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Abstract 
Introduction: This study aims to investigate the presence of class 1, 2, and 3 integrons in Acinetobacter baumannii isolates, evaluate the 
relationship between integrons and antibiotic resistance and determine the clonal relationship between isolates by PFGE method. 
Methodology: A total of 188 A. baumannii strains between February 2020 and March 2023 were included in the study. The antibiotic 
susceptibility was assessed per the recommendations of “The European Committee on Antimicrobial Susceptibility Testing”. Integrons have 
been identified by polymerase chain reaction. The clonal relationship between isolates was evaluated with PFGE. 
Results: Integron carriage was observed in 45.7% of isolates. Of these, 44.1% carried class 0.5% carried class 2, and 2 (1.1%) carried both 
classes of integrons. Among the integron positive isolates, the rate of only class 1 integron was 96.5% (83/86), the rate of only class 2 was 
1.2% (1/86), and the rate of only two integron classes together was 2.3% (2/86). In the presence of class 1 integrons, the MDR and XDR 
phenotypes were found to be high (p = 0.005, p = 0.029). PFGE method detected 26 clusters and 177 pulsotypes on the dendrogram. When the 
clusters are evaluated separately within themselves, in all of the isolates in the Y and Z clusters (100%), class 1 integron positivity was observed 
in cluster A at 52.2%, cluster J at 42.1%, and cluster N at 22.2%. 
Conclusions: Class 1 integron positivity observed in all of the isolates in the two clusters suggests the likelihood of clonal transfer alongside 
the horizontal transfer. 
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Introduction 

Acinetobacter baumannii is one of the ESKAPE 
(Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, A. baumannii, Pseudomonas 
aeruginosa and Enterobacter spp.) microorganisms 
that mostly cause hospital infection. Recent misuse of 
treatments and errors in treatment management have led 
to multiple drug resistance (MDR). Due to antibiotic 
resistance, A. baumannii is considered among the most 
problematic nosocomial ESKAPE pathogens. A. 
baumannii is among the priority bacteria for the study 
of antibiotic resistance by the World Health 
Organization (WHO) and the Center for Disease 
Control and Prevention (CDC) [1-3]. Acinetobacter 
baumannii is an opportunistic pathogen that can cause 
infections of community and hospital origin. It is the 
agent of many infections, such as sepsis, meningitis, 
pneumonia, wounds, and urinary tract infection. Risk 
factors for infections with A. baumannii include 
catheters, mechanical ventilation, open wounds, 

prolonged hospitalization and poor immune system 
[2,4]. 

Acinetobacter baumannii has a wide variety of 
resistance mechanisms against antibiotics. Mobile 
genetic elements (insertion sequences, transposons and 
integrons/gene cassettes, plasmids and integrative 
conjugative elements) are thought to play a significant 
role in the acquisition and spread of antibiotic-
resistance genes. Integrons use region-specific 
recombination to transmit resistance genes [4-5]. 
Integrons are dsDNA segments and consist of an 
integrase (intI gene), a promoter (Pc), and a 
recombination region (attI). The most common types of 
resistance integrons are class 1, class 2, and 3 integrons, 
respectively [6]. The focus of surveillance of pathogens 
in hospitals is antimicrobial resistance surveillance. 
Horizontal spread, clonal spread, and contagion differ 
according to the characteristics of the pathogen [7]. The 
clonal relationship among many pathogenic organisms 
can be identified with Pulsed Field Gel Electrophoresis 
(PFGE), which is considered the "gold standard" for the 
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detection of subtypes of bacteria that cause outbreaks 
[8].  

This study aimed to investigate the presence of class 
1, 2, and 3 integrons in A. baumannii strains obtained 
from various clinical samples, evaluate the relationship 
between integrons and antibiotic resistance, and 
determine the clonal relationship between strains by 
PFGE method.  

