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ABSTRACT

Introduction: Enterobacter species are among one of the key
causes of hospital infections. The transfer of drug resistance
genes through the integrons promotes the development of
antibiotic resistance and the emergence of Multidrug Resistant
(MDR) strains.

Aim: The aim of this study was to determine the prevalence of
classlandllIntegrons among MDR Enterobacter cloacae isolates
obtained from clinical samples of children in Kermanshah, Iran.

Materials and Methods: This descriptive cross-sectional
study was done during 11 month period from October 2016 to
September 2017, 72 isolates of E.cloacae were collected from
children under 15 years of age in Mohammad Kermanshabhi
Hospital in Kermanshah, Iran. After confirmation of the isolates
with biochemical specific tests, their antibiotic susceptibility with
disk diffusion was examined. Then the frequency of Class | and
Il integrons was determined by using their specific primers and

by PCR method. Data was analysed by SPSS software version
20 and p-values less than 0.05 were considered statistically
significant.

Results: The highest and lowest frequency of isolates were in
blood samples 29 (40.3%) and CSF 2 (2.8%) respectively. From
the 72 isolates of E.cloacae, 54 isolates (75%) were MDR. The
highest antibiotic resistance was observed against Ampicillin-
clavulanic acid (94.4%) and Cefalexin (69.4%), whereas the
lowest antibiotic resistance was to Imipenem (9.7%) and
Colistin (6.9%). Genotypically, the frequency of class | integron
was 42 (58.3%), but none of the isolates had class Il integron.

Conclusion: Theresults ofthisstudy demonstratesthat E.cloacae
isolated from children, in addition to the high frequency of MDR
isolates, the prevalence of isolates with integron is expanding.
Therefore, keeping with the role of integrons in resistance to
different antibiotics, it is necessary to pay greater attention to
identify them.
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INTRODUCTION

Enterobacter is a gram-negative bacteria of the family
Enterobacteriaceae and one of the causative agent of hospital
infections. Various species of Enterobacter can cause disease in
human, indeed E.cloacae and E.aerogenes are the main pathogens
that are responsible for nosocomial infection [1,2]. This is because
E.cloacae has many virulence factors such as the ability to secrete
cytotoxin, enterotoxin, haemolysin and biofilm formation. The most
common nosocomial infections caused by this organism are urinary
tract infection, pneumonia, surgical wound, soft tissue, skin infection
and bacteraemia [3,4]. Hospitalized children are more sensitive
to infection by various pathogens such as Enterobacter and the
prevalence of infection by this bacterium as a significant pathogen
is increasing in neonatal intensive care unit [5,6]. Treatment of this
bacterial infection by various broad- spectrum Cephalosporins
have resulted in the development of resistance against them.
There are many reports of increasing MDR E.cloacae isolates [7,8].
Recently, the treatment of bacterial infection has been difficult
due to misuse of antibiotics and spreading of antibiotic resistance
isolates [9]. Among the effective factors in the development and
acquisition of drug resistance genes by bacterial isolates, mobile
genetic elements, including plasmids, integrons and transposons
have been considered significant. In the meanwhile, integrons are
so important because they have a specific recombination system
that causes insertion and expression of various genetic cassettes.
Horizontal transformation of integrons is known as the most
effective way of spreading antibiotic resistance genes, which results
in MDR [10]. Integrons are embedded in plasmids, chromosomes,
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transposons; cause transmission and extension of resistant gene
in the genetic cassette. So far, different classes of integrons have
been identified based on their variation on integrase. The most
prevalent integron, is class | integron and has sull gene which is
mostly found in gram positive and gram negative bacteria isolated
from the clinical samples. Class Il integron is embedded in Tn-7
transposon and Class Ill contain metalobetalactamase gene. These
mobile elements play a role in the transmission of a large number
of drug resistance gene and as a result acquires resistance to
various antibiotics including beta-lactam antibiotics, Macrolides,
Aminoglycosides and others [11-13]. No studies have been done
on the prevalence of Enterobacter infection in children and their
antibiotic resistance pattern in Kermanshah, so far, the aim of this
study was to determine the prevalence of class | and Il integrons
among MDR E.cloacae isolates obtained from clinical samples of
children in Kermanshah, Iran.

