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n INTRODUCTION

Healthcare-associated infections (HAIs)
are a major cause of morbidity and mor-
tality in hospitalized patients. HAIs are

encountered in intensive care unit (ICU) pa-
tients 5-10 times more frequently than in pa-
tients from other services [1]. Antimicrobial
drug therapy is an important part of medical
treatment in ICUs. These infections cause a pro-
longed hospital stay, as well as impaired quali-
ty of life and increase the cost of hospitalization
[2, 3]. Increased resistance to commonly used
antimicrobial drugs lead to treatment difficul-
ties of infections with these pathogens [4].
Non-fermentative microorganisms such as
Pseudomonas and Acinetobacter species are
the most common causes of HAIs in ICU pa-
tients [5]. Acinetobacter species are important
causes of nosocomial infections such as blood-
stream and urinary tract infections, ventilator-
associated pneumonia (VAP), wound infection,
meningitis, endocarditis, and a variety of other
infections [6]. Acinetobacter baumannii has been
the most frequently encountered causative
agent in nosocomial infections among Acineto-
bacter species in the last 15 years. Acinetobacter
species are the most frequently isolated Gram
negative microorganisms from the skin of hos-
pital personnel [7].

Carbapenems are frequently used antibiotics in
the treatment of Acinetobacter infections. How-
ever, with the increase in multi-drug resistant
(MDR) strains defined as non-susceptible to
carbapenems and two or more additional class-
es, treatment options have decreased [7, 8]. 
In this study, our twofold aim was to investi-
gate susceptibility pattern changes of carbapen-
ems and aminoglycosides for treating A. bau-
mannii strains isolated from HAIs over a four-
year study period, and evaluate treatment
strategies.

n MATERIALS AND METHODS

A total of 127 Acinetobacter calcoaceticus-bauman-
nii complex strains isolated from various clinical
specimens of patients diagnosed with HAIs in
our hospital between 2007 and 2010 were in-
cluded in this study. Patients with A. baumannii
colonization were excluded. Colonization, ac-
cording to CDC guidelines, was defined as the
presence of microorganisms on skin, on mu-
cous membranes, in open wounds, or in excre-
tions or secretions but without causing adverse
clinical signs or symptoms [9]. 
In the study the above A. baumannii strains
were referred to as Acinetobacter calcoaceticus-
baumannii complex strains. This study was
planned as an active, patient-based and labora-
tory-based prospective case-control surveil-
lance study. During the study period, among
HAIs, 53 (42%) were from ICU and 74 (58%)
from non-ICU. Diagnosis of hospital-acquired

Articoli 
originali

Original 
articles

Le Infezioni in Medicina, n. 3, 211-215, 2013

Corresponding author
Tuba Dal
E-mail: tuba_dal@yahoo.com



212
2013

infection was determined on the basis of diag-
nostic criteria of Centres for Disease Control
and Prevention (CDC) for hospital-acquired in-
fection. According to these criteria, hospital-ac-
quired infection is defined as “a localized or
systemic condition resulting from an adverse
reaction to the presence of an infectious
agent(s) or its toxin(s) that was not present on
admission to the care facility” [9].
Mid-stream urine samples of patients with sus-
pected urinary tract infection were inoculated
on 5% sheep blood agar and Eosin-Methylene
Blue (EMB) agar (Oxoid Ltd., Basingstoke,
United Kingdom), quantitatively. Media were
incubated at 35 ± 2°C for 20-24 hours. After in-
cubation, urine samples with one type of aero-
bic bacterial growth on the surface of 5% sheep
blood agar media and with a colony count ≥105

CFU/ml were analysed. Blood samples taken
from patients with suspected bacteraemia
and/or sepsis were inoculated into blood cul-
ture bottles and incubated in BACTEC 9120 and
9240 (Becton Dickinson, MD, USA) blood cul-
ture systems for 7-10 days at 37°C. Blood sam-
ples in which bacterial growth was detected
were inoculated on 5% sheep blood agar, EMB
agar, and chocolate agar media. These media
were incubated at 35 ± 2 °C for 20-24 hours.
Wound swabs and other clinical specimens
were directly inoculated to the 5% sheep blood
agar, EMB agar, and chocolate agar and incu-
bated at 35 ± 2° C for 20-24 hours. All of the
strains isolated from clinical specimens were
identified by conventional methods and BD
PhoenixTM 100 (Becton Dickinson, MD, USA).
Antimicrobial susceptibility testing of A. bau-
mannii isolates was performed by the Kirby-
Bauer disk diffusion method according to Clin-
ical and Laboratory Standards Institute (CLSI)
recommendations [10]. In the disk diffusion
method imipenem (10 µg), meropenem (10 µg),
gentamicin (10 µg), and amikacin (30 µg) discs
(Oxoid Ltd., Basingstoke, UK) and Mueller-
Hinton agar (Oxoid Ltd., Basingstoke, UK)
plates were used. The direct colony suspen-

