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Background: Acinetobacter baumannii plays an important role in some types of nosocomial infections as an opportunist microorganism
which increases levels of resistance to antibacterial drugs and disinfectants.

Objectives: The aim of this study was to determine the resistance and sensitivity of A. baumannii to different antibiotics and evaluate
the minimal inhibitory concentration (MIC) for Ciprofloxacin and Tetracycline; in addition to Surfanios, Citron and Aniosyme DD1
disinfectants, and also to detect the presence of gyrA, parC and tetB gene bands in the isolates.

Materials and Methods: In this study, 65 A. baumannii isolates were collected from the hospitalized patients in NIOC hospital (National
Iranian Oil Company hospital) of Tehran, Iran during 2010-2011. The pattern of sensitivity to antibiotics was determined using CSLI disk
diffusion and MIC methods. Furthermore, resistance of isolates to the common disinfectants (Surfanios Citron and Aniosyme DD1) was
determined in different hospital wards. Presence of gyrA, parC and tetB gene bands was also detected by PCR method.

Results: Frequency of Acinetobacter resistance to Amikacin, Ciprofloxacin, co-Trimoxazole, Ceftazidime and Ceftriaxone was 100%
in the isolates reviewed in this study. The frequency of resistance to Gentamicin and Tetracycline were 86.1% in the isolates. The MIC of
Ciprofloxacin in all (100%) of isolates was 32-64 pg/mL which showed the resistance to Ciprofloxacin In 86.1% of cases the Gentamicin and
Tetracycline MIC were > 16 pg/mL and in 13.9% of isolates the Gentamicin and Tetracycline MIC were 4 pg/mL, these results showed the
resistance and sensitivity to the Gentamicin and Tetracycline, respectively. Additionally, all (100%) of the A. baumanniiisolates were resistant
to disinfectant concentrations, which were used with the methods recommended by manufacturers (0.5%). In 100% of the isolates parC
and gyrA genes bands were detected, and tetB gene was also detected in 86.1% of Tetracycline resistant isolates.

Conclusions: Due to the high resistance of A. baumanniiisolates to most antibiotics in our studyand also its high resistance to the common
disinfectants usually used in hospitals, it seems that more attentions should be paid for applying disinfectants. Since most of the isolates
were collected from tracheal and sputum samples (46%), it seems that respiratory tract is the most t prevalent site of infection among
Acinetobacter infections. Therefore, disinfecting the respiratory tract related equipment and instruments by using proper disinfectants
seems to be an appropriate way to prevent these infections.
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1. Background

Acinetobacter spp. is a Gram-negative non-fermentative
bacteria. These bacteria need only a few requirements for
growth and they can survive on moist and dry surfaces,
including the hospital environment. Acinetobacter bau-
mannii plays an important role in nosocomial infections
as an opportunistic pathogen in long term hospitalized
patients in ICU or following long term use of antibiotics
(1). A. baumannii is highly resistant to the most of anti-
microbials agents. This resistance can be inherited or
acquired through resistance genetic factors. Resistance
to the antimicrobial factors in clinical samples can make
the treatment of infections harder (2).

Several studies showed that the resistance of A. bauman-
nii to Quinolones has a genetic basis. The most important
mutations in gyrA and parC usually happen in special
places called resistant determining areas. Ciprofloxacin
is a wide range antibiotic for both Gram-positive and
Gram-negative bacteria. This antibiotic inhibits DNA gy-
rAse, topoisomerase Il and IV and production of enzymes
necessary to metabolize DNA of the bacteria, thus they
inhibit cell division (3).

Fluoroquinolones affects DNA through inhibition of
DNA gyrAse (gyrA) and topoisomerase IV (parC). The main
targets of fluoroquinolones in some bacteria, such as

Implication for health policy/practice/research/medical education:

In order to reduce the prevalence of nosocomial infections due to resistant strains of Acinetobacter, the use of appropriate concentrations of disinfectants
is highly recommended. This study will be useful for ministry of health and clinical centers.
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Escherichia coli, are DNAgyrAse and topoisomerase. Fluo-
roquinolones affect this enzyme and halt the replication
and transcription (4). Quinolones have shown good ac-
tivities against Acinetobacter spp. However, resistance to
these antibiotics is rapidly increasing. Resistance to Fluo-
roquinolones in Acinetobacter species is accompanied
with the mutation in the area e determining resistance
to gyrA (QRDR) or parC encoding subunit A of DNAgyrAse
and topoisomerase IV. Furthermore, mutations within
the QRDRs of gyrA are associated with resistance to Cipro-
floxacin (5). S Disinfectants are antimicrobials applied to
surfaces and objects (6) which are the main measures in
controlling infections and are used to prevent spreading
of nosocomial infections (7).