MATERIALS AND METHODS

This descriptive cross-sectional study was done during 11 month
period from October 2016 to September 2017, on 72 isolates of
E.cloacae isolated from blood, urine, sputum, Bronchoalveolar
Lavage (BAL), wound and CSF of children under 15 years of age
in Mohammad Kermanshahi hospital in Kermanshah, Iran. In this
study, informed consent was obtained from the parents of the
children. Only the clinical specimens of children hospitalized at
the age less than 15 years infected with E.cloacae were included.
Also, other Enterobacter species and samples from patients over
the age of 15 years were excluded. Samples were collected and
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transferred to laboratory and were cultured on a special media
MacConkey agar and EMB agar in a sterile condition. Then, for
identification of Enterobacter, specific tests including culture in
IMVIC and TSI were used. Finally, 72 isolates of E.cloacae were
confirmed andinvestigated. Using the Kirby-Bauer disk diffusion test
and 15 antibiotic disks (MAST, U.K.) namely Ampicillin-clavulanic
acid, Cefalexin, Amikacin, Gentamycin, Colistin, Nalidixic acid,
Ceftazidime, Cefixime, Cefotaxime, Ciprofloxacillin, Norfloxacin,
Cotrimoxazole, Imipenem, Nitrofurantoin and Aztreonam was
used to determine the antibiotic resistance pattern of the isolates.
Firstly, a colony of bacteria was inoculated in Muller Hinton broth
and after two hours and comparing it with McFarland standards,
this suspension was cultured on Muller Hinton agar for antibiogram
test. Next small disks containing different antibiotics, was placed
in different zones of the culture on an agar plate. After 24 hours of
incubation at 37°C, the results were compared with CLSI standard
tables [14]. A standard E.coli strain, ATCC 25922 was used as
a quality control for antibiogram test. According to the definition,
isolates that are resistance to three or more major classes of
antibiotic was considered MDR. To extract the chromosomal
DNA of isolates boiling method was used. To do this, the pure
colonies were dissolved in 0.5 mL of sterile distilled water and
after five minutes of boiling and cooling, were centrifuged for one
minute at 7000 g. After centrifuge, the tube was taken out and the
supernatant containing bacterial DNA transfered into a new sterile
micro-tube for PCR reaction. Then PCR reaction was conducted
to identify class | and Il integrons by specific primers and total
volume 25 microliter including 12.5 microliter master mix, one
microliter of each primer, two microliter DNA and sterile distilled
water. The temperature cycle of the PCR reaction for both class
I and Il integron genes contains initial denaturation at 94°C for
5 minutes, followed by 35 main cycles according to [Table/Fig-1]
and at the end of the elongation at 72°C for 8 minutes [9]. Finally,
PCR products were analysed by electrophoresis and ethidium
bromide staining.

35 Cycles
. . Product
. e Denatur- | Annealing | Extension .
Primer Sequence (5'-3") ation 94°C 54°C 79°C size
(bp)
F:CAGTGGACATAA
. GCCTGTTC .
intl1 R:CCCGACGCATAGA 30s 60s 2min 160
CTGTA
F:-TTGCGAGTATCCAT
. AACCTG .
intl2 RTTACCTGCACTGGA 30s 60s 2min 288
TTAAGC

[Table/Fig-1]: The primers and temperature cycles used in the PCR reaction.

Ethics
The ethics committee of Kermanshah University of Medical Sciences
approved the study protocol (IR.KUMS.REC.1395.250).

STATISTICAL ANALYSIS

Chi-square and Fisher’'s-tests were conducted. All statistical
analyses were performed using Statistical Package for the Social
Sciences (SPSS), version 20 and p-values <0.05 were considered
statistically significant.

