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1. Introduction
 
   Acinetobacter baumannii (A. baumannii) is an important 
opportunistic pathogen which is spreading in different 
groups of people and responsible for nosocomial infections, 
especially in intensive-care-unit (ICU) and burn wards[1-3]. 
Although A. baumannii strains are usually found in soil 
and water, the origin of epidemics strains with multidrug- 
resistant phenotype is from hospital and they are usually 
genetically very similar[3-6]. Ability of this organism in 
acquiring different mechanisms of resistance and also 
become resistant to all commonly available antibiotics and 
lack of new antimicrobial agents and effective drugs are 
the most risk factors in these bacteria[6,7]. Various studies 
show that most of A. baumannii strains become resistant 

to most antibiotics and these multidrug-resistant strains 
are expanding rapidly among hospitalized patients in 
hospitals[8,9]. Mobile elements include plasmids, transposons 
and integrons are the most effective genetic elements which 
play an important role in acquisition and dissemination 
of resistance factors in different Gram-negative bacteria, 
especially A. baumannii strains. Also various studies show 
that multidrug-resistance in these bacteria is significantly 
in relation with presence of integron and gene cassettes[10].
   Integrons are sequences of conserved DNA that contain 
an integrase gene (IntI) encoding the IntI integrase and 
cause transmission and incorporation of gene cassettes via 
site-specific recombination mechanisms[11]. So far, several 
classes of integrons have been described in gram-negative 
and gram-positive bacteria. All of these integrons consist 
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of two conserved segments (5’CS) and (3’CS), the integrase 
gene and the cassette integration site (attI). Integrons of 
class 1 are the most common and widely distributed among 
gram-negative bacteria, and its 3’conserved sequence area 
(3’CS) includes three open reading frames (ORFs), qaEΔ1 
gene which confers resistance to quaternary ammonium 
compounds and sul1 gene which confers resistance to 
sulfonamides. Integrons of class 2 are found in transposon 
Tn7 and relatives. Its 3’ conserved sequence contains five 
tns genes which are responsible for mobility of transposons. 
Integrons of class 3 also have been reported but the 3’ 
conserved sequence is still not well described[10-12]. 
   In order to identify the presence of integrons of class 1 and 
2 in bacteria, researchers are using typically two regions 
as target. One of such regions is the integrase enzyme gene 
and based on sequences of this gene divided integrons to 
different classes. Therefore this gene could be appropriate 
target for identification of integrons in the sample and 
also for detection of integron classes. Another region used 
by most of researchers, is variable region which located 
among two conserved regions in integron structure. Gene 
cassettes which located in this region are surrounded by 
two conserved sequences (3’-CS and 5’-CS). Primers are 
designed for the variable region so that the junction region 
located at the end of the two conserved region and therefore 
researchers could be aware of the length of the variable 
regions. The length of variable regions depends on the 
number of gene cassettes, which inserted in that region, so 
PCR products have different sizes. This could help scientists 
in identification of integron classes, gene cassettes and the 
number of them[10-13].
   Studies in different parts of the world is done to determine 
the prevalence of different classes of integrons and their 
relationship with antibiotic resistance in nosocomial 
isolates of A. baumannii in hospital[13]. As the prevalence of 
integrons classes 1 and 2 in A. baumannii is not clear in Iran, 
this study is performed with the main aim of determination 
of the prevalence of classes 1 and 2 integrons and their 
relationship with the presence of antibiotic resistance among 
nosocomial isolates of A. baumannii in Tehran hospitals.

2. Material and methods

2.1. Bacterial isolates

   In total, 200 bacterial isolates were collected from different 
patients hospitalized in several hospitals (Imam Khomeini, 
Milad and Baqiyatallah) in Tehran, Iran during 2009-2010. 
In laboratory 50 isolates of A. baumannii were isolated from 
19 blood cultures, 15 samples of the trachea, six wound 
swab samples, four samples of urine and five samples 
with unknown origin. All of this isolates were identified by 
conventional biochemical and microscopic methods. The 
isolates were preserved in -80 °C in nutrient broth containing 

glycerol 50% v/v until the molecular works was done.

