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Abstract:

Background:

The prevalence of resistant Pseudomonas aeruginosa isolates is increasing and it is considered as one of the major public health
concerns in the world. The association between integrons and drug resistance has been proven and evidences suggest that integrons
are coding and responsible for dissemination of antibiotic resistance among P. aeruginosa isolates.

Objective:

This  study  is  aimed  to  evaluate  the  relationship  between  class  1  integrons  and  drug  resistance  genes  in  clinical  isolates  of  P.
aeruginosa from burn patients.

Methods:

100 isolates  of  P.  aeruginosa  were  collected  from burn  patients  hospitalized  in  the  skin  ward  of  Shahid  Motahari  hospital  and
susceptibility testing was performed by disk diffusion method (Kirby-Bauer). Then DNA was extracted and PCR technique was
performed for the detection of class 1 integrons and drug resistance genes. Then data was analyzed using SPSS software.

Results:

The most effective antibiotic was polymyxin B with sensitivity 100%, and the most resistance was observed to the ciprofloxacin
(93%) and amikacin (67%), respectively. The maximum and lowest frequencies of drug resistance genes belonged to the aac (6 ') - 1,
VEB-1  with  prevalence  rate  93% and  10%,  respectively.  The  statistical  Chi-square  test  did  not  find  any  significant  correlation
between class 1 integrons and drug resistance genes (p˃ 0.05).

Conclusion:

Although no significant correlation between class 1 integrons and drug resistance was observed, but the resistance rate to antibiotics
tested among P. aeruginosa isolates was high. So, surveillance, optimization and strict consideration of antimicrobial use and control
of infection are necessary.
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INTRODUCTION

Pseudomonas aeruginosa is the common cause of nosocomial infection, particularly in burn wounds [1]. One of the
most  important  health  concerns  in  many  parts  of  the  world  is  the  treatment  of  burn  wounds  because  contact  with
opportunistic bacteria such as Pseudomonas in patients with these wounds puts them at risk of nosocomial infections.
Sometimes, for reasons such as colonization, in burn wounds with Pseudomonas or lack of proper neutrophilic response
to tissue invasion, the microorganisms can even take the patient to the phase of bacteremia and sepsis that can result in
death of the patient. The sepsis resulting from this bacterium is a serious complication after burn [2]. Sepsis risk is
increased proportional to the degree of the burn wound [3]. Recently, the use of new surveillance methods has reduced
infections  in  burn  wounds.  However,  there  is  still  a  possibility  of  fatal  infections  in  severe  burns,  especially  in
developing countries. Generally, they cause an increase in disease and mortality throughout the world [1]. Although, the
antibiotics are the main way to control the infections but one of the most worrying features of P. aeruginosa is low
biological sensitivity to antibiotics. Meanwhile, of which, the selective pressure of an inappropriate antibiotic user and
increased  dose  are  the  greatest  causes.  The  prevalence  of  P.  aeruginosa  resistant  isolates  is  increasing  and  it  is
considered one of the major public health concerns in the world. The most serious problems resulting from increasing
resistance are morbidity, mortality and restrictions of economic costs for therapeutic use. Regarding the importance of
P. aeruginosa in burn wound infections, pneumonia, the urinary tract, meningitis and in high resistance to drugs and
disinfectants as well as the potential threat for patients with impaired immune systems, detection of antibiotic resistance
genes was performed in all parts of the world and, to determine the appropriate pattern, reporting these results is very
important [4]. Mobile elements such as plasmids, transposons and integrons are the most effective genetic elements
which have a role in acquiring and spreading resistance of gram-negative bacteria. In this regard, several studies show
that multidrug resistance in these bacteria is significantly associated with integrons and gene cassettes [5]. In hospitals,
multi-resistant strains of P. aeruginosa have been isolated from the environment and from personnel. Studies carried
out  in  Iran  have  found  that  the  incidence  of  multi-resistant  P.  aeruginosa  isolated  from nosocomial  infections  has
reached  alarming  levels  [6].  The  association  between  integrons  and  drug  resistance  has  been  proven  and  evidence
suggests  that  integrons  are  coding  and  responsible  for  dissemination  of  antibiotic  resistance  among  P.  aeruginosa
isolates. For this reason, this study is aimed to evaluate the relationship between Class 1 integrons and drug resistance
genes in clinical isolates of P. aeruginosa from burn patients.

