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Introduction

Pseudomonas aeruginosa is an important nosocomial
pathogen, causing high mortality in susceptible patients. In
1994, P. aeruginosa isolation accounted for 13.9% of the
25,266 consecutive aerobic bacteria isolates and for 20.9%
of the 16,863 Gram-negative bacteria isolates examined in
an Italian survey of clinically significant isolates from 
in- and out-patients (S. Stefani, unpublished observation).
P. aeruginosa resistance can arise by various mechanisms
including mutational derepression of the ampC chromo-
somal -lactamases,1 acquisition of plasmid- or trans-
poson-mediated -lactamases,2 reduced uptake of amino-
glycosides across the outer and cytoplasmatic membranes
or production of enzymes,3 modification of DNA gyrase
(in the case of quinolone resistance),4 and loss of D2 porin
(resulting in imipenem resistance).5 Multi-drug resistance
has also been associated with multi-drug efflux.6

In order to assess the current level of susceptibility to
the most common antibiotics with antipseudomonal
activity against P. aeruginosa, an Italian survey was under-
taken.

Materials and methods

Bacterial strains

Fifteen microbiology laboratories throughout Italy par-
ticipated in this survey. From March to June 1995 each
laboratory was asked to collect up to 200 consecutive,

clinically significant P. aeruginosa isolates from in-
patients. Repeat isolates or isolates from out-patients were
excluded. The strains were sent to the University of
Catania for re-examination and antibiotic susceptibility
testing.

Identification of bacteria

All the isolates were re-examined by the University of
Catania for a positive reaction to oxidase and production
of pyocyanin on pseudomonas P agar (Difco, Milan, Italy).
Strains giving positive reactions in both tests were
accepted as P. aeruginosa and were not identified further.
Oxidase-positive but pyocyanin-negative strains were
identified by the API 20NE system (BioMérieux, Marcy
L’Etoile, France). All other isolates were discarded.

Susceptibility tests

MICs were determined by dilution on IsoSensitest agar
(Unipath, Milan, Italy). The following antibiotics were
tested: meropenem (Zeneca, Milan, Italy), ticarcillin/
clavulanate (SmithKline Beecham, Milan, Italy), pipera-
cillin (Lederle, Catania, Italy) and amikacin, imipenem,
carbenicillin, ceftazidime and ciprofloxacin (all from com-
mercial sources). The inocula (104 cfu/spot) were plated
using a multipoint inoculator (Denley). The MIC was
defined as the lowest antibiotic concentration that in-
hibited visible growth. P. aeruginosa ATCC 27853 and 
P. aeruginosa NCTC 10662 were used as reference strains.
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Breakpoints used for all antibiotics tested were according
to NCCLS criteria.7

Data analysis

The results were processed using Microsoft Access 2.0 and
Excel 5.0 programs run on an IBM-compatible computer.
Susceptibility data were compared using a chi-squared
test.

Results and discussion

In total, 1153 P. aeruginosa isolates were sent to the
University of Catania; 794 isolates were found to be
oxidase-positive and pyocyanin producers and so were
confirmed as P. aeruginosa. The identity of 211 strains
(oxidase-positive and pyocyanin-negative) was confirmed
using API 20NE. The remaining strains were discarded.
Of the 1005 confirmed P. aeruginosa isolates, 35.5% were
from the respiratory tract, 22.7% from urine, 19.5% from
skin and soft tissue, 3.9% from blood, 2.8% from the ear
and 11.4% from other sites; data were not available for
4.2%.

One-hundred and eighty-seven P. aeruginosa were
isolated from patients in intensive care units (ICUs); the
remainder were from other units.

The MICs of the tested antibiotics for P. aeruginosa
isolates are summarized in Table I. Only 559 P. aeruginosa
isolates (55.6%) were fully susceptible. Comparison of our
data with those of another recent UK survey8 shows the
high incidence in Italy of resistant P. aeruginosa strains for
all the antibiotics tested.

Meropenem was the most active compound followed by
amikacin (MICs90 4 mg/L and 32 mg/L, respectively).
Resistance to meropenem was rarer than that to other
antibiotics tested with 4% of isolates being resistant and
5% with intermediate susceptibility. Meropenem was four
times more active than imipenem (MIC90 4 mg/L and 16
mg/L respectively). However, the activity of meropenem
against these isolates was moderate because the MICs
were higher than those of the fully susceptible strains. The
difference in MICs of imipenem and meropenem for 
the imipenem-resistant strains has been attributed to the
poorer -lactamase-inducing ability of meropenem, im-
proved -lactamase stability, high affinity for penicillin
binding proteins 2 and 3 or the possibility that meropenem
diffuses through the outer membrane by non-specific and
D2 imipenem-specific pathways.9 One of these mechan-
isms could increase the steady-state periplasmic con-
centration of meropenem and thus reduce its MIC.

Table II shows the activity of all antibiotics tested
against isolates resistant to one drug. The majority of
meropenem-resistant P. aeruginosa were resistant to
imipenem but not vice versa, as almost half of imipenem-
resistant strains were susceptible to meropenem; more-

over, the strains resistant to meropenem were also
resistant to carbenicillin and ciprofloxacin, probably
indicating an intrinsic mechanism of resistance, efflux or
overproduction of outer membrane protein M(OprM).10

Piperacillin-resistant strains were cross-resistant to
carbenicillin and ticarcillin/clavulanate, which is a pattern
typical of plasmid-encoded -lactamases. Almost all the
strains resistant to amikacin were resistant to cipro-
floxacin. Cross-resistance between -lactam and/or
amikacin and/or ciprofloxacin was quite common, probably
determined by impermeability or by multi-drug efflux.6

Studies of resistance mechanisms in resistant isolates will
be reported separately.

The incidence of resistance amongst isolates from
different centres was compared. In general it was equally
distributed between the centres, but in this context the
incidence of resistance was dependent on the origin of the
strains, probably reflecting the patterns of antibiotic usage
for prophylaxis and therapy in the different hospital units.
This was particularly evident for ciprofloxacin resistance,
with one centre showing a low level of resistance (7.3%)
and another a high level (59.4%). The majority of strains
tested at the former centre came from paediatrics, while
those from the latter were from a haematology unit, and
the differing levels of resistance found are in accordance
with the low and high use of this drug in these units
respectively. Resistance to all the antibiotics tested was
commonest amongst isolates from patients in ICUs than
amongst those from other units. This probably reflects the
higher use of antibiotics in ICUs. Interestingly, we found a
high level of resistance to imipenem (40.6%) and cipro-
floxacin (38.2%) and a low level of resistance to
piperacillin, meropenem and amikacin (data not shown).

In conclusion, resistance of P. aeruginosa to penicillins,
ceftazidime, ciprofloxacin and amikacin seems common in
Italy. About half the isolates were resistant to one or more
antibiotics tested, with meropenem showing the highest
antibacterial activity and ciprofloxacin the lowest. The
patterns of susceptibility were equally distributed in Italy.
Resistance to all the antimicrobials was more common in
ICUs than in other hospital units. Overall, our findings
indicate that meropenem, which has been available in Italy
since the end of 1994, retains a high level of activity against
clinical isolates of P. aeruginosa and suggest that it has
potential as an antipseudomonal agent.
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