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INTRODUCTION
Since their introduction in therapy, more than
fifty years ago, antibiotics have played a funda-
mental role for the management and control of
infectious diseases (6). The development and
spread of resistant bacterial strains, however,
appears to modulate the actual potency of most

available drugs. This phenomenon is widely
distributed among a great variety of microrga-
nisms (1, 9, 20). Although the development of
resistance is a multifactorial and unpredictable
event, the selective pressure exherted by drugs
remains the driving force (11). The efficacy of
different antimicrobial agents also varies depen-
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SUMMARY
Introduction. An epidemiological study addressed to identify gram-negative bacteria, isolated from laborato-
ries in a Northern area of Italy, and their antibiotic resistance patterns was conducted.
Methods. Twelve laboratories distributed on Ligurian territory or neighbouring areacollected all consecutive
gram-negative isolates belonging to the Enterobacteriaceae family and non-fermenter group for 2 months and sent
them to a reference laboratory.
Results. A total of 1880 pathogens were collected, including 899 and 981 strains isolated from nosocomial- and
community-acquired infections, respectively. Escherichia coli (63.3% of total) was the most frequently isolated
pathogen followed by Pseudomonas aeruginosa (9.6%), Proteus mirabilis (8.9%) and Klebsiella pneumoniae (5.4%).
Nosocomial samples were collected mainly from patients in general medicine wards (19.9%) and healthcare set-
tings (14.1%). Urine was the most common clinical sample (79.9% of the total). Other samples were sputum and
bronchoaspirates (8%), skin wounds including those from decubitus (5.3%) and blood (4.1%). E. coli and P. mirabilis
were collected mainly from urinary tract infection while P. aeruginosa appears more involved in respiratory or
other infections. Considering the resistance to representative classes of antibiotics, it was higher (%) for
piperacillin-tazobactam in P. mirabilis (30.3), for ceftazidime in Enterobacter aerogenes (40.8) and in Providencia stu-
artii (40), for imipenem and amikacin in P. aeruginosa (16.2 and 13.7 respectively), for ciprofloxacin in P. stuartii
(66.6) and in P. mirabilis (44.7) than in others bacteria.
Conclusions. The increasing age of the population in general medical wards and healthcare settings is associ-
ated with urinary tract and bedsore infections. E. coli confirms its epidemiologic and pathogenic role, but P.
mirabilis and P. aeruginosa are emerging as alternativechallenges.
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ding on time, type of microrganism, nature of the
antibiotic, type of genetic mechanisms involved,
etc. (13, 16, 19, 24, 26). Among the several solu-
tions suggested to fight antimicrobial resistance,
appropriate and judicious use of therapeutic com-
pounds, the development of new drugs, as well as
adequate surveillance programs appear to be mea-
sures receiving a general consensus (8, 14, 20).
Surveys addressed to monitor the incidence of
antimicrobial resistance in certain species as well
as in different geographic areas are also needed in
order to provide microbiological data for the phy-
sicians because infections are seldom diagnosed
on an etiologic basis even in hospitals (7, 8, 10,
17). Therefore, the success of the empiric therapy
depends, not only, on the overall conditions of the
patient, but also, on the ability of the physician to
guess the pathogen and its resistance pattern.
Comprehensive epidemiological studies conduct-
ed by clinical microbiologists alert the physicians
about the local penetration of resistance traits thus
guiding, together with pharmacological, tolerabil-
ity and cost data, an appropriate selection of the
most active agents (3, 5, 7, 10, 12).
This survey was planned to identify the most fre-
quent species and to evaluate their antibiotic sus-
ceptibility patterns among Gram-negative bacte-
ria collected from clinical samples in Liguria and
in a neighbouring area.
A preliminary report of this study has been pre-
sented at the XXXVI National Congress AMCLI,
Rimini, 2007 (22).

MATERIALS AN METHODS
All consecutive Gram-negative bacilli, belonging
to the Enterobacteriaceae family and the non-fer-
menting group, were collected during April-May
2007 from a total of 12 Clinical Microbiology
Laboratories spread in Liguria and the neighbou-
ring area of this region. Strains isolated from any
kind of specimen, from in- and out-patients were
studied, while duplicate strains from same
patients were excluded. Pathogens were sent to
the reference laboratory at the Section of
Microbiology, DISCAT, University of Genoa
together with all available data (susceptibility test
results, clinical information and description of the
methods used to identify strains and for the asses-
sment of resistance to antibiotics).
Pathogens were re-identified in the reference cen-
tre and antibiotic susceptibility testing was car-
ried out by the method suggested by CLSI (4)
using the disk diffusion technique. Antibiotics for
susceptibility testing were supplied by Oxoid,
(Milan). A total of 1880 microrganisms causing
nosocomial, healthcare settings, and community-
acquired infections were collected. The complete

