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ABSTRACT
Infections of the musculoskeletal system may pose a risk to public health.  Either directly or through a nearby source of infection, these illnesses are spread.  The Gram-negative opportunistic pathogen Pseudomonas aeruginosa infects people with weakened immune systems.  This study assessed Pseudomonas aeruginosa's impact on infections of soft tissues, muscles, and bones.  The current analysis included 150 samples from different collections, such as blood, wound swabs, and pus.  Based on the age of the patients, which varied from 13 to 80 years, the results were split into four groups. Individuals aged 13 to 20 years (75%) and 41 to 60 years (80%) had the lowest prevalence, while those aged 61 to 80 years (93%) had the highest proportion.  Ninety (60%) of the 150 patients were men, and sixty (40%) were women.  Morphological traits, Gram staining, pyocyanin production, and biochemical assays utilizing API20NE were among the preliminary identification tests carried out. The organism was identified as gram-negative short rods, oxidase +, catalase +, methyl red -, urease +, Voges Proskauer -, non-lactose fermenter, indole -, maltose -e, inositol -, sucrose -, Alk/Alk no Gas, On MacConkey and Cetrimide Agar, arginine-, lysine-, and ornithine-, which tolerate 4% salt, SIM in 30°C+, and SIM in 37°C- and grew well.
The susceptibility pattern of the different antibiotics against P. aeruginosa clinical isolates was identified using CLSI 2020 guidelines. Antibiotic resistance testing revealed elevated resistance to imipenem (57%) and meropenem (61%) as well as to ciprofloxacin (47%), ceftazidime (40%), gentamycin (48%),cefepime (42%), amikacin (45%) colistin (1.5%)  and tigecycline (28%). Using SPSS and a p-value of less than 0.03, the findings were presented as the mean standard deviation. Molecular characterization of isolated species was done for identification and genes responsible for the resistance.

Keywords: Molecular Characterization, Musculoskeletal infections, Pseudomonas aeruginosa,Antibiotic Sensitivity, Antibiotic Resistance.




Chapter
INTRODUCTION
1.1 BACKGROUND
      Carle Gessard (1850–1925) discovered Pseudomonas aeruginosa in 1882 while investigating the infection of soldiers' wounds with blue and green bandages (Diggle & Whiteley, 2020).  In 1894, Walter Migula (1863–1938) first used the term "Pseudomonas" to refer to any rod-shaped, aerobic, Gram-negative bacteria (Hofmann et al., 2021).  The genus Pseudomonas was widened to encompass unrelated species as a result of this broad definition.  In 1984, a list of over 100 Pseudomonas species was published in Bergey's Handbook of Systematic Bacteria.  Some organisms that were first assigned to the Pseudomonas genus were moved to different genera when molecular techniques advanced and required the ordering and comparison of all of these species using 16S ribosomal RNAs (Villa & de Miguel, 2021). According to Palleroni's rRNA-DNA hybridization studies, the genus was first divided into five groups called the rRNA I-V groups.  In the last 30 years, members of the II-V rRNA group, including those found in Burkholderia, Ralstonia, Acidovorax, and Brevundimonas, have all been transferred to different genera.  Pseudomonas aeruginosa, P. cepacia, P. putida, P. fluorescens, P. maltophilia, P. stutzeri, P. putrefaciens, and incertae sedis—a Latin word meaning "uncertain"—are the eight groups that comprise the only Pseudomonas species that are still alive (Lalucat et al., 2022).             

      Musculoskeletal (MSKI) infections are infections that affect the muscles, bones, and joints.  Since most patients who present at hospitals have unusual symptoms and accurately diagnosing these conditions can be challenging and time-consuming.  They may be the source of infections that lead to multiorgan failure and septicemia (Mignemi et al., 2018).  Successfully managed cases often lead to deformity and disability, which can have psychological and social effects.  Periprosthetic joint infections, suppurative tenosynovitis, osteomyelitis, spondylodiscitis, spinal epidural abscess, septic arthritis, and septic bursitis are among these musculoskeletal infections (Moore-Lotridge & Schoenecker, 2022).
 
      As of July 14, 2022, 1.71 billion individuals worldwide suffer from musculoskeletal infections, and the proportion of persons with disabilities is increasing, according to WHO data.  These disabilities, which limit mobility and lead to early retirement, as well as socioeconomic stress and a decline in social activities, include low back pain, fractures, osteoarthritis, amputations, and rheumatoid arthritis (Hernigou & Scarlat, 2022).  A group of microbiologists, orthopedic surgeons, and biofilm scientists must assess bacterial toxins in order to create effective antitoxic and antimicrobial medications that will further inhibit biofilm formation and stop toxin release (Pugazhendhi et al., 2022).

 1.2 MICROBIOLOGY OF MUSCULOSKELETAL INFECTIONS
      Hematogenous distribution or an isolated source of contamination are the two ways by which the musculoskeletal infection spreads. Staphylococcus aureus is the main bacterium responsible for infections of the muscles and bones, and it is more frequently methicillin-resistant than methicillin-susceptible (Vallejo et al., 2022).Other microorganisms that impact the muscles and bones include Mycobacterium tuberculosis, which mostly infects the spinal column, Pseudomonas aeruginosa, Streptococcus, Escherichia coli, Enterobacter, and Klebsiella species.  Pyomyositis, another name for infectious myositis, is a disorder in which suppurative bacterial infections infect the skeletal muscles, causing pus to build up in the muscle's fascial layers.  Tissue necrosis and gas gangrene are caused by necrotizing soft tissue infections (NSTI), which affect deep soft tissues (Hernigou & Scarlat, 2022). Infectious bursitis affects the olecranon and pre-patellar bursa after a superficial skin infection.  The inflammatory synovial sheaths of ligaments and tendons affect the forearms and wrists.  About half of all joint infections affect the knee, with the hip joint being affected to a lesser degree (London et al., 2022).

1.3 GENOME OF PSEUDOMONAS AERUGINOSA
      A common Gram-negative bacterium related to the Pseudomonadaceae family is P. aeruginosa.  P. aeruginosa can be found isolated, in pairs, or in short chains due to its rod-like appearance.  The term "aeruginosa" comes from the green-blue color of the colonies of different clinical isolates.P. aeruginosa produces acids from sugars such as glucose, fructose, and xylose but not lactose or sucrose, as opposed to breaking down carbs.  P. aeruginosa can also grow anaerobically thanks to nitrates (Hwang & Yoon, 2019).  Almost all strains of P. aeruginosa are capable of generating the extracellular polysaccharide known as alginate.  The mucoid colony phenotype is  caused by an excess of alginate, commonly referred to as "glycocalyx" or "mucoid exopolysaccharide" (Mielko et al., 2019). The genome of P. aeruginosa is quite large.  Using gene sequencing, 6.26 megabase pairs (Mbp) covering 5567 genes were found.  For cell growth, division, metabolism, and the stability of proteins, roughly 1500 genes are necessary.  Haemophilus influenzae genome size is 1.83 Mbp (1714 genes), while Escherichia coli genome size is 2.81 Mbp (1794 genes) (Poulsen et al., 2019).  The expanded coding capacity of the P.aeruginosa genome offers better metabolic flexibility and adaptability to environment capabilities (Silby et al., 2011).

1.4 PSEUDOMONAS AERUGINOSA AS AN OPPORTUNISTIC PATHOGEN
      Acute nosocomial infections, necrotizing pneumonia, urinary tract infections, eye and ear infections, and other ailments can all be brought on by the opportunistic bacteria P. aeruginosa.  Through hematogenous spread, respiratory tract and urinary tract infections are the most common sites of infection in patients.  According to Azam and Khan (2019), P. aeruginosa can grow in hospital reservoirs like sinks, cleaning supplies, and breathing equipment like ventilators.  Sepsis, hospital-acquired pneumonia, urinary tract infections, and other potentially deadly illnesses are more likely to strike those with weakened immune systems.  Medical personnel's hands or contaminated objects can transmit an infection from one person to another (Diggle & Whiteley, 2020).

1.5 OSTEOMYELITIS
      It is an infectious disease that affects the bone and bone marrow. It can spread through bone trauma, hematogenous spread, or contiguous spread from surrounding tissues.  Children are more likely to have hematogenous bone infections.  In addition to developing sinuses and fistulas with pus leaking, patients with the syndrome also feel pain, swelling, and soreness.  In addition to sequestra, an accumulation of pus in soft tissues may also be visible using several imaging methods (Marloes et al., 2020). Osteomyelitis is an inflammatory response to a bacterial infection that causes bone destruction.   An infection in the bone marrow, cortex, periosteum, or surrounding soft tissues may cause any one or all of these anatomical components to disintegrate (Simner et al., 2022).   The total incidence of osteomyelitis increased from 11.4 cases per 100,000 person-years between 1969 and 1979 to 24.4 cases per 100,000 person- years between 2000 and 2009, according to population-based research conducted in Olmstead County, Minnesota. Due to a significant rise in diabetes-related osteomyelitis over the preceding 40 years, the incidence nearly doubled among those aged 60 and above, although rates among children and adults under 50 stayed constant (Dietl et al., 2018). One of three pathogenic mechanisms can cause osteomyelitis: bacteremia, which causes hematogenous seeding of bone; contiguous infection transfer from adjacent soft tissue to bone; or direct penetration of germs into bone, as in trauma.  Either an infection that has spread to the bloodstream or the introduction of germs into the bloodstream (for instance, through the use of an infected central venous catheter or by injecting intravenous drugs that result in infective endocarditis, respiratory, and urinary tract infections) are the two most common causes of hematogenous osteomyelitis (Rasooli et al., 2018). One of three pathogenic mechanisms can cause osteomyelitis: bacteremia, which causes hematogenous seeding of bone; contiguous infection transfer from adjacent soft tissue to bone; or direct penetration of germs into bone, as in trauma.  Either an infection that has spread to the bloodstream or the introduction of germs into the bloodstream (for instance, through the use of an infected central venous catheter or by injecting intravenous drugs that result in infective endocarditis, respiratory, and urinary tract infections) are the two most common causes of hematogenous osteomyelitis (Rasooli et al., 2018).

1.6 SPONDYLODISCYTIS  (VERTEBRAL OSTEOMYELITIS)
       Spondylodiscitis (osteomyelitis) is an infection of the intervertebral disc (discitis) and adjacent vertebrae.  Vertebral osteomyelitis, another name for spondylodiscitis, affects 2.4 to 4.8 individuals per 100,000 year.  The most common site of infection is the lumbar spine (58%), which is followed by the thoracic (30%) and cervical (11%).  Diabetes mellitus, immunocompromised conditions, systemic steroid use, chronic renal disease requiring hemodialysis, liver disease, cancer, bacteremia/endocarditis, previous back surgery, and injectable drug use are among the known risk factors for this illness (Joyce et al., 2021). Furthermore, spondylodiscitis may develop in the aorta, esophagus, or colon as a result of the contiguous spread of an infection that affects adjacent tissues.  In rare instances, penetrating trauma, spine surgery, and epidural corticosteroid injections have all been linked to direct inoculation of the spine with microorganisms that cause spondylodiscitis (Musso et al., 2021).

       While S. aureus remains the most common causative bacteria associated with spondylodiscitis, Streptococcus species are also common, particularly in the elderly and individuals with diabetes mellitus. Infection with P. aeruginosa is typically associated with injectable medication use.  Other bacteria like Brucella and Mycobacterium tuberculosis should also be taken into account based on exposure and previous travel (Hosameldin et al., 2022).

1.7 SEPTIC ARTHRITIS
       Bacterial invasion of the joint space is the cause of septic arthritis, sometimes referred to as infectious arthritis.  Microbial invasion, immune response, and the creation of inflammatory mediators that result in hot, aching, and swollen joints, leukocytosis, and septicemia are all components of this debilitating sickness, which can have a bad prognosis and major health repercussions.  Inflammatory involvement of the joints is more likely in patients who are older than 80 years, have had recent joint surgery or a prosthesis, have diabetes mellitus, have rheumatoid arthritis, or are immunocompromised (John et al., 2021).
  
                             [image: ]
                     Figure1.1: Septic Arthritis, (Jian and Liucai, 2021).


1.8 VIRULENCE OF P. AERUGINOSA
      Cell-mediated virulence factors, such as lipopolysaccharide (LPS), flagella, and pili, are necessary for bacterial colonization in host tissues, target cell penetration, and motility.  Furthermore, the secreted virulence factors intensify inflammatory conditions, initiate potent host-tissue damage, encourage microbial invasion and development, and increase the severity of infection (Behzadi et al., 2021).  The most often seen secreted virulence determinants associated with P. aeruginosa are exotoxins A and S.  An external protein called exotoxin S is linked to cell death via activating the activities of ribosyltransferases and GTPase.  According to Newman et al. (2017), exotoxin A stops the host cell from synthesizing proteins. Additionally, the pathogen secretes physiologically active phenazine compounds, which are necessary for bacterial pathogenicity.  The quorum-sensing phenomenon is a cell signaling mechanism found in some bacterial species that enables the bacterial cell to react to outside stimuli (Brindhadevi et al., 2020).  Its activity is regulated by the genes las and rhl.  Molecular techniques, especially oprL gene sequencing, are essential for the rapid identification of P. aeruginosa through the amplification of species-specific primers. Pseudomonas aeruginosa contains a larger proportion of predicted regulatory genes because of its large genome, which consists of 6.3 million base pairs.  According to Brinkman et al. (2021), this indicates that P. aeruginosa may be able to adapt to a variety of environmental difficulties.  Some of the genes that typically encode and participate in virulence factors that may contribute to pathogenicity are ToxA, exoS, exoY, exoU, oprL, oprI, lasA, lasB, oprD, plcH, plcN, and nan1.  Infections caused by P. aeruginosa are identified by the three primary outer membrane lipoproteins, oprL, oprI, and oprD.  The most hazardous virulence gene is toxA, which inhibits protein synthesis and codes for the exotoxin A (Chand et al., 2021). Chronic pulmonary inflammation is caused by the important metalloenzyme Elastase B (lasB), which encourages tissue adhesion, colonization, and invasion during host infection.  It causes elastin lysis, complement deactivation, clotting factor breakdown, and protein compound degradation (Chadha et al., 2022).  tissue necrosis caused by exotoxin A (exoA).  ExoA ADP-ribosylates eukaryotic elongation factor, the primary constituent of the type II secretion system (T2SS), to inhibit protein synthesis.  Future treatment decisions for patients depend on the prompt discovery of these virulence genes that cause hospital infections (Yousefi et al., 2015).

