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Abstract

Objective: This study focused on Acinetobacter spp. that were isolated from inpatients to determine the
resistance rates to antibiotics and to monitor the resistance increase over the years.

Method: To determine whether there was a clonal relationship between the strains using pulsed field gel
electrophoresis (PFGE), to evaluate the epidemiological and clinical data of patients, and to determine the
factors that may be effective in the formation and spread of infection, antibiotic susceptibilities of
Acinetobacter strains were evaluated by the Kirby Bauer disk diffusion method. Molecular typing was
studied with PFGE.

Results: Netilmicin had the least resistance (7%) among the strains, while the highest resistance was found
against piperacillin (92%), ceftriaxone (81%), and doxycycline (69%). When resistance profiles of strains
were compared according to year (2005-2007), no significant changes were found for resistance rates to
piperacillin, ceftriaxone, gentamicin, doxycycline, and trimethoprim / sulfamethoxazole. Of all the 131 tested
Acinetobacter spp., 82 (62.6%) of the strains were clustered with the PFGE method and 72.3% of the strains
were clonally related. The increase in MDR, XDR and PDR rates among the isolated Acinetobacter spp. is
remarkable. It was determined that the degree of transmission of the strains was quite high among patients.
The clone in the hospital was able to remain in the environment for long periods and the general patient
mortality rates were higher than other studies.

Conclusions: According to results and with the support of molecular typing studies, the need for more
effective prevention and control measures in our hospital was demonstrated.
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been reported (Buxton et al., 1978; Lyons, 1985;
Bergogne-Berezin and Towner, 1996; Villegas and
Harstein, 2003). Acinetobacter species play an
important role in colonization and infection of
hospitalized  patients.  Trauma,  mechanical
ventilation, and surgical procedures are important
risk factors for nosocomial infections of this
microorganism (Bergogne-Berezin and Towner,
1996; Parvez and Jarvis, 1999).

A. baumannii is the most common bacteria
responsible for hospital-acquired infections (Beck-
Sague et al., 1990; Lortholary et al., 1995; Villegas
and Harstein, 2003). Other species such as A.
johnsonii, A. lwoffii and A. radioresistens occur
naturally on human skin and can also be found
commonly in the oropharynx and vagina. Compared
to other Acinetobacter species, A. lwoffii is more
commonly associated with meningitis (Siegman-
Igraetal., 1993).

The number of multidrug-resistant A. baumannii
infections as opportunistic pathogens has increased
globally in recent years. It has become one of the
most difficult species to control and treat among
nosocomial gram-negative pathogens (Jain and
Danziger, 2004; Li et al., 2005). Patients infected
with A. baumannii are often immunocompromised
or have severe disease status and it is associated
with mortality (Lyons, 1985; Bergogne-Berezin and
Towner, 1996). Many of the outbreaks of A.
baumannii have environmental origin, such as
patient beds, air conditioners, and mechanical
ventilation equipment (Villegas and Harstein,
2003). Acinetobacter spp. can survive for between
3 days to 5 months on dry inanimate surfaces (Beck-
Sague et al., 1990; Siegman-Iigra et al., 1993;
Lortholary et al., 1995). This contributes to the
emergence of outbreaks. In hospitalized patients
and in various outbreaks, cases with high
colonization in the skin, throat, respiratory system
and digestive system were recorded. In patients
receiving mechanical ventilation in intensive care
units, colonization of the airways is very high due
to contamination of these devices. Skin
contamination is also common in these patients and
is transmitted and spread to the hands of health
personnel. Also, oropharyngeal and digestive tract
colonization of Acinetobacter spp. is an important
reservoir for outbreaks in patients hospitalized in
intensive care units (Bergogne-Berezin and
Towner, 1996; Corbella et al., 1996; Webster et al.,
1998).