2.2. Antibiotic profiles

   Antibiotic susceptibility was determined using the 
disk diffusion method on Mueller Hinton agar according 
to the Clinical and Laboratory Standards Institute (CLSI 
guidelines) recommendations using antibiotic disks amikacin 
(30 µg), ampicillin/sulbactam (10/10 µg), aztreonam (30 µg), 
cefepime (30 µg), ceftazidime (30 µg), ciprofloxacin(5 µg), 
gentamycin(10 µg), imipenem (10 µg), meropenem (10 µg), 
norfloxacin (10 µg), ofloxacin(1 µg), piperacillin/tazobactam 
(100/10 µg), tobramycin (10 µg) which were obtained from 
Oxoid Ltd. (Basingstoke, UK). The standard strains of 
Escherichia coli ATCC 25922 and A. baumannii ATCC 19606 
were used as negative and positive controls.
   It is mentioned that according to studies performed, 
isolates of A. baumannii that show resistance to three or 
more than three categories, including quinolone antibiotics 
(ciprofloxacin), broad spectrum cephalosporins (ceftazidime 
and cefepime), combined lactam/lactamase inhibitor 
(ampicillin/sulbactam), aminoglycosides (amikacin and 
tobramycin) and carbapenems (imipenem and meropenem) 
considered as multidrug- resistant (MDR) strains. 

2.3. Integron analysis 

   Genome DNA of all A. baumannii isolates were extracted 
by using of high pure PCR template preparation Kit 
(Roche, Germany Construction Co.). Each PCR reaction 
mixture contained 15 µL master mix 2伊 (Ampliqon Co, 
Denmark) including 1伊 PCR buffer, 1.5 mmol/L MgCl2, 1 µL 
template DNA (0.5 µg) , 0.15 mmol/L dNTP, 1.25 IU Taq DNA 
polymerase, 20 pmol of each forward and reverse primers 
and sterile distilled water up to 50 µL. 
   As described previously by Koeleman et al., for detection 
of class 1 integron (integron PCR) was used primers 5’CS 
and 3’CS[14]. Also, for PCR detection of the IntI1 and IntI2 
integrase genes (integrase gene PCR), oligonucleotide 
primers based on the intI1 and intI2 genes were used 
(Table1). Primers Int1F/R were used to amplify 160 bp 
fragments and primers Int2F/R were used to amplify 288 bp 
fragments.

Table 1
Primers for amplification of genes from Acinetobacter sp. isolates.
Primer Nucleotide sequence (5’ to 3’)
5’-CSa GGC ATC CAA GCA GCA AG
3’-CSa AAG CAG ACT TGA CCT GA
Int1F CAG TGG ACA TAA GCC TGT TC
Int1R CCC GAG GCA TAG ACT GTA
Int2F TTG CGA GTA TCC ATA ACC TG
Int2R TTA CCT GCA CTG GAT TAA GC

   PCR amplification was performed in a GenAmp PCR 
system (Ependorf Co., Germany) according to the following 
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program:initial denaturation at 95 °C for 5 min, followed by 
30 cycles at 94 °C for 30 seconds, 55 °C for 30 seconds 72 °C 
for 30 seconds and a final extension at 72 °C for 5 min. All 
PCR amplification was performed in duplicate.
   The PCR products were analyzed using electrophoresis 
technique on 15 g/L agarose gel for 1 h at 85 Volt and 
25 mA, stained by SYBERgreen and visualized under UV 
transilluminator. Amplification products were further 
evaluated by sequencing and restriction digestion procedure.
   In cases that were needed to evaluate the relationship 
between antibiotic resistance pattern and integron positive 
genotype from statistical tests for measuring P value (like 
X2) was used that P<0.05 was considered as statistically 
significant data.

3. Results

   During this study, in total of 70 samples of Acinetobacter 
were isolated from 500 collected samples. Fifty samples of 
patients were identified as A. baumannii (71%), 12 samples 
were Acinetobacter Lwoffii (17.1%) and 8 samples (11.4%) were 
other Acinetobacter species.
   Among of isolated A. baumannii strains, 82% were 
multidrug- resistant. Results of this study showed that 27 
samples of A. baumannii (54%) were resistant to three or 
more than three antibiotics and 16 samples (32%) showed 
resistance to two antibiotics. Also, none of resistant strains 
were showed complete resistance to all antibiotics. It was 
mentioned that in this study approximately all samples were 
resistant to ceftazidime and cefepime and tobramycin and 
meropenem considered as effective drugs.
   Amplification PCR with primers for the 5’- and 3’-
CS primers was performed for detection of complete 
integron class 1. This amplification PCR also permitted the 
determination of the size of inserted gene cassette. Results 
showed that the inserted gene cassettes of class 1 integron 
ranged with variable sizes (220, 520, 750, 1 031, 1 250, 1 600, 2 200, 
3 000 bp) and were found in 44 of 50 isolates (88%) (Figure 1).

Figure 1. Agarose gel electrophoresis of PCR amplified products 
generated from DNA samples. 
Lanes 1 DNA size marker (100 bp DNA ladder, SM#333). Lane 2 and 3 
show 160 bp integron class 1 and 280 bp integron class 2 amplification 
product. Lane 4 shows amplification product of integron by primers cs.
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   Detection of intI1 and intI2 genes by the integrase gene 
PCR showed that class I and class II integrons was detected 
in 42% (21/50) and 82% (41/50) of isolates, respectively. Also 
30% (15/50) of isolates were both classes of integrons (integron 
class I&II).

3.1. Antimicrobial resistance profiles of integron-positive A. 
baumannii

   In this study, relation between presence of integrons 
and susceptibility to 13 different antibiotics within A. 
baumannii strains were investigated. Tables 2 and 3 show 
antimicrobial resistance profiles of integron-positive and 

Table 2
Antibiotic susceptibility of class 1 integron-positive and integron-negative of A. baumannii strains.

Antimicrobial  agents Total (n=50) R%
Integron negative class I (n=29) Integron positive class I (n=21) P value

R I S R I S
Meropenem   44 33.3 33.3 33.3   45.4 22.7 31.8 Ns 
Tobramycin   28   0.0 16.6  83.3    31.8  20.4 47.7  Ns  
Ampicillin-Sulbactam   62 33.3  50.0 16.6    65.9  22.7 11.3  Ns  
Imipenem   78 66.6  16.6  16.6    79.5  11.3   9.0    Ns  
Aztreonam   98     100.0   0.0     0.0     97.7    2.2   0.0 0.05    
Amikacin   90     100.0   0.0   0.0     88.6    4.5   6.8  0.05    
Piperacillin/tazobactam   48 33.3 33.3 33.3   50.0 34.0 16.9 Ns
Ceftazidime 100     100.0    0.0     0.0   100.0   0.0   0.0  0.05   
Norfloxacin   96     100.0   0.0     0.0     95.4    0.0   4.5  0.05  
Cefepime 100     100.0   0.0     0.0   100.0   0.0   0.0  0.05 
Ofloxacin   92 83.3  16.6   0.0     93.1   2.27    4.5  0.05
Gentamycin   64 50.0   0.0    50.0   65.9   0.00 34.0 Ns
Ciprofloxacin   92 66.6   0.0    33.3   95.4   0.00 45.4 0.05 
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integron-negative A. baumannii strains. According to these 
tables, there was a significant correlation between presence 
of integrons and resistance to ciprofloxacin, ofloxacin, 
cefepime, ceftazidime, amikacin, aztreonam and norfloxacin 
(P<0.005), so that strains integron-positive showed higher 
resistance to this antibiotics. Also, there was not significant 
relationship between antibiotics such as gentamycin, 
piperacillin-tazobactam, imipenem, meropenem, 
ampicillin-sulbactam and tobramycin and presence of 
integrons that this subject indicates that there was different 
resistant mechanism other than integrons about this 
antibiotics. In this study, integron-positive A. baumannii 
isolates higher antibiotic resistance than integron-negative 
isolates.

4. Discussion

   In recent years, dissemination of antibiotic resistance 
genes through integrons in A. baumannii strains is a 
major problem in treatment of infections caused by these 
bacteria[9,10]. This study is designed to determine the 
prevalence of integron classes 1 and 2 and their relationship 
with the presence of antibiotic resistance in nosocomial 
isolates of A. baumannii.
   The findings of this study like to Bayugo and Joshi`s 
studies showed that antibiotic resistance in A. baumannii 
isolates is increasing due to uncontrolled usage of drugs, 
so that 82% of investigated A. baumannii isolates Indicated 
multidrug- resistance (MDR) phenotype. Bayugo et al 
and Joshi et al in their studies reported that 45% to 75% 
(respectively) of A. baumannii strains as multidrug-
resistant[15,16].
   In the present study, most resistant pattern observed in 
cefepime, ceftazidime, aztreonam, norfloxacin, ofloxacin, 
ciprofloxacin and amikacin and antibiotics such as 
piperacillin-tazobactam, meropenem, and imipenem were 
considered as the most effective drugs against A. baumannii 

strains that this findings largely agrees to results Ayan et 
al. about cefepime, ceftazidime, aztreonam, ampicillin-
sulbactam and the results of Wang et al. about aztreonam, 
ceftazidime, ciprofloxacin and cefepime and also with 
studies of Rahbar et al. about ceftazidime, amikacin and 
ciprofloxacin in Iran[17-19] .
   In the present study, similar to Koeleman et al., Gonzale 
et al. and Ploy et al. studies, two different PCR assays were 
used to detect either class 1 integrons by amplification of 
any inserted gene cassette (by integron PCR) or class 1 and 
class 2 integrons by identification of the specific intI1 and 
intI2 genes (by integrase gene PCR)[14,20,21]. Overall, these 
studies showed that integrase gene PCR was more powerful 
and sensitive in detection of different classes of integrons 
than integron PCR.
   Various studies around the world indicate that prevalence 
of integrons in A. baumannii strains, by using primers CS 
from 5% to 80% is variable. In the present study using of 
these primers, 88% of samples containing integron with size 
between 280 to 3 000 bp which this is in contrast with results 
of Ruiz et al, Ribera et al. and Koeleman et al. studies[14,22,23]. 
They expressed that rate of integrons with different sizes 
(less than 3 000 bp) was between 27.5% to 44%. Primers which 
were used in this study and above researches are same so 
this difference can be due to high prevalence of this type 
of integrons with different gene cassettes in A. baumannii 
strains which were isolated from clinical samples.
   Different studies indicate that the rate of prevalence of 
integron class 1 in A. baumannii strains around the world 
is different and is variable between 5% to 84%. In this 
study, like koeleman et al. study in Netherland the rate 
of prevalence of integron class 1 in A. baumannii strains 
were determined by using integrase 1 gene (intI1) 44%[14]. 
In general, these differences could be due to prevalent 
epidemic strains and their discrimination in different parts 
of the world.
   In the present study like Gonzalez et al. study and unlike 
Koeleman et al. study, the rate of detection of integron class 

Table 3
Antibiotic susceptibility of class 2 integron-positive and integron-negative of A. baumannii strains.

Antimicrobial agents Total (n=50) 
R%

Integron negative Class II (n=9) Integron positive Class II (n=41) P value
R I S R I S