1.9 MULTIDRUG RESISTANT P.AERUGINOSA
      The serious threat to public health posed by multidrug resistance strains (MDR) has grown recently on a worldwide scale.  According to recent epidemiological studies, bacterial pathogens from different origins that are MDR (multidrug-resistant: resistant to one agent in three tested antimicrobial classes) and XDR (extensively drug-resistant: resistant to one agent in all tested antimicrobial classes except for two classes) are prevalent (Ayoub Moubareck, 2020).  Usually, P. aeruginosa has a variety of antibiotic resistance patterns.  Due of poor outer membrane permeability, antibiotic resistance genes, and active efflux pumps, P. aeruginosa has acquired and innate resistance mechanisms that contribute to its antibiotic resistance (Cox & Wright, 2013). The outer membrane proteins (oprL) have a major impact on P. aeruginosa's resistance to antibiotics and antiseptics (Jami Al-Ahmadi & Zahmatkesh Roodsari, 2016).Additionally, the resistance to -lactam antibiotics (penicillin and cephalosporins) is caused by Extended -lactamases (ESBLs), which are encoded by ESBLs genes.  blaCTX-M and blaTEM are the two most common ESBL genes linked to P. aeruginosa (Hussain et al., 2021).  Therefore, to investigate the presence of MDR illnesses that are important for public health, PCR screening of the most common antibiotic resistance genes is required.

AIMS AND OBJECTIVES
 •   To identify the prevalence of P. aeruginosa in infections of the musculoskeletal system.
 • The role of carbapenem resistant genes in P. aeruginosa isolated from musculoskeletal illnesses and their molecular detection.
 • To assess the pattern of antibiotic sensitivity in P. aeruginosa isolated from infections of the musculoskeletal system.










     
                                                  Chapter 2
                                  REVIEW LITERATURE

2.1 INTRODUCTION	
      The most harmful member of the Pseudomonadaceae family is Pseudomonas aeruginosa.  It is a straight or slightly curved, gram-negative, nonspore-producing rod that is 0.5 to 1.0 micrometers wide and 1 to 5 micrometers long.  The polar flagellum and numerous cell-surface fimbriae or pili that P. aeruginosa  produces are accessible to it (Hong et al., 2015). P. aeruginosa can grow on a range of media in the lab.  The majority of isolates were immediately detected on primary isolates based on colony morphology, a scent-resembling grapes, and synthesis of water-soluble pigments including pyocyanin (blue), pyorubin (red), pyomelanin (dark brown), and/or pyoverdine (yellow-green or yellow-brown).  The term "aeruginosa" really refers to the color of bacterial colonies obtained from the co-production of the pigments pyocyanin and pyoverdin (derived from the Latin "aerg" meaning "copper rust or verdigris" plus-osus, which is added to a noun to form an adjective conveying that noun's abundance) (Nath et al., 2017).

      Although colonies may also have mucoid or small colony forms, they often feature flat, spreading morphologies with serrated borders.  Following a 24-hour development period at 37°C on blood agar, P. aeruginosa colonies have the form of round, boring avocados, measuring 2-3 mm in diameter, with jagged edges and peeling inside. Raised, rough, umbonate, and even rough colony architecture have been described, along with smaller, coliform-like colonies.  After cultivating an isolated colony, P. aeruginosa can develop a range of colony morphologies, which are usually observed (Reichhardt & Parsek, 2019). The mucoid strains of P. aeruginosa, which Sonnenschein firstly identified in 1927 and which are frequently found in patients with cystic fibrosis and other chronic respiratory conditions, are the most identifiable of the several morphotypes.  Mucoid isolates have also been found in urinary tract infections (particularly those associated with indwelling catheters) and ocular infections caused by contact lenses.  A biofilm grows in each of these diseases.
      A variety of carbon sources can be broken down by P. aeruginosa.  Instead of breaking down carbohydrates, it creates acids from sugars like fructose, xylose, and glucose but not lactose or sucrose (Tamber et al., 2006).  Strongly positive results are also obtained from tests for indophenol oxidase, arginine, and catalase.  Nitrate can be used as a terminal electron acceptor to allow anaerobic development, even though P. aeruginosa prefers aerobic growth (Hafeez & Aslanzadeh, 2018). Additionally, this species can withstand temperatures as high as 42 degrees Celsius, although it grows best at 37 degrees Celsius, in contrast to other rarely dangerous luminous Pseudomonas like P. fluorescens or P. putida (Schito et al., 2021).  The organism has historically been classified as a stringent aerobe because it requires oxygen to function as a terminal electron acceptor in metabolic processes.  Both catalase and oxidase are positive (Patel et al., 2013).  Nonetheless, it has been shown that P. aeruginosa may use nitrate and arginine as terminal electron acceptors and can grow anaerobically in their presence (Glasser et al., 2014).

2.2 HABITAT OF PSEUDOMONAS AERUGINOSA
P. aeruginosa is a common environmental pathogen that is present in soil, water, plants, and animals.  It is a well-known plant pathogen that thrives in damp environments, which is why sewers and other semi-aquatic environments frequently harbor large populations of it.  The feasibility of using a range of substrates as a growth foundation has been demonstrated.  Since it was identified from soaps, antiseptics, respirators, mattresses, endoscopes, distilled water, and suction equipment, this bacteria is very common in medical settings (Pelegrin et al., 2021). Therefore, it is impossible to avoid coming into contact with P. aeruginosa in the environment.  Patients frequently acquire opportunistic infections from hospital-associated isolates because these isolates typically have higher levels of antibiotic resistance than environmental samples (Capatina et al., 2022).
      The genome of P.aeruginosa is vast and complicated (5-7 Mb), and it has a considerable number of regulatory genes (>8%).  These characteristics, along with metabolic flexibility, the quantity of genes involved in transport and flow, and the proven genomic plasticity of individual strains, explain how an opportunistic disease can adapt to, survive in, and thrive in almost any environment (Belkum et al., 2015).  The ability of polysaccharide-covered surfaces to foster the development of biofilms, or permanent communities, which are essential for P. aeruginosa to survive in the wild, is "crucial to stress." P. aeruginosa's genome also has a unique intrinsic antibiotic resistance mechanism and a not anticipated variety of virulence features that enable it to resist pathogen activity when antibiotic treatments are administered and cause opportunistic infections in humans (Botelho et al., 2019). P. aeruginosa's genome also has a unique intrinsic antibiotic resistance mechanism and a not anticipated variety of virulence features that enable it to resist pathogen activity when antibiotic treatments are administered and cause opportunistic infections in humans (Botelho et al., 2019).

2.3 P. AERUGINOSA AS A NOSOCOMIAL PATHOGEN
Ten to twenty percent of nosocomial infections are caused by the known nosocomial bacteria P. aeruginosa.  Actually, P. aeruginosa is the second most common cause of hospital-acquired pneumonia and the infection type with the greatest fatality rate (40%) in the world.  P. aeruginosa has been listed as a severe pathogen because to its high inherent and acquired resistance and diversified pathogenicity (Javiya et al., 2008).  Furthermore, P. aeruginosa has been directly linked to burn infections, septic meningitis, and other conditions in hospitalized patients (Al-Dahmoshi et al., 2021). P. aeruginosa was positively selected among hospitalized patients, which is expected considering the high number of critically ill and immunocompromised patients in the hospital and the extensive use of antibacterial and antiseptic medications by these patients and their families (Bakht et al., 2022).  These risk factors are especially relevant in the intensive care unit (ICU), where P. aeruginosa may be responsible for 29% of infections, making it the most frequent cause of Gram-negative infections there (Pachori et al., 2019).
      Pseudomonas aeruginosa isolates recovered from hospital infections have much greater rates of antibiotic and multi-drug resistance than isolates recovered from community infections, especially in intensive care unit patients (Morris & Cerceo, 2020).  One study reported that 12.6% of the 419 Pseudomonas aeruginosa isolates from 19 different intensive care units in Canada had a multi-drug resistance phenotype.  At 0.6%, Enterobacter cloacae had the lowest prevalence of the multidrug resistant phenotype among the other Gram-negative rods that were selected for this study.  (Sader and others, 2018). Infection control methods are crucial to the treatment of Pseudomonas aeruginosa infections in medical facilities (Loveday et al., 2014).

2.4 P.  AERUGINOSA CAUSE MUSCULOSKELETAL INFECTIONS 
      A prevalent medical condition that requires care in emergency rooms, operating rooms, orthopedic clinics, and outpatient clinics is musculoskeletal infections (MSKI).  Depending on the site of involvement—soft tissues, bones, joints, ligaments, and tendons—these infections can manifest in a variety of ways.  They can manifest as septic arthritis, osteomyelitis, pyomyositis, necrotizing fasciitis, and tenosynovitis (Zhang et al., 2021). Usually, the infection spreads hematogenously, either by direct seeding from blood or by infection from a close or distant source.  Staphylococcus aureus is the primary pathogen that infects bones and muscles, while Pseudomonas aeruginosa is the primary gram-negative pathogen. Gram-positive infections typically prevail.  Other pathogens that affect the vertebral column include Mycobacterium tuberculosis, Streptococcus, Escherichia coli, Enterobacter, and Klebsiella species.  (Abby and others, 2022).  Infectious myositis, also known as pyomyositis, is a bacterial infection of the skeletal muscles that results in pus development in the muscle fascial layers. Necrotizing soft tissue infections (NSTI) affect deep soft tissues with gas gangrene, tissue breakdown and tissue necrosis.  Following superficial skin infections, infectious bursitis affects the olecranon and pre-patellar bursa.  When it comes to infections of the muscles and bones, infection of the covering sheath of the tendons and ligaments of the hands and wrists is also a serious problem (Martin et al., 2020). Musculoskeletal infections can spread by external routes, such as trauma (cuts, stabs, thorns), or endogenous ones, such as hematogenous dissemination linked to bacteremia, as in rheumatoid arthritis and infective endocarditis (immunocompromised state).  Musculoskeletal infections are more likely to occur as a result of unintentional trauma and injury to the muscles and bones that allows bacteria direct access to the wound, which raises the morbidity and mortality of the illness (Sendi et al., 2020). Osteomyelitis is an infection-related inflammatory disease of the bones that can be caused by contiguous spread from surrounding tissues, hematogenous spread, or bone trauma.  It happens as a result of the pathogen's interaction with the host immune system.  About 22 instances of osteomyelitis occur for every 100,000 person-years, and the incidence will increase in people with diabetes and those with weakened immune systems.  There are several types of osteomyelitis, including spinal osteomyelitis, prosthetic joint infections, acute osteomyelitis, implant-associated osteomyelitis, and chronic osteomyelitis (Elysia et al., 2022). The” hot” joint is a tender swollen joint which has inflammatory causes as reactive arthritis, septic arthritis, rheumatoid arthritis, systemic lupus erythematosus, gout or pseudogout and noninflammatory causes as trauma, tissue necrosis and degenerative illnesses.  The knee joint is most affected by acute septic arthritis, although it can also affect the hip, ankle, and wrist joints.  A comprehensive physical and medical history will aid in the diagnosis, although blood cultures are only positive in 50% of cases (Julia and Bridget, 2018).
2.5 P. AERUGINOSA PATHOGENESIS
One of the most harmful and common bacteria in hospital settings is P. aeruginosa, which has generated a lot of discussion and public anxiety.  This bacterium has the potential to develop into a pathogen after interacting with the host's immune system (Irazoqui et al., 2010).  Its resistance to antibiotics and other antiseptics used to eradicate other environmental bacteria has made it a significant opportunistic disease for humans (Oka et al., 2022).  Pseudomonas aeruginosa may act as a moderate invasion, a highly virulent invader during the infection phase, or a source of persistent infection, depending on the host immunological status and specific environmental factors (Qin et al., 2022). Acute ventilator-associated pneumonia can result from P. aeruginosa colonization in COPD in some human instances, and recurring infections that impair lung function have been documented in patients with cystic fibrosis (Fujitani et al., 2011).  With 10% of its genes arranged in "pathogenic genomic islands," P. aeruginosa's adaptable and diverse genome generates a wide range of virulence factors that greatly boost the organism's capacity for infection (Jani et al., 2016).
This fact encourages a great deal of molecular, biological, clinical, and therapeutic research to work together to better understand the pathogenicity potential of P. aeruginosa.  Numerous pathogenic characteristics of P. aeruginosa contribute to its overall ability to spread infection.  Understanding the mechanisms underlying this interaction, which is thought to be more important to the spread of infection than the influence of a single infectious component, would be very helpful for future research (Bentzmann and Plesiat, 2011).