 
Methodology 
Identification of Bacteria Isolates and Antimicrobial 
Susceptibility Tests 

Different sample cultures sent to Pamukkale 
University Health Research and Application Hospital 
Medical Microbiology Laboratory from intensive care, 
service, and policlinics between 05/02/2020 and 
03/03/2023 were evaluated. A. baumannii strains 
isolated and stocked between these dates were cultured. 
The first isolate from the same patient was included in 
the study if the culture result showed growth. In the 
study, 188 A. baumannii bacterial isolates were 
evaluated. The identification of bacteria that reproduce 
in culture samples was carried out with the Phoenix™ 
automated system. Non-colistin antibiotic susceptibility 
was determined by Phoenix™ automatized system and 
colistin susceptibility was determined by the liquid 
microdilution method [9]. Antibiotic discs used 
included amikacin, ciprofloxacin, gentamicin, 
imipenem, levofloxacin, meropenem, and 
trimethoprim/sulfamethoxazol. Antibiotic 
susceptibility was evaluated in accordance with the 
recommendations of the "European Committee on 
Antimicrobial Susceptibility Testing” [10]. Multi-drug 
resistant (MDR) was defined to be resistant to three or 
more classes of antibiotics and resistant to at least one 
antibiotic in the class of antibiotics; extensively drug-
resistant (XDR) to be non-susceptible to ≥ 1 agents in 
all categories except ≤ 2 in all listed class of antibiotics; 
and pan-drug-resistant (PDR) was identified as being 
resistant to all listed antimicrobial agents [11].  

 
DNA isolation and integron-specific in-house 
polymerase chain reaction (PCR) 

A. baumannii isolates were cultured in 5% sheep-
blooded agar, and a single colony was taken from the 

growing pure colonies. The single colony was passed 
into 2 mL of Brain Heart Infusion growth medium and 
incubated at 37 ºC for 24 hours. Then, 1 ml of the 
suspension was centrifuged for 10 minutes at 13,000 
rpm. Discarding the supernatant, the pellet was taken; 
then 200 μL of distilled water was added and boiled at 
100 °C for 10 minutes. It was re-centrifuged for 10 
minutes at 13,000 rpm, and the supernatant at the top 
was transferred to Eppendorf tubes to be used as 
template DNA for PCR [12].  

Standard PCR blend was prepared to contain 5 μL 
PCR Buffer (10X), 1 μL forward primer (100 pmol/μL), 
1 μL reverse primer (100 pmol/μL), 1 μL dNTP (10 
mM), 5 μL MgCl2 (25 mM), 0.5 μL Taq DNA 
polymerase (5 U/μL), 5 μL DNA template and 31.5 μL 
sterile deionized water, totaling 50 μL. The primers 
used are shown in Table 1 [13]. 

PCR amplification conditions for IntI1 and IntI2 
were applied as follows: initial denaturation at 95 °C for 
5 min, followed by 30 cycles at 95 °C, 55 °C and 72 °C 
for 30 seconds, and a final synthesis step at 72 °C for 7 
minutes. PCR amplification for intI3 was performed at 
95 °C for 5 minutes (first denaturation), followed by 30 
seconds (30 cycles) at 95 °C and 50 °C, 60 seconds (30 
cycles) at 72 °C, and a final synthesis at 72 °C for 7 
minutes [13]. The amplification products were 
separated in an electrophoresis device in 1.5% agarous 
gel for 45 minutes at a current of 120 volts and the DNA 
bands were imaged with a UV transluminator. After 
amplification, band detection of 160 bp for integron 1, 
288 bp for integron 2, and 1041 bp for integron 3 was 
evaluated as positive [13]. 

 
PFGE (Pulsed Field Gel Electrophoresis)  

The PFGE method was used to determine the clonal 
relationship between strains. The species-identified 
bacteria were cultivated in 5% sheep-blood agar and 
incubated for 24 hours. The growing pure colonies were 
collected with the extract and suspended in the cell 
suspension buffer. The isolates were buried in the 
prepared agarose. The agarose with bacteria was 
removed from the mold and placed in the lysis solution. 
After the cell lysis was performed, agarose molds were 
washed. Agarose with purified DNA was obtained. The 
DNA in agarose molds was cut by the restriction 

Table 1. Integron-specific PCR test primers. 
Gene Primer Sequence (5′ to 3′) 
intl1 F CAG TGG ACA TAA GCC TGT TC 

 R CCC GAG GCA TAG ACT GTA 
intl2 F TTG CGA GTA TCC ATA ACC TG 

 R TTA CCT GCA CTG GAT TAA GC 
intl3 F GCC TCC GGC AGC GAC TTT CAG 

 R ACG GAT CTG CCA AAC CTG ACT 
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enzyme Apa I (30U). The agarose gel was prepared and 
the DNA molds were loaded into the gel [14]. In the 
CHEF-DR II system (BioRad, California, USA) 
electrophoresis conditions were applied for 20 hours 
with an initial stroke time of 5 seconds and an end 
stroke time of 30 seconds at 6 V/cm2 current at 14 °C. 
After electrophoresis, the gel was stained in pure water 
containing ethidium bromide. It was visualized using 
UV light and photographed with the Gel Logic 2200 
imaging system (Kodak, USA). 