Acinetobacter species tend to resist many
antibiotics. Almost all group members are resistant
to penicillin, ampicillin and cephalothin and most of
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the strains are resistant to chloramphenicol (Seifert
et al. 1993). Sensitivities to second and third
generation cephalosporins and trimethoprim /
sulfamethoxazole have been reported to be variable.
In recent years, resistance to aminoglycosides has
tended to increase among Acinetobacter species.
Again, in nosocomial outbreaks, an increase is seen
in strains showing multidrug resistance, including
carbapenem-resistant Acinetobacter species (Bou et
al., 2000; Hsueh et al., 2002). No international
consensus seems to have been achieved yet for
terms used to describe resistance in gram negative
bacteria. The general trend in definition of antibiotic
resistance is multi drug resistant (MDR) when
resistant to >3 drug groups (Giske et al., 2008). The
term “‘extreme resistance, extensive resistance”
(XDR) was adopted for resistance to all antibiotics
except tigecycline and colistin. For resistance to all
existing antibiotics, including tigecycline and
colistin, “pan drug resistance” (PDR) is used
(Falagas et al., 2005; Giske et al., 2008).

The increase of A. baumannii infections is due to
incorrect infection control applications (Villegas
and Harstein, 2003). In addition to the classical
epidemiological information in the prevention of
outbreaks, strain typing methods that provide
determinative information about the source and
transmission  pathways of the causative
microorganism are also important. Strain typing
reveals the relationship between different sources in
which microorganisms are isolated. Typing
methods are important for defining the source and
spread of epidemic strains. Pathogens associated
with an epidemic have been identified by using
molecular typing methods that support clinical-
epidemiological data. A hypothesis is then
generated based on the cause-and-effect
relationship for the epidemiology of infection,
including the shape of the contamination (reservoir
and vector) and specific control measures.
Continuous surveillance is essential to assess the
effectiveness of the infection control measures and
the treatment regimen (Jarvis, 1994; Aparajita et al.,
2006).

The determination of the epidemiological
relationship between nosocomial pathogens isolated
from different sources in the past was based on the
comparison of phenotypic characteristics such as
biotype, serotype, bacteriophage or bacteriocin
types and antimicrobial susceptibility profiles. This
approach has begun to change over the last 20 years
with new DNA-based technologies or developments
in molecular analysis applications. For DNA-based
molecular typing, Pulsed Field Gel Electrophoresis
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(PFGE) and other restriction-based methods consist
of plasmid analysis and polymerase chain reaction
(PCR) based typing methods (Aber and Mackel,
1981; Goering, 1993; Arbeit, 1995).

In this study, Acinetobacter spp. were isolated
from inpatients in various wards in a research
hospital. The aim of this study was to determine the
resistance rate of the strains to antibiotics, to
observe the increase in resistance during the years,
to determine whether there is clonal relationship
between the strains by PFGE method, to evaluate
the epidemiological and clinical data of the patients,
and to determine the factors that may be effective in
the formation and spread of infection.

Methods

Acinetobacter spp. and Patient selection
criteria. A total of 135 Acinetobacter strains
belonging to 130 patients were recruited from
January 2005 to December 2007 in inénii
University Turgut Ozal Medical Center. All patients
were evaluated by the Infection Control Committee
in our hospital and it was decided whether they had
a hospital infection according to the criteria of the
Centers for Disease Control and Prevention (CDC)
in the United States (CLSI, 2008).

Evaluation of Epidemiological Relationship
and Risk Factors. For each patient with accepted
hospital infection, an epidemiological study form
was prepared with some questions such as gender,
age, hospital ward, clinical diagnosis, sample type,
and culture results.

Identification of strains. Clinical specimens
taken from hospitalized patients were inoculated in
blood agar and kept for 24 hours at 35 °C. Gram
staining, colony morphologies, oxidase and sugar
fermentation activities, and catalase reactions of
Acinetobacter spp. were investigated. Identification
of strains was performed by using a Phoenix 100
system (Becton Dickinson Microbiology Systems,
USA).

Antibiotic Susceptibility Profiles of Strains. The
antibiotic susceptibilities of Acinetobacter strains
isolated from clinical samples were investigated
according to Clinical & Laboratory Standards
Institute: CLSI Guidelines using the Kirby Bauer
disk diffusion method (CLSI, 2008).

Imipenem resistant strains were confirmed with
the imipenem E-test method. Acinetobacter spp.
strains with the probability of pandrug resistance
were evaluated by the disc diffusion method for
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sensitivity to colistin and tigecycline. The colistin
sensitivity was evaluated according to the zone
diameter in nonfermentary bacteria and for
tigecycline sensitivity the study by Jones and
colleagues (2007) was used as a reference.