2.6 VIRULENCE FACTORS
One of the most infectious traits of P. aeruginosa is its associated virulence factors.  P. aeruginosa generates substances that lead to infections, including toxins, enzymes, and lipopolysaccharide (LPS).  This group includes both cell-associated and secreted virulence factors (Sousa et al., 2021).

2.6.1 Cell-Linked Virulence Factors
            Bacterial colonization requires a variety of cell-associated virulence factors that P. aeruginosa produces.  The delivery mechanisms that transport effector proteins into the host cells, pili and flagella, and lipopolysaccharide (LPS), which can obstruct the host immune response and contribute to the maintenance of chronic infections, are examples of P. aeruginosa cell structure elements with virulence potential (Skariyachan et al., 2018).
2.6.1.1 Pili
Pili polymer-based polarity-localized cell appendages known as type IV pili (T4P) have the ability to assemble and disassemble reversibly.  They enable P. aeruginosa to move across solid surfaces by a process known as twitching motility (Jain et al., 2012).  P. aeruginosa may quickly colonize surfaces and produce biofilms because of its capacity to glide or move through environmental and nutritional cues (Persat et al., 2015).  In the early phases of biofilm development and mammalian cell attachment, (T4P) can act as a phage receptor. The exact method by which bacteria use glycosphingolipids as host receptors for T4P to adhere to the apical surface of host polarized cells has not been determined, despite numerous investigations (Koch et al., 2022).
2.6.1.2 Flagellum
The polymer flagellin, which is normally observed in P. aeruginosa as a single polar unit, makes up the bacterial flagellum.  Although the flagellar self-construct requires other gene products, it is a fliC gene product.  Architecturally, an organelle consists of a basal body wrapped in a filament that is connected to the cell surface by a hook (Wrafy et al., 2017).  The flagella are essential for P. aeruginosa biofilm formation, cell adhesion, and motility, including swimming and swarming. Furthermore, the innate immune system detects the monomeric flagellin component of flagella through internal cytosolic sensors that recognize certain subunits or the Toll-like receptor 5 (TLR5) on the cell surface (Haiko and Westerlund, 2013).
2.6.1.3 Lipopolysaccharide
Significant features linked to LPS cells include pathogenicity and the innate and acquired host defenses against infection.  Lipid A, a hydrophobic domain, and a hydrophilic tail made up of core polysaccharides and O-specific polysaccharide that protrudes from the cell surface make up the majority of P. aeruginosa LPS in the outer membrane (Huszczynski et al., 2019). By allowing the bacteria to attach and penetrate, interfering with host immune responses, and decreasing the effectiveness of medications, these cell-associated virulence factors can aid P. aeruginosa in colonizing host organisms (Qin et al., 2022).

2.6.2 Secreted Virulence Factors
             Following colonization, P. aeruginosa releases a range of extracellular compounds that can promote dispersion, bloodstream invasion, and significant tissue damage. The involvement of each component and cell-to-cell communication networks may change the type of infection (Skariyachan et al., 2018).
2.6.2.1 Proteases
            Acute infection is largely caused by proteases and other virulence factors.  Protease IV, alkaline protease, LasA, and LasB elastases (staphylolysin) are the four proteases that are now known to be secreted.  Because of these released proteases, P. aeruginosa can more easily penetrate cellular tissues and weaken defenses (Jurado et al., 2021). One of the main virulence characteristics of P. aeruginosa in acute infections is elastin degradation.  This protein regulates the expansion and contraction of the lung and is one of the vital parts of the lung cell tissues.  Additionally, maintaining the tonicity of blood arteries depends on this protein (Strateva & Mitov, 2011).
2.6.2.2 Exoenzyme
             To give the host cells virulence factors, P. aeruginosa uses the type III secretion system (T3SS or TTSS), which transfers exoenzymes to the cells. Different strains express the four enzymes, Exoenzyme T (ExoT), Exoenzyme S (ExoS), ExoY (ExoY), and Exoenzyme U (ExoU), in different ways (K. Adam et al., 2016). Every isolate had ExoT, defying the notion that its existence was incompatible with that of other exoenzymes (Javanmardi et al., 2019).

2.6.2.3 Exotoxin
Exotoxin A (ETA) is one of the known secreted virulence factors.  Because it can block ADP-ribosylate (EF2) and elongation factor 2, this toxin can restrict protein synthesis and cause cell death.  One of the main effects of ETA activation is local tissue damage, including kidney necrosis, liver cell necrosis, and lung bleeding.  This exotoxin primarily affects immunosuppression and bacterial invasion in patients with cystic fibrosis (Qin et al., 2022). In the 19th century, Charrin and Bouchard postulated a link between human Pseudomonas disease and a toxin.  About 75 years later, Liu found a possible toxin.  He discovered that under specific growth conditions, Pseudomonas produced an extracellular protein that caused skin necrosis in rabbits and was lethal to mice (Cook and Wright, 2022).  After isolating and refining this material, Liu and his associates named it "exotoxin A" (Karlberg et al., 2018).
More purification and characterisation procedures have recently been performed on exotoxin A.  The molecular weight of this single-chain polypeptide ranges from 66,000 to 71,500.  It is heat labile and trypsin sensitive.  It has an isoelectric point of 5.1, four intrachain disulfide bridges, and an unusually high arginine to lysine ratio.  Exotoxin A, which is said to be exclusive to P. aeruginosa, is produced by at least 88070 strains of the bacteria that have been found in patients.  The PA 103 strain was used to clone Pseudomonas exotoxin A, which has a length of 638 amino acids and may be further divided into various structural and functional domains (Marta and Philipp, 2015). Exotoxin A is one of the few bacterial toxins with a reported chemical mechanism of action.  Exotoxin  Although its exact pathogenic role is unknown, animal research indicates that it damages disease by preventing the creation of proteins.  After injecting mice with pure toxin, lower amino acid absorption and functional EF2 levels in several organs show ADPR transferase activity in vivo.  These findings imply that toxins decrease the creation of proteins in living creatures (Ali, 2022).  More significantly, charred mice infected with toxic strains of P. aeruginosa also exhibit the same metabolic alterations. These infected animals have enzymatically active toxins found in their serum and at the locations of their infected burns.  Exotoxin  When animals get an antibody treatment prior to the commencement of a burn infection, these biochemical alterations are stopped, tissue invasion and bacteremia levels are decreased, and survival is increased (Gilardi, 2019).  Conversely, animals infected with nontoxigenic strains of Pseudomonas show no antitoxin-protective effects and no alterations in protein synthesis or EF2 levels.  Exotoxin A may be harmful, according to research on corneal infections in mice.  Because of its persistence and capacity to inflict tissue damage, a parent strain of P. aeruginosa that generates toxins is more virulent in this situation than mutant strains that do not (Staub et al., 2015).
      Exotoxin A is produced by the majority, but not all, of  P. aeruginosa isolates that infect humans.  The presence of toxin-specific antibody responses in patients exposed to Pseudomonas strains that produce the toxin indirectly indicates in vivo production and release of the toxin, whereas the presence of exotoxin A in the tissues and sera of infected animals directly indicates these events.Additional evidence for the detrimental impact of exotoxin A is provided by the discovery that serum antibodies to it early in bacteremic human Pseudomonas infections increase the chance of survival later on (Ali, 2022).
      Defining the pathogenic importance of exotoxin A can be challenging by the large number of other virulence factors produced by P. aeruginosa.  In contrast to toxin-mediated diseases such as cholera and diphtheria, where primarily noninvasive bacteria release their toxic substances from surface areas, Pseudomonas causes bacteremic and locally invasive illness.  Consequently, a variety of host tissues are exposed to the lipopolysaccharide present in the organism's outer cell membrane as well as its extracellular byproducts, including exotoxin A.Consequently, understanding an organism's pathogenicity requires considering both how it overcomes the host's defenses and how it causes illness after invasion has occurred (Qin et al., 2022). Exotoxin A can be cytotoxic, inhibit protein synthesis, and induce death when it is generated in vivo, all of which suggest that it may be a cause of disease.  Exotoxin A's necrotizing effects on the skin and eyes suggest that it might also aid in overcoming the host's physical defenses (Ali, 2022).  Experimental evidence suggests that exotoxin A may potentially function as an immunotoxin, most likely due to its suppression of protein synthesis.  For example, the enzyme is harmful to human macrophages and decreases their phagocytic function in vitro.  Additionally, it stops mice's spleen cells and human mononuclear cells from reacting to T cell mitogens, and it may stop further T cell activity (Qin et al., 2022).

2.7 DIAGNOSIS OF MUSCULOSKELETAL INFECTIONS (MSKI)
The primary methods for diagnosing MSKI include history and physical examination, together with evaluation of risk factors, infection route, and hematogenous or local dissemination.  Infections of the bones and muscles are more common in people with autoimmune diseases of the joints.  Approximately 85% of patients arrive with excruciating pain, 78% complain of joint inflammation, nearly all patients have soreness, and nearly 58% have a fever higher than 39 degrees Celsius.  Laboratory results indicate a nonspecific high ESR and a sensitivity of 42–90% for a leukocyte count with neutrophils.  The primary diagnostic procedure for joint infections is joint fluid aspiration (Brit et al., 2018). Significant side effects of MSKI include functional impairment and bone and joint abnormalities, as well as acute consequences such septicemia that results in multiorgan failure.Joint deformity, chronic osteomyelitis, pathological fractures, avascular necrosis, and ultimately a disparity in leg length can result from further MSKI (Andrew et al., 2020).  Potential pathogens are the primary organisms responsible for these consequences. Gram-negative, aerobic, non-fermenting, and opportunistic, Pseudomonas aeruginosa is a pathogen.  It colonizes several bodily parts, including the skin, heart, and respiratory tracts, and is the primary cause of nosocomial and hospital-acquired infections.  In contrast to chronic infections, which have a lower virulence but different methods for fending off antibiotics, acute infections might have an elevated virulence factor (VF) and be vulnerable to drugs (Denisa et al., 2022).  Approximately 4–6% of all infections acquired in hospitals are brought on by Pseudomonas aeruginosa. Because it produces a variety of enzymes and virulence factors, including hemolysin, proteases, and toxin A, it has developed a number of mechanisms for resistance to different antibiotics.  Additionally, there is a mechanism of biofilm development that increases antimicrobial resistance by facilitating the pathogen's adherence to the host and shielding it from host defense systems (Pezhman et al., 2019).

2.8 ANTIMICROBIAL RESISTANCE
It may be difficult to treat P. aeruginosa with antimicrobial medications due to its diverse array of innate and acquired resistance mechanisms (Cho et al., 2018).  Compared to the United States, Europe and other developing countries have higher rates of antibiotic acquired resistance.  Additionally, P. aeruginosa isolates from hospitals are more likely to have antibiotic resistance than isolates from the population.  Overall antibiotic resistance is higher in P. aeruginosa isolates from CF than in isolates from other diseases (Ding et al., 2016). Furthermore, these isolates provide unique challenges for antimicrobial resistance testing due to their hypermutability.  The ability of upcoming P. aeruginosa treatments to completely eradicate infections will be significantly impacted by the concerning worldwide trend of multi-drug resistance (Ding et al., 2016; Langendonk et al., 2021).

2.9 INTRINSIC RESISTANT MECHANISMS
A number of drugs that are frequently used to treat Gram-negative infections are ineffective against P. aeruginosa. It was previously thought that this was due to the impermeability of the cell membrane, but in reality, the large membrane porin protein OprF of P. aeruginosa facilitates the easy entry of these drugs into the cell. More recent research have found the efflux pump system MexAB-OprM, which aggressively removes a variety of color detergents, solvents, macrolides, novobiocin, fluoroquinolones, tetracyclines, and inhibitors of fatty acid biosynthesis from the cell (Qin et al., 2022). 

2.10 MULTIDRUG RESISTANCE
Resistance to all medications in two or more of the following classes—beta-lactams, aminoglycosides, and flouroquinolones—is referred to as multi-drug resistance in P. aeruginosa.  The emergence of MDR strains in clinical isolates from patients with and without cystic fibrosis in recent years is concerning (Rutter et al., 2017).Any of the several multi-drug and P. aeruginosa resistance mechanisms previously described may be present in any one isolate (Cunrath et al., 2019).  Nosocomial isolates are more likely to be multidrug resistant than isolates obtained in the community, and the risk of infection with MDR isolates declines with patient age. Both empirical P. aeruginosa therapy and prolonged antibiotic use have been shown to increase the chance of developing MDR phenotypes (Recio et al., 2020).  A study conducted in the United States found that respiratory isolates from patients in intensive care units were the most frequent source of MDR isolates (resistance to three or more antimicrobial medications).  Sometimes therapy can be achieved with just one drug, such as colistin.  MDR P. aeruginosa nosocomial infections significantly impair patient outcomes and reduce the number of effective treatment options (Horcajada et al., 2019).
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Figure 2.1: P. aeruginosa antibiotic resistance mechanisms
2.11 Development of novel therapeutics for P. aeruginosa
The mechanisms by which P. aeruginosa causes natural and acquired drug resistance include the production of antibiotic-inactivating or antibiotic-modifying enzymes, the inhibition of drug passage through the cell membrane, the modification of the antibacterial action target (Bassetti et al., 2018), the prevention of the drug from reaching its intended target, and adaptation to unfavorable environments (Fothergill et al., 2012).  Given the growing challenges in treating illnesses brought on by antibiotic-resistant strains, the development of an antibacterial drug depends on concentrating on the resistance mechanism (Pang et al., 2019; Qin et al., 2022). Research on the mechanism of P. aeruginosa resistance has become essential due to the sharp rise in antibiotic resistance in recent decades (Penesyan et al., 2015).
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                              Figure 2.2: Novel P. aeruginosa treatments.