sions prepared with 0.5 McFarland turbidity
density equivalents were inoculated on
Mueller-Hinton agar plate and incubated at 35
± 2°C for 20-24 h, aerobically. After incubation,
inhibition zone diameters around the disks
were measured in mm and the results were
recorded as susceptible, intermediate and resis-
tant. In our study for the convenience of evalu-
ation, intermediate values were considered as
resistant. For quality control of fully automated
microbiology testing system and antimicrobial
susceptibility, Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used
as standard strains.

n RESULTS

In our hospital, a total of 127 A. baumannii
strains were isolated from HAI patients in a
four-year period. Taking them by years, 26
strains were isolated in 2007, 31 in 2008, 35 in
2009 and 35 in 2010. The total number of strains
isolated from ICU was 53 (42%) (Figure 1). It
was observed that susceptibility to imipenem
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Figure 1 - Distribution of A. baumannii isolates from
ICU and non-ICU, between 2007 and 2010.

Table 1 - Annual distribution of antibiotic susceptibility profile of Acinetobacter baumannii isolates (%).

Year Imipenem Meropenem Gentamicin Amikacin

2007 50 55 11 38

2008 23 29 10 26

2009 22 25 11 40

2010 20 12 22 48
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and meropenem decreased over the studied
years. Susceptibility rates between 2007 and
2010 (Table 1) decreased for imipenem from
50% to 20% and for meropenem from 55% to
12%. On the other hand, a susceptibility in-
crease was noted for gentamicin (from 11 to
22%) and amikacin (from 38 to 48%). Suscepti-
bility ratios for carbapenems decreased in par-
allel in ICU and non-ICU isolates (Figure 2).
The majority of A. baumannii isolates were re-
covered from wound infections and blood sam-
ples, respectively.

n DISCUSSION

Turkey is a large country serving as a bridge be-
tween Asia and Europe. Due to the country’s
geographical diversity, infectious agents and
antibiotic susceptibility profiles vary from re-
gion to region. Ours is a tertiary hospital locat-
ed in Diyarbakir and serves a large portion of
the population in Turkey’s South East Anatolia
Region. This region covers a large area with in-
habitants of several different nationalities. For
this reason, it is important to obtain resistance
profile data of microorganisms from the region.
To our knowledge, there is no large-scale study
available examining carbapenem resistance of
A. baumannii isolates in the region over a long
period. It is known that Acinetobacter baumannii
is the most frequently isolated Acinetobacter
species isolated from HAIs. Broad-spectrum
antimicrobial drug usage is an important risk
factor for HAIs.
Hospitalization in ICU, weakness of the gener-
al condition of the patient and poor immune
status represent risks for development of an-
tibiotic-resistant A. baumannii infection. A. bau-
mannii can easily colonize the surfaces of me-

chanical equipment used in ICUs, body sur-
faces of patients and hospital staff. In addition,
these microorganisms may be isolated from
ICU patients due to the use of broad-spectrum
antimicrobial drugs. In a study, it was reported
that 34% of A. baumannii isolated from hospital-
ized patients came from ICU patients. In our
study, most A. baumannii isolates were from
non-ICU patients. However, it may be stated
that isolation of A. baumannii in ICU patients
had a substantial level.
A. baumannii strains have become resistant to
many antimicrobials, including carbapenems as
of late. Environmental factors also play a major
role in acquiring resistance. Rates of suscepti-
bility to carbapenem of A. baumannii isolates
have been shown to vary from region to region
and even from hospital to hospital [5, 10-14].
Variations were observed in studies conducted
in different locations of Turkey. In a study per-
formed in 2008, the susceptibility rate for
imipenem was found to be 38% [5]. In a 4-year
study (2000-2004) by Gazi et al. susceptibility to
imipenem was shown to decrease from 71.7%
to 37.8% [10]. In 2006, Ozer et al. reported that
imipenem susceptibility was 56% and in the
same year in another study it was found to be
36% [11, 12]. According to the report of
Turkey’s National Nosocomial Surveillance
System, the weighted average rate of carbapen-
em resistance of A. baumannii increased from
47% to 62.8% between 2008-2009. According to
this report, the resistance rate increased to
69.6% in 2010 [15]. In our study, imipenem sus-
ceptibility decreased from 50% to 19% during
the four-year period. The number of antibiotic-
resistant A. baumannii strains has increased
worldwide, as in Turkey. Although the antibi-
otic susceptibility testing methods vary from
one hospital to another, similar results have
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Figure 2 - Changes in imipe-
nem susceptibility in ICU and
non-ICU A. baumannii isolates
between 2007 and 2010.
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been observed in A. baumannii strains isolated
from ICU all over Turkey. In a Turkish ICU
study, 58.8% of A. baumannii isolates were de-
termined as imipenem-resistant [16]. In another
Turkish study the rate of imipenem resistance
was 42% [17]. In a five-year Spanish study,
imipenem resistance increased from 1.3% to
80% [18]. In a large-scale United States study, it
was reported that carbapenem resistance in-
creased 3.7-fold (95% confidence interval [CI]
3.4-4.3) from 20.6% in 2002 to 49.2% in 2008 [19].
In a Chinese study imipenem resistance in-
creased rapidly from 58.5% in 2006 to 88.4% in
2009 [20]. On comparing studies, it may be stat-
ed that carbapenem resistance of A. baumannii
increased in our hospital as in other countries.
We suggest that serious infection control mea-
sures and infection management policies are al-
so necessary for our hospital. 
In different studies, the most frequently isolat-
ed A. baumannii clinical specimens were report-

