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Summary

Summary

One hundred fifty specimens of both genders and ages were collected from
Babylon hospitals (Al-Hillah Teaching Hospital, Mirgian and Imam AL-Sadiq
Teaching Hospital) and from some Baghdad hospitals (Burns Specialized Hospital,
AL-Shaheed Ghazi Hariri Hospital, Baghdad Teaching Hospital, and National
Center for Educational Laboratories).The specimens were divided into two groups,
the first group included fiftyfive swabs obtained from burns and the second group
included ninety five swabs obtained from different injuries. These specimens were
collected from September 2021 to January 2022.

Forty-six (30%) isolates named (PAl to PA46) were identified as
Pseudomonas aeruginosa using morphological, cultureal and microscopical
properties, biochemical tests, and Vitek 2 compact, while 54 (36%) isolates were
for other bacteria obtained from wounds specimens and 50 (33.3%) of specimens
were observed to have no bacterial growth. DNA was extracted from P. aeruginosa
isolates using bacterial favorgen genomic DNA extraction mini kit and measured
its purity using nanodrop (1.96-2.49 nm). The identification of P. aeruginosa was
confirmed using polymerase chain reaction (PCR) sequencing P. aeruginosa
specific primer, the sequence analysis confirms the identification 100 % to the
results of morphological (cultural and microscopically) properties, biochemical
tests and VITEK® 2 Compact. The antibiotic susceptibility test was performed
against 17 types of antibiotics, using the disc diffusion method according to Clinical
Laboratory Pathogenic Bacteria Standard Institute, CLSI-2021. The results showed
that all 46 isolates were highly resistant (100%) to tobramycin, piperacillin,
cefepime, imipenem, ofloxacin, aztreonam, netilmicin, while for norfloxacin was
(39%), piperacillin-tazobactam (26%), levofloxacin (39%), amikacin (74%),
meropenem (41%), ciprofloxacin (43%), doripenem (37%), gentamicin (87%),
ceftazidime (87%) and gatifloxacin (28%). Bacterial biofilm formation has been
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Summary

studied using microtiter plates assay, which was considered the most sensitive, and
the results showed that 34 isolates were able to produce of biofilm. PCR has been
used to investigate 3 genes for extended-spectrum fB-lactamase (ESBLS) in P.
aeruginosa by using a specific primer for each gene of bla tgv, bla spy, and bla crx-
m. After performing the electrophoresis, the results showed that P. aeruginosa has
bla tem 26/46 (58.69%), bla syv 28/46 (63%), and bla crx-m 31/46 (67.39%). It was
found that all isolates of P. aeruginosa were at a rate of 95-100 % identical to the
sources of the strains identified in the gene bank (NCBI), and the results showed
that the highest matching rate of isolates was 100 % which originated in Egypt.
This study revealed that bla ctx-w gene was the most frequently gene among these
isolates, followed by bla sy gene and then by bla tgm.

The whole genomic DNA of nine isolates, PA1 to PA9, isolated from
different geographic regions of Iraq, was extracted. The sequencing of bla reym, bla
shv, and bla crx-v genes was performed, and the sites of these genes on the genome
of the isolates were determinate. The phylogenetic tree analysis, using MEGA
X10.2.4 software program was achieved, and the matching of the current study
isolates with NCBI-Gen bank global Pseudomonas strains, elicited that one isolate
(PA1) was originated in UAE, two isolates (PA2 and PA3) were originated in India,
three isolates (PA4, PA5 and PAG) were originated in Egypt and also three isolates
(PA7, PA8 and PA9) were originated in Iran. Hence, variable frequencies in the
sequencing of bla tem, bla sy, and bla ctx-m genes need further studies for creating
genetic diversity map of P. aeruginosa.

In conclusion, in studying the samples, burns are the common sites for isolating
multidrug resistance (MDR) P. aeruginosa followed by different wounds. P.
aeruginosa-specific gene 16S rRNA -based PCR assay is highly accurate and
reliable for the identification of P. aeruginosa, and the bla crx-w gene was the most

frequently gene among these isolates followed by bla syv gene and bla rem gene.



Contents

Subject

Summary

Contents

List of Tables

List of Figures

List of abbreviations

Chapter one : Introduction

Introduction:

Chapter Two: Literatures Review

Literatures Review

Historical perspective of P. aeruginosa

Current taxonomy of P. aeruginosa

General Characteristics of P. aeruginosa

Nosocomial Infections

Burn Infections

Wound Infections

P. aeruginosa Associated wound and burn infection

Pathogenicity of P. aeruginosa

Pili

Flagella

Lipopolysaccharide (LPS)

Hemolysis

Siderophore




Pigments

Formation of Biofilm

Genome of P. aeruginosa

Multidrug resistance of antibiotics in P. aeruginosa

Intrinsic Resistance

Acquired resistance

Adaptive resistance

Antibiotics Resistance

B-Lactam Antibiotics

Mechanism of action of p-Lactams

Mechanisms of B-lactam Resistance

B-lactamases

Classification of B-lactamases

Serine p-lactamases

Class A serine- pB-lactamases

Class C serine- B-lactamases

Class D serine pB-Lactamases

Extended spectrum B-lactamases P. aeruginosa

Extended spectrum B-lactamases Family

Temoneira (TEM) family

Sulfhydryl (SHV) family

Cefotaximase (CTX-M) family

Molecular characterization of ESBL-producing isolates

Phenotypic Identification of ESBL

DNA Sequencing




Phylogenetic Tree

Chapter three: Materials and Methods
Materials and Methods

Materials

Equipment's and Apparatus

Biological and Chemical Materials

Culture Media

Commercial Kits

Polymer Chain Reaction (PCR) Mixture

Master Mix Materials

Commercial Primers

Antimicrobial susceptibility test

Methods

Laboratory prepared culture media

Preparation of reagents and solutions

Oxidase reagent

Catalase reagent

Vogas-Proskauer reagent

Methyl red indicator

Kovacs reagent

Gram stains solutions

Turbidity standard

Safe red

Preparation of 1X TBE buffer




Agarose gel

Collection of specimens

Bacterial diagnosis

Culturing

Microscopic examination

Biochemical tests

Antibiotic susceptibility test

Maintenance of bacterial Isolates

Short term storage

Long term storage

Molecular detection methods

Extraction of P. aeruginosa genomic DNA

The Protocol

Estimation of DNA concentration

PCR protocols for detection of gene technique

PCR program thermal controller

Agarose Gel Electrophoresis

DNA Sequencing

Phylogenetic Tree

Statistical Analysis

Chapter four: Results and Discussion

Description of study specimens

Detection of P. aeruginosa using traditional methods

Identification of P. aeruginosa on different media

Detection of P. aeruginosa using biochemical methods

VI




identification of P. aeruginosa

Antimicrobial susceptibility test

Detection of biofilm formation by P. aeruginosa

Detection of beta-lactamase genes of P. aeruginosa isolates.

DNA Sequence and Phylogenetic tree results

DNA amplification of blacrx-m, blatem and blaswy genes

DNA Sequencing

Phylogenetic analysis of local and world strains

Conclusions and Recommendations

Conclusions

Recommendations

References

List of Tables

Title

Equipment's and Apparatus

Biological and Chemical Materials

Culture Media

Commercial Kits

Polymer Chain Reaction (PCR) Mixture
Master Mix Materials

Commercial Primers
Antimicrobial susceptibility test

Culture media used in the diagnosis of bacteria with the purposes.

PCR thermal cycling program for P. aeruginosa specific gene
blactx-m, blatem and blaskv genes




Distribution of patients according to age groups

Biochemical tests for identification of P. aeruginosa isolates

Phenotypic of antibiotic susceptibility of P. aeruginosa isolate

Frequency of multidrug-resistant isolates of P. aeruginosa

Biofilm forming capacity of P. aeruginosa

The grade and percentage of biofilm formation by P. aeruginosa
isolates

Correlation between biofilm grade and antibiotic resistance.

Distribution of gene group of P. aeruginosa isolates

Distribution of blactx-m, blatem and blasnv Genes of P. aeruginosa.

Pattern of highest resistance isolates of P. aeruginosa that carried
antibiotic resistances genes (SHV, TEM and CTX-M) to different
antibiotics

Alignment results of nine local P. aeruginosa isolates with reference
isolates retired from NCBI

List of Figures

Figure No.

Title

2.1

The outermost circle indicates the chromosomal location in
base pairs (each tick is 100 kb)

2.2

Genetic structures harboring genes encoding ESBLS

4.1

Distribution of the specimens according to gender

4.2

Distribution of growth of P. aeruginosa isolates according to
hospitals

4.3

Percentage frequencies of all specimens positive and negative
for bacterial infection

4.4

Distribution of growth of P. aeruginosa isolates according to
specimen types

4.5

P. aeruginosa colonies on (A) MaCconky agar, (B) Blood
agar, (C) Nutrient agar and (D) Chromogenic agar

P. aeruginosa colonies on Cetrimide agar




1.5% agarose gel electrophoresis of 16S rRNA gene P.
aeruginosa specific gene. amplicon (956 bp). M represent
100bp DNA ladder, lane 1-50 represent the isolates, TBE 1x,
at VVoltage 60volt for 60min

Susceptibility patterns of P. aeruginosa to different antibiotics
used in current study.

Biofilm formation grade of P. aeruginosa isolates

The presence and absences of blactx-v PCR product (499bp) in
some isolated samples. PCR products were separated by
electrophoresis in an 1% agarose gel, at 75 V\Cm for 80 min.
M: Marker DNA ladder size (100bp)

The presence and absences of blasiy PCR product (231bp) in
some isolated samples. PCR products were separated by
electrophoresis in an 1% agarose gel, at 75 V\Cm for 80 min.
M: Marker DNA ladder size (100bp)

The presence and absences of blatem PCR product (861bp) in
some isolated samples. PCR products were separated by
electrophoresis in an 1% agarose gel, at 75 V\Cm for 80 min.
M: Marker DNA ladder size (100bp)

Basic Local Alignment of P. aeruginosa blactx-m gene isolate
No.1 with high similarity NCBI-BLAST P. aeruginosa strain
SKGH_46 beta-lactamase (blactx-m) gene, partial sequence
(accession number: KY792758.1in GenBank)

Basic Local Alignment of P. aeruginosa blactx-m gene isolate
No.2 with high similarity NCBI-BLAST P. aeruginosa strain
PA137 beta-lactamase (blactx-m) gene, partial sequence
(accession number: KU139118.1in GenBank)

Basic Local Alignment of P. aeruginosa blactx-m gene isolate
No.3 with high similarity NCBI-BLAST P. aeruginosa strain
Palg29 beta-lactamase (blactx-m) gene, partial sequence
(accession number: KU139120.1 in GenBank)

Basic Local Alignment of P. aeruginosa blasnqv gene isolate
No.4 with high similarity NCBI-BLAST P. aeruginosa strain
E14PAMO beta-lactamase (blaswv -11) gene, partial sequence
(accession number: KY640504.1 in GenBank)

Basic Local Alignment of P. aeruginosa blasny gene isolate
No.5 with high similarity NCBI-BLAST P. aeruginosa strain
E14PAMO beta-lactamase (blasnv -11) gene, partial sequence
(accession number: KY640504.1in GenBank)

Basic Local Alignment of P. aeruginosa blasqv gene isolate
No.6 with high similarity NCBI-BLAST P. aeruginosa strain
E14PAMO beta-lactamase (blasnv -11) gene, partial sequence
(accession number: KY640504.1in GenBank)

IX




Basic Local Alignment of P. aeruginosa blatem gene isolate
No.7 with high similarity NCBI-BLAST P. aeruginosa strain
F35 beta-lactamase (blatem) gene, partial sequence (accession
number: MG755406.1in GenBank)

Phylogenic tree of blactx-m gene partial sequences of local and
global sequences using neighbor joining bootstrap 1000 tree
figure. Evolutionary relationships of 16 taxa. No.1 to 3
represent local isolates

Phylogenic tree of blasnv gene partial sequences of local and
global sequences using neighbor joining bootstrap 1000 tree
figure. Evolutionary relationships of 13 taxa. No.1 to 3
represent local isolates

Phylogenic tree of blatem gene partial sequences of local and
global sequences using neighbor joining bootstrap 1000 tree
figure. Evolutionary relationships of 14 taxa. No.1 to 3
represent local isolates

Phylogenic tree of blaSHV gene partial sequences of local and
global sequences using neighbor joining bootstrap 1000 tree
figure. Evolutionary relationships of 13 taxa. No.1 to 3 represent
local isolates.

Phylogenic tree of blarem gene partial sequences of local and
global sequences using neighbor joining bootstrap 1000 tree
figure. Evolutionary relationships of 14 taxa. No.1 to 3 represent
local isolates.

List of Abbreviations

Z
o

Description

Amikacin

Antimicrobial susceptibility testing

Aztreonam

Aminoglycoside-modifying enzymes

Aminoglycoside acetyltransferases

Aminoglycoside nucleotidyltransferases

Ampicillin resistant gene

Ambler class C

QP IN|@ | W=

Antimicrobial resistance

[EEN
©

Analytical profile index

[EEY
[EEN

Base Pair

[EN
N

Ceftazidime

[EEN
w

Cephamycins

[EEN
=~

Clinical Laboratory Standard Institute

X




Dichlorodiphenyltrichloroethane

Deoxyribonucleic acid

Extended Spectrum Beta Lactamase

Fluoroquinolones

Cefoxitin

Guanine + Cytosine

Hydrogen peroxide

Indole, Methyl red, Voges—Proskauer, Simmone Citrate

Klebsiella pneumoniae carbapenemases

Lipopolysaccharide

Metalo Beta Lactamase

Multidrug-resistant

Mobile genetic elements

Minimal evolution

National Center for Biotechnology Information

Neighbor-Joining

Open Reading Frame

Polymerase Chain Reaction

Ciprofloxacin

Clinical and Laboratory Pathogenic Bacteria Standard Institute

CN

Gentamicin

D.W

Distil water

DDS

Double disk diffusion

TEM

Temoneira Family

SHV

Sulfhydryl Family

CTX-M

Cefotaximase Family

RNA

Ribonucleic acid

SBLs

Serine-[]-lactamases

SDS-PAGE

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

TBE

Tris Borate

TSB

Tryptic soy broth

TCP

Tissue Calture Plate

uv

Ultra violet

WHO

World Health Organization

WGS

Whole genome sequencing

IPM

Imipenem

LEV

Levofloxacin

LPS

Lipopolysaccharide

MEM

Meropenem

NET

Netilmicin

NS

normal saline




Ofloxacin

Oxacillinases

Penicillin binding protiens

Phosphate Buffer Saline

polymerase chain reaction

Piperacillin

Piperacillin-tazobactam

List of Appendixes

Citrate utilization positive result

Urease test positive result

Kligler's Iron Agar test positive result

Oxidase test positive isolates

Catalase test positive isolates

Gram stain of Pseudomonas aeruginosa

Pigment test positive isolates

Pseudomonas aeruginosa culture on Muller Hinton

55 5ol il B2 Sal ol IS A o

Pseudomonas aeruginosa culture under UV-light




Chapter One

Introduction




Chapter One Introduction

Introduction

One of the most significant Gram-negative opportunistic bacteria in
nosocomial infections is Pseudomonas aeruginosa, which is commonly seen in
burn and wound units (Crone et al., 2020). It is difficult to treat infections of this
pathogen in burned patients, especially those that are multidrug-resistant (MDR)
(Safaei et al., 2017; Salimi et al., 2010). The growing incidence of MDR strains
(Chauhan et al., 2012) is linked to longer hospitalization and a considerable

increase in inpatient mortality and morbidity (Cholley et al., 2010).

Resistance to antibiotics in P. aeruginosa can be mediated by several different
mechanisms, including site-targeted drug modification or outer membrane
modification; generation of p-lactamases; and efflux pumps, among others.
Antibiotic resistance is on the rise primarily as a result of widespread usage in burn
units of antibiotics such as ciprofloxacin, p-lactamases, and aminoglycosides, as
well as a lack of readily available alternatives and their expensive costs (Ali et a/,
2020).

Extended-spectrumbeta-lactams (ESB), Ampicillin resistant gene (AmpC),
carbapenemases, and other forms of p-lactamases can be located on the
chromosome or plasmid, among other places. There has been a rise in the number
of P. aeruginosa isolates that are resistant to -lactams, including the ESBL, AmpC
B-lactamases, and metalo pB-lactamases, all of which have been linked to
transmissible genetic factors that promote resistance. A B, C, and D are the four
molecular classes of B-lactamases. In contrast to classes A, C, and D, which use
serine-based mechanisms, metallo B-lactamases (MBLS) are a class B mechanism
(de Almeida et al., 2017). Some microbes, such as P. aeruginosa, develop a group
of enzymes known as extended-spectrum [-lactamases (ESBLS), which are capable

of hydrolyzing antimicrobial drugs such as penicillins, cephalosporins,
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Chapter One Introduction

monobactams, and carbapenems and causing resistance to them (Nasser et al.,
2020). Some of the most common ESBL genes found in P. aeruginosa 3 genes of
B-lactamases A are the SHV, CTX-M, and TEM kinds, which all belong to the
sulfhydryl variable (SHV) family. As the name suggests, these enzymes have
evolved from the first plasmid-mediated beta-lactamase to be discovered back in
the early 1960s, TEM-1 (Datta and Kontomichalou, 1965). More than any other
class A enzyme in Gram-negative bacteria, the enzyme encoded by TEM-1 is most
well investigated. Gram-negative bacilli's most frequent pB-lactam resistance
mechanism, they are quickly spreading over the globe (Eiamphungporn et al.,
2018; Seyedjavadi et al., 2016). Most antibiotics, including penicillin and first-
generation cephalosporins like cephaloridine, are resistant to blatgm. Amino acid
substitutions have resulted in the development of newer, more potent, and more

effective forms of antibiotic resistance (ESBL) (Peymani et al., 2017).

The SHV-type B-lactamases (so termed for the sulfhydryl reagent variable)
evolved in Klebsiella pneumonia as chromosomally encoded enzymes (Livermore,
1995). The first ESBL discovered in 1985 was SHV-2, which varied from SHV-1
by a single amino acid alteration of Glycine to Serine at position 238 in a single
strain of Klebsiella ozaena obtained in Germany (Huletsky et al., 1993). At some
point in the late 1980s, multiple studies documented the emergence of CTX-M type-
lactamase enzymes. The inaugural usage of CTX-M (cefotaximase from Munich)
in a German publication was the origin of the name (MMasoud et al., 2022). CTX-
M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25 are the five groups of CTX-

M kinds based on the amino acid identities of their amino acids (Bonnet, 2004).


https://www.google.com/search?q=%D9%83%D9%84%D9%8A%D8%A8%D8%B3%D9%8A%D9%84%D8%A7+klebsiella+terrigena&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCowtqwsUgKzM8zMK4wrtSyzk630kzLzc_LTK_Xzi9IT8zKLc-OTcxKLizPTMpMTSzLz86xy8stTixRQBYsXsarebL7ZcrPrxoobm2923Wy5sVwhOyc1qTgzNScnUaEktagoMz01L3EHK-MudiYORgCydVSjhQAAAA&sa=X&ved=2ahUKEwjL0NaN_Lb4AhUBhP0HHaxjD7EQmxMoBHoECFUQBg

Chapter One Introduction

Aim of Study

This study aimed to determine the prevalence of extended-spectrum p-
lactamases (blarewm, blactx-m, and blasyy) genes among the isolates of P. aeruginosa.
and the phylogenic relationships among these isolates which reflect the

international origion of these bacteria in Irag.

Objectives of Study

1. Isolation and identification of P. aeruginosa from different clinical cases
(burns and wounds).

2. Determination of the antibiotic susceptibility tests of the isolates against the
common antibiotics.

3. Detection of blarem, blacrx-m, and blasyy genes using a molecular
methodology.

4. Comparative analysis of the data of this study with those in the gene bank of
the NCBI to find the DNA variations which reflect the geographic origion of

the isolates.
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Chapter Two Literature Review

2. Literatures Review

2.1 Historical perspective of P. aeruginosa

Pseudomonas was described during the end of the nineteenth century
(Tiwari et al., 2011) when descriptions of genera were based on the macro and
microscopic morphologies, a practice universally acknowledged by microbial
taxonomists (Tindall and Garrity, 2008). Physiological qualities were offered as
taxonomic criteria for bacteria as early as the 20th century (Palleroni, 2003). In the
Bergey's Manual released in 1923, additional phenotypic parameters were added to
the morphology, Gram-stain, flagellation type, and metabolism with respect to
oxigen in an effort to separate the Pseudomonas species (Bergey et al., 1923).

Genetic approaches made are possible in bacterial taxonomy when
techniques based on DNA (Marmur, 1961; Marmur and Doty, 1961; Schildkraut et
al., 1961). The first techniques applied to Pseudomonas taxonomy were DNA base
composition (G+C) and DNA-DNA hybridization (Colwell et al., 1965; Colwell
and Mandel, 1964). The G+C content of every Pseudomonas species was thus
included in the Bergey's Manual beginning in 1974 (Peix et al., 2009).

Later, the pseudomonads were split into five rRNA subgroups on the basis
of RNA-DNA measurements, and this classification was reported in the 1984
edition of Bergey's Manual of Systematic Bacteriology (Palleroni, 1984). In the
1980s, Woese and his colleagues proposed the investigation of the 16S ribosomal
RNA gene sequences for the classification of bacteria, placing the genus
Pseudomonas in the Gamma Proteobacteria, which caused the greatest shifts in
bacterial taxonomy (Woese et al., 1984). Anzai et al. (2000) compiled the
sequences of the 16S rRNA gene of 128 Pseudomonas species and found that
several species did not fit inside the Pseudomonas sensu stricto cluster, which
includes members of the rRNA group | from Palleroni (1984).

4



Chapter Two Literature Review

Peix et al. (2009) and Garcia-Valdés & Lalucat (2016) determined that the
members of the remaining rRNA groups were subdivided into more than 25 genera
belonging to the classes Alpha, Beta, and Gamma proteobacteria. These
modifications were reflected in the 2005 edition of Bergey's Manual of Systematic
Bacteriology, which was converted to an online format in 2015, with each genus
constituting a separate chapter. This new format will allow for the information to
be updated more regularly, which is crucial given that the number of bacterial
genera and species is always rising.

2.2. Current taxonomy of P. aeruginosa

Pseudomonas taxonomy was reviewed in our previous assessment 2.1, which
included the species discovered through 2009 (Peix et al., 2009). More than 70 new
species have been described so far this year 2009, bringing their total to more than
200, several of them have been isolated from human or animal sources, such as 'P.
saudiphocaensis', 'P.saudimassiliensis’, and 'P. massiliensis', which were all
isolated from currency notes (Azhar et al., 2017), and 'P. massiliensis', which was

isolated from a woman stool specimen (Bardet et al., 2018).

Several recently discovered species were pathogenic to animals or plants,
such as P. entomophila, the entomopathogenic P. entomophila (Mulet et al., 2012),
the fish Dicologlossa cuneata pathogen P. baetica (Lopez et al., 2012), and P.
caspiana, the pathogenic P. caspiana (Kauna et al., 2016); (Busquets et al., 2017).
The soil was the primary source of the remaining species, with 30 new

Pseudomonas species isolated from this habitat.

There are various in vitro plant growth promoting pathways in some of the
newly discovered Pseudomonas species. Thus, siderophores were discovered in P.
sagittaria and P. donghuensis (Gao et al., 2015; Liu et al., 2013), phosphate could
be solubilized in P. guariconensis and P. helmanticensis (Ramirez-Bahena et al.,

5
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2014; Toro et al., 2013), P. endophytica had many (Ramette et al., 2011; Tambong
etal., 2017).

Psychrotrophic species were also isolated from extreme environments, such
as P. guguanensis and P. yangmingensis isolated from hot springs (Liu et al.,
2013.,; Wong and Lee, 2014) and P. arsenicoxydans isolated in the Atacama Desert
(Campos et al., 2010), as well as P. deceptionensis, P. prosekii, P. yamanorum, and
P. gregormendel (Arnau et al., 2015; See-Too et al., 2017).

2.3. General Characteristics of P. aeruginosa

P. aeruginosa is a Gram-negative, uniformly stained rod that is either
straight or slightly bent and is about 5 um long and 0.5-1.0 um wide. Aerobic
bacteria, don't make spores, and move with the help of one or more polar flagella.
They either can't use carbohydrates as a source of energy or break them down
through a "oxidative pathway" instead of a "fermentative pathway" (Palleroni,
2003); (Jawetz et al., 2019).

P. aeruginosa is common in nature and is often found in hospitals where there
is a conditions of warmth, moisture, and nutrition for easy colonization of
opportunistic pathogens. It can live in different parts of the body (e.g., mucous
membrane, respiratory tract, and gastrointestinal tract). It is known to make people
sick, especially those with weakened immune systems (like those with neutropenia,
chemo, burns, or wounds) (Juan et al., 2017). P. aeruginosa grows well at
temperatures between 25°C and 37°C, and the fact that it can also grow at 42°C
sets it apart from many other Pseudomonas species (Tang and Sails, 2014).

P. aeruginosa makes a number of pigments, such as pyocyanin (blue-green),
pyoverdine (yellow-green and fluorescent), pyorubin (red-brown), and pymelanin

(black) (black). Pyoverdin is made in large amounts in environments with little
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iron, and it could help the bacteria use iron. Pyocyanin, which comes from the word
"Pyocyaneus," is a term for "blue pus," which is a sign of P. aeruginosa infections
(Kang et al., 2019).

P. aeruginosa can become resistant to multiple antibiotics through complex
mechanisms called intrinsic, adaptive, and acquired (Breidenstein et al., 2011)
(Pires et al., 2015). It is known that P. aeruginosa infections that are hard to treat
lead to more deaths, longer hospital stays, and higher hospital costs (Nathwani et
al., 2014).

2.4. Nosocomial Infections

Infections that are acquired during a course of treatment at a healthcare
institution are referred to as nosocomial illnesses. These infections are sometimes
referred to as healthcare associated infections (Tchouaket Nguemeleu et al., 2020).
These infections are inextricably linked to the provision of care, and they are ranked
among the most prevalent adverse outcomes that may be avoided (Schwendimann
et al., 2018). Patients who are hospitalized are more likely to suffer from morbidity
and death as a result of nosocomial infections. They also drive up the expense of
therapy and extend the length of time spent hospitalized. 7-10% of all infections
acquired in healthcare settings are considered to be nosocomial (Mitchell et al.,
2017). P. aeruginosa is one of the most common organisms found in nosocomial
and ventilator-associated pneumonia, meningitis, abscess, soft tissue infections,
urinary tract infections, catheter-associated infections, corneal infections, and
conjunctival erythema. It is also one of the most common causes of conjunctival
erythema.

P. aeruginosa strains that are resistant to several drugs can live in hospital
settings and are readily passed from one patient to another through the hands of

medical professionals (Exner et al., 2017). P. aeruginosa often possesses an innate
7
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resistance to antimicrobial drugs. This resistance manifests itself in a variety of
ways, including efflux pump systems, decreased permeability of the outer
membrane, enzymatic inactivation, and biofilm development (Ali et al., 2018). As
a result, it frequently displays resistance to almost all -lactams, aminoglycosides,
and quinolones (Bassetti et al., 2018).

The presence of nosocomial isolates of P. aeruginosa made the treatment of
infections more difficult, had a negative impact on clinical outcomes, and led to an
increase in the expenses of patient treatment (Solomon et al., 2017). In those with
compromised immune systems, such as those who have cystic fibrosis or are
receiving chemotherapy, P. aeruginosa can cause both acute and chronic infections
in the lungs, both of which can be fatal (Chatterjee et al., 2016).

P. aeruginosa infections are a prevalent kind of infection that can be
contracted in hospitals. The identification of this species required the use of colony
morphology, characteristic P. aeruginosa pigment production, gram staining, and
positive oxidase tests. This species has the potential to cause a broad variety of
ilinesses, particularly in those who have immunological weaknesses (Sayed Zaki
etal., 2017).

2.5. Burn Infections

Burns damage the skin's barrier and make it easier for bacteria to get in, which
slows the healing of burn wounds (Forson et al., 2017). Gas, hot water, electricity,
heat, and chemicals can all cause burns (Mirmohammadi et al., 2013). Based on
their severity, depth, and size, burns are categorized as either superficial (first-
degree), superficial partial-thickness (second degree), full-thickness (third-degree),
or fourth-degree (Jeschke et al., 2020).
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2.6. Wound Infections

In developing countries, wound infections are linked to illness and death.
Wound infections are strongly linked to a wound's location near a possible source
of contamination, poor management of moisture, exudate, or edema, the way the
wound was made, the presence of a predisposing condition, and living in a city
(Jeschke et al., 2020).

2.7 P. aeruginosa Associated Wound and Burn Infection

P. aeruginosa is one of the most common pathogens isolated from burn patients
throughout the world (Sousa et al., 2018). P. aeruginosa is an opportunistic
bacterium associated with healthcare infections in intensive care units, ventilator-
associated pneumonia, surgical site infections, and burns (Lépez-Jacome et al.,
2019). Burn wounds infection is a great problem because it may lead to death in

75% of patients with injuries (Santucci et al., 2003).

The undamaged human skin surface is vital to the safeguarding of body fluid
homeostasis, thermoregulation, and the host’s protection against infection. As the
first line of defense, the skin is equipped with arange of immune mediators capable
of engaging inflammatory cells to support neutralization and clearance of microbes
(Steinstraesser et al., 2004). P. aeruginosa is one of the most important pathogens
involved in burn infections (Rafla and Tredget., 2011). P. aeruginosa is a common
nosocomial pathogen in burn patients, and rapidly acquires antibiotic resistance;
thus, developing an effective therapeutic approach is the most promising strategy
for combating infection (Ranjbar et al., 2019). Especially in burn centers, the high
prevalence and progressive increasing of MDR P. aeruginosa seriously threats the

patients with severe burn injure (de Almeida et al.,2017; Dou et al., 2017).

Burn wound infections are one of the most important complications that occur

after burn injuries and may be associated with serious clinical complications and
9
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increased morbidity and mortality (Turner et al., 2014). Burn injury compromises
the primary barrier of the host, the skin, which immediately places the host at risk
for infection (Lopez et al., 2017). Burn wounds are major public health problems
all over the world. Infection is one of the most complicated issues in burn patients,
because the skin, a barrier against microbes, has been destroyed and the immunity
agents cannot reach the sites of infection. There is a correlation between the
severity of infection and the extent of the burn (Anvarinejad et al., 2014). P.
aeruginosa is one of the most common bacteria in nosocomial infections,
especially in burn units. Burn patients, because of losing the skin barrier, are very

vulnerable to infection (Moghoofei et al., 2015).

