameters, sources of specimen, the
unit involved, date of collection and strain identifica-
tion were recorded on case record forms. The data were
analysed using Microsoft Access and Excel programs
under Microsoft Windows®.

3. Results

Table 1 shows the distribution of 8015 strains iso-
lated during the study. E. coli was the most frequently
isolated microrganism followed by K. pneumoniae and
Proteus mirabilis.

Five hundred and nine isolates (6.3%) of 8015 were
DD positive indicating putative ESBL-producing

Table 1
Distribution of all Enterobacteriaceae collected by laboratories participating in the study

Micro-organisms Laboratories

Total10987654321*

211 609 262 1041 135E. coli 391 311 4604650829165
2002766685C. freundii 3936211–

3 21 12 495 – – 2 – 4C. koseri 2
45 237 87 94699 77 164 94 58 57K. pneumoniae 28

16655171111–K. oxytoca 321731010
3 39 44 191M. morganii 222 6 44 17 – 14

P. mirabilis 80511617922442930249645319
15312– 9638––1P. stuartii

– 12 12 528 – – 7P. �ulgaris –– 13
9 30 20 126 75E. cloacae – 29 16 51 62 418

E. aerogenes – 16 8 54 15 – 13 7 23 15 151
29601219 22441185319 –S. marcescens

167Others 36 3 –4 16 11 4 16 113

321 895Total 462 2731895 466 478 556 1519 1150 8015

* (1) Universita di Bari; (2) Ospedali Riuniti di Bergamo; (3) Universita di Catania; (4) Ospedale Careggi, Firenze; (5) Ospedale Niguarda
Milano; (6) Ospedale San Raffaele Milano; (7) Ospedale Civile Novara; (8) Universita di Perugia; (9) Universita Cattolica Sacro Cuore, Roma;
(10) Ospredale Circolo Varese.
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Table 2
Prevalence of extended-spectrum �-lactamases (ESBL) in Enterobac-
teriaceae

ESBL positiveMicro-organisms % Of all ESBL
(total strains) producers(%)

55 (1.2)E. coli (4604) 10.8
12 (6)C. freundii (200) 2.3

1.26 (12.2)C. koseri (49)
K. pneumoniae (946) 38.1194 (20.5)

3.920 (12.1)K. oxytoca (166)
9 (4.7)M. morganii (191) 1.8

131 (16.3)P. mirabilis (805) 25.7
5.327 (28.1)P. stuartii (96)

1 (1.9)P. �ulgaris (52) 0.2
2.312 (2.9)E. cloacae (418)
6.1E. aerogenes (151) 31 (20.5)
2.211 (4.9)S. marcescens (113)

Total 6.3509

Table 4
Distribution of ESBL producers in different hospital units

Medical unitsMicro-organisms Surgical units ICU
(%)(%)(%)

29 (9.2) 15 (15.0)E. coli 11 (11.4)
8 (2.6)C. freundii 4 (4.0) –
4 (1.3)C. koseri 2 (2.0) –

97 (31.0)K. pneumoniae 37 (37.0) 60 (62.5)
K. oxytoca 2 (2.1)3 (3.0)15 (4.8)

7 (2.2)M. morganii 1 (1.0) 1 (1.0)
106 (33.9)P. mirabilis 17 (17.0) 8 (8.3)

17 (5.4)P. stuartii 8 (8.0) 2 (2.1)
P. �ulgaris – 1 (1.0) –

7 (2.2)E. cloacae 3 (3.0) 2 (2.1)
E. aerogenes 19 (6.1) 6 (6.0) 6 (6.2)
S. marcescens 4 (1.3) 4 (4.2)3 (3.0)

96 (18.9)Total 100 (19.6)313 (61.5)

moniae was the most frequent isolated microrganism
from surgical wards and ICUs, whereas P. mirabilis was
most frequently isolated from medical wards.

The identity of all the strains sent to the central
laboratory was confirmed. Of the 509 DD-positive iso-
lates, 447 (88%) were shown to be CH-positive; 42.3%
hybridised with a TEM-type probe, 30.1% with the
SHV-type probe and 15.6% with both probes. Sixty-two
strains (11%) failed to hybridise with either TEM- or
SHV-type probes.

4. Discussion

There are no clear guidelines on how a clinical labo-
ratory should approach the problem of ESBL-mediated
resistance. DD testing is not a well-standardised
method. The choice of antibiotic tested and the distance
between the discs varies from study to study [18,19,21].

strains. When the identity of strains was checked at the
central laboratory, there was excellent agreement.