ed as respiratory samples and blood cultures
[16, 17]. In one study, A. baumannii was fre-
quently isolated from tracheal aspirates and
wound samples followed by blood and urine
samples [5]. In our study, the great majority of
A. baumannii strains were isolated from wound
infections.
In conclusion, A. baumannii is an important
pathogen in ICU and non-ICU patients. Over
the years, susceptibility rates for imipenem
have decreased in A. baumannii infections.
Treatment of infections with A. baumannii has
become difficult. For the prevention and con-
trol of antibiotic resistance among Acinetobac-
ter species, antibiotic usage restrictions and in-
fection control precautions should be applied
worldwide.

Keywords: Acinetobacter baumannii, antimicrobial
susceptibility testing, health care associated in-
fections, carbapenem.

In the context of the substantial increase in antibi-
otic resistance rates of Acinetobacter baumannii, we
aimed to evaluate the susceptibility rate changes
of A. baumannii strains for carbapenems. A. bau-
mannii strains isolated from patients diagnosed
with healthcare-associated infections between
2007-2010 were included. A total of 127 A. bau-
mannii strains [53 (42%) from the intensive care
unit and 74 (58%) from the non-intensive care
unit] were isolated. Conventional methods and
an automated microbiology system were used for

identification. Susceptibility testing was studied
by Kirby-Bauer disk diffusion method. In 2007,
five of 26 strains, in 2008, 18 of 31, in 2009, 10 of
35, in 2010, and 20 of 35 were obtained from in-
tensive care unit patients. The susceptibility rate
for imipenem was 50% in 2007 but 20% in 2010,
while for meropenem it was 55% in 2007 but 12%
in 2010. Prevention and control of antibiotic resis-
tance among Acinetobacter species needs antibi-
otic usage restrictions and infection control pre-
cautions.

SUMMARY

Le percentuali di resistenza agli antibiotici in Acineto-
bacter baumannii è in progressive aumento. Il presen-
te studio è stato condotto al fine di valutare l’andamen-
to del profilo di sensibilità ai carbapenemi in isolati di
A. baumannii. Nello studio sono stati considerati 127
isolati di A. baumannii [53 (42%) da Unità di Terapia
Intensiva (UTI) e 74 (58%) da altri reparti] raccolti nel
periodo 2007-2010 da pazienti con diagnosi di healthca-
re-associated infection (HAI). L’identificazione batteri-
ca è stata effettuata con metodi tradizionali e con siste-
ma automatico. I test di sensibilità agli antibiotici sono
stati effettuati con metodo di diffusione con dischetto

(Kirby-Bauer). Il numero di isolati di A. baumannii
riscontrati in pazienti ricoverati in UTI è stato di 5/26
nel 2007, di 18/31 nel 2008, di 10/35 nel 2009 e di 20/35
nel 2010. È stata osservata una notevole riduzione del-
la sensibilità di A. baumannii a imipenem, dal 50% nel
2007 al 20% nel 2010. Altrettanto notevole è stata la ri-
duzione della sensibilità a meropenem, passata dal 55%
del 2007 al 12% nel 2010. 
La prevenzione e il controllo della resistenza agli anti-
biotici in Acinetobacter necessita di una attenta politica
di restrizione dell’uso di antibiotici e di strette misure di
controllo delle infezioni.
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