New therapeutic agents against P. aeruginosa, degrading biofilms in burn
wounds and improving the efficacy of current antimicrobial agents, are required
(Banar et al., 2016). This bacterium causes 75% of death in burned patients, since
it can develop a persistent biofilm associated with infections, express several
virulence factors, and antibiotic-resistance mechanisms. Some of these virulence
factors are proteases such as elastase and alkaline protease, or toxic metabolites
such as pyocyanin and is one of the few microorganisms able to produce cyanide,
which inhibits the cytochrome oxidase of host cells (Lopez-Jacome et al., 2019).
Multiple antibiotic resistant P. aeruginosa is a significant cause of burn wound
infections and, skin and soft tissue infections. Because of its resistance to
commonly used antibiotics and antiseptics, there is a shortage of therapeutic
options for effective treatment (Nagoba et al., 2017). P. aeruginosa usually attacks
the patients with burn and wound infections, where further complicate of the
primary condition, may occur and sometimes can cause bacteremia (Inacio et al.,
2014).
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2.8. Pathogenicity of P. aeruginosa

Biofilm formation and the production of numerous membrane and
extracellular virulence factors (Khattab et al., 2015) have been linked to the
pathogenicity of P. aeruginosa, which includes initial colonization,
Immunoevasion, host cell penetration, and the sequestration of nutrients from its
host (P. aeruginosa); (Johnson, 2018). Lipopolysaccharides, flagella, pili, and

alginate are all examples of virulence agents (Fadhil et al., 2016), as follow:
2.8.1. Pili

Pili or fimbriae are small expansions of the filamentous surface of P.
aeruginosa. Several pili are commonly found on the surface. P. aeruginosa pili are
one of the few prokaryotic pili that participate in bacterial motility. This motility is
caused by the retractile characteristics of P. aeruginosa pili, which allows P.
aeruginosa to "spread” rather than "swim" along damp surfaces (Kipnis et al.,
2006).

2.8.2 Flagella

Flagella are complex protein structures on the surface of P. aeruginosa that
form a filamentous polar appendage. The major mobile appendage of gram-
negative bacteria, flagella, permits P. aeruginosa to swim in a propeller or screw-
like motion. Flagella play a key part in pathogenesis by connecting and sticking to

epithelial cells with a comparable membrane (Kipnis and Sawa, 2006).
2.8.3 Lipopolysaccharide (LPS)

While the inner surface of the outer membrane resembles a traditional
phospholipid bilayer, the outer membrane's outer surface is mostly LPS. Lipid A,

the hydrophobic domain of LPS, is integrated into the phospholipid bilayer, while
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the polysaccharide core and polysaccharide O-specific polysaccharide from the
hydrophilic tail (Kipnis and Sawa, 2006).

2.8.4 Hemolysis

P. aeruginosa hemolysis causes cytopathic effects in blood and tissue culture
cells. Morphological changes have indicated the lysis and destruction of the cell
architecture, which includes membrane and cytoplasm. Normal serum and albumin
prevent the hemolytic effect of hemolysis. P. aeruginosa hemolysis is also
responsible for the colonization of the lungs and other organs, and its cytotoxic

effects on eukaryotic cells aid invasion (Tokunaga and Cox, 2000).
2.8.5 Siderophore

It is a low-molecular-mass molecule which have a high chelating or binding
iron specificity. It has identified more than 500 different siderophores from micro-
organisms. Some bacteria produce over one kind of siderophores. The aerobic
bacteria and other living organisms require iron for a variety of biochemical cell
reactions. Though iron is the fourth most abundant element in the crust of the Earth
(Challis, 2005). P. aeruginosa secreted siderophores (pyoverdin and pyochelin),

allow the bacteria to multiply in the absence of ferrous ions (Ben et al., 2011).
2.8.6 Pigments

P. aeruginosa frequently produces the nonfluorescent bluish pigment
pyocyanin, which diffuses into the agar. Other species of Pseudomonas do not
make pyocyanin. Some strains of P.aeruginosa produce the dark red pigment
pyorubin or the black pigment pyomelanin, while others generate the fluorescent

pigment pyoverdin, which gives the agar a greenish hue (Brooks et al., 2013).

2.8.7 Formation of Biofilm
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Biofilms are "microbial communities composed of bacterial cells living in
close association by encasing themselves in an extracellular matrix made of
polymeric substances, adhering to a substratum or each other and display an altered
phenotype"” (Donlan and Costerton, 2002; Wojtyczka et al., 2014). Bacteria in
biofilms can be alive and adhered to an infection site. Biofilm-producing
microorganisms survive by colonizing the environment and building biofilms on
surfaces (Lebeaux and Ghigo, 2012). Microorganisms develop as structured
clusters on different surfaces, which is different from planktonic cells (Lerch et al.,
2017).

Biofilm formation is a complicated and cyclic phenomena involving
transport, diffusion, chemical reactions, and ecological factors. It is regulated by
bulk transport, adhesion, quorum sensing, detachment, cell death, and dispersal
(Fagerlind et al., 2012; McCarty et al., 2014). Biofilms are microorganism
structures that adapt to their environment (Olivares et al., 2020). Biofilms can form
quickly (Dufour et al., 2010). Four steps comprise biofilm formation: Initial
attachment of planktonic bacteria to a surface through physical forces and
interaction; (b) Adherent cells get attached to the surface irreversibly and encase
themselves in extracellular polymeric substances matrix resulting in cell
aggregation; (c) Maturation of biofilm by micro colony formation to form a three-
dimensional architecture of fully matured biofilm; (d) Release of micro colonies of
cells (Jamal et al., 2018).

A free-floating bacterium reversibly adheres to a conditioned surface, then
the adhering bacteria are irrevocably connected by surface adhesions, followed by
the production of an extracellular matrix to build a mature biofilm. Alginate, pel,
and psl determine P. aeruginosa biofilm stability (Ghafoor et al., 2011; Ryder et
al., 2007). Alginate is a D-mannuronic acid and L-glucuronic acid polymer chain.

This polymer protects and stabilizes biofilm.
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2.9. Genome of P. aeruginosa

The Genome of P. aeruginosa is relatively big, ranging between (G+C

content. 65-67%, 5.5 and 7 Mb) Figure 1. Analyses of the genomes of distinct

strains of P. aeruginosa have revealed that the organism's exceptional adaptability
can be partially attributed to its genome's extraordinary flexibility (Winsor et al.,
2016). In addition to genome rearrangements and horizontal gene acquisition,
genome reduction has been seen, especially in clinical strains isolated from
persistent infections (Didelot et al., 2016; Marvig et al., 2015).

P. aeruginosa

6,264,403 bp

Figure 1. The outermost circle indicates the chromosomal location in base pairs (each tick is 100

kb). The distribution of genes is depicted by coloured boxes according to functional category and direction

of transcription (outer band is the plus strand; inner band is the minus strand).
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Four clinical P. aeruginosa strains were sequenced by Hocquet et al., (2016)
revealing significant chromosomal deletions (66270 kb). Using in vitro assays,
they demonstrated that these strains are highly resistant to two bacterial pyocyanin
toxins, which are toxic proteins mediating P. aeruginosa inter-strain competition
(Ghequire and De Mot, 2014). This may improve their survival in a mixed bacterial
population during chronic infection in the host (Hocquet et al., 2016).

Smith et al., (2006). gathered P. aeruginosa strains from a patient over the
course of eight years and identified a 188 kb deletion that removed 139 genes
(Mena et al., 2008). Consequently, core essential genes may be utilized as the
fundamental components of minimally controlled cell factories. Individual species,
cell types, and development situations necessitate supplementary essential genes.
Consequently, accessory essential genes in bacteria are attractive targets for the
development of novel antimicrobials (Juhas, 2015).

P. aeruginosa has a larger genome and gene count than other widespread
nosocomial infections, including E. coli (4.72 Mbp) and S. aureus (2.8 Mbp)
(Fredens et al., 2019). (Liao et al., 2019). Dingmans discovered a clinical strain of
P. aeruginosa lacking genes encoding the whole type Il secretion system and other
pathogenic factors (Jurado-Martin et al., 2021; Marvig et al., 2015). However, the
processes responsible for large-scale genomic deletions in P. aeruginosa are poorly
understood, as are the genetic variables that encourage such reductive evolution.

In general, site-specific deletion and spontaneous deletion are the two most
common sources of fragment loss in the genome. The prevalence of site-specific
deletions mediated by prophage or other mobile genomic elements is high (Askora
et al. 2021). The majority of essential genes in P. aeruginosa are involved in
fundamental physiological processes such as DNA replication, transcription, and
translation, RNA metabolism, protein export, cofactor, amino acid synthesis, and

cell wall biogenesis (Lee et al., 2015). In the P. aeruginosa auxiliary genome,
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extrachromosomal components like as plasmids, islands, and DNA blocks are
integrated into the chromosome at different locations (Klockgether et al., 2011).
2.10. Multidrug resistance of antibiotics in P. aeruginosa

P. aeruginosa is an opportunistic pathogen that can cause serious illness in
people who are already very sick. Multidrug-resistant (MDR) strains, which are
resistant to almost all antibiotics, are showing up in hospitalized patients. This is
because they are everywhere, can live in moist places, and are naturally resistant to
many antibiotics and antiseptics (Magalhaes et al., 2020). MDR is when bacteria
can't be killed by at least one type of antibiotic in three or more categories.
Antibiotics resistance in P. aeruginosa may be categorized into inherent resistance,
acquired resistance. and adaptive resistance. Because P. aeruginosa has both
natural and learned ways of being resistant, it is hard to treat any infections it causes
(Azam and Khan, 2019).

2.10.1. Intrinsic Resistance

Intrinsic resistance refers to a microbe's ability to resist antimicrobial agents.
Antimicrobial resistance in P. aeruginosa is quite high. Antibiotic inactivating
enzymes are synthesized, MDR efflux pumps are developed, and outer membrane
permeability decreases in P. aeruginosa all contribute to intrinsic antimicrobial
resistance (Hall et al., 2018). The permeability barrier of the outer membrane
prevents antimicrobials from entering bacterial cells. The carbapenems’ major
target, the outer membrane porin protein OprD, changes, resulting in a decrease in
membrane permeability. Certain chemical moieties or the breakdown of the
antibiotic molecule can be added to or removed from antibiotics by enzymes
produced by bacteria. antimicrobial resistance is caused by hydrolyzing antibiotics,
such as AmpC lactamases, which hydrolyze most b-lactams, and the carbapenem
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hydrolyzing enzyme PoxB, which is encoded on the chromosomal level (Arzanlou
etal., 2017).
2.10.2. Acquired Resistance

Resistance in P. aeruginosa can be acquired by horizontal gene transfer and
chromosomal gene alterations resulting from the acquisition of foreign resistance
genes. Many types of antibiotics are resistant to mutation-induced acquired
resistance, including lactam, fluoroquinolones (FQ), and aminoglycosides (Hasan
and Al-Harmoosh, 2020). Chromosome alterations in the genes for DNA gyrase
and topoisomerase 1V subunits are one of two FQs (Nouri et al., 2016). Efficient
efflux pumps and decreased antibiotic permeability, target site alterations and the
formation of antibiotic-modifying enzymes are among the other reasons of
resistance. As a result of these processes, antibiotics are mutated or eliminated
chemically. Acquired resistance to antibiotics is facilitated by the development of
enzymes that modify the chemical structure of antibiotics (Munita and Arias, 2016)
extended-spectrum-lactamases, aminoglycoside nucleotidyltransferases,

carbapenemases, aminoglycoside nucleotidyltransferases, 16s rRNA methylases,
and enzymes that change lipopolysaccharide (LPS) (Poole, 2011).
2.10.3 Adaptive Resistance

Adaptive resistance is an inducible resistance that develops in response to
antimicrobial medications (e.g., antibiotics) or other chemical or physical stresses,
like a change in medium, pH, temperature, oxygen, or other growth conditions. In
contrast to adaptive resistance, intrinsic and acquired resistance are permanent and
unaffected by antibiotics and other environmental stressors (Fernandez et al.,
2011). Adaptive resistance can be activated by several environmental variables,

including as heat shock, DNA damage, polyamines, nutritional shortages, biocides,
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anaerobiosis, cation levels, changes in carbon sources, and social activities like as

biofilm formation and swarming motility.

2.11. Antibiotics Resistance

Waksman (1945) described an antibiotic as "a chemical produced by a
microorganism to Kkill other microorganisms" and was essential in discovering soil-
dwelling filamentous actinomycetales (‘actinomycetes’) as prolific makers of
antimicrobial compounds (Khadayat et al., 2020) . Selective toxicity refers to the
toxicity of the majority of antibiotics. Inhibitors of cytoplasmic membrane
synthesis, inhibitors of protein synthesis, inhibitors of DNA synthesis, inhibitors
of RNA synthesis, inhibitors of cell wall synthesis, and metabolite analogs such as
sulfonamide and trimethoprim are divided into five types based on their mode of

action (Kapoor et al., 2017).
2.11.1 p-Lactam Antibiotics

Among the different classes of antibacterial established, p-lactams are
arguably the most important, accounting for around 60% of total antibiotic use
worldwide (Versporten et al., 2014). The B-lactams are categorized into 4 main
subclasses: penicillin, cephalosporin, monobactam, and carbapenem. Structurally,
they consisted of a B-lactam ring, which is consisting of three carbon atoms and
one nitrogen atom and is linked to a thiazolidine ring. The B-lactam ring in
penicillins is connected to a five-membered thiazolidine ring and the side chain, R,
differentiates the different penicillins. In cephalosporins, the B-lactam ring and
dihydrothiazine ring are merged, however, in the carbapenems, the B-lactam ring
is joined with a hydroxyethyl side chain, deficiency of oxygen or sulphur atom in
the bicyclic nucleus, while monobactam has no additional ring (Chaudhry et al.,
2019).
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2.11.2 Mechanism of action of pg-Lactams.

B-lactams perform their antibacterial activity by inhibiting bacterial cell
wall, peptidoglycan, and synthesis by preventing the precise functioning of the
penicillin-binding protein (PBP), also known as transpeptidases. Peptidoglycan is
a main structural component of the bacterial cell and the periplasmic part. Apart
from rigidity, it protects against high internal osmotic pressure and gives an overall
defined shape to a bacterial cell (Walter and Mayer, 2019).

PBP catalyzes the cross-linking of amino acids in adjacent amino acid
chains, which form a network in the periplasmic space between the inner and outer
membranes. Interestingly, -lactam ring is similar to that of D-Alanine-D-alanine
of the N acetylmuramic acid pentapeptide, and thus PBPs “mistakenly” (due to very
close shape resemblances) pick these up (B-lactam in fact) to use them as building
blocks during cell wall synthesis. The bacterial cell pays for this mistake that leads
to acylation of the PBP and thus eventually renders the enzyme (transpeptidases)
inactive with inhibition of the transpeptidation reactions resulting in accumulation
of cell wall precursor units that trigger activation of the cell wall autocatalytic
system, leading to cell lysis (Yao et al., 2012).

By simultaneously blocking transpeptidases and activating autolysin, -
lactams lead to disruption of the synthesis of the cell wall and initiates its active
destruction, ultimately, lysis of the bacterium due to osmotic pressure (Yao et al.,
2012).

2.11.3 Mechanisms of B-lactam Resistance

Antibiotic-resistant P. aeruginosa isolates arise from genetic alterations in
antibiotic-sensitive bacteria (acquired resistance). Mutations that influence a wide

variety of cellular activities can cause acquired resistance. Changes to the PBP3
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target protein, reduced antibiotic absorption, increased export, and degradation of
antibiotic molecules are the key processes behind the development of p-lactam
resistance through mutation (Reygaert 2018). In addition, horizontal gene transfer
can cause bacteria to acquire antibiotic-degrading enzymes (B-lactamase) from
other bacteria (Munita and Arias 2016).

Changes in metabolism and increased biofilm formation may potentially
contribute to resistance (Karballaei Mirzahosseini et al. 2020). The mechanisms of
resistance are detailed in full below. -lactam resistance can be caused by genetic
alterations that diminish antibiotic absorption via porins, enhance [-lactam
degradation, modify the PBP3 target protein, or increase antibiotic efflux. Thisis a
common combination of resistance mechanisms. The development of very
affordable tools for whole-genome sequencing has substantially sped the
identification of genetic variations that contribute to resistance. a number of
research have employed experimental evolution to create b-lactam-resistant P.
aeruginosa from sensitive strains, followed by whole-genome sequencing to
discover the mutations responsible for resistance (Huynh and Wood 2021, Wardell
et al., 2019, Vaillancourt et al., 2021, Zhang et al., 2022).

Whole-genome sequencing of isolates from chronically infected individuals
demonstrates that genes that acquire mutations during in vitro resistance
development also acquire alterations that are expected to contribute to resistance
throughout infection (Marvig et al., 2015). The sequencing of the whole genomes
of clinical isolates has also increased our knowledge of the contributions of
horizontally acquired genes to b-lactam resistance. These research provide a
comprehensive knowledge of the processes of b-lactam resistance in P. aeruginosa.
Various resistance mechanisms are elaborated about in the next section. In
Enterobacteriaceae such as E. coli and P. aeruginosa, this mechanism model is
quite prevalent (Kapil et al., 2020).
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2.12. B-lactamases

B-lactamases in gram-negative bacteria's primary protection against -lactam
antibiotics. -lactamases are enzymes that hydrolyze the amide bond of the -lactam

ring, resulting in medication inactivation and failure of therapy (Agouri, 2014).

B-Lactamases can be generally separated between enzymes with a serine
residue in the active site, similar to bacterial penicillin-binding proteins, from
which they most likely developed, and metalloenzymes with zinc ion as a cofactor
and a distinct ancestry (Abdollahzadeh et al., 2012).

Current sequence diversity suggests that the serine group has evolved
alongside bacteria during the past 2 billion years. Cephamycins, cephalosporins
with an oxyimino side chain, carbapenems, and the monobactam were among the
antimicrobials that shared resistance to the then-common -lactamases when they

were launched around 20 years ago (Hall and Barlow 2004).

To confer resistance to the most recent -lactam antibiotics, bacteria have
developed a plethora of -lactamases, including extended-spectrum B-lactamases,
plasmid-mediated AmpC enzymes, and carbapenem-hydrolyzing B-lactamases
(carbapenemases) with variable efficacy. The characteristics of these -lactamases,
how they may be discovered, their sources, and treatment options for the diseases
they cause. In 1940, the isolation of Escherichia led to the production of the first
beta-lactamase enzyme, which triggered the penicillin hydrolysis. So far more than

890 beta-lactamase enzymes have been found (Tavakoly et al., 2018).

2.12.1 Classification of p-lactamases

A, C, and D enzymes, B metallo enzymes that require divalent zinc ions
(metal ion) for substrate hydrolysis and use serine for B-lactam hydrolysis
according to the first classification (Ambler molecular classification) that is based
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on conserved motifs, protein sequences and further categorizes -lactamases (Bush
and Bradford, 2020). The second -categorization (functional classification)
categorizes [-lactamases in accordance with their substrate and inhibitor
characteristics. This method links -lactamases with features of clinical isolates.
Class A chromosomes in Gram-negative bacteria such as P. aeruginosa include
penicillinase and extended-spectrum B-lactamase. It is comprised of several
subtypes of -lactamase SHV, TEM, and CTX-M-based substrate. Oxacillinase of
class D (OXA) derives from plasmids (Poirel et al., 2001; Branger et al., 2005;
Rezaei et al., 2018).

2.12.2. Serine B-Lactamases
The serine B-lactamases (SBLs) are so-called because, like penicillin-binding

proteins, they share nucleophilic serine residues in their active site. Indeed, SBLs
are thought to be evolutionarily derived from PBPs (Tooke et al., 2019). Based on
their sequence identity and substrate profiles, the SBLs are divided into three
classes, Ambler classes A, C, and D, corresponding to penicillinases,
cephalosporinases, and oxacillinases, respectively.
2.12.2.1 Class A Serine-B-Lactamases

Class A SBLs is the most widely studied SBLs. Class A enzymes include the
Temoneira (the name for a patient) B-lactamase (TEM), sulfhydryl reagent variable
B-lactamase (SHV) enzymes, extended-spectrum SBLs (ESBLsS) such as
cefotaxime hydrolase from Munich (CTX-M) enzymes (Datta and Kontomichalou,
1965; Bauernfeind et al., 1990; Chaves et al., 2001), which can hydrolyze later
generation penicillins and cephalosporins, and carbapenemases including
imipenamase (IMI) and Klebsiella pneumoniae carbapenemase (KPC) enzymes
(Rapp and Urban, 2012). The class A SBLs exhibit a shared amino acid sequence

identity of 40-60% between class members and a much lower identity with
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members of other SBLclasses. The class A SBLs are typically inhibited by B-
lactam-based SBL inhibitors such as clavulanic acid, although KPC enzymes are
an exception, and some resistant TEM variants do exist, as well as avibactam (Bush
and Bradford, 2020).

2.13.2.2 Class C Serine-p-Lactamases
Class C SBLs (AmpCs) are usually chromosomally mediated, while

plasmidmediated class C enzymes exist and are found primarily in
enterobacteriaceae. These enzymes can hydrolyze penicillins but are most active
against cephalosporins and cephamycins, with some AmpC enzymes acting at the
diffusion limit during cephalosporin hydrolysis (Sawa et al., 2020). Class C
enzymes are not usually inhibited by SBL inhibitors such as clavulanic acid,
although some are inhibited by sulbactam or tazobactam. hey, are, however,
inhibited by aztreonam because they have a strong affinity for this substrate but a
low turnover rate (Mack et al., 2020). Several B-lactamases belonging to this group,
including cephamycins (CMY), Ambler class C (ACC), and cefoxitin (FOX), have
been encoded on the plasmid in both Enterobacteriaceae and non-fermenting
organisms, such as P. aeruginosa (Jacoby, 2009).InP. aeruginosa, AmpC mutants
have been associated with decreased sensitivity to imipenem, ceftazidime, and
cefepime. These mutants, including plasmid-coded CMY-10, CMY-19, and CMY-
37 mutants, are categorized within the Bush-Jacoby functional subgroup le (Sawa
et al., 2020).

2.12.2.3 Class D Serine p-Lactamases
Class D P-lactamases, also known as oxacillinases or OXA-type p-

lactamases (OXAs), are active-serine-site enzymes like Ambler class A and class C
B- lactamases, differing from class A and C enzymes in amino acid structure, which
can confer resistance to penicillins, cephalosporins and, in some cases,

carbapenems (Evans and Amyes, 2014). The OXA enzymes may be chromosomal
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or plasmid-mediated and therefore some OXA variants may be transferred between
pathogenic species. OXA enzymes are generally with widely differing sensitivities
to inhibitors (Stojanoski et al., 2015).

2.12.3 Extended Spectrum f-lactamases P. aeruginosa

ESBLs are the enzymes responsible for resistance to the majority of -lactam
antibiotics (Altayb et al., 2021). These enzymes hydrolyze and create resistance to
antimicrobial drugs such as penicillins, cephalosporins, monobactams, and
carbapenems. They are generated by some microbes, such as P. aeruginosa (Nasser
et al., 2020). In P. aeruginosa, sulfhydryl variable (SHV), cefotaxiase (CTX-M),
and temoneira (TEM) types are the most prevalent ESBL genes (Dallenne et al.,
2010; Lin et al., 2012). ESBLs are often not carried on the bacterial chromosome,
but rather on a separate DNA fragment known as a plasmid. Plasmids can carry a
variety of ESBL genes and have the potential to replicate themselves into other
bacteria. This can be really serious for a variety of reasons (Tavajjohi et al., 2011).
Infections caused by ESBLs-producing P. aeruginosa are becoming increasingly
prevalent globally, resulting in high fatality rates, lengthy hospital stays, and
growing medical expenses (Mohajeri et al., 2018). blacrx-m, blatem, and blasyy are
the most frequent ESBL-encoding genes (Abrar et al., 2019). The presence of these
genes in enteric bacteria increases the potential of these organisms to develop

resistance to -lactam antibiotics (Moremi et al., 2021).

The TEM and SHV families of ESBL enzymes are mutations of -lactamases,
whereas the CTX-M family arose from environmental bacteria. Moreover, multiple
variations of blacrx-M have emerged as a result of point mutations in this gene.
More than 450 variations of CTX-M, TEM, and SHV enzymes can be secreted by
ESBL-carrying bacteria (Ejaz et al., 2021).
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Prior to the year 2000, SHV and TEM were the most prevalent ESBL types;
however, CTX-M enzymes have replaced them in recent decades (Gruber et al.,
2013). P. aeruginosa species are linked to the global expansion of ESBLSs genes,
particularly the blacrx-m genes, which have become more prevalent during the past
two decades. blacrx-m kinds -lactamases-producing bacteria have superseded blargw
and blasny as the most common types of B-lactamases-producing bacteria in recent
years (Chong et al., 2018).

2.12.4 Extended spectrum f-lactamases Family

ESBLs hydrolyze expanded-spectrum -lactam antibiotics and are inhibited
by clavulanate, although their genes are variable and may be classified into multiple
groups. TEM and SHV type ESBLs are closely related, with just a few amino acid
alterations separating types. CTX-M type ESBLs are genetically heterogeneous.

2.12.4.1 Temoneira (TEM) Family

Temoneira (TEM) was given its name since it was first discovered in an
E. coli isolate that had been obtained from a blood culture taken from a patient in
Greece who went by the name Temoneira (Dallenne et al., 2010; Lin et al., 2012).
It has been shown that TEM genes, also known as blarem, give resistance to the
majority of antibiotics, including first-generation cephalosporins like cephaloridine
and penicillin. TEM-type ESBLSs are produced from TEM-1 and TEM-2 by making

substitutions of amino acids inside the active region (Peymani et al., 2017).

This modification did not have any effect on the substrate profile of TEM-
1; nonetheless, TEM-2 was the progenitor of a significant number of the TEM-type
ESBLs. The TEM-3 variation was the first TEM-type variant to be reported to have
the ESBL phenotype. This occurred in the year 1989. (Sougakoff et al., 1988). As

of the time this article was written, 243 unique TEM variants have been identified;
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however, not all of them are ESBLs. Within the TEM enzyme, amino acid changes

can only take place at a select few different sites (Bradford, 2001).

Gly238 and Glu240, both of which are located on the b3 b-pleated sheet;
Argl164, which is located on the neck of the X loop; and Glul104, which is located
directly across from Gly238 and Glu240 at the opening of the active-site cavity are
the amino acid residues (Ambler numbering) that are most frequently involved in
conferring the ESBL phenotype to TEM-type enzymes. (Castanheira, Simner and
Bradford 2021, Salahuddin, Kumar and Khan 2018). In particular, the gly238Ser
and glu240Lys alterations appear to have the most influence on the development
of the ESBL phenotype. A few of the more recent variations of TEM have nuanced
modifications to the substrate profile. For instance, in comparison to ceftazidime
and cefotaxime, TEM-184 was superior in its ability to hydrolyze aztreonam
(Piccirilli et al., 2018).

Plasmid-encoded TEM-1 -lactamases are the class A enzyme in gram-
negative bacteria that has received the most attention from researchers. They are
regarded to be the most prevalent beta-lactam resistance mechanism among gram-
negative bacilli, and they are quickly spreading around the world (Eiamphungporn
et al. 2018, Seyedjavadi, Goudarzi and Sabzehali 2016). Even though whole
genome sequencing (WGS) is leading to the discovery of a large number of novel
variations, only a small fraction of these variants are being phenotypically
characterized to identify whether or not they exhibit the characteristics of an ESBL.
Computer modeling and network analysis, on the other hand, have made it possible
to forecast whether or not a specific sequence is likely to belong to the functional
groups 2 b (original wide spectrum), 2be (ESBL), or 2br (inhibitor resistant) (Zeil
et al., 2016).
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When TEM-type ESBLs were at the height of their popularity, the
incidence of certain of the variations was more prevalent in some geographic areas
than others. For instance, TEM-3 was quite widespread in France but only seldom
observed in the United States (Soilleux et al., 1996). In contrast, TEM-10 was the
TEM-type ESBL that was found the most frequently in the United States (Wiener
et al., 1999). It's interesting to note that TEM-26 was found in samples collected
from all around the world (Pitout et al., 1998; Soilleux et al., 1996; URBAN et al.,
2000).

2.12.4.2 Sulfhydryl Family

Sulthydryl (SHV) b-lactamases (so termed for sulfhydryl reagent
variable) are the enzymes that were first discovered in Klebsiella pneumoniae and
were chromosomally encoded (Livermore, 1995). In the NCBI Reference Gene
Catalog at the moment, there are entries for 182 distinct SHV variations
(PRINA313047; request date: 15 January 2021). Their spectrum extends from beta-
lactamase, such as blasuy-4, to broad-spectrum beta-lactamase, such as blasyy-1, to
extended-spectrum beta-lactamase, such as blasyv-2, all the way up to broad-
spectrum ESBL (blasnv-10). SHV-2 was the first ESBL to be described in 1985. It
was discovered in a single strain of Klebsiella ozaenae that had been isolated in
Germany.

It differed from SHV-1 in that it had a single amino acid substitution of gly
to ser at position 238 (Huletsky et al., 1993). SHV-2 was found in a single strain of
Klebsiella ozaenae that had been isolated in Germany. The majority of SHV-type
ESBLs, like TEM-type ESBLs, have mutations at ambler positions 238 (Glycine to
Serine) and 240 (Lysine to Glutamine), just like TEM-type ESBLs. These
mutations change Glycine to Serine and Lysine to Glutamine, respectively. It

would appear that the replacement of serine at position 238 is necessary for the
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effective hydrolysis of ceftazidime, whereas the substitution of lysine at residue
240 is critical for the efficient hydrolysis of cefotaxime (Huletsky et al., 1993).
Recent research made use of a mathematical model to evaluate the
significance of different amino acid alterations in relation to phenotypic changes in
substrate profile (Neubauer et al., 2020). To this day, 228 sequence variations of
SHV have been identified; however, not all of these variants have been functionally
evaluated to establish if they exhibit the ESBL phenotype. SHV-5 and SHV-12 have
been the most prevalent ESBL variants reported in Enterobacterales across the
world (Perilli et al., 2002; Yan et al., 2000). SHV-type ESBLs may be discovered
in clinical isolates of K. pneumoniae the majority of the time; nevertheless, these
enzymes have also been found in other genera of Enterobacterales and in P.

aeruginosa (Coque et al., 2008; Perilli et al., 2002).
2.12.4.2 Cefotaximase (CTX-M) Family

Cefotaximase (CTX-M) -lactamase enzymes were first identified in the
late 1980s, appearing simultaneously in a number of different places. The
designation CTX-M, which stands for cefotaximase from Munich, was first used in
a paper that was written in Germany (Bauernfeind et al., 1990). However, CTX-M-
type enzymes found in other locations were given various names, such as FEC-1
(in Japan), Toho-1 (also in Japan), and MEN-1 (in France, in an Italian patient).

These names reflect the regions in where the enzymes were found (Bonnet, 2004).