The number of isolates of each species that produced
ESBLs is listed in Table 2. Isolation rates of ESBL
producing strains in different centres ranged from 2.2
to 11.1%. Twenty seven of the total 96 Pro�idencia
stuartii (28.1%) strains isolated produced ESBLs. A
lower incidence of ESBL production (20.5%) was found
in strains of K. pneumoniae and Enterobacter aerogenes.
K. pneumoniae (38.1%) and P. mirabilis (25.7%) were
the most common species occurring in the ESBL-pro-
ducer group.

Table 3 shows the sites of isolation of the 509 ESBL-
producing isolates. ESBL producing strains were pre-
dominantly recovered from urine specimens followed
by blood culture.

Most ESBL producers were recovered from patients
in medical units (61.5%). Surgical units yielded 19.6%
strains and the ICU 18.9% strains (Table 4). K. pneu-

Table 3
Distribution of ESBL producers in relation to source or site of isolation

Micro-organisms Urine SkinBlood Respiratory tract Other

E. coli 23635 9
10 1C. freundii 1 – –

C. koseri ––––6
91 36K. pneumoniae 20 33 14

9 24 3K. oxytoca 2
– –6M. morganii – 3

80 118 27P. mirabilis 5
P. stuartii –45513

–– 1––P. �ulgaris
4 11 5E. cloacae 1

18 8E. aerogenes 1 3 1
23 –S. marcescens 24

––– –Others –

54.0Total (%) 16.5 14.7 10.4 4.3
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We adopted a 25 mm distance between amoxycillin-
clavulanate and the other discs, as suggested by Emery
and Weymouth [19], whereas Jarlier [17] used 30 mm.

Against this background, 509 isolates (6.3%) of 8015
strains were DD positive and therefore putative ESBL-
producing strains. The identity and the positive reac-
tion to the DD test of all the putative ESBL strains was
confirmed by the colony hybridisation (CH) test. The
results showed that 42.3% of putative ESBL strains
hybridised with a TEM-type probe, 30.1% with the
SHV-type probe and 15.6% with both probes. Among
SHV-type enzymes, SHV-12 is the most prevalent en-
zyme, whereas several TEM variants are widespread
among the Enterobacteriaceae, with a notable diversity
of enzymes and heterogeneous geographical distribu-
tion [22,23]. The 12.0% difference found between the
two methodologies (DD versus CH) could be due to the
fact that although these strains carry ESBL enzymes,
they are different from the TEM- and SHV-types, for
example, PER-1 or CTX-M enzymes [24,25]. Further
studies are needed to characterise these non-TEM, non-
SHV enzymes and/or other mechanisms of �-lactam
resistance.

Preliminary results on antibiotic susceptibility
[26] showed that all ESBL strains were susceptible
to carbapenems and almost 90% to a piperacillin/
tazobactam combination. The excellent activity
of the carbapenems and piperacillin/tazobactam against
ESBL producers and in particular the ability of
tazobactam to inhibit ESBLs, has been described
[3,14,27].

In conclusion, some salient features emerged from
this study. ESBLs were identified in more than 6.0% of
all Enterobacteriaceae isolated in Italy compared with
1.5% in 1990 [6], 3.2% in 1998 [8] in France and �1%
in the UK and The Netherlands [5,7]. A total of 42.3%
of the isolates in this study harboured a TEM-derived
enzyme; 20.5% of K. pneumoniae showed this mecha-
nism of resistance. Other species, such as P. stuartii and
E. aerogenes were also important ESBL producers.
Although a number of methods for the detection of
ESBLs are currently under development, the DD test
seems to be a practical and effective method to rou-
tinely discriminate ESBL-producing strains. Putative
ESBL producers were recovered in all the laboratories
demonstrating that these enzymes are now spread
throughout Italy. The 12.0% of CH-negative strains
might contain new enzymes. If they spread in a similar
manner as the TEM and SHV derivatives, there could
be a change in the epidemiology of resistant bacteria.
Continued worldwide surveillance of ESBL enzymes is
necessary to provide information on the spread of this
important mechanism of resistance to �-lactam
antibiotics.
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tolica Sacro Cuore, Roma; and Antonio Toniolo and
Francesco Luzzaro, Ospedale Circolo, Varese.

References

[1] Bush K, Jacoby GA, Medeiros AA. A functional classification
scheme for �-lactamases and its correlation with molecular struc-
ture. Antimicrob Agents Chemother 1995;39:1211–33.
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