      Multidrug-resistant P.aeruginosa  represents a serious threat to conventional antibiotic treatments.  Phage treatment, immunotherapy, gene editing therapy, antimicrobial peptides, and vaccine therapies are now the most successful methods for treating bacterial infections that are resistant to many medications (Shao et al., 2020).

2.12 NEW ANTIBIOTIC FORMULATIONS AND COMPOUNDS
      An alarming surge of bacteria resistant to currently available treatments has led to the development of several novel antibiotics in recent years; yet, everytime a new strain of antibiotic resistance emerges, patients' and doctors' hope is promptly dashed.  In order to discover new MDR bacterial treatments and substances that prevent the production of biofilms, we need invest atypical research resources (Qin et al., 2022). Furthermore, novel antimicrobial peptides exhibit potential as the next generation of antimicrobials.  Amino acid sequences found in plants, amphibians, insects, soil microbes, and even mammals exhibit antibiotic qualities.  Because of their antibacterial properties and species variety, peptides serve a need as an extra treatment for MDR bacteria.  A number of new antibiotic formulations for the treatment of P. aeruginosa infections have been tested in clinics, but they are still mostly in the early stages (Chatterjee et al., 2016; Qin et al., 2022).  Plazomicin increased composite cure by 11.6%, from 81.7% (P) to 70.1% (M) (Singh, 2020). The potential of eravacycline, a novel fluorocycline, to combat anaerobic bacteria, both Gram-positive and Gram-negative, is being investigated.  Eravacycline exhibits high broad-spectrum activity against 90% of bacterial isolates, with concentrations ranging from 0.008 to 2 g/ml.  Eravacycline functions better when ribosome protection and tetracycline-specific efflux mechanisms are expressed.  Microbes resistant to numerous antibiotic classes can be effectively combatted with eravacycline.  Broad-spectrum antibacterial activity was shown when the eravacycline tetracycline core experienced unique chemical modifications at locations C-9 and C-7 (Alosaimy et al., 2020; Sutcliffe et al., 2013). Baxdela, also called delafloxacin meglumine, is a broad-spectrum anionic fluoroquinolone with unique chemical structures that becomes more effective in acidic environments.  It is commonly known that delafloxacin inhibits DNA replication and repairs that target topoisomerase IV and DNA gyrase (Kaul et al., 2018).  The dual-action antibiotic zidebactam (WCK 5222) is presently being studied.  It blocks -lactamase by binding to Gram-negative PBP2.  As an active antibiotic against Enterobacteria that produce CTX-M-15, zidebactam has some effects on P. aeruginosa and Enterobacteriaceae.  There is still more to be done to battle the growing medication resistance, even though we only examined a small portion of the effort being done to find novel treatments for P. aeruginosa (Khan et al., 2019). 

                   2.12.1 Vaccines/ medications delivered by using nanoparticles
      Because of its ability to pass through membranes and produce reactive oxygen species (ROS), nanoparticles have been investigated for a number of therapeutic uses, such as the delivery of medications, genes, and vaccinations as well as the direct killing of germs.  Since the CRISPR/Cas system can target self-genes within a bacterium, delivering CRISPR-Cas via nanoparticles that target a critical gene (for survival) may result in the death of the organism (González et al., 2021). Despite the possibility of using nanoparticles to administer vaccines, it is still challenging to design the optimal particles that can effortlessly control protein loading and folding.  Mesoporous silica, polymers, hydrogels, metallic particles, magnetic structures, carbon-based materials, and nanoantibiotic liposomes are only a few of the numerous varieties of nanoparticles.  Therefore, a multivalent nanoparticle technology is used to administer a vaccine using P. aeruginosa, specifically to target T6SS, which is thought to be a better approach. To create diverse nanoparticles that carry vaccine antigens, T6SS can split into two distinct forms: a transmembrane complex and a structure resembling a phage tail.  To deploy the T6SS structural device, a single nanoparticle may simultaneously carry multiple proteins (Sainz et al., 2020).
2.12.2 Phage therapy
      Flagella vaccines have shown remarkable therapeutic results when administered in combination with phage or other therapies for P. aeruginosa.  However, P. aeruginosa shows variability and a variety of clinical outcomes with acute infections as it develops and starts to lose its flagella and pili.  A vaccine based on flagella will target motile bacteria, as opposed to established/colonized biofilm-forming strains (Hoggarth et al., 2019).  These days, phage cocktails can be made with advanced techniques to boost their efficacy in vitro.  E215, E217, PAK_P1, PYO2, DEV, and PAK_P4 are among the six phages that were developed and showed some effectiveness against clinical P. aeruginosa strains (Forti et al., 2018; Qin et al., 2022). Clinics have also employed customized phages and antibiotics for safe and effective treatment because patient strains differ.  This utilization is crucial, according to Forti et al., who developed phage cocktails depending on the host range and genetic information (Qin et al., 2022
Chapter 3
MATERIALS AND METHODS

3.1 STUDY SITE AND TYPE OF SAMPLES
The study was carried out in the microbiology lab of the Allama medical College, Lahore in collaboration with orthopaedic and surgical departments of Jinnah  Hospital Lahore. The total 150 samples altogether, representing age groups from 13yrs to 80yrs, were collected from September 2024 to February 2025. These samples, which included blood, tissue swab, pus and wound swabs samples, were collected from orthopaedic, surgical and emergency department. In order to stop the development of common flora in the samples, the gathered samples were processed as soon as they were received and taken to the lab.
3.2 INCLUSION CRITERIA
 All diagnosed cases of deep muscular tissues, infective myositis, osteomyelitis and septic arthritis patients will be included in this study from age groups 13 to 80years. All muscular trauma and accidental injuries will be included in this study.
           3.3 EXCLUSION CRITERIA
 All superficial skin and soft tissues infections including dermatitis, cellulitis and abrasions will be excluded from the study. All patients below 13 years and above 80 years will be excluded from this study. Viral, fungal and parasitical infections will also be excluded from the study. All consent not giving individuals will be excluded from the study.
3.4 PREPARATION OF PHYSICAL AND CHEMICAL MATERIALS
The glassware (Pyrex), contained test tubes, petri dishes, conical flasks, and beakers among other things. After thoroughly cleaning it using liquid detergent and tap water, it was dried for 30 minutes in a warm air oven. Glassware and culture media were put in a conical flask, which was then covered in aluminum foil, cotton, and autoclaved for 15 minutes at 121°C to sterilize them.


3.5 SAMPLE PROCESSING
A total of 150 samples were collected, including blood, pus swabs and wound swabs. Initially, these samples were recognized by means of traditional microbiological techniques.

3.6 SAMPLE SIZE
 A total of 160 samples will be taken of which 150 samples will be of diagnosed patients and 10 samples (n=10) will serve as control group. 
Sample size n = [DEFF*Np(1-p)]/ [(d2/Z21-α/2*(N-1) +p*(1-p)]  
Table 3.1: Samples collection in a variety of sources of musculoskeletal infections. 
	Sr No.
	Samples
	Quantity

	1
	Blood
	59

	2
	Pus swab
	70

	3
	Wound swab
	21

	
	Total
	150



Table 3.2: Samples collection designed to isolate P. aeruginosa from blood and pus samples.
	         Groups
	Age(years)
	Total Samples

	         Group I
	13-20years
	           40

	         Group II
	21-40 years
	           40

	         Group III
	41-60 years
	           40

	         Group IV
	61-80 years
	           30

	            Total
	
	          150



Table 3.3: Control group designed for study of Pseudomonas aeruginosa isolated from musculoskeletal infections.
	  Age (years)
	             Male
	            Female

	13-20 years
	              1
	              2

	21-40 years
	              2
	              1

	41-60 years
	              1
	              1

	61-80 years
	              1
	              1

	Total 
	              5
	              5



3.7 INSTRUMENTS AND EQUIPMENT’S
Table 3.4: General equipment and instruments were used in this work.
	No.
	Instruments and Equipment

	1
	Burner
	11
	Plane tubes 10ml

	2
	Autoclave
	12
	Refrigerators

	3
	Disposable loop
	13
	Tips

	4
	Disposable petri dish
	14
	Transport media swab

	5
	Distillatory
	15
	Vortex

	6
	Eppendorf tubes
	16
	Water bath

	7
	Hood cabinet
	17
	Digital weight balance

	8
	Incubator
	18
	Falcon tubes 50ml

	9
	Light microscope
	19
	High speed Centrifuge

	10
	Pipette 
	20
	Flasks



3.8 CULTURE MEDIA
Table 3.5: List of the media that were utilized for this research.
	No.
	Media

	1
	MacConkey agar

	2
	Blood agar

	3
	Cetrimide agar

	4
	Muller Hinton agar

	5
	Tryptic soya agar





3.9 CHEMICAL MATERIAL
Table 3.6: List of different chemicals used in identification of P. aeruginosa
	No.
	Chemicals

	1. 
	Ethanol 99%, 70%

	2. 
	Gram stain reagent

	3. 
	Hydrogen peroxide 3%

	4. 
	Catalase

	5. 
	Normal saline

	6. 
	Oxidase reagent

	7. 
	Coconut oil 



3.10 DNA EXTRACTION AND PCR KITS
The kits used for PCR-assisted DNA amplification are listed in the table below. 
Table 3.7: Various kits for antibiotic sensitivity and DNA extraction:
	No.
	Kits

	1
	SYSTAAQ Super Extract Universal Purification kit

	2
	DNA Ladder (100bp)

	3
	DNA loading dye

	4
	double deionized (RNase and DNase-free)

	5
	Genomic DNA extraction kit

	6
	Master mix

	7
	McFarland (0.5) Turbidity








Table 3.8: List of Different antibiotics disks that were used in this work
	Classes
	Antibiotics Disks
	Symbols
	Disk content (mcg)

	Aminoglycosides
	Amikacin
Gentamicin
	AMK
CN
	30
10

	B-lactamase inhibitor
	Amoxicillin-clavulanic acid
	AMC
	30

	
Cephalosporins

	Ceftazidime
Ceftriaxone
Cefepime
	CAZ
CRO
FEP
	30
30
30

	Carbapenems
	Imipenem
Meropenem
	IPM
MEM
	10
10

	Fluoroquinolones
	Ciprofloxacin
	CIP
	5

	
	Tigecycline
	Tg 
	15

	
	Colistin sulphate
	C 
	10

	
	Polymyxin B
	P 
	300














3.11 METHODOLOGY
3.11.1 Study design

                                                                                                                


                              Figure 3.1: Flow chart of methodology





3.12 SPECIMEN COLLECTION
A total of 150 samples were collected from different departments, including surgical ward samples (50), medical ward samples (40), orthopaedic ward samples (50), pediatric ward samples (10), were collected from various hospital departments. The samples were immediately transferred to the Microbiology Laboratory of the Allama Medical College, Lahore. Each sample was treated with care before being grown on various media, such as selective and differentiated agar media.
3.13 PREPARATION OF DIFFERENT MEDIA
The culture media used in the research presented and reported in the table was prepared according to the manufacturer's instructions written on the containers, and then sterilized by autoclaving for 15 minutes at 121°C and 15 pounds per square inch. The urea agar basis was supplemented with a solution of 20% sterile urea after sterilization, and the blood agar base with a solution of 5% blood after sterilization. After the media had been added to the petri dishes or test tubes, they underwent a 24-hour sterilization process at 37 °C to make sure they were clean before being prepared for culture and storage in the refrigerator.
3.14 ISOLATION AND IDENTIFICATION OF BACTERIA
All of the samples were streaked on a variety of culture media, including Cetrimide, Blood, Nutrient agar and MacConkey agar. The streaked plates were then incubated for a further 24 hours. The biochemical analysis was used to identify the well-isolated colonies that had been obtained.
3.15 BIOCHEMICAL TESTS FOR P. AERUGINOSA IDENTIFICATION
3.15.1 Gram Staining
The main technique for classifying the phenotypes of bacteria is gram staining. The staining technique categorizes bacteria-like organisms into several groups based upon the composition of their cell walls. A thick layer of peptidoglycan covers Gram +ve cells, causing them to stain blue to purple. Gram-negative cells have a thin layer of peptidoglycan coating and can range in color from red to pink.


3.15.1.1 Method 
            Crystal violet was used to stain a heat-fixed, air-dried cell smear for one minute. After that, the slide was gently cleaned for two seconds with a gentle, indirect stream of tap water. The mordant, Gram's iodine, was then liberally applied and left to sit for a little while. It was followed by another mild rinse with tap water. After that, a decolorizing chemical was applied to the slide drop by drop for fifteen seconds. Once the slide had been decolorized, safranin was liberally applied as a counterstain and allowed to sit on it for 30 to 60 seconds. After staining was finished, the slide was blot-dried with absorbent paper after being rinsed once more with tap water to get rid of any remaining color. Lastly, a bright field microscope was used to view the stained smear.
                                3.15.1.2 Interpretation
Gram-negative bacteria are colored pink/red, while Gram-positive bacteria are colored blue/purple.
3.15.2 Oxidase Test
The test relies on certain bacterial oxidases, which would facilitate the movement of electrons between the bacterial electron donors, and a redox dye (1% tetramethyl-p-phenylenediamine dihydrochloride), which was reduced to a deep purple colour. A stiff stick was used to evenly distribute a small amount of the bacterial colonies on the filter paper after they had been submerged in a petri dish that contained an oxidase reagent. The results of the oxidase test were considered to be positive when the color of the smear changed from rose to purple.
3.15.3 API20NE Kit
P. aeruginosa was recognized using a commercially available kit, API 20NE (bioMérieux, Marcy-l'Etoile, France), in accordance with the manufacturer's instructions. The table shows that it consists of 20 microtubules that store dehydrated substrates. The data was analysed using API20NE identification software from the manufacturing business.


