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Abstract

Background: Acinetobacter baumannii has appeared as an important opportunistic pathogen responsible for nosocomial infec-
tions. The rising trend of antibiotic resistance amongst A. baumannii isolates has become a global concern. The most prevalent
procedure of resistance is beta-lactamase and carbapenemases production with genes on mobile elements.
Objectives: The aim of the current research was to assess antibiotic susceptibility schema and the frequency of TEM, PER, and NDM-1
genes among A. baumannii isolates.
Methods: One hundred and eighty three specimens from November 2014 to February 2015 were collected from Golestan and Imam
Khomeini hospitals in Ahvaz, Iran. Drug susceptibility tests were carried out by Kirby-Bauer method. Extended spectrum-beta-
lactamases (ESBLs) production was determined by the combination disk method and carbapenemases production was determined
by the modified hodge test (MHT) according to the CLSI recommendations. TEM, PER, and NDM-1 were detected by PCR.
Results: Out of 183 Acinetobacter isolates, 151 (82.5 %) were identified as A. baumannii by standard chemical tests. The highest resis-
tance was determined to ciprofloxacin (97.3 %), whereas the higher rate of susceptibility was observed to colistin (98.7%). 1.3% of
the A. baumannii isolates were positive for ESBL in combined disc test. Production of carbapenemase was detected in 47.1% of the
A. baumannii isolates using MHT. The prevalence of TEM and PER genes was 36.4 % and 25.1 %, respectively. NDM-1 genes were not
detected.
Conclusions: The prevalence of carbapenemase positive A. baumannii isolates in the current study makes a serious concern and
highlights the need for infection control through antibiotic management protocols and rapid detection of resistant strains.
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1. Background

Acinetobacter baumannii has appeared as an important
bacterial pathogen associated with hospital acquired in-
fections. Acinetobacter baumannii is often related to pneu-
monia, urinary tract, bloodstream, wound, and nosoco-
mial meningitis infections (1). Acinetobacter baumannii
strains have become a global concern because of their in-
creasing rate of antibiotic resistance. This bacterium has
tendency to gain resistance quickly to various types of an-
tibiotics and thus, displays numerous rates of resistance
to different antibacterial drugs (2). Gram-negative bacteria
have evolved two major genetic pathways for resistance to
beta-lactams including mutation of special intrinsic genes
and acquisition of resistance genes.

Extended spectrum-beta-lactamases (ESBLs) genes rep-
resent the main mechanism of resistance to β-lactam an-

tibiotics against later generation cephalosporins such as
cefepime, cefotaxime, and ceftazidime in bacteria. These
beta lactamase enzymes are often found in Enterobacteri-
aceae, Pseudomonas aeruginosa, and A. baumannii and are
isolated from bacteria worldwide (3). Most of ESBLs are
members of either TEM, SHV, CTX-M or PER (class A) fam-
ilies according to the Ambler molecular classification of
β-lactamase genes (4). Carbapenems are the most effec-
tive antibiotics used to treat A. baumannii infections due
to multidrug resistant A. baumannii strains. Whether re-
sistance to carbapenem is related to an increased risk of
mortality in patients with A. baumannii infections is con-
troversial. The emergence of resistance to carbapenems
among A. baumannii isolates in serious infections is now
a significant threat to public health (5). Resistance to car-
bapenem is almost caused by the production of enzymes-
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carbapenemases that hydrolyze carbapenems and otherβ-
lactams. Carbapenemase enzymes are divided into three
Ambler classes of beta-lactamase A, B, and D (5).

Prevention and control of nosocomial infections
caused by multidrug resistantA. baumannii strains require
maintaining a clean healthcare environment, sufficient
reprocessing of reusable medical devices, adequate capac-
ity of healthcare systems for contact isolation, suitable
capability of microbiological laboratories, and having a
hospital hygiene team. Furthermore, awareness about
resistant A. baumannii strains sources in healthy units im-
proves the care of infection transmission and prevention
from spreading of these infections (6, 7).

2. Objectives

The purpose of the current research was to find out
extended spectrum B-lactamase and carbapenemases pro-
duction by two different phenotypic methods and to look
for bla TEM, bla PER, and bla NDM-1genes among A. bauman-
nii clinical isolates in two teaching hospitals in Ahvaz.

3. Methods

3.1. Bacterial Isolates

A total of 183 non-duplicated clinical isolates of Acine-
tobacter were prepared between December 2014 and Oc-
tober 2015 from two different university-affiliated hospi-
tals, Golestan and Imam Khomeini, in Ahvaz city, Iran. The
isolates were recovered from different specimens, includ-
ing tracheal aspirate, wound, blood, urine, abscess, pleu-
ral fluid, and CSF. Acinetobacter baumannii was the most
prevalent species with 151 (82.5%) isolates. The rest (17.5%)
were identified asAcinetobacter spp. Bacterial isolates were
recognized by conventional biochemical tests including
Gram staining, oxidase test, fermentative and oxidative
properties, growth at 42°C, and citrate and malonate tests
(8). In addition, A. baumannii species were confirmed for
bla OXA-51-like genes by PCR (9).

3.2. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing and interpreta-
tion were employed for all isolates against 11 antimicro-
bial agents including imipenem (IPM: 10 µg), meropenem
(MEM: 10 µg), ceftazidime (CAZ: 30 µg), cefotaxime (CTX:
30 µg), cefepime (FEP: 30 µg), ciprofloxacin (CIP: 5 µg),
piperacillin (PIP, 100µg), amikacin (AK: 30µg), gentamicin
(GEN: 30 µg), tetracycline (TE: 30 µg), and colistin (CO, 10
µg) (mast group, UK). Susceptibility test was carried out
by Kirby-Bauer disk diffusion method on Mueller-Hinton

agar (MHA) (Merck, Germany) according to the 2014 clin-
ical laboratory standards institute (CLSI) guidelines (10).
Susceptibility tests were monitored using Escherichia coli
ATCC 25922 strain.

3.3. ESBL Phenotypic Detection of Isolates

Identification of ESBLs was performed for the isolates
by combination disk test (CDT). The isolates were exam-
ined for the inhibition zone of ceftazidime (CAZ) 30 µg +
clavulanic CA10µg adjacent to disk containing ceftazidime
(CAZ) alone and cefotaxime (CTX) 30 µg + clavulanic CA 10
µg adjacent to disk containing cefotaxime alone on Muller
Hinton agar (Mast Group, UK). ESBL test was considered
positive if the inhibition zone diameter in presence of
clavulanic acid was ≥ 5 mm larger than that in the lack
of it. Escherichia coli ATCC 25922 and Klebsiella pneumoniae
ATCC700603 were used as negative and positive controls
for ESBL production, respectively (10).

3.4. Detection of Carbapenemases Producing Isolates

The carbapenem-resistant strains were evaluated for
carbapenemase production by modified hodge test (MHT)
according to the CLSI guidelines. Escherichia coliATCC25922
(a sensitive indicator strain to carbapenems) was inoc-
ulated in sterile saline to achieve 0.5 McFarland turbid-
ity standard and then was cultured onto Mueller-Hinton
agar (MHA) (Merck, Germany) plate. After brief drying, er-
tapenem (10 µg) disc was placed at the center of the plate
on the lawn culture. The test strains were heavily inocu-
lated from the edge of the ertapenem disc to the periph-
ery of the plate in three different directions. Three isolates
were inoculated in one plate. The plates were incubated at
35°C overnight. The presence of distorted or a cloverleaf
shaped zone of inhibition was considered as positive test
for carbapenemase production strains according to the
CLSI recommendations. Klebsiella pneumoniae ATCC BAA -
1705 was used in this study for quality control (10).

3.5. Isolation of Genomic DNA

Total genomic DNAs of the bacterial isolates were pre-
pared by using boiling method for DNA extraction. Briefly,
at least 5 colonies were harvested from MacConkey agar
plate and suspended in 500 µL TE buffer. The suspensions
were incubated at 95°C for 15 minutes. Then, the cells were
pelleted at the bottom of the tube by centrifugation at
12,000 × g for 5 minutes. The supernatants were trans-
ferred to new tubes and used as templates for PCR reaction.
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3.6. Detection of bla OXA-51, bla TEM, bla PER and bla NDM-1
Genes by PCR

Clinical isolates of A. baumanniiwere confirmed by PCR
assay with specific primer for presence of bla OXA-51-like
gene listed in Table 2. Acinetobacterbaumannii (ATCC 19606)
was used as positive control (9). The ESBL genes determi-
nation was carried out by PCR to detect bla TEM and bla
PER genes (11). Klebsiella pneumonia strain 7881 and Pseu-
domonas aeruginosa KOAS strain were used as positive con-
trol strains in the determination of these genes, respec-
tively (11). Carbapenem-resistant strains were screened
for bla NDM-1 gene by using specific primers targeting bla
NDM-1. Klebsiella pneumonia NDM 2146 was used as control
strain in the detection of these genes (12). Primer pairs
used for the amplification of these genes are shown in Ta-
ble 2.

To amplify these genes, each reaction was performed in
a final volume of 25µL containing 1x PCR buffer, 1U Taq poly-
merase, 1.5 mM MgCl2, 200 µM of dNTP, 10 pmol of each
primer (Bioneer, South Korea), and 1 µL of extracted DNA.
A negative control without DNA template was included
in each PCR experiment. Amplification conditions were
programmed in Master cycler Eppendorf (Eppendorf, Ger-
many). Amplification conditions for PCR were as follows:
Initial denaturation at 94°C for 3 minutes; 35 cycles of 94°C
for 45 seconds, annealing at 53 - 58°C for 45 seconds, exten-
sion at 72°C for 1 minute, and final extension at 72°C for 5
minutes.

3.7. Electrophoresis

PCR products were electrophoresed on 1.5% agarose gel
(Fermentase, Germany) and visualized under UV gel docu-
mentation system.

4. Results

In the present study, 183 non-repetitive isolates of Acine-
tobacter were recovered from hospitalized patients admit-
ted to Golestan and Imam Khomeini teaching hospitals
during December 2014 to October 2015 in Ahvaz city, Iran.
151 (82.5%) isolates were identified as A. baumannii by stan-
dard chemical tests. The remaining isolates (17.5%) were
identified as Acinetobacter spp. Of the 151 A. baumannii iso-
lates, 66 (43.7%) were obtained from female patients and 85
(56.3%) from males. Of the 151 isolates, 88 (58.3%) were iso-
lated from tracheal aspirate, 26 (17.1%) from blood, 19 (12.6%)
from wound, 5 (3.3%) from urine, 5 (3.3%) from CSF, 4 (2.7%)
from abscess, and 4 (2.7%) from pleural fluid.

In the antimicrobial susceptibility test, A. baumannii
isolates displayed resistance pattern as follows: 147 (97.4%)

to ciprofloxacin, 144 (95.4%) to ceftazidime, 141 (93.4%) to ce-
fotaxime, 139 (92%) to cefepime, 143 (94.7%) to amikacin, 142
(94%) to piperacillin, 142 (94%) to meropenem, 138 (91.4%)
to imipenem, 142 (94%) to gentamicin, 103 (68%) to tetra-
cycline, and 2 (1.3%) to colistin (Table 1). A high suscepti-
bility rate was observed to colistin. All the ceftazidime re-
sistant isolates were tested by combined disk test for as-
sessing ESBL production (Figure 1). Among 144 ceftazidime
resistant A. baumannii strains, only 2 isolates (1.3%) were
positive for ESBL. Modified Hodge test was performed for
carbapenem resistant strains to evaluate carbapenemase.
Among 138 (91.4%) imipenem resistant A. baumannii iso-
lates, 71 (47%) showed carbapenemase production by MHT
(Figure 2). bla OXA-51 was surveyed and determined in to-
tal strains. Prevalence of bla TEM and bla PER genes among
class A ESBL-producing A. baumannii isolates was 55 (36.4%)
and 38 (25.2%), respectively (Figure 3). Fortunately, blaNDM-
1 gene was not detected in the isolates (Figure 3).