list of the pathogens analysed and their distribu-
tion is reported in table 1. E. coli ATCC 25922, E.
coli ATCC 35218, P. aeruginosa ATCC 27853,
and S. aureus ATCC 25923, were included as
quality control strains. 
The enrolled Laboratories were: 1, ASL 1
Imperiese, Sanremo Hospital, Imperia; 2, ASL2
San Paolo Hospital, Savona; 3 ASL 3 San Carlo
Hospital, Genoa-Voltri; 4 “Villa Scassi” Hospital,
Genoa-Sampierdarena; 5, Ente Ospedaliero
“Galliera Hospital, Genoa; 6 International
Evangelical Hospital, Genoa; 7, Clinical
Microbiology Laboratory, Section Microbiology
University of Genoa; 8, Istituto Giannina Gaslini,
Genoa; 9, ASL 4 Chiavarese, Genoa; 10, ASL 5
Spezzina, S. Andrea Civil Hospital, La Spezia, 11,
ASL22, Ovada (Alessandria) and 12, Santa
Corona Hospital, Pietra Ligure (Savona).
Among all strains tested, two type of errors, false-
susceptible (major error), and false-resistant
(minor error) wereconsidered.

RESULTS
Table 1 summarises the list and the distribution of
pathogens collected in this survey. A total of 1880
microorganisms were found, including 899 and
981 isolates from healthcare settings or nosocomi-
al- and community-acquired infections, respec-
tively. E. coli (63.3% of total) was by far the most
frequently isolated pathogen followed by P. aerug-
inosa (9.6%), P. mirabilis (8.9%) and K. pneumo-
niae (5.4%). The other microrganisms accounted
for about 2.3 % of the total. P. aeruginosa, P.
mirabilis, Enterobacter spp, Serratia marcescens
Providencia stuartii, Stenotrophomonas mal-
tophilia and Acinetobacter baumanii were more
frequently collected from healthcare settings or
nosocomial samples, while the other strains were
generally equally isolated from in- and out-
patients, with the exception of E. coli which was
found with higher incidence in the specimens from
community-acquired infections (table 1).
Nosocomial samples were mainly collected from
patients hospitalised in general medicine wards
(19.9%) and living in health-care settings (14.1%)
(table 2). Intensive Care Unit, General and
Orthopedic Surgery (7.9 and 7.7% respectively)
as well as Geriatrics (6.7%) supplied a higher
number of P. aeruginosa, and P. mirabilis strains
than other clinical wards. Urine was the most
common clinical sample (80%) irrespectively of
the patient location (table 3). In particular, urine
was collected from 89.4% out- and 69.7% in-
patients. Considering the pathogens isolated from
this specimen, E. coli was found in 1046 out of
1189 urine, while P. aeruginosa, P. mirabilis and
K. pneumoniae were the most frequently bacteria
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among the other pathogens isolated from urinary
tract infections (table 3). 
A detailed distribution of the nosocomial
pathogens according to the type of clinical sample
is reported in table 4. The second most frequent
submitted specimen was the indwelling catheter.
Other specimens were sputum and broncho-aspi-
rates (8%), specimens from skin wounds includ-
ing bedsore swabs (5.3%) and blood (4.1%). E.
coli and P. mirabilis were isolated from urinary
tract infections while P. aeruginosa appeared to
be mainly involved in respiratory infections.
Antibiotic susceptibility patterns of strains col-
lected from the various centres is displayed in
table 5. Although resistance was present in all
bacterial isolates, most of antibiotics maintained a
useful activity against a large proportion of
pathogens. Imipenem, in particular, was the most
active compound against all species with only
2.2% of resistant isolates. Amikacin ranked sec-
ond exhibiting a rate of non susceptible micror-
ganisms no higher than 5.6% for the whole col-
lection.
Antibiotics that showed a rate of resistance below
10% were cefepime (8.3), and cefoxitn (9.9), while
ceftazidime (12.8), nitrofurantoin (13.1), ceftriaxone

(14.5), gentamicin (15.6), and augmentin (16.6) were
characterised by a percentage of resistance below
20%. The rate of resistance of other drugs ranged
from 21.2% (piperacillin-tazobactam) to 57.0%
(ampicillin). 
The difference between the susceptibility patterns of
the prevalent bacterial isolates, according to the site
of infection, was lower in community–acquired.
However, rates were often remarkably high in some
cases of this group, particularly to ciprofloxacin,
cefazolin, trimethoprim-sulphamethoxazole as well
as ampicillin. Finally, community isolates showed
about half of the resistance rate to antibiotics than
nosocomial pathogens (table 5). 
P. aeruginosa resistance rates to the most relevant
antibiotics was similar or higher in nosocomial
than in the community acquired isolates in com-
parison to that observed with the other species. 
Considering the differences between antibiotic
susceptibility patterns obtained by participating
laboratories and those assessed by the reference
centre (table 6), a general increase in the percent-
ages of susceptibility obtained by the coordinat-
ing laboratory have been observed for all drugs
with the exception of cefoxitin that showed an
opposite trend. 
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Table 1. Distribution of the strains collected in the survey according to their origin
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Table 2. Distribution of nosocomial strains according to different clinical settings

