
         � 817  © 2023 Medical Journal of Babylon | Published by Wolters Kluwer - Medknow

Address for correspondence: Prof. Rabab Omran,  
Biology Department, College of Science,  

University of Babylon, Hilla, Iraq.
E-mail: omranaljelawi@gmail.com

Submission: 25-Dec-2022  Accepted: 22-Jan-2023  Published: 02-Feb-2024

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Hamza OA, Omran R. Molecular detection 
of Tn7-like transposons and IntI2 integron integrase in multidrug-
resistant Escherichia coli and Klebsiella spp. Med J Babylon 
2023;20:817-27.

Original Article

Molecular Detection of Tn7-Like Transposons and IntI2 
Integron Integrase in Multidrug-Resistant Escherichia coli and 

Klebsiella spp.
Ola Adnan Hamza1,2, Rabab Omran1
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Abstract

Background: Transposable elements are mobile DNA sequences that can move and change their location within the genome. Objectives: 
The aim of the study was to investigate class II integron and Tn7-like transposons and their relationship to multidrug resistance in 
commensal and pathogenic Klebsiella and Escherichia coli isolates. Materials and Methods: The disk-diffusion method was used to 
check the antibiotic susceptibility of 26 Klebsiella isolates and 76 E. coli isolates that had been isolated and preidentified using the 
VITEK 2 System from healthy stool, diarrhea, and urine in (urinary tract infection) specimens. The presence of the intI2 and Tn7-
like transposase genes was then examined using specific primer pairs by polymerase chain reaction. Results: A total of 76% of the 
total isolates harbored Tn7, of which 14% of these isolates appeared to harbor intI2 in the Tn7 in three phylotypes. The other 62% of 
isolates had five patterns of Tn7. At the same time, the rest of the isolates (24%) were negative for the Tn7 and intI2 genes. Overall, 
the E. coli and Klebsiella isolates contain different Tn7-like transposons and are associated with pathogenic bacteria (P < 0.05) though 
some normal flora harbor the transposons. The presence of intI2 and Tn7-like transposons is associated with multidrug resistance 
in the studied species; intI2 in Tn7-like transposon (P  <  0.029) and Tn7-like transposition genes only (P  <  0.001). A  significant 
association (P < 0.05) was detected between intI2 in the Tn7-like transposons and resistance to amoxicillin-clavulanate, piperacillin, 
cefotaxime, gentamicin, azithromycin, and nitrofurantoin. Conclusions: There is a correlation between multidrug resistance and the 
presence of Tn7-like transposition and intI2 genes.
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Introduction
Escherichia coli is a member of the Enterobacteriaceae 
family of facultative anaerobic, nonspore-forming, 
Gram-negative bacteria. It is a component of the native 
gut flora of warm-blooded animals and people. Several 
dangerous E. coli can cause several illnesses, even though 
most are innocuous commensal organisms.[1] There are six 
pathogenic organisms, each with a unique set of virulence 
characteristics and mechanisms of pathogenicity. 
A typical serotype of E. coli that causes diarrheal illness 
and epidemics globally is O157:H7. It threatens public 
health and food safety worldwide, especially for vulnerable 
populations such as neonates, babies, and those with 
weakened immune systems.[2,3]

Klebsiella is a facultative anaerobic, nonspore-forming, 
nonmotile, straight rod with a diameter of 0.3–1.5  µm 
wide by 0.5–5.0 µm long. The rods can show up alone, in 
pairs, or brief  chains. The cells have a covering. The ideal 
temperature for growth is 37°C. In addition to having 
a respiratory and a fermentative form of metabolism, 
Klebsiella spp. is chemoorganotrophic. Acid and gas are 
created due to the fermentation of glucose (more CO2 is 
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produced than H2). With less ethanol and less lactic, acetic, 
and formic acids produced compared with that in typical 
mixed acid bacterial fermentation, most strains primarily 
create 2,3-butanediol as a byproduct of the fermentation 
of glucose. There are no known needs specific to growth 
factors. Under anaerobic circumstances, some bacteria 
can repair molecule nitrogen.[4]