Molecular Typing. Acinetobacter strains which
were grown from the samples of patients who were
hospitalized in the wards were examined by PFGE.
The protocol of Durmaz et al. (2007) was used for
the PFGE application.

Monitoring and Analysis of Results. After
electrophoresis, the gel was taken up in 400 ml of
ultrapure water containing 5 mg/ml ethidium
bromide and stained for 20 minutes. Gel images
were observed under UV light. Images of DNA
band strips were taken using Gel Logic 2200
Imaging System (1708x1280 pixel, Kodak
Company, NY, USA). Images were saved in TIFF
format. Band profiles were analyzed using the
GelCompar Il software system (version 3.0;
Applied Maths, Sint-Martens-Latem, Belgium).
First of all, normalization between the images was
done with the help of three standards (1, 7, and 15th
wells) in each image. The dendrogram of the PFGE
profiles were generated using “Unweighted pair
group method with mathematical averaging
(UPGMA)” and clustering analysis was completed.
The relationship between the strains was
determined according to the Dice similarity
coefficient. In the calculation of the similarity
coefficient, band and profile tolerance was taken as
1-1.5%. Using criteria developed by Tenover et al.
(1997), isolates were considered to be identical,
closely related, possibly related, and unrelated.

Statistical analyses. Pearson's chi-square
analysis (exact test) was used to determine the
relationships between categorical variables. The
analysis of the data was performed with the
statistical software TURCOSA (Turcosa Analytical
Solutions Ltd., www.turcosa.com.tr). “p<0.05" was
accepted as statistically significant.

Results

Epidemiological Results. Of Acinetobacter
strains evaluated as infectious agents, 131 (97%)
were identified as A. baumannii and 4 (3%) as A.
Iwoffi. Of all the strains, 1/3 of A. baumannii isolates
were isolated from tracheal aspiration culture and
about 1/4 were isolated from blood culture. Two
Acinetobacter baumannii were isolated from
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cerebrospinal fluid (CSF) culture of patients
hospitalized in the neurosurgery and neurosurgery
intensive care unit. Two patients with A. baumannii
isolated underwent invasive procedures. One
patient had immunodeficiency and the other patient
had Arnold-Chiari syndrome. Unlike other studies,
A. Iwoffii was not isolated as a meningitis agent.

Antibiotic Susceptibility Results. In this study,
the most effective antibiotics against the strains that
tested were netilmicin (7%) and the least effective
antibiotics were piperacillin (92%), ceftriaxone
(81%), doxycycline (69%), and gentamicin (67%).

According to year, comparison of the change in
antibiotic resistance profiles for Acinetobacter spp.
found no significant change in resistance rates to
piperacillin, ceftriaxone, gentamicin, doxycycline,
and trimethoprim / sulfamethoxazole. When we
compared 2005 and 2007, the resistance rate rose
from 47% to 76% for piperacillin / tazobactam, rose
from 42% to 77% for cefepime, rose from 47% to
77% for ceftazidime, rose from zero to 39% for
imipenem, rose from zero to 14% for netilmicin,
rose from 18% to 53% for amikacin, rose from 18%
to 47% for tobramycin, rose from 24% to 55% for
levofloxacin, and rose from 16% to 46% for
ampicillin/sulbactam. The antibiotic resistance
profiles of A. baumannii isolates changed over time.

Molecular Typing Results. As a result of PFGE
typing, about three quarters of the strains were
found to be clonally related. Cluster-forming strains
were predominantly isolated from respiratory
(42.7%) and blood culture (29.3%) samples. The
number of strains increased to 27 in some clusters.
This situation demonstrates the magnitude of the
cross-contamination severity. Twenty-seven strains
in this cluster were present in our hospital for
approximately 9 months. The duration of other
clusters in hospital extended to 27 months. These
data emphasize that an important nosocomial
pathogen, such as A. baumannii, can be easily
disseminated in the hospital and can survive in the
hospital environment for many years if proper
prevention and control are not ensured.

Clonally associated strains displayed variety in
susceptibility profiles to drugs over time. Our
twelfth cluster was also found to be the most
antibiotic-resistant cluster. All isolates found in this
cluster were found to be MDR. Only two of the
isolates in the cluster were susceptible to imipenem
(Table 1). Significant changes in the susceptibility
profiles of the strains found in the cluster were
recorded (Table 1).

Table 1. Statistical analyses of antibiotics relation with time
Table 2. Antibiotic susceptibility profiles of isolates in the same cluster

2005 2006 2007 P 2005-2007

Antibiotics N=38 N=23 N=74 N=135
PIP 34(89.5) 19(82.6) 70(94.6) 0.168 92
TzP 20(52.6) 12(52.2) 56(75.7) 0.019 64
FEP 16(57.1) 14(60.9) 57(77.0) 0.087 64
CAZ 18(47.4) 14(60.9) 57(77.0) 0.006 66
CRO 30(78.9) 17(73.9) 62(83.8) 0551 81
iPm 38(100.0) 5(21.7) 29(39.2) <0.001 25
NET 38(100.0) 23(100.0) 13(17.6) <0.001 7
GM 25(65.8) 11(47.8) 55(74.3) 0.050 67
AK 7(18.4) 5(30.4) 39(52.7) 0.001 39
TOB 7(18.4) 5(21.7) 35(47.3) 0.004 35
DOX 26(68.4) 19(82.6) 49(66.2) 0.340 69
LVX 9(23.7) 11(47.8) 41(48.8) 0.028 45
SXT 25(65.8) 14(60.9) 51(60.7) 0.888 67
SAM 7(18.4) 1net1(47.8) 34(45.9) 0.011 38
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79 xxxk R R R R R R S R R R R R R R
83 Xk R R R R R R R R R R R R R R
01 XXk R R R R R R S R R R R R R R
92 XXk R R R R R R S R R R R R R R
97 XXk R R R R R R R R R R R R R s
98 XXXk R R R R R R | R R R R R R |
102 XXXk R R R R R R R R R R R R R R
106 XXk R R R R R R S R R R R R R R
109 XXXk R R R R R R S R R R R R R R
111 XXk R R R R R R S R R R R R R R
113 XXIK R R R R R R | R R R R R R R
115 XXIK R R R R R R | R R R R R R R
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119 XXXk R R R R R R | R R R R R R R
120 XXXk R R R R R R S R R R R R R R
123 xxxk R R R R R R S R R R R R R R
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8 XXIxb R R R R R R | R R R R R R R
69 X~ R R R R R S s R | s R S R |
74 X~ R R R R R S s R | s R S R R
77 x¥ R R R R R S s R | s R S R R
94 X R R R R R S | R R S R S R I
105 x¥ R R R R R S s R R s R s R s
124 x¥ R R R R R S R R R S R s R s
135 XXV R 1 R R R S s s s R R R R R
141 x R R R R R S s R R s R s R s
14 Xxva R R R R R S S R S s R s R s
4 XXXXIVv R R | I R s s s s s R s R |
42 XXXXIV R I | I R s s R s s R s R |
48 XXXXIV R I | I R s s R s s R s R |
50 XXXXIV R R | I R s s R R S R s R R
62 XXXXIWVW R R R R R S s R R s R R R I
49 XXX;('V' R I | I R S s R S S R s R s
44 XXXXV R I R R s s R s s R s R R
46 xx>;xv- R I R S s s s s R R I s

Four of 135 strains could not be classified with the antibiotic susceptibility profiles of the bacteria

PFGE. The cultures of these four resultant bacteria in the same cluster are given in Table 1. Also, PFGE

results of Acinetobacter species are given in Figure
2.

were checked for purity and these strains were
confirmed as A. baumannii again. The same PFGE
protocol was applied 3 times with markers but failed
to obtain a result. The dendrogram of the 131
Acinetobacter spp. isolates is shown in Figure 1 and
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Fig. 2. PFGE results of Acinetobacter species

Of the 131 Acinetobacter spp. strains, 82
(62.6%) were in clusters. These strains are located
in 15 clusters. The number of strains varies between
2 —27 inthe cluster. Two of the fifteen clusters (V1I-
a and XIll-a) were also close to another two clusters
and three (VII-b, XII-b, XXI1X-b) were the possibly

related with the other three clusters. Five of the
strains were closely related and seven were related.
According to these data, 72.3% of the strains were
clonally related. The isolates of 37 strains (28%)
showed a specific PFGE profile. In total, 64 (48.9%)
PFGE patterns were determined for 131 strains.
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The maximum number of strains in a cluster (27
strains) were in the twelfth cluster. The longest
surviving clone was in the sixth cluster and survived
twenty-seven months. The shortest period was in
the eleventh cluster with sixteen days.

Strains 111 and 123, typed by PFGE, belonged
to the same patient. Both strains are in the twelfth
cluster. The first strain from the patient was isolated
on 30.7.2007 in the paracentesis fluid culture of the
patient who was hospitalized with diagnosis of liver
failure and diabetes. The second strain was isolated
on a blood culture sample after transplantation on
October 15, 2007.

Strains 63 and 70, which were typed by PFGE,
belonged to the same patient. The first strain was
isolated on 12.1.2007 in the urine culture of the
patient hospitalized in the neurosurgical intensive
care unit. The strain is in the eighth cluster. The
second strain was isolated in a blood culture sample
three months later. The strain is located in the
twelfth cluster with a different set.

Strains 28 and 29 were isolated from the same
patient at an eight-month interval. Although the
28th isolate was in the first cluster, strain 29 was not
included in any cluster.

Strains 47 and 48 were isolated in the blood and
tracheal aspiration culture samples of a patient at a
one-week interval. The first strain was not included
in any cluster. The second strain was in the fifteenth
cluster.

Strains 82 and 139, which were typed by PFGE,
were isolated from the same patient at seven-month
intervals. Both strains could not be identified by the
PFGE method.

Four of the 130 patients included in the study had
liver transplantation. The strains isolated from these
four patients are located in the twelfth cluster and
belong to patients who were hospitalized in the
organ transplantation and anesthesia intensive care
unit.

Twenty-five of the 27 strains were resistant to
imipenem and amikacin in the twelfth cluster.
Compared to other clusters, the most resistance to
antibiotics was observed in this cluster.

Discussion

In this study, the number of strains resistant to
three or more groups of antibiotics (MDR) number
was 77 (57%). XDR strains and pandrug resistant
strains numbered 23 (17%) and 2 (1.5%),
respectively. Also, 34 Acinetobacter spp. had
colistin and tigecycline sensitivities evaluated by
using the disk diffusion method. Two strains were
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found to be resistant to colistin, while nine were
resistant to tigecycline.

In the literature, the resistance profiles of 402 A.
baumannii strains were compared. This profile has
statistically significantly increased for all tested
antibiotics compared to the previous year (Gazi et
al., 2005).

Giilhan et al. (2007) monitored the resistance
changes from 2004 to 2006. They found a
statistically significant increase in carbapenem
resistance from 7% to 25% and for ciprofloxacin
from 54% to 82%.

In a study comprising 1532 clinical isolates over
a 6-year period (1991 to 1996), resistance rates
increased for ciprofloxacin from 54.4% to 90.4%,
for amikacin from 21% to 83.7%, for trimethoprim
/ sulfamethoxazole from 41.1% to 88.9%, for
imipenem from 1.3% to 80%, and for ampicillin /
sulbactam from 65.7% to 84.1% in Spain (Ruiz et
al., 1999).

Infections caused by MDR Pseudomonas
aeruginosa, A. baumannii and Klebsiella
pneumoniae strains have become a common
problem in health institutions. These strains have
consistently developed resistance to antibiotics,
leading to the emergence of PDR isolates that are
susceptible to only one antimicrobial agent and are
resistant to all available drugs. The frequency of
PDR clinical isolates, the treatment options of the
infections associated with these isolates, and the
mortality and morbidity rates are of great
importance in terms of clinical and public health
(Falagas and Bliziotis, 2007).

Gales et al. (2006) detected a polymyxin
resistance rate of 2% and PDR rate of 0.3% in 2621
Acinetobacter spp. isolates in a surveillance study
between 2001 and 2004. Henwood and colleagues
(2002) identified the polymyxin resistance rate as
44% among 443 A. baumannii isolates in a
surveillance study involving 25 laboratories.

In a surveillance study conducted in hospitals in
ten different geographic regions, it was shown that
imipenem resistance increased to 18.2% in 2004
from 4.5% in 2003 (Catchpole et al., 1997). In a
study conducted in a 1600-bed tertiary education
hospital in Beijing, imipenem resistance was 5% in
1993 to 2003 and increased rapidly to 50% in
intensive care units and to 20% in non-intensive
care units in 2004.

While imipenem resistance was not found in our
hospital in 2005, it increased to 22% in 2006 and to
39% in 2007. These isolates were also MDR
Acinetobacter isolates. In our hospital, carbapenem
treatment is begun prophylactically and empirically
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for patients who are thought to have infection due to
Gram negative bacteria. This contributes to the
increase in  carbapenem  resistance among
Acinetobacter species.

In a study, a clone survived for about 6 years in
a hospital (Wang et al., 2007). Prashanth et al.
(2005) identified 71 Acinetobacter spp. isolated in
intensive care units using PFGE, and 59 (83%) were
determined to have different patterns.

The reasons for different antibiotic patterns of
isolates in the same clones can be explained in
several ways. The first is that the genetic event that
leads to resistance development in the strains is
different for the resistance profile and is different
than the rate of genetic change that causes the PFGE
profile although they are clonally related. The
second reason is that the source of resistance in the
strains exhibiting a common resistance profile, may
be in the form of plasmid transfer, although they are
different clonally. It is generally accepted that
mutual resistance and PFGE profile is parallel to the
clonal spread in strains showing common resistance
(Maslow et al., 1993; Falagas and Kopterides,
2006).

In a similar study, 36 PFGE patterns were
present in 66 A. baumannii isolates studied and their
genotype analysis found twelve clusters. They
found the epidemiological relationship rate to be
80.3% (Cetin et al., 2009).

In our hospital, all intensive care wards are on
the same floor and hospital staff and ventilator
devices are used together. Patient transfers are made
frequently between intensive care units. This
increases the spread of A. baumannii clones in our
hospital. In addition, 35 isolates were produced
from the cultures of respiratory tract samples and
patients were connected to the ventilator device.
This is compatible with the literature which
described that “the biggest risk factor for A.
baumannii infections was mechanical ventilation”
(Villari et al., 1999).

In our study, the antibiotic resistance profiles of
the strains belonging to the same cluster were
substantially similar and it was shown that antibiotic
profiles in the same cluster could be different.
Additionally, strains isolated from the same patient
may belong to the same cluster or belong to a
different cluster.

Hui Wang et al. (2007) identified 221 imipenem
resistant isolates and 15 patterns that contain two or
more subtypes in 11 hospitals between 1999 and
2005 with PFGE. During this period, they found
clonal extension in 10 hospitals in four cities.
Approximate mortality rates were 22.1% and
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40.2%, respectively. Twenty-eight cases were
classified as colonized. The development time of
the infection was 27.8 days. All patients had an
underlying disease and 70% used broad-spectrum
antibiotics. It was also found that a clone maintained
its existence in the hospital for 6 years. However, no
patient transfers were found between hospitals with
clonal extension.

In our study, the PFGE analysis of 34 (26%)
isolates that had imipenem resistance consisted of
fifteen patterns and two clusters. The first cluster
with imipenem resistance consists of twenty-five
isolates. The second cluster consists of two isolates.
The first cluster is likely related to the second
cluster. The clone survived in our hospital for about
nine months. There was clonal invasion in the ten
services. The propagation and transmission are
probably associated with patient transfer between
wards, shared hospital staff, and common use of
ventilator devices. Twenty-two of the isolates were
produced in the intensive care units and twelve from
other wards. Fifteen isolates were found in lower
respiratory tract culture samples, nine in blood
culture samples, four in urine culture samples, and
three isolates in paracentesis and wound culture
samples. The mortality rate (47%) for this clone was
found to be significantly higher than the average
found in the hospital (36%).

During the three years of this study, A.
baumannii-related  hospital infections  were
encountered, especially in intensive care units.
Acinetobacter strains produced as a hospital agent
have high antibiotic resistance and resistance
increases significantly over the years. The increase
in MDR, XDR and PDR rates among the strains is
noteworthy. It was determined that the degree of
transmission of the strains was quite high among the
patients, the clones in the hospital were able to stay
in the environment for long periods and the general
patient mortality rates were higher than the other
studies. The necessity of ensuring more effective
protection and control measures in our hospital was
shown with the support of molecular typing studies.
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