After these early findings, outbreaks were reported in a number of other
countries. In subsequent years, the rapid spread of ESBL-carrying isolates around
the globe would come to be known as the "CTX-M pandemic.” Since the early
2000s, CTX-M-type enzymes have been acknowledged as the most prevalent
category of ESBLs. This means that TEM and SHV have been supplanted as the

predominant kind of ESBL. CTX-M variations have been found in P. aeruginosa
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and Acinetobacter spp (Picédo et al., 2009; Walther-Rasmussen & Hgiby, 2004),
two different types of bacteria belonging to the order Enterobacterales. Isolates
harboring CTX-M-encoding genes have been found in nosocomial and community

settings, as well as in companion animals, the environment, food items, and cattle.

Additionally, these isolates have been found in contexts where they may
have been transmitted to humans (Liu et al., 2018). Based on their similarity in
sequence, the majority of CTX-M enzymes may be categorized into the following
five groups: CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25. The CTX-
M-15 group is by far the most frequent CTX-M-1 group, followed by the CTX-M-3
group and then the CTX-M-1 group (Bonnet, 2004). CTX-M-9 and CTX-M-14 were
the most prevalent enzymes found in the CTX-M-9 group historically; however, in
more recent years, CTX-M-27 has been often reported (Matsumura et al., 2016;
Zhang et al., 2021). Within their respective groups, CTX-M-2, CTX-M-8, and CTX-

M-25 are the variations that are found the most frequently.

2.11.5 Molecular characterization of ESBL-producing isolates
Plasmids, transposons, insertion sequences, integrons, and bacteriophages
spread ESBL-encoding genes. Mobile genetic elements can transport themselves
and/or genes within a cell through conjugation, transformation, or, in the case of
bacteriophages, transduction (Partridge et al., 2018). MGEs carry several resistance
genes that impart MDR to their hosts (Rodrguez-Bao et al., 2013). Below are some
of the key ESBL-carrying MGEs. Transposons Tnl-, Tn2-, or Tn3-like carry TEM-
1, TEM-2, and ESBL genes (Partridge and Hall, 2005). These structures were
initially designated TnA and have 98% nucleotide homology, with most changes
around their resolvase (res) site (Partridge et al., 2018). Few investigations describe
MGE-carrying, blarem-encoding ESBL enzymes. In a previous investigation,
blarem-12 was found in Tn841, which is similar to Tn3 (Heritage et al., 1992). TEM-
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3 gene was stopped on Tnl. Tn2 had blatgm-10, while Tnl had blatgw-24
(Castanheira et al., 2021; Mabilat et al., 1992). Marcade's research of conjugative
plasmids expressing ESBL genes found that 67% of TEM-type plasmids were
IncA/C (Wolny-Kotadka and Lenart-Boron, 2018). These plasmids contained
blaTEM-3, blaTEM-10, and blargm-21. blarem-encoding ESBLs were verified in
IncA/C plasmids (Foley et al., 2021; Novais et al., 2010; Rozwandowicz, 2020).
In the early 1990s, 1S26 was found flanking blasny. 1S26 was identified as the
mobilizing element for several resistance genes and blaguys promoter Figure 2.
(Varani et al., 2021). Intact copies of 1S26 have been found on bacterial plasmids
or chromosomes bordering blasny, its 50 proximal termini, or faulty 1S26 elements.
SHV type ESBL genes are on plasmids and chromosomes. IncA/C, IncF, IncHI2,
Incll, IncL/M, IncN, and IncX3 are plasmid replicon types that contain blaSHV-
encoding ESBL enzymes (Liakopoulos et al., 2016; Poirel et al., 2008). Each
plasmid type has several blaSHV variations, except IncX3, which only has blasuy-
12 (Poirel et al., 2008). Billard-Pomares described a blasyy-2-carrying E. coli with a
P1 bacteriophage structure (Billard-Pomares et al., 2014). Lartigue found ISEcpl
upstream of CTX-M genes 1, 2, and 9. In another investigation, Eckert (Eckert,
Gautier, and Arlet 2006) found ISEcp1l in 23 of 28 isolates bearing 7 blacrx-m types.
ISEcpl and blacrx.v sequences revealed hallmark sequences indicating
transposition events mobilized blacrx-m. ISEcpl also boosted the expression of
blacrx-m. (Poirel et al., 2003). ISEcpl has been found surrounding various b-
lactamase genes, including KLU enzymes in Kluyvera spp. blacrx-w was found at
the 30 end of complex class 1 integrons between two gacED1/sull elements (Eckert
et al., 2006).
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Figure 2. Schematic representations of the genetic structures harbouring genes encoding ESBLSs. Genetic
structures most commonly reported to harbour (a) blarem, (b) blaswy, () blactx-m, (d) blaper or (e) class 1
integrons that can carry uncommon ESBL genes were adapted from (Poirel et al., 2002; Rossolini et al.,
2008), (Poirel et al., 2012) and. (Poirel et al., 2002; Rossolini et al., 2008; Diestra et al., 2009).

2.12.6 Phenotypic Identification of ESBL

In this procedure, ceftazidime and cefotaxime disks alone and ceftazidime
(30ug) and cefotaxime (30ug) +clavulanic acid (10ug) were placed on Muller
Hinton agar at a spacing of 2 cm. After 18 hours of incubation at 35 degrees Celsius,
ESBL generation was measured by measuring an increase of 5mm or more in the
diameter around the disk of ceftazidime/clavulanic acid and/or

cefotaxime/clavulanic acid (Ghaffarian et al., 2018).

2.13 DNA Sequencing
The technique of determining the nucleic acid sequence, or the order of

nucleotides in DNA, is known as nucleotide sequencing. Any method or
technology for determining the order of the four bases, adenine, cytosine, guanine

and thymine, is included. Rapid DNA sequencing has significantly advanced
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biological and medical research and discoveries. DNA sequence knowledge is
increasingly required for basic biological research as well as a variety of applied
applications including medical diagnosis, biotechnology, forensic biology,
virology, and biological systematics (Abate et al., 2013). Modem DNA sequencing
technology has aided in the sequencing of full DNA sequences, or genomes, of
many types and species of life, including the human genome and the genomes of
many other animals, plants, and microbial species (Chmielecki and Meyerson,
2014).

The Sanger technique, also known as the dideoxy or chain termination
method, is based on the synthesis of DNA chains using didcoxynucleotides that
stop DNA amplification at the elongation phase. Elongation is stopped when the
polymerase enzyme inserts a nucleotide containing a 3' hydroxyl group into the
chain. By separating the PCR products on an acrylamide gel oyaxvrvsis, the
dideoxy nucleotide terminated in the chain can be determined (Yildirim et al.,
2011).

2.13.1 Phylogenetic Tree

A phylogenetic tree, also known as an evolutionary tree or phylogeny, is a tree
diagram that depicts the evolutionary histories or relationships of various biological
groups or other categories based on physical or genetic similarities and differences
(Hu et al., 2020). It is used in a branch of biology that analyzes morphological data
matrices and molecular sequencing data to identify how various groups of animals
have evolved over time. The phylogenetic tree is important because it has been
used to explore biodiversity, evolution, genetics, and ecology among groups of
organisms. A common ancestor is shown through a single phylogenetic tree that
represents all life on earth (Felsenstein, 2004). The phylogenetic tree illustrates

phylogeny, or the similarities and differences in genetic makeup and morphology
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between several groups of animals (or taxa). It also shows relationships between
taxa that suggest evolutionary relatedness. Additionally, it is possible to assume
that they be rooted when the ancestral path is mentioned. Phylogenetic trees come
in a variety of forms. A rooted phylogenetic tree is one in which the nodes point to
the studied taxa's most recent common ancestor: On the other hand, the unrooted
tree is a different of phylogenetic tree. This form of tree just considers evolutionary
relatedness and makes no assumptions about ancestry (Hodge and Cope, 2000).
The ancient beliefs of a ladder-like evolution from lower to higher life forms gave
rise to the concept ofa "tree of life" (such as in the Great Chain of Being). In his
groundbreaking book "The Origin of Species”, Charles Danvin (1859) created one
of the first pictures and crucially popularized the idea of an evolutionary "tree."
Evolutionary biologists continue to use tree diagrams more than a century after they
were first used to represent evolution because they are an efficient way to illustrate
the idea that speciation results through the the adaptive and semi random splitting
of lineages. The taxonomy of species has' evolved over time to become more

dynamic and less static.
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3. Materials and Methods
3.1. Materials
3.1.1 Laboratory Equipment's and Apparatus

The Laboratory equipment's and supplies used in the study are listed in
Table 3-1.

Table 3-1 Equipment's and Supplies

No. | Equipment's Company Origin

1. | Autoclave Gemmy Taiwan
o | Burner Amal Turkey
3. | Centrifuge MSE England
1 | e CaiDm S [ o | onng
5. | Distiller Ogawa Japan
6. | Electric sensitive balance Sartorius Germany
7 | Electrophoresis system Fisher Scientific USA
g. | ELISA Device HS-Human Reader Germany
9. | Electrical Oven Memmert Germany
10. | Eppendorf tubes Eppendorf Germany
11. i')%ni; pisi(\)lg)lﬂ]l ’difgg(r)eﬁtl)sues (20ul, Eppendorf Germany
12. | Hood Bio LAB Korea
13, | Hot plat Biocote England
14. | Incubator Binder Germany
15. | Light microscope Olympus Japan
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16. :\l/lli’c;(())r())i_ple(;[geo 8.)5-10 ul , 20-200 Dragonlab China
17. | Microtiter plate reader Memmert Germany
18. | Millipore Filter Unit 0.80um Chm USA
19. | Microwave Sanyo electric Japan
20. | Nanodrop Optizen Korea
21. | Oven Memmert Germany
20, | Parafilm BDH England
23. | Platinum Wire Loop Himedia Indian
24. | PCR Device Leica Spain
25. | PCR tube Eppendorf Germany
26. | PCR centrifuge Zip-1Q USA
21. | Refrigerator Marubeni Japan
28. | Slides and Cover slide Sail Brand China
29. | Sterilize Swab ATACO Brand
30. | Transfer swab AFCO Jorden
31. | UV light transminator wise USA
32. | Vitek 2 system Biomerieux France
33. | Vortex mixer Eppendorf Germany
34. | Volumetric flasks Jlassco India

3.1.2 Biological and Chemical Materials

The biological and chemical materials used in this study are listed in Table
3-2.
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Table 3-2 Chemical and biological materials

No. Biological and Chemical Company Origin
Materials
1. | Acetone BDH England
2. | Agarose Bio Basic Canada
3 |Agar-agar BDH England
4. | Catalase reagent Merk England
5. | Crystal violet BDH England
6. | DNA ladder marker (100-1500) bp Bioneer Korea
7. | Ethanol 99% Merck India
8. | Glycerol (C3H803) Himedia Switzerland
0. Gram stain solution Fluka USA
10 Glucose Sigma England
11 Kovac's reagent HIMEDIA India
12 Hydrogen peroxide (H202) 3% Merck England
13. |Human Blood Imam Sadiq Teaching Hospital
14. | Methyl red BDH England
15. | Naldixic acid suplement Mast U.K
16. | Normal Saline solution S.D. Iraq
17. | Oxidase reagent indicator BDH England
18. | Peptone water HIMEDIA India
19. | Safe Red Fisher USA
20. | Tris-Borate EDTA buffer (TBE) Promega USA
21. |Urea Solution SD-Fine India
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3.1.3 Culture Media
Culture media used in the present study were prepared according to the

manufacturer's instruction. The media were sterilized by the autoclave at 121°C

for 15 min, and kept at 4°C until use, All the media in this study were perchased

from HIMEDIA company/ India. Table 3-3 shows the media used in this study.
Table 3-3 Culture media used in this study

No. Medium
1. Agar agar powder

2. Brain heart infusion agar
3. Brain heart infusion broth
4. MacConkey Agar

5 Muller Hinton Agar

6. Nutrient Agar

7. Nutrient Broth

8. Simmons citrate agar

9. Cetrimide agar

10. Kliglers iron agar

11. Chromogenic agar

12. Tryptic Soy broth

13. Urea agar base

3.1.4 Commercial Kits

The commercial kits used in the study are illustrated in Table 3-4.

Table 3-4 Commercial kits used in this study

No. Kit Company Origin
1. | DNA extraction Kit Favorgen Taiwan

2. | DNA ladder IntronBio Korea

3. | Primers Macrogen Korea

4. | P.aeruginosa Specific Primer Macrogen Korea
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5. PCR master mix IntronBio Korea

6. | VITEK® 2 Compact Biomerieux | France

3.1.5 Polymer Chain Reaction (PCR) Mixture

The PCR reaction mixture used in the study are listed in Table 3-5.

Table 3-5 PCR Reaction Mixture

No. Contents of reaction mixture VVolume
1. | Master Mix 12ul
5 Template DNA 3ul
3 Forward primer (10 pmol/pl) 2 ul
4 Reverse primer (10 pmol/ul) 2 ul
5. | Nuclease free water 6 ul
6. | Total volume 25 ul

3.1.6. Go Taq G2 Green Master Mix Materials
The Master Mix Materials used in the study are listed in Table 3-6.
Table 3-6 contents of master mix

No. Materials

1. DNA polymerase enzyme (Taq)

) dNTPs (400pm dATP, 400pm d GTP, 400pm dCTP, 400pm
3. MgCl, (3mM)

4, Reaction buffer (pH 8.3)
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3.1.7. Commercial Primers

The commercial Primers used in the present study are illustrated in Table 3-7.

Table 3-7 Commercial Primers used in this study

) . . Cycle
Primer Sequence (5----------- »3)  Amplicon Conditions Izo
size (bp) |(D,A and E) | Source
FIGAGTATTCAACATT CCGTGTC 94°C/30 sec
861 57°C/1 min | 35
TEM RTAATCAGTGAGGCACCTATCTC 72°C/2 min
FIAAGATCCACTATCGCCAGCAG 94°C/30sec
231 64°C/1 min| 35 (Bokaeian
SHV IRATTCAGTTCCGTTTCCCAGCGG 72°C/1 min etal.,
2015)
FIGACGATGTCACTGGCTGAGC 94°C/30
sec
499 . .| 35
CTX-MRAGccGCCGACGCTAATACA 57 C/1min
72°C/1 min
FIGGGGGATCTTCGGACCTCA 95°C/30
Sec (Spilker et
956 . .| 35
P.aeru RrccTTAGAGTGCCCACCCG 61°C/1 min al., 2004)
72°C/1 min

3.1.8 Antimicrobial susceptibility test

The phenotypic detection of extended-spectrum beta-lactamases (ESBL) was

performed using the double-disk diffusion (DDS) test according to clinical
laboratory guidelines (CLSI-2021) (0.5 McFarland tube was used to obtain 1x108
CFU/mL bacterial culture). Table 3-8 shows the antimicrobial disks used in this

Study.
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Table 3-8 Antimicrobial Disks used in this Study
Antibiotics Antibiotics Symbo | pg/ Inhibition Company/
Classes | disk | zone/diamete origin
rMm
S |[IN| R
Monobactams 30 | >2 | 16| < | India/Himedia
Aztreonam ATM 2 | - | 15
21
30 >1 | 15 | <14 | Roseto /Italy
Ceftazidime Cephems CAZ 8 | -
17
30 <1 | 15 | <14 | Roseto /Italy
Cefepime CEP 8 | -
17
. - B-Lactams 100/1 | >2 | 15 | <14 | MAST/U.K
Piperacillin o
combinations PTZ 0 1] -
tazobactam 20
100 | >2 | 15 | <14 | Roseto /Italy
Piperacillin | Penicillins PRL 1| -
20
10 >1 | 13 | <12 | Condalab/Spai
Gentamicin CN 5| - n
Aminoglycosid 14
es 5 >1 | 13 | <12 | Bioanalyse
Tobramycin TOB 5| - Tur/
14
30 | >1 | 13 | <12 | Roseto /Italy
Netilmicin NET 5| -
14
30 >1 | 15 | <14 | Roseto /Italy
Amikacin AK 7 | -
16
. . 5 >2 | 19 | <18 | Himedia/ India
glprofloxau cIp 5 |
24
10 >1 | 13 | <12 | Roseto /Italy
Norfloxacin | Fluoroquinolones | NX 7 | -
17
5 >1 | 15 | <14 | Roseto /Italy
Gatifloxacin GAT 8 | -
17
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. 5 >1 | 15 | <12 | Roseto /Italy
rI;evofloxacl LEV 5 |
21
5 >2 | 13 | <28 | Bioanalyse
Ofloxacin OFX 9 | - [Tur
15
10 | >1 | 16 | <1 | Roseto /lItaly
Imipenem IPM 9 | - | 5
18
Carbepenem 10 |=1 |16 | <7 | Bioanalyse
Doripenem DOR 9 |- |g [/Tur
18
30 |>1 |16 |<q | Bioanalyse
Meropenem MEM 9 |- |5 [Tur
18
3.2. Methods

3.2.1. Laboratory Preparation of Culture Media

All

media were preparation according to the instructions of the

manufacturing company Sterilization of culture media and solutions were achieved

by autoclaving at 121°C/ 15 minutes (Brown and Smith, 2017). After sterilization

urea agar base was supplemented with 20%sterile urea solution and blood agar base

was supplemented with 5% fresh human blood, then media poured on petri dish or

plane tubes, and incubated at 37 for 24 hours to ensure their sterility. Storage of

sterile media in the refrigerator to prevent dehydration (Cappuccino and Welsh,

2018). PH was adjusted to 7.0 and the media sterilized by autoclaving (Brown and
Smith, 2017) (Table 3.9).

Table 3-9 Culture media used in the diagnosis of bacteria with the purposes.

No.

Media name

The purpose

1. MacConkey agar

Is a selective and differential media. It is used in the
differentiation of lactose fermenting from lactose
non-fermenting gram-negative bacteria (Jung and
Hoilat, 2020).
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2. Nutrient broth this medium was used in a general experiment such
as cultivation and activation of bacterial isolates
when it necessary (MacFaddin, 2000).

3. Blood agar Is an enriched, bacterial growth medium, isolation,
identification and determine the type of hemolysis
(Niederstebruch et al., 2017).

4, Cetrimide agar This medium was used as a selective medium for
the isolation of P. aeruginosa (Aryal, 2015).

5. Brain heart infusion | This medium used to preserve the bacterial isolated

broth as standard for a long time with 15% glycerol
(Forbes et al., 2007).

6. Miller-Hinton agar | This medium used in the antibiotic sensitivity test
(MacFaddin, 2000).

7. Simmons citrate It was used to determine the ability of bacteria to
utilize sodium citrate as its only carbon source and
inorganic ammonium salts as its only nitrogen
source (Forbes et al., 2007).

8. Tryptic Soy broth it was used for activation of bacteria and for
general experiments (MacFaddin, 2000)

Q. Urea agar It was used to test the ability of bacteria to produce
urease enzyme (MacFadden, 2000).

10. Kligler,s iron agar It was used to determine the ability of bacteria to
utilize carbohydrates supplemented with phenol red
as the indicator (Forbes et al., 2007).

11. | Voges Proskauer It was used to detection of specific breakdown
products of carbohydrate metabolism by bacteria

3.2.2. Preparation of Reagents and Solutions

3.2.2.1. Oxidase reagent

It was prepared by dissolving 1 mg of N, N, N, N-tetramethyl-p-

phenylenediamine dihydrochloride in 100 ml of D.W. Then stored in a darkbottle

and used immediately (Forbes et al., 2007).
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3.2.2.2. Catalase reagent

It was prepared in a dark bottle by using a 3% concentration from hydrogen
peroxide (Forbes et al., 2007).

3.2.2.3. Vogas-Proskauer reagent

This substance consisted of two solutions: a-naphthol solution made by
dissolving 5 gm of -naphthol in 100 ml of (95 %) ethanol, storing the solution in a
dark bottle, and mixing it prior to use. 40 percent Potassium hydroxide solution
made by dissolving 40 grams of KOH in 100 milliliters of deionized water and

mixing the solution prior to use (MacFaddin, 2000).

3.2.2.4. Methyl red indicator

This solution was prepared by dissolving 0.2 gm of methyl red in 300 ml of
(95%) ethanol, and then the volume was completed to 500 ml by D.W.
(MacFadden, 2000).

3.2.2.5. Kovacs reagent

Ten grams of dimethyl-amino benzaldehyde were dissolved in 150
milliliters of isoamyl alcohol by heating in a water bath at 50 degrees Celsius,
followed by the addition of 50 milliliters of concentrated HCL. Small quantities of

the reagent were made and stored in the refrigerator MacFadden, (2000).

3.2.2.6. Gram stains solutions (Jawetz et al., 2019).

1-Primary stain: 2 gm Crystal violet, 20ml 95% ethyl alcohol, 0.8gm ammonium
oxalate and100 ml distilled water.

2-Stain fixative agent: 2 gm potassium iodide, 1gm iodine crystals and 100 ml

distilled water.

3-Decolorize: 70% ethyl alcohol+30% acetone.
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4-Counter stain: 4.0 gm safranin, 200 ml 95% ethanol and 800 ml distilled water.

3.2.2.7. Turbidity standard (McFarland)
The turbidity standard (0.5 McFarland solution) was prepared in

accordance with Baron and Feingold (1990). In a graduated cylinder, 0.5 ml of
1.175% (wi/v) barium chloride dehydrate (BaCl2.H20) dissolved by D.W was
added to 99.5 ml of 1% sulfuric acid; then, 10 ml of the mixture was transferred to
a sterile test tube and stored in a dark place at room temperature. At a wavelength
of 600 nm, a spectrophotometer measured the absorbance. 0.08 - 0.13 nm is the
allowable absorbance range for the standard. Before performing an antibiotic
susceptibility test on 46 isolates, this solution was used to set the number of

bacterial cells.

3.2.2.8. Safe red

Red Safe Nucleic Acid Staining Solution is a new and safe alternative to
ethidium bromide (EtBr) for DNA and RNA identification on agarose gels. Red
Safe is as sensitive as EtBr, and the staining procedure is virtually comparable;
however, compared to EtBr, which is known to be a powerful mutagen, Red Safe
produces much fewer mutations in the Ames test. Importantly, it is non-hazardous,
can be disposed of using standard laboratory procedures, and has a long shelf life
(Machida and Knowlton, 2012).

3.2.2.9. Preparation of 1X TBE buffer
1X TBE buffer was prepared by dilution of concentrated 10X TBE buffer,
the solution was used to dissolve agarose. Each 10 ml of 10X TBE added to 90 ml

of sterile distal water to give final concentration 0.5ug/ml (Sambrook et al., 1989).

3.2.2.10 Agarose gel
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According to Green and Sambrook (2012), the agarose gel was made by
dissolving 1 gram of agarose in 100 milliliters of 1X TBE buffer (10ml completed
with 90ml distal water). The solution was heated to boiling (using a microwave)
until all the gel particles dissolved, the solution was cooled to 50-600C, and 5ml of
melting agarose gel was combined with 5ml of simply safe to achieve a final

concentration of 0.5g/ml.

3.2.3 Collection of specimens

In this study, a total of 150 collection of specimens from wound swab and
burn swab of patients were hospitalized at: Babylon hospitals (Al-Hillah Teaching
Hospital, Mirgian Teaching Hospital and Imam AL-Sadig Teaching Hospital) and
also from Baghdad hospitals (Burns Specialized Hospital, Martyr Ghazi Hariri
Hospital, Baghdad Teaching Hospital, and National Center for Educational
Laboratories) of both genders with different ages. The specimens collected during

the period from September 2021 to January 2022.

3.2.4. Bacterial diagnosis
3.2.4.1. Culturing

All specimens were cultured on different media for identification of
Pseudomonas such as blood agar, MacConkey agar, and cetrimid agar, using sterile
loop spread on the surface of agar media and incubated at 37 C° for 24 hr. (Jawetz
et al., 2019). Purified colonies kept in nutrient broth containing glycerol at -20 C°
in (Jawetz et al., 2019). After final diagnosis of samples, 46 (30.6%) isolates of P.
aeruginosa were obtained. Forty-six isolates of P. aeruginosa, (named PA1 to
PA46) were isolated from one hundred and fifty clinical specimens of burns,
injuries and Diabetic foot of nine cites of Irag which included Erbil, Ninawa,
Kirkuk, Diyala, Baghdad, Babylon, Muthanna, DhiQar and Basra.
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3.2.4.2. Microscopic examination

After the growth of bacteria on MacConkey agar, blood agar, cetrimid agar
and nutrient agar, their shape, size, texture, and colony arrangement was observed.
A single colony was picked up, stained with Gram stain, and examined under the

light microscope (100x) using oil emersion (Jawetz et al., 2019).

3.2.4.3. Biochemical tests

1- Catalase test

Few drops of catalase reagent were added on slide with single colony of P.
aeruginosa by using sterile loop. A positive result indicated the formation of
bubbles. This test was used to detect the ability of bacteria to produce the catalase
enzyme, which broke down the H202 into oxygen and water (Brown and Smith,
2017; Cappuccino and Welsh, 2018).

2- Oxidase test

The oxidase reagent was added in few drops on filter paper and mixed with
single colony of P. aeruginosa using sterile wooden stick. A positive reaction was
indicated by the development of purple color within 10 second. This test was used
to detect the ability of bacteria to produce the oxidase enzyme (Brown and smith,
2017; Cappuccino and Welsh, 2018).

3- IMVC test

As mentioned by MacFaddin (2000), this test was done in the following way.
1- Indole test

Peptone water medium was inoculated with overnight tested bacterial culture
and incubated at 37 C° for 24 hr. After that 10 drops of Kovac's reagent were added
directly to the culture tube; the appearance of the red ring at the top of the broth
after gentle shaking indicates a positive result. This test is used to detect the P.
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aeruginosa capacity to produce a tryptophanase enzyme which hydrolyzed

tryptophan to indole, pyruvic acid, and ammonia.

2- Methyl red test

Methyl red-Voges proskauer medium was inoculated with bacterial culture
that was tested and incubated at 37 C° for 24 hours. Then five drops of the methyl
red were added. Appositive test changed of medium color from yellow to red. This
test was used to detect the bacterial ability to ferment glucose and produce acid as

a final product.

3- Voges-Proskauer test

Methyl red-Voges proskauer medium was inoculated with bacterial culture
that was tested and incubated at 37 C° for 24 hours, then few drops of a-naphthol,
and KOH were added. A positive reaction was indicated by development of a pink
color with15 minutes. This test was used to detect the bacterial ability to ferment

glucose and produce acetoin.

4- Citrate utilization test

Simmon’s citrate slant agar was inoculated with tested bacterial culture by
sterile loop and incubated at 37 C° for 24 hours, a positive result was indicated by
changing the color of the medium from green to blue. This test was used to detect

the bacterial ability to utilize sodium citrate as carbon source.

4-Urease test

Urea agar slant was inoculated with tested bacterial culture by sterile loop, and
then incubated at 37 C° for 24 hours; existence of pink color indicates a positive
result. This test was used to detect the bacterial capacity to produce urease enzyme
which hydrolyzes urea to ammonia and carbon dioxide (Cappuccino and Welsh,
2018).
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5- Motility test

Semisolid mannitol media were stabbed in the center with an inoculated needle
and incubated at 37 °C for 24 hours. Spread out growth from the line of inoculation
indicates the existence of motile bacteria (MacFaddin, 2000; Tille, 2014).

6-Triple sugar iron (TSI) test

The cultured isolates were streaked on surface of slope and stabbed into butt,
and then incubated for 37°C for (24) hours. The positive result of P. aeruginosa
was alkaline / no change or alkaline / alkaline with no produce H2S and gas (Brown
and Smith, 2017).

7-Hemolysin production

Hemolysis production was carried out by inoculating the blood agar medium
with bacterial isolates at 37°C for 24-48 hrs. An appearance of a clear zone around
the colonies referred to complete hemolysis (B-hemolysis) or greenish zone around
the colonies referred to partial hemolysis (a-hemolysis), while the no changing, the

colonies referred to non-hemolytic (y-hemolytic) MacFaddin, (2000).
8- Detection of biofilm production

Microtiter plates containing 96 wells and trypticase soy broth (Himedia) were
used to detect the biofilm production, semi quantitative assessments of biofilm
development were determined according to Hemati et al. (2016). Individual wells
of 96-well plates were used to cultivate P. aeruginosa at 37 C° in trypticase soy
broth medium supplemented with 1g of glucose. After 24 hours of growth, the
plates were aggressively washed three times with normal saline to eliminate free-
floating bacteria. The plates were stained for 15 minutes at room temperature with
100 ml of 0.1% (w/v) crystal violet solution and then washed with normal saline.
The crystal violet was then removed from the wells by extracting the crystal violet
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solution from the biofilm with 150 ul of 95 percent ethanol and acetone [8:2 (v/V)].
A microplate reader measured the plates at 630 nm and provided the following final
results: non, weak, moderate, and strong. The results were interpreted as follows:
iIf OD < ODc had non biofilm formation, if ODc < OD < 2 * ODc the bacteria were
weakly adhering; if 2 * ODc < ODc < 4 * ODc, the bacteria were moderately
attached; and if 4 * ODc < OD, the bacteria were strong adherent (Hemati et al.,
2016).

3.2.5 Antibiotic susceptibility test

One of the most common methods used routinely in diagnostic laboratories
and is based on inoculating the bacteria under test on a solid culture medium
(Muller Hinton agar) in a Petri dish. After cultivate of the bacterial isolate using
brain heart infusion broth at (37°C) for (24) hours, and by adding sterile normal
saline compared with (0.5) a standard McFarland tube (1.5 x 108 CFU/ml), then
spread on Muller Hinton agar (MHA) using a sterile cotton swab and leave it to
dry, different antibiotic tablets were used in different concentrations such as
ofloxacin (30ug), levofloxacin(30ug), doripenem(30ug) gatifloxacin (30ug),
ceftazidime (30pg), tobramycin (10ug), amikacin (30ug), netilmacin (30uQ),
ciprofloxacin (5ug), norfloxacin (5 pg), cefepime (30ug), cefotaxime (30ug),
imipenem (10ug), and aztreonam (30 ug), meropenem (10ug), Pipracillin (100ug),
peracillin-Tazobactam (100g-10ug), gentamicin (10ug). P. aeruginosa were
considered resistance or sensitive on the basis of zone of inhibition following the
criteria of clinical and laboratory standard institute CLSI-2021, (Wi et al., 2017).
With sterile forceps, the selected antimicrobial disks were placed on the surface of
the inoculated medium and incubated at 37°C for 24 h, during the incubation period
the antibiotic spread from the disc to the medium. If the organism is sensitive to

antibiotics, zones of lack of growth appear around the disc, and the higher the
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sensitivity, the larger the diameter of the area of inhibition. Antibiotic inhibition
zones were noted and measured with a ruler or caliper, the antibiotics names and
its standard inhibition diameter were used according to the Clinical and Laboratory
Standards Institute (CLSI 2021) for sensitivity or resistance of the organism to each

antibiotic.

3.2.6 Maintenance of bacterial Isolates
Maintenance of bacterial isolates was performed as follows:

A- Short term storage

Bacterial isolate (46 isolate) was kept for one month on nutrient agar plates,
the plates were tightly covered with Para film and stored at 4°C (Angshumanjana
et al., 2016).