Transposable elements (TEs) are mobile DNA sequences 
that may move across a genome and alter its location. The 
most prevalent and prolific genes in nature, TEs, and the 
related transposase genes are crucial for biological diversity 
and adaptability.[5] It is recognized that many highly divergent 
bacteria that have adapted to different environments have 
Tn7 and related elements known as Tn7-like elements, 
which contain homologs of the Tn7 transposition proteins. 
Over the past 10 years, one important discovery has been 
the appreciation of the dissemination of Tn7 and related 
elements called Tn7-like elements that contain homologs of 
the Tn7 transposition proteins in highly diverged bacteria 
adapted to many different environments.[1,5] The size of 
Tn7 is often substantial, frequently 14 kb.[1,6] However, 
comparing some Tn7-like derivatives reveals that these 
elements have diverse genetic structures and accumulated 
several accessory resistance regions.[1,7] By transferring 
different resistance genes between bacteria using its 
transposase, the Tn7-like, a significant mobile genetic 
element of transposons, encourages the horizontal spread 
of bacterial antibiotic resistance. The two extremities of the 
Tn7 transposon, which are the class 2 integron system and 
the transposition module, have highly conserved sequences. 
The transposition module encodes five proteins: tnsA, 
tnsB, tnsC, tnsD, and in tnsABCDE, which is necessary 
for two transposition pathways. The unique bacterial 
transposon Tn7 encodes five transposition proteins: 
Tns A, B, C, D, and E. Surprisingly, Tn7 transposition is 
extremely specific, in contrast to other transposons, which 
inserts quite randomly into a wide variety of locations. 
Alternative target site-selectors TnsD and TnsE control 
Tn7 transposition into one of two distinct target DNAs. 
Therefore, a highly specific chromosomal or DNA binding 
site undergoes DNA replication.[7,8] The Tn7 transposition 
proteins, TnsA, which is required for the cleavage of the 
second strand; TnsB, the transposase; TnsC, an auxiliary 
protein for the transposase; TnsD, which is necessary 
for high-frequency transposition to the target location 
downstream of glmS; and TnsE, which is required for 
wider dispersion, are also required.[1,8] In most contexts, 
integrons constitute a complex mobilome. In addition, they 
can move across species during evolutionary time and have 
access to a large number of novel genes whose roles are 
yet unclear.[1,6,9] Therefore, this work aimed to identify the 
prevalence of Tn7-like transposons and their association 
with class 2 integron in commensal and pathogenic E. coli 
and Klebsiella spp. isolated from healthy individuals and 
patients with gastroenteritis and urinary tract infections in 
Hillah, Iraq.

Materials and Methods

The 26 Klebsiella isolates and 76 E.  coli isolates that 
had previously been isolated from 200 samples of stools 
from newborns and children with gastroenteritis (aged 
1–12  years) of both genders came to the hospitals in 
the city of Hillah and the Public Health Laboratory in 
Babylon, between November 2021 and January 2022. 
The control group includes 40 samples of healthy stools 
collected from infants and children. In addition, 90 urine 
samples from Urinary tract infection (UTI) patients (aged 
between 2 and 40 years) who visited the hospitals in Hillah 
City were of both genders. The isolates were identified 
using the VITEK 2 system. The isolates were examined 
for antibiotic susceptibility using the Kirby-Bauer disc 
diffusion method on Mueller Hinton agar. The antibiotic 
discs include amoxicillin-clavulanate (AMC) (30  µg), 
piperacillin (PRL) (100 µg), amikacin (30 µg), ceftazidime 
(30  µg), cefotaxime (CTX) (30  µg), impnine (10  µg), 
meropenem (10 µg), ciprofloxacin (5  µg), nitrofurantoin 
(NIT) (100  µg), gentamicin (CN) (10  µg), azithromycin 
(AZM) (15 µg), tetracycline (10 µg), levofloxacin (5 µg), 
and chloramphenicol (30 µg).[10,11]

DNA extraction
FavorPrep Genomic DNA Mini Kit (for bacteria) was 
used to extract genomic DNA (1.8) according to the 
manufacturer’s instructions (Favorgen, Taiwan, China).