 
Image analysis 

DNA band profiles in the gel image were analyzed 
with Syngene Gene Directory application version 
2.01.02 (UK). Using the unweighted pair group method 
with arithmetic mean (UPGMA) and the Dice similarity 
coefficient, a dendrogram was created with a tolerance 
of 2%, and a cluster analysis was performed [15]. In the 
analysis, isolates with 100% compatibility were 
considered indistinguishable, and isolates with at least 
80% similarity were considered clusters.  

 
Statistical analysis 

The data were analyzed with SPSS 25.0 statistical 
program. Continuous variables are summarized using 
minimum, maximum, mean, and standard deviation. 
Categorical variables are described using the number 
and percentage of observations in each category. The 
differences between the categorical variables were 
analyzed by the Chi-square analysis and Fisher's Exact 
test. As part of evaluation, p < 0.05 was taken to 
indicate statistical significance. 

This study was approved by Pamukkale University 
Faculty of Medicine Ethics Committee for Non-
Invasive Clinical Research (doc. date and number: 
10.06.2022-E.217417). 

 
Results 

Of the A. baumannii isolates included in the study, 
91 (48.4%) were isolated from intensive care units, 86 
(45.7%) from inpatient service, and 11 (5.9%) from 
cultures sent from outpatient clinics. Of the isolates 
included in the study, 54 (28.7%) were derived from 

blood culture, 42 (22.3%) from sputum culture, 35 
(18.3%) from wound culture and 57 (30.6%) from other 
cultures. Isolates were found at a higher rate in blood, a 
central venous catheter (CVC), and respiratory cultures 
in the intensive care unit (ICU), and in wound and 
sputum cultures in the inpatient services (p = 0.0001) 
(Table 2). In total, 78 of the isolates were female 
(41.5%) and 110 (58.5%) belonged to male patients. 
The average age of patients with isolated strains was 
56.3 ± 21.75 (min: 0; max: 90).  

 
Integron presence 

Integron carriage was observed in 86 (45.7%) 
isolates. Of these, 83 (44.1%) carried class 1, 1 (0.5%) 
carried class 2, and 2 (1.1%) carried both classes of 
integrons, 102 (54.3%) isolates did not carry any 
integrons. Among the integron positive isolates, the rate 
of only class 1 integron was 96.5% (83/86), the rate of 
only class 2 was 1.2% (1/86), and the rate of only two 
integron classes together was 2.3% (2/86). No class 3 
integron positivity was detected. An assessment of 
integron positivity showed class 1 integron in 52% of 
strains isolated from CVC cultures, 47.6% of strains 
isolated from sputum cultures, and 42.6% of strains 
isolated from blood cultures, class 2 integron was found 
in blood culture, and class 1 + 2 integron was found in 
wound culture (Table 2). Gel images of class 1 and class 
2 integron positivity are shown in Figure 1 and 2. Gel 
images of class 1 and class 2 integron positivity are 
shown in Figures 1 and 2, respectively. 

Table 2. Distribution of isolates according to clinics and integron positivity n (%). 
Clinics-Integron /Sample Blood, 54 

(28.7) 
CVC, 25 

(13.3) 
Sputum, 42 

(22.3) 
CSF, 4  
(2.1) 

Urine, 2  
(1.0) 

RTS*, 26 
(13.8) 

Wound, 35 
(18.6) p 

Intensive care 91 (48,4) 32 (59.3) 22 (88) 5 (11.9) 3 (75) 0 (0) 24 (92.3) 5 (14.3) 
0.0001* (cs = 112,115) Service 86 (45,7) 21 (38.9) 3 (12) 37 (88.1) 1 (25) 1 (50) 2 (7.7) 21 (60) 