MATERIALS AND METHODS

Source of Isolates and Susceptibility Testing of Isolates Using Disk Diffusion Method

Isolates were collected from burn patients hospitalized in the skin ward of Shahid Motahari Hospital. One hundred
P.  aeruginosa  strains  were  isolated  and  confirmed  by  different  biochemical  and  microbiologic  differential  tests.
Standard strain PAO1 of P. aeruginosa and E. coli with ATCC 25922 were applied as controls.

As has already been mentioned, susceptibility testing was performed by disk diffusion method (Kirby-Bauer) [7], in
accordance with the standards of CLSI 2014.8 The accuracy of antibiotic disks was approved using standard strains of
E. coli with ATCC 25922. Antibiotic disks used in this study consisted of polymyxin B (300 units), amikacin (30 μg),
tobramycin (10 μg), ciprofloxacin (5 μg), gentamicin (10 μg) and ceftazidime (30 μg) (Company MAST).

Bioinformatics Study

Selection of one target gene and primers for detection of resistance genes were performed according to conducted
scientific studies and bioinformatics software. After designing, they were evaluated by in silico  PCR Amplification
Software [8, 9]. Table 1 shows the characteristics of primers used for PCR performance. The conditions for PCR are
abstracted in Table 2.

Table 1. The characteristics of used primers for PCR performance.

Name of primers Primers sequence(5′-3′) Amplicon length(bp) Target gene s
PF-per1 ATGAATGTCATTATAAAAGC 933 per1 (10)
PR-per1 AATTTGGGCTTAGGGCAGAA
PF_VIM1 TTGCAATGCTGAATGGAGAG 182 VIM This study
PR_VIM1 CAACTCAACCAGTGCTCGAA
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Name of primers Primers sequence(5′-3′) Amplicon length(bp) Target gene s
PF_ aac(6')-1 CCCAGTGGACATAAGCCTGT 229 aac (6')-1 This Study
PR_ aac(6')-1 GTAACATCGTTGCTGCTCCA
PF-TEM1 ATAAAATTCTTGAAGACGAAA 1080 TEM1 (11)
PR_TEM1 GACAGTTACCAATGCTTAATCA
PF_VEB1 CGACTTCCATTTCCCGATGC 634 VEB1 (12)
PR_VEB1 GGACTCTGCAACAAATACGC
PF_SHV-1 CTGCTCCACCAGGGCTAAAA 576 SHV This Study
PR_SHV-1 ATGAACGCGCAAATAGCGAC
PF_AMPC CTCGACCTCGCGACCTATAC 150 AMPC This Study
PR_AMPC GATGCTCGGGTTGGAATAGA
PF_AAC(3) CACTTCCAAGAACGCAGACA 222 َaac(3)-III This study
PR_AAC(3) GTACATGTCCATGCCGAGTG
PF -INT1 ATGCCCGTTCCATACAGAAG 184 INT1 This study
PR -INT1 CGGCCTTGCTGTTCTTCTAC

Table 2. The condition for PCR performance of different genes in this study.

Target gene Primary denaturation Denaturation Annealing Extension Final extension
blaSHV-1 72 ° C 72 ° C 57 ° C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
blaTEM-1 72 ° C 72 ° C 48 °C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
blaVEB-1 72 ° C 72 ° C 57 ° C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
blaVIM-1 72 ° C 72 ° C 55°C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
blaPER-1 72 ° C 72 ° C 46°C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
blaAMPC 72 ° C 72 ° C 57 ° C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
INT-1 72 ° C 72 ° C 56°C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
aac(3)-III 72 ° C 72 ° C 56°C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes
aac(6')-1 72 ° C 72 ° C 55°C 93° C 95° C

5 minutes 60 seconds 60 seconds 45 seconds 3 minutes

DNA Extraction By Kit

In this study, for DNA extraction, the kit of Cinnagen Company was used [10 - 12]. After extraction, DNA was held
in -20 °C until PCR performance.