Molecular detection of Tn7-like transposon
Tn7 transposition genes or related family members were 
detected using specific primer pairs by polymerase chain 
reaction (PCR). The final volume of the PCR mixture was 
25 µL consisting of 4 µL of template DNA (1.8), 4.5 µL 
of ddH2O, 12.5 µL of Taq PCR Master Mix, and 2 µL of 
each primer. The amplified PCR products were separated 
by electrophoresis in 1.5% agarose gels at 100 V for 60 min 
staining method; precast RED Safe stain [Tables 1 and 2].

Ethical considerations
All subjects gave their consent and agreed to study the 
scientific and ethically sound Babylon’s Public Health 
Laboratory and hospitals in Hillah City. According to the 
document with the number 8220904 and the date September 
28, 2022, the study protocols, subject information, and 
agreement form were examined and approved by a local 
ethics committee of the Biology Department at the College 
of Science at the University of Babylon.

Statistical analysis
All data were analyzed by the SPSS (IBM Corporation, 
New York, New York) statistical package (version 2010). 
Fisher’s exact test of independence was applied to find 
a statistical association. P value <0.05 was considered 
significant.
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Results
Of the 100 isolates, 74 were E. coli, and 26 were Klebsiella 
spp. collected from apparently healthy individuals and 
patients with gastroenteritis and Urinary tract infections. 
All E. coli and Klebsiella isolates exhibited high antibiotic 
resistance, including AMC (70.58%), CTX (58.96%), 
and ceftazidime (57.81%). Although all isolates were 
susceptible to imipenem (100%), meropenem had the 
lowest prevalence of  resistance (4.86%), as shown 
in Figure 1. Generally, E.  coli isolates were higher 
antibiotic-resistant relative to Klebsiella isolates. Most 
bacterial isolates in the current study were also found 
to be multidrug resistance (MDR) (72%) for at least 
three classes, including 75.68% of  MDR-phenotype 
E.  coli and 61.53% of  MDR-phenotype Klebsiella. 
The remaining isolates were non-MDR–phenotype, 
and two E. coli isolates were sensitive to all antibiotics 
under investigation. Amoxiclline-clavulanate (AMC, 
P = 0.002), ceftazidime (CAZ, P = 0.014), Piperacilline 
(PRL, P  = 0.028), as well as additional antibiotic 
classes as macrolides (AZM, P = 0.001), quinolones/
fluoroquinolones (ciprofloxacin and levofloxacin), 
tetracyclines, and chloramphenicol (P  = 0.05), most 
of  the examined E. coli and Klebsiella isolates showed 
an MDR phenotype, where the percentages of  both 
types of  bacteria in the urine sample were higher than 
the stool samples in patient and healthy individuals. 
That may be related to the type of  isolation sources as 
indicated by the Chi-square test, P < 0.005.

The presence of Tn7 transposition genes and class 2 
integron integrase (intI2) gene was molecularly detected 
as the appearance of a single band of each tested gene in 

agarose gel, as shown in Figure 2. These PCR products 
included the tnsA gene (713bp), tnsB gene (845bp), and 
tnsC gene (893bp). Figure 3 showed the amplified fragment 
of the intI2 gene (789bp). About 76% of total E.  coli 
and Klebsiella isolates harbored Tn7-like transposition 
genes, some containing the intI2 gene [Table 3]. Three of 
them (14%) harbor intI2 in Tn7-like transpose, including 
tnsABC and intI2; tnsAB and intI2 and tnsB and intI2 
patterns, as shown in Table 3. Figure 4 appeared prevalence 
of Tn7 transposition genes and integron class 2 gene 
(intI2) among E. coli (A) and Klebsiella (B) isolated from 
different sources. Therefore, five patterns (62%) of Tn7-like 
transposon, including tnsABC, tnsAB, tnsAC, tnsA only, 
and tnsB only were shown between E. coli and Klebsiella. 
At the same time, 24% of the total isolates were negative, 
which were not detected the presence of the Tn7-like 
transposon or intI2 gene. These patterns were distributed 
among E.  coli and Klebsiella isolates, which recovered 
from three isolation sources (healthy stool, patient stool of 
gastroenteritis, and urine of patient with UTI). Generally, 
E. coli and Klebsiella isolates harbored different Tn7-like 
transposons (complete or truncated) and were associated 
with the source of isolation (P = 0.029; Chi-square test), 
and they related with pathogenic bacteria despite some 
normal flora harboring the mobile genetic elements.

