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Introduction

Abstract: The skin's defense mechanism against opportunistic infections is
compromised by burn damage. One of the primary pathogens that colonize
burn wounds and cause serious infections is Pseudomonas aeruginosa .
Production of Extended Spectrum Beta-lactamase Enzymes (ESBLs) and
Integron play a significant part in time wastage and selecting the best course
of treatment. Using 16sRNA, sixteen P. aeruginosa isolates were detected by
the conventional PCR technique. Amikacin (85%), Imipenem (70%),
Tobramycin (65%), Azteronam, Cepfepime (63%), Ceftazidime (61%), were
shown to have the greatest resistance levels, and the mordent resistance was
demonstrated by Levofloxacin, Meropenem (55%), and Ciprofloxacin,
Colistin (46%). The findings of the Double Disc Synergy Test (DDST)
indicated that 10 (62.25%) among the isolates generated (ESBLs). All isolates
were classified as Multidrug Resistance (MDR) 16(100%). The most common
genotypes were Int-1 16(100%), Blatem 16(100%), and Bla crxm 13 (81.2%).
Because Enterobacteriaceae produced a large number of ESBL and Integron
Class-1 genes, Slowing the spread of antibiotic-resistant illnesses requires the
application of high standards in both public health and laboratory practices.

Keywords: Pseudomonas aeruginosa , Burn wound infections, Extended
Spectrum Beta-Lactamases (ESBLs), Multidrug resistance (MDR), PCR
detection

One of the most prevalent and severe types of trauma are burns, which are typically brought
on by electricity, heat, chemical contact, or radiation [1]. Burn patients are more likely to contract
hospital-associated infections because burn injuries impair the skin's ability to fend against infection
and interfere with the immune system's normal functioning [2]. Infected sites from burn wounds
provide an optimal habitat for opportunistic organisms, both native and alien. Burn patients may
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become infected for a number of reasons, such as prolonged hospital stays, immunocompromised
conditions, invasive hospital procedures, and exposed body surfaces [3]. The most common reason why
burns patients experience difficulties from their injuries is polymicrobial infections. These hospitalized
patients are at a heightened risk of contracting hospital-acquired infections, and extended hospital stays
raise the possibility of contracting such resistant to treatment illnesses. Pseudomonas aeruginosa is an
opportunistic pathogen found in various environments, including water and soil. It colonizes burn
wounds, exhibits resistance to multiple antibiotics, and survives in various environmental stress ,
contributing to its pathogenicity and difficulty in treatment [4]. It is a Gram-negative bacterium found
in soil, water, plants, and people non-fermentative, and rod-shaped aerobic. This resilient
microorganism can endure temperatures between 4 and 42°C and thrive in conditions deficient in
nutrients. It can survive for up to six months on dry, abiotic surfaces in hospitals thanks to its tenacious
adaption and survival [5].

P. aeruginosa may develop acquired or innate resistance mechanisms to certain antibiotics. The
development of efflux pump systems, a reduction in the outer membrane permeability, and the
generation of enzymes which inhibit antibiotics are the reasons of intrinsic resistance. Furthermore, P.
aeruginosa picks up resistance to antibiotics by mutational alterations and horizontal gene transfer of
resistance genes. This bacterium has acquired antibiotic resistance primarily do so through conjugation,
transduction, and transformation of genes producing Metallo-p-lactamases (MBLs) and Extended-
spectrum [-lactamases (ESBLs) [6,7]. p-lactamases are categorized into four classes, A through D,
according to the molecular makeup of each class. The serine residue at the active site in Classes A, C,
and D have a, they are also known as serine {3-lactamases (SBLs), which aids in bond hydrolysis.
Conversely, class B -lactamases are referred to as metallo-Plactamases (MBLs) due to the fact that
required in their active sites one or two zinc ions which enhance the hydrolytic activity [8]. Among the
class A enzymes are the following: Temoniera, the patient, is the name of the first 3-lactamase encoding
a plasmid that has been discovered in Gram-negative bacteria, known as TEM. Sulfhydryl variant
(SHV), Cefotaximase (CTXM), and K. pneumoniae carbapenemase (KPC), which produces carbapenem,
are other enzymes with functions comparable to those of TEM [9]. Recently, it has been discovered that
anovel class of transportable genetic components is capable of transmitting antibiotic resistance genes.
This genetic component, known as an integron, has the ability to encircle and transmit genes while they
are within gene cassettes [10].

The first part which is required for transcription, it is integrin associated promoter (Pc), and
expression of gene cassettes within the integron, the nearby recombination site attl, which is recognized
by integrase, and the intl gene, which encodes an integrase (Intl), which is required for site-specific
recombination, are the three essential parts of integrons. The genetic elements that encode genes for
antibiotic resistance, are also referred to as 59-base elements known as Gene cassettes. They consist of
a particular type of recombination that integrase identifies as attC [11]. Based on their integrase genes,
integrons are categorized into four classes, with class 1 integrons being the most common [12]. Owing
to the significance of Blatem, Bla suv, and Integron class-1 (Int-1) in the dissemination of genes and
antibiotic resistance, the study sought to determine whether these genes were present in P.aeruginosa
isolated from burn wound patients at Al Hussein Teaching Hospital in Samawah Province, Iraq.

Materials and Methods

A total of 130 pus samples were collected from patients treated to the burn's unit of Al Hussein
Teaching Hospital in Samawah Province, Iraq, between January and August of 2024. Sterile cotton
swabs were used to gather samples from the purulent burned skin (burn wounds should be cleaned
before samples are taken). Once collected, each specimen was placed in 5 ml of sterile broth and moved
as quickly as possible to the next step of the procedure. Blood agar plates and MacConkey agar plates
were used to inoculate all specimens immediately after they were collected. A combination of standard
biochemical assays including the molecular method, oxidase, catalase, triple sugar iron agar (TSI), and
gram stains were performed to identify isolates of Pseudomonas aeruginosa .
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Susceptibility to Antibiotics

In this work, we employed an agar diffusion approach to characterize the antimicrobial
susceptibility of bacteria and interpreted the results according to those outlined in the Clinical and
Laboratory Standards Institute (CLSI) (CLI 2020) [13]. As part of this method, we placed 10 commercial
antibiotic discs containing Aztreonam (ATM), Amikacin (AK), Ciprofloxacin (CIP), Cefepime (FEP) and
Ceftazidime (CAZ) on each agar plate. Colistin (CT), Imipenem (IM), Levofloxacin (LEV), Meropenem
(MEM) and Tobramycin (TOB) were also included in this process.
Extended-Spectrum fB-Lactamases: phenotypic characterization

We phenotypically identified ESBLs by using the Double Disc Synergy Test as detailed in CLSI
(2020) where we placed Amoxicillin/Clavulanic acid discs (20pg of Amoxicillin and 10ug of Clavulanic
acid) in the center of our inoculated plates [14] and then placed Cefotaxime (30 ug) and Ceftazidime
(30 pg) 20 mm apart on either side of the Amoxicillin/Clavulanic Acid disc. After then, the plates were
maintained at 37°C for an additional day. An expansion of inhibition zone surrounding any
cephalosporin by approximately 5 millimeters toward the Amoxicillin-Clavulanic acid disc indicated
the development of ESBLs in the organisms [9].
Bacterial DNA extraction

Observing the guidelines provided by the manufacturer bacterial isolates had their bacterial
DNA extracted using a DNA extraction kit (EasyPure® Bacteria Genomic DNA Kit/China). Ethidium
bromide-stained 1% agarose gel electrophoresis was performed on the isolated DNA [15]. Using
universal bacterial 16S5rRNA primers, the P. aeruginosa 16 sRNA, ESBL genes [blacrxv, blatem] and
Integron gene [Int-1]) gene were amplified by PCR [16]. Targeted DNA was amplified using PCR
reaction conditions in a 50 pl total volume reaction (tables 1, 2, 3, and 4) [17].

Table 1: P.aeruginosa 16sRNA Primer

an:r_s_t_a_(itf: nees PCR product Reference
F: TGCCTGGTAGTGGGGGATAA
R: GGATGCAGTTCCCAGGTTGA® 505 bp [15]

Table 2: Reaction Mix (50 microliters)

Component Volume 50 pl
2xEasyTaq® PCR Super Mix 25ul
Forward primer 1l
Revers primer 1l
DNA 2ul
Nuclease free water 21 ul
Total 50 pl

Table 3: Conditions for the PCR

Step Temperature(°C) Time No. of Cycles
Initial denaturation 94 3 min 1
Denaturation 94 30sec
Annealing Variables according to (primer's TM) 30 sec 35
Extension 72 1 min
Final extension 72 5 min 1
Hold temperature 4 o0 -
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Table 4: ESBLs and Integron genes were detected using primers.