PCR Technique Performance

Used kit for PCR was Amplicon Kit which was prepared from Pishgam Company. The required values for each
PCR reaction were as follows; primers (F and R): 1 µl (0.4 μm); DNA Template: 1 µl (50 pg); Master Mix: 12.5 µl
(1X); DDW: 9.5 µl, in final volume 25 µl.

RESULTS

The Results of the Susceptibility Test and the Occurrence Rate of Resistance Genes

For the detection of resistance isolates, susceptibility testing using the abovementioned antibiotics in the Materials
and Methods section was conducted. The most effective antibiotic was polymyxin B with 100% susceptibility and the
most resistance was observed to ciprofloxacin (93%) and amikacin (67%), respectively. The results are shown in Table
3. As shown in Table 4, the maximum and lowest frequencies of drug resistance genes belonged to the aac (6')-1 and

(Table 1) contd.....
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VEB-1 with prevalence 93% and 10%, respectively Figs.  (1-4).  According to the statistical  analysis,  no significant
association  was  observed  between  the  presence  of  Class  I  integrons  and  the  pattern  of  genes  multidrug  resistance
blaVEB-1, blaTEM-1, blaPER-1, blaSHV-1, blaTEM-1, blaVIM-1, blaAMPC, aac (6')-1, aac (3) -III (p ˃ 0.05).

Table 3. The Results of the susceptibility testing using disk diffusion method.

Antibiotics
Polymyxin B Amikacin Tobramycin Ciprofloxacin Gentamicin Ceftazidime

Resistance (%) 0 87 83 93 83 85
Scuseptibility(%) 100 13 17 7 17 15

Table 4. PCR results of drug resistance genes in isolates of P. aeruginosa.

 Prevalence of resistance genes %)  Number  Genes
 89  89  VIM-1
 10  10  VEB-1
 17  17  SHV-1
 15  15  PER-1
 74  74  AMPC
 13  13  TEM-1
 93  93  aac(3)-III
 78  78  aac(6')-1
 90  90  INT-1

Fig.  (1).  Gel electrophoresis  image of  VIM-1 gene with product  size  182 bp.  Wel  ll  M.  100 bp Marker,  well  1-6.  The positive
samples for VIM-1 gene, well 7. Shows the positive control, well 8. It is corresponds with negative control and well 9 shows the
negative sample for VIM-1 gene.

Fig. (2). The image of INT-1 gene with amplicon 184 bp. Lane M. Marker 1000 bp, lane 1 and 2 show the positive and negative
controls and lane 3-6 present the positive samples with product size 184 bp for INT-1 gene.
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Fig. (3). Analysis by agarose gel (2%) electrophoresis of the PCR products for blaVEB-1gene. Lane M. Marker, lane 2 and 3 show
the negative and positive controls, respectively and lane 3-9 are related to the positive samples for blaVEB-1 with product size 634
bp.

Fig. (4). Gel electrophoresis image of AMPC gene with product size 150 bp. Lane M. DNA marker, lane 1shows the positive control
and lane 2-9 are associated with positive samples for this gene.

DISCUSSION

P. aeruginosa is an opportunistic pathogenic bacterium which is a major factor in the prevalence of death in patients
with a weakened immune system. Owing to the presence of widespread antibiotic resistance genes and the high speed in
dissemination of environmental resistance, control and eradication of this pathogen have been made difficult. Inherent
resistance to  antimicrobial  agents  in  the treatment  of  infections caused by bacteria  has  formed a situation which is
worsening. This is due to the increase in antibiotic-resistant organisms which, particularly in multidrug isolates, has
created many difficulties in the treatment of infections. Studies show that there is a significant correlation between the
antibiotics  resistance of  P. aeruginosa  and antibiotic  use [13].  ESBLs genes can cause multiple  resistance to  other
antibiotics as incidence and dissemination of different  genes of ESBLs due to the increased incidence of antibiotic
resistance particularly as a multi-drug, have caused many problems in the treatment of infections which are caused by
these genes [7, 14]. MDR strains of P. aeruginosa include isolates which are resistant at least to three different classes
of  antibiotics,  including  all  penicillins  and  cephalosporins,  even  inhibitor  compounds  (fluoroquinolones  and
aminoglycosides).

Extensively  drug-resistant  (XDR)  strains  consist  of  isolates  of  bacteria  which  in  addition  are  resistant  to  three
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classes  of  the  abovementioned  antibiotics  (strains  of  MDR),  and  also  are  resistant  to  carbapenems  [15].  More  P.
aeruginosa isolates are susceptible to aminoglycosides and broad-spectrum penicillins. Quinolones and carbapenems
are  two  kinds  of  new  antibiotics  with  activity  against  Pseudomonas.  The  main  mechanisms  of  resistance  to  P.
aeruginosa are mutation of purine proteins thus reducing the permeability of the drug into bacteria. Beta-lactamases
also are involved in producing resistance [16]. Aminoglycosides are considered as a part of anti-Pseudomonas drugs
that are used to treat a variety of infections. These anti-bacterial agents with less toxic activity play an important role in
the treatment of serious infections which are caused by gram-negative bacilli [17]. In a study conducted by Ranjbar and
et al. in Baqiyatallah Hospital in Tehran in 2011, the rate of resistance to antibiotics, including ceftazidime (57.5%),
amikacin (90%), ciprofloxacin (65%), gentamicin (67.5%) and imipenem (97.5%), was reported [18]. In another study
in 2015, resistance to amikacin, tobramycin, ciprofloxacin, gentamicin and ceftazidime antibiotics has been shown as
96%, 88%, 88%, 92% and 96%, respectively [19], in which the results of two mentioned studies are in line with our
study results. In correlation with the study carried out by Fazel and et al., the resistance rate to amikacin, gentamicin
and  ciprofloxacin  was  reported  at  50%,  60%  and  65%,  respectively  [20].  The  study  of  Adabi  et  al.  also  shows
increasing resistance and, like our study, confirmed the fact that the resistance rate increased in 2015 compared to 2013
[21].

In the present study, all isolates were susceptible to the polymyxin B, as in the studies conducted by Rostampour
and colleagues (2015) and in the study conducted by Hammami et al., where similar results were observed [22]. The
results of this study showed that bacterial resistance to ceftazidime, ciprofloxacin, amikacin, gentamicin and tobramycin
antibiotics was very high, where this necessitates vigilance and proper use of these antibiotics. On the other hand, the
emergence of multidrug clinical isolates of P. aeruginosa is rising, which is considered a serious challenge for health
system.  It  is  to  be  noted  for  consideration  that  the  resistance  patterns  are  constantly  changing.  According  to  the
antibiotics tested in this study, polymyxin B currently is the only antibiotic that can be used to treat P. aeruginosa
infection in burn wounds. Regarding the importance of this issue today, ways of prevention of infection transmission
and  monitoring  the  rising  antibiotic  resistance  of  P.  aeruginosa  in  hospitals  should  be  emphasized.  In  this  regard,
application  of  an  active  monitoring  system  to  determine  the  hospital-resistant  strains,  especially  in  burn  treatment
centers, seems necessary. Therefore, convenient and fast solutions to prevent the spread of Pseudomonas infection in
the burn wards of hospitals should be implemented. In this respect, special attention to the following cases is necessary:
According  to  statistical  Chi-square  test,  no  significant  association  was  observed  between  the  presence  of  Class  I
integrons  and  the  pattern  of  genes  of  multidrug  resistance  blaVEB-1,  blaTEM-1,  blaPER-1,  blaSHV-1,  blaTEM-1,
blaVIM-1, blaAMPC, aac (6')-1, aac (3)-III (p ˃ 0.05).