Surgical instruments, such as needles, syringes, instru-
ments used in association with blood vessels, urinary
catheters, arthroscopies and laparoscopes should be ster-
ile, due to the possibility of transmitting infections. Level
of activity of biocides depends on several factors. Some of
these factors are related to the type of biocide and others
relate to the microorganisms (8).

2. Objectives

The purpose of this study was to determine the resis-
tance and susceptibility of A. baumannii to various antibi-
otics, Surfanios and Aniosyme DD1, the MIC of Ciprofloxa-
cin and Tetracycline and to detect the presence of gyrA,
parC and tetB gene bands in isolated bacteria.

3. Materials and Methods

This research was conducted between years 2010 and
2011 in Mahmoodieh laboratory of Islamic Azad Univer-
sity, North Branch to fulfill the requirements for a MSc
thesis. 2500 samples were collected from December 2010
to August 2011 from the respiratory secretions, urine,
wounds, sputum and blood samples of patients hospi-
talized in one of Tehran’s hospitals. In order to identify
Acinetobacter, biochemical tests (Oxidase, Catalase, OF
Glucose, TSI, Indol |SIM[, motility ]SIM|, Simon Citrate,
Growth on MacConkey (Merck Co., Germany) and growth
in 42°C) were performed and also to confirm the API 20E
(Biomerieux Co., France) diagnostic kits and MICROGEN
GNA+B (Microgen Bioproducts Co., UK) were used (Fig-
ures1,2).

Then these bacteria were stored in media containing
glycerol at -20°C. Screening for different antibiotic re-
sistance (Ciprofloxacin, Ceftazidime, Ceftriaxone, Tetra-
cycline, Gentamicin, Amikacin and co-Trimoxazole) was
performed using disk diffusion test according to Clinical
and Laboratory Standards Institute (CLSI) (PadtanTeb Co.,
Iran). Disks were placed on Mueller-Hinton agar (Merck
co.Germany) and incubated for 24h at 35°C. The results
were compared to that of the CLSL. The minimum inhibi-
tory concentration (MIC) of A. baumannii for Ciprofloxa-

cin and Tetracycline were performed according to macro
and micro dilution broth methods based on CLSI guide-
lines. The MIC assay is a technique used to determine the
lowest concentration of a particular antibiotic needed to
kill bacteria. Antibiotic powders were dissolved in sterile
deionized water or an appropriate solvent according to
the manufacturer’s recommendations. Test concentra-
tions for antibiotics were 256 g/mlL, 128 g/mL, 64 g/mL,
32 g/ml, 16 g/mL, 8 g/mL, 4 g/mL, 2 g/mL, 1 g/mL 0.5 g/mL
and 0.25 g/mL. Each well of a microtiter plate contained
a total volume of 100 mL concentrated antibiotic and
Mueller-Hinton medium with the bacterial inoculums
and TTC (triphenyletetrazolium chloride). Micro plates
were incubated at 35°C for 18h to 24h. The lowest concen-
tration of antibiotic without visible bacterial growth was
defined as the MIC (9).

Resistance and sensitivity of isolated bacteria to the
Surfanis disinfectant (containing didecyl- dimethyl chlo-
ride) and 0.2, 0.5 and 1% Aniosyme DD1 (containing poly-
hexamethylene hydrochloride) were assessed by spot-
ting and disk diffusion methods.

Figure 1. The Results of Biochemical Tests for Acinetobacter baumannii
With API Kit
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Figure 2. The Result of Biochemical Tests for Acinetobacter baumannii With
Microgen kit
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3.1. Extraction of DNA and Performing PCR

DNA of isolates was extracted according to manufactur-
er’s protocol using (MBST) and PCR kits. Primers were pro-
vided by Rubin TebGostar Co and PCR kit was provided by
Metabion Co. For PCR amplification, 1 mL of the extracted
DNA was transferred to 24 uL of the PCR amplification mix
consisting of: 2.5 uL of buffer, 1 uL of ANTP, 18 uL of sterile de-
ionised water, 1 uL of each primers ( forward and reverse)
and 0.5 pL of Tag polymerase. For gyrA, the following pa-
rameters were used: an initial template denaturation at
95°C for 1 min; 36 cycles consisting of 30s of denaturation
at 95°C, 30s of annealing at 53°C and 2 min of extension at
72°C; and a final extension at 72°C for 10 min. For parC: an
initial template denaturation at 95°C for 2 min; 36 cycles
consisting of 1 min of denaturation at 95°C, 1 min of an-
nealing at 60°C and 2 min of extension at 72°C; and a final
extension at 72°C for 10 min and for tetBan initial template
denaturation at 95°C for 5 min; 25 cycles consisting of 30s
of denaturation at 95°C, 30s of annealing at 57°C and 20s
of extension at 72°C; and a final extension at 72°C for 7 min.

To perform PCR, nucleotide sequences of the used prim-
ers for gyrA, parC and tetB were as follows:

gyrAF: 5" AAATCTGCCCGTGTCGTTGGT3" 16

gyrAR: 5" GCCATACCTACGGCGATACC3”

parCF: 5" AAAAATCAGCGCGTACAGTG3~ 16

parCR: 5" CGAGAGTTTGGCTTCGGTAT3”

tetB F: 5" TACGTGAATTTATTGCTTCGG3 ™ 17

tetB R: 5" ATACAGCATCCAAAGCGCAC3”

For electrophoresis of PCR products, 1% agarose gel was
used. Afterwards the gel was stained with ethidium bro-
mide and imaged.

4. Results

Among collected samples, 65 A. baumannii (2.6% of total
samples) were isolated, of which 36.9% were from trache-
al, 27.6% from wound, 18.4% from urine, 9.2% from sputum
and 7.6% from blood samples. These bacteria grew well in
blood agar, MacConkey and BHI agar. A. baumannii is cata-
lase positive and oxidase negative which differentiates
it from Pseudomonas. These bacteria were ALK/ALK posi-
tive in TSI medium and citrate while urea and Indol were
negative. SIM medium was used for Indol test and Urease
medium for urea test also gelatin test was negative. It
mentioned that these bacteria don’t have Gelatinase so
couldn’t liquefy gelatin medium. Production of acid in
OF Glucose was positive. In order to differentiate A. bau-
mannii from A. calcoaceticus, the plate was keptin 42 °C.

All cases (100%) had negative inhibition zones for Cip-
rofloxacin, Amikacin, co-Trimoxazole, Ceftriaxone and
Ceftazidime and most cases (86.1%) for tetracycline and
Gentamicin. Inhibition zone for tetracycline and gentami-
cin was observed in 13.9% of isolates based on the CLSI table.
Resistance to disinfectants Surfanios and DD1 with %0.5
concentration of (according to the manufacturer’s instruc-
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tion) was observed in (all) 100% of bacteria, but all (100%) of
bacteria were sensitive to double concentrations of these
disinfectants.

All (100%) A. baumannii were resistant to Ciprofloxacin
with MIC of 32-64 pg/mL, and were resistant to tetracycline
and Gentamicin in 86.1% of cases with MIC of > 16 ug/mL
and also sensitive in 13.9% of isolates with the MIC of 0-4ug/
mL. Our results showed that all (100%) of isolates were resis-
tant to Ciprofloxacin, Ceftazidime, Amikacin, Ceftriaxone,
and co-Trimoxazole, and also 86.1% of isolates were resistant
to tetracycline and Gentamicin. In all isolates (100%) gyrA
and parC gene bands were detected (Figures 3, 4). TetB gene
band was also found in 86.1% of isolates (Figure 5) which
were resistant to tetracycline but not in sensitive strains.

e 343bp

Figure3.gyrA

327bp

Figure 4. parC
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206bp

Figure 5. tet B

5. Discussion

A. baumannii is one of the most important bacteria in
nosocomial infections. When the consumption rate of
an antibiotic is high, antibiotic resistant microorgan-
isms emerge due to the cessation of growth of sensitive
strains, and the increase of growth in resistant strains.
Resistance rate varies from one antibiotic to the other
and from one microorganism to another (10). Nowadays,
due to wide application of antibiotics in treatment of dis-
eases, resistant strains appear more often (11). Resistance
of single bacteria to multiple antibiotics causes severe
problems in treatment of diseases.

Resistance of A. baumannii to multiple antibiotics is not
a new phenomenon: this bacteria, is inherently resistant
to many antibiotics due to its ubiquitous existence, and
its resistance rate is also increasing (12). Results of our
study showed that A. haumannii had high resistance rates
to most antibiotics. A. baumannii was resistant to Ami-
kacin, Ciprofloxacin, co-Trimoxazole, Ceftazidime and
Ceftriaxone in 100% of isolates and the frequency of re-
sistance to gentamicin and tetracycline were 86.1%. In all
(100%) of isolated bacteria, resistance to at least three an-
tibiotics was observed which was identified as multiple

drug resistant (MDR).

MDR in A. baumannii leads to problems in treating pa-
tients with infections caused by this bacteria. In stud-
ies of Hujer et al antibiotic sensitivity tests were done
according to the CLSI criteria. The results showed that
eighty nine percent of the collected Acinetobacter species
were resistant to at least three groups of antibiotics. In
fact, they showed MDR. They reported that more than
90% of samples were resistant to Ciprofloxacin and 81% re-
sistant to Amikacin or Tobramycin (13). In another study,
Srinivasan et al. have shown that A. baumannii was resis-
tant to the following antibiotics: Imipenem, Ceftazidime,
Amikacin, Streptomycin, Gentamicin, Kanamycin, Tetra-
cycline, Ciprofloxacin and Nalidixic acid. Susceptibility
of Acinetobacter to these antibiotics was determined by
broth dilution method.