Gene Name Sequenlces Of Primer Size.of Source

5' - 3 Amplicon

Bla crxm F GACGATGTCACTGGCTGAGC [18]
R AGCCGCCGACGCTAATAC 499 bp.

Int1 F: GGTGTGGCGGGCTITCGTG [19]
R: GCATCCTCGGTTTTCTGG 480 bp.

Bla tem F: ATGAGTATTCAACATTTCCGTG [20]
R: TTACCAATGCTTAATCAGTGAG 861 bp.

Results

P. aeruginosa infections hinder healing, result in invasive infections in burn patients, and
even kill them. 16 (12.30%) of the 130 burn wound swabs had a positive results for P.aeruginosa by PCR
method (figure 1); All test isolates were found to be resistant to three or more antibiotic classes, as
demonstrated by disc diffusion data; as a result, they were classified as multidrug resistant (MDR), The
highest resistance percentage in our findings were recorded for Amikacin and followed with that for
Imipenem, Tobramycin, Azteronam, Cepfepime ,Ceftazidime, Levofloxacin, Meropenem , while the
lowest one were recorded for Ciprofloxacin, Colistin Antibiotics (table 5).

The ESBLs producers by DDST in total 10(62.5%) in the current investigation (figure 2). As a
result, it is advised to identify ESBL-positive isolates using the genotypic approach. Of all the isolates
found in the current investigation, 13 (81.2%) and 16 (100%), respectively, had Bla crxv and Bla tem
(figures 3 and 4). The current investigation's use of PCR amplification to screen for the presence of a
certain class of integrase genes revealed that 16 (100%) of the isolates of P.aeruginosa had the intl gene

(figure 5).

10 11 12 13 14 I3 M N 1

150

FI0Ep

kit

Figure-1: Gel Electrophoresis Image for Pseudomonas aeruginosa Primer
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Table-5: Antibiotics Resistance Patterns for Pseudomonas aeruginosa

No. Antibiotic Name Resistance %
1. Amikacin 85%
2. Imipenem 70%
3. Tobramycin 65%
4. Azteronam 63%
5. Cepfepime 63%
6. Ceftazidime 61%
7. Levofloxacin 55%
8. Meropenem 55%
9. Ciprofloxacin 41%
10. Colistin 41%
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Figure 3: Pseudomonas aeruginosa Bla crxv Primer Gel Electrophoresis Image
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Figure 4: Pseudomonas aeruginosa Bla tem Primer Gel Electrophoresis Image

T 10 11 IZ A3 14 15 A6

1 S00kp

§IH bp
|

400bp * e e - e e

10

Figure 5: Pseudomonas aeruginosa Int-1 Primer Gel Electrophoresis Image

A thorough examination of phenotypic and molecular data revealed a consistent and
systematic resistance pattern among Pseudomonas aeruginosa isolates derived from burn wound
infections. All isolates classified as multidrug-resistant exhibited resistance to multiple classes of
antibiotics simultaneously, reflecting a widespread and stable resistance pattern rather than isolated or
transient resistance events. High rates of resistance to aminoglycosides, carbapenems, and
cephalosporins were particularly evident, indicating limited treatment options and underscoring the
severity of the clinical condition associated with these infections.

A large number of isolates have been found to produce broad-spectrum beta-lactamases
(ESBLs) according to phenotypic testing and the molecular testing strongly supported this phenotype.
The high frequency of blaTEM and blaCTX-M genes can now provide definitive proof for the
mechanism of resistance to beta-lactam antibiotics (broad-spectrum cephalosporin antibiotics). In
addition, all isolates have an integron class I (intl1) gene, indicating a major role of the integron genetic
element in establishing the resistance profile of Pseudomonas aeruginosa in burn units. The frequent co-
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location of ESBL genes with integrons in the same isolate is indicative of an increased gene acquisition
potential and an increased capability to maintain and express multiple resistance determinants. Such
genetic structures likely result in enhanced horizontal gene transfer and provide the potential for
persistence of multi-resistant strains in the face of constantly applied antibiotic selection pressures.
Overall, these results demonstrate that antibiotic resistance in the studied isolates is genetically driven,
highly structured, and widespread, highlighting a complex molecular basis.