Policlinic 11 (5.9) 1 (1.9) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 9 (25.7) 
Class 1: 83 (44.1) 23 (42.6) 13 (52) 20 (47.6) 2 (50) 1 (50) 11 (42.3) 13 (37.1) 0.945 (cs = 1,703) 
Class 2: 1 (0.5) 1 (1.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0.868 (cs = 2,508) 
Class 1 + 2: 2 (1.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (5.7) 0.338 (cs = 6,820) 
RTS*: Respiratory tract specimens *Bronchoalveolar lavage/deep tracheal aspirate/endotracheal aspirate. CVC: Central venous catheter CSF: cerebrospinal fluid 
*p < 0.05 statistically significant; cs: Pearson Chi-Square; γ: Fisher Exact test. 

Figure 1. PCR gel electrophoresis images of class 1 integron. 

(M: 50-1000 bp DNA leader, in wells 1-5, 160 bp band of class 1 integron 
positive isolate). 
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Antimicrobial resistance and models 
The antibiotic to which A. baumannii isolates were 

the least resistant one was colistin and the most resistant 
antimicrobials were identified as ciprofloxacin and 
levofloxacin (75%), imipenem and meropenem 
(73.4%), respectively (Table 3). MDR was detected in 
122 (64.9%) strains and XDR in 19 (10.1%) strains. 
MDR was found in 72 (79.1%) of the strains isolated 
from intensive care samples, 44 (51.5%) of the strains 
isolated from samples sent from the inpatient service, 
and 6 (54.2%) strains isolated from outpatient clinic 
samples. MDR was found to be higher in intensive care 
isolates (p = 0.0001). XDR was found in 10 (11%) 
samples from the intensive care unit, 7 (8.1%) samples 
from the services, and 2 (18.2%) in the outpatient clinic 
and showed no statistically significant difference in 
terms of observation location (p = 0.571).  

The rate of multi-drug resistance was significantly 
higher than that of 63 (75.9%) strains that were class 1 
integron-positive compared to 59 (56.2%) strains that 
were negative (p = 0.005). Similarly, the incidence rate 
of XDR was significantly higher in the class 1 integron-
positive 13 (15.7%) strains than that of negative 6 
(5.7%) strains (p = 0.029). The rate of MDR showed no 
significant difference in 1 (100%) class 2 integron-
positive strain relative to 121 (64.7%) class 2 integron-
negative strains and in 1 (50%) class 1 + 2 integron-
positive strain relative to 121 (65.1%) class 1 + 2 
integron-negative strains (p = 1.000). Similarly, when 
the XDR incidence rate was assessed, class 2 and class 
1 + 2 integron positivity was not observed, and 
negativity was detected in 19 (10.2%) samples, which 
presented no significant difference (p = 1.000). 

 
Relationship between integron presence and 
antimicrobial resistance  

Amicacin, colistin, ciprofloxacin, gentamicin, 
imipenem, levofloxacin, meropenem, and 
trimethoprim/sulfamethoxazole resistance was found to 
be significantly higher in class 1 integron-positive 
samples than in class 1 integron-negative samples (p = 

0.011, p = 0.014, p = 0.0001 respectively) (Table 3). A 
total of 3 isolates with class 2 and class 1 + 2 integron 
positivity were found to be resistant to all 
antimicrobials studied, except colistin. 

 
The clonal relationship between isolates 

Clonal analysis of 188 A. baumannii strains was 
performed by the PFGE method. Clusters are 
represented by letters of the alphabet and pulsotypes by 
roman numerals. The dendrogram identified 26 clusters 
and 177 pulsotypes. The clusters with a large number of 
isolates were N (n = 45), A (n = 23), Y (n = 21), J, Z (n 
= 19), M (n = 10), and D (n = 7). Five clusters included 
only one member (Figure 3). Cluster A was found to be 
of the longest duration in intensive care, inpatient 
service, and outpatient clinic (05.02.2023-24.02.2020). 
Twenty-one isolates showed 100% associated profiles 
in 10 pulsotypes in 6 different clusters, and the integron 
positivity and negativity of isolates in the same 
pulsotype were found to be 100% compatible. In class 
1 integron-positive samples, 13 clusters and 78 
pulsotypes were detected. In all of the isolates in the Y 
and Z clusters (100%), class 1 integron positivity was 
observed in cluster A at 52.2%, cluster J at 42.1%, and 
cluster N at 22.2%. MDR was observed at 73.7% in 
clusters Z and J, 76.2% in cluster Y, 60.9% in cluster A, 
and 60.0% in cluster N. XDR was found at 21.1% in 
cluster Z, 17.4% in cluster A, and 14.3% in cluster Y. 
  