Seventy nine and a half percent of isolated A. bauman-
nii were resistance to Ceftazidime, Amyimipenem, Ami-
kacin, Kanamycin, Gentamicin, Streptomycin, Tetracy-
cline, Ciprofloxacin and Nalidixic acid, i.e. They found
out that 79.5% of isolated Acinetobacter species were MDR
(14). In another study by Adams-Haduch et al, the rate of
complete resistance to antibiotics were as follows: 95.9%
showed resistance to Ciprofloxacin, 87.7% To Ceftazidime,
79.6% To Cefepime, 40.8% To Ampicillin sulbactam, 18.4%
to Imipenem 22.4% To Meropenem, 36.7% To Amikacin,
61.2% to Tobramycin, 77.6% to Gentamicin and 79.6% to
Tetracycline. Totally, 16.3 % were resistant to six groups of
experimented antibiotics (15).

In the study of Vila et al. Acinetobacter species which
were resistant to Ciprofloxacin with MIC >4 showed a
mutation of gyrA gene in PCR analysis (16). In the study
of Jordi Vila gyrA gene mutations were detected in strains
with MIC >4 pg/mlL, and parC gene mutations were de-
tected in strains with MIC >32 ug/mL (17). In the study
of Seward R] and Towner K] Acinetobacter species which
were resistant to ciprofloxacin (MIC = 4) had the gyrA
gene mutation and one of resistant bacteria with MIC >
64 pg/mL had both the parC and gyrA gene mutations (18).
In a study by Hujer et al, 88% e of A. baumannii were resis-
tant to Ciprofloxacin, but parC gene mutation was detect-
ed only in one isolate (13). The mentioned studies have
shown that mutations in both gyrA and parCare genes are
required to develop high level of resistance to Ciprofloxa-
cin and this is probably due to effect of these mutations
on the permeability of A. baumannii to quinolones (19).

In the study reported by Lee et al A. baumannii was rec-
ognized as an opportunistic pathogen in nosocomial
infections and that the worldwide resistance to Fluoro-
quinolones is rapidly increasing. The mechanism of re-
sistance to Fluoroquinolone is mainly associated with
quinolone resistance determining regions (QRDR) from
gyrAlocus related to DNA gyrAse and parC genes encoding
topoisomerase IV. GyrA and parC mutations were observed
in bacteria resistant to Ciprofloxacin (20). In the present
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study, all strains had MIC =32 pg/mL; gyrA gene mutation
was detected in MIC >4pg/mLand parCband in MIC >32
pg/mL. Therefore, all isolates had gyrA and parC gene mu-
tations and this accounts for the high level of resistance
of A. baumannii to Ciprofloxacin.

Because of the outbreak of A. baumannii in our hospital,
especially intensive care unit (ICU), efficacy of disinfec-
tants such as Surfanios (which were used for the surfaces)
and Aniosyme DD1 (which were used for the medical in-
struments) were also evaluated. Results showed that all
(100%) of bacteria were resistant to disinfectants at the
recommended concentrations by company (0.5%), but
they were susceptible to these detergents when used in
double concentrations. Since most of the samples in this
study were taken from tracheal secretions and sputum,
probably the main sources of infections were equip-
ments used in the respiratory system. Therefore, disinfec-
tion of respiratory system related equipments is one im-
portant way of preventing infections. It was recognized
in this study that these disinfectants were applied for two
years, resistance to the applied concentrations was devel-
oped and consequently stably remained in the environ-
ment which resulted in outbreaks in different units of
the hospital. Also, it is probable that the high resistance
of A. baumannii to different antibiotics is associated with
its resistance to disinfectants.

Based on the results of the present study, the most im-
portant measure to control high level resistance in hos-
pitalized patients in special care unit is to monitor and
the use of broad spectrum antibiotics and prescription
of antibiotics with high dosage. Thus, as A. baumannii has
become resistant to many antibiotics, use of the above
mentioned antibiotics is not recommended. Also, as the
many studies have shown the outbreak of these bacteria
in Iran and many other parts of the world, installation
of preventive measures is recommended. Although, it
seems that disinfectants are the primary defense line to
prevent spreading of infections, it is believed that high
usage of these antimicrobial substances may cause selec-
tive pressure and results in resistance of microorganisms
to disinfectants. Besides, several reports have shown the
possibility of resistance to antibiotics following the inap-
propriate and overuse of biocides. Therefore, the appro-
priate use of disinfectants and changing them every six
to twelve month is recommended.
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