Table 3.9: A list of the many chemical tests performed on the AP120NE KIT, together with their results and interpretations.
[image: ]

3.16 MAINTENANCE OF BACTERIAL ISOLATES
It was done as follows;
3.16.1 Reservation of Samples in Deep Freezing
It is difficult to store germs for an extended period of time in general microbiology. The microorganisms were kept at low temperatures using a mechanical technique called microbank; it offers the least likelihood of disruption and makes the material accessible.
3.17 ANTIBIOTIC SUSCEPTIBILITY TESTING
 	This test was conducted by Kirby-Bauer process on the Muller Hinton agar (Musa et al., 2022). The disc diffusion method was used to conduct in vitro sensitivity testing on Mueller-Hinton agar in accordance with the Clinical and Laboratory Standards.
3.17.1 Disk Diffusion Method
The following antibiotic discs were evaluated in this study: Imipenem (IMI 30 g), Meropenem (MER 30 g), Ampicillin (AMP 10 g), Piperazine tazobactam, Tigecycline, Ceftriaxone, Amikacin, Gentamicin (G 10 g), Cefepime, Ciprofloxacin (CIP 5 g), Colistine and Polymyxin B (P 300g) (Zheng et al., 2019).
3.17.1.1 Procedure
After streaking the colony on Mueller-Hinton agar, the antibiotic discs were added to the plates after 15 minutes using sterile forceps. After that, the plates were kept in an incubator overnight at 37°C (18- 24 hours).
3.18 MOLECULAR ANALYSIS
3.18.1 DNA Extraction 
DNA was isolated and purified from the gram-negative bacterium Pseudomonas aeruginosa using the PrestoTM Mini gDNA Gram-negative bacteriological kit. DNA from gram-negative bacteria was generated using a modified procedure that substituted a 24-hour suspension of old bacterial growth (3 rings) on TSA in 1ml of sterile 1X TE buffer (pH 8) for sterile D.W. T 95°C for 10 minutes. The suspension was centrifuged for five minutes at 10,000 rpm. The supernatant containing the isolated DNA was divided into 100-l pieces and stored at -20 °C until use.



3.18.2 The 16S ribosomal RNA gene Sequencing 
	To investigate the phylogeny of the bacteria and taxonomy, the 16s ribosomal RNA gene classifications were created. Following steps are involved in 16s rRNA gene sequencing (Philip et al., 2021).
· Extraction of genomic DNA
· Amplification by PCR
· Purification of amplified products before sequencing, for each amplified product, bidirectional sequencing with automated sequencer.
Using nucleotide BLAST, the isolated sequences were compared to the readily available sequences in GenBank at NCBI. Data from the GenBank Nucleotide Sequence Database was used for further study, which involved the creation of phylogenetic trees.
3.18.3 Primer Designing
	Detection of carbapenem resistant genes  will be done on isolated samples (Nikbin et al., 2012). Primers will be designed for diagnosis of carbapenem resistant genes using Sense and Anti-Sense Primers. For the amplification of full length 16S ribosomal RNA, set of universal primers were designed.

Table 3.10-Nucleotide Sequences and Position of Designed Primers.
	Gene
	Primer Name
	Sequence (5' → 3')
	Amplicon Size (bp)
	Reference

	
	
	
	
	

	ostA
	ostA-F
	CGT GGT GAT GAT GAA CTT GGC
	        303
	Kim et al., 2009

	ostA
	ostA-R
	TGC GGA TGA ATC GAA GTC CG
	
	

	
OXA-50
	OXA50-F
	ATG AAA CTC GCC GTT TAT GC
	        353
	Girlich et al., 2004

	
OXA-50
	OXA50-R
	CTG GAA GGA ACG TAG TGC TT
	
	


3.18.4 Trace chromatogram analysis
            The occasion descriptor (+, --, d, r) at the start of each trace line is followed by the reproduction period (in flash), from and to the center, and a recollection of the relationship that occurred on that occasion. The parcel type and length (in bytes) are among the details in the line before banners, which is displayed as "" because no banner is given. The other bits are no longer used by NS; only the Explicit Congestion Notification (ECN) bit is used. variance in the ways that several peaks appeared. Guanine quality is indicated by the black peak, cytosine by the pink peak, thiamine by the red peak, and adenine by the green peak.
3.18.5 BLAST Analysis
BLAST is the most used method for searching biological datasets. When a query sequence is given, the basic objective is to find comparable sequences from the various databases. It is also possible to search for related sequences by using the Smith Waterman algorithm's pair-wise attain computation of the alignments joining the query sequence and the database sequence. The FASTA format is used to supply the input for the BLAST algorithm. The following represents the FASTA format: >gi|554211|gb|AAD44166.1| The description is contained in the remaining text, and the sequence identification is represented by the symbol ">". The result of BLAST is a set of regional alignments that are grouped in accordance with the similarity score of the extension procedure. It displays the number of coordinated groupings overall, their size, the chance arrangement score, and their e-value. The e-value depends on the structure of the database and the query.
3.19 ANALYTICAL STATISTICS
The (SPSS) Statistical Analysis System, version 25, was used to statistically analyze the data. The Chi-square test was used to compare the percentages. The cut off value for statistical significance is P value< 0.05 (Pezhman et al., 2019).





Chapter 4
RESULTS
        4.1 DESCRIPTIVE ANALYSIS
4.1.1 Patient age groups 
A total 150 samples from various specimens, including pus swabs, wound swabs, and blood, were used in the current investigation. The results were divided into four groups based on the patients age, which ranged from 13 to 80years. The age groups with the lowest occurrence were those between the ages of 13 and 20yrs (75%) and 41 to 60yrs (80%), while those between the ages of 61 and 80yrs (93%) had the highest prevalence. 
Table 4.1 The prevalence of infectious growth in different age groups.
	Groups 
	Age (years)
	Samples size
	Growth 
	Percentage (%)

	G-1
	13-20
	40
	30
	75%

	G-2
	21-40
	40
	35
	87.5%

	G-3
	41-60
	40
	32
	80%

	G-4
	61-80
	30
	28
	93%



4.1.2 Gender Distribution
According to the table, there were 150 patients, 90 (60%) of them were men and 60 (or 40%) were women. These findings suggest that men in Pakistan are more exposed to external environmental factors than women, that is why men are more likely to get infected than women





Table 4.2: The percentage ratio between Male and Female patients
	Groups 
	Age (years)
	Male (%)
	Female (%) 
	Samples 

	G-1
	13-20
	22 (55%)
	 12 (30%)
	40

	G-2
	21-40
	 24 (60%)
	  22 (55%)
	40

	G-3
	41-60
	16 (40%)
	  12 (30%)
	40

	G-4
	61-80
	28 (93%)
	  14(35%)
	30

	Total
	
	90 (60%)
	  60 (40%)
	150




4.1.3 Specimen Distribution
Table 4.3 Distribution of different sources of specimens in different groups.
	Groups
	Age
	Blood
	  Pus
	Wound                swab

	Group I
	13-20yrs
	    15
	   20
	   1

	Group II
	21-40yrs
	    15
	   15
	   7

	Group III
	41-60yrs
	    15
	   15
	   5

	Group IV
	61-80yrs
	    14
	   20
	   8

	  Total
	
	   59
	   70
	   21








4.1.4 Growth of Organisms
Table 4.4: The percentage growth of different organisms in different age groups.
	Microorganisms 
	Group I
13-20yrs
Total =40
 NG = 10
	Group 
21-40yrs
Total= 40
NG =   5
	Group III
41-60yrs
Total=40
NG = 8
	Group IV
61-80yrs
Total= 30
NG = 2
	Percentage
       %

	S. aureus
	        6
	        7
	         2
	    8
	15.3%

	P. aeruginosa
	        8
	       11
	        16
	    10
	 30%

	S. epidermidis
	        8
	        6
	          1
	     2
	 11.3%

	Acinetobacter
	        2
	        3
	         5
	     3
	8.66%

	K. pneumoniae
	        3
	        2
	         2
	     2
	  6%

	E. coli
	        2
	        4
	         5
	     3
	9.3%

	Enterococcus
	        1
	        0
	         0
	     0
	0.66%

	Proteus mirabilis
	        0
	        1
	         1
	     0
	1.33%

	Streptococcus
	        0
	        1
	         0
	     0
	0.66%

	Total
	       30
	       35
	        32
	    28
	


4.2 CHARACTERIZATION OF CLINICAL BACTERIAL ISOLATES
All isolates underwent preliminary identification tests utilizing a range of methods, including morphological traits, Gram staining, pyocyanin synthesis, and a biochemical test, using API20NE. 
Table 4.5: The positive isolates were collected from different specimens.
	SR No.
	Samples
	Quantity
	Percentage

	1
	Tissue swab
	 40
	26.6%

	2
	Wound swab
	 35
	23.3%

	3
	Pus swab
	 50
	33.3%

	4
	Blood
	 25
	16.6%





Table 4.6: The Pseudomonas aeruginosa positive isolates were identified from different samples.
	Sr No.
	Samples
	P.       aeruginosa  (+ve)
	Percentage

	1
	Tissue swab
	       10
	22.2%

	2
	Wound swab
	       12
	26.6%

	3
	Pus swab
	  13
	28.88%

	4
	Blood
	  10
	22.22%



4.3 GROWTH OF PSEUDOMONAS AERUGINOSA ON DIFFERENT MEDIA
 4.3.1 MacConkey agar
	On the MacConkey agar, the Pseudomonas aeruginosa grow well and showed a smooth, big, elevated, and occasionally mucilaginous and transparent growth of colonies, which showed that the Pseudomonas species are non-lactose fermenter organism, as shown in the figure
[image: ]
Figure 4.1: Growth of Pseudomonas species on MacConkey agar.



4.3.2 Blood agar
	On the Blood agar the Pseudomonas species grow well and showed a mucoid grey-white growth of colonies, as shown in the figure
[image: C:\Users\Z . T\AppData\Local\Microsoft\Windows\INetCache\Content.Word\download (1).jpg]

Figure 4.2: Mucoid grey-white growth of colonies of Pseudomonas aeruginosa.
4.3.3 Nutrient agar
As demonstrated in Figure 3.1a, colonies were stained blue by the pyocyanin pigment on nutrient agar culture at 37 °C. 
[image: ]
Figure 4.3:  Growth of pyocyanin pigments on nutrient agar.



4.3.4 Cetrimide agar
On the Cetrimide agar, the Pseudomonas aeruginosa grow well and showed a yellow green growth of pyoverdin pigment.
[image: ]
Figure 4.4: Growth of yellow colonies on cetrimide agar
4.4 MICROSCOPIC ANALYSIS
             It was discovered that the colony structure resembled a fried egg since it was large, smooth, and elevated in the center. It was found that none of the strains generated spores and that they were all gram-negative, rod-shaped, or coccobacillus.

[image: WhatsApp Image 2023-05-19 at 2]
Figure 4.5: shows gram negative pink rod-shaped colonies
4.5 BIOCHEMICAL ANALYSIS
	In this current study, the organism was showed as, gram negative short rods, catalase +, oxidase +, H2s -, methyl red-, Voges Proskauer-, lactose -, maltose -e, inositol -, sucrose-, Alk/Alk no Gas, Arginine- , Lysin-, Ornithine- , tolerate salt 4%, SIM in 30c+, SIM in 37c -, growing on MacConkey
[image: BC1]
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Figure 4.6: Demonstrate the results of different chemical tests of Pseudomonas aeruginosa
4.6 API20E KIT RESULT
	According to the table, it is made up of 20 microtubules that hold dehydrated substrates. The manufacturing company API20NE identification software was used to analyze the data.
  [image: download]
Figure 4.7:AP120E kit result showed the confirmation of Pseudomonas aeruginosa.
4.7 ANTIBIOTIC SUSCEPTIBILITY TEST
Using CLSI as a quantitative indicator of antimicrobial susceptibility, the susceptibility pattern of the aforementioned antipseudomonal medications against P. aeruginosa clinical isolates was identified. The investigation of antibiotic resistance revealed elevated resistance to imipenem (57%), followed by meropenem (61%), piperacillin/tazobactam (51%), ciprofloxacin (42%), ceftazidime (40%), gentamycin (48%), cefipime (42%), amikacin (47%), colistin (1.5%) and tigecycylin (28%) As shown in figure
[image: WhatsApp Image 2023-05-19 at 2][image: WhatsApp Image 2023-05-19 at 2]
Figure 4.8: Illustrated zone of inhibitions of different antibiotics against P. aeruginosa.

Figure 4.9: Showed the level of the different antibiotics against P. aeruginosa.
In the current study, the Carbapenems drugs including Imipenem and Meropenem, were showed high level of resistance 57% and 61%, to all isolates of Pseudomonas aeruginosa, where isolated from different departments as well as of different types of samples and also showed the high level of sensitivity to those drugs which were Colistin (99.0%) and Tigecycline (72.0%).
In this study, the results of different antibiotics showed intermediated level of sensitivity and resistance against Pseudomonas aeruginosa. 