(M: 50-1000 bp DNA leader, in wells1-3,5, 288 bp band of class 2 integron 
positive isolate). 

Figure 2. PCR gel electrophoresis images of class 2 integron. 

Table 3. Association between integron positivity and antibiotic resistance n (%). 
Antibiotics/ 
Integrons 

Total 
Resistance 

Class 1 Class 2 Class 1 + 2 
Positive Negative p Positive Negative p Positive Negative p 

Amikacin 124 (66) 63 (75,9) 61 (58,1) 0.011* (cs = 6,547) 1 (100) 123 (65,8) 1γ 123 (66,1) 1 (50) 1γ 
Ciprofloxacin 141 (75) 77 (92,8) 64 (61) 0.0001* (cs = 25,031) 1 (100) 140 (74,9) 1γ 140 (75,3) 1 (50) 0.439γ 
Gentamicin 133 (70,7) 72 (86,7) 61 (58,1) 0.0001*  (cs = 18,387) 1 (100) 132 (70,6) 1γ 132 (71) 1 (50) 0.501γ 
Colistin 20 (10,6) 14 (16,9) 6 (5,7) 0.014* (cs = 6,066) 0 (0) 20 (10,7) 1γ 20 (10,8) 0 (0) 1γ 
Imipenem 138 (73,4) 73 (88) 65 (61,9) 0.0001* (cs = 16,11) 1 (100) 137 (73,3) 1γ 137 (73,7) 1 (50) 0.462γ 
Levofloxacin 141 (75) 77 (92,8) 64 (61) 0.0001* (cs = 25,031) 1 (100) 140 (74,9) 1γ 140 (75,3) 1 (50) 0.439γ 
Meropenem 138 (73,4) 74 (89,2) 64 (61) 0.0001* (cs = 18,889) 1 (100) 137 (73,3) 1γ 137 (73,7) 1 (50) 0.462γ 
Trimethoprim/ 
Sulfamethoxazol 123 (65,4) 68 (81,9) 55 (52,4) 0.0001* (cs = 17,891) 1 (100) 122 (65,2) 1γ 122 (65,6) 1 (50) 1γ 

*p < 0.05 statistically significant; cs: Pearson Chi-Square; γ: Fisher Exact test 
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Discussion 
Acinetobacter baumannii is an opportunistic 

pathogen that can cause infections of community and 
hospital origin. It is the agent of many infections such 
as sepsis, meningitis, pneumonia, wounds, and urinary 
tract infection. Risk factors for infections with A. 
baumannii include catheters, mechanical ventilation, 
open wounds, prolonged hospitalization, and poor 
immune system [2,4]. In accordance with the risk 
factors in our study, A. baumannii isolates were isolated 
at a higher rate from bronchoalveolar lavage, deep 
tracheal aspirate, and endotracheal aspirate in patients 
with central venous catheter (CVC) in intensive care 
unit, and from wound cultures in inpatient services 
[2,4]. 

2020 and later saw a significant increase in the 
number of Acinetobacter spp. isolates compared to 
2020. This poses a significant threat to patients and the 
healthcare system. The most common AMR phenotype 
against Acinetobacter species worldwide is common 
resistance to aminoglycosides, fluoroquinolones, and 
carbapenems. This also limits treatment options [16]. 
The carbapenem resistance rates in our study are similar 
to most Southern and Eastern European countries and 
are also lower than those in our country. Likewise, 
fluoroquinolone and aminoglycoside resistance were 
found to be lower than resistance rates in Turkey [16]. 
The reason for this is the importance attached to the 
rational drug administration in our hospital.  

Integron positivity was found to be 45.7% (n = 86) 
and the presence of class 1 integrons was seen to be 
dominant. Integron positivity rates and distributions 
vary in different countries, and rates can change even in 
different geographies of the same country. Of A. 
baumannii strains, 33% were class 1 positive integrons 
in Turkey, 70% were class 1 and 21% were class 2 
positive in northwest Iran; a Chinese study based on 
carbapenemase-resistant isolates showed class 1 
positive integrons in 10.42%, whereas another Chinese 
study reported class 1 positive integrons in 72% and 
class 2 positive integrons in 4.2% [17-20]. 

