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n INTRODUCTION

A
cinetobacter baumannii is an important op-
portunistic pathogen that is rapidly evolv-
ing toward multidrug resistance (MDR)

and is involved in various nosocomial infections,
especially in intensive care units (ICUs), with in-
creasing frequency. This organism usually affects
immunocompromised, ventilator-dependent or
debilitated patients, causing a great number of
clinical conditions, including pneumonia, bacter-
aemia, urinary tract infections, wound infections,
endocarditis and meningitis. It is difficult to pre-
vent A. baumannii infection because it is ubiqui-
tous and the epidemiology of the infections it
causes is complex [1, 2]. Tigecycline (TIG), the
novel 9-t-butyl substituted minocycline deriva-
tive, is a glycylcycline that overcomes all known
resistance mechanisms that affect tetracycline (ri-
bosomal protection and active drug efflux) and it
is active against many Gram-positive and Gram-
negative microorganisms, including multiresis-
tant strains [3-6]. The present study was con-
ducted to evaluate the in vitro susceptibility of
Acinetobacter baumannii strains isolated from ICU
patients in Aversa hospital to tigecycline in com-
parison to the susceptibility to the other most
commonly used antimicrobial agents.

n MATERIALS AND METHODS

A total of 50 MDR clinical isolates of A. bau-
mannii from ICU patients at the S. G. Moscati

Hospital from January 2008 to January 2009 at
our microbiology laboratory were investigated.
Sources of the A. baumannii isolates were the
following: respiratory tract (30/50), urine
(9/50), blood (5/50), catheter (3/50), and sterile
body fluids (3/50). 
A. baumannii isolates were identified by colony
morphological features, Gram-staining, oxidase
test and the Phoenix 100 (BD) system. 
All isolates were tested by using the Phoenix
100 (BD) system for susceptibility to β-lactams
(piperacillin, aztreonam, cefotaxime, cef-
tazidime, cefepime, imipenem, meropenem,
piperacillin-tazobactam), aminoglycosides
(amikacin, gentamicin), fluoroquinolones
(ciprofloxacin, levofloxacin), chloramphenicol,
trimethoprim-sulfamethoxazole, and colistin.
Only tigecycline was tested by E-test (AB
BIODISK, Solna, Sweden) according to the
manufacturer’s instructions.

Etest
Minimum inhibitory concentrations (MICs) of
tigecycline were determined by E-test in
Mueller-Hinton agar. 
Briefly, an inoculum suspension with a turbidi-
ty equivalent to 0.5 McFarland standard was
prepared by suspending well-isolated colonies
in 0.9% saline. A sterile cotton swab dipped in-
to the inoculum suspension was used to evenly
streak the agar surface. 
The E-test tigecycline strip was applied to the
agar surface with the MIC scale facing upwards
and incubated at 37°C for 24 h. MICs were in-
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terpreted with category designations according
to Clinical and Laboratory Standards Institute
(CLSI) criteria [7, 8]. 
The antimicrobial range tested was 0.016 to 256
µg/ml. MICs breakpoints used for tigecycline
were applied according to the United States
Food and Drug Administration (FDA) of ≤2, 4,
≥8 µg/ml to designate susceptible, intermediate
and resistant strains, respectively [3-9, 10].

n RESULTS

All A. baumannii strains included in this survey
were isolated from clinical specimens of 50 pa-
tients in the ICUs. 
Lungs, urine and blood were the most common
sources of the isolates (60% of all isolates came
from lower respiratory tract infections, 18%
were isolated from urinary cultures, and 10%
from blood cultures).
Furthermore, A. baumannii strains included in
the study were simultaneously resistant to six
antibiotics (multidrug-resistant), namely
ciprofloxacin (MIC >2 µg/ml), chlorampheni-
col (MIC >16 µg/ml), imipenem (MIC >8
µg/ml), levofloxacin (MIC >4 µg/ml),
piperacillin (MIC >64 µg/ml) and piperacillin-

tazobactam (MIC >64/4 µg/ml). Six percent
were susceptible to trimethoprim-sulfamethox-
azole (MIC=1/19 µg/ml), 4% to amikacin (MIC
=16 µg/ml) and ceftazidime (MIC=4 µg/ml),
2% to meropenem (MIC=4 µg/ml) and gentam-
icin (MIC=4 µg/ml). 
Around 6% of isolates showed intermediate
susceptibility to cefotaxime (MIC=16 µg/ml);
4% to aztreonam (MIC=16 µg/ml); 6% to gen-
tamicin (MIC=8 µg/ml); 8% to cefepime
(MIC=16 µg/ml) and 20% to meropenem
(MIC=8 µg/ml). 
All MDR A. baumannii strains were susceptible
to colistin (MIC ≤0.5 µg/ml for 48 strains and
MIC=1 µg/ml for 2 strains) (Table 1).

Table 1 - Antimicrobial susceptibility to antibiotics of 50 A. baumannii strains.

