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ABSTRACT

Colistin is one of the most effective alternatives for treating Acinetobacter baumannii infections. The aim
of this study was to determine colistin resistance and heteroresistance rates in A. baumannii from clinical
samples in Hacettepe University clinical microbiology laboratory between June 2016 and January 2017.
A total of 200 isolates were included in the study. In vitro susceptibility to amikacin, gentamicin,
ceftazidime, piperacillin/tazobactam, meropenem, ciprofloxacin, and tigecycline were determined by disk
diffusion test. Most isolates were multiresistant as they exhibited resistance to aminoglycosides,
β-lactams, and fluoroquinolones. Colistin susceptibility was determined by broth microdilution (BMD)
test (EUCAST standards) and was compared with E-test (bioMérieux, France) in 120 isolates. In 14 blood
isolates that were susceptible to colistin (MIC≤ 2 mg/L), heteroresistance was investigated with the
population analysis profile (PAP) method. Overall resistance (n= 200) to colistin was 28% by BMD.
Among the 120 isolates where the two tests were compared, resistance to colistin was 25.8% versus 4.2%
with BMD and E-test, respectively. Three blood isolates (21.4%) were heteroresistant to colistin. With
E-test, a majority of the resistant isolates are overlooked and in vitro susceptibility to colistin should be
determined with broth dilution method. This is the first study in Turkey reporting heteroresistance in A.
baumannii isolates by the PAP method and emphasizes the need to test for heteroresistance in relation to
clinical outcome in serious infections due to A. baumannii.
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INTRODUCTION
Acinetobacter baumannii has emerged as an important nosocomial pathogen in recent years
[1–3]. Many strains of A. baumannii are multidrug-resistant (MDR) to the currently available
antibiotics, such as beta-lactams, fluoroquinolones, tetracyclines, and aminoglycosides. Tige-
cycline and colistin seem to be last resorts of treatment for MDR isolates [2, 3].

Colistin, which is also known as polymxin E, is active against Gram-negative bacteria. Its
target in Gram-negative bacteria is the lipopolysaccharide (LPS) of outer membrane. Its
interaction with lipid A causes destabilitation of LPS, which increases the permeability of
bacterial membrane, and this leads to leakage of the cytoplasmic content, resulting in death of
bacterial cell. However, the exact mode of action of polymyxins is still unclear [4]. Intrinsic or
acquired mechanisms of resistance occur against colistin. Acquired resistance can be chro-
mosomal and can be due to the modification of LPS, efflux pumps, overexpression of capsule
polysaccharide, or overexpression of outer membrane proteins. Plasmid encoded resistance
can also occur due to synthesis of MCR proteins [4, 5].

As reports on resistance to colistin in Acinetobacter spp. are increasing worldwide, recently
“heteroresistance to colistin” has been reported [6, 7]. Heteroresistance is defined as the
presence of resistant subpopulations in an isolate, which is susceptible (MIC≤ 2 mg/L) to
colistin by in vitro susceptibility tests [7].
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The frequency of heteroresistance to colistin in A.
baumannii shows a wide range from 18.7% to 100%. This
is may be due to the origin of isolates included in the study
as well as the diversity of methods to detect heteroresis-
tance [8].

It is of concern that in infections due to A. baumannii
isolates, which are heteroresistant to colistin, treatment with
colistin may result in resistance and leads to therapeutic
failure [7–9]. However, as the heteroresistance cannot be
determined with the conventional in vitro susceptibility
methods, the real frequency rate is not known. Despite
being one of the few alternative drugs used in the therapy of
infections due to MDR A. baumanni, data on in vitro
susceptibility of colistin are also scarce. Although there are
some reports on colistin resistance in Turkish isolates,
semi-automated tests, disk diffusion, or gradient tests have
been employed to determine susceptibilities in those stud-
ies, which are not acceptable to test colistin [10, 11].
However, resistance to colistin seems to be significantly
high in carbapenemase-producing Enterobacteriaceae in
Turkey [12].