RESULTS

The frequency of the 72 isolates of E.cloacae in females and males
was 37 (61.4%) and 35 (48.6%) respectively. The most frequent
isolates were in blood sample 29 (40.3%) and urine 19 (26.4%)
and the least frequency was in CSF 2 (2.8%). According to the
disk diffusion results, the highest antimicrobial resistant was to
Ampicillin-clavulanic acid (94.4%) and Cefalexin (69.4%) and the
lowest resistance was to Imipenem (9.7%) and Colistin (6.9%)
[Table/Fig-2]. Of the 72 isolates of E.cloacae, 54 (75%) were MDR
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isolates which has highest frequency and was identified in urine
and sputum [Table/Fig-3]. The frequency of isolates with INt1 and
MDR positive with regard to the age of children is presented in
[Table/Fig-4]. Genotypically, the prevalence of class | integron was
58.3% (42 isolates) [Table/Fig-4]. None of the isolates had class |l
integron. The results of the PCR reaction for identifying the class
| integron gene are shown in [Table/Fig-5]. There was a significant
relationship between Integron positive isolates and the resistance
to Ampicillin-clavulanic acid, Gentamycin and Cotrimoxazole
antibiotics [Table/Fig-2].

Positive Negative
Total Resistance No (%) Integrons | Integrons 30
Antibiotic 42 isolates isolates p-value
R | S R|I|S|[R]|I S
AUG 68 (94.4) 0 4(56) [40|1] 1 |28| 1| 1 | <0.001
CFX 50(69.4) | 3(4.2) |19(@6.4)|32|2| 8 [18] 1| 11| 0.118
AK 35(48.6)| 3(4.2) |34@472)|30|2|10|17| 1 |12 | 0.165
GM 36(50) | 6(8.3) |[30@1.7)|24|5 |13 |14| 1 | 15| <0.048
co 569 | 1(14) |66@©1.7)[37|0| 2 |3 |3|24]| 089
NA 31(43.1)| 569 | 36(B0) [19|3[20|19| 2 | 9 0.193
CAZ 38(52.8) | 2(2.8) |3244.4) |24 |2 |16|19| 0 | 11 | 0294
CFM 40(55.6) | 9(12.5) | 23@31.9 |25 |6 | 11|20 3| 7 | 0.153
CTX 37(51.4)| 6(83) |291403)|22|4|16|15| 2 |13 | 087
CIP 35(48.6)| 3(4.2) |34@472) (19 |2 |21 |16| 1 | 13| 0.104
NOR 3041.7)| 1(1.4) |4166.9 |18 0|24 |12| 1 |17 | 0763
SMX 49(68.1) | 8(11.1) | 15(20.8) | 26 | 8 | 8 | 23| 0 | 7 | <0.041
IMI 7097 |[9(125) |56(77.8)| 6 |6 30| 1 |3 | 26| 0.158
ATM 29 (40.3) | 3(4.2) |40(55.6)| 16 |2 |24 13| 1| 16| 0.80
NI 16(22.2) | 9(12.5) |47(653)| 9 |6 |27 | 7 | 3|20 | 0.195

[Table/Fig-2]: Association between resistance to antibiotics and the presence of
INt1 in isolates of the E.cloacae.

AUG: Amoxicillin-Clavulanate, CFX: Cefalexin, AK: Amikacin, GM: Gentamycin, CO: Colistin,
NA: Nalidixic acid, CAZ: Ceftazidime, CFM: Cefixime, CTX: Cefotaxime, CIP: Ciprofloxacin,
NOR: Norfloxacin, SMX: Co-trimoxazole, IMI: Imipenem, ATM: Aztreonam, NI: Nitrofurantoin
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[Table/Fig-3]: The frequency of MDR and INt1 positive E.cloacae isolates in clini-

cal samples.

Age group (years)

>2 2-6 7-11 12-15 Total (%)
MDR + 6 21 18 9 54 (75)
MDR - 10 5 2 1 18 (25)
INtT + 7 17 13 5 42 (58.3)
INt1 - 9 9 7 5 30 (41.7)

[Table/Fig-4]: Frequency of isolates with INt1 and MDR positive according to the

age of children.