The presence of  intI2 and Tn7-like transposon 
correlated with antibiotic resistances of  the studied 
species (P < 0.05). Figure 5 revealed most of  MDR-E.
coli and MDR-Klebsiella harbored different patterns 
of  Tn7-like transposons and intI2 gene. Furthermore, 
this study also detected a considerable correlation 
between intI2 in Tn7-like transposon and resistance 

Table 1: Lists the primer pair sequences, amplicon sizes

Gene 5′–3′ sequence 5′–3′ sequence References 
tnsA F. TGGCTAACAGTACAAGAAGT 713 [1,7]

R. CGCAACTCCTCCATATTCA

tnsB F. GGCTGAGTTGTTGCTAATG 845 [1]

R. CCACCACATAAGACGGATT

tnsC F. TCGCATAATGGTTCGCTAA 893 [1]

R. CTTGTCATCGTTGGATTCTG

IntI2 F. CACGGATATGCGACAAAAAGGT 789 [8]

R. GTAGCAAACGAGTGACGAAATG

Table 2: PCR—thermal cycling conditions

Gene Initial denaturant Denaturant Anneal Extension Final extension Cycles 

°C (min) °C (s) °C (s) °C (s) °C (min)
tnsA 95 (2) 95 (30) 53.9 (30) 72 (80) 72 (5) 35

tnsB 95 (2) 95 (30) 54.6 (30) 72 (90) 72 (5) 35

tnsC 95 (2) 95 (30) 53.8 (30) 72 (80) 72 (50 35

intI2 95 (2) 95 (30) 58.1 (30) 72 (80) 72 (5) 35

16s E. coli 95 (2) 95 (30) 60.3 (30) 72 (30) 72 (5) 35

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 02/21/2024



Hamza and Omran: MDR Escherichia coli and Klebsiella spp.

         820� 820    Medical Journal of Babylon  ¦ Volume 20 ¦ Issue 4 ¦ October-December 2023

to AMC, PRL, CTX, CN, AZM, and NIT (P < 0.05: 
Chi-square test).

Discussion
All E. coli and Klebsiella isolates showed a high rate of 
resistance to antibiotics such as AMC (70.58%), CTX 
(58.96%), ceftazidime (57.81%), and in general E.  coli 
isolates were more resistant to antibiotics. Whereas all 
E. coli and Klebsiella isolates had the lowest frequency of 
meropenem resistance and imipenem sensitivity [Figure 2]. 
These findings are consistent with a prior study,[12] which 
discovered that E.  coli was more resistant to antibiotics 
than Klebsiella pneumonia, with the lowest resistance to 
amoxicillin-clavulanic acid (4%) and CTX (33%), and the 
highest resistance to imipenem (2%). The varying rates of 
antibiotic intake in each nation account for the different 
resistance percentages across the globe.[13] Because E. coli 
can pick up antibiotic resistance traits from other bacteria 
in its environment, E.  coli and Klebsiella were isolated 
from stool samples of apparently healthy people. Still, they 
showed high resistance to antibiotics, and one of them 
was resistant to eight antimicrobial classes. The human 
gut microbiota can contain over 1000 antibiotic-resistant 
genes, and transmitting these traits between intestinal 
commensals is an important process.[14] Accordingly, 
a study by Al-Zubaidi and Al-Salman[15] revealed that 
parents with higher education levels are better aware of 
UTI treatment and prevention than parents with lower 
levels of education.