The aim of this study was (a) to determine the in vitro
activity of colistin in A. baumanni isolates from clinical
samples of patients admitted to Hacettepe University
Hospital with broth microdilution (BMD) test, (b) to compare
the BMD test with a gradient test (E-test) in randomly selected
120 isolates, and (c) to investigate colistin heteroresistance in
blood isolates that were susceptible to colistin.

MATERIAL AND METHODS

Isolates

Two hundred consecutive isolates of A. baumannii collected
from clinical samples between June 2016 and January 2017
were included in the study. Only the first isolate from each
patient was accepted. Bacterial identification was confirmed
with Vitek 2 ID/AST (bio-Mérieux, France) automated
bacterial identification system and MALDI-TOF MS
(bio-Mérieux). Isolates were stored in brain–heart infusion
broth containing 10% glycerol at −20 °C until the day of
study.

Antimicrobial susceptibility tests

Antimicrobial susceptibility of the isolates to amikacin,
gentamicin, ceftazidime, piperacillin/tazobactam, merope-
nem, ciprofloxacin, and tigecycline was determined by disk
diffusion test in Mueller–Hinton agar (BBL, Becton Dick-
inson, USA). Escherichia coli ATCC 25922 was used as the
control strain.

Determination of susceptibility to colistin

In 200 isolates, in vitro susceptibility to colistin was deter-
mined with BMD using cation-adjusted Mueller–Hinton
broth (Becton Dickinson) [10]. Colistin sulfate was

obtained in powder form (Sigma-Aldrich, USA). In ran-
domly selected 120 isolates, BMD and E-test (bio-Mérieux)
were compared to determine the in vitro susceptibility to
colistin. E.coli ATCC 25922 and E. coli NCTC 13846
were included in all the runs as colistin susceptible and
resistant controls, respectively. The results of susceptibility
tests were interpreted according to clinical breakpoint
tables in EUCAST v 8.1 documents [11]. Isolates with
MIC values ≤ 2 mg/L for colistin were categorized as
susceptible.

Determination of heteroresistance to colistin

In 14 blood isolates, which had MIC values≤ 2 mg/L for
colistin, presence of heteroresistant subpopulations was inves-
tigated with population analysis profile (PAP) method [7].
For this purpose, cation-adjusted Mueller–Hinton agar plates
containing colistin in 0.5, 1, 2, 4, 8, and 16 mg/L concentra-
tions were inoculated with 100 μl of the bacterial suspension,
which were prepared from an overnight culture and adjusted
to an inoculum of 108 CFU/ml in saline. After 48 h of
incubation at 35 °C, colonies were counted. Tests were
repeated twice and a plate without colistin was added as
growth control in each test. An isolate with growth in the
plates with colistin >2 mg was determined as heteroresistant
to colistin [7].

RESULTS

Isolates

Among A. baumannii isolates, 48% were from respiratory
specimens (bronchoalveolar lavage, deep tracheal aspirate,
and sputum), 12% were from blood, 15% from abscess, 7%
from urine, and the remaining were from other sterile body
fluids (CSF, bile, pericardial, peritoneal, pleural fluids, and
catheter).

Susceptibility results

In vitro susceptibility of 200 A. baumannii isolates to 7
antimicrobials is shown in Table I. Resistance rates to colistin
by clinical specimens are shown in Table II. Comparative
MIC50, MIC90 values, and resistance rates for colistin in 120
isolates by E-test and BMD are given in Table III.

Heteroresistance to colistin

Heteroresistance to colistin was investigated in colistin-
susceptible 14 blood isolates by PAP method, using an
inoculum of 108 CFU/ml. In three isolates (21.4%) with
MIC values of ≤2 mg/L, bacterial growth was observed in
plates containing 4 and 8 mg/L of colistin. These isolates
were identified as “heteroresistant to colistin.” Two of these
isolates were susceptible to amikacin and tigecycline, where-
as the third was only susceptible to tigecycline.
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DISCUSSION