Antibiotics MIC range (µg/ml) S I R

Amikacin 8-32 4% - 96%

Aztreonam 2-16 - 4% 96%

Cefepime 2-16 - 8% 92%

Cefotaxime 4-32 - 6% 94%

Ceftazidime 1-16 4% - 96%

Chloramphenicol 4-16 - - 100%

Ciprofloxacin 0.5-2 - - 100%

Colistin 0.5-2 100% - -

Gentamicin 2-8 2% 6% 92%

Imipenem 1-8 - - 100%

Levofloxacin 1-4 - - 100%

Meropenem 1-8 2% 20% 78%

Piperacillin 4-64 - - 100%

Piperacillin-tazobactam 4/4-64/4 - - 100%

Trimethoprim-sulfamethoxazole 0.5/9.5-2/38 6% - 94%

Table 2 - MIC (µg/ml) values of tigecycline against 50
A. baumannii strains determined by E-test.

MIC (µg/ml) Number of strains (%)

≤2 25 (50%)

3 10 (20%)

4 10 (20%)

6 3 (6%)

12 2 (4%)
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Results concerning the activity of tigecycline
are shown in Table 2. Tigecycline proved to be
moderately active against A. baumannii iso-
lates. We identified 25 (MIC ≤2 µg/ml) suscep-
tible isolates (50%), and 25 unsusceptible iso-
lates (50%), of which 2/50 (4%) with full resis-
tance and 23/50 (46%) with intermediate sus-
ceptibility.

n DISCUSSION

A. baumannii has emerged as an important
nosocomial pathogen that is often resistant to
numerous antimicrobial agents, like which
cephalosporins, aminoglycosides, fluoro-
quinolones and carbapenems [1]. 
During the past six years, the incidence of noso-
comial Acinetobacter infections appears to have
increased and surveillance studies suggest that
highly resistant strains of Acinetobacter are par-
ticularly prevalent among ICU patients [11].
Management of infections caused by these
strains is very difficult, as the strains often dis-
play multiple drug resistance, including car-
bapenem resistance. 
In our hospital, all of the A. baumannii isolates
are multidrug-resistant and the carbapenem re-
sistance rate is high. Thus, a limited number of
antimicrobial agents, including colistin and
tigecycline, maintain reliable activity against
this microorganism.
In the present study, tigecycline showed a good
in vitro activity (MIC ≤2 µg/ml) against 50% of
multidrug-resistant A. baumannii strains. 
This result is in line with those obtained in oth-
er European countries, where tigecycline
demonstrated its activity against MDR strains
of Acinetobacter showing a multiple resistance
phenotype [1]. 

Similar findings have also reported from
Turkey, where tigecycline has been found to be
the most effective antimicrobial agent against
this microorganism [12]. 
Increasing resistance to antimicrobials, includ-
ing carbapenems, has prompted the use of col-
istin as a therapeutic agent, and in recent years
it has been used with increasing frequency to
treat patients infected by an MDR A. baumannii.
However, problems such as emerging resis-
tance to this antibiotic and its nephrotoxicity
should be considered in prescription. 
Carbapenems have retained a better anti-Acine-
tobacter activity compared to other antimicro-
bial classes, but carbapenemases have emerged
in isolates already resistant to all other antibi-
otics. 
Many outbreaks of resistant strains, carbapene-
mase-producers, have occurred in a few centres
worldwide, and the International Network for
the Study and Prevention of Emerging Antimi-
crobial Resistance (INSPEAR) has defined the
emergence of carbapenem resistance in Acineto-
bacter as a global sentinel event [13, 14].
Although in the present study the level of resis-
tance to carbapenems (100% for imipenem and
78% for meropenem) is high, we did not inves-
tigate the molecular basis of this resistance.
Molecular typing of multidrug-resistant A. bau-
mannii isolated from ICU patients in our hospi-
tal will determine whether they share the same
clonal type.
In conclusion, treatment options for infections
due to MDR organisms are very limited and
tigecycline may be considered as a therapeutic
option for the treatment of nosocomial infec-
tions.

Key words: tigecycline, Acinetobacter baumannii,
multidrug-resistant.

This survey was conducted to evaluate the in vitro
activity of tigecycline against 50 isolates of mul-
tidrug-resistant (MDR) Acinetobacter baumannii.
Isolates of A. baumannii were resistant to
ciprofloxacin, chloramphenicol, imipenem, lev-
ofloxacin, piperacillin and piperacillin-tazobac-

tam, but were always susceptible to colistin. MICs
of tigecycline were determined by E-test in
Mueller-Hinton agar. 
The results of the study showed that 50% of the A.
baumannii strains were susceptible to tigecycline
(MIC ≤2 µg/ml).

SUMMARY
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Questo studio è stato condotto per valutare l’attività in
vitro di tigeciclina nei confronti di 50 isolati di Acine-
tobacter baumannii multiresistenti (MDR). 
Tali isolati di A. baumannii sono risultati resistenti nei
confronti di ciprofloxacina, cloramfenicolo, imipenem,
levofloxacina, piperacillina e piperacillina-tazobactam,

ma sempre sensibili alla colistina. Le MIC di tigeciclina
sono state determinate mediante E-test in agar Mueller-
Hinton. 
I risultati dello studio hanno dimostrato una sensibilità
a tigeciclina (MIC ≤2 µg/ml) nel 50% dei ceppi di A.
baumannii isolati.
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