The results of the current study discovered that E.  coli 
resistance to ceftazidime and CTX varied depending on the 
locations, times, and sources of isolations, which did not 
match with the findings of this study. In 2015, Lee et al.,[16] 
in North Korea, discovered that E coli had a 6.8% and 
a 15.5% resistance to ceftazidime and CTX, respectively. 
While Kafilzadeh and Farsimadan[17] discovered that 
ceftazidime and cefotaxime resistance rates are 38.9% and 
42.2%, respectively. Ceftazidime and CTX were reported 
to be resistant in Iran in percentages of 26.1% and 30%, 
respectively.[18] According to a study conducted in Egypt, 
74.4% and 64.3% of E. coli bacteria were resistant to CTX 
and ceftazidime.[19] The two antibiotics’ main cause of 
resistance may be because the bacteria possessed effective 
circulation pumps and efflux systems, which distribute 
antibiotics to bacteria outside their cells. In addition, 
most pathogenic E. coli strains are characterized by their 
multiple resistance; this is due to the transfer of resistance 
genes among species of the same or closely related genus 
from the donor to the recipient cell.[20]

These outcomes include those by Abdu et  al.[21] The 
formation of  beta-lactamase enzymes, which break down 
the beta-lactam ring of  antibiotics such as penicillin 
and cephalosporins, or change the target site of  the 
antibiotic through mutation, reduce the permeability of 
the outer membrane of  the bacterial cell, efflux pump 
systems, or RND family efflux systems (AcrAB-ToIC, 
MdfA, YhV).[22] In addition to the function of  antibiotic 
use in selection for resistance, epidemiological studies 

Figure 1: Antibiotic susceptibility prevalence in Klebsiella and E. coli isolated from different sources
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reveal a possible link between antibiotic resistance and 
the virulence phenotypes of  diarrheagenic E. coli. They 
discovered that individuals with diarrhea used antibiotics 
more frequently before the onset of  their symptoms. This 
link may indicate that drugs alter the gut flora, promoting 
the development of  resistant infections.[23] Klein et al.[23] 
discovered that between 2000 and 2015, antibiotics 
consumption increased dramatically worldwide by 
roughly 39%. Additionally, they discovered that low- and 
middle-income groups in developing nations consumed 
the majority of  antibiotics on average, influencing the 
prevalence of  multidrug inflammatory strains and the 
greatest rates of  antibiotic resistance. Making matters 
worse, the emergence of  E. coli strains resistant to last-
resort antibiotics such as carbapenems and colistin is 

linked to increased use of  these drugs.[24] It was noted 
that carbapenem-resistant E. coli is rare, with prevalence 
varying depending on the research region of  the 
world, but it does not exceed 3%. It was predicted that 
carbapenem resistance would emerge in the future. It can 
be seen in E. coli because the enzymes that break it down 
and subsequently render it inactive, the carbapenemases, 
are encoded primarily on paired plasmids and are highly 
transmittable, which is consistent with McEwen and 
Fedorka-Cray.[25] This is in line with the findings of  the 
current investigation, which showed that meropenem 
resistance in E.  coli isolated from Iraqi UTI patients 
with healthy stool had increased to more than 4.5%. 
Additionally, antibiotics are utilized in livestock to treat 
clinical illnesses, avoid and control common illnesses, 

Figure 2: Agarose gel electrophoresis of tnsA, tnsB, and tnsC amplified product patterns of E. coli and Klebsiella isolates. M: refers to DNA size 
marker (250–20,000 bp); lanes 1–19 refer to PCR products of (A) PCR product of tnsA gene is 713 bp, (B) PCR product of tnsB gene is 845 bp, 
and (C) PCR product of tnsC gene is 893 bp of E. coli and Klebsiella isolated from stool samples of healthy and patient with gastroenteritis and urine 
samples of patients with UTI. Electrophoresis conditions: 1.5% agarose concentration; 100 V, 20 mA for 60 min. Staining method; precast RED Safe 
stain
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and foster animal growth.[26] A Human ingesting 
antibiotic through meat infected with antibiotics that 
enters the body and exerts selective pressure on the host’s 
microbes is one of  the unfortunate ways in which this 
usage of  antibiotics has contributed to the proliferation 
and persistence of  resistant bacteria in humans, while the 
second mechanism can tainted meat can spread resistant 
germs found in the intestines of  food animals to humans. 
The overuse of  antibiotics on food animals led to a high 
colonization rate of  intestinal bacteria, particularly 
Enterobacteriaceae family members such as E.  coli 
and Klebsiella spp., resistant to several antimicrobials. 
This is due to the fact that these substances apply the 
same selective pressure to microbes in livestock as they 
do when used by humans. Studies around the world 
have shown that ready-to-eat animal products contain 