POLYMERASE CHAIN REACTION (PCR) RESULTS

[image: ]

Figure 4.10 shows Agarose gel (1%) electrophoresis results of sample 1 and Sample 2 at 1500bp, L: ladder, bp: base pair

4.10	MOLECULAR CHARACTERIZATION

4.10.1	Pseudomonas species Identification by DNA Sequencing
         Bidirectional sequencing using the Sanger sequencing technique (16S ribosomal RNA sequencing) was used to identify the isolated Pseudomonas aeruginosa strain up to the species level.
4.10.2	Chromatograms of DNA Sequencing Result
Files with a range of colors, each representing a different pattern, displayed peak findings between 110 and 170 nucleotides.   Taking into account the relationship on which the chance occurred, each line search starts with a description of a chance (+, -, d, r) that is sought after by the enjoyable time (like a blast) of that occasion, as well as from and to the focal point.   Type and size (in bytes) are gathered in the line before models (which is displayed as-if no flag is set).   Only the Explicit Congestion Notification (ECN) bit is now completed by NS; the remaining bits remain unused. This field allows a client to specify the IPv6 stream ID (fid) to the OTCl content for each channel.  Customers are not permitted to use the fid field in a reenactment, but they may use it for assessment purposes.  Stream coverage is shown in the fid field so that the NAM appears in the same way.  The source and goal areas are the two fields found in focus port types.  The field shows the group course of action number for the system layer.  Note that NS shows the group course of action number for the system.  Schedule numbers are not necessary for UDP executions, however note that NS shows the UDP bunch movement number for assessment.  The last field displays the pack's extraordinary ID.
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Figure 4.11:  Chromatograph generated by DNA sequence analyzer.
The position of adenine, guanine, cytosine, and thiamine is indicated by different colored peaks on this graph, which also displays the amplitude of potential created at various locations.
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Figure 4.12: Shows the Chromatograph generated by DNA Sequence Analyzer (Forward and Reverse Sequence).

Analysis using Bioinformatics Tool (FASTA Sequence)
Blast is the most popular algorithm for searching biological databases.  Finding a similar sequence in the available databases is the fundamental objective when given a query sequence.  Similar sequence can be sought by computing the pair wise alignment score between the query arrangement and the database array, as per the Smith-Waterman algorithm.  However, the computational cost is really large.  BLAST uses certain heuristic techniques to cut down on runtime, although accuracy is not sacrificed much.  BLAST is used to classify the zone of local connection between database sequences and uncertainty sequences by taking into account a threshold value.  The FASTA format is used to supply the input for the BLAST algorithm.The FASTA format is denoted by the following: gi|5524211|gb|AAD44166.1|. The > symbol acts as the sequence identifier, while the description is given in the text that follows.  Consequently, the subject sequence and the uncertainty sequence should both be converted to FASTA before the algorithm is run.  The final result of BLAST includes a series of neighborhood configurations that are demanded by the comparability score obtained throughout the augmentation process.  displays the total number of coordinated arrangements, their score, their size, and their value based on the possibility that they were discovered by chance. This is known as the e-esteem.  A percentage of arrangements with greater E-values are eliminated from the results, and the e-esteem depends on the investigation and the database construction.
>AATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAA
Figure 4.13: BLAST results showed Nucleotide sequences of isolated species.


CGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGTAGTAATCGTGAATCAGAATGTCACGGTGAATACAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCAGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATC TTAGTGGCGCAGCTAACGCG

Figure 4. 14: BLAST results showed Nucleotide sequences of isolated species.

Sequence producing Significant Alignment
A sequence produces significant alignment and shows that under.
•	Max Score: The most notable score was calculated by adding up all of the penalties for holes and crisscrosses and the rewards for synchronized nucleotides.  1301 is the maximum result displayed by the sequence.
•	Total Score: The aggregate of arrangement scores of all sections from a similar subject sequence.
•	Query cover: The percent of query length that is incorporated into the adjusted fragments. Query cover by given sequence is 100 percent.
•	E Value: The quantity of arrangements expected by chance with the determined score or better. Expect worth is the default arranging metric for huge arrangements the E value ought to be near zero. Zero value given by sequence (0.0).
•	Identify: The most elevated percent personality for a lot of adjusted fragments to a similar subject sequence. Most specific sequence of Pseudomonas aeruginosa with Pseudomonas aeruginosa strain SSVP3 16S ribosomal RNA gene, partial sequence
•	Percentage: Each description results as in percentage which evaluate query subject 100%.
•	Accession Number: Every species in sequence showed unique accession number and accession of Pseudomonas aeruginosa strain SSVP3 16S ribosomal RNA gene, partial sequence is OR078457.1
There are three primary ways to display pairwise sequence alignment: the word methodology, dynamic processing, and the dot method for matrix structures.  When interpreting DNA and protein sequences, pairwise alignments provide the most useful information.  This data can be used to detect genetic variations, structural and evolutionary changes, and advanced technological applications.  These alignments can be local or global and indicate either a replacement of amino acids in one location leading to a mutation or a nucleotide exchange in the DNA sequence.The alignments help to compare the DNA and protein alignments of different species. These may be corresponding to right or left edge, centralized or justified.

Table 4.7-Description of sequences with significant alignments (NCBI-Blast)
	Description
	Max.
score
	Total
score
	Per
Ident
	E-
value
	Query
cover
	Accession

	P.	aeruginosa strain SSVP3,16SrRNA
gene,	partial
sequence
	1301
	1301
	100%
	0
	100%
	OR078457.1

	P. aeruginosa strain PA08.2 16S rRNA gene,
partial sequence
	1301
	1301
	100%
	0
	100%
	OR399153.1

	Pseudomonas sp. strain B2W6/NITRR
16S rRNA gene,
partial sequence
	1301
	1301
	100%
	0
	100%
	OR253809.1

	P. aeruginosa strain OMCS-1 16S rRNA gene,
partial sequence
	1301
	1301
	100%
	0
	100%
	OR125665.1

	P.	aeruginosa
strain	Y416S
rRNA	gene, partial sequence
	1301
	1301
	100%
	0
	100%
	OR039660.1

	P. aeruginosa strain LUB (kk) 16SrRNA  gene,
partial sequence
	1301
	1301
	100%
	0
	100%
	OR030827.1
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Figure 4.15: Pairwise Alignment showing significant matches Pseudomonas aeruginosa strain SSVP3 16S ribosomal RNA gene, partial sequence

            Phylogenetic tree of Pseudomonas aeruginosa
Phylogenetic analysis is to investigate the developmental relationships between the many types of life.  It is the study of transformative relatedness between various groups of living forms (e.g., populations and species).  Given the advancements in atomic science sequencing techniques and the ability to collect large amounts of data (DNA or amino acid corrosive successions) from diverse organisms, phylogenetic analysis and developmental studies continue to be of the highest caliber. Similarities across species or populations are now essentially established by the use of subatomic sequencing data or morphological information lattices, whereas before they relied on anatomical features.  Because advancements take place over a long period of time, they are not immediately apparent and cannot be observed.  Accordingly, researchers must make notes on phylogenies by inferring the developmental relationships between living things that are currently in existence. Despite the fact that fossil records are frequently too weak to even consider being helpful, fossils can aid in the reconstruction of phylogenies.  This suggests that transformative research is limited to dissecting modern living forms in order to identify their developmental relationships.  The tree-like representation, the so-called "phylogenetic tree," is unavoidably used as an instructional and, in this way, well-known graphical method to illustrate the discovered similarities and relationships. Tree perception is the greatest way to illustrate this concept since development is seen as an extending process in which populations are altered throughout time and may veer into isolated branches, hybridize together, or end by annihilation.
The Neighbor-Joining approach was used to interpret the evolution's history.  The evolutionary tree illustrates the connections among various species or organisms.  The fraction of replicating trees is displayed by the optimal tree.  Bootstrapping was used to collect the related taxa (1000 repetitions), demonstrating the use of data from additional molecular sources to create bootstrap replicates.  The distances employed in evolutionary connections were taken into consideration when adjusting the phylogenetic tree's scale.  The Maximum Composite Likelihood technique was used to describe these findings. The number of base changes at various locations determined the units used to depict these evolutionary distances.  Six nucleotide sequences were used in this interpretation, as indicated in table 4.7.  Each pair of sequences had their structurally altered sequences removed (pairwise deletion approach).  The final data set that was produced revealed 704 locations.  The evolutionary results and statistical interpretation of molecular data were performed using the Molecular Evolutionary Genetics Analysis (MEGA 11) software, which also aids in the creation of phylogenetic trees.
[image: ]

Fig 4.16-Phylogenetic tree of query sequence shows the neighbor alignment with Pseudomonas aeruginosa with different strain.

4.3.1 Taxonomy of Pseudomonas aeruginosa
[bookmark: Based_on_data_from_the_NCBI_Taxonomy_Dat]Based on data from the NCBI Taxonomy Database, three alternative perspectives of the results of a particular BLAST test were provided on the BLAST Taxonomy Reports page (Tax BLAST) in the figure 4.16. Only the species detected in the BLAST hitlist are included in the Tax BLAST reports.

4.3.1.1 [bookmark: 4.10.7.1_Organism_Report]Organism Report
[bookmark: This_report_groups_together_all_of_the_B]This report groups together all of the BLAST results for the same organism by sorting them according to the species of the target sequence. The BLAST hits for each species were arranged according to score (as for the normal BLAST output) in the figure: 4.16. According to the strength of their highest BLAST hit scores, the species themselves are arranged.
4.3.1.2 [bookmark: 4.10.7.2_Lineage_Report]Lineage Report
[bookmark: According_to_how_the_species_are_categor]According to how the species are categorized in the taxonomy database, the lineage report presents a streamlined perspective of the relationships between them. Pseudomonas aeruginosa produced the greatest BLAST hit is the subject of this study.
4.3.1.3 [bookmark: 4.10.7.3_Taxonomy_Report]Taxonomy Report
The relationships between all of the creatures discovered in the BLAST hitlist are summarized in this report based on our categorization. Only those taxonomic groupings that are necessary to identify each of the creatures from the other taxa was provided in the condensed subset of our classification on the left side of the report. Each branch of the tree accumulates the total number of blast strikes and species on the hitlist.
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4.3.1.1 Multi-Sequence Alignment

In the Blast, the Multi-Sequence Alignment (MSA), showed the query number, starting and end sequence numbering of aligned organisms in the table.
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Chapter 5
DISCUSSION