Figure 1. ESBL Detection in Acinetobacter baumannii by Combination Disk Test (CDT)
Method

5. Discussion

Acinetobacter baumannii is an important and common
opportunistic nosocomial pathogen with high morbidity
and mortality (13). The major cause for resistance to beta
lactam antibiotics in A. baumannii is beta lactamase en-
zymes with genes such as TEM, PER, and OXA. In addition,
resistance rate to some first line antibiotics including car-
bapenems is raising in the world as well as in our coun-
try (4, 14). Carbapenems activity of spectrum against most
bacteria is broad, because these antibiotics relatively re-
sist to hydrolysis via many of beta lactamases (4, 5). How-
ever, development of resistance mechanisms to most an-
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Table 1. Antibiotic Resistant Pattern of A. baumannii Isolates

Antibiotics Resistant (%) Intermediate (%) Sensitive (%)

Imipenem 138 (91.4) 2 (1.3) 11 (7.3)

Meropenem 142 (94) 1 (0.7) 8 (5.3)

Ceftazidime 144 (95.4) 0 (0) 7 (4.6)

Cefotaxime 141 (93.4) 5 (3.3) 5 (3.3)

Cefepime 139 (92) 2 (1.3) 10 (6.7)

Ciprofloxacin 147 (97.4) 0 (0) 4 (2.6)

Amikacin 143 (94.7) 0 (0) 8 (5.3)

Piperacillin 142 (94) 0 (0) 9 (6)

Gentamicin 142 (94) 0 (0) 9 (6)

Tetracycline 103 (68) 16 (11) 32 (21)

Colistin 2 (1.3) 0 (0) 149 (98.7)

Table 2. The Primer Sequences Used in This Study

Gene Primer Sequences 5’ → 3’ Product Size (bp) Annealing (°C) Reference

bla OXA-51
F: TAATGCTTTGATCGGCCTTG

353 54 7
R: TGGATTGCACTTCATCTTGG

bla TEM
F: GAGTATTCAACATTTCCGTGTC

800 58 9
R: TAATCAGTGAGGCACCTATCTC

bla PER
F: AATTTGGGCTTAGGGCAGAA

925 54 9
R: ATGAATGTCATTATAAAAGC

bla NDM-1
F: GGTTTGGCGATCTGGTTTTC

621 52 10
R: CGGAATGGCTCATCACGATC

timicrobial agents in this organism is a reason for raising
multiple drug resistant pathogens in recent years (13).

In this study, 82.5% of the strains wereA. baumannii and
the rest were of other species of Acinetobacter. The most fre-
quently isolated bacteria were obtained from tracheal aspi-
rate followed by blood and the lowest frequency belonged
to the bacteria isolated from pleural fluid and abscess.
According to our research, the highest resistance rates
of isolates were to ciprofloxacin, ceftazidime, amikacin,
meropenem, and piperacillin and the lowest resistance
rate denoted to colistin. Based on other investigations, it is
obvious that appearance of resistant A. baumannii strains
is increasing in the world (14). Our findings are consistent
with the results of other earlier studies. Goudarzi et al.
in 2013 reported that resistance rates of A. baumannii iso-
lates were 99% to ceftazidime, meropenem, cefepime, 98%
to ciprofloxacin, 91.5% to imipenem, and 70% to amikacin
in Tehran (15). In addition, a study by Baygloo et al. in
2015 showed that all the A. baumannii isolates were resis-

tant to cephalosporins and imipenem, but amikacin and
piperacillin were sufficient to treat some of the patients
(16).

In this study, two isolates (1.3%) were resistant to col-
istin. In a study conducted in East china by Zhao et al. in
2015, a high resistant rate was shown against ciprofloxacin
(98.5%), ceftazidime (92.3%), imipenem (92.3%), and gen-
tamycin (87.7 %) (17). It is possible that different times of
these surveys are the cause of different outcomes of the
studies. In our survey, CDT results indicated that 2 isolates
(1.33%) of A. baumannii were positive for production of ES-
BLs. Results of CDT test were confirmed by PCR for dif-
ferent beta-lactamases genes including TEM and PER. How-
ever, 75 (49.7%) isolates included at least one of the Am-
bler class A beta lactamase genes by PCR. In the molecu-
lar method, 36.42% and 25.16% of the isolates were positive
for bla TEM and bla PER, respectively. 18 isolates were posi-
tive for both β-lactamase genes (Figure 3). Several studies
revealed the susceptibility of some strains of A. baumannii
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Figure 2. MHT with Ertapenem Disks; 1, Quality control (MHT Positive K. pneumo-
niae ATCC BAA -1705); 2, Positive result, A positive MHT indicates that this isolate is
producing a carbapenemase; 3, MHT negative result for carbapenemase detection
by MHT.

Figure 3. PCR Amplified Products in This Study; Lane 1, DNA ladder 100 bp; lane 2,
OXA -51 (353bp); lane 4, bla PER (925 bp); lane 6, control of bla NDM-1 (621 bp); lane 9,
bla TEM (800 bp); lane 11, DNA ladder 100 pb.

to beta-lactamase inhibitor clavulanic acid. Other investi-
gations indicated that the results of this susceptibility test
could yield false ESBL detection in A. baumannii (18).

Carbapenem resistant clinical isolates were screened
by MHT test, showing that 71 isolates (47%) of A. bauman-
nii were carbapenemase positive. A relatively similar study
conducted by Kumar et al. (19) showed that 71% of isolates
were carbapenemase positive by MHT. The results of this
study are in contrast to a study reporting the rate of 14.8%

by John et al. from India (20). The bla OXA-51 is a natural
chromosomal gene of A. baumannii isolates. Carbapenem
resistance may be related to bla OXA-51 gene in the strains
of this bacteria (21) in this investigation in which, all clini-
cal isolates carried blaOXA -51gene and were determined as
A. baumannii. In another study, bla OXA -51 gene was deter-
mined in all A. baumannii isolates from infectious patients
(16, 22).

In the current research, the prevalence of bla TEM and
bla PER genes in ESBL A. baumannii strains was 55 (36.42%)
and 38 (25.16%), respectively. In addition, bla NDM-1 gene
was not detected in A. baumannii strains. According to this
study, TEM is the most prevalent ESBL genotype amongst
A. baumannii strains that is inconsistent with other inves-
tigations that demonstrated various prevalence rates for
TEM and PER. Zhao et al. showed that 25% of multidrug re-
sistant isolates were positive for bla TEM in East china (13).
A study conducted by Ahangarzadeh Rezaee et al. showed
that the prevalence of Ambler classes A β-lactamase genes
including TEM and PER was 37% (23). Bagheri et al. reported
bla PER-1 in 52.4% of isolates in their research (24). Another
study conducted in Iran showed that none of the A. bau-
mannii isolates carried NDM gene (23, 25).

6. Conclusions

The universe appearance of broad-spectrum antibiotic
resistance particularly to carbapenems in A. baumannii
strains is a serious concern. The growth of antimicrobial
resistance in bacteria can be prevented by wise prescrib-
ing. However, molecular genotyping studies for epidemi-
ological surveillance of resistance genes in A. baumannii
clinical strains can prevent the spread of these resistant
bacteria and improve control strategies in particular areas.
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