E.  coli strains resistant to several antibiotics, primarily 
Beta-lactam, through bacterial synthesis of  Extended-
spectrum beta-lactamases (ESBL).[27] According to earlier 
investigations, E. coli bacteria obtained from meat have 
also demonstrated resistance to last-resort antibiotics 
such as carbapenems[28] and colistin.[29] Humans would 
certainly consume this contaminated, undercooked 
meat, and it would populate the gut, creating a reservoir 
for future diseases resistant to antibiotics. Bourrel 
et  al.[30] shown that participants with greater rates of 
intestine colonization of  ESBL-producing E. coli strain 
present a higher risk of  urinary tract infection with these 
strains. Antibiotic-resistant E.  coli is commonly found 
in the intestines of  humans and other animals. When 
these strains are eliminated through infected people, 
cattle, and pets’ feces, they can enter humans through 

Table 3: Groups of Tn7 transposition gene patterns and class 2 integrase integron (IntI2) gene

Group No. Tn7 gene patterns IntI2 Total E. coli Total Klebsiella  Total isolate 

n = 74 n = 26 n = 100 

No. (%) No. (%) No. (%)
1 tnsABC + 8 (10.81) 2 (7.69) 10 (10)

2 tnsAB + 2 (2.7) 0 (0) 2 (2)

3 tnsB + 2 (2.7) 0 (0) 2 (2)

4 tnsABC − 20 (27.03) 2 (7.69) 22 (22)

5 tnsAB − 4 (5.41) 10 (38.46) 14 (14)

6 tnsAC − 6 (8.11) 0 (0) 6 (6)

7 tnsA − 0 (0) 4 (15.38) 4 (4)

8 tnsB − 12 (16.22) 4 (15.38) 16 (16)

Total positive isolates for Tn7 and intI2 genes 12 (16.21) 2 (7.69) 14 (14)

Total positive isolates for Tn7 genes 42 (56.76) 20 (76.92) 62 (62)

Total positive isolates 54 (72.97) 22 (84.61) 76 (76)

Total negative 20 (27.03) 4 (15.39) 24 (24)
Tn7 transposition genes: tnsA, tnsB, tnsC; IntI2: class 2 integron integrase.
The data were analyzed using the Chi-square test. Data with completely different letter labels showed a significant difference (P = 0.001; <0.05)

Figure 3: Agarose gel electrophoresis of intI2 amplified product patterns of E. coli and Klebsiella isolates. M: refers to DNA size marker (250–
20,000 bp); lanes 2 and 12 refer to PCR product of intI2 gene (789 bp) of E. coli and Klebsiella isolated from stool samples of healthy and patient with 
gastroenteritis. Electrophoresis conditions: 1.5% agarose concentration; 100 V, 20 mA for 60 min. Staining method; precast RED safe stain
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contaminated water and food. Due to the rise in the 
prevalence of  fecal colonization by strains of  E. coli, the 
number of  human infections caused by them increases.[31] 
E.  coli has an evolutionary advantage over other 
bacteria in its environment because of  its capacity to 
colonize various environments, including the intestines 
of  humans and other animals. This organism has also 
benefited from the ease with which these other bacteria 
can be transmitted via feces to humans. Over 1000 

distinct antibiotic-resistant genes have been found in the 
human gut microbiome. It is a persistent phenomenon 
that certain characteristics are passed from intestinal 
commensals to others. The blaCTX-M gene, the most 
common ESBL gene in E.  coli and Klebsiella spp, and 
OXA-48-type are an important example of  resistance gene 
transfer between environmental bacteria, particularly 
gut symbionts and human diseases. There are more and 
more reports of  carbapenem-hydrolyzing-lactamase 

Figure 4: Prevalence of Tn7 transposition genes and integron class 2 gene (intI2) among E. coli (A) and Klebsiella (B) isolated from different sources
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genes in Enterobacteriaceae in different parts of  the 
world. The chromosomal DNA of  various environmental 
Kluyvera species has been shown to include the potential 
source of  the blaCTX-M β-lactamase genes.[32] While the 

Shewanella species identified in ambient water sources 
was the source of  OXA-48.[33] Because many antibiotic-
resistant genes are linked to elements such as plasmids 
or transposons, conjugation is frequently considered the 

Figure 5: Prevalence of intI2 gene and Tn7-like transposon among E. coli and Klebsiella isolates. (A) Percent of isolate numbers that associate 
antibiotic resistance with the presence of intI2 gene and Tn7 transposition genes in bacterial isolates. (B) Isolate numbers that appeared the association 
of antibiotic resistance classes with the patterns of Tn7-like transposons
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mechanism most likely responsible for the transmission 
of  these traits, even though the transfer of  these elements 
can also occur through transformation or transduction.[34] 
The previously mentioned ESBL and carbapenemases 
genes are excellent illustrations of  resistance genes that 
have propagated across bacteria via plasmid conjugation 
and profoundly influence human health. A  study from 
China[35] discovered that transmission of  ESBL genes in 
E. coli occurs even in the food chain and accounts in part 
for the large fecal prevalence of  ESBL-producing E. coli 
around the world. However, in light of  the current level 
of  globalization, resistant strains can easily move from 
one country to another. In a large cohort study of  Dutch 
travelers visiting places with a high prevalence of  ESBL-
producing bacteria, 34.3% of  those who were ESBL-
negative before travel acquired these clones while abroad, 
with the majority of  acquisitions taking place in the host 
country one of  those who visited South Asia; after his 
return, the region remained colonized for a year.[36] The 
same study also revealed a 12% chance of  transmission 
within families. Similar findings came from a Spanish 
investigation, where up to 66% of  E.  coli isolates from 
patients with ESBL-producing infections were identical 
to isolates from stool samples from their relatives. These 
findings suggest that acquiring E.  coli-resistant strains 
while traveling is common and that transition within 
families can keep these strains around for a long time.

Antibacterial resistance in E. coli and other bacteria has 
been multifacetedly developed due to the therapeutic 
use of antibacterial medicines in human and animal 
medicine. The main consensus is that human activities and 
antibiotic chemotherapy are the only causes of antibiotic 
resistance. While not acquired through horizontal 
transmission, genomic investigations of environmental 
and human bacteria have revealed a number of resistance 
determinants or genes that extend back to the therapeutic 
usage of antibiotics in therapy. By blocking or eradicating 
rival bacteria for resources, intrinsic antibiotic resistance 
gives the strains that create a selective advantage. 
Exogenous antibiotic resistance, which was just found, 
differs from intrinsic prior until now; human behavior did 
not contribute to antibiotic resistance, primarily caused 
by antibiotics selection pressure.[36,37]

A core heteromeric transposase is composed of TnsB and 
TnsA, and a regulator protein called TnsC is related to 
Tn7-like transposons.[1,14] Most of the studied isolates from 
both species harbored only core transposition-encoding 
genes, and five variants (62%) appeared, including 
tnsABC, tnsAB, tnsAC, tnsA, and tnsB, as shown in 
Figure 4 and Table 3. These indicate about 22% of the 
isolates harboring genes encoding a complete Tn7-core 
transposase (tnsABC), and 20% of the isolates harboring 
truncated Tn7-core genes, whereas the haplotypes of the 
remainder (tnsA and tnsB) may be related to other TEs, 
for transposons or derivatives of Tn7-like transposons 

or truncated Tn7-core genes that have massive sequence 
variation that cannot be detected by the primer pairs used 
in this study. This conclusion is based on our observations 
of tnsE and tnsD gene detections because there is more 
than one sequence published in the NCBI database and 
most Tn7 transposases have been studied as protein 
sequences only using proteomic methods (https://www.
ncbi.nlm.nih.gov/gene).