Discussion

One of the primary issues with burn victims is Pseudomonas aeruginosa , an opportunistic
bacterium that can cause serious nosocomial infections. This bacterium is frequently resistant to several
medications and has extraordinary antimicrobial resistance. The current isolation percentage is
consistent with findings who obtained 12% of P.aeruginosa from burn patients ,while [21] obtained
13.7% of P.aeruginosa  from pus [22] while a study conducted by Othman et al . recorded higher
isolation percentage than in our study, about 37% [23].

When treating nosocomial infections, there is growing worried over the proliferation of genes
that confer antibiotic resistance among bacteria, including strains of P. aeruginosa [24]. Transposable
resistance genes, which are mostly mediated by plasmids, are primarily responsible for resistance.
These genes are said to have been encapsulated from the chromosomes of several bacterial species and
shifted "horizontally" between bacteria by means of distinct mobile genetic components. A bacterial cell
can acquire multiple resistance in a single movement when several resistance genes are carried on a
single plasmid [25].

In addition, Antibiotic overuse and abuse in hospitals can lead to particular mutations that
cause bacteria to become multidrug resistant to different antibiotics, especially when patients are
receiving broad range or multiple medications. Abdi et al.recorded that about 33.33% of P.aeruginosa
were MDR (1). and [26] reported that 76.8% of P.aeruginosa were MDR. The antibiotics resistance
findings in the current study were consistent with other research, including that of [27-30].

The current (ESBLs) results concurred with [31] that reported that 70.73% of P.aeruginosa
were ESBLs producers, While [32] reported that 28.6% of P.aeruginosa ~ were ESBLs producers [32]
and [33] reported that about 25% of P.aeruginosa ~ were ESBLs producers, Despite being regarded as
a dependable technique for ESBL detection, DDST has been demonstrated to have issues because the
disc positioning distance is not standardized.

Another theory is that AmpC enzymes may target cephalosporins due to clavulanate, which
stimulates them but does not effectively inhibit them, masking the synergy created by the inhibition of
the ESBL. Using the phenotypic approach could lead to false negative results and interfere with the
course of treatment because illnesses brought on by ESBL-positive bacteria can be treated with 3-lactam
antibiotics. These findings are consistent with (30) obtained 14.3% and 9.6% for Bla crxm and Bla tem
respectively ( 36 ,While (34) obtained 41.6% and 86% for Bla crxv and Bla temrespectively .

Several resistance genes are present as gene cassettes on transposons and transmissible
plasmids called integrons. The outcome of int I gene is consistent with (35) who reported that 92% of
all isolates harbor the intl gene recorded that 90% of P.aeruginosa had the intl gene , and (36)
reported that 95.7% of P.aeruginosa had the intl gene . In light of our findings, the percentage of MDR
isolates among integron-positive isolates was significantly greater (almost 100%), confirming the
significance of these elements in the transmission of resistance genes across pathogens (13) revealed a
significant proportion of MDR isolates among integron-positive, which is consistent with our data.

The results of this study indicate that antibiotic resistance in Pseudomonas aeruginosa burn-
associated bacteria is caused by stable and coordinated genetic mechanisms, rather than sporadic
resistance events. The concurrent presence of genes encoding broad-spectrum beta-lactamases (ESBLs)
and class I introns suggests an enhanced ability of these isolates to acquire, maintain, and express
multiple resistance factors under sustained antibiotic pressure.
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Due to the unique environmental characteristics of burn units, it is a specialized setting where
genetically modified organisms can thrive for extended periods of time and can then be easily spread.
The presence of these genetically modified organisms (GMOs) has created challenges in the treatment
of patients and ultimately increases the likelihood of the patient experiencing failure during the course
of their treatment. This highlights the need to integrate molecular surveillance with antimicrobial
stewardship programs when treating patients with multi-drug resistant Pseudomonas aeruginosa at any
burn facility.

Conclusion

The high incidence of ESBLs, an enzyme produced by P. aeruginosa that is resistant to drugs, in
current clinical settings is highlighted by the current study. Since the isolates generating these enzymes
frequently have a sensitive phenotype in standard susceptibility testing, early discovery of these
extended spectrum beta-lactamase producing isolates in a routine laboratory could help to avert
treatment failure. The intl gene was widely distributed and appears to be crucial in the isolates'
multidrug resistance. Antibiotic monitoring program implementation is therefore essential for selecting
the right treatment and overseeing infection control procedures.
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