B- Long term storage
A brain heart infusion broth was inoculated by a loop of overnight pure
bacterial culture, and incubated at 37 °C after 18 hours, glycerol was added to the
inoculate in a final concentration of 15% and stored at (-20C°) for 2-6 months
(Green, 2015).

3.2.7 Molecular detection methods
3.2.7.1 Extraction of P. aeruginosa genomic DNA

The DNA extraction, was done according to manufacturing origin company

protocol (Favorgen, Taiwan).

3.2.7.1.1 The Protocol

1. Activation before starting DNA extraction: The culture was inoculated in 10 ml
of nutrient agar medium and incubated at 37 °C for overnight.

2. Cell harvesting: P. aeruginosa culture was transferred to 1.5 ml micro

centrifuge tubes containing 1 ml Normal Saline.
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3.

5.
6.
7.

Then centrifuged for 1 min. at 13.000 rpm and the supernatant was then
discarded.

200 pl of cell lysis FATG was added to the specimen and mixed by the vortex
for 5 min.

200 pl of FABG was added to the specimen and mixed by the vortex for 5 sec.
Incubated at 70 C° for 10 minutes or until the specimen lysate is clear,

during incubation, the tubes were inverted 3 times for every 3 minutes.

Heating the elution buffer in the incubator at 70 C° to be completely absorbed.

8.

9.

10.

11.

12.
13.

14,
15.

A 200 pl of absolute ethanol was added to the mixture and mixed immediately
by vortex for 10 sec.
The mixture was transfer to the GD column and centrifuged at 13.000 rpm for
1 min.

W1 buffer (400 ul) was added to the GD column and centrifuged at 13.000 rpm
for 30 seconds, the flow-through was discarded.

Wash buffer (600 pl) was added to the GD column, it was centrifuged at 13.000
rpm for 30 seconds then was discarded the flow-through.

Centrifuge at 13.000 rpm for 3 min to dry the column matrix.

Place the column in a clean 1.5 ml micro centrifuge tube and add 100 pl of
elution buffer directly onto the filter membrane.

Incubate at 37 C° for 10 min, and then centrifuge at 13.000 rpm for 1min.
Finally, storing the DNA fragment at 4 C° or -20 C°.

3.2.7.2 Estimation of DNA concentration

The DNA concentration of specimens was estimated using nanodrop by putting

1ul of the extracted DNA in the instrument to detect the concentration in ng/um and

purity detected by noticing the ratio of O.D. 260/280 to check the contamination of

DNA specimens with protein, the accepted 260/280 ratio of pure DNA was between
1.7-1.9 (Shim et al., 2010).
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3.2.7.3 PCR protocols for detection of gene technique

1- ConventionalPCR technique was used for amplifying P. aeruginosa specific
gene 16S rRNA. The mixture reaction was performed in a total volume 12 pl of
PCR Pre Mix (Bioneer, South Korea) consisting of 2 pl from each primer forward
and reverse, 3 pl of DNA and, the volume completed up to 6 pl with free nucleases
deionized water according to the instructions of the company and reaction buffer

mixed, as in Table 3.6.

2- Detection of bla rem, bla ctx-m, and bla sy genes were carried out by using a 12
ul master mix of Gold conventional PCR (Bioneer, South Korea) including 3 pl
DNA, 2 ul from each primer forward and reverse, and the volume was completed
up to 6 ul with free nucleases deionized water according to the instructions of the

company and reaction buffer mixed.

3.2.7.4 PCR program thermal controller
PCR cycling thermal program parameters used in this reaction for detection

of P. aeruginosa specific, bla rem, bla crx-m, and bla sy genes were shown in Table
3-10.

Table 3-10 PCR thermal cycling program for P. aeruginosa specific gene
SHV, TEM and CTX-M genes

No. Step Temperature(°C) Time No. of cycle
Initial )
= Denaturation 9 5 min 1
Denaturation 94 30 sec
2. Annealing 57 1 min 35
Extension 72 1 min
3. Final 72 5 min 1
Extension

*PCR thermal cycling program 64 °C for SHV annealing
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3.2.7.5 Agarose Gel Electrophoresis
Agarose gel was created by dissolving 1 gram of agarose powder in 100

milliliters of 1X TBE buffer. A melting agarose gel was created by mixing 10ml of
TBE buffer with 90ml of cold water. This gel was then melted in a microwave until
the solution turned transparent. The amount of agarose that can be dissolved
depends on the intended application of the agarose gel. 0.7 percent of agarose gel
Is utilized for DNA visualization following extraction, while 1.5 percent to 2
percent agarose sheet is used for PCR product visualization (amplicon). The stock
solution concentration of simply safe (replacement for ethidium bromide) was 10
mg/ml. To get a final concentration of 0.5 mg/ml, only 5ul of simply safe stock
solution was added to 100ml of agarose gel that was melting (Green and Sambrook,
2012). The agarose was poured into the gel tray with the ends capped, the comb
was appropriately positioned, and then it was left to dry. 5 ul of the amplified DNA
(the result of the PCR process) is loaded into a second well of the gel, while 5ul of
the DNA marker is loaded into the first well. The electrodes were properly attached,
and the run was performed in accordance with the gel percentage and gel size. (The
time required for agarose gel electrophoresis is 45 minutes for genomic DNA and
one hour for PCR product.
3.2.8 DNA sequencing analysis

To study the genetic variation of blactx.m, blasyy and blarem genes of P.
aeruginosa isolates, DNA sequencing technique was performed. The PCR products
were sent to Macrongen company in Korea in ice bag by DHL. The homology
sequence identity and the mutation analysis were conducted using NCBI BLAST
analysis. blactx-m, blaspy and blarem genes of P. aeruginosa isolates of the current
study were registered in NCBI-Gen Bank data base with accession numbers.

3.2.8.1 Phylogenetic analysis

The phylogenetic tree was designed using the neighbor method with the help
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of MEGA4 software program (Tamura et al., 2007) and the neighbor-joining
phylogeny tree (Saitou and Nei, 1987). The evolutionary distances are computed
using the maximum composite likelihood method (Tamura et al., 2004) and the
reliability of the trees were determined by 1000 data set bootstrap resembling
(Felsenstein, 1985).
3.3. Statistical Analysis

SPSS 23 were used to perform the data analysis, and p-values <0.05 were
taken as significant. Descriptive statistics are used to describe the frequencies and
percentages of all categorical variables. Odds ratios of ESBL-producing P.
aeruginosa from the burn and wound patient were calculated using binary logistic
regression analysis. The Chi-square test was used to see the relationship of isolates
with antimicrobial resistance and the presence of blasny, blarem, and blacrx-vm genes
(Grewal et al., 2017).
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Results and Discussion
4.1. Description of study specimens

The current study included a collection of (150) swabs from patients suffering
from burns and wound injuries in both sexes, (64) males and (36) females, whose
ages ranged from 3-73 years Figure (4.1), for the period from September 2021 to
January 2022, from some Medical City Hospitals; AL-Shaheed Ghazi Al-Hariri
Hospital for Specialized Surgery; Baghdad Teaching Hospital; Burns Hospital
Specialized; Educational laboratories Medical City Hospital in Hospital-Baghdad\
Irag and also from Babylon hospitals at Al-Hillah Teaching Hospital, Mirgian
Medical City and Imam AL-Sadiq Teaching Hospital.

After final diagnosis of samples, 46 (30.6%) isolates of P. aeruginosa were
obtained as shown in Figure (4-2). Forty-six isolates of P. aeruginosa, (named PA1
to PA46) were isolated from one hundred and fifty clinical specimens of burns,
injuries and Diabetic foot of nine cites of Iraq which included Erbil, Ninawa,
Kirkuk, Diyala, Baghdad, Babylon, Muthanna, DhiQar and Basra.

Of these isolates, 23 (50%) were isolated from burns, 17 (37 %) were isolated
from injuries, and 6 (13 %) were isolated from feet of diabetics. The isolates were
identified depending on traditional methods (morphological features of the colonies
and the cells, biochemical tests, Vitek 2 compact) and finally, the confirmation was

achieved via PCR-sequencing of a P. aeruginosa unique gene.

54



Chapter Four Results and Discussion

female
36%

B female

H male

Figure 4.1 Distribution of the specimens according to gender

The results of the percentage distribution of the incidence according to the
gender of the patients agreed with the findings of Shehab and Jassim (2019). In
contrast, Shahraki et al. (2018) observed a percentage of 43 % males to 57 %
females. The possible reasons may be due to the types of populations studied,
different geographic locations, types of hospitals. Furthermore, males may have
routine outdoor work and are often at risk of infection from infected environments
(Manandhar et al., 2017).
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m Negative for P. aeruginosa 41 2 9 52
M Total 49 5 13 83

Figure (4.2): distribution of growth of P. aeruginosa isolates according to hospitals

55



Chapter Four

Results and Discussion

B Growth of P.auroginosa

M Other bacteria

B No growth

Figure 4.3. Percentage frequencies of all specimens positive and negative for

bacterial infection

The highest rate of bacterial infection was within the age group of 18-31 (9.5
%) years, followed by the age group of 3-17, 32-45 (7.4 %) followed by 60-73 (4.6
%) and 46-59 (2 %), respectively, as shown in Table (4-2).

Table 4.1: Distribution of patients according to age groups

Age group Patient Total P value (S)*
(Year) Positive for Negative for P.
P. aeruginosa aeruginosa
3-17 11 (7.4 %) 20 (13.6 %) 31 (21 %)
18-31 14 (9.5 %) 28 (18.8 %) 42 (28.3 %)
32-45 11 (7.4 %) 26 (17.6 %) 37(24 %)
46-59 3(2%) 14( 9.5 %) 17 (11.5 %) | 0.379
60-73 7 (4.6 %) 16(10.6 %) 23(15.2 %)
Total 46 (30.6%) 104 (69.4 %) 150 (100 %)

(S)*: Sig. at P<0.05
With age, pathological disorders and procedures such as diabetic foot or

cesarean section for women arise. This may be related to the fact that these age

groups are very mobile in terms of working indoors or outside the home (such as

in bakeries, ovens, and vehicle accidents). Recent studies in Iraq (Jawad, 2016;

Oumeri and Yassin, 2021) found that most of the wound infections were occurred

in individuals of 5-25 and 31-40 years, respectively.
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4.2 Detection of P. aeruginosa

The identification of these isolates was accomplished through the use of
culture and microscopic exams, biochemical tests, the Vitek 2 compact, and finally,
confirmation was achieved via PCR-sequencing for a P. aeruginosa unique gene.
A total of forty-six isolates of P. aeruginosa were isolated from 150 clinical
specimens. Of these, 17 isolates were isolated from injuries, 23 isolates were
isolated from burns and 6 isolates were isolated from diabetic-infected foot, the
details of distribution and percentages of the isolates were summarized in figure
(4.4).

160
140
% 120
100
g 80 E_— —
60 — —
S 10 . I . -
8_ 28 1 — — — ———— — —
No. % No. % No. %
Positive for P. Negative for
. . Total
aeruginosa P.aeruginosa
Injuries 17 21 65 79 82 100
diabetic foot 6 46 7 54 13 100
Burns 23 42 32 58 55 100
Total 46 31 104 69 150 100

Figure (4.4): Distribution of growth of P. aeruginosa isolates according to
specimen types

4.2.1 ldentification of P. aeruginosa on different media.

MacConkey agar colonies were pale because they couldn't ferment lactose
sugar. It smelled like fermented grapes. On blood agar, the colonies were black and
most had a translucent halo, indicating they could hemolysis red blood cells
(Jawetz, et al. 2019), on nutrient agar, P. aeruginosa colonies were recognized
based on pigments and odor generation (grape-like odor), with greenish colonies

(DeBritto et al., 2020). While the colonies of P. aeruginosa appeared on
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chromogenic agar in greenish blue color as depicted in Figure (4.5).

k L PP = =

Figure 4.5: P. aeruginosa colonies on MaCconky agar(A), Bl‘ood agér(B),
Nutrient agar (C) and Chromogenic agar (D)

On cetrimide agar, P. aeruginosa colonies appeared mucoid, smooth, and
greenish yellow because most of them produce pyocyanin, a greenish-blue dye, and
pyoverdine, a greenish-yellow pigment that shines under ultraviolet (UV) rays, as
shown in Figure (4.6). These dyes are soluble in water (Sudhakar et al., 2015).
Cetrimide agar is a selective media for isolation and presumptive identification of
P. aeruginosa. It consists of peptone, MgCI2, K2S04, cetrimide, agar, and the
rehydrated contents of one vial of nalidixic acid selective supplement (FD130). It
inhibits other microbial flora, grows with Pseudomonas spp., and produces a blue-
green pigment (Aryal, 2015). This finding is similar to research in Irag (AL-Rubaye
et al., 2015) that used cetrimide agar and different medium for P. aeruginosa

diagnosis .
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Figure 4.6: P. aeruginosa colonies on cetrimide agar

4.2.2 Detection of P. aeruginosa using biochemical methods

The Gram stain films of these isolating cultures revealed single or bi
arrangement and Gram-negative bacilli. All P. aeruginosa isolates have shown a
positive result in biochemical tests for oxidase, catalase tests, and pigment (blue
water-soluble pigment pyocyanin, yellow-green pyoverdine,) (Barbhaiya and Rao,
1985; El-Fouly et al., 2015), and the urease test. IMVIC tests have yielded negative
results, although isolates have shown positive results for citrate testing, despite
negative results for other tests (C). In Kligler iron agar have given alkaline slant
and change the bottom, H2S positive with gas production due to the fact that they
are strictly aerobic and negative to Gram’s stain as mentioned by Behbahani et al.
(2019). The results obtained were compared with specifications in 21st edition of
Bergey's Manual of Systematic Bacteriology, as shown in Table (4-3).

Table 4.2: Biochemical tests for identification of P. aeruginosa isolates

Test Results
Gram-stain G-ve rods
Catalase test +
Oxidase test +
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Growth at 42°c +
H2S production +
Indole test -
Kligler’s iron agar K/A
Methyl-red -

Voges-Proskauer -
Pigments production

Simmon’s citrate
Urease

Motility
Abbreviations: (+), positive test; (-), Negative test

+| +| +| +

4.2.3. Molecular methods for further identification of P. aeruginosa

Detection of P. aeruginosa was performed by cetrimide agar (Selective
Medium) were confirmed by PCR species-specific primer P. aeruginosa specific
gene 16S rRNA (Figure 3-7) the result revealed that all isolates were 100% P.
aeruginosa (Figure 4-7). By combining both the chromogenic agar and PCR
methods, a practical, cost-effective and reliable method was developed which
allowed for the identification and quantification of P. aeruginosa within a reduced
time. Many studies found that the cetrimide agar for P. aeruginosa is promising
medium for direct isolation and identification with high sensitivity and specificity
(Laine et al., 2009; Momin et al., 2017). Cetrimide agar will not only aid routine
to detect P. aeruginosa rapidly using only one media, but it will also provide
opportunity to conduct such procedures in a cost-effective and reliable manner
(Sivri et al., 2014). cetrimide agar is a promising medium allowing for the isolation
and simultaneous identification of P. aeruginosa from in burn infection (Al-
Dahmoshi et al., 2018).
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Figure 4.7: Agarose gel electrophoresis for amplified (956 bp) P. aeruginosa specific gene
16S rRNA of DM patients. Bands were fractionated by electrophoresis on a 1% gel (1 h.,
80V/cm) and visualized under U. V. light after staining with safe red. (L:100 — 1500 bp M:
ladder,); Lane: 1-46. positive results.

4.3. Antibiotic Susceptibility Test

Forty-six identified P.aeruginosa isolates (PAl to PA46) were evaluated
against 17 common antibiotics, as shown in Figures (4.8). The majority of isolates
exhibited antibiotic resistance, particularly B-lactam antibiotics. All 46 isolates of
P. aeruginosa test were resistant to tobramycin, piperacillin, cefepime, imipenem,
ofloxacin, aztreonam, and netilmicin. The isolate PA26 was resistant to all
antibiotics except for meropenem and norfloxacin, however, isolate PA2 was
responsive to the majority of antibiotics. Antibiotic such as the tobramycin,
piperacillin, cefepime, imipenem, ofloxacin, aztreonam, and netilmicin all
exhibited 100 % resistance, whereas norfloxacin (39 %), piperacillin-tazobactam
(26 %), levofloxacin (39 %), amikacin (74 %), meropenem (41 %), ciprofloxacin
(43 %), doripenem (37 %). Table (4.4) in Appendex shows the phenotypic of
antibiotic susceptibility of bacterial isolates in this study.
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Figure 4.8 Susceptibility patterns of P. aeruginosa to different antibiotics used in current
study.

The results showed that P. aeruginosa resistance to piperacillin 46/46(100%).
This result is not compatible with Vitkauskiené et al., (2010); Senthamarai et al.,
(2014) and Hussein et al., (2018) who reported the rates of 37.0%, 59.61% and
67.96% respectively.Although this result compatible or close from the result that
reported of Al-Marzoqi (2013) and Corehtash (2015) who reported (100%) and
(85.4%) resistance rates respectively.

Beta lactam-beta-lactamase inhibitors combination antibiotics also showed
resistance to piperacillin-tazobactam 26/46 (50%) (Figure 3-5). The resistance to
cephems were 46/46(100%) and for cefepime and ceftazidime were 40/46(87%).
This result was close with the results of Othman et al. (2014) who reported a
resistant rate of P. aeruginosa of ceftazidime which were 73.6%, and compatible
to other results obtained by Freitas and Barth (2005) and (Hassuna et al., 2015)
who recorded (87.7% and 86%) resistance rates, respectively. While (Hussein et
al., 2018) reported the resistance which rate were 55.5%. The results of the current
study are consistent with the results of Al Shwaikh and Alornaaouti (2018) as the
isolates of P. aeruginosa showed high resistance to ceftazidime, cefotaxime,

piperacillin and was resistant to both ciprofloxacin (43%) and tobramycin (100%)
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and gentamicin (87%) and resistant to both ofloxacin and imipenem resistant
(100%). The majority of isolates exhibited antibiotic resistance., particularly [-
lactam antibiotics. All 46 isolates of P. aeruginosa in this test were resistant to
tobramycin, piperacillin, cefepime, imipenem, ofloxacin, aztreonam, and
netilmicin (100%). The isolate PA26 was resistant to all antibiotics except
meropenem and norfloxacin, however, isolate PA2 was responsive to the majority
of medicines (Table 4-5). In the present study, the highest resistant percentages
toward the antibiotics were found with gentamicin (87%), while the lowest
resistant percentages were found with doripenem (37%). When the B-lactam,
aminoglycoside, or quinolone is ineffective, the polymyxins, particularly colistin,
remains as the antimicrobial drugs of the last option (Mitra et al., 2020). Beta-
lactam-beta-lactamase inhibitors combination antibiotics also showed resistance
to piperacillin-tazobactam 12/46 (26%) (Figure 4.6). The resistance to cephems
were 40/46(87%) for ceftazidime and (100%) for cefepime, (Figure 4.7). This
result was very close with the results of Othman et al. (2014) who reported a
resistant rate of P. aeruginosa ceftazidime were 73.6%, and close to other results
obtained by Freitas and Barth (2005) and Hassuna et al. (2015) who recorded
(87.7% and 86%) resistance rates, respectively while Hussein et al. (2018)

reported resistance rate were 55.5%.

The results showed high resistance to beta lactams (ceftazidime, cefepime,
piperacillin and this is mainly mediated by beta lactamases due to that when use
piperacillin-tazobactam the resistance was dropped from 100% to 26%. Beta-
lactamases regard as intrinsic mechanism of resistance leading to inactivating of
beta lactam rendering them inactive. Beta lactamase inhibitor like tazobactam (An
irreversible inhibitor of a wide variety of bacterial beta-lactamases) can improve
many beta lactams like piperacillin once combined with them. Piperacillin-

tazobactam is the most widely used B-lactam-f-Lactamase inhibitor combination
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for treating P. aeruginosa infections (Tannous et al., 2020; Al Muqati et al.,
2021). In spite of piperacillin antibiotic use rareness in the governmental, private
hospitals and daily clinic, but there are high resistance rate (46% resistance and
30% intermediate) in contrast to B-lactam-B-Lactamase inhibitor combination,
piperacillin-tazobactam which revealed high susceptibility to p. aeruginosa
(62%) so, thought that the result due to many mechanism; First: Piperacillin one
of B-Lactamse antibiotic bear structural resemblance to a natural substrate of
penicillin-binding proteins (PBPs), i.e., the dipeptide D-alanyl-D-alanine,
allowing them to effectively bind these enzymes (Goo and Sim, 2011; Sauvage et
al., 2008). At the PBP active site, a serine residue attacks the carbonyl carbon of
the B-lactam, resulting in the formation of a covalent acyl-enzyme complex that
is slowly hydrolyzed (Zapun et al., 2008). PBP inhibition impairs peptidoglycan
cross-linking, thereby leading to deregulation of bacterial cell wall synthesis and
activation of cell lysis (Goo and Sim, 2011; Sauvage et al., 2008). The
determination of PBP inhibition profiles is therefore important for establishing [3-
lactam activity against a given species. In the case of P. aeruginosa, the targets of
B-lactams are the PBPs essential for cell viability, namely PBP1b, PBP1c, PBP2,
and PBP3 (Moya et al., 2010). Also noteworthy is the non-essential PBP and
PBP4, whose inhibition triggers a highly efficient and complex B-lactam
resistance response and hence serves as a trap target for B-lactams (Moya et al.,
2009; Moya et al., 2010). These resistance mechanisms have resulted in strains
resistant to available antipseudomonal agents, including p-lactams,
fluoroquinolones and aminoglycosides, and have greatly compromised the
clinical efficacy of these agents (Perletti et al., 2010; Juan et al., 2010). Second:
Tazobactam is a sulfone derivative of penicillanic acid (Beale et al., 2011) Like
other early B-lactamase inhibitors (e.g., clavulanic acid, sulbactam), the moiety at

position 1 (a sulfone group in tazobactam) acts as a leaving group that promotes
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secondary ring opening at the f-lactamase active site, thereby facilitating covalent
bond formation between tazobactam and the enzyme, and subsequently leading to
irreversible inhibition (Drawz and Bonomo, 2010). Tazobactam is an inhibitor of
most class A B-lactamases including many ESBLs and some class C B-lactamases
(cephalosporinases) under the Ambler classification scheme (Drawz and
Bonomo, 2010; Beale et al., 2011). At the B-lactamase active site, tazobactam
forms a stable imine acyl-enzyme complex that undergoes hydrolysis much more
slowly than the complex formed by B-lactams to eventually free the enzyme
(transient inhibition) (Beale et al., 2011). Often referred to as an irreversible or
“suicide” B-lactamase inhibitor, tazobactam actually undergoes multiple fates
after the formation of this complex: (1) deacylation of the complex to regenerate
the active enzyme and an inactive product; (2) tautomerization of the imine to
form an enamine, also a reversibly inhibited enzyme; and (3) the formation of an
irreversibly inactivated enzyme after a series of degradation reactions (Yang et
al., 1999). The functional inhibition of the enzyme is determined by the relative
rates of each of these pathways (Drawz and Bonomo, 2010). So extended-infusion
piperacillin-tazobactam therapy is a suitable alternative to intermittent-infusion
piperacillin-tazobactam therapy, and they strongly suggest that improved
outcomes may be realized by administering extended-infusion piperacillin-
tazobactam therapy to critically ill patients with P. aeruginosa infection (Lodise
et al., 2007).

The rate resistance to aztreonam was 46/46 (100%), (Figure 4.8). A similar
result (81.8%) which was documented by Corehtash et al. (2015)., but it disagrees
with (48%) which was previously documented by Kateete et al. (2017) and
(54.4%) by Hussein et al. (2018). Like other Gram-negative bacteria, P.

aeruginosa possesses an inducible ampC gene, encoding the hydrolytic enzyme
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B-lactamase. This enzyme is able to break the amide bond of a B-lactam ring,
leading to inactivation of B-lactam antibiotics which explain the resistance to

aztreonam, piperacillin, and ceftazidime (Pang et al., 2019).

Resistace to carbapenems showed that 37%, 41% and 100% for doripenem,
meropenem and imipenem, receptivity, as shown in Figure (4.9). Imipenem result
was close to that of Fazeli et al. (2017) who reported a rate resistance 98.7%, but
different from Savari (2016) and Vitkauskien¢ (2010) who recorded resistance
22% and 24%, receptivity. Meropenem result is compatible with Gad et al. (2007)
who reported 22%, and far from Coetzee et al. (2013) which reported extremely
higher rate (93.4%). Carbapenems (Imipenem and Meropenem) antibiotics are
members of a B-lactams family, mainly used to treat P. aeruginosa infections.
Similar to enterobacteriaceae, carbapenemase enzymes have been identified in P.
aeruginosa strains and is responsible for its resistance. In addition, the porin OprD
Is known to promote the internalization of imipenem and to some extent,
meropenem but not of other B-lactams. Thus, the modification of OprD structure
and/or the reduction of its expression confer reduced susceptibility to imipenem.
The alteration of OprD is often associated with overexpression of efflux systems,
thus conferring a high level of resistance to imipenem, but also to other classes of

antibiotics such as quinolones and aminoglycosides (Bassetti et al., 2018).

Aminoglycosides resistance which icluded, gentamicin 40/46 (87%),
tobramycin 46/46 (100%), amikacin 34/46 (74%), netilmicin 46/46 (100%) as
shown in Figure (4.10). Gentamicin resistance rate recorded in this study was
(87%), this result is far from that documented by Vitkauskiené et al. (2010) who
reported (37%) and incompatible with Fazeli et al. (2017) (91.2%). For
tobramycin resistance rate was 100%, this result far from 15.9 and 3.3% which
found by Al-derzi. (2012) and Coetzee et al. (2013), respectively, but high
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resistance with Aljanaby and Aljanaby (2018) who reported a rate of 78.8% and
Othman et al. (2014) who reported a rate of 76.2%. For Amikacin results
demonstrated a resistance rate of 74%. This result was close to that of Aljanaby
and Aljanaby (2018) (77.4%) and Corehtash et al. (2015) (82%). incompatible
with the findings of Alramahy and Aladily, (2017) (26%) and Juhi et al. (2009)
(30%), Tobramycin, amikacin, and gentamicin are aminoglycosides antibiotic.
Acquired resistance to aminoglycosides is mediated by transferable
aminoglycoside-modifying enzymes (AMESs), rRNA methylases and derepression
of endogenous efflux systems. Modification and subsequent inactivation of
aminoglycosides are achieved by three deferent mechanisms: (1) acetylation, by
aminoglycoside acetyltransferases (AACSs), (2) adenylation, by aminoglycoside
nucleotidyltransferases (ANTSs), and (3) phosphorylation, by aminoglycoside
phosphoryl transferases. Methylation of the 16S rRNA of the A site of the 30S
ribosomal subunit interferes with aminoglycoside binding and consequently
promotes high-level resistance to all aminoglycosides (Meletis and Bagkeri,
2013). P. aeruginosa shows resistance to a wide range of antibiotics,
comprises aminoglycosides, quinolones and B-lactams. The resistance may be
intrinsic (low outer membrane permeability, coding for efflux pumps and the
making of antibiotic-inactivating enzymes), acquired (either horizontal transport
of resistance genes or mutational alteration) and adaptive (involves formation of
biofilm which provide as a diffusion barrierto edge antibiotic access to
the bacterial cells) resistance (Mulcahy et al., 2010; Breidenstein et al., 2011).
Resistance to flouroguinolones showed 20/46 (43%), 46/46 (100%), 18/46 (39%),
to ciprofloxacin, ofloxacin and levofloxacin, respectively, as shown in Figure
(4.11). For ciprofloxacin, this result is compatible with the data reported by Al-
derzi. (2012) who recorded that (23.9%) of isolated were resistance to
ciprofloxacin, but disagree with that reported by Othman et al. (2014) who
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recorded (61.3%) resistance. For levofloxacin (39%), this rate is close to the
results of Yayan et al. (2015) (30.6%) and Lila et al. (2017) (36.1%), but disagrees
with Khadim and Marjani (2019) (57.14 %) and Hussein et al. (2018) (60.19%).
Flouroquinolone antibiotics such as ciprofloxacin and levofloxacin interfere with
DNA replication by inhibiting DNA gyrase and topoisomerase IV (Pang et al.,
2019). Ciprofloxacin and levofloxacin resistance can arise through the acquisition
of mutations in genes encoding the target proteins of ciprofloxacin and regulators
of efflux pumps, which leads to overexpression of these pumps leading to
increases the expulsion of ciprofloxacin from P. aeruginosa cells and occurs
through mutations in regulatory genes of efflux pumps (Rehman et al., 2019). P.
aeruginosa respiratory tract infections isolates were 100% resistant to ampicillin,
ampicillin/sulbactam, amoxicillin, amoxicillin/clavulanate and chloramphenicol,
highly resistant to cefuroxime (89%), tetracycline (89%) and azithromycin (84%),
and susceptible to norfloxacin (89%), amikacin (84%) and meropenem (68%). P.
aeruginosa urinary tract infection isolates were 100% resistant to ampicillin,
amoxicillin, chloramphenicol, cefuroxime and tetracycline, highly resistant to
amoxicillin/clavulanate (95%), azithromycin (95%), cefalexin (91%) and
ampicillin/sulbactam (82%), and susceptible to amikacin (82%), meropenem
(73%) and norfloxacin (64%). P. aeruginosa skin infection isolates were 100%
resistant to ampicillin and amoxicillin, highly resistant to tetracycline (95%),
amoxicillin/clavulanate (95%), cefalexin (87%) and azithromycin (84%), and
susceptible to amikacin (87%), norfloxacin (71%) and meropenem (68%) (Gad et
al., 2008). all P. aeruginosa isolates were found to be susceptible to Norfloxacin
and Ciprofloxacin most isolates were also susceptible to Gentamicin (86.12 %)
(Bekele et al., 2015). Antibiotic susceptibility testing was performed by using
the disc diffusion method. Importantly, present results show that 53% out of P.

aeruginosa isolates exhibited multi drug resistance (MDR) pattern. P. aeruginosa
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isolates showed higher resistance to ciprofloxacin, gatifloxacin and meropenem
and intermediate resistance to cefoperazone, cefepime, pipracillin, tobramycin,
pipracillin-tazobactam, ceftazidime and azetreonem while Low bacterial
resistance was noted against colistin only (Alsadek mohamed, 2020). Imipenem
was the most effective antibiotic, with 100% of the strains being susceptible,
followed by amikacin (87.5%), gentamicin, norfloxacin, gatifloxacin and
polymyxin (both with 81.5%o0f susceptibility) (Leigue et al., 2016). This study
also showed that most of the isolates of P. aeruginosa were 100 % multi-drug
resistant (3 different antibiotic resistance). The details of the distribution of the
MDR phenotype among P. aeruginosa and percentages of the isolates were
summarized in Table (4-5). This was slightly more than the finding of Hasan et
al. (2019) who found 91.6 % of the isolates were MDR, and higher more than the
finding of Nasser and Kharat (2019) who found 66.3 % of P. aeruginosa isolates
were MDR. While, agree with Moazami and Eftekhar (2013) which showed 100

% of P. aeruginosa isolates were MDR in the patients burns.

Table 4.4 Frequency of multidrug-resistant isolates of P. aeruginosa

Antibiotic No.of
resistant
isolate

AZT./IMI./PIP./CEF./TOB./NET./OFL./DOR./MER./CAZ./PPT./GEN./ 1
CIP./NOR.
AZT./IMI./PIP./CEF./TOB./NET./OFL./CAZ./GEN./AMI./NOR./GAT./ 2
MER./P/T./DOR
AZT./IMI./PIP./ICEF./TOB./NET./OFL./CAZ./GEN./AMI./NOR./MER./ 2
P/T./DOR
AZT./IMI./PIP./CEF./TOB./NET./OFL./CAZ./GEN./AMI./MER./ 5
PPT./.DOR
AZT./IMI./PIP./CEF./TOB./NET./OFL./ CAZ./GEN./ AMI./ MER./ 1
DOR
AZT./IMI./PIP./CEF./TOB./NET./OFL./ CAZ./GEN./ AMI./ DOR 1
AZT./IMI./PIP./CEF./TOB./NET./OFL./ CAZ./GEN./ 4
AMI././DOR./LEV
AZT./IMI. /PIP. /CEF. /TOB. /INET. /OFL./ CAZ 1
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AZT. /IMI. [PIP. /CEF. /TOB. /NET. /OFL. /CAZ./GEN./ DOR 1
AZT./IML/PIP./CEF./TOB./NET./OFL./ CAZ./GEN 2
ICIP/AML./NOR./GAT
AZT./IML./PIP./CEF./TOB./NET./OFL./CAZ./GEN/CIP/AMI./NOR./G 1
AT./MER./LEV

AZT./IMIL./PIP./CEF./TOB./NET./OFL./ CAZ./GEN /CIP /AMI NOR 3
AZT. /IMI. [PIP. /|CEF. /TOB. /NET. /OFL. /CAZ./GEN /CIP 1
AZT./IMIL./PIP./CEF./TOB./NET./OFL./GEN 3
5
2

AZT. /IMI. [PIP. /CEF. /ITOB. /INET. /OFL. /CAZ. /GEN /CIP. /AMI
AZT. /IMI. [PIP. /CEF. /TOB. /NET. /OFL.
CAZ./GEN./CIP./AMI./NOR./GAT./MER./ PPT.

AZT./IML/PIP./CEF./TOB./NET./OFL./ 5
CAZ./GEN./CIP./AMI./NOR./GAT./MER
AZT./IML./PIP./CEF./TOB./NET./OFL./ 1
CAZ./GEN./CIP./AMI./NOR./GAT./MER./PPT./DOR
AZT./IML./PIP./CEF./TOB./NET./OFL./ CAZ./GEN 3

Abbreviations: R, resistance; S, sensitive; I, intermediate; AZT, Aztreonam; IMI, Imipinem; PIP,
Piperacillin; CEF, Cefepime; TOB, Tobramycin; NET, Netilmicin; OFL, Ofloxacin; DO,
Doripenem, MER, Meropenem; CAZ, Ceftazidim; PPT, Piper. /Tazo.; AMI, Amikacin; GEN,
Gentamicin; CIP, Ciprofloxacin; NOR, Norfloxacin; LEV, Levofloxacin; GAT. Gatifloxacin.

When using piperacillin-tazobactam, beta lactam resistance drops from 46%
to 16%. Beta lactamases inactivate B-lactams as an innate resistance mechanism.
Beta lactamase inhibitors like tazobactam enhance several beta lactams like
piperacillin. Piperacillin-tazobactam is the most common [B-lactam--lactamase
inhibitor for P. aeruginosa infections (Tannous et al., 2020; Al Mugati et al.,
2021). Despite uncommon usage in government, private hospitals, and day
clinics, piperacillin antibiotics have a significant resistance rate 46% and 30%
intermediate resistance compared to piperacillin-tazobactam, which showed great
susceptibility to p. aeruginosa (62 % ) thus, considered various mechanisms
caused the result; Piperacillin, a B-Lactam antibiotic, resembles a natural substrate
of penicillin-binding proteins (PBPs), D-alanyl-D-alanine, allowing it to bind
these enzymes (Goo and Sim, 2011; Sauvage et al., 2008). At the PBP active site,
a serine residue attacks the -lactam carbonyl, forming a covalent acyl-enzyme

complex (Zapun et al., 2008). PBP inhibition affects peptidoglycan cross-linking,
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causing bacterial cell wall production dysregulation and cell lysis (Goo and Sim,
2011; Sauvage et al., 2008). Determining PBP inhibition patterns is vital for p-
lactam activity against a particular species. In P. aeruginosa, f-Lactams target
PBP1b, PBP1c, PBP2, and PBP3 (Moya et al., 2010). Non-essential PBP4, PBP4,
induces a highly efficient and complicated B-lactam resistance response and acts
as a trap target for p-Lactams (Moya et al., 2009; Moya et al., 2010). These
resistance mechanisms have created strains resistant to p-lactamase,
fluoroquinolones, and aminoglycosides, reducing their therapeutic effectiveness
(Perletti et al., 2010; Juan et al., 2010). Second, Tazobactam is a penicillanic acid
sulfone (Beale et al., 2011) Like other early B-lactamase inhibitors (e.g.,
clavulanic acid, sulbactam), tazobactam's position 1 moiety (a sulfone group)
stimulates secondary ring opening at the P-lactamase active site, promoting
covalent bond formation and permanent inhibition (Drawz and Bonomo, 2010).
Under the Ambler categorization approach, tazobactam inhibits most class A -
lactamases (including many ESBLsS) and certain class C p-lactamases
(cephalosporinases) (Drawz and Bonomo, 2010; Beale et al., 2011). At the B-
lactamase active site, tazobactam generates a stable imine acyl-enzyme complex
that hydrolyzes more slowly than the complex generated by p-lactams (transient
inhibition) (Beale et al., 2011). Often called an irreversible or "suicide" B-
lactamase inhibitor, tazobactam undergoes multiple fates after forming this
complex: (1) deacylation to regenerate the active enzyme and an inactive product;
(2) tautomerization of the imine to form an enamine, also a reversibly inhibited
enzyme; and (3) formation of an irreversibly inactivated enzyme after a series of
degradation reactions (Yang et al., 1999). Functional inhibition of the enzyme is
dictated by these rates (Drawz and Bonomo, 2010). So extended-infusion
piperacillin-tazobactam therapy is a good option to intermittent-infusion

piperacillin-tazobactam therapy, and they propose improved outcomes by
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delivering it to critically sick patients with P. aeruginosa infection (Lodise et al.,
2007).

4.3. Detection of biofilm formation by P. aeruginosa
In this study 46 isolates were tested using the microtiter culture plate method
(TCP) assay, which Christensen et al. (1985) described as it a semi-quantitative
microtiter plate test biofilm assay, Jolanta et al. (2016) found that biofilms protect
against antimicrobial agents very well. The interpretation of biofilm formation was
done according to the Stepanovic et al. (2007) criteria presented in Table (4-6). The
result showed that out of 46 isolates only 7 (%14) isolates (PA3, PA5, PA9, PA12,
PA13, PA16, PA19) were moderate positive to form biofilm, the weakly positive
isolates were 27 (59%) and the negative isolate were 12 (27 %) as shown in Figure
(4.5) in Appendex.
The discrepancy in results between different isolates in this study may be
attributed to many factors such as the different cities from which the specimens

were collected, the type of clinical specimens from which the isolates were

59%

60%
o
SN 50%
S 40% 27%
S o/ - Non
c 30% — o
o) 14% Weak
O 20% 7 a—
b B Moderate
8 10% - —

0%

Non Weak Moderate

Biofilm grade

Figure 4.9. Biofilm formation grade of P. aeruginosa isolates
obtained and also the differences of isolates capability to form biofilm. The
primary number of cells that succeeded in adherence and the differences of quality

and quantity of auto inducers (quorum sensing signaling molecules) that were
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produced from each isolate may also play an essential and an important role
(Maleki et al., 2018). Jolanta et al. (2016) found that the biofilms were important

to protect the bacteria against antimicrobial agents.

It is observed in the present study that a variable activity in biofilm formation
was found this result has an agreement with the result obtained by Halstead et al.,
(2015) study, who noted that P. aeruginosa isolate exhibited variable biofilm
production. The TCP assay was described in the literature as a simple and rapid
method to quantify biofilm formation of different bacterial strains. Crystal violet is a
basic dye known to bind to negatively charged molecules on the cell surface as well
as nucleic acids and polysaccharides, and therefore, gives an overall measure of the
whole biofilm. It has been used as a standard technique for rapidly accessing cell
attachment and biofilm formation in a range of Gram positive and Gram-negative
bacteria (MacFaddin, 2000). In the current study regarding to the percentages
between biofilm formation and antibiotic resistance, not all isolates were 100 %
biofilm formation and not 100 % multi-drug resistant as shown in Table (4-7). The
results were agreed with Karami et al., (2020) results, as he found that 39 (67.2%)
isolates forming biofilm and 19 (32.8%) non-biofilm forming. while low frequency
(24%-27%) of biofilm formation stated by another studies (Abootaleb et al., 2020;
Abdelraheem et al., 2020). Biofilm style of P. aeruginosa represent the aggregates
encased in a self-produced extracellular matrix and are difficult or impossible to
eradicate with antibiotic treatment. Biofilms are estimated to be responsible for over
65% of nosocomial infections and 60% of all human infections. Additionally, the
biofilm risk orginated from the fact that, it is the main driver of persistence of chronic
infections (Romling and Balsalobre, 2012; Benhamed et al., 2014, Ciofu and Tolker-
Nielsen, 2019). Many of P. aeruginosa chronic infections have been linked to the

biofilm mode of growth. Such infections are difficult to eradicate because bacteria in
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biofilms have a higher tolerance against antimicrobial agents than their planktonic
counterparts (Rybtke et al., 2015).

Table 4.6 The grade and percentage of biofilm formation by P. aeruginosa

isolates
Biofilm formation Grade and MDR Isolate No. | %
Non 13 28
Weak 27 59
Moderate 6 13
Total 46 100

High resistance to all antibiotics with different grades of biofilm formation was
recorded, Table 4.8, where the difference between antibiotic resistance and the
grade of biofilms was no significant difference. This can be a reason or evidence
that once a biofilm exists in any grade, it is sufficient to resist different lifetime
antibiotics and this was what distinguishes of P. aeruginosa and makes them multi-
drug resistant.

Table 4.7: Correlation between biofilm grade and antibiotic resistance.

Antibiotic Biofilm grade P. value
Non Weak Moderate
No % No % No %
Aztreonam 13 28 27 59 6 13 0.214
Imipinem 13 28 27 59 6 13 0.214
Piperacillin | 13 28 27 59 6 13 0.214
Cefepime 13 28 27 59 6 13 0.214
Tobramycin | 13 28 27 59 6 13 0.214
Netilmicin 13 28 27 59 6 13 0.214
Ofloxacin 13 28 27 59 6 13 0.214
Doripenem 5 29 10 59 2 12 0.542
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Meropenem | 6 32 9 47 4 21 0.76

Ceftazidim 12 30 23 57 5 13 0.293
Piper./Tazo. |4 33 8 67 0 0 0.471
Amikacin 9 26 19 56 6 18 0.414
Gentamicin | 13 31 23 55 6 14 0.306
Ciprofloxacin | 4 20 11 55 5 25 0.605
Norfloxacin | 3 17 13 72 2 11 0.401
Levofloxacin | 7 39 9 50 2 11 0.601
Gatifloxacin | 4 32 7 53 2 15 0.673

There are two key reasons why the use of traditional antibiotic therapy makes
biofilm bacteria hard to eliminate. Biofilm polysaccharide which is also referred to
as slime, is a polymeric conglomeration generally composed of proteins and
polysaccharides (Hall-Stoodley et al., 2004). The extracellular exopolysaccharide
of biofilms of P. aeruginosa is mainly composed of alginate. It has been stressed
that matrix provides a barrier leading to enhance resistance to host defense
mechanism as well as to antibiotics causing treatment failure and also promote
adherence to epithelial cells. Biofilm formation provides bacteria with a means of
persistently colonizing either living or inert surfaces within a human host (Murray
et al., 2010).

Another reason is that the biofilm bacteria are either slow-growing or non-
growing. Some antibiotics, like B-lactams, require rapid bacterial growth to Kill
cells (Kaplan et al., 2012). Beta-lactam antibiotics have been shown to induce or
increase production, biofilm volume and increase alginate production in P.
aeruginosa biofilms and possible that enhanced biofilm formation by in response
to B-lactams may foster genetic exchange and contribute to the spread of antibiotic
resistance genes (Kaplan et al., 2012). This result agreed with Fricks-Lima et al.
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(2011) and Kaplan et al. (2012) who observed that the greatest increase in biofilm
antibiotic resistance occurred with the B-lactam antibiotics.
4.4. Detection of p-lactamase genes of P. aeruginosa isolates.

PCR detecting sequences of the genes of B-lactamase genes were positive;
28(63%) isolates carry blasyy gene, 26 (26.6%) isolates carry blatem gene and 31
(67 %) isolates carry blactx-m gene as shown in Figures (4.18 to 4.20) and Table
4.9.

Table 4.8: Distribution of gene group of P. aeruginosa isolates.

Isolate No. SHV gen TEM gen CTX-M gen Genotype

PA1l -ve +ve +ve TEM and CTX-M

PA2 +ve +ve +ve SHV,TEM and CTX-M
PA3 -ve +ve +ve TEM and CTX-M

PA4 +ve +ve -ve SHV and TEM

PA5 -ve -ve +ve CTX-M

PAG6 +ve +ve -ve SHV and TEM

PA7 +ve +ve +ve SHV,TEM and CTX-M
PAS8 -ve +ve +ve TEM and CTX-M

PA9 +ve -ve +ve SHV and CTX-M
PA10 -ve -ve -ve None

PA11 +ve +ve +ve SHV,TEM and CTX-M
PA12 -ve +ve +ve TEM and CTX-M
PA13 +ve -ve +ve SHV and CTX-M
PA14 +ve -ve +ve SHV and CTX-M
PA15 +ve +ve +ve SHV,TEM and CTX-M
PA16 +ve +ve +ve SHV,TEM and CTX-M
PA17 +ve -ve -ve SHV

PA18 +ve -ve +ve SHV and CTX-M
PA19 +ve -ve +ve SHV and CTX-M
PA20 +ve +ve +ve SHV,TEM and CTX-M
PA21 -ve +ve -ve TEM

PA22 +ve -ve +ve SHV and CTX-M
PA23 -ve -ve +ve CTX-M

PA24 -ve +ve +ve TEM and CTX-M
PA25 +ve +ve +ve SHV, TEM and CTX-M
PA26 +ve +ve +ve SHV, TEM and CTX-M
PA27 +ve +ve +ve SHV,TEM and CTX-M
PA28 +ve +ve +ve SHV,TEM and CTX-M
PA29 +ve -ve -ve SHV

PA30 +ve +ve -ve SHV and TEM

PA31 -ve +ve -ve TEM
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PA32 +ve -ve +ve SHV and CTX-M
PA33 +ve +ve +ve SHV,TEM and CTX-M
PA34 +ve +ve +ve SHV,TEM and CTX-M
PA35 +ve +ve +ve SHV, TEM and CTX-M
PA36 +ve +ve +ve SHV,TEM and CTX-M
PA37 +ve +ve +ve SHV, TEM and CTX-M
PA38 +ve +ve +ve SHV,TEM and CTX-M
PA39 -ve -ve -ve None

PA40 -ve -ve +ve CTX-M

PA41 +ve -ve -ve None

PA42 -ve -ve -ve None

PA43 -ve -ve -ve None

PA44 -ve -ve -ve None

PA45 -ve -ve -ve None

PA46 -ve -ve -ve None

Abbreviation: +ve: gene possessing., -ve: gene lacking

Figure 4.10: The presence and absences of blacrx-m PCR product (499bp) in some isolated
samples. PCR products were separated by electrophoresis in an 1% agarose gel, at 75
V\Cm for 80 min. M: Marker DNA ladder size (1500 bp).

77



Chapter Four Results and Discussion

Figure 4.11: The presence and absences of blasnv PCR product (231bp) in some isolated
samples. PCR products were separated by electrophoresis in an 1% agarose gel, at 75
VACm for 80 min. M: Marker DNA ladder size (1500 bp).

Figure 4.12: The presence and absences of blarem PCR product (861bp) in some isolated
samples. PCR products were separated by electrophoresis in an 1% agarose gel, at 75 V\Cm
for 80 min. M: Marker DNA ladder size (1500bp).

Based on these findings, there were 16 isolates (34.78%) possessed blargw,
blacrx-m and blasqy genes. the blactx.m and blasqy genes were identified in 7
(15.21%) isolate, and also blacrx-m and blarem genes were identified in 5 isolates
(10.86%) whereas 7 isolates (PA10, PA39, PA41, PA42, PA43, PA44, PA45, and
PA46) lacked of the three genes. the isolates PA5, PA23, and PA40 were found to
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have CTX-M gene, whereas the PA17 and PA29 isolates were found to possess
SHV gen, on the other hand, the PA21 and PA31 isolates have TEM gene. the
distribution of (SHV, TEM and CTX-M) Genes of P. aeruginosa. the distribution
of (SHV, TEM and CTX-M) Genes of P. aeruginosa in current study show in Table

(4.10).
Table 4.9: Distribution of blasnv, blatem and blactx-m Genes of P. aeruginosa.
Gene Isolate P. aeruginosa. %
No
only SHV 2 4.35
only TEM 2 4.35
only CTX-M 3 6.5
SHV and TEM 3 6.52
SHV and CTX-M 7 15
TEM and CTX-M 5 10.9
SHV, TEM and CTX-M 16 34.7
None 8 17.4

In the current study, B-lactamases production using antibiotics resistance and
molecular detection of blasny, blarem and blacrx-m genes in P. aeruginosa isolates
revealed that there was a harmony between results of antibiotic resistance and
positive molecular detection of these genes. The highest resistance rate to most
antibiotics was observed in the isolates of blasyy then blarem genes, as shown in
Table (4.10).

Table (4.10): Pattern of highest resistance isolates of P. aeruginosa isolate to
the different type of antibiotcs among these B-lactamases genes

SHV TEM CTX-M SHV and SHV and TEM and SHV, TEM, None
TEM CTX- CTX- andCTX-
M M M
No| % | No| % No % No % No % No % No % No | %
Aztreonam 2 |100| 2 |100| 3 | 100| 3 100 7 100 5 100 16 100 8 | 100
Imipinem 2 |100| 2 |100| 3 | 100| 3 100 7 100 5 100 16 100 8 | 100
Piperacillin 2 |100| 2 |100| 3 | 100 3 100 7 100 5 100 16 100 8 | 100
Cefepime 2 |100| 2 |100| 3 | 100 3 100 7 100 5 100 16 100 8 | 100
Tobramycin 2 |100| 2 |100| 3 | 100 3 100 7 100 5 100 16 100 8 | 100
Netilmicin 2 1100 2 [100| 3 | 100 3 100 7 100 5 100 16 100 8 | 100
Ofloxacin 2 |100| 2 |100]| 3 |100]| 3 100 7 100 5 100 16 100 8 | 100
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Doripenem 15 /]0|0 ]| 1|32 66 2 28 0 0 6 37 5 | 62
Meropenem | o | 0 | 1 |50 | 1 | 33 | 2 66 3 42 2 40 6 37 4 | 50
Ceftazidim 2 {100 2 |100| 3 | 100 | 2 66 5 71 4 80 13 81 8 | 100
Piper./Tazo. | 2 (100| 1 | 50 | 1 | 33 2 66 1 14 0 0 2 12 2 | 25
Amikacin 2 {100 1 |5 | 2 | 66 2 66 7 100 5 100 11 68 4 | 50
Gentamicin 2 [100| 2 [100| 3 | 100 | 2 66 7 100 4 80 14 87 8 | 100
Ciprofloxacin | 0 | 0 | 0| 0 | © 0 1 33 5 71 3 60 6 37 4 | 50
Norfloxacin | 1 | 50 | 1 | 50 | 1 | 33 1 33 0 0 3 60 8 50 3| 37
Levofloxacin | o0 | 0 | 1 | 50 | 2 | 66 1 33 4 57 1 20 4 25 5 | 62
Gatifloxacin | 0 | 0 | 1 |50 | © 0 2 66 2 28 1 20 5 31 2 | 25

The highest bacterial resistance (100%) was obtained to nalidixic acid (30
ug), followed by tetracycline (30 pg) and amoxicillin (25 pg). The frequencies of
blacrx-m, blasny, blatem and blaoxa-4s genes were 23.95% (23 isolates), 23.08% (26
isolates), 57.29% (55 isolates) and 12.5% (12 isolate), respectively. Sixty isolates
resistant to carbapenems (78.9%) carried at least one resistant gene (blargw, blasny,
blactx-v and blaoxa-4s) and 16 isolates (21.1%) did not have any of these genes
(Malek et al.,2018). In another study (Peymani et al.,2017) of the 75 P. aeruginosa
isolates with ESBL phenotype, blarem-1 (20-26.7%) was the most common gene,
followed by blactx-m-15 (13- 17.3%), blasuy-1 (5-6.7%), and blasuy-12 (3-4%), either
alone or in combination. In this study, isolates were, instead, negative for blacrx-
M-2, PlacTx-m-s, and blactx-m-9- group genes, as well as for blacrtx-m-2s. In a recent
study, it was found that the most prevalent genotype for ESBL production was
blarem, Which was detected in 65 (79.3%) strains followed by blasyy (69.5%) and
blactx-m (31.7%) (Hosu et al., 2021). The antimicrobial resistance profiles of the
samples were compared after Shirehjini et al. (2017) which found significant levels
of antibiotic resistance in P. aeruginosa strains and discovered that 34.2% of the
bacteria had a TEM gene. According to Peymani et al. (2017), the most often found
gene in P. aeruginosa strains was blarem-1 (26.7%), which was followed by blacrx-
m-15 (17.3%), blasyv-1 (6.7%), and blasyy-12 (4%). By using the PCR technique,

Bahrami et al. (2018) looked into the presence of the beta-lactamase genes blasny,
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blatem and blacrx-m, in 96 clinical isolates of P. aeruginosa in Bandar Abbas. There
were 23 isolates with blacrx-m, 23 isolates with blasyy, 26 isolates with blargm, 55
isolates with blaoxa-4s, and 12 isolates with blaoxa-ss, respectively, with prevalence
rates of 23.95 %, 23.08 %, 57.29 %, and 12.5%. (19). These results are similar in
some aspect to those mentioned in this study. Nosocomial bacterial infections'
patterns of resistance can change significantly over time and from one country to
another (Prashanth and Badrinath, 2004). The blatgm, blasyy, blaoxa-4s and blacrx-m
genotypes are prevalent in Asian countries (Bahrami et al., 2018). In this study, a
total of 38 isolates (82.6%) carried at least one of the ESBL genes (blarem, blashy,
and blacrx-m), and 8 isolates (17.4%) carried no ESBL-producing genes. The most
prevalent -lactamase gene, according to the PCR results, was blacrx.m that was
detected in 31 isolates. The frequency of the blargm and blasyy genes were 100%
and 66% respectively in the study of Bokaeian et al., (2018). Their findings
revealed that 6.89% of P. aeruginosa MDR isolates tested positive for ESBL. The
prevalence of the blargm gene in study conducted by Mohammed et al. (2016) was
25%, which is lower than the comparable prevalence in this study. On the other
hand, the association of production of -lactamases with biofilm formation: All
beta-lactamase isolates were positive for the formation of biofilms, as showed in
Table 4.6. Although most ESBL producers were biofilm positive, no statistical
significance was observed. Then grade of biofilm formation in relation with [3-
lactamase production among the isolates. The diffusion barrier of biofilm plays a
role for resistance of P. aeruginosa that overproduce beta-lactamase due to the
presence of the biofilm matrix of beta-lactamases which will hydrolyze the beta-
lactam antibiotics before reaching the bacterial cells (Hoiby et al., 2010). Nichols
et al. (1989) predicted from mathematical models that the biofilm would not afford
protection against diffusion of beta-lactam antibiotics into the bacteria embedded

in the biofilm as long as the level of chromosomal beta-lactamase is low. However,
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bacteria expressing high level of chromosomal beta-lactamase growing in biofilms
would be exposed to reduced concentration of beta-lactam antibiotics due to
accumulation of the enzyme in the polysaccharide matrix. The extracellular beta-
lactamase would inactivate the antibiotic as it penetrates, thereby protecting the
deeper-lying cells (Hoiby et al., 2010).
4.5. DNA Sequence and Phylogenetic Tree
4.5.1. DNA amplification of blactx-m, blarem and blasnv Genes

The DNA amplification was accomplished by the thermo-cycler apparatus
under the optimal conditions using specific primers as mentioned in the Tables (3-
7). The result of the PCR reaction revealed that the presence of a single band (499
bp) of the target sequence for blactx-m gene of P. aeruginosa as in Figure (4.9). The
result of the PCR reaction revealed that the presence a single band (231 bp) of the
target sequence for blasny gene of P. aeruginosa as in Figure (4.10). The result of
the PCR reaction revealed that the presence a single band (848 bp) of the target

sequence for blarem gene of P. aeruginosa as in Figure (4.11).

4.5.2. DNA Sequencing

To obtain a trimmed sequence, each data sequence was trimmed from the
beginning to the ending, according to normal waves. When compared to NCBI-
Blast, this sequence has a high level of identity to other global sequence data. The
waves produced by scanning the sequences indicate the strong and weak regions of
the sequences, which are then trimmed, resulting in increased identity with global
sequences at NCBI-Blasting. The results of nucleotide sets are checked and
confirmed by using NCBI-Basic Local Alignment Search Tool (BLAST analysis)-
nucleotide Blast-Search a nucleotide database using a nucleotide query online,
which was a perfect program and gave the exact results of identity percentage with

other world strains. Sequence alignment must be performed using blacrx-m, blasny
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and blarem genes of P. aeruginosa sequences databases information recorded in

Gen Bank to find identity and similarity score degrees of gene and compared with

the isolates of this study. The results of sequences alignment of the nine local

isolates (PAl to PA9), isolated from different regions of Iraq, Table 2 and 6 showed

identity ranging from 95% to 100% (Figure. 2 to 10 and Table 5), good query cover,

and max score with other world strains of P. aeruginosa.

Table 4.11: Alignment results of nine P. aeruginosa isolates with reference

isolates retired from NCBI

Local Reference of the isolate with highest percentage
Isolate Isolate similarity(%0)
Gene Accession Similarity Origin
No. No. (%)

1. P. aeruginosa | blacrxwm KY792758.1 99 % UAE
PAl

2. P. aeruginosa blacTtx-m KU139118.1 98 % India
PA2

3. P. aeruginosa blacTx-m KU139120.1 95 % India
PA3

4. P. aeruginosa blashy KY640504.1 96 % Egypt
PA4

S. P. aeruginosa KY640504.1 100 % Egypt
PA5 blashv

6. P. aeruginosa KY640504.1 100 % Egypt
PA6 blashv

7. P. aeruginosa blarem MG755406.1 99 % Iran
PA7

8. P. aeruginosa blarem MG755406.1 99 % Iran
PA8

9. P. aeruginosa blarem MG755406.1 99 % Iran
PA9
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Score

Expect Identities Gaps Strand

357 bits(193) 2e-96  197/199(99%) 0/199(0%) Plus/Plus

Query
Sbhjct
Query
Shjct
Query
Shjct
Query
Shjct

1
617
61
677
121
737
181
797

Figure (4.13)

AGCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCAGTCAGGCTGGACTGC

[ELLCLERELECEEE LR L ELE LR LR R EL LT
AGCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCATTCAGGCTGGACTGC

CTGATTCCTGGGTTGTGGGGGATAAAACCGGCAGCGGTGGCTATGGCACCACCAACGATA

LELLLLLELCELELEECELE LR LECEL L AL T LT L]
CTGCTTCCTGGGTTGTGEGGEATARMACCGGCAGCGETGECTATGECACCACCAACGATA

TCGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGC

LECLELELEELCEEE LR LD LT L L L LD L EL T
TCGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGC

CTCAACCTAAGGCAGAAAG 199

LELLLLLLELEEEELLT
CTCAACCTAAGGCAGAMAG 815

: Basic Local Alignment of P. aeruginosa blactx-m gene isolate PA1 with high
similarity NCBI-BLAST P. aeruginosa strain SKGH_46 beta-lactamase (blactx-m) gene,

partial sequence (accession number: KY792758.1in GenBank).

60

676
120
736
180
796

Score

Expect Identities Gaps Strand
390 bits(203) 3e-106 221/225(58%) 2/225(0%) Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

Figure (4.14): Basic Local Alignment of P. aeruginosa blactx-m gene isolate PA2 with high
similarity NCBI-BLAST P. aeruginosa strain PA137 beta-lactamase (blactx-m) gene, partial

235
214
295
274
355
334
415
394

AGCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCAGTCAGGCTGGACTGC

[LLLCTECREEEE et e e e e e reet Rl
AGCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCATTCAGGC TGGACTGC

CTGATTCCTGGGTTGTGGGGGATAARACCGGCAGCGGTGGCTATGGCACCACCAACGATA

LLL LELLE LR et b e e e b e e et
CTGCTTCCTGGGTTGTGGGGGATAABACCGGCAGCGGTGGCTATGGCACCACCAACGATA

TCGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGC

COLLCEECEELEEEeEt et e et e it e e et et irrtn
TCGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGC

CTCAACCTAAGGCAGAAAGGCCGTCGCGATGTTATTAGCGTCGGC 459

[LRLERLEReeeeeetr teene i Thepeiiinntl
CTCAACCTAAGGCAGAAA-GCCGTCGCGATG-TATTAGCGTCGGC 436

sequence (accession number: KU139118.1in GenBank).
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Score

465 bits(242)

Expect Identities Gaps Strand

9e-129 268/281(95%) 0/281(0%) Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

174
152
234
212
294
272
354
332
414

392

GGCGCTAACGCTGAGGAATCTGACGATCGGTTAGGCCGTGGGCGACACCCCACGGGCTAA
CELLD L TR REEEEEee ey b bt PEEEeee el e feiie |

GGCGCAAACTCTGCGGAATCTGACGCTGGGTAAAGCATTGGGCGACAGCCAACGGGCGCA
GCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCATTCAGGCTGGACTGCC

LELLEDEET U e e L L L L L Ll

GCTGGTGACATGGATGAAAGGCAATACCACCGGTGCAGCGAGCATTCAGGCTGGACTGCC

TGCTTCCTGGGTTGTGGGGGATAAAACCGGCAGCGGTGGCTATGGCACCACCAACGATAT

LELERLCEELEEEEE R e C e e e e ey yny
TGCTTCCTGGGT TGTGGEGGATAAAACCGGCAGCGGTGGCTATGGCACCACCAACGATAT

CGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGCC

CELLLLLEELE Rt e L LR R L L
CGCGGTGATCTGGCCAAAAGATCGTGCGCCGCTGATTCTGGTCACTTACTTCACCCAGCC

TCAACCTAAGGCAGAAAGCCGTCGCGATGTATTAGCGTCGG 454

CELCLEEEELEEER LR R Lt
TCAACCTAAGGCAGAAAGCCGTCGCGATGTATTAGCGTCGG 432

233
211
293
271
353
331
413
391

Figure (4.15): Basic Local Alignment of P. aeruginosa blactx-m gene isolate PA3 with high
similarity NCBI-BLAST P. aeruginosa strain Palg29 beta-lactamase (blactx-m) gene, partial
sequence (accession number: KU139120.1 in GenBank).

Scare

213 bits(115)

Expect Identities Gaps Strand
2e-53 128/134(96%) 1/134(0%) Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct

1
227
61
287
120
347

AACTCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCTAATCTGCTGCTGGACA

LELLCLLEEEEREEE LT e R e L e e ee et et 1
AACTCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCCAATCTGCTGCTGGCCA

CCGTCGGCGGCCCCG-TGCTTTGACTGCCTTTTTGCGCCAGATCGGCGACAACGTCACCC

LELLLRLLELELEE b LELEL LR e e il
CCGTCGGCGGCCCCGCAGGATTGACTGCCTTTTTGCGCCAGATCGGCGACAACGTCACCE

GCCTTGACCGCTGG 133

LELEELLELLTL
GCCTTGACCGCTGG 360

60

286
119
346

Figure (4.16): Basic Local Alignment of P. aeruginosa blasnv gene isolate PA4 with high
similarity NCBI-BLAST P. aeruginosa strain E14PAMO beta-lactamase (blasnv-11) gene,
partial sequence (accession number: KY640504.1 in GenBank).
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Scara Expect Identities Gaps Strand
248 bits(134) 6e-64 134/134(100%) 0/134{0%) Plus/Plus
Query 1 TCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCCAATCTGCTGCTGGCCA 69

|II|||||IIII||I|lII||IlIl|||||I||I||II|||||||I||||||I||I||I|
Sbjct 227 AACTCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCCAATCTGCTGCTGGCCA 286

Query 61  CCGTCGGCGGCCCCGCAGGATTGACTGCCTTTTTGCGCCAGATCGGCGACAACGTCACCC 120

CLLLLEELCLLEE TR E LR CLEEL T EELEELETEELLLL LI
Sbjct 287 CCGTCGGCGGCCCCGCAGRATTGACTGCCTTTTTGCGCCAGATCGECGACAACGTCACCC 346

Query 121 GCCTTGACCGCTGG 134

T
Sbjct 347 GCCTTGACCGCTGG 360

Figure (4.17): Basic Local Alignment of P. aeruginosa blasnv gene isolate PA5 with high
similarity NCBI-BLAST P. aeruginosa strain EL4PAMO beta-lactamase (blasnv-11) gene,
partial sequence (accession number: KY640504.1in GenBank).

Score Expect Identities Gaps Strand
246 bits(133) 2e-63 133/133(100%) 0/133(0%) Plus/Plus
Query 1 TCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCCAATCTGCTGCTGGCCA 60

IIIIIIIII|I|||IIIIIIIIIIIIIIIIIIII||II|I|I|||II|||||||||||l|
Sbjct 227 AACTCTGTGCCGCCGCCATTACCATGAGCGATAACAGCGCCGCCAATCTGCTGCTGACCA 286

Query 61  CCGTCGGCGGCCCCGCAGGATTGACTGCCTTTTTGCGCCAGATCGGCGACAACGTCACCC 120

CLCLLEEEELELEEEELEEEEELEEEELE LT ELEEEEE T
Sbjct 287 CCGTCGGCEGCCCCGCAGGATTGACTGCCTTTTTGCGCCAGATCGGCGACAACGTCACCE 346

Query 121 GCCTTGACCGCTG 133

LT
Sbjct 347 GCCTTGACCGCTG 359

Figure (4.18): Basic Local Alignment of P. aeruginosa blasnv gene isolate PA6 with high
similarity NCBI-BLAST P. aeruginosa strain E14PAMO beta-lactamase (blasnv-11) gene,
partial sequence (accession number: KY640504.1in GenBank).
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Score Expect Identities Gzaps= Strand
913 bits(494) 0.0 498/500{SS%) C/S00(0%:) Plus/Plus
Query 1 TTTGCTCACCCAGAAALGCTGOTGAAAGT AALAGATGCTGAAGATCAGTTGGGTGCACGA 62
TIRLERE e e e e e e bbb e e rEr b e e iertell
Sbict 16 T TGCTCACCCAGA’-\A.MCGCTGGTGH)—.A TAALSAGATGCTGAAGATCAGTTGGGTGCACGA 75
Query 61 GTGGGTTF\CATCG'ACTGG TATCAACAGCOGTAAGATCLTTGAGA GTTTTCGCCCCG.—--’-\ 123
B IR LRRTEL IR el IIIIIIlIIlllIIIlIIIIIIIlIIIII NS EERY|
Sbijct 76 GTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGS CTTGAGAGTTTTCGCCCLGAS 135
Query 1231 ALSCOTTTTICCAATGATGAGCALTTTITAAAGTTCTGCTATGTGGCGCOGTATTATCCCGT 1383
: PRELLRR TR TR er e b bt erreriell
Sbict 136 GAACGTTTTCCAATGATGAGCACTTTITAAAGTTC TGCTATGTGGCGCGGTATTATCCCGT 185
Query 181 ATTGACGCCGGGCA, AGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTT 243
) TIELIELLRDIELTEL T IIIIIIIIIIlIIIIl!IIlIIiIIIIIIIIIIlIIlIIIII
Sbijct 126 TGACGCCGGGCAAG.-—\G AACTCOGTCGCCGCATACACTATTCTCAGAATGACTTGGTT 255
Query 2431 GAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCA TGHCAGTAA AGAATTATGC 3ea
3 IIIIIIIIlIIlIIIIIIIIIlIIIIIIIIIIIllIIlII FTERLLEIETErIELTEL]
Sbict 256 AGTACTCACCAGTCACAGAAAAGCATCTTACGSGAT CATGACAGTAAGHGAA TATGC 315
Query 3921 AGTGCTGCCATAACCATG" TEATAACACTGCGACCAACTTACTTOTGACAACGATOGGA 369
% TLELERO LR e P e e bbb e e e e et e ientll
Sbijct 316 AGTGCTGCCATAACCATGAGTGATAACACTECGECCAACTTACTTCTGACAACGATIGGA 375
s s Rt HHER DR T T e
Sbict 376 GGACCCAAGGAGCTAALCOGLTTTITTIGCACAACATGGGEGATCATGTAACTCGCCTTGAT 435
Query 421 CGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGLGTGACACCACGATGCC 433
. IIIII(IIlIIlIIIIIIIIIIIIIIIIIIIIIIIII!IIlIIIIIIIIIIlIIlIIIII
Sbijct 436 TGGGAACCGGAGCTGA, GAAGCCATACCALA CGAGCGTGACACCACGATGCC 495
Query 4831 GTAGCAATGG GTT sga

- |I|IIIIIIII III
Sbjct 496 GTAGCAATG AAC CGTT 515

Figure (4.19): Basic Local Alignment of P. aeruginosa blatem gene isolate PA7 with high
similarity NCBI-BLAST P. aeruginosa strain F35 beta-lactamase (blatem) gene, partial

sequence (accession number: MG755406.1in GenBank).

Score Expect Identities Gzps Scrand
913 bits(494) 0.0 498/500{S5%) C/500(0%) Plus/Plus
Query 1 TTTGCTCAC AGA#.HCGC GGTGAAAGT AALAG, CTGAAGATCAGTTGGGTGCACGA (=1
11111 IIlIIIlI IllIIIIIlIIIIIIIIIIlIIlIlIlIlIlIIIIIlIIllllII
Sbict 16 TTTGCTCACCCAG ACGCTGGTOAAAGT AAAAGATGCTGAAGATCAGTTGGGTGCACGS 75

Query 61 GTGGGTTACATCG CTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAA 123

< LR LEE et e e e e e e b ettl IIIII
Sbjct 76 GTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC 135

Query 121 GAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGTGCGGTATTATCCCGT 188
IIIIIIIIIIIIIIIIIlIIIIIIIIIIlIIlIIIIIlIIllIl TELLEIRLIErIell

Sbict 136 GAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGT 185
Query 181 ATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCA GAAT Ac 228
2 IIlIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIIIIIIIIIIIlIII RN IlIl
Sbjct 196 ATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCT GAATGACTTG 255
Query 241 GAGTACTCACCAGTCACAGAAHaGCATCTTACGGATGGCATGACAGTAAsAGAATTATG 3ea
z PIELLEL LR LR et irnntl IIIII PLELIELIELILLILIeLld llIIl
Sbjct 256 GAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTAT 31s
Query 301 AGTGCTGCCATAACCATGAGTGATAACACTGCTGCCAACTTACTTCTGACAACGATCG 358
. IIIIIIIIlIIIIIIIIlIIIIIIIlIIIIII IIIIIIIIIIII!IIIIIIIIIIliII
Sbict 316 AGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGA 375
Query 361 GGACCGAAGGAGCTAACCGCTTTTTTGCACAA 'TGGGGGATCATGTAACTCGCC 429
_ IIIIIIIIIIIIIIIIIlIIIIIIIlIIlIllIIiIIIIIIlIIIIIIIIIlII Il!II
Sbict 376 GGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTG 435
Query 421 CGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCT 483
i PIELLELLE Il(IIIIIIIIIIIIIlIIlIlIIIIIIlIlIIIIIIIIIIIIlIlIIlII
Sbict 436 CGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGC ass

Query 481 GTAGCAATGGCAACAALGTT 583

3 ILELTEL e errernelnd
Sbict 496 GTAGCAATGGCAACAHCGTT 515

Figure (4.20): Basic Local Alignment of P. aeruginosa blartem gene isolate PA8 with high
similarity NCBI-BLAST P. aeruginosa strain F35 beta-lactamase (blatem) gene, partial

sequence (accession number: MG755406.1in GenBank).
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Score Expect Identitiss Gaps Stranc
821 bits(482) 0.0 494/500({SS%) C/S00(0%:) Plus/Plus
Query 1 TTTGCTCACCLAGASACGCTGOTGALAAGT AAAAGATGCTGAAGATCAGTTGGGTGCACGS 62

ELEEEEEreer e e e e e ee e e e ee e e e e rrerrenl

Sbijct 16 TTTGCTCACCLAGALALGCTGETOAAAGT AAAAGATGCTGAAGATCAGTTGGGTGCACGSA 75

Query 61 GGGTTACATCGAACTGGATATCAACAG AAGATCCTTGAGAGTTTTCGCCCCGAS 128
i IIIIIIIIlIllllI!IIII! IIIIIIIIIIIIlIIIIIIIIII|IIIIIIIIIIIIII
Sbijct 76 TGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAS 135
Query 121 GAACGTTTT CCA TGAGC TGCTATGTGGCGCGGTATTATCC 188
. IIIIIIIllIl ll l IIIlIIIIIIIlIIlIIIIIIIIlIIlIIIIIIIIIIlIIlII
Sbict 136 TTTTCCAATGATGAGCACT TTTAAAGT TCTGCTATGTGGCGCGGTATTATC 195
Query 181 ATTGACGCCGGGCGAGAGCAACTCGCTCGCCGCATACACTATTCTCAGAATGACTTGATT 243
. PLELLELLEL e b ener e Frer e e e e teree et Il
Sbjct 196 ATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTT 255
Query 241 GAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGE 3e3
. PLELTER R e e e e bbb e be e b e e e il
Sbjct 256 GAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGE 315
Query 391 AGTGCTGCCATAACCATGAGTGATAACACTGCTGCCAACTTACTTCTGACAACGATIG 358
? PLELLELLETTRL LR IR L rennl IIIIlIIIIIIIIIIIIIlIIlIIlII
Sbjct 316 AGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATIG 375
Query 361 GGACCGAAGGAGCTAACCGCTTTTTTGCACAACCTGGGGGATCATGTAACTCGCCTTGAT 428
¢ FLELTEETELTE LR e e i ernel IIlIIIIIlIIIIIIIIIIIIIiII
Sbict 376 GGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGAT 435
Query 421 CGTTGGEGAACCGGAGCTEAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCT 483
p II!IIIIl!lllllllIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict 436 CGTTGGGAACCGGAGCTGAATG CATACCAAACGACGAGCGTGACACCACGATGCCT 495
Query 481 GTAGCAATGGCAACAACGTT 583
p [NASRRARNANRANRENEAN
Sbict 496 GTAGCAATGGCAACAACGTT 515

Figure (4.21): Basic Local Alignment of P. aeruginosa blarem gene isolate PA9 with high
similarity NCBI-BLAST P. aeruginosa strain F35 beta-lactamase (blarem) gene, partial
sequence (accession number: MG755406.1in GenBank).

4.5.3. Phylogenetic analysis of local and world strains:

The phylogenetic tree is drawn to scale, with branch lengths in the same units
as the evolutionary distances used to infer the phylogenetic tree. The dataset was
cleansed of positions with gaps or missing data (Complete deletion option). MEGA
X 10.2.4 is used to perform phylogenetic analysis. There were 13 global taxa about
blactx-m gene of P. aeruginosa downloaded from NCBI and submitted with 3 local
sequences to Mega X 10.2.4 software to obtain the Figure (4.30). There were 10
global taxa about blasyy gene of P. aeruginosa were downloaded from NCBI and
submitted with 3 local sequences to Mega X 10.2.4 software to obtain the figure
(4.31). There were 11 global taxa about blarem gene of P. aeruginosa were
downloaded from NCBI and submitted with 3 local sequences to Mega X 10.2.4
software to obtain the figure (4.32).
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(1) Pseudomonas aeruginosa No.1 (Local)

2) KY792758.1 Pseudomonas aeruginosa strain SKGH 46 United Arab Emirates isolation
3) KU139120.1 Pseudomonas aeruginosa strain Palg29 India isolation

4) KU139118.1 Pseudomonas aeruginosa strain PA137 India isolation

5) KU926353.1 Pseudomonas aeruginosa strain t9P1 Russia: Moscow isolation

(20) |(8) MW757148.1 Pseudomonas aeruginosa strain PA-1 Iran isolation

) MF683049.1| organism=Pseudomonas aeruginosa strain BS|14 Kenya: Nairobi isolation
) KR824153.1 Pseudomonas aeruginosa strain JUNMNS India isolation

) Pseudemonas aeruginosa No.3 (Local)

(16) Pseudomonas aeruginosa No.2 (Local)

(8) KX787848.1 Pseudomonas aeruginosa strain PA-1Q9 Iraq isolation

(19)

(2)

(3)

(4)

(6)

(6)

(7) CP069198.1 Pseudomonas aeruginosa strain 152982 France: Paris isolation
(12) MF683053.1 Pseudomonas aeruginosa strain BSI16 Kenya: Nairobi isolation
(13

(14

(15

1
1
1
1

(18)

(11) KX787849.1 Pseudomonas aeruginosa strain PA-1Q16 country=Iraq
((9) NG 056171.1 Pseudomonas aeruginosa strain PA4411 France isolation
a7 ‘(10) MF613979.1 Pseudomonas aeruginosa strain PA4411 France isolation

—
0.0020

Figure 4.21: Phylogenic tree of blactx-m gene partial sequences of local and global sequences
using neighbor-joining bootstrap 1000 tree figure. Evolutionary relationships of 16 taxa.
No.1 to 3 represents local isolates.

)
) KY640504.1 Pseudomonas aeruginosa strain E14PAMO Egypt isolation

) KP172294.1 Pseudomonas aeruginosa strain PSA-1.1 Switzeriand isolation

) MG188748.1 Pseudomonas aeruginosa strain S119 Brazi isolation

) KY640516.1 Pseudomonas aeruginosa strain E158PAMO Egypt isolation

) KY792616.1 Pseudomonas aeruginosa strain SKGH 4 United Arab Emirates isolation

) KU058668.1 Pseudomonas aeruginosa strain Palg48 India isolation

) LR991933.1 Pseudomonas aeruginosa partial bla gene for Beta-lactamase India isolation
) MZ700498.1| Pseudomonas aeruginosa strain AM13 Egypt isolation

0)MZ700497.1 Pseudomonas aeruginosa strai <AMB Egypt isolation

1) MZ700496.1 Pseudomonas aeruginosa strain AM1 Egypt isolation

2) Pseudomonas aeruginosa No.5 (Local)

3) Pseudomonas aeruginosa No.6 (Local)

Figure 4.22: Phylogenic tree of blaSHV gene partial sequences of local and global sequences
using neighbor-joining bootstrap 1000 tree figure. Evolutionary relationships of 13 taxa.

No.1 to 3 represents local isolates.
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) (9)NG 050237 1 Pseudomanas aeruginosa strain 12 USAisolafion

) @ (10) KCB00516.1 Pseudomonas aeruginosa strain 12 South Africa isolation

* (4) IN168364.1 Pseudamonas aeruginosa strain ARY1 India isolation

)
o) @ (3) MH118282 1 Pseudomanas aeruginosa strain SJP1 India islation
(2) MG 755406 1 Pseudomonas aeruginosa strain F35 Iran: Tehran isolation
(1) Pseudomonas aeruginosa No 7 {Local)
@ ) (14) Pseudomanas aeruginosa No.% (Local)
(13) Pseudomonas aeruginosa No.8 (Local)
(5) AY559171.1 Pseudomonas aeruginosa China isolation

)
(6) NG 057509.1 Pseudomonas aeruginosa strain 1722300 Kazakhstan isolation
)

(7) MH243353.1 Pseudomonas aeruginosa strain1 722300 Kazakhstan isolation

@ I (B) KXB88041.1 Pseudomonas aeruginosa sirain PS7HC Brasilisolation
@ (12) KYB40502.1 Psaudomonas aeruginosa strain E256PAMO Egypt isclation
(1) AY775131.1 Pseudomonas aeruginosa Egypt isolation

Figure 4.23: Phylogenic tree of blatem gene partial sequences of local and global sequences
using neighbor-joining bootstrap 1000 tree figure. Evolutionary relationships of 14 taxa.
No.1 to 3 represents local isolates.

The Molecular Evolutionary Genetics Analysis (MEGA) program is a
desktop software that allows you to compare homologous gene sequences from
various species or multigene families, with a focus on inferring evolutionary links
and patterns of DNA and protein evolution. MEGA features a number of useful
tools for assembling sequence data sets from files or web-based repositories, as
well as tools for visualizing the results in the form of interactive phylogenetic trees
and evolutionary distance matrices (Kumar et al., 2008). The first stage in the
analysis was to align all of the sequences form three genes in this study with other
world-wide references using MEGA X 10.2.4 's (Clustal W) program step. This
program was shown to have a high degree of similarity with all world sequences,
including the sequences used in this study. These (Clustal W) results were

significant since they were directly utilized in the phylogenetic tree design.

90



Chapter Four Results and Discussion

The Neighbor-Joining (NJ) approach, which is a simplified version of the
minimal evolution (ME) method, is used in this study to determine the close
relationship between world and local sequences. Because it does not need the
assumption of a constant rate of evolution, the NJ method yields an unrooted tree.
An out group taxon is needed to find the root (Saitou and Nei, 1987; Rzhetsky and
Nei, 1992). A phylogenetic tree, also known as an evolutionary tree, is a branching
diagram or "tree" that depicts the assumed evolutionary relationships among
distinct biological species or other entities based on physical and/or genetic
similarities and differences (Salahuddin and Khan,2014) In blactx-m gene
phylogeny (Fig. 4.30) , we submitted 16 sequences, 3 sequences belong to local
sequences and 13 sequences belong to global sequences obtained by download
from NCBI they submitted to a MEGA X 10.2.4 software program for obtaining
phylogenic relationship among local and global sequences, after submitting these
sequences to MEGA X 10.2.4 at the first time, It was found alignment by Clustal,
then use NJ method at bootstrap 1000 , the sequence of P. aeruginosa PA1l was
near to the sequence KY792758.1 P. aeruginosa strain SKGH (UAE) and Indian
isolates ( KU130118.1 and KU130120.1), while the local sequence of P.
aeruginosa PA2 and PA3 was closely related to the sequence KR824153.1( Indian
strain). All three sequences are far away from lIragi isolates (KX787848.1 and
KX787849.1). In blasyy gene phylogeny, as shown in Figur 4.31. It was found that
both sequences of P. aeruginosa PA5 and PA6 were closely related to the
sequences of Egyptian strains (MZ700496.1 and MZ700497.1). Also, the local
sequences of P. aeruginosa PA4 were closely associated with the sequence
KY640504.1 strain E14PAMO which is isolated in Egypt.

In the phylogeny of blarem gene (Fig.4.32), the local sequences P.

aeruginosa PA7 and P. aeruginosa PA9 were closely related to each other to form
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sister sequences, related to sequence MG755406.1 P. aeruginosa strain F35 which
isolated in Iran. In contrast, the local sequences P. aeruginosa PAS8 are near to the
sequence AY559171.1 which is isolated in china. Thus, Phylogenic relationship
among local and world strains provide high information about origin and genetic
evolution of local isolates. Mohammed et al., (2016) revealed that the phylogenetic
tree of CTX-M-9 gene sequences in E. coli strains isolated from ZU Hospitals and
published homologous sequences in GenBank revealed varying degrees of
dis/similarity between the strains, as well as many unique sequences in the
Egyptian strain, which was similar to that of Russia and Australia but not to that of
Japan. According to the phylogenetic tree, SHV encoded for K. pneumoniae showed
a compatibility range of 98 %, and SHV encoded for E. coli showed a compatibility
range of 99 percent, whereas SHV gene encoded for P. aeruginosa isolated showed
a variation in the compatibility range with countries (99 %) in Brazil, Egypt, United
Arab Emirates, India, Japan, Tunisia, France, and Switzerland, followed by Greece
(98%), the USA (74%), Brazil: Belo Horizonte (74%), and Colombia (71%)
(Khalaf and Al-Ougaili ,2018) .
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Conclusion

1.

The specific primers of PCR assay of P. aeruginosa were highly sensitive
and reliable for molecular identification of P. aeruginosa.

High levels of resistance toward the antibiotics, used in this study were seen,
especialy toward the imipenem.

The isolates showed ability to produce the biofilm which increased the
resistance of P. aeruginosa toward the antibiotics.

blatem, blasyy, and blacrx-m genes of P. aeruginosa isolates showed high
expressed.

The presence of virulence factors in P. aeruginosa vary according to the
geographic regions.

All isolates of P. aeruginosa were similar to the strains of NCBI at a rate of
95-100 % and the highest matching rate of isolates was 100 % which
originated in Egypt, 99 % which originated in Iran and UAE, and 99 % which

originated in India.

Recommendations

1

There is a need to control the randomly use of antibiotics without medical
advice to decrease the rate and the severity of infections.

Further studies for creating genetic diversity map of P. aeruginosa was also
needed.

It is necessary to carry out comprehensive study for blargm, blasay, and
blactx-m group gene sequences for detecting the types and the sites of
mutations in these genes.

It is important to use the sensitivity test in the hospitals for checking the
resistance ability of P. aeruginosa against antibiotics

Study the relationship between blaregm, blashy, and blacrx-m genes and other

virulence factors.
101



RETERENCES



References
Abdelraheem, A., Elassbli, H., Zhu, Y., Kuraparthy, V., Hinze, L., Stelly, D., &

Zhang, J. (2020). A genome-wide association study uncovers consistent
guantitative trait loci for resistance to Verticillium wilt and Fusarium wilt
race 4 in the US Upland cotton. Theoretical and Applied Genetics, 133(2),
563-577.

Abootaleb, M., Zolfaghari, M. R., Arbab Soleimani, N., Ghorbanmehr, N., &
Yazdian, M. R. (2020). Biofilm formation with microtiter plate 96 and pslA
detection of Pseudomonas aeruginosa isolates from clinical samples in
Iran. International Journal of Advanced Biological and Biomedical
Research, 8(1), 58-66

Al Mugqati, H., Al Turaiki, A., Al Dhahri, F., Al Enazi, H., & Althemery, A. (2021).
Superinfection rate among the patients treated with carbapenem versus
piperacillin/tazobactam: Retrospective observational study. Journal of
Infection and Public Health, 14(3), 306-310.

Al-Dahmoshi, H. O., Al-Khafaji, N. S., Jeyad, A. A., Shareef, H. K., & Al-Jebori,
R. F. (2018). Molecular detection of some virulence traits among
Pseudomonas  aeruginosa  isolates,  Hilla-lIrag. Biomedical and
Pharmacology Journal, 11(2), 835-842.

Al-Derzi, N.A., 2012. Pattern of Resistance to Pseudomonas infection in the North
of Iraq: Emphasis on the Potential Role of a Combination Antibiogram. Iraqi
journalof community medicine, 25(2). resistance development and treatment
options. Infection control, pp.33-56.

Ali, A. M., Al-Kenanei, K. A., & Bdaiwi, Q. O. (2020). Molecular study of some
virulence genes of Pseudomonas aeruginosa isolated from different
infections in hospitals of Baghdad. Reviews in Medical Microbiology, 31(1),
26-41.

102



Aljanaby, A. A. J., & Aljanaby, I. A. J. (2018). Prevalence of aerobic pathogenic
bacteria isolated from patients with burn infection and their antimicrobial
susceptibility patterns in Al-Najaf City, Irag-a three-year cross-sectional
study. F1000Research, 7(1157), 1157.

Al-Marzoqi, A. H., Al-Janabi, H. S. O., Hussein, H. J., Al Taee, Z. M., & Yheea,
S. K. (2013). Otitis media; etiology and antibiotics susceptibility among
children under ten years old in Hillah city, Iraq. Journal of Natural Sciences
Research, 3(3), 2224-3186.

Alramahy, S. K., & Aladily, Z. F. (2017). Dissemination of some Antibiotic
Resistance in Pseudomonas aeruginosa Isolates in Al-Diwaniya
Hospitals. Al-Qadisiyah Journal of Pure Science, 22(3), 349-359.

AL-Rubaye, D. S., Albassam, W. W., Al-habobi, H., & AL-Rubaye, I. (2015).
Frequency of blaOxal0 Beta-lactamase gene in Pseudomonas aeruginosa
isolated from different clinical swabs. Iragi Journal of Science, 56(4C),
3405-3412.

Alsadek Mohamed, F. (2020). Antibiotic susceptibility of Pseudomonas
aeruginosa isolated from different clinical sources. Zagazig Journal of
Pharmaceutical Sciences, 28(2), 10-17. doi: 10.21608/zjps.2020.21777.1005

Al-Shwaikh, R. M. A., & Alornaaouti, A. F. (2018). Detection of tox A gene in
Pseudomonas aeruginosa that isolates from different clinical cases by using
PCR. Ibn AL-Haitham Journal for Pure and Applied Science, 26-30.

Altayb, H. N., Siddig, M. A., El Amin, N. M., & Mukhtar, M. M. (2021).
Prevalence of blacrx-m, blarem, and blasyy Genes among Extended-spectrum
Sudan Journal of Medical Sciences, 16(1), 5-16.

Angshumanjana, A., Dipjitdey, A., & Jayantabikashdey, T. N. (2016). Selection of
storage methods for maintenance of different stock cultures. Int J Curr
Microbiol Appl Sci, 5(10), 1097-1104.

103



Anvarinejad, M., Japoni, A., Rafaatpour, N., Mardaneh, J., Abbasi, P., Shahidi, M.
A., ... & Alipour, E. (2014). Burn patients infected with metallo-beta-
lactamase-producing  Pseudomonas aeruginosa:  Multidrug-resistant
strains. Archives of trauma research, 3(2).
antibiotic resistance in clinical isolations of Pseudomonas

Arnau, V. G., Sanchez, L. A., & Delgado, O. D. (2015). Pseudomonas yamanorum
sp. nov., a psychrotolerant bacterium isolated from a subantarctic
environment. International Journal of Systematic and Evolutionary
Microbiology, 65(Pt_2), 424-431.

Aryal, S. (2015). MacConkey Agar-Composition, Principle, Uses, Preparation and
Colony Morphology. Microbiologyinfo. 30 de septiembre.

Arzanlou, M., Chai, W. C., & Venter, H. (2017). Intrinsic, adaptive and acquired
antimicrobial resistance in Gram-negative bacteria. Essays in biochemistry,
61(1), 49-59.

Azam, M. W., & Khan, A. U. (2019). Updates on the pathogenicity status of
Pseudomonas aeruginosa. Drug discovery today, 24(1), 350-359.

Azhar, E. I., Papadioti, A., Bibi, F., Ashshi, A. M., Raoult, D., & Angelakis, E.
(2017). *Pseudomonas saudiphocaensis’ sp. nov., a new bacterial species
isolated from currency notes collected during the Hajj pilgrimage in 2012 at
Makkah, Saudi Arabia. New Microbes New Infect, 15, 131-133.

Bahrami, M., Mmohammadi-Sichani, M., & Karbasizadeh, V. (2018). Prevalence
of SHV, TEM, CTX-M and OXA-48 3-Lactamase genes in clinical isolates of
Pseudomonas aeruginosa in Bandar-Abbas, Iran. Avicenna Journal of
Clinical Microbiology and Infection, 5(4), 86-90.

Barbhaiya, H., & Rao, K. (1985). Production of pyoverdine, the fluorescent
pigment of Pseudomonas aeruginosa PAO1. FEMS microbiology letters,
27(2), 233-235.

104



Bardet, L., Cimmino, T., Buffet, C., Michelle, C., Rathored, J., Tandina, F., Lagier,
J.-C., Khelaifia, S., Abrahdo, J., & Raoult, D. (2018). Microbial Culturomics
Application for Global Health: Noncontiguous Finished Genome Sequence
and Description of Pseudomonas massiliensis Strain CB-1T sp. nov. in
Brazil. OMICS: A Journal of Integrative Biology, 22(2), 164-175.

Bassetti, M., Vena, A., Croxatto, A., Righi, E., & Guery, B. (2018). How to manage
Pseudomonas aeruginosa infections. Drugs in context, 7.

Bauernfeind, A., Schweighart, S., & Grimm, H. (1990). A new plasmidic
cefotaximase in a clinical isolate of Escherichia coli. Infection, 18(5), 294-
298.

Beale, J.M., Block, J.H. and Hill, R.A., 2011. Organic medicinal and
pharmaceutical chemistry (p. 501). Lippincott Williams & Wilkins, Wolters
Kluwer Business: China.

Behbahani, M. R., Keshavarzi, A., Pirbonyeh, N., Javanmardi, F., Khoob, F., &
Emami, A. (2019). Plasmid-related p-lactamase genes in Pseudomonas
aeruginosa isolates: a molecular study in burn patients. Journal of Medical
Microbiology, 68(12), 1740-1746.

Bekele, T., Tesfaye, A., Sewunet, T. (2015). Pseudomonas aeruginosa isolates and
their antimicrobial susceptibility pattern among catheterized patients at
Jimma University Teaching Hospital, Jimma, Ethiopia. BMC Res Notes 8,
488 https://doi.org/10.1186/s13104-015-1497-x.

Benhamed, S., Guardiola, F. A., Mars, M., & Esteban, M. A. (2014). Pathogen
bacteria adhesion to skin mucus of fishes. Veterinary microbiology, 171(1-
2), 1-12.

Ben Haj khalifa, A., Moissenet, D., Vu thien, H. and Khedher, M., 2011. Les

facteurs de virulence de Pseudomonas aeruginosa: mécanismes et modes

105


https://doi.org/10.1186/s13104-015-1497-x

de régulations. In Annales de biologie clinique (Paris) (Vol. 69, No. 4, pp.
393-403).

Billard-Pomares, T., Fouteau, S., Jacquet, M. E., Roche, D., Barbe, V., Castellanos,
M., Bouet, J. Y., Cruveiller, S., Médigue, C., & Blanco, J. (2014).
Characterization of a P1-like bacteriophage carrying an SHV-2 extended-
spectrum B-lactamase from an Escherichia coli strain. Antimicrobial agents
and chemotherapy, 58(11), 6550-6557.

Bokaeian, H. R., Bakhtiary, A. H., Mirmohammadkhani, M., & Moghimi, J.
(2018). Quadriceps strengthening exercises may not change pain and
function in knee osteoarthritis. Journal of Bodywork and Movement
Therapies, 22(2), 528-533.

Bokaeian, M., Zahedani, S. S., Bajgiran, M. S., & Moghaddam, A. A. (2015).
Frequency of PER, VEB, SHV, TEM and CTX-M genes in resistant strains of
Pseudomonas aeruginosa producing extended spectrum [-lactamases.
Jundishapur journal of microbiology, 8(1), e13783-e13783.

Bonnet, R. (2004). Growing group of extended-spectrum [-lactamases: the CTX-
M enzymes. Antimicrobial agents and chemotherapy, 48(1), 1-14.

Bradford, P. A. (2001). Extended-spectrum [B-lactamases in the 21st century:
characterization, epidemiology, and detection of this important resistance
threat. Clinical microbiology reviews, 14(4), 933-951.

Breidenstein, E. B., de la Fuente-Nufiez, C., & Hancock, R. E. (2011).
Pseudomonas aeruginosa: all roads lead to resistance. Trends in
microbiology, 19(8), 419-426.

Brooks, G., Carroll, K., Butel, J., Morse, S., & Mietzner, T. (2013). Medical
Microbiology. 26th edit. New York: McGraw-Hill.

Brown, A. E. and Smith, H. R. (2017). Benson’s Microbiological Applications

106



Laboratory Manual in General Microbiology 14th Ed. McGraw-Hill. U S A.

Busquets, A., Gomila, M., Beiki, F., Mulet, M., Rahimian, H., Garcia-Valdés, E.,
& Lalucat, J. (2017). Pseudomonas caspiana sp. nov., a citrus pathogen in
the Pseudomonas syringae phylogenetic group. Systematic and Applied
Microbiology, 40(5), 266-273.

Campos, V. L., Valenzuela, C., Yarza, P., Kampfer, P., Vidal, R., Zaror, C.,
Mondaca, M.-A., Lopez-Lopez, A., & Rossell6-Médra, R. (2010).
Pseudomonas arsenicoxydans sp nov., an arsenite-oxidizing strain isolated
from the Atacama Desert. Systematic and Applied Microbiology, 33(4), 193-
197.

Cappuccino, J. G. and Welsh, C. (2018). Microbiology A laboratory manual. 11th
ed. Pearson Education Limited Edinburgh Gate Harlow Essex CM20 2JE.
England.

Castanheira, M., Simner, P. J., & Bradford, P. A. (2021). Extended-spectrum f3-
lactamases: An update on their characteristics, epidemiology and detection.
JAC-antimicrobial resistance, 3(3), dlab092.

Challis, G. L. (2005). A widely distributed bacterial pathway for siderophore
biosynthesis independent of nonribosomal peptide synthetases.
Chembiochem, 6(4), 601-611.

Chatterjee, M., Anju, C., Biswas, L., Kumar, V. A., Mohan, C. G., & Biswas, R.
(2016). Antibiotic resistance in Pseudomonas aeruginosa and alternative
therapeutic options. International journal of medical microbiology, 306(1),
48-58.

Chauhan, A., Lebeaux, D., Ghigo, J.-M., & Beloin, C. (2012). Full and broad-
spectrum in vivo eradication of catheter-associated biofilms using
gentamicin-EDTA antibiotic lock therapy. Antimicrobial agents and
chemotherapy, 56(12), 6310-6318.

107



Cholley, P., Gbaguidi-Haore, H., Bertrand, X., Thouverez, M., Plésiat, P., Hocquet,
D., & Talon, D. (2010). Molecular epidemiology of multidrug-resistant
Pseudomonas aeruginosa in a French university hospital. Journal of Hospital
Infection, 76(4), 316-319.

Chong, Y., Shimoda, S., & Shimono, N. (2018). Current epidemiology, genetic
evolution and clinical impact of extended-spectrum B-lactamase-producing
Escherichia coli and Klebsiella pneumoniae. Infection, Genetics and
Evolution, 61, 185-188.

Christensen, G. D., Simpson, W. A., Younger, J. J., Baddour, L. M., Barrett, F. F.,
Melton, D. M., & Beachey, E. H. (1985). Adherence of coagulase-negative
staphylococci to plastic tissue culture plates: a quantitative model for the
adherence of staphylococci to medical devices. Journal of clinical
microbiology, 22(6), 996-1006.

Ciofu, O., & Tolker-Nielsen, T. (2019). Tolerance and Resistance of Pseudomonas
aeruginosa Biofilms to Antimicrobial Agents-How Pseudomonas
aeruginosa Can Escape Antibiotics. Frontiers in Microbiology, 10,913-913.

Coetzee, E., Rode, H. and Kahn, D., 2013. Pseudomonas aeruginosa burn wound
infection in a dedicated paediatric burns unit. South African Journal of
Surgery, 51(2),.50-53.

Colwell, R., & Mandel, M. (1964). Adansonian analysis and deoxyribonucleic acid
base composition of some Gram-negative bacteria. Journal of bacteriology,
87(6), 1412-1422.

Colwell, R., Citarella, R.,, & Ryman, I. (1965). Deoxyribonucleic acid base
composition and Adansonian analysis of heterotrophic aerobic
pseudomonads. Journal of bacteriology, 90(4), 1148-1149.

Coque, T. M., Baquero, F., & Canton, R. (2008). Increasing prevalence of ESBL -

producing Enterobacteriaceae in Europe. Eurosurveillance, 13(47), 19044.

108



Corehtash, Z.G., Ahmad Khorshidi, F.F., Akbari, H. and Aznaveh, A.M., 2015.
Biofilm formation and virulence factors among Pseudomonas aeruginosa
isolated from burn patients. Jundishapur journal of microbiology, 8(10) 1D.

Crone, S., Vives-Florez, M., Kvich, L., Saunders, A. M., Malone, M., Nicolaisen,
M. H., Martinez-Garcia, E., Rojas-Acosta, C., Catalina Gomez-Puerto, M.,
& Calum, H. (2020). The environmental occurrence of Pseudomonas
aeruginosa. Apmis, 128(3), 220-231.

Dallenne, C., Da Costa, A., Decré, D., Favier, C., & Arlet, G. (2010). Development
of a set of multiplex PCR assays for the detection of genes encoding
important B-lactamases in Enterobacteriaceae. Journal of Antimicrobial
Chemotherapy, 65(3), 490-495.

Datta, N., & Kontomichalou, P. (1965). Penicillinase synthesis controlled by
infectious R factors in Enterobacteriaceae. Nature, 208, 239-241.

de Almeida, K. d. C. F., Calomino, M. A., Deutsch, G., de Castilho, S. R., de Paula,
G. R., Esper, L. M. R., & Teixeira, L. A. (2017). Molecular characterization
of multidrug-resistant (MDR)Pseudomonas aeruginosa isolated in a burn
center. Burns, 43(1), 137-143.

DeBritto, S., Gajbar, T. D., Satapute, P., Sundaram, L., Lakshmikantha, R. Y.,
Jogaiah, S., & Ito, S.-i. (2020). Isolation and characterization of nutrient
dependent pyocyanin from Pseudomonas aeruginosa and its dye and
agrochemical properties. Scientific reports, 10(1), 1-12.

Didelot, X., Walker, A. S., Peto, T. E., Crook, D. W., & Wilson, D. J. (2016).
Within-host  evolution of bacterial pathogens. Nature Reviews
Microbiology, 14(3), 150-162.

Diestra, K., Juan, C., Curiao, T. n., Moya, B., Miro, E., Oteo, J., Coque, T. M.,
Perez-Vazquez, M., Campos, J., & Canton, R. (2009). Characterization of

plasmids encoding bla ESBL and surrounding genes in Spanish clinical

109



isolates of Escherichia coli and Klebsiella pneumoniae. Journal of
Antimicrobial Chemotherapy, 63(1), 60-66.

Donlan, R. M., & Costerton, J. W. (2002). Biofilms: survival mechanisms of
clinically relevant microorganisms. Clinical microbiology reviews, 15(2),
167-193.

Drawz, S.M. and Bonomo, R.A., 2010. Three decades of [-lactamase
inhibitors. Clinical microbiology reviews, 23(1),.160-201.

Dufour, D., Leung, V., & Levesque, C. M. (2010). Bacterial biofilm: structure,
function, and antimicrobial resistance. Endodontic Topics, 22(1), 2-16.
Eckert, C., Gautier, V., & Arlet, G. (2006). DNA sequence analysis of the genetic
environment of various blacrx.m genes. Journal of Antimicrobial

Chemotherapy, 57(1), 14-23.

Eiamphungporn, W., Schaduangrat, N., Malik, A. A., & Nantasenamat, C. (2018).
Tackling the antibiotic resistance caused by class A B-lactamases through
the use of B-lactamase inhibitory protein. International Journal of Molecular
Sciences, 19(8), 2222.

Ejaz, H., Younas, S., Abosalif, K. O., Junaid, K., Alzahrani, B., Alsrhani, A.,
Abdalla, A. E., Ullah, M. I, Qamar, M. U., & Hamam, S. S. (2021).
Molecular analysis of blasny, blarem, and blacrx-m in extended-spectrum f3-
lactamase producing Enterobacteriaceae recovered from fecal specimens of
animals. PLoS One, 16(1).

El-Fouly, M., Sharaf, A., Shahin, A., El-Bialy, H. A., & Omara, A. (2015).
Biosynthesis of pyocyanin pigment by Pseudomonas aeruginosa. Journal of
Radiation Research and Applied Sciences, 8(1), 36-48.

Exner, M., Bhattacharya, S., Christiansen, B., Gebel, J., Goroncy-Bermes, P.,
Hartemann, P., Heeg, P., llschner, C., Kramer, A., & Larson, E. (2017).

Antibiotic resistance: What is so special about multidrug-resistant Gram-

110



negative bacteria GMS hygiene and infection control, 12, Doc05.

Fadhil, L., Al-Marzoqi, A. H., Al Taee, Z. M., & Shalan, A. A. (2016). Molecular
and Phenotypic Study of Virulence Genes in a Pathogenic Strain of
Pseudomonas aeruginosa isolated from various clinical origins by PCR:
Profiles of genes and Toxins. RESEARCH JOURNAL OF
PHARMACEUTICAL BIOLOGICAL AND CHEMICAL SCIENCES,
7(1), 590-598.

Fagerlind, M. G., Webb, J. S., Barraud, N., McDougald, D., Jansson, A., Nilsson,
P., Harlén, M., Kjelleberg, S., & Rice, S. A. (2012). Dynamic modelling of
cell death during biofilm development. Journal of theoretical biology, 295,
23-36.

Fazeli, H., Nasr Esfahani, B., Sattarzadeh, M. and Mohammadi Barzelighi, H.,
2017. Antibiotyping and genotyping of Pseudomonas aeruginosa strains
isolated from Mottahari Hospital in Tehran, Iran by ERIC-PCR. Infection
Epidemiology and Microbiology, 3(2), pp.41-45.

Fernandez, L., Breidenstein, E. B., & Hancock, R. E. (2011). Creeping baselines
and adaptive resistance to antibiotics. Drug Resistance Updates, 14(1), 1-21.

Foley, S. L., Kaldhone, P. R., Ricke, S. C., & Han, J. (2021). Incompatibility Group
11 (Incll) Plasmids: Their Genetics, Biology, and Public Health Relevance.
Microbiology and Molecular Biology Reviews, 85(2).

Forbes, B., Daniel, F., & Alice, S. W. B. Scott’s. 2007. Diagnostic Microbiology.
12th ed., Moshy Elsevier Company. USA, 62-465.

Forson, O. A., Ayanka, E., Olu-Taiwo, M., Pappoe-Ashong, P. J., & Ayeh-Kumi,
P.J. (2017). Bacterial infections in burn wound patients at a tertiary teaching
hospital in Accra, Ghana. Annals of Burns and Fire Disasters, 30(2),116-
120.

Freitas, A.L.P.D. and Barth, A.L., 2002. Antibiotic resistance and molecular typing

111



of Pseudomonas aeruginosa: focus on imipenem. Brazilian Journal of
Infectious Diseases, 6(1),.01-06.

Fricks-Lima, J., Hendrickson, C. M., Allgaier, M., Zhuo, H., Wiener-Kronish, J.
P., Lynch, S. V., and Yang, K. (2011). Differences in biofilm formation and
antimicrobial resistance of Pseudomonas aeruginosa isolated from airways
of mechanically ventilated patients and cystic fibrosis patients. International
journal of antimicrobial agents, 37(4):309-315.

Gad, G. F., El-Domany, R. A., & Ashour, H. M. (2008). Antimicrobial
susceptibility profile of Pseudomonas aeruginosa isolates in Egypt. The
Journal of urology, 180(1), 176-181.

Gao, J., Xie, G., Peng, F., & Xie, Z. (2015). Pseudomonas donghuensis sp. nov.,
exhibiting high-yields of siderophore. Antonie Van Leeuwenhoek, 107(1),
83-94.

Garcia-Valdeés, E., & Lalucat, J. (2016). Pseudomonas: molecular phylogeny and
current taxonomy (Pseudomonas: molecular and applied biology (pp. 1-23).
Springer, Cham.

Ghafoor, A., Hay, I. D., & Rehm, B. H. (2011). Role of exopolysaccharides in
Pseudomonas aeruginosa biofilm formation and architecture. Applied and
environmental microbiology, 77(15), 5238-5246.

Ghequire, M. G., & De Mot, R. (2014). Ribosomally encoded antibacterial proteins
and peptides from Pseudomonas. FEMS microbiology reviews, 38(4), 523-
568.

Ghequire, M. G., & De Mot, R. (2014). Ribosomally encoded antibacterial proteins
and peptides from Pseudomonas. FEMS microbiology reviews, 38(4), 523-
568.

Goo, K.S. and Sim, T.S., 2011. Designing new p-lactams: implications from their

targets, resistance factors and synthesizing enzymes. Current computer-

112



aided drug design, 7(1),.53-80.

Green, L. H. (2015). Culturing and Preserving Microorganisms (Practical
Handbook of Microbiology (pp. 66-71). CRC Press USA.

Green, M., & Sambrook, J. (2012). A laboratory manual. John Inglis (2012) Natural
Science Division

Pepperdine University.

Grewal, U. S., Bakshi, R., Walia, G., & Shah, P. R. (2017). Antibiotic susceptibility
profiles of non-fermenting gram-negative bacilli at a tertiary care hospital in
Patiala, India. Nigerian Postgraduate Medical Journal, 24(2), 121.

Gruber, 1., Heudorf, U., Werner, G., Pfeifer, Y., Imirzalioglu, C., Ackermann, H.,
Brandt, C., Besier, S., & Wichelhaus, T. A. (2013). Multidrug-resistant
bacteria in geriatric clinics, nursing homes, and ambulant care—prevalence
and risk factors. International journal of medical microbiology, 303(8), 405-
4009.

Hall, C. W., Hinz, A. J., Gagnon, L. B.-P., Zhang, L., Nadeau, J.-P., Copeland, S.,
Saha, B., & Mah, T.-F. (2018). Pseudomonas aeruginosa biofilm antibiotic
resistance gene ndvB expression requires the RpoS stationary-phase sigma
factor. Applied and environmental microbiology, 84(7).

Hall-Stoodley, L., Costerton, J. W., and Stoodley, P. (2004). Bacterial biofilms:
from the natural environment to infectious diseases. Nature reviews
microbiology, 2(2):95-108.

Halstead, S. B. (2015). Dengue antibody-dependent enhancement: knowns and
unknowns. Antibodies for Infectious Diseases vol.

Hasan, S. A., Najati, A. M., and Abass, K. S. (2019). Isolation and identification of
multi-drug resistant Pseudomonas aeruginosa from burn wound infection in
Kirkuk City, Irag. EurAsian Journal of BioSciences, 13(2):1045-1050.

Hasan, T. H., & Al-Harmoosh, R. A. (2020). Mechanisms of antibiotics resistance

113



in bacteria. Sys Rev Pharm, 11(6), 817-823.

Hassuna, N.A., Mohamed, A.H.I., Abo-Eleuoon, S.M. and Rizk, H.A.W.A., 2015.
High prevalence of multidrug resistant Pseudomonas aeruginosa. Archives
of Clinical Microbiology, 6(4), 0-0.

Hemati, S., Sadeghifard, N., Ghafurian, S., Maleki, F., Mahdavi, Z., Hassanvand,
A., Valadbeigi, H., Hemati, S., & Hatami, V. (2016). The association of
biofilm formation and sub-minimal inhibitory concentrations of
antimicrobial agents.

Heritage, J., Hawkey, P., Todd, N., & Lewis, I. (1992). Transposition of the gene
encoding a TEM-12 extended-spectrum beta-lactamase. Antimicrobial
agents and chemotherapy, 36(9), 1981-1986.

Hocquet, D., Petitjean, M., Rohmer, L., Valot, B., Kulasekara, H. D., Bedel, E.,
Bertrand, X., Plésiat, P., Kohler, T., & Pantel, A. (2016). Pyomelanin-
producing Pseudomonas aeruginosa selected during chronic infections have
a large chromosomal deletion which confers resistance to pyocins.
Environmental microbiology, 18(10), 3482-3493.

Hoiby, N., Bjarnsholt, T., Givskov, M., Molin, S., and Ciofu, O. (2010). Antibiotic
resistance of bacterial biofilms. International journal of antimicrobial agents,
35(4):322-332.

Hosu, M. C., Vasaikar, S. D., Okuthe, G. E., & Apalata, T. (2021). Detection of
extended spectrum beta-lactamase genes in Pseudomonas aeruginosa
isolated from patients in rural Eastern Cape Province, South
Africa. Scientific reports, 11(1), 1-8.

Huletsky, A., Knox, J., & Levesque, R. (1993). Role of Ser-238 and Lys-240 in the
hydrolysis of third-generation cephalosporins by SHV-type beta-lactamases
probed by site-directed mutagenesis and three-dimensional modeling.
Journal of biological chemistry, 268(5), 3690-3697.

114



Huletsky, A., Knox, J., & Levesque, R. (1993). Role of Ser-238 and Lys-240 in the
hydrolysis of third-generation cephalosporins by SHV-type beta-lactamases
probed by site-directed mutagenesis and three-dimensional modeling.
Journal of biological chemistry, 268(5), 3690-3697.

Huletsky, A., Knox, J., & Levesque, R. (1993). Role of Ser-238 and Lys-240 in the
hydrolysis of third-generation cephalosporins by SHV-type beta-lactamases
probed by site-directed mutagenesis and three-dimensional modeling.
Journal of biological chemistry, 268(5), 3690-3697.

Hussein, Z.K., Kadhim, H.S. and Hassan, J.S., 2018. Detection of New Delhi
metallo-beta-lactamase-1 (blaNDM-1) in carbapenem-resistant
pseudomonas aeruginosa isolated from clinical samples in Wasit hospitals.
Iragi JMS. 2018; 16 (3): 239-246. doi: 10.22578. 1JMS, 16(3).

Jamal, M., Ahmad, W., Andleeb, S., Jalil, F., Imran, M., Nawaz, M. A., Hussain,
T., Ali, M., Rafiq, M., & Kamil, M. A. (2018). Bacterial biofilm and
associated infections. Journal of the Chinese medical association, 81(1), 7-
11.

Jawad, R. A.-Z. (2016). Antibiotic susceptibility patterns of Pseudomonas
aeruginosa isolated from clinical and hospital environmental samples in
Nasiriyah, Irag. African Journal of Microbiology Research, 10(23), 844-849.

Jeschke, M. G., van Baar, M. E., Choudhry, M. A,, Chung, K. K., Gibran, N. S., &
Logsetty, S. (2020). Burn injury. Nature Reviews Disease Primers, 6(1), 1-
25.

Johnson, D. I. (2018). Bacterial virulence factors (Bacterial pathogens and their
virulence factors (pp. 1-38). Springer, Cham.

Juan, C., Pefia, C., & Oliver, A. (2017). Host and pathogen biomarkers for severe
Pseudomonas aeruginosa infections. The Journal of infectious diseases,
215(suppl_1), S44-S51.

115



Juan, C., Zamorano, L., Pérez, J.L., Ge, Y. and Oliver, A., 2010. Activity of a new
antipseudomonal  cephalosporin, CXA-101  (FR264205), against
carbapenem-resistant and multidrug-resistant Pseudomonas aeruginosa
clinical strains. Antimicrobial agents and chemotherapy, 54(2),.846-851.

Juhi, T., Bibhabati, M., Archana, T., Poonam, L. and Vinita, D., 2009.
Pseudomonas  aeruginosa  meningitis in post  neurosurgical
patients. Neurology Asia, 14(2),.95-100.

Jung, B., and Hoilat, G. J. (2020). MacConkey Medium. In StatPearls [Internet].
StatPearls Publishing. pp1-6

Jurado-Martin, 1., Sainz-Mejias, M., & McClean, S. (2021). Pseudomonas
aeruginosa: An audacious pathogen with an adaptable arsenal of virulence
factors. International Journal of Molecular Sciences, 22(6), 3128.

Kang, D., Revtovich, A. V., Chen, Q., Shah, K. N., Cannon, C. L., & Kirienko, N.
V. (2019). Pyoverdine-dependent virulence of Pseudomonas aeruginosa
isolates from cystic fibrosis patients. Frontiers in microbiology, 10, 2048.

Kaplan, J. B., 1zano, E. A., Gopal, P., Karwacki, M. T., Kim, S., Bose, J. L., ... &
Horswill, A. R. (2012). Low levels of beta-lactam antibiotics induce
extracellular DNA release and biofilm formation in Staphylococcus aureus.
mBio 3: e00198-12. Crossref Search Google Scholar Export Citation.

Kapoor, G., Saigal, S., & Elongavan, A. (2017). Action and resistance mechanisms
of antibiotics: A guide for clinicians. Journal of anaesthesiology, clinical
pharmacology, 33(3), 300.

Karami, B., & Janghorban, M. (2020). On the mechanics of functionally graded
nanoshells. International Journal of Engineering Science, 153, 103309.

Kateete, D.P., Nakanjako, R., Okee, M., Joloba, M.L. and Najjuka, C.F., 2017.
Genotypic diversity among multidrug resistant Pseudomonas aeruginosa

and Acinetobacter species at Mulago Hospital in Kampala, Uganda. BMC

116



research notes, 10(1),.1-10.

Khadayat, K., Sherpa, D. D., Malla, K. P., Shrestha, S., Rana, N., Marasini, B. P.,
Khanal, S., Rayamajhee, B., Bhattarai, B. R., & Parajuli, N. (2020).
Molecular identification and antimicrobial potential of Streptomyces species
from Nepalese soil. International journal of microbiology, 2020.

Khadim, M.M. and Marjani, M.F.A., 2019. Pyocyanin and biofilm formation in
Pseudomonas aeruginosa isolated from burn infections in Baghdad,
Irag. Biological, 12(1),.131.

Khalaf, E.A and Al-Ougaili, M. T. (2018). Molecular detection and sequencing of
SHV gene encoding for extended-spectrum [-lactamases produced by
multidrug resistance some of the Gram-negative bacteria. International
Journal of Green Pharmacy (1JGP), 12(04).

Khattab, M., Nour, M., & EISheshtawy, N. (2015). Genetic identification of
Pseudomonas aeruginosa virulence genes among different isolates. J Microb
Biochem Technol, 7(5), 274-277.

Khattab, M., Nour, M., & EISheshtawy, N. (2015). Genetic identification of
Pseudomonas aeruginosa virulence genes among different isolates. J Microb
Biochem Technol, 7(5), 274-277.

Kipnis, E., Sawa, T., & Wiener-Kronish, J. (2006). Targeting mechanisms of
Pseudomonas aeruginosa pathogenesis. Medecine et maladies infectieuses,
36(2), 78-91.

Kumar, S., Nei, M., Dudley, J., and Tamura, K. (2008). MEGA: a biologist-centric
software for evolutionary analysis of DNA and protein sequences. Briefings
in bioinformatics, 9(4), 299-306.

Laine, J. E., Auriola, S., Pasanen, M., & Juvonen, R. O. (2009). Acetaminophen
bioactivation by human cytochrome P450 enzymes and animal

microsomes. Xenobiotica, 39(1), 11-21.

117



Lebeaux, D., & Ghigo, J.-M. (2012). aux biofilms. médecine/sciences, 28, 727-
739.

Leigue, L., Montiani-Ferreira, F., & Moore, B. A. (2016). Antimicrobial
susceptibility and minimal inhibitory concentration of Pseudomonas
aeruginosa isolated from septic ocular surface disease in different animal
species. Open veterinary journal, 6(3), 215-222.
https://doi.org/10.4314/0vj.v6i3.9

Lerch, T. Z., Chenu, C., Dignac, M. F., Barriuso, E., & Mariotti, A. (2017). Biofilm
vs. Planktonic Lifestyle: consequences for Pesticide 2, 4-D metabolism by
Cupriavidus necator JMP134. Frontiers in microbiology, 8, 904.

Liakopoulos, A., Mevius, D., & Ceccarelli, D. (2016). A review of SHV extended-
spectrum B-lactamases: neglected yet ubiquitous. Frontiers in microbiology,
7,1374,

Liakopoulos, A., Mevius, D., & Ceccarelli, D. (2016). A review of SHV extended-
spectrum B-lactamases: neglected yet ubiquitous. Frontiers in microbiology,
7,1374,

Lila, G., Mulligi-Osmani, G., Bajrami, R., Kurti, A., Azizi, E. and Raka, L., 2017.
The prevalence and resistance patterns of Pseudomonas aeruginosa in a
tertiary care hospital in Kosovo. Infez Med, 25(1), pp.21-26.

Lin, S.-P., Liu, M.-F,, Lin, C.-F., & Shi, Z.-Y. (2012). Phenotypic detection and
polymerase chain reaction screening of extended-spectrum [-lactamases
produced by Pseudomonas aeruginosa isolates. Journal of Microbiology,
Immunology and Infection, 45(3), 200-207.

Liu, C. M., Stegger, M., Aziz, M., Johnson, T. J., Waits, K., Nordstrom, L., Gauld,
L., Weaver, B., Rolland, D., & Statham, S. (2018). Escherichia coli ST131-
H 22 as a Foodborne Uropathogen. MBio, 9(4), e00470-00418.

Liu, N. T., Lefcourt, A. M., Nou, X., Shelton, D. R., Zhang, G., & Lo, Y. M. (2013).

118



Native microflora in fresh-cut produce processing plants and their potentials
for biofilm formation. Journal of food protection, 76(5), 827-832.

Livermore, D. M. (1995). Beta-Lactamases in laboratory and clinical resistance.
Clinical microbiology reviews, 8(4), 557-584.

Lodise Jr, T. P., Lomaestro, B., & Drusano, G. L. (2007). Piperacillin-tazobactam
for Pseudomonas aeruginosa infection: clinical implications of an extended-
infusion dosing strategy. Clinical Infectious Diseases, 44(3), 357-363.

Lopez, J. R., Dieguez, A. L., Doce, A., De la Roca, E., De la Herran, R., Navas, J.
l., Toranzo, A. E., & Romalde, J. L. (2012). Pseudomonas Beatrice sp. nov.,
a fish pathogen isolated from wedge sole, Dicologlossa cuneata (Moreau).
International Journal of Systematic and Evolutionary Microbiology,
62(Pt_4), 874-882.

Mabilat, C., Lourencao-Vital, J., Goussard, S., & Courvalin, P. (1992). A new
example of physical linkage between Tnl and Tn21: the antibiotic multiple-
resistance region of plasmid pCFF04 encoding extended-spectrum [-
lactamase TEM-3. Molecular and General Genetics MGG, 235(1), 113-121.

MacFaddin, J. F. (2000). Biochemical tests for identification of medical bacteria.
3rd ed. The Williams and Wilkins. Baltimore, USA.

Machida, R. J., & Knowlton, N. (2012). PCR primers for metazoan nuclear 18S
and 28S ribosomal DNA sequences.

Magalhées, B., Valot, B., Abdelbary, M. M., Prod'Hom, G., Greub, G., Senn, L.,
& Blanc, D. S. (2020). Combining standard molecular typing and whole
genome sequencing to investigate Pseudomonas aeruginosa epidemiology
in intensive care units. Frontiers in public health, 8, 3.

Malek Mohamad, S., & Rostami, S., & Zamanzad, B., & Gholipour, A., & Drees,
F. (2018). Detection of Exotoxins and Antimicrobial Susceptibility Pattern

in Clinical Pseudomonas Aeruginosa Isolates. Avicenna Journal of Clinical

119



Microbiology and Infection, 5(2), 36-40.

Manandhar, S., Adhikari, S., and Rajbhandari, S. (2017). Phenotypic assays for
detection of AmpC and MBL producers among the clinical isolates of multi
drug resistant Pseudomonas aeruginosa. Tribhuvan University Journal of
Microbiology, 4:23-31.

Marmur, J. (1961). A procedure for the isolation of deoxyribonucleic acid from
micro-organisms. Journal of molecular biology, 3(2), 208-IN201.

Marmur, J., & Doty, P. (1961). Thermal renaturation of deoxyribonucleic acids.
Journal of molecular biology, 3(5), 585-594.