On the other hand, genes (tnsABCDE) are encoded by 
Tn7-like transposons, including an unusual heteromeric 
transposase. The two transposase subunits are TnsA and 
TnsB.[1,5] TnsA is related to endonucleases activity and has 
some homology with other transposon-endonucleases. At 
the same time, TnsB is a member of the vast family of 
bacterial transposase and is present other than Tn7-like 
transposons. A regulator protein called TnsC collaborates 
with several target site-selecting proteins to recognize 
various targets. While TnsE encourages horizontal 
transmission by concentrating on mobile plasmids, 
TnsD directs transposition into attTn7 (also detected in 
this study, data not shown). Tn7-like transposon’s “core 
transposition mechanism” comprises the transposase 
TnsA and TnsB as well as the regulator protein TnsC.[1] 
One of the two target-selecting proteins, TnsD or 
TnsE, controls this fundamental machinery. By guiding 
transposition into the chromosome, the development of 
transposition with TnsABC + TnsD has increased the 
effectiveness of the element’s vertical transmission. As a 
result of the TnsE protein’s ability to detect features that 
were enriched during DNA replication on the lagging-
strand template, transposition with TnsABC + TnsE 
happens preferentially into mobile plasmids.[1,5] Therefore, 
it is impossible to exclude the likelihood that these 
chromosomal Tn7-like transposons will try to transpose 
into mobile plasmids, making it simpler for Tn7-like 
transposons to spread among bacteria while the hosts are 
growing.

To transmit bacterial antibiotic resistance, Tn7-like 
transposons are crucial mobile elements. However, the 
information currently available on the thorough study of 
Tn7-like transposons in Enterobacterales isolates is still 
insufficient compared with studies about the transposition 
mechanism of Tn7-like transposons. Also, MDR intestinal 
bacteria such as E. coli are known to be associated with 
integrons.[1,6,12] In comparison with other investigations, 
the prevalence of integrons was comparatively greater; 
for instance, Ranjbaran et al.[38] reported 5.08% of class 
2 integrons. A  class 2 integron prevalence of 8% was 
observed in another study.[39] While Farshad et  al.[40] 
reported that no integron class 3 was found, 47% of MDR 
isolates carried class 1 and 2 integrons. Research by Su 
et al.[41] found a frequency of 41.10% for class 2 integron.

As previously mentioned, there is a strong correlation 
between the presence of integrons and resistance to the 
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antibiotics quinolones, aminoglycosides, beta-lactam, 
trimethoprim, and chloramphenicol.[42] In this study, the 
class 2 integron integrase (intI2) was also found to be 
significantly correlated with resistance to the drugs AMC, 
PRL, CTX, CN, AZM, and NIT (P = 0.05: Chi-square test). 
This study is in line with earlier ones that, among 69 MDR-
E. coli strains, found a significant correlation between 69 
MDR-E. coli bacteria that had class 1 integrons and were 
resistant to amikacin, CN, chloramphenicol, ampicillin, 
tetracycline, nalidixic acid, and co-trimoxazole. Class 2 
integrons were resistant to aminoglycosides, co-trimoxazole, 
cephalexin, ampicillin, and chloramphenicol.[41] Tn7-like 
transposons accumulate antibiotic resistance and most Tn7 
transposons contain the intI2 gene.

Comparing the genetic composition of various Tn7-like 
transposons allows us to surmise that the multidrug-
resistant Tn7-like transposons share some evolutionary 
relationship, which has likely contributed to the critical 
function of Tn7-like transposons in the field of storing 
resistance genes. Despite the dissimilar assembly, each 
of these Tn7-like transposons, or portions of them, 
were identical to those discovered in other plasmids or 
chromosomes. This had to do with how mobile genetic 
elements could be used by transposons similar to Tn7 to 
gather genetic material and transmit it among strains.

Conclusion
This study is the first report to comprehensively analyze the 
incidence and antibiotic resistance characteristics of Tn7-like 
transposons in E. coli and Klebsiella isolates that were insulated 
from healthy subjects and patients with inflammation of the 
stomach and intestines and urinary tract infections in Hilla 
City, Iraq. Some E. coli and Klebsiella isolates were harboring 
integron genes in Tn7-like transposons. These isolates 
appeared eight patterns of transposon genes. Three of them 
are associated with the presence of the intI2 gene; the other 
five patterns of Tn7 are similar to transposons.
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