Table 3. Distribution of the strains collected from urine and other clinical samples
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DISCUSSION
The need for local, national and international sur-
veillance to evaluate the rate of bacterial resistance
to antibiotics, is generally suggested in order to
chose the best drug for empiric therapy, and gain
information about the emerging pathogens and the
evolution of antibiotic resistance to the most fre-
quently used antimicrobials (7-10, 14, 20).
This study describes most prevalent agents of
bacterial infections in Liguria and their antibiotic
susceptibility patterns, evaluating samples from
1880 patients recruited by 12 hospitals distributed
throughout Liguria. Antibiotic susceptibility of all
isolates determined in hospital laboratories was
re-determined using a standard quality procedure
based on the disk diffusion test. Bacterial isolates
were examined for their susceptibility pattern to
most commonly used antibiotic classes. 
As expected, urinary tract infections accounted for
more than 90% of all infections with three species
(E. coli, P. aeruginosa and P. mirabilis accounting
for 81.8% of all the isolates. Although comparisons
are not feasible due to differences among studies,
the distribution of the type of infections and
causative agents appears to be in line with previous
investigations conducted in Italy (18).
P. aeruginosa was the most more frequent
pathogen lsolated from ICU patients, accounting

for 43.6% of all isolates collected in these wards.
lnterestingly, Acinetobacter represented only
5.6% of the ICU isolates, with 4 out of 7 isolated
strains from ICU, outlining the increasing impor-
tance of , Acinetobac among infections in this set-
ting (2, 25).
This study shows that species with intrinsic or
acquired antibiotic resistance are not widespread
in hospitals and healthcare settings of this area of
Italy. Although extended-spectrum β-lactamase
production was not directly tested, resistance to
third generation cephalosporins was rarely
observed in Gram-negative isolates. For instance,
7.6% of E. coli and 2.9% of K. pneumoniae iso-
lates were not inhibited by ceftazidime; these val-
ues decreased to 4.8 and 2.0 respectively when
tested in the reference centre. A similar behaviour
was shown by Enterobacter spp, and M. morganii
whose level of resistance to ceftazidime was
strongly reduced after a revaluation, while resist-
ance to fluoroquinolones remained high (about
20%) after the confirmation procedure. Re-testing
antibiotic susceptibility in the reference centre
showed that the great majority of the total isolates
were fully susceptible to imipenem and amikacin
(2.1 and 1.8% of resistant rate, respectively) and
only gentamicin and ciprofloxacin exhibited a
resistance rate of 13.3 and 20.7% respectively,
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Table 4. Distribution of nosocomial strains according to the type of clinical samples



being these values significantly lower than those
reported in a recent national survey on bacteria
isolated from severe infections (18). Multidrug-
resistant strains of P. aeruginosa, i.e. pathogens
resistant simultaneously to gentamicin, cef-
tazidime, and ciprofloxacin, have been found in
healthcare or nosocomial as well as in communi-
ty-acquired infections. 
Finally, the 7 A. baumanii isolates in this study
showed a high level of resistance to the great
majority of the antibiotics (only 1 strain was
resistant to just imipenem and amikacin. Clusters
of multidrug-resistant A. baumanii infections
have become a rather frequent event in ICUs, as
witnessed in very recent reports from Italian
investigators (2, 18, 25). 
Differences in the antibiotic susceptibility patterns

observed between the reference centre and the par-
ticipating laboratories can be attributed to the dif-
ferent methodologies adopted, as well as the lack
of information about the periodical inclusion of
quality control strains in the usual protocol.
The increasing age of the population of this area
of Italy leads to an increase of patients assisted in
the healthcare settings that is similar to a nosoco-
mial environment, where a high number of uri-
nary tract or bedsore infections are present.
The present findings do not give information
about genetic determinants of antibiotic resist-
ance and clonal relatedness of resistant isolates.
Studies to expand these important points are
underway. 
This is the first epidemiologic study in Liguria
and neighbouring area and results presented here
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Table 5. Incidence of resistance (%) to selected antibiotics in 1878 strains

Amp, ampicillin; aug, amoxicillin-clavulanate; tzp, piperacillin-tazobactam; cfz, cefazolin; caz, ceftazidime;cro, ceftriaxone;
fep, cefepime; fox, cefoxitin; imi, imipenem; ak, amikacin; gen, gentamicin; cip, ciprofloxacin; sxt, trimethoprim-sulphamethoxazo-
le; nit, nitrofurantoin. na, not assessed.
Others: H. alvei (2), Salmonella spp (2), P. vulgaris (5), P. rettgeri (1), P. putida (2); A. baumanii (7), S. paucimobilis (1), R. ornitholytica
(4), P. alcalifaciens (1), A. xylosoxidans (1), A. hydrophila (1).
Com-acq, community-acquired. Data concerning species with less than ten isolates are not reported
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are of high interest for comparative
epidemiologic analysis suggesting
indications for the empirical thera-
py at a local level.
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Table 6. Incidence of resistance (%) to selected antibiotics: and analysis of data obtained
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