In the presence of class 1 integron, there was a high 
resistance to all antibiotics subject to evaluation. There 
are a wide variety of methods to detect antibiotic 
resistance mechanisms of non-fermentative bacteria 
such as A. baumannii and Pseudomonas aeruginosa 
[21,22]. A. baumannii antibiotic resistance mechanisms 
include horizontal transfer of resistance genes, 
alteration of target sites, overexpression of flow pumps, 
β-lactamases, modifying enzymes, and permeability 
defects [4,23]. Integrons play an important role in the 
spread of resistance genes due to gene cassettes.  

  Figure 3. Pulsed-field gel electrophoresis dendrogram image. 
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The gene cassettes are placed in the integron so that 
the resistance gene is expressed inside them, and more 
than one cassette can be contained within an integron. 
Gene cassettes may carry those genes encoding 
lactamases, aminoglycoside-modifying enzymes, and 
carbapenemas [5]. Among integron cassettes, DfrA is a 
dihydrofolate reductase and plays a role in resistance to 
trimethoprim, while AadA2 is an aminoglycoside 
adenyltransferase that plays a role in aminoglycoside 
resistance [20]. On the other hand, aacA4/aac (6')-Ib 
gene cassette variants are active in resistance to 
fluoroquinolones [5,18]. Several studies and our study 
found a significant relationship between the presence of 
class 1 integrons and resistance to antibiotics 
[20,24,25].  

In our study, MDR and XDR phenotypes were 
found high in the presence of class 1 integrons. In A. 
baumannii, in the development of multiple drug 
resistance phenotype, horizontal passage of resistance 
genes plays an important role. Generally, MDR occurs 
when the genes encoding resistance are close to each 
other on mobile genetic elements (integrons, plasmids, 
transposons) [26]. Based on the relationship between 
class 1 integron positivity and MDR, some researchers 
have concluded that the presence of class 1 integron can 
be used as a biomarker to predict the MDR phenotype 
[27,28]. 

In our study, the number of clusters and pulsotypes 
of A. baumannii isolates varies greatly. Likewise, a 
multicentric study in Turkey reported high diversity 
among strains isolated from various clinical samples 
[29]. However, a study evaluating multi-drug-resistant 
A. baumannii isolates in intensive care units in the same 
country showed low diversity [30]. The high diversity 
in our study may have been due to high sample diversity 
and the low number of some samples. Isolates have long 
existed in the same cluster and sometimes in the same 
pulsotype across various units of the hospital. Our 
results were similar to those reported by Gundeslioglu 
et al [31]. Cluster A has been identified as the cluster 
that has been in existence for three years (05.02.2020-
24.02.2023) in intensive care, inpatient service and 
outpatient clinic. As a result of the deterioration or 
improvement in the clinical condition of the patients in 
our hospital, the places of hospitalization can change 
and there are patient transfers from intensive care to 
inpatient service or from inpatient service to intensive 
care, which is effective in the spread between clinics 
and continuity. Ceylan et al. also reported that patient 
transfer was effective among the causes that increased 
clonal spread [32]. 

All of the isolates in the clusters Y and Z presented 
class 1 integron presence, and about half of the class 1 
integron-positive isolates concentrated in two clusters, 
namely Y and Z. These findings suggested that clonal 
transfer could be likely along with the horizontal 
transition. Similarly, Sung et al. reported that class 1 
integrons tend to be transferred horizontally and 
vertically between A. baumannii or other Acinetobacter 
isolates [33]. 

 
Limitations 

The limitations of this study include the non-
evaluation of integron gene cassettes that encode 
resistance to the antibiotics. Another important 
limitation is a single center study. 

 
Conclusions 

In conclusion, in the presence of class 1 integron, 
there was a high resistance to many antibiotics. There 
was also a significant correlation between MDR and 
XDR phenotypes and class 1 integron positivity. When 
the clonal relationship between PFGE and isolates was 
evaluated, the number of clusters and pulsotypes varied 
greatly. Class 1 integron positivity observed in all of the 
isolates in the two clusters suggests the likelihood of 
clonal transfer alongside the horizontal transition. 
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