Pseudomonas aeruginosa commonly causes fatal infections in those with serious health issues, such as those with impaired immune systems (Bobrov et al., 2022).  P. aeruginosa is considered to be very dangerous because it is very simple to colonize epithelial surfaces, weakens host defenses, produces systemic toxicity, and is associated with increased rates of morbidity and mortality (Mohamed, 2020).  Inappropriate use of antimicrobials makes MDR bacteria especially challenging to treat because of their increased resistance to various medications (Kunz et al., 2022).  The current study aimed to investigate the antibiotic resistance of P. aeruginosa following its isolation from a musculoskeletal disease.Musculoskeletal infections are leading cause of deformities and disabilities. According to this study, males are more infected than females with similar effects, so (Allak et al.,2019). The 60% male and 40% female patients, whose ages ranged from 13 to 80 years, males were more affected than females.
The males are more prone to musculoskeletal infection, may be related to factors like gender-related differences in lifestyles and professional roles that require the feet to withstand more pressure due to work, increased levels of outdoor work and insufficient adherence to care practices, use of tobacco and alcoholic beverages as compare to females. 
The Figure showed that, the total 150 of specimen were collected, the high level of infection patients were showed in the age group 61-80 years in a 93% , 41-60 years in a 80% and low level of infection were conducted in the age group of 13- 20  respectively. 
A prior research by Mahmoud et al. that revealed a prevalence rate of 52% (Mohamed, 2020) was comparable to the one by Mahmoud et al. In Canada (Zhanel et al. 2010) and Germany (Meiers et al. 2022) the MDR rate was 5.9%, according to other international research. The observed findings can be attributable to a number of variables, chief among them the rising catastrophe of antibiotic abuse without valid prescriptions (Saleh et al., 2018). 
In compared to other nations, Egypt has a higher MDR rate, which alerts us to the need to implement strict antibiotic prescribing policies. Between the current study and the other studies, there was variance in the distribution of MDR P. aeruginosa isolates, the resistance rates, and the susceptibility profile against various antibiotics. This may be related to the diverse antibiotic usage policies in each nation (Mustafa et al., 2016).
The prevalence of resistance to several antibiotics varied in the current investigation. The majority of the 100 isolates shown resistance to the aminoglycosides gentamycin (47%), fluroquinolones (ciprofloxacin, gatifloxacin; 47%), and carbapenem (meropenem; 76%). According to Senthamarai's data (61.53%) from 2014, the resistance rate to ciprofloxacin in our study (47%) was comparable (Mohamed, 2020). A different research by Ogbolu et al. (2008) revealed modest resistance (25%) in contrast. The availability of oral dosages and the frequency with which fluoroquinolones are used are often associated to differences in the rate of ciprofloxacin resistance.
Aminoglycosides are important members of the class of antibiotics known as wide spectrum. They primarily affect the bacterial cell membrane and prevent protein production (Bharadwaj et al., 2022). According to this study, gentamycin had a lower resistance rate (47%) than amikacin (56%). These results were consistent with a prior research by Raytaker et al., which shown that gentamycin had a greater resistance rate (57.8%) than amikacin (35%) (Mohamed, 2020). The most effective antibiotic with the lowest resistance rate was amikacin, according to a different research by Khan et al. (Khan et al., 2020). Clinical isolates' resistance to aminoglycoside antibiotics was discovered to differ depending on the medication, the microbe, its resistance mechanism, the geographic location, and many other factors (Karakonstantis et al., 2020).
Although carbapenems are thought to be the most effective class of antibiotics against MDR P. aeruginosa, carbapenem resistance is becoming a problem for medical practitioners and has constrained the range of available treatments. To stop the transmission of the gene that codes for carbapenemase, adequate precautions must be taken (Silva et al., 2020). According to the results of the current investigation, P. aeruginosa was 76% resistant to the antibiotic carbapenem (meropenem) and 70% resistant to imipenem. This result matched that reported by Khan et al. (2020), who found that resistance rates were 60% and 87%, respectively. It is quite clear that this specific antibiotic's potency is decreasing. Because meropenem is often used to treat a variety of illnesses, there is a significant level of resistance to it in our study. This justifies the need to de-escalate medication based on cultures since many members of the Enterobacteriaceae family will be resistant, including the advent of carbapenem-resistant Enterobacteriaceae (Tamma et al., 2021).
Increased bacterial resistance to beta-lactam antibiotics has been identified in the current investigation. Nosocomial P. aeruginosa's high -lactam resistance has developed into a severe danger, especially to third and fourth generation cephalosporins. The production of extended-spectrum betalactamases (ESBL), the integration of bla genes into integrons, the inability of porin genes to increase their expression level, and/or changes to antibiotic target sites are just a few of the molecular mechanisms that can lead to resistance to these antibiotics (Tamma et al., 2021). 51 percent of P. aeruginosa isolates were resistant to the pipracillin, an extended spectrum penicillin. A recent research by Pokharel et al. (2019) revealed a similar outcome, with a resistance rate of 56.5% (Mohamed, 2020). However, Abbas et al. (2018) observed a lower resistance rate of (28%). The isolates were also resistant to the pipracillin-Tazobactam combination (53%), which was distinct from the low resistance (4.9%) described by Khan and Faiz but somewhat less resistant than the 56.6% reported by Khan et al (Mohamed, 2020; Khan et al., 2020).
The resistance rate of P. aeruginosa isolates to cefoperazone and cefipime, respectively, was 57% for the 3rd and 4th generation cephalosporins. This outcome falls short of what (Bakht et al., 2022) reported, who found resistance rates of 73.3% and 98.2%, respectively. While Khan and Faiz (2016) found just a small (8.3%) amount of cefepime resistance (Khan et al., 2020).
P. aeruginosa isolates in the current investigation demonstrated a 53% resistance rate to ceftazidime. The resistance percentage recorded by Mahmoud et al. (2013) and Pokharel et al. (2019) was considerable, at 91.2% and 63%, respectively (Mohamed, 2020; M. I. Khan et al., 2020), but Khan and Faiz (2016) found a resistance rate of 14%. Mahmoud et al. (2013) reported a high resistance rate (82.5%) for the monobactam azetronam, although the isolates showed a low resistance rate (34%).
Our findings demonstrated that colistin, with a resistance rate of (7%), was the most effective antibiotic against P. aeruginosa. This finding is close to that of Afifi et al. (2013), who reported a 3% resistance rate, whereas Pokharel et al. (2019) reported 0% resistance (Mohamed, 2020). According to this study, of all the studied antibiotics, colistin is the most effective treatment for MDR P. aeruginosa isolates, followed by aztreonem. It is clear that a specific antibiotic is no longer as effective in treating P. aeruginosa infections as fluroquinolones and carbapenems.
According to the results of the current study, isolates appeared to be highly resistant to imipenem. These findings are consistent with those of Al-Khazaali (2013), who discovered that P. aeruginosa isolates had higher levels of resistance to this antibiotic. 
In addition to having multiple mechanisms represented by the alteration of the outer membrane proteins as well as modulation in the target location of penicillin binding proteins, and efflux pumps which act on extrusion of the antibiotics extracellular bacteria, reasons for this resistance have genes that encode of the carbapenem resistant enzymes.
The current investigation also revealed that P. aeruginosa had substantial carbapenem antibiotic resistance. The modification of outer membrane proteins or the kinds of penicillin-binding proteins and Efflux pump may be the cause of the carbapenem drugs resistance (Tamma et al., 2021). These findings of Imipenem, which they judged to be 100% resistant, led to agreement with studies of adjacent nations including Turkey (98%), Iran(90%), and Saudi Arabia(90%), but disagreement with a research in Iraq that found Imipenem resistance to be (75%), according to albadri, (Hammoudi & Ayoub, 2020).



























CONCLUSION
	The origins and continued growth of MDR P. aeruginosa are undeniable.  Antibacterial research cannot keep up with the clinical concerns of MDR bacterial crises.  Antibiotic overuse and abuse, as well as extended use of wide range antibiotics, can all lead to the failure of an antibiotic treatment, in addition to prescribing antibiotics without doing susceptibility testing. We urgently need new therapeutic medications with maximum efficacy, little toxicity, and affordable prices because antibiotic resistance is a severe problem.  Strict regulations guiding antibiotic policy are also necessary to stop the development of multidrug resistance.  The overuse of antibiotics should be restricted by these rules.
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APPENDICES
Table A.1: Specimen collection Questionnaire
	No
	Gender
	Age
	Clinical Sample
	Strain
	Hospital

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	


Table A.2: Questionnaire of microbiological investigations
	No

	Gram’s Stain
	Catalase
	Coagulase

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	


Table A.3: Questionnaire of Antibiotic Susceptibility Testing
	No
	Gender
	Age
	Clinical Sample
	Strain
	Hospital

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	

	

	
	
	
	
	



AMP: Ampicillin 30μg, AMX: Amoxicillin 30μg, TIG: Tigycyclin 30μg, TE: Tetracyclin 30μg, CIP: Ciprofloxacin 5μg, G: Gentamycin 10μg, DA: Clindamycin 2μg, E: Erythromycin 15μg, MER: Meropenem 30μg, IMI: Imipenem, COL: Colistin μg, and TIG: Tigycyclin
S: Sensitivity, R: Resistant, I: Intermediate and not use for sometimes.

APPENDIX B
Table B.1: Descriptive Statistics 
	Minimum 
	min
	13

	Maximum
	max
	80

	Range 
	R
	67

	Sum
	sum
	320

	Mean
	x̄
	45.41

	Median
	X
	45

	Mode
	mode 
	56

	Standard Deviation
	S
	17.6274

	Variance
	σ2
	310.7258

	Quartiles
	Q1,
Q2,
Q3
	-->30.5, 
-->45,
 -->56

	Interquartiles
	IQR
	25.5

	Sum of Sequence
	SS
	14532

	Mean absolute deviation 
	MAD
	14.3228

	Root mean square
	RMS
	48.703

	Std Error of mean
	SE √X
	0.9854

	Coefficient of variation
	CV
	0.03



APPENDIX C
Results of investigation in hospitals and diabetic centers in Bahawalpur
Table C.1 Specimen’s collection in Lahore hospitals
	No
	Gender
	Age
	Clinical Sample
	Strain

	1
	F
	
	Wound
	P. aeruginosa

	2
	M
	
	Wound
	P. aeruginosa

	3
	M
	
	Pus 
	P. aeruginosa

	4
	M
	
	Wound
	P. aeruginosa

	5
	M
	
	Pus 
	P. aeruginosa

	6
	M
	
	Blood 
	P. aeruginosa

	7
	F
	
	Wound
	P. aeruginosa

	8
	F
	
	Wound
	P. aeruginosa

	9
	M
	
	Wound
	P. aeruginosa

	10
	M
	
	Wound
	P. aeruginosa

	11
	F
	
	Blood
	P. aeruginosa

	12
	M
	
	Blood
	P. aeruginosa

	13
	F
	
	Wound
	P. aeruginosa

	14
	M
	
	Wound
	P. aeruginosa

	15
	M
	
	Wound
	P. aeruginosa

	16
	F
	
	Fluid
	P. aeruginosa

	17
	M
	
	Wound
	P. aeruginosa

	18
	F
	
	Fluid
	P. aeruginosa

	19
	F
	
	Blood 
	P. aeruginosa

	20
	F
	
	Wound
	P. aeruginosa

	21
	M
	
	Pus
	P. aeruginosa

	22
	M
	
	Wound
	P. aeruginosa

	23
	M
	
	Blood
	P. aeruginosa

	24
	M
	
	Blood
	P. aeruginosa

	25
	Male
	
	Blood
	P. aeruginosa

	26
	Male
	
	Fluid
	P. aeruginosa

	27
	F
	
	Fluid
	P. aeruginosa

	28
	M
	
	Blood
	P. aeruginosa

	29
	M
	
	Wound
	P. aeruginosa

	30
	M
	
	Wound
	P. aeruginosa

	31
	M
	
	Wound
	P. aeruginosa

	32
	M
	
	Wound
	P. aeruginosa

	33
	F
	
	Wound
	P. aeruginosa

	34
	F
	
	Pus
	P. aeruginosa

	35
	M
	
	Pus
	P. aeruginosa

	36
	F
	
	Pus
	P. aeruginosa

	37
	M
	
	Wound
	P. aeruginosa

	38
	M
	
	Blood
	P. aeruginosa

	39
	M
	
	Blood
	P. aeruginosa

	40
	M
	
	Wound
	P. aeruginosa

	41
	M
	
	Wound
	P. aeruginosa

	42
	F
	
	Wound
	P. aeruginosa

	43
	F
	
	Pus 
	P. aeruginosa

	44
	M
	
	Wound
	P. aeruginosa

	45
	M
	
	Pus 
	P. aeruginosa

	46
	F
	
	Blood 
	P. aeruginosa

	47
	M
	
	Wound
	P. aeruginosa

	48
	F
	
	Wound
	P. aeruginosa

	49
	M
	
	Wound
	P. aeruginosa

	50
	M
	
	Wound
	P. aeruginosa

	51
	F
	
	Blood
	P. aeruginosa

	52
	M
	
	Blood
	P. aeruginosa

	53
	F
	
	Wound
	P. aeruginosa

	54
	F
	
	Wound
	P. aeruginosa

	55
	F
	
	Wound
	P. aeruginosa

	56
	M
	
	Fluid
	P. aeruginosa

	57
	M
	
	Wound
	P. aeruginosa

	58
	M
	
	Fluid
	P. aeruginosa

	59
	M
	
	Blood 
	P. aeruginosa

	60
	Male
	
	Wound
	P. aeruginosa

	61
	Male
	
	Pus
	P. aeruginosa

	62
	F
	
	Wound
	P. aeruginosa

	63
	M
	
	Blood
	P. aeruginosa

	64
	M
	
	Blood
	P. aeruginosa

	65
	M
	
	Blood
	P. aeruginosa

	66
	M
	
	Fluid
	P. aeruginosa

	67
	M
	
	Fluid
	P. aeruginosa

	68
	F
	
	Blood
	P. aeruginosa

	69
	F
	
	Wound
	P. aeruginosa

	70
	M
	
	Wound
	P. aeruginosa

	71
	F
	
	Wound
	P. aeruginosa

	72
	M
	
	Wound
	P. aeruginosa

	73
	M
	
	Wound
	P. aeruginosa

	74
	M
	
	Pus
	P. aeruginosa

	75
	M
	
	Pus
	P. aeruginosa

	76
	M
	
	Pus
	P. aeruginosa

	77
	F
	
	Wound
	P. aeruginosa

	78
	F
	
	Blood
	P. aeruginosa

	79
	M
	
	Blood
	P. aeruginosa

	80
	M
	
	Wound
	P. aeruginosa

	81
	F
	
	Wound
	P. aeruginosa

	82
	M
	
	Wound
	P. aeruginosa

	83
	F
	
	Pus 
	P. aeruginosa

	84
	M
	
	Wound
	P. aeruginosa

	85
	M
	
	Pus 
	P. aeruginosa

	86
	F
	
	Blood 
	P. aeruginosa

	87
	M
	
	Wound
	P. aeruginosa

	88
	F
	
	Wound
	P. aeruginosa

	89
	F
	
	Wound
	P. aeruginosa

	90
	F
	
	Wound
	P. aeruginosa

	91
	M
	
	Blood
	P. aeruginosa

	92
	M
	
	Blood
	P. aeruginosa

	93
	M
	
	Wound
	P. aeruginosa

	94
	M
	
	Wound
	P. aeruginosa

	95
	Male
	
	Wound
	P. aeruginosa

	96
	Male
	
	Fluid
	P. aeruginosa

	97
	F
	
	Wound
	P. aeruginosa

	98
	M
	
	Fluid
	P. aeruginosa



[image: Zones-of-inhibition-of-isolated-Pseudomonas-aeruginosa-to-antibiotics-discs-using-Mueller]