Moreover,  in the study conducted by Iraj  Nikokar et  al.,  resistance rates to various antibiotics were as follows:
cloxacillin (91.8%), cotrimoxazole (86%), cephazolin (83.7%), carbenicillin (74.4%), piperacillin (69.9%), ceftazidime
(68.8%), ciprofloxacin (66.3%), tobramycin (58.2%), amikacin (48.8%) and gentamicin (37.2%). The most effective
antibiotic was imipenem with a resistance rate of 23.3. Their results were similar with our findings but in our study,
unlike in this mentioned study, the best antibiotic was polymixin B, for which no resistant isolate was found. Also, their
PCR results showed that 37 (43%) P. aeruginosa isolates and 27 (69.2%) multidrug resistant strains contained Class 1
integrons. A significant correlation was obtained between the presence of integrons and resistance against imipenem,
ceftazidime, piperacillin and ciprofloxacin (p < 0.0). But, in present study, regarding the 90% prevalence of Class 1
integrons as compared to their results, the prevalence rate was higher and no significant relationship was discovered
between the presence of Class I integrons and the pattern of multidrug resistance genes (p ˃ 0.05) [23]. Based on our
results, the prevalence of Class I integrons in the present study was 90%, but in the study carried out by Rajabnia et al.
in Babol in 2013, the prevalence of Class I integrons was reported at 39.4% [24]. This is lower than our study, but this
rate is high too. This difference probably is a result of the geographical location and the bacteria isolates. But unlike our
study, a correlation between Class I integrons and bacterial antibiotics was found. Consistent with our study, in other
previous  studies  conducted  in  China  and  Brazil  [25],  the  prevalence  of  Class  I  integrons  was  40.8%  and  41.5%,
respectively. Studies conducted in China and Spain revealed that there was a significant association between resistance
genes and some antibiotics such as aminoglycosides, beta-lactams, and quinolons [26, 27], but our study did not show
such a relationship between Class I integrons and the mentioned antibiotic classes. In our study, the most prevalent gene
belonged to the aac(6')-1, with occurrence of 93%. In accordance with the present study, a study in southern Taiwan
showed  that  among  735  P.  aeruginosa  isolates,  305  (41.4%)  were  positive  for  existence  of  Class  1  integrons,  and
aac(6')-II-catB2-aadA2  (23.5%)  was  the  most  dominant  gene.  The  same  study  has  shown  the  presence  of  high
variability  of  gene  cassettes  through  Class  1  integrons  among  multidrug-resistant  strains  of  P.  aeruginosa  [28].
Similarly, our results in a study done in Guilan in 2012 for detection of integrons found that 37 (43%) of P. aeruginosa
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isolates and 27 (69.2%) multidrug resistant strains contained Class 1 integrons, and a significant correlation, unlike in
our study, was found between the presence of integrons and resistance to antibiotics. The most effective antibiotic in
our study was polymyxin B, but in the stated investigation the most effective antibiotic was imipenem with a resistance
frequency of 23.3% [29]. Again, in confirmation of our results, Nahaei et al. in Tabriz, in 2010, presented that 90 cases
(56.3%) of P. aeruginosa isolates contained Class 1 integrons, but, against our results, they proved association between
Class 1 integrons and resistance to imipenem and also reported that the best antibiotics were imipenem, meropenem and
piperacillin/tazobactam  [30].  These  results  are  contrary  to  our  findings,  because  we  had  polymixin  B  as  the  most
effective antibiotic against P. aeruginosa. Based on previous studies, this high drug resistance is perhaps the reason for
the  extensive  range  of  antibiotics  utilized  by  hospitalized  patients.  In  addition,  it  appears  that  former  exposure  to
antibiotics is one of the key factors in drug resistance [31]. Therefore, the enhancement in clinically-resistant isolates
may possibly be explained by antibiotic selective pressure and the prevalent presence of integrons [32]. According to
our results, no significant correlation between Class 1 integrons and drug resistance was found. This is possibly due to
many isolates having other antibiotic resistances which are not encoded by integrons-related resistance gene cassettes.
These  resistances  may  be  owing  to  the  plasmid  acquisition,  chromosomal  mutation,  or  even  the  presence  of  other
integrons in addition to Class 1 types [33].

CONCLUSION

Although no significant correlation between class 1 integrons and drug resistance was observed, but the resistance
rate to antibiotics tested among P. aeruginosa isolates was high. So, surveillance, optimization and strict consideration
of antimicrobial use and control of infection are necessary.
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