A. baumannii is recognized as a significant cause of hospital
infections and is identified as one of the most dangerous
nosocomial microorgansisms by the Infectious Diseases
Society of America [6]. Acinetobacter spp. causes a broad
range of nosocomial infections, such as ventilator-associated
pneumonia, urinary tract infections, endocarditis, sepsis,
meningitis, skin and soft tissue infections, and wound

infections [2]. With the emergence of MDR A. baumanni
isolates worldwide, colistin and tigecycline have become the
only alternatives for the treatment of infections due to this
microorganism [6]. According to the results of this study,
most isolates were MDR as they exhibited resistance to
aminoglycosides, β-lactams, and fluoroquinolones (Table I).
In recent years, colistin has been used extensively against
MDR strains of A. baumannii and as expected, reports of
resistance to colistin began to appear with increasing fre-
quency. In 2006, colistin heteroresistance was first reported,
followed by others [6, 13–15]. In this study, in vitro activity of
colistin was investigated in 200 consecutive isolates of
A. baumannii, which were isolated from patients hospitalized
in the Hacettepe University Hospital, from June 2016
through January 2017. The majority of the isolates (25%)
originated from respiratory tract specimens from patients
who were in intensive care units (ICUs). In a recent SENTRY
report, 13,752 A. baumanni isolates collected from different
parts of the world between 1997 and 2016, it is reported that
in Europe, most of the isolates were from ICUs [14]. It is
indicated in several studies that A. baumanni isolates were
isolated more frequently from respiratory specimens; simi-
larly, most of the isolates were recovered from respiratory
samples in this study (47.5%) [3, 14]. BMD method is
considered the gold standard for determining colistin MICs
[11, 16]. At present, lower MIC values are obtained with the
gradient tests and even if the quality control strains are in the
accepted range, they are not appropriate to determine colis-
tin susceptibility. Semi-automated tests were also reported to
give major errors [11, 16].

In this study, overall resistance to colistin was 28% by
BMD. In randomly selected 120 isolates, susceptibility to
colistin was investigated employing BMD and E-tests simul-
taneously and major discrepancies were recorded. Resistance
to colistin was found as 4.2% by E-test and 25.8% by BMD
tests. In more than 20% of the isolates, resistance to colistin
was missed by E-test, which is a very major error. As it was
suggested in several studies, performing gradient tests in the
routine microbiology laboratories may be easier but it may be
misleading for the clinican with undesirable results in the
treatment with colistin [16–18]. Until the recent warning by
EUCAST that only BMD tests are acceptable in the determi-
nation of colistin susceptibility, many investigators have
employed different methods to determine colistin susceptibil-
ity in A. baumanni and hence data on resistance rates are
scarce for colistin. In the SENTRY survey, colistin resistance
rate in A.baumanni in European countries is around 6.1% and
it has increased up to 10.4% in the period between 2013 and
2016. Turkey is among the countries with highest level of
resistance [14]. In studies from several countries, resistance to
colistin is generally lower [6, 19]. Meanwhile, in a study from
Korea where BMD test was employed, it is reported as 30.6%
[20]. Data on the susceptibility of colistin to A. baumannii are
scarce in Turkey as elsewhere, since in many studies, BMD
tests have not been employed; hence, actual resistance rates
may be higher than the previous reports for colistin.

Three clones of A. baumannii are identified that are
prevalent in hospital outbreaks worldwide; international

Table I. Comparative in vitro activity of seven antimicrobials
against 200 A. baumannii isolates

Antimicrobial
agent

n (%)

Susceptible Intermediate Resistant

Amikacin 90 (45.0) 4 (2.0) 106 (53.0)

Gentamicin 73 (36.5) 6 (3.0) 121 (60.5)

Ceftazidime 34 (17.0) 5 (2.5) 161 (80.5)

Piperacillin/
tazobactam

27 (13.5) 9 (4.5) 164 (82.0)

Meropenem 36 (18.0) 1 (0.5) 163 (81.5)

Ciprofloxacin 38 (19.0) 0 (0) 162 (81.0)

Tigecycline 105 (52.5) 35 (17.5) 60 (30.0)

Table II. Resistance to colistin and A. baumannii isolates by
specimens

Specimens Number of isolates Resistance [n (%)]

Respiratory 95 21 (22.1)

Blood 24 10 (41.7)

Pus 30 10 (33.3)

Urine 15 4 (26.7)

Other 36 11 (30.6)

Total 200 56 (28.0)