Meropenem  44   41.3 27.5 31.2   47.6 19.0 33.3 Ns
Tobramycin  28   20.6  20.6  58.6    38.0  14.2   42.8  Ns 
Ampicillin-sulbactam  62   51.7  31.0  17.2    76.1  19.0    4.0    Ns 
Imipenem  78   72.4  17.2  10.3    85.7    4.0   9.0 Ns 
Aztreonam  98   96.5   3.4     6.0   100.0   0.0   0.0   0.05   
Amikacin  90   89.6   3.4     6.0    90.4    4.0   4.0   0.05  
Piperacillin/tazobactam  48   41.3 34.4 24.1   57.1   33.3    9.0 Ns
Ceftazidime 100 100.0   0.0   0.0 100.0   0.0   0.0     0.05   
Norfloxacin  96   93.1   0.0   6.8  100.0   0.0   0.0   0.05  
Cefepime 100 100.0   0.0     0.0  100.0   0.0   0.0     0.05  
Ofloxacin  92   89.6   3.4    6.8    95.2   4.7   0.0    0.05  
Gentamycin  64   62.0   0.0   37.9    66.6   0.0  33.3  Ns 
Ciprofloxacin  92   86.2   0.0  13.7  100.0   0.0   0.0   0.05  
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2 was more than integron class 1[14,20]. In this study, 84% 
of A. baumannii strains were containing integron class 2 
which were more than reports of other researchers around 
the world, that the rate of integron class 2 has been reported 
between 0 to 52.6%. These differences may due to study 
method[24-28].
   Like Koeleman et al. study, this survey indicated that 
strains containing integrons were significantly associated 
with resistance to multiple antibiotics that this may be 
resulted by antibiotics resistant gene cassettes which can be 
code resistance to several antibiotics[14].
   In the present study, like Lin et al. study were observed 
a significant correlation between presence of integrons and 
resistance to ciprofloxacin, ofloxacin, cefepime, ceftazidime, 
aztreonam, amikacin and norfloxacin so that integron-
positive showed more resistance to these antibiotics[13]. 
Also in study which performed by Koeleman et al. indicated 
significant relationship between the presence of integrons 
and resistance to amikacin, ciprofloxacin and ceftazidime 
and such correlation between presence of integrons and 
resistance to imipenem and meropenem was not statistically 
justified that is completely match with the present study[14]. 
The results of Guar et al.  study demonstrated same results 
with the present study that show correlation between 
presence of integrons and resistance to amikacin, cefepime 
and ciprofloxacin[12]. In cases that significant relationship 
between the presence of integrons and antibiotic resistance 
were not observed, resistance could be achieved by different 
ways such as deficiency in cell wall enzymes or resistance 
under plasmid or chromosome control[3,14].
   In conclusion, we have shown that different classes of 
integrons are widely disseminated among A. baumannii 
strains isolated from Tehran hospitals and these structures 
are playing a major role in the acquisition of multidrug-
resistance in these strains. The most resistance in 
integron-positive strains is related to aminoglycosides, 
cephalosporins, quinolones and monobactams and about 
other antibiotics may involved other mechanisms of 
resistance. In this survey, regardless of whether resistance 
genes are present or not, strong relation between presence 
of integrons and reducing sensitivity to many groups of 
antibiotics were observed and this could be challenging 
because these structures can displacement of the genes 
involved in resistance among strains and therefore they 
become resistant to new antibiotics. So monitoring of 
drug resistance with use of gene integrase PCR is very 
important to plan specific infection control measures due 
to multidrug- resistance A. baumannii in Iran hospitals. 
Although, further studies on the prevalence integrons should 
be done in other parts from Iran. 
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Comments 

Background
   A. baumannii is an important opportunistic pathogen, 
which is responsible for nosocomial infections. Currently, 
the strains with multidrug-resistant are a complicate 
problem in the hospitals. Therefore, epidemiologic study 
about A. baumanni is important. The manuscript report an 
antibiotic resistance and carriage class 1 and 2 integrons 
in clinical isolates from hospitalised patients. 

Research frontiers
   Acinetobacter is one of nosocomial infection agent in 
Iran. Multidrug resistance strains is one of major problems 
in hospitalized patients. Therefore, this is important that 
epidemiologic profile of this bacterium was defined in 
Iran. 

Related reports
   Study of prevalence integrons class 1 and 2 in A. 
baumannii is very low in Tehran. but some reports 
were existed about acinetobacter colonization and drug 
resistance from iran.

Innovations and breakthroughs
   The prevalence of different classes of integrons an 
relationship with antibiotic resistance in nosocomial 
isolates of A. baumannii in hospital is done the prevalence 
integrons classes 1 and 2 in A. baumannii is not clear 
in Iran. This study is performed with the main aim of 
determinat of the prevalence of classes 1 and 2 integrons 
and the relationship with the presence of antibiotic 
resistance amonosocomial isolates of A. baumannii in 
Tehran hospitals.
  
Applications
   It may be significant to know the distribution of A. 
baumannii hospitalized patients. The results of the 
present study suggest that most resistant pattern observed 
in cefepime, ceftazidime, aztreonam, norfloxacin, 
ofloxacin, ciprofloxacin and amikacin and antibiotics such 
as piperacillin-tazobactam, meropenem, and imipenem 
were considered as the most effective drugs against A. 
baumannii strains. Therefore, they become resistant 
to new antibiotics. On the other hand, monitoring of 
drug resistance with use of gene integrase PCR  is very 
important to plan specific infection control measures due.



Reza Mirnejad et al./Asian Pac J Trop Biomed 2013; 3(2): 140-145 145

Peer review
   This is a good study in which the authors evaluated the 
antibiotic resistance and carriage class 1 and 2 integrons 
in clinical. Isolates of A. baumannii from Tehran, Iran. 
The results are interesting and suggested that class 1 and 2 
integrons are present especially in A. baumannii isolated 
from clinical specimen.
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