DISCUSSION

MDR is a common phenomenon in Enterobacteriaceae. Recently,
the prevalence of MDR Enterobacter infection in neonatal
intensive care units has been reported [15]. The results of this
study demonstrate that E.cloacae is the most frequently isolated
organism in urine and blood samples. Various studies have shown
that Enterobacter is the most commonly isolated organism from
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[Table/Fig-5]: Gel electrophoresis of PCR products of intl, 1- Lader (100 bp),
2- Positive sample (160 bp), 3,5- Negative control, 4- Positive control (160 bp).

a patient’s blood sample and possibly blood is one of the most
suitable habitats for Enterobacter infection [16]. Malekzadegan
Y et al., reported that the highest frequency of Enterobacter was
detected in blood and urine samples which is in agreement with
the current results [2]. In this study, more than 50% of isolates were
resistant to Ampicillin clavulanic acid, Cotrimoxazole, Cefalexin,
Cefixime, Gentamycin, Ceftazidime and Cefotaxime. The highest
antibiotic resistance was seen against Ampicillin- clavulanic acid
(94.4%) and Cefalexin (69.4%). Other studies have also reported
high levels of resistance to these antibiotics [17,18]. More than 53%
of the isolates of Enterobacter were resistant to third-generation
Cephalosporins. In similar studies antibiotic resistance spectrum
to this pharmaceutical category were reported from 55.56% to
90.1% [2,19,20]. In this regard, present results are consistent with
them. In E.cloacae isolates, the lowest resistance was found 6.9%
to Colistin and 9.7% to Imipenem like other studies [17,21]. In
the treatment of MDR isolates, Carbapenems are often used as
the first choice, although in our study, about 9% of isolates were
resistant to Imipenem, but the relatively high levels of isolates with
intermediate sensitivity can be a sign of reducing the effectiveness
of this antibiotic used in the treatment of Enterobacter infection.
Present findings suggest that Colistin is an effective agent for MDR
Enterobacter isolates along with Colistin, the lowest antibiotic
resistance is to Imipenem [22]. Differences in the results of various
studies may be due to variationsin the spread of antibiotic resistance
in different geographical areas as well as the differences in the
pattern of antibiotic use. In this study from 72 E.cloacae isolates
54 (75%) was MDR. In Iran, several studies on Enterobacter MDR
isolates have been reported from 47.5% to 91.8% that confirmed
our results [2,23]. In different studies the high prevalence of class
I integron was reported in gram negative bacteria especially MDR
isolates [24,25]. In this study, the prevalence of class | integron
was 58.3%, with a relatively higher prevalence of class | integron
in Enterobacter isolates compared to other studies in the country,
including Peymani A et al., 47.5% and Amin M et al., 53% [23,26].
One of the reasons for the higher prevalence of class | integron in our
study can be due to the high frequency of isolates of MDR positive.
Yu WL et al., and Mokracka J et al., in Poland were two studies
in which the prevalence of class | integron in Enterobacter isolates
were 65% and 55.1%, respectively [15,27]. In other studies like
lorahim N et al., in Malaysia, as well as Memariani M et al., in Iran in
2014 for Enterobacteriaceae family members reported the highest
prevalence of class | integron for Escherichia coli isolates [28,29].
For example, in other study in Kermanshah the prevalence of class
I integron in E.coli isolates, isolated from children was 71.9% [9],
this is indicative of high prevalence of class | integron in bacterial
isolates in this region, and their distribution among them. In none
of the isolates of E.cloacae, Class Il integron was observed. In the
study of Mokracka J et al., in Poland, the frequency of this class of
integron was zero [27]. From the 54 MDR isolates, more than 74%
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(40 isolate) have class | integron. In a study by Peymani A et al., in
Iran and Mokracka J et al., in Poland, a high percentage of MDR
isolates had been reported with class | integron, which confirmed
the present results. In various studies such as the present study,
there is a significant relationship between the prevalence of class |
integron and resistance to antibiotics [23,27]. According to various
studies some of the antibiotic resistance genes, for example
aminoglycosides, cephalosporins, beta-lactamase inhibitors, and
others, are transmitted through class | integron [30]. This indicates
the effective role of class | integron in generating drug resistance
in bacterial isolates.

LIMITATION

One of the limitations of this study is the sample small size examined.
The lack of examination of other classes of integrons for the isolates
of E.cloacae is another limitation.

CONCLUSION

The results of this study demonstrate that there is a high drug
resistance in E.cloacae, isolated from children. As a result, due
to the role of integrons in resistance to different antibiotics, it is
necessary to pay greater attention to their identification and also
using appropriate strategies to prevent further development. Due
to the emergence of MDR isolates and their serious impact on
treatment, antibiotic combinations and prevention of inappropriate
use of the antibiotics is recommended.
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