Table III. Comparative MIC50, MIC90 values, and resistance rates
for colistin in A. baumannii by E-test and BMD tests (n= 120)

MIC50
(mg/L)

MIC90
(mg/L)

Range
(mg/L)

Resistance
[n (%)]

E-test 0.064 0.5 0.015–64 5 (4.2)

BMD 0.50 ≥32 0.015–≥32 31 (25.8)

Note: BMD: broth microdilution; MIC: minimum inhibitory concentration.
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clonal lineages (ICLs) ICL1 and ICL2 are MDR [2, 18, 21].
In addition, new ICLs have been reported, which are MDR
and carry carbapenemase genes [21–23]. In a study by Gur
et al. [24], it was shown that all isolates of A. baumanni-
producing OXA-58-like carbapenemases had identical or
similar pulsed-field gel electrophoresis patterns, indicating
the clonal dissemination of OXA-58-like carbapenemase-
producing isolates in this center. Clonal dissemination may
account for the high rate of resistance to colistin in this study.

Although heterogenous antimicrobial resistance was
reported in Haemophilus influenzae in 1947 and subsequent-
ly in Gram-positive bacteria, the term “heterogenous” was
first reported in 1970. Heterogenous resistance and methods
to define this phenomenon have not been clearly character-
ized and to determine heteroresistance, several methods may
be employed; at present, the gold standard is the PAPmethod
[7, 25]. Li et al. [7] define heteroresistance as the presence of
subpopulations of resistant bacteria in an isolate having an
MIC, which is considered susceptible by standard testing
methods. Such that, in A. baumannii, in a culture of bacteria
with an MIC value of <2 μg/ml for colistin, isolates which
can grow in the presence of >2 mg/ml colistin, is considered
heteroresistant. With a more recent definition, an isolate is
considered heteroresistant when there is a >8 fold difference
between the MIC and the concentration inhibiting the entire
population in PAP assay [25]. In this study, PAP test was
applied for 14 blood isolates, which were susceptible to
colistin (MIC < 2 mg/L) by BMD, and colistin heteroresis-
tance was detected in three isolates. The colistin MICs of
these isolates were 0.06, 0.125, and 0.5 μg/ml and in all three
isolates, subpopulations grew in plates containing 4 and
8 μg/ml colistin in PAP test. Therefore, these three isolates
were considered as colistin heteroresistant by both afore-
mentioned definitions.

There are several reports on the rate of colistin hetero-
resistance. Yau et al. [8] reported 23% of heteroresistance in
30 isolates collected between 1998 and 2006 from Western
Pacific region countries. Li et al. [7] reported heteroresis-
tance in 15 of the 16 isolates tested. Srinivas et al. [26]
observed heteroresistance in 83% of the 24 isolates. Gazel
and Tatman Otkun [27] investigated heteroresistance in 31
blood isolates of A. baumannii and did not observe any
heteroresistance.

Impact of heteroresistance on the clinical outcome is a
concern, since it is one of the last resorts of treatment in
MDR A. baumannii infections. Some authors believe that
infections occurring with heteroresistant isolates may result
in resistance in vivo as a result of exposure to colistin [9, 25,
28, 29]. In contrast to the views of some investigators who
report heteroresistant isolates in patients with no history of
colistin use, Hawley et al. [9] suggested that although hetero-
resistance may be observed in isolates from patients not
receiving colistin previously, it is more frequent in patients
who had a history of colistin use. Favorable clinical outcomes
with colistin therapy in patients infected with heteroresistant
isolates have been attributed to the use of aggressive colistin
dosing and combination therapy [26].

CONCLUSIONS

The standard method to detect in vitro susceptibility to
colistin is BMD; however, it is not sufficient to detect
heteroresistance. PAP assay, which is the gold standard to
detect heteroresistance, cannot be performed in routine
laboratories. Rate of colistin heteroresistance is a new area
of research and this is the first study showing heteroresis-
tance to colistin with PAP assay in Turkish A. baumannii
isolates. We believe that further studies are needed to deter-
mine the frequency of colistin heteroresistance and the
association of in vitro heteroresistance with clinical outcome
in infections due to A. baumannii.
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