Marvig, R. L., Dolce, D., Sommer, L. M., Petersen, B., Ciofu, O., Campana, S.,
Molin, S., Taccetti, G., & Johansen, H. K. (2015). W.ithin-host
microevolution of Pseudomonas aeruginosa in ltalian cystic fibrosis
patients. BMC microbiology, 15(1), 1-13.

Matsumura, Y., Pitout, J. D., Gomi, R., Matsuda, T., Noguchi, T., Yamamoto, M.,
Peirano, G., DeVinney, R., Bradford, P. A., & Motyl, M. R. (2016). Global
Escherichia coli sequence type 131 clade with blaCTX-M-27 gene.
Emerging infectious diseases, 22(11), 1900.

McCarty, S., Woods, E., & Percival, S. L. (2014). Biofilms: From concept to reality
(Biofilms in Infection Prevention and Control (pp. 143-163). Elsevier.
Meletis, G., & Bagkeri, M. (2013). Pseudomonas aeruginosa: Multi-drug-

resistance development and treatment options. Infection Control, 2, 34-45.

Mena, A., Smith, E., Burns, J., Speert, D., Moskowitz, S., Perez, J., & Oliver, A.
(2008). Genetic adaptation of Pseudomonas aeruginosa to the airways of
cystic fibrosis patients is catalyzed by hypermutation. Journal of
bacteriology, 190(24), 7910-7917.

Mirmohammadi, S. J., Mehrparvar, A. H., Kazemeini, K., & Mostaghaci, M.

(2013). Epidemiologic characteristics of occupational burns in Yazd, Iran.

120



International journal of preventive medicine, 4(6), 723.

Mitchell, B. G., Shaban, R. Z., MacBeth, D., Wood, C.-J., & Russo, P. L. (2017).
The burden of healthcare-associated infection in Australian hospitals: a
systematic review of the literature. Infection, Disease & Health, 22(3), 117-
128.

MMasoud, S. M., Ibrahem, R. A., EI-Baky, A., Rehab, M., EI-Rahman, A., &
Sherine, A. (2022). Prevalence of Blactx-M Gene Among MDR Escherichia
Coli Isolated from Wound Infections in Minia University Hospital, Egypt.
Minia Journal of Medical Research, 13-19.

MOAZAMI, G. S., & Eftekhar, F. (2013). Assessment of carbapenem
susceptibility and multidrug-resistance in Pseudomonas aeruginosa burn
isolates in Tehran.

Moazami, G. S., and Eftekhar, F. (2013). Assessment of carbapenem susceptibility
and multidrug-resistance in Pseudomonas aeruginosa burn isolates in
Tehran. Jundishapur Journal of Microbiol, 6(2):162-165

Mohajeri, P., Kavosi, S., Esmailzadeh, T., Farahani, A., & Dastranj, M. (2018).
Molecular characteristics of extended-spectrum-beta-lactamase-producing
Klebsiella pneumoniae isolates in the West of Iran. Advances in Human
Biology, 8(3), 175.

Mohammed, H., Elsadek Fakhr, A., Al Johery, S. A. E., & Abdel Ghani Hassanein,
W. (2016). Spread of TEM, VIM, SHV, and CTX-M p-lactamases in
Imipenem resistant Gram-negative bacilli isolated from Egyptian hospitals.
International Journal of Microbiology.

Moremi, N., Silago, V., Mselewa, E. G., Chifwaguzi, A. P., Mirambo, M. M.,
Mushi, M. F., Matemba, L., Seni, J., & Mshana, S. E. (2021). Extended-
spectrum B-lactamase blacrx-m-1 group in gram-negative bacteria colonizing

patients admitted at Mazimbu hospital and Morogoro Regional hospital in

121



Morogoro, Tanzania. BMC research notes, 14(1), 1-7.

Moya, B., Détsch, A., Juan, C., Blazquez, J., Zamorano, L., Haussler, S. and Oliver,
A., 2009. B-Lactam resistance response triggered by inactivation of a
nonessential penicillin-binding protein. PLoS Pathog, 5(3), p. €1000353.

Moya, B., Zamorano, L., Juan, C., Ge, Y. and Oliver, A., (2010). Affinity of the
new cephalosporin CXA-101 to penicillin-binding proteins of
Pseudomonas aeruginosa. Antimicrobial agents and chemotherapy, 54(9),
pp.3933-3937.

Mulcahy, L.R., Burns, J.L., Lory, S. and Lewis, K., 2010. Emergence of
Pseudomonas aeruginosa strains producing high levels of persister cells in
patients with cystic fibrosis. Journal of bacteriology, 192(23), pp.6191-
6199.

Mulet, M., Gomila, M., Lemaitre, B., Lalucat, J., & Garcia-Valdés, E. (2012).
Taxonomic characterisation of Pseudomonas strain L48 and formal proposal
of Pseudomonas entomophila sp. nov. Systematic and Applied
Microbiology, 35(3), 145-149.

Murray, T. S., Ledizet, M., and Kazmierczak, B. I. (2010). Swarming motility,
secretion of type 3 effectors and biofilm formation phenotypes exhibited
within a large cohort of Pseudomonas aeruginosa clinical isolates. Journal
of medical microbiology, 59(5):511-520.

Nasser, M., and Kharat, A. S. (2019). Phenotypic demonstration of B-lactamase
(ESBLs, MBLs, and Amp-C) among MDR Pseudomonas aeruginosa isolates
obtained from burn wound infected in Yemen. Journal of Applied Biology
and Biotechnology, 7(06):31-34.

Nasser, M., Gayen, S., & Kharat, A. S. (2020). Prevalence of pB-lactamase and
antibiotic-resistant Pseudomonas aeruginosa in the Arab region. Journal of
Global Antimicrobial Resistance, 22, 152-160.

122



Neubauer, S., Madzgalla, S., Marquet, M., Klabunde, A., Bttner, B., Gohring, A.,
Brandt, C., Feller, K.-H., Pletz, M. W., & Makarewicz, O. (2020). A
genotype-phenotype correlation study of SHV p-lactamases offers new
insight into SHV resistance profiles. Antimicrobial agents and
chemotherapy, 64(7), €02293-02219.

Nichols, W. W., Evans, M. J., Slack, M. P., & Walmsley, H. L. (1989). The
penetration of antibiotics into aggregates of mucoid and non-mucoid
Pseudomonas aeruginosa. Microbiology, 135(5), 1291-1303.

Niederstebruch, N., Sixt, D., Benda, B. I., and Banboye, N. (2017). A suitable blood
agar containing human blood especially for the use in laboratories of
developing countries. The Journal of Infection in Developing Countries,
11(5):399-406.

Novais, A., Baquero, F., Machado, E., Cantdn, R., Peixe, L., & Coque, T. M.
(2010). International spread and persistence of TEM-24 is caused by the
confluence of highly penetrating Enterobacteriaceae clones and an IncA/C2
plasmid containing Tn 1696: Tn 1 and IS 5075-Tn 21. Antimicrobial agents
and chemotherapy, 54(2), 825-834.

Olivares, E., Badel-Berchoux, S., Provot, C., Prevost, G., Bernardi, T., & Jehl, F.
(2020). Clinical impact of antibiotics for the treatment of Pseudomonas
aeruginosa biofilm infections. Frontiers in microbiology, 10, 2894.

Othman, N., Babakir-Mina, M., Noori, C.K. and Rashid, P.Y., 2014. Pseudomonas
aeruginosa infection in burn patients in Sulaimaniyah, Iraq: risk factors and
antibiotic resistance rates. The Journal of Infection in Developing
Countries, 8(11), pp.1498-1502.

Oumeri, M. M. Q., & Yassin, N. A. (2021). Molecular characterization of some

carbapenem-resistance genes among Pseudomonas aeuroginosa isolated

123



from wound and burns infections in Duhok city, IRAQ. Journal of Duhok
Unviersity, 24(1), 136-144.

Palleroni, N. (1984). Genus |. Pseudomonas. Bergey's manual of systematic
bacteriology, 1, 141-199.

Palleroni, N. J. (2003). Prokaryote taxonomy of the 20th century and the impact of
studies on the genus Pseudomonas: a personal view. Microbiology, 149(1),
1-7.

Palleroni, N. J. (2015). Burkholderia. Bergey's Manual of Systematics of Archaea
and Bacteria, 1-50.

Pang, Z., Raudonis, R., Glick, B.R., Lin, T.J. and Cheng, Z., 2019. Antibiotic
resistance in Pseudomonas aeruginosa: mechanisms and alternative
therapeutic strategies. Biotechnology advances, 37(1), pp.177-192.

Partridge, S. R., & Hall, R. M. (2005). Evolution of transposons containing blargm
genes. Antimicrobial agents and chemotherapy, 49(3), 1267-1268.

Partridge, S. R., Kwong, S. M., Firth, N., & Jensen, S. O. (2018). Mobile genetic
elements associated with antimicrobial resistance. Clinical microbiology
reviews, 31(4), e00088-00017.

Peix, A., Ramirez-Bahena, M.-H., & Velazquez, E. (2009). Historical evolution
and current status of the taxonomy of genus Pseudomonas. Infection,
Genetics and Evolution, 9(6), 1132-1147.

Perilli, M., Dell'’Amico, E., Segatore, B., De Massis, M. R., Bianchi, C., Luzzaro,
F., Rossolini, G. M., Toniolo, A., Nicoletti, G., & Amicosante, G. (2002).
Molecular characterization of extended-spectrum B-lactamases produced by
nosocomial isolates of Enterobacteriaceae from an Italian nationwide
survey. Journal of Clinical Microbiology, 40(2), 611-614.

Perletti, G., Magri, V., Wagenlehner, F.M.E. and Naber, K.G., 2010. CXA-

124



101. Drugs Fut, 35(12), pp.977-86.

Peymani, A., Naserpour-Farivar, T., Zare, E., & Azarhoosh, K. (2017). Distribution
of blarem, blasny, and blactx-m genes among ESBL-producing P. aeruginosa
isolated from Qazvin and Tehran hospitals, Iran. Journal of preventive
medicine and hygiene, 58(2), E155.

Picéo, R. C., Poirel, L., Gales, A. C., & Nordmann, P. (2009). Further identification
of CTX-M-2 extended-spectrum B-lactamase in Pseudomonas aeruginosa.
Antimicrobial agents and chemotherapy, 53(5), 2225-2226.

Piccirilli, A., Perilli, M., Amicosante, G., Conte, V., Tascini, C., Rossolini, G. M.,
& Giani, T. (2018). TEM-184, a novel TEM-derived extended-spectrum -
lactamase with enhanced activity against aztreonam. Antimicrobial agents
and chemotherapy, 62(9), e00688-00618.

Pitout, J., Thomson, K., Hanson, N., Ehrhardt, A., Moland, E., & Sanders, C.
(1998). p-Lactamases responsible for resistance to expanded-spectrum
cephalosporins in Klebsiella pneumoniae, Escherichia coli, and Proteus
mirabilis isolates recovered in South Africa. Antimicrobial agents and
chemotherapy, 42(6), 1350-1354.

Poirel, L., Bonnin, R. A., & Nordmann, P. (2012). Genetic support and diversity of
acquired extended-spectrum B-lactamases in Gram-negative rods. Infection,
Genetics and Evolution, 12(5), 883-893.

Poirel, L., Decousser, J.-W., & Nordmann, P. (2003). Insertion sequence IS EcplB
Is involved in expression and mobilization of a blacrx-m B-lactamase gene.
Antimicrobial agents and chemotherapy, 47(9), 2938-2945.

Poirel, L., Gniadkowski, M., & Nordmann, P. (2002). Biochemical analysis of the
ceftazidime-hydrolysing extended-spectrum p-lactamase CTX-M-15 and of
its structurally related p-lactamase CTX-M-3. Journal of Antimicrobial
Chemotherapy, 50(6), 1031-1034.

125



Poirel, L., Naas, T., & Nordmann, P. (2008). Genetic support of extended-spectrum
B-lactamases. Clinical Microbiology and Infection, 14, 75-81.

Poole, K. (2011). Pseudomonas aeruginosa: resistance to the max. Frontiers in
microbiology, 2, 65.

Prashanth, K., & Badrinath, S. (2004). In vitro susceptibility pattern of
Acinetobacter species to commonly used cephalosporins, quinolones, and
aminoglycosides. Indian journal of medical microbiology, 22(2), 97-103.

Ramette, A., Frapolli, M., Fischer-Le Saux, M., Gruffaz, C., Meyer, J.-M., Défago,
G., Sutra, L., & Moénne-Loccoz, Y. (2011). Pseudomonas protegens sp.
nov., widespread plant-protecting bacteria producing the biocontrol
compounds 2, 4-diacetylphloroglucinol and pyoluteorin. Systematic and
Applied Microbiology, 34(3), 180-188.

Ramirez-Bahena, M.-H., Cuesta, M. J., Flores-Félix, J. D., Mulas, R., Rivas, R.,
Castro-Pinto, J., Branas, J., Mulas, D., Gonzalez-Andres, F., & Velazquez,
E. (2014). Pseudomonas helmanticensis sp. nov., isolated from forest soil.
International Journal of Systematic and Evolutionary Microbiology,
64(Pt_7), 2338-2345.

Rehman, A., Patrick, W.M. and Lamont, I.L., 2019. Mechanisms of ciprofloxacin
resistance in Pseudomonas aeruginosa: new approaches to an old
problem. Journal of Medical Microbiology, 68(1), pp.1-10.

Romling, U., & Balsalobre, C. (2012). Biofilm infections, their resilience to
therapy and innovative treatment strategies. Journal of internal medicine,
272(6), 541-561.

Rozwandowicz, M. (2020). I-complex plasmids—a story about incompatibility and
host adaptation, Utrecht University.

Rybtke, M., Hultgvist, L. D., Givskov, M., & Tolker-Nielsen, T. (2015).

Pseudomonas aeruginosa biofilm infections: community structure,

126



antimicrobial tolerance and immune response. Journal of molecular biology,
427(23), 3628-3645.

Ryder, C., Byrd, M., & Wozniak, D. J. (2007). Role of polysaccharides in
Pseudomonas aeruginosa biofilm development. Current opinion in
microbiology, 10(6), 644-648.

Rzhetsky, A., and Nei, M. (1992). A simple method for estimating and testing
minimum-evolution trees.

Safaei, H. G., Moghim, S., Isfahani, B. N., Fazeli, H., Poursina, F., Yadegari, S.,
Nasirmoghadas, P., & Nodoushan, S. A. H. (2017). Distribution of the strains
of multidrug-resistant, extensively drug-resistant, and pandrug-resistant
Pseudomonas aeruginosa isolates from burn patients. Advanced biomedical
research, 6.

Saitou, N., and Nei, M. (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Molecular biology and evolution, 4(4),
406425.

Salahuddin, P., and Khan, A. U. (2014). Studies on structure-based sequence
alignment and phylogenies of beta-lactamases. Bio information, 10(5), 308.

Salimi, H., Yakhchali, B., Owlia, P., & Lari, A. R. (2010). Molecular epidemiology
and drug susceptibility of Pseudomonas aeruginosa strains isolated from
burn patients. Laboratory Medicine, 41(9), 540-544.

Sambrook, J., Fritsch, E. F., & Maniatis, T. (1989). Molecular cloning: a laboratory
manual. Cold spring harbor laboratory press.

Sauvage, E., Kerff, F., Terrak, M., Ayala, J.A. and Charlier, P., 2008. The
penicillin-binding proteins: structure and role in peptidoglycan
biosynthesis. FEMS microbiology reviews, 32(2), pp.234-258.

Savari, M., Rostami, S., Ekrami, A. and Bahador, A., 2016. Characterization of

toxin-antitoxin (TA) systems in Pseudomonas aeruginosa clinical isolates in

127



Iran. Jundishapur journal of microbiology, 9(1).

Schildkraut, C. L., Marmur, J., & Doty, P. (1961). The formation of hybrid DNA
molecules and their use in studies of DNA homologies. Journal of molecular
biology, 3(5), 595-IN516.

Schwendimann, R., Blatter, C., Dhaini, S., Simon, M., & Ausserhofer, D. (2018).
The occurrence, types, consequences and preventability of in-hospital
adverse events—a scoping review. BMC health services research, 18(1), 1-
13.

See-Too, W. S., Salazar, S., Ee, R., Convey, P., Chan, K.-G., & Peix, A. (2017).
Pseudomonas versuta sp. nov., isolated from Antarctic soil. Systematic and
Applied Microbiology, 40(4), 191-198.

Seyedjavadi, S. S., Goudarzi, M., & Sabzehali, F. (2016). Relation between blargwm,
blasnv, and blacrx-v genes and acute urinary tract infections. Journal of Acute
Disease, 5(1), 71-76.

Shahraki Z. S., Jahantigh, M., and Amini, Y. (2018). Determining a pattern for
antibiotic resistance in clinical isolations of Pseudomonas aeruginosa.
Tehran University Medical Journal TUMS Publications, 76(8):517-522.

Shehab, S. K., and Jassim, E. H. (2019). Impact of mint oil and colistin antibiotic
on pilB gene of clinical Pseudomonas aeruginosa isolates from Baghdad,
Irag. Iragi journal of biotechnology, 18(3):43-54.

Shim, S.-M., Kim, J.-H., Jung, S.-E., Kim, D.-J., Oh, J.-H., Han, B.-G., & Jeon, J.-
P. (2010). Multilaboratory assessment of variations in spectrophotometry-
based DNA quantity and purity indexes. Biopreservation and Biobanking,
8(4), 187-192.

Smith, E. E., Buckley, D. G., Wu, Z., Saenphimmachak, C., Hoffman, L. R.,
D’Argenio, D. A., ... & Olson, M. V. (2006). Genetic adaptation by

Pseudomonas aeruginosa to the airways of cystic fibrosis

128



patients. Proceedings of the National Academy of Sciences, 103(22), 8487-
8492.

Soilleux, M. J., Morand, A. M., Arlet, G. J., Scavizzi, M. R., & Labia, R. (1996).
Survey of Kilebsiella pneumoniae producing extended-spectrum beta-
lactamases: prevalence of TEM-3 and first identification of TEM-26 in
France. Antimicrobial agents and chemotherapy, 40(4), 1027-1029.

Solomon, F. B., Wadilo, F., Tufa, E. G., & Mitiku, M. (2017). Extended spectrum
and metalo beta-lactamase producing airborne Pseudomonas aeruginosa and
Acinetobacter baumanii in restricted settings of a referral hospital: a
neglected condition. Antimicrobial Resistance & Infection Control, 6(1), 1-
1.

Sougakoff, W., Goussard, S., Gerbaud, G., & Courvalin, P. (1988). Plasmid-
mediated resistance to third-generation cephalosporins caused by point
mutations in TEM-type penicillinase genes. Clinical Infectious Diseases,
10(4), 879-884.

Spilker, T., Coenye, T., Vandamme, P., & LiPuma, J. J. (2004). PCR-based assay
for differentiation of Pseudomonas aeruginosa from other Pseudomonas
species recovered from cystic fibrosis patients. Journal of Clinical
Microbiology, 42(5), 2074-2079.

Stapleton, F., and Carnt, N. (2012). Contact lens-related microbial keratitis: how
have epidemiology and genetics helped us with pathogenesis and
prophylaxis. Eye 26, 185-193. doi: 10.1038/eye.2011.288.

Tambong, J. T., Xu, R., & Bromfield, E. S. (2017). Pseudomonas canadensis sp.
nov., a biological control agent isolated from a field plot under long-term
mineral fertilization. International Journal of Systematic and Evolutionary
Microbiology, 67(4), 889.

Tamura, K., Nei, M., & Kumar, S. (2004). Prospects for inferring very large

129



phylogenies by using the neighbor-joining method. Proceedings of the
National Academy of Sciences, 101(30), 11030-11035.

Tang, Y.-W., & Sails, A. (2014). Molecular medical microbiology. Academic
press.

Tannous, E., Lipman, S., Tonna, A., Hector, E., Hussein, Z., Stein, M. and Reisfeld,
S., 2020. Time above the MIC of piperacillin-tazobactam as a predictor of
outcome in Pseudomonas aeruginosa bacteremia. Antimicrobial agents and
chemotherapy, 64(8).

Tavajjohi, Z., Moniri, R., & Khorshidi, A. (2011). Detection and characterization
of multidrug resistance and extended-spectrum-beta-lactamase-producing
(ESBLS) Pseudomonas aeruginosa isolates in teaching hospital. African
Journal of Microbiology Research, 5(20), 3223-3228.

Tchouaket Nguemeleu, E., Boivin, S., Robins, S., Sia, D., Kilpatrick, K.,
Brousseau, S., Dubreuil, B., Larouche, C., & Parisien, N. (2020).
Development and validation of a time and motion guide to assess the costs
of prevention and control interventions for nosocomial infections: A Delphi
method among experts. PLoS One, 15(11), e0242212.

Tille, P. M. (2014). Bailey & scott’s diagnostic microbiology 13 t h ed. Mosby,
Inc., an affiliate of Elsevier Inc. China.

Tindall, B., & Garrity, G. (2008). Should we alter the way that authorship of a
subspecies name that is automatically created under Rule 40d of the
Bacteriological Code is cited International Journal of Systematic and
Evolutionary Microbiology, 58(8), 1991-1992.

Tiwari, P., Ekka, S. R., & Tripathi, J. (2011). In Vitro Study of Pseudomonas spp.
Isolated from Soil. Journal of Phytology, 3(4).

Tokunaga, A., & Cox, A. N. (2000). Allen's Astrophysical Quantities. AN Cox
(Springer), 143.

130



Toro, M., Ramirez-Bahena, M.-H., Cuesta, M. J., Velazquez, E., & Peix, A. (2013).
Pseudomonas guariconensis sp. nov., isolated from rhizosphere soil.
International Journal of Systematic and Evolutionary Microbiology,
63(Pt_12), 4413-4420.

URBAN, C., MARIANO, N., RAHMAN, N. QUEENAN, A. M,
MONTENEGRO, D., BUSH, K., & RAHAL, J. J. (2000). Detection of
multiresistant ceftazidime-susceptible Klebsiella pneumoniae isolates
lacking TEM-26 after class restriction of cephalosporins. Microbial Drug
Resistance, 6(4), 297-303.

Varani, A., He, S., Siguier, P., Ross, K., & Chandler, M. (2021). The 1S6 family, a
clinically important group of insertion sequences including 1S26. Mobile
Dna, 12(1), 1-18.

Vitkauskiené, A., Skrodeniené, E., Dambrauskiené¢, A., Macas, A. and
Sakalauskas, R., 2010. Pseudomonas aeruginosa bacteremia: resistance to
antibiotics, risk factors, and patient mortality. Medicine, 46(7), p.490.

Walter, A., & Mayer, C. (2019). Peptidoglycan structure, biosynthesis, and
dynamics during bacterial growth (Extracellular sugar-based biopolymers
matrices (pp. 237-299). Springer.

Walther-Rasmussen, J., & Hgiby, N. (2004). Cefotaximases (CTX-M-assess), an
expanding family of extended-spectrum B-lactamases. Canadian journal of
microbiology, 50(3), 137-165.

Wi, T., Lahra, M. M., Ndowa, F., Bala, M., Dillon, J.-A. R., Ramon-Pardo, P.,
Eremin, S. R., Bolan, G., & Unemo, M. (2017). Antimicrobial resistance in
Neisseria gonorrhoeae: global surveillance and a call for international
collaborative action. PLoS medicine, 14(7), e1002344.

Winsor, G. L., Griffiths, E. J., Lo, R., Dhillon, B. K., Shay, J. A., & Brinkman, F.

S. (2016). Enhanced annotations and features for comparing thousands of

131



Pseudomonas genomes in the Pseudomonas genome database. Nucleic acids
research, 44(D1), D646-D653.

Woese, C., Stackebrandt, E., Weisburg, W., Paster, B., Madigan, M., Fowler, V.,
Hahn, C., Blanz, P., Gupta, R., & Nealson, K. (1984). The phylogeny of
purple bacteria: the alpha subdivision. Systematic and Applied
Microbiology, 5(3), 315-326.

Wojtyczka, R. D., Orlewska, K., Kepa, M., 1dzik, D., Dziedzic, A., Mularz, T.,
Krawczyk, M., Miklasinska, M., & Wasik, T. J. (2014). Biofilm formation
and antimicrobial susceptibility of Staphylococcus epidermidis strains from
a hospital environment. International journal of environmental research and
public health, 11(5), 4619-4633.

Wolny-Kotadka, K., & Lenart-Boron, A. (2018). Antimicrobial resistance and the
presence of extended-spectrum beta-lactamase genes in Escherichia coli
isolated from the environment of horse riding centers. Environmental
Science and Pollution Research, 25(22), 21789-21800.

Wong, B.-T., & Lee, D.-J. (2014). Pseudomonas yangmingensis sp. nov., an
alkaliphilic denitrifying species isolated from a hot spring. Journal of
bioscience and bioengineering, 117(1), 71-74.

Yan, J.-J., Wu, S.-M., Tsai, S.-H., Wu, J.-J., & Su, 1.-J. (2000). Prevalence of SHV-
12 among clinical isolates of Klebsiella pneumoniae producing extended-
spectrum [-lactamases and identification of a novel AmpC enzyme (CMY -
8) in Southern Taiwan. Antimicrobial agents and chemotherapy, 44(6),
1438-1442.

Yang, Y., & Liu, X. (1999, August). A re-examination of text categorization
methods. In Proceedings of the 22nd annual international ACM SIGIR
conference on Research and development in information retrieval (pp. 42-
49).

132



Yao, Z., Kahne, D., & Kishony, R. (2012). Distinct single-cell morphological
dynamics under beta-lactam antibiotics. Molecular cell, 48(5), 705-712.

Yayan, J., Ghebremedhin, B. and Rasche, K., 2015. Antibiotic resistance of
Pseudomonas aeruginosa in pneumonia at a single university hospital center
in Germany over a 10-year period. Plos one, 10(10),

Zapun, A., Contreras-Martel, C. and Vernet, T., 2008. Penicillin-binding proteins
andp-lactam resistance. FEMS microbiology reviews, 32(2), pp.361-385.

Zeil, C., Widmann, M., Fademrecht, S., Vogel, C., & Pleiss, J. (2016). Network
analysis of sequence-function relationships and exploration of sequence
space of TEM p-lactamases. Antimicrobial agents and chemotherapy, 60(5),
2709-2717.

Zhang, Y., Sun, Y.-H., Wang, J.-Y., Chang, M.-X., Zhao, Q.-Y., & Jiang, H.-X.
(2021). A Novel Structure Harboring blacrx-m-27 on IncF Plasmids in
Escherichia coli Isolated from Swine in China. Antibiotics, 10(4), 387.

133



Appendix.




Table 4.3. Phenotypic of antibiotic susceptibility of P. aeruginosa isolates

LEV | GA

NO

CIP

AM | GE

PP

CAZ

ME

DO

OF

NE

TOB

CE

PIP

IM

AZ

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Isolat

PAL
PA2
PA3
PA4
PAS
PA6
PA7
PA8
PA9

PA10

PA11

PA12

PA13

PA14

PA15

PA16

PAL7

PA18

PA19

PA20

PA21

PA22

PA23

PA24

PA25

PA26

PA27

PA28

PA29

PA30

PA31

PA32

PA33

PA34

PA35

PA36

PA37

PA38

PA39

PA40




Isolat | AZ | IM | PIP [ CE | TOB | NE | OF | DO ME CAZ | PP | AM | GE CIP | NO LEV | GA
PA4l | R R R R R R R R R R S S R R | R S
PA42 | R R R R R R R R S R S R R R S R R
PA43 | R R R R R R R S S R S R R R | R I
PA44 | R R R R R R R S S R S R R | | R |
PA45 | R R R R R R R R R R S | R | R S S
PA46 | R R R R R R R R R R R S R R R I S

Abbreviations: R, resistance; S, sensitive; I, intermediate; AZT, Aztreonam; IMI, Imipinem;

PIP, Piperacillin; CEF, Cefepime; TOB, Tobramycin; NET, Netilmicin; OFL, Ofloxacin; DO,
Doripenem, MER, Meropenem; CAZ, Ceftazidim; PPT, Piper. /Tazo.; AMI, Amikacin; GEN,
Gentamicin; CIP, Ciprofloxacin; NOR, Norfloxacin; LEV, Levofloxacin; GAT. Gatifloxacin.

Table 4.5 Biofilm forming capacity of P. aeruginosa

Isolate Specimen type Geographic region OD (nm) Grade
PA1 Burn Muthanna 0.148 weak
PA2 Injury Baghdad 0.102 weak
PA3 Diabetic Foot Ninawa 0.227 moderate
PA4 Burn DhiQar 0.11 weak
PAS5 Injury Kirkuk 0.247 moderate
PAG Injury Diyala 0.204 weak
PAT Diabetic Foot Busra 0.107 weak
PA8 Burn Erbil 0.105 weak
PA9 Injury Babylon 0.206 moderate
PA10 Burn Ninawa 0.149 weak
PA1l Diabetic Foot DhiQar 0.135 weak
PA12 Injury Diyala 0.269 moderate
PA13 Injury Baghdad 0.298 moderate
PA14 Injury Basra 0.132 weak

PA15 Burn Kirkuk 0.147 weak

PA16 Diabetic Foot Diyala 0.224 moderate

PAL17 Burn DhiQar 0.103 weak

PA18 Burn Muthanna 0.112 weak

PA19 Burn Basra 0.203 moderate

PA20 Burn Basra 0.095 non

PA21 Injury Muthanna 0.143 weak

PA22 Burn Erbil 0.129 weak

PA23 Burn Baghdad 0.131 weak

PA24 Burn Baghdad 0.107 weak

PA25 Diabetic Foot Diyala 0.095 non

PA26 Injury Baghdad 0.076 non

PA27 Injury Erbil 0.118 weak

PA28 Burn Babylon 0.089 non




Isolate Specimen type Geographic region OD (nm) Grade
PA29 Diabetic Foot Basra 0.103 weak
PA30 Injury Kirkuk 0.108 weak
PA31 Burn DhiQar 0.093 non
PA32 Burn DhiQar 0.09 non
PA33 Burn Muthanna 0.137 weak
PA34 Burn Baghdad 0.11 weak
PA35 Burn Muthanna 0.102 weak
PA36 Burn Kirkuk 0.11 weak
PA37 Burn Kirkuk 0.096 non
PA38 Burn Babylon 0.10 weak
PA39 Injury Baghdad 0.086 non
PA40 Burn Babylon 0.09 non
PA41 Burn DhiQar 0.126 weak
PA42 Burn Diyala 0.079 non
PA43 Injury Kirkuk 0.075 non
PA44 Injury Ninawa 0.114 weak
PA45 Burn Basra 0.095 non
PA46 Burn Babylon 0.167 weak




Figuer 2: Urease test positive result




Figuer 3: Kligler’s Iron Agar test positive result

Figuer 4: Oxidase test positive isolates




Figuer 7: Pigment test positive isolates




Figuer 8: Pseudomonas aeruginosa culture on Muller Hinton

Figuer 9: Pseudomonas aeruginosa culture under UV- light
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