Figure C.2: Illustrated the antibiotic susceptibility testing with the zone of inhibition of different anti-pseudomonal drugs on Muller-Hinton agar
Molecular Identification and Comparative Analysis of ostA and OXA-50 Resistance Genes in Pseudomonas aeruginosa

ostA gene (Pseudomonas aeruginosa)
>ATTCGCACCTCGACTGGATTCCTCGGGAAAAACTGACCGCCGCCCAGTTGGCGGAAATCGGCCCCTATTGCGGCGGCTCCTACATCGAGCCGGTGCGTCCGGGCATGGATGACGGCGCGCCCAGCGACGAGAGCCCGACCTACGTATCCGCCAAGGCTTCGCGCTACGAGCAGGAAAAACAGATCGCCACCCTCGCCGGTGACGTGGTCCTGCGCCAGGGAAGCATGCAGGTGGAAGGCGACGAGGCCAACCTGCACCAGCTGGAAAACCGCGGCGAACTGGTCGGCAACGTCAAGCTGCGCGACAAGGGCATGCTGGTGGTCGGCGACCACGCCCAGGTCCAGCTGGACAACGGCGAGGCCCAGGTCGACAACGCCGAGTACGTGATCCACAAGGCCCATGCCCGCGGCAGCGCGCTTTACGCCAAGCGCAGCGAGAACGCCATCATCATGCTCAAGGAGGCACCTACACCCGCTGCGAACCGAGCAGCAACGCCTGGACCCTGAAGGGCAACAACGTCAAGCTGAACCCGGCCACCGGCTTCGGCACCGCGACCAACGCGACCCTGCGGGTCAAAGATTTCCCGGTGTTCTACACCCCGTACATCTATTTCCCGATCGACGACCGCCGCCAGTCCGGTTTCCTGCCGCCGAGCTTCAGCAGCACCAGCGACACCGGCTTCACCCTGGTCACCCCGTACTACTTCAACCTGGCGCCGAACTACGACGCCACGTTGTACCCGCGCTACATGGCCAAGCGCGGCATGATGCTGGAAGGCGAGTTCCGCTACCTGACCCACAGCAGCGAAGGTATCGTCAACGCTGCCTACCTTAACGACAAGGACGATCACCGCGAAGGTTTCCCGGACTACAGCAAGGACCGCTGGCTGTACGGTCTCAAGAACACCACCGGCCTCGATTCGCGCTGGCTGGCCGAGGTCGACTACACGCGGATCAGTGATCCCTATTACTTCCAGGATCTGGATACTGACCTTGGCGTAGGCAGCACTACGTACGTCAACCAACGGGGCACTCTGACCTATCGCGGGGACACCTTTACTGGCCGTTTGAATGCGCAGGCGTACCAGTTGGCGACCACCACCGATGTAACCCCGTATGACCGGCTGCCACAGATTACCTTCGACGGTTTCCTGCCCTACAACCCAGGTGGAATGCAATTCACCTATGGCACCGAGTTCGTTCGATTCGATCGAGATCTAGACGAAAATATCTATTTCAATGACGACGGCAGCATCCGCGGCAAACGCCCAGATGCGTCACTTCAAGGCCTTGCCCGAGCAACGGGAGACCGTATGCATCTGGAGCCGGGCATGAGTTTGCCAATGACGCGCAGCTGGGGTTATGTGACACCCACATTGAAATATTTGTATACAAAGTACGATCTAGACTTGGATAGCCAGGGCAAGACCGACCTGAATAAAAGAGATGAGTCCTTTGACAGCAATCAGGACCGTTCGCTCCCTTTGGTTAAGGTCGACAGCGGCCTGTATTTCGACCGAGACACCACCTTTGCCGGCACACCATTCCGCCAAACTCTCGAGCCGCGTGCCATGTACTTGTACGTTCCATATAAGGACCAAGACAGCCTGCCGGTCTTCGATACCAGTGAACCGTCCTTCAGTTACGACTCTCTGTGGCGCGAGAACCGCTTTACCGGTAAGGATCGTATCGGCGATGCCAACCAGTTGTCCCTGGGCGTCACCAGTCGTTTCATCGAAGAGAACGGTTTCGAACGCGCCAGCATCAGTGCCGGCCAGATTTACTACTTCCGTGATCGTCGCGTCCAACTACCAGGCCTAACCGAGAAGGATCTGAAGCGACTCAACCTAGATCCCAGCGGCTTGGACAATGACAGCTGGCGCTCTCCCTACGCCTTTGCCGGCCAGTACCGTTTCAACCGCGACTGGCGCATCAACTCCGACTTCAATTGGAACCCCAACACCAGTCGTACTGAGTCCGGTAGCGCCATCTTCCACTACCAGCCCGAAGTCGATCCGGGCAAGGTGGTCAACGTTGGCTATCGCTATCGTGCAGATGCTCGGCGCTTTGATTCCTCCCGCGGCACATTCCGATATGGCAACGAAAACGACATCATCAA

Table 4.: Description of sequences producing significant alignments (NCBI-Blastn)
	Description 
	Total score
	Per Ident
	E-value 
	Query cover
	Accession 

	Pseudomonas aeruginosa strain A17PBS chromosome
	3914
	100%
	0
	100%
	CP053118.1

	Pseudomonas aeruginosa strain MIN-155 chromosome, complete genome
	3914
	100%
	0
	100%
	CP086122.1

	Pseudomonas aeruginosa strain P4CT chromosome
	3914
	100%
	0
	100%
	CP053115.1



OXA-50 gene 
>AGTGCCCTTCTCCTGCTTTCCGGGCATACCCAGGCCAGCGAATGGAACGACAGCCAGGCCGTGGACAAGCTATTCGGCGCGGCCGGGGTGAAAGGCACCTTCGTCCTCTACGATGTGCAGCGGCAGCGCTATGTCGGCCATGACCGGGAGCGCGCGGAAACCCGCTTCGTTCCCGCTTCCACCTACAAGGTGGCGAACAGCCTGATCGGCTTATCCACAGGGGCGGTTAGATCCGCCGACGAGGTTCTTCCCTATGGCGGCAAGCCCCAGCGCTTCAAGGCCTGGGAGCACGACATGAGCCTGCGCGAGGCGATCAAGGCATCGAACGTACCGGTCTACCAGGAACTGGCGCGGCGCATCGGCCTGGAGCGGATGCGCGCCAATGTCTCGCGCCTGGGTTACGGCAACGCGGAAATCGGCCAGGTTGTGGATAACTTCTGGTTGGTGGGACCGCTGAAGATCAGCGCGATGGAACAGACCCGCTTTCTGCTCCGACTGGCGCAGGGAGAATTGCCATTCCCCGCCCCGGTGCAGTCCACCGTGCGCGCCATGACCCTGCTGGAAAGCGGCCCGGGCTGGGAGCTGCACGGCAAGACCGGCTGGTGCTTCGACTGCACGCCGGAACTCGGCTGGTGGGTGGGCTGGGTGAAGCGCAACGAGCGGCTCTACGGCTTCGCCCTGAACATCGACATGCCCGGCGGCGAGGCCGACATCGGCAAGCGCGTCGAACTGGGCAAGGCCAGTCTCAAG

Table 4.: Description of sequences producing significant alignments (NCBI-Blastn)
	Description 
	Total score
	Per Ident
	E-value 
	Query cover
	Accession 

	Pseudomonas aeruginosa strain PA96 genome
	1386
	100%
	0
	100%
	CP007224.1

	Pseudomonas aeruginosa strain WK172 chromosome, complete genome
	1386
	100%
	0
	100%
	CP060004.1

	Pseudomonas aeruginosa strain F060 chromosome, complete genome
	1386
	100%
	0
	100%
	CP115219.1
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Sensitive	Gentamycin 	Tazobactum/Piperacillin	Tigecycline	Ciprofloxacin	Colistin	Amikacin	Cefepime	Imipenem	Ceftazidime	Meropenem	0.52	0.48	0.72	0.53	0.98499999999999999	0.55000000000000004	0.57999999999999996	0.43	0.6	0.39	Intermediate	Gentamycin 	Tazobactum/Piperacillin	Tigecycline	Ciprofloxacin	Colistin	Amikacin	Cefepime	Imipenem	Ceftazidime	Meropenem	0	0.01	0	0	0	0	0	0	0	0	Resistant	Gentamycin 	Tazobactum/Piperacillin	Tigecycline	Ciprofloxacin	Colistin	Amikacin	Cefepime	Imipenem	Ceftazidime	Meropenem	0.48	0.51	0.28000000000000003	0.47	1.4999999999999999E-2	0.45	0.42	0.56999999999999995	0.4	0.61	








image2.png
Septic Arthritis : Overview Bacterial Damage

of Pathophysiology

Surface Adhesins

resion of surface
Adhesin(MSCRAMMs ) aid in
adherence o]oint malrx

1 ” > aplityioform
\ r!gnms wmm the

Biofiim cells show.
h

0 route

se«:h:g from Ssteomeit

or infect Expresion of virulence factors
3 rngc"a'x";'om"}n’l infection | | (S Sencress 2 iminati
infecti ins) aid n fulminair

resenvolr o) 2

/ %‘Enw soing





image3.png
Antibiotic

(i) Decreased penetration
(ii) Target modification

©)
(iii) Enzymatic degradation O Q

(iv) Efflux pump




image4.png
28 %,
g3 %,
& %
S
28
>
) v\\a‘)e
et oY
22 _‘“e(a

1% Innovative |
%‘% ¢ b& therapy for P gz°
aeruginosa &
AT ’
3




image5.jpeg
Biochemical test

Active ingredient

Interpretation

characteristics

Reduction of nitrates to
nitrites

Indole production
Fermentation

Arginine Dihydrolase
Urease

Hydrolysis (B-glucosidase)
Hydrolysis (Gelatin)

B-galactosidase

Assimilation (glucose)
Assimilation (arabinose)
Assimilation (mannose)
Assimilation (mannitol)
Assimilation (N-acetyl-
glucosamine)

Assimilation (maltose)
Assimilation (potassium
gluconate)

Assimilation (Capric acid)

Assimilation (Adipic acid)

NO3

TRP

GLU

ADH

ESC

GEL

PNPG

GLU

NAG

GNT

CAP
ADI

potassium nitrate

L-tryptophane
D-glucose
L-Arginine

Urea

Esculin ferric citrate
Gelatin
4-nitrophenyl ~ B-D
galagtopysanoside
D-glucose
L-arabinose
D-mannose
D-mannitol

N-acetyl-glucosamine

maltose

potassium gluconate

capric acid

adipic acid

Positive

Negative
Negative
Variable
Variable
Negative
Positive

Negative

Positive
Negative
Negative
Positive

Positive

Negative

Positive

Positive

Positive




image6.png




image7.jpeg




image8.png




image9.jpeg




image10.jpeg




image11.png




image12.png




image13.jpeg
2 mi Collection Tubes




image14.jpeg




image15.jpeg




image16.jpeg




image17.jpeg




image18.png
3000bp _..

1500bp >
1000 bp —> W=

s

500 bp -

200 bp

100 bp




image19.png
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA





image20.png
(NN NNATIN) (NG A TTCGAGCT CGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGCAT GCAAGCT TGAGTAT TCTATAGT 6TCACCTAAATAGCTTG6CGT

1 10 20 30 ) 50 & 70 80 50 100
AATCATGGTCATAGCTGTTTCCT GTGTGAAATTGTTATCCGCTCACAAT TCCACACAACATACGAGCCGGAAGCATAAAGT GTAAAGCCT GGGGTGCCTAATGAGT|

S e

GAGCTAACTCACATTAATTGCGT TGCGCTCACTGCCCGCTTTCCAGT CGEGAAACCTGTCGTGCCAGCT GCATTAATGAATCGGLCAACGCGCGEGGAGAGECGET

mnmnuuummlulmnuuumhmunuundumuwud.d

10 10
TTGCGTATTGEGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCECT CGBTCETTCEECTGCEGCGAGCEGTATCAGCTCACT CAAAGGCGETAATACGGT TAT

hl“&“lmml“Amm“ﬂtmu{MI“hlhu“l“hw‘dt“ulul

32 4 20

CCACAGAAT CAGGGGAT AACGCAGGAAAGAACAT GT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC TCCGL




image21.png
CCACAGAAT CAGGGGAT AACGCAGGAAAGAACAT GTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCETAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCG

)l o

CCCCCTGACGAGCAT CACAAAAAT CGACGCT CAAGTCAGAGGT GGCGAAACCC GACAGGACTATARAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCRTGCGCTC

Aol o o

550
TCCTGTTCCGACCCTGCCGCTTACCGEATACCTGTCCGCCTT TCTCCCTTCGGGAAGCGT GGCGCT TTCTCATAGCTCACGC TGTAGGTATCT CAGTTCEGTGTAG

e b

GTCGTTCGCTCCAAGCTGGECTGTGTECACGAACCCCCCGTTCAGCCCGACCGCTGCOCCTTATCCGGT AACTAT CETCTT GAGTCCAACCCGBTAAGACACGACT

A





image22.png
Query: None Query ID: lcl|Query_ 111239 Length: 704

>Pseudomonas aeruginosa strain SSVP3 165 ribosomal RNA gene, partial sequence
Sequence ID: OR@78457.1 Length: 1350
Range 1: 579 to 1282

Score:1301 bits(7e4), Expect:0.0,
Identities:7e4/704(100%), Gaps:@/704(e%), Strand: Plus/Minus

Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query

Sbict

1

1282

61

1222

121

1162

181

1102

241

1042

301

982

361

922

421

862

GTATTCACCGTGACATTCTGATTCACGATTACTAGCGATTCCGACTTCACGCAGTCGAGT
RN

GTATTCACCGTGACATTCTGATTCACGATTACTAGCGATTCCGACTTCACGCAGTCGAGT

TGCAGACTGCGATCCGGACTACGATCGGTTTTATGGGAT TAGCTCCACCTCGCGGCTTGG

PECCLEELCEEELC L L P T T e

TGCAGACTGCGATCCGGACTACGATCGGTTTTATGGGATTAGCTCCACCTCGCGGCTTGG

CAACCCTTTGTACCGACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGA

CAACCCTTTGTACCGACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGA

CTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACC

FEELEELEEEEEEEE PR L L P T iy
CTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACC

CGAGGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACT TAACCCAACATCTC

CGAGGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC

ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCTGAGTTCCCGAAGGCACCAATC
FEEEELEEEEEEEE LT E PPy

ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCTGAGTTCCCGAAGGCACCAATC

CATCTCTGGAAAGTTCTCAGCATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCTTCGAAT

RN
CATCTCTGGAAAGTTCