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ORIGINAL ARTICLE

Acinetobacter baumannii in Southern Croatia: clonal lineages,
biofilm formation, and resistance patterns

VANJA KALITERIV\IAIA, MARIANO KALITERNAZ2, JASNA HRENOVIC?,
ZVONIMIR BARISIC!, MARIJA TONKIC?#* & IVANA GOIC-BARISIC?*

From the ' Public Health Institute of Split-Dalmatia County, Split, >2University Hospital Centre Split, Split, >Faculty of
Science, Division of Biology, University of Zagreb, Zagreb, and *University of Split School of Medicine, Split, Croatia

Abstract

Background: Acinetobacter baumannii is one of the most prevalent causes of severe hospital-acquired infections and is respon-
sible for the dramatic increase in carbapenem resistance in Croatia in the last 5 years. Such data have encouraged multicenter
research focused on the organism’s ability to form biofilm, susceptibility to antibiotics, and particular genotype lineage.
Methods: Biofilm formation in 109 unrelated clinical isolates of A. baumannii recovered in six cities of Southern Croatia
was investigated. Genotyping was performed by pulsed-field gel electrophoresis and antibiotic profile was tested by apply-
ing the disc diffusion method and confirmed by determining the minimum inhibitory concentrations. The ability to form
biofilm in vitro was determined from overnight cultures of the collected isolates on microtiter plates, after staining with
crystal violet, and quantified at 570 nm after solubilization with ethanol. The statistical relevance was calculated in an
appropriate program with level of statistical confidence. Results: There was no significant difference in biofilm formation
due to the genotype lineage. Isolates collected from intensive care units (ICUs) and isolated from respiratory samples were
more likely to create a biofilm compared with isolates from other departments and other samples. There was a significant
difference in the ability to produce biofilm in relation to antibiotic resistance pattern. A large proportion of A. baumannii
isolates that were resistant to ampicillin/sulbactam, carbapenems, and amikacin were found to be biofilm-negative. In con-
trast, isolates susceptible and intermediately susceptible to ampicillin/sulbactam, carbapenems, and amikacin were biofilm
producers. Conclusion: Clinical isolates of A. baumannii from respiratory samples in ICUs with a particular susceptibility
pattern are more prone to form biofilm.

Keywords: Acinetobacter baumannii; genotyping; biofilm formation; resistance to antibiotics; Southern Croatia

Introduction . . . . . .
The particular traits of biofilm infections include

Acinetobacter baumannii is known as a highly adapt- resistance to disinfectants, antibiotics, and the

able hospital pathogen because of its virulence fac-
tors. It has a great ability to survive on the skin of
hospitalized patients and on hospital surfaces. In this
way it is spread among patients, thereby contributing
to the development and persistence of outbreaks in
hospitals [1-6]. The ability of clinical isolates of
A. baumannii to form biofilm may contribute to its
persistence in hospital environments. The biofilm-
forming A. baumannii clinical isolates are capable of
surviving longer than non-biofilm-forming isolates
(36 versus 15 days) in a desiccated environment [7].

host’s immune system, which make these infections
persistent and difficult to treat [1,8-11].

Research on the epidemiology of A. baumannii as
a major hospital pathogen in Croatia started in 2002
on isolates with reduced susceptibility to carbapen-
ems at the University Hospital Centre Split (UHCS).
In the period from 2002 to 2007, only the existence
of international clonal lineage I (ICL I) was proved
in UHCS, the second largest clinical hospital center
in Croatia [12,13]. At the beginning of 2009, the ICLL
IT clone spread in the neurosurgical intensive care
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unit (ICU), after transfer of a patient colonized by
this clone from the General Hospital Mostar (Bosnia
and Herzegovina) to the UHCS [14,15]. The pub-
lished study also shows the existence of the ICL II
clone in the largest University Hospital Centre
Zagreb during 2009 and 2010 [16]. According to
the information from the Croatian Committee for
Antibiotic Resistance Surveillance (CARS) of the
Croatian Academy of Medical Sciences (CAMS), in
the past 5 years the resistance rates of A. baumannii
to carbapenems has increased significantly, from
10% in 2008 to 78% in 2013 [17,18]. This observa-
tion was the driving force for a detailed study
on clinical isolates of A. baumannii from different
medical centers in Southern Croatia.

The scope of this multicenter study was to inves-
tigate if clinical isolates of A. baumannii from vari-
ous medical institutions in Southern Croatia
appertain to various genotypes, and if they had var-
ious abilities to form biofilm depending on the type
of clinical sample, genotype (clone), and resistance
to antibiotics.

Material and Methods

This study included 109 isolates of A. baumannii
sampled in 6 cities of Southern Croatia, in different
medical institutions/departments and from different
types of clinical samples (respiratory samples, urine,
blood culture, wound swabs), obtained during
the 3-month monitoring period (2009-2010), in
cooperation with CARS.

Identification of A. baumannii isolates and antibiotic
susceptibiliry testing

After isolation of A. baumannii in local laboratories,
the isolates were stored in nutrient agar and trans-
ported to the Department for Microbiology and
Parasitology of the UHCS. Initial identification was
made using commercial tests API 20NE and VITEK
2 (bioMerieux, Marcy I’Etiole, France). Isolates of
A. baumannii were confirmed by the presence of an
OXA-51-type B-lactamase, which is specific to A.
baumanmnii, determined by polymerase chain reaction
(PCR) [19]. Routine antimicrobial susceptibility
testing was performed by the disk diffusion method
for piperacillin/tazobactam, ceftazidime, cefepime,
ampicillin/sulbactam, imipenem, meropenem, ami-
kacin, gentamicin, and ciprofloxacin, confirmed with
minimum inhibitory concentrations (MICs) by
Vitek-2 automatic system (bioMerieux) and inter-
preted according to Clinical and Laboratory Stan-
dards Institute (CLSI) criteria [20]. The gradient
strip microdilution test for colistin was performed
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and interpreted according to the European Commit-
tee onAntimicrobial Susceptibility Testing (EUCAST)
criteria [21].

Genoryping of A. baumannii isolates

Grouping of A. baumannii to individual international
clonal lineages (ICLs) was investigated by the pulsed
field gel electrophoresis (PFGE) method by macror-
estriction with Apal enzyme performed with a CHEF-
DRIII system (Bio-Rad, Marnes La Croquette,
France), according to published protocols [22,23].
Representatives of major international clones I (RUH
2037) and II (RUH 134) were used as controls. The
images were processed using Gel-Compar software,
and the dendrogram was computed after band inten-
sity correlation using global alignment with 1.5% opti-
mization and unweighted pair group method with
arithmetic mean (UPGMA) clustering.

Ability to form biofilm

The ability to form biofilm in vitro was tested for all
A. baumannii isolates, according to published proto-
cols [9,11]. Biofilm formation was determined in
triplicate from overnight cultures diluted in Luria
Bertoni (LB) medium to an optical density (OD) of
0.01 at 600 nm and deposited in 96-well plates. LB
medium without inoculum was used as negative con-
trol. The covered plate was incubated at 37°C for
48 h without shaking. After incubation, the plank-
tonic bacteria were removed and washed twice with
distilled water. Biofilm was stained with 0.5% crystal
violet (w/v) and quantified at 570 nm after solubiliza-
tion with 95% ethanol for 15 min at room tempera-
ture. The ODg,, corresponds to the amount of
biofilm formed by bacteria. The interpretation for
OD values was as follows: non-biofilm-forming iso-
late (<0.4), low biofilm-forming isolate (0.4-1.0),
and strong biofilm-forming isolate (>1.0) [7]. We
also observed if ability to form biofilm depended on
the genotype, the isolate origin (departments from
which samples are taken as well as types of samples),
and the resistance to antibiotics.

Statistical analysis

Tests of statistical significance were made by Monte
Carlo simulation (on 10 000 tables) and with the chi-
squared (y2) test. Statistical analysis of data was per-
formed using SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA). Confidence intervals for proportions were
calculated in the Statistics Calculator 3.0 (StatPac Inc.,
Bloomingtom, MN, USA). All statistical values were
considered significant at the p level of 0.05.
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Results
Genoryping

Of 109 isolates, according to results of PFGE analy-
sis, 56 (51.4%) belonged to ICL I, 29 (26.6%) to
ICLII, and 24 (22.0%) to other clones. ICL II clone
was found only in one hospital (UHCS) in Southern
Croatia and in that hospital it was the dominant
clonal lineage in 82.9% (29/35) of all A. baumannii
isolates.

Abiliry to form biofilm

Of the total number of 109 isolates, biofilm was not
formed by 28 (25.7%) isolates, and 81 (74.3%) iso-
lates were positive for biofilm production (47 showed
a low ability to form biofilm, while 34 were strong
biofilm producers). Although isolates of the ICL I
genotype in the majority of isolates showed the abil-
ity to form biofilm (46.4% were low and 37.5% were
strong biofilm producers), and isolates of the ICL II
genotype were almost equally distributed across
all biofilm-forming categories, no statistically rele-
vant difference in the formation of biofilm was
established, with respect to their association with
individual genotype (p =0.111).

Of 65 isolates recovered from ICU patients, the
majority of them (52, 80%) were biofilm producers.
Of 45 isolates obtained from clinical respiratory sam-
ples (tracheal and bronchial aspirates and broncho-
alveolar lavage), 37 of them (82.2%) were biofilm
producers, while of 28 isolates recovered from wound
samples, 17 (60.7%) isolates showed the ability to
form biofilm.

Resistance to antibiotics

Resistance rates of A. baumannii isolates to tested
antibiotics are shown in Table 1.

The majority of isolates resistant to ampicillin/
sulbactam, imipenem, meropenem, and amikacin

Table I. Resistance of A. baumannii isolates to tested antibiotics.

Susceptible, Intermediate, Resistant,

Antibiotic n (%) n (%) n (%)

Piperacillin/tazobactam 17 (15.6) 4 (3.7) 88 (80.7)
Ceftazidime 14 (12.8) 2 (1.8) 93 (85.3)
Cefepime 20 (18.3) 6 (5.5) 83 (76.1)
Ampicillin/sulbactam 94 (86.2) 1 (0.9) 14 (12.8)
Imipenem 44 (40.4) 30 (27.5) 35 (32.1)
Meropenem 31 (28.4) 43 (39.4) 35 (32.1)
Amikacin 53 (48.6) 20 (18.3) 36 (33.0)
Gentamicin 21 (19.3) 1 (0.9) 87 (79.8)
Ciprofloxacin 16 (14.7) 3 (2.8) 90 (82.6)
Colistin 109 (100) 0 (0.0) 0 (0.0)

belonged to ICL II clone (Table II). The ability to
form biofilm was compared with resistance to ampi-
cillin/sulbactam, imipenem, meropenem, and amika-
cin. It was shown that the majority of isolates
susceptible or intermediate susceptible to those anti-
biotics have the ability (low or strong) to form bio-
film, but the majority of resistant isolates do not form
any biofilm (Table III).

Discussion

In this investigation of A. baumannii isolates from six
cities in Southern Croatia, we have determined that
more than half of the collected isolates belonged to
ICL I clone, 26.6% to ICL II clone, and 22.0% to
other clones. According to the published studies, the
distribution of the ICL II genotype is in the range
from 24 to 49% [6,24], which is in accordance with
our results.

The ability to form biofilm is an important factor
for bacterial virulence [7]. In the present study, we
determined that of 109 isolates 74.3% of them
formed biofilm, which is in accordance with the data
published in various studies (42-80% of biofilm-
positive isolates) [11,25-27]. In certain studies, it
was determined that isolates of the ICL II genotype
had a stronger ability to form biofilm [9,28].
Wroblewska and associates proved that there was
no connection between genotypes and the ability to
form biofilm [27]. In the present study, no significant
difference in the biofilm formation was established
regarding the genotypes.

It has been reported that the ability of A. bauman-
nu isolates to form biofilm is not associated with the
type of clinical sample [9,27]. On the other hand,
some studies indicated that the type of the clinical
sample has an impact on the isolate’s ability to form
biofilm [11,25,26]. In our research we have estab-
lished that isolates obtained from respiratory and
wound samples were more likely to create biofilm
compared with isolates from other samples. Strong
ability to form biofilm for respiratory samples was
established by Rao and associates [26]. On the other
hand, Rodriguez-Bano and associates determined
that isolates from respiratory samples had a low abil-
ity to form biofilm [11]. Stronger ability of isolates
obtained from wounds to form biofilm was also indi-
cated by Rajamohan et al. and Rao et al. in their works
[25,26]. However, Rodriguez-Bano et al. determined
in their study that treatment in ICU is statistically
more often associated with isolates that do not form
biofilm [11]. In the present study, of the 65 isolates
obtained from ICU patients, 80% of them had an
ability to form biofilm. Stronger ability of respiratory
isolates to form biofilm may explain the high inci-
dence of ventilator-associated pneumonia in ICUs.
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Table II. Resistance of A. baumannii isolates to tested antibiotics, with respect to their association with

individual genotype.

ICL 1, ICL II, Other clones, Total,
Antibiotic n (%) n (%) n (%) n (%) p value?®
Ampicillin/sulbactam
Susceptible 55 (58.5) 16 (17.0) 23 (24.5) 94 (100) <0.001
Intermediate 0 (0.0) 1 (100) 0 (0.0) 1 (100)
Resistant 1(7.1) 12 (85.7) 1(7.1) 14 (100)
Imipenem
Susceptible 22 (50.0) 3 (6.8) 19 (43.2) 44 (100) <0.001
Intermediate 29 (96.7) 0 (0.0) 1 (3.3) 30 (100)
Resistant 5 (14.3) 26 (74.3) 4 (11.4) 35 (100)
Meropenem
Susceptible 14 (45.2) 3(9.7) 14 (45.2) 31 (100) <0.001
Intermediate 37 (86.0) 0 (0.0) 6 (14.0) 43 (100)
Resistant 5 (14.3) 26 (74.3) 4 (11.4) 35 (100)
Amikacin
Susceptible 31 (58.5) 2 (3.8) 20 (37.7) 53 (100) <0.001
Intermediate 18 (90.0) 0 (0.0) 2 (10.0) 20 (100)
Resistant 7 (19.4) 27 (75.0) 2 (5.6) 36 (100)
#p value = Monte Carlo simulation on N_,, = 10.000, level of statistical significance; probability of type
I error.

Within the biofilm bacteria have a greater ability
to survive because they are protected against environ-
mental stress, such as desiccation and exposure to
disinfectants and antibiotics, which makes biofilm
infections persistent and difficult to treat. Today,
A. baumannii isolates have become resistant to most
antibiotics [29]. According to information from the
Croatian Committee for Antibiotic Resistance Sur-
veillance of the CAMS, in the past 5 years the resis-
tance of acinetobacter to carbapenems has increased

significantly. At the UHCS, in 2013, carbapenem
resistance was marked at the rate of 87% [18]. The
growing resistance to carbapenems has been indi-
cated lately also by other authors [24]. The resistance
of acinetobacter to carbapenems, mostly to imipenem,
has been the topic of various papers, and the pub-
lished data on the resistance rates to imipenem have
reported from 21% up to 100% of the tested isolates
of A. baumannii [13,26,30-34]. Among the European
countries the resistance rates to carbapenems are

Table III. Resistance of A. baumannii isolates to tested antibiotics, with respect to their ability to form

biofilm.
Low biofilm Strong biofilm
Non-biofilm forming forming
forming (n = 28), (n=47), (n=134), Total,
Antibiotic n (%) n (%) n (%) n (%) p value?®
Ampicillin/sulbactam
Susceptible 20 (21.3) 43 (45.7) 31 (33.0) 94 (100) 0.014
Intermediate 0 (0.0) 0 (0.0) 0 (0.0) 1 (100)
Resistant 8 (57.1) 4 (28.6) 2 (14.3) 14 (100)
Imipenem
Susceptible 11 (25.0) 23 (52.3) 10 (22.7) 44 (100) 0.003
Intermediate 2 (6.7) 13 (43.3) 15 (50.0) 30 (100)
Resistant 15 (42.9) 11 (31.4) 9 (25.7) 35 (100)
Meropenem
Susceptible 9 (29.0) 17 (54.8) 5 (16.1) 31 (100) 0.011
Intermediate 6 (14.0) 16 (37.2) 21 (48.8) 43 (100)
Resistant 13 (37.1) 14 (40.0) 8 (22.9) 35 (100)
Amikacin
Susceptible 13 (24.5) 29 (54.7) 11 (20.8) 53 (100) <0.001
Intermediate 1(5.0) 4 (20.0) 15 (75.0) 20 (100)
Resistant 14 (38.9) 14 (38.9) 8 (22.2) 36 (100)

2p value = Monte Carlo simulation on N
I error.

tables

=10.000, level of statistical significance; probability of type
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highest in the countries in southern Europe, such as
Greece and Croatia [18,34]. Although it was not the
subject of this study, we also explored the molecular
basis of carbapenem resistance among isolates belong-
ing to ILC I and ILC II. In the majority of isolates
belonging to IL.C I the presence of insertion sequences
ISAbal upstream to coding fragment (blaOXA-51-
like genes) was the main mechanism of carbapenem
resistance, in contrast to the carbapenem-resistant
strains belonging to the ILC II with acquired OXA-72
(an OXA-40-type enzyme), which matches the pub-
lished data in Croatia [13-16]. According to the
available literature, it can be concluded that these
significantly varying data on the resistance to carbap-
enem depend on: genotype, origin of isolates (depart-
ments as well as types of samples), and the ability of
isolates to form biofilm. In our research we have also
demonstrated that there are significant differences in
the resistance of tested isolates to antibiotics (includ-
ing carbapenem), depending on the above-mentioned
factors.

Some published studies indicate that the ICL II
clone was more frequently resistant to carbapenems
than other clones [6,24,28,32]. Also the present
study showed that the majority of isolates resistant to
ampicillin/sulbactam, imipenem, meropenem, and
amikacin belonged to ICL II clone. There are various
observations in the literature concerning the antibi-
otic resistance of A. baumanmnii isolates and its ability
to form biofilm. It is a well-known fact that bacterial
biofilm protects bacteria from the effect of antibiot-
ics, reducing penetration of antibiotics through bio-
film [10,25]. Therefore, some authors have stated
that isolates with the ability to form biofilm show
more resistance to antibiotics [25,26,28,35,36]. In
their investigations, de Breij et al. and Wroblewska
et al. have indicated that the ability to form biofilm
is not associated with increased resistance to antibiot-
ics [9,27]. Some authors indicated that biofilm-
forming strains are less frequently resistant to
antibiotics than non-biofilm-formingstrains [7,11,37].
In the present study it was determined that the major-
ity of isolates susceptible or intermediately suscepti-
ble to ampicillin/sulbactam, imipenem, meropenem,
and amikacin have a low or strong ability to form
biofilm, but the majority of isolates resistant to the
listed antibiotics do not form any biofilm. Such
observations allow us to conclude that isolates of the
A. baumannui strain that are susceptible or interme-
diately susceptible to antibiotics are more prone to
form biofilm in order to use that biofilm to protect
themselves from antibiotics, as opposed to isolates
resistant to antibiotics that are less prone to form
biofilm, because they have already developed some
different type of defense mechanism against antibiot-
ics. Knowledge of the phenotype of resistance in

clinical isolates of A. baumannii, especially from respi-
ratory samples in patients on mechanical ventilation,
can be supported by biofilm formation. Therefore we
have to think about the antimicrobial and antibiofilm
potential of new treatment options, as indicated by
recent published data [38,39]. The clinical relevance
of results obtained using the in vitro biofilm assay on
abiotic surfaces remains somewhat unclear. Theo-
retically, it seems logical that there would be a cor-
relation between laboratory results and the clinical
findings. Furthermore, these data may suggest that
biofilm formation on abiotic surfaces from respira-
tory samples in ICU is critical for the clinical success
of A. baumannii. The results of this multicenter study
represent a step forward in understanding the epide-
miology and virulence factors of this important hos-
pital pathogen and may open up possibilities for
using biosurfactants as an alternative therapeutic
approach for the prevention and/or treatment of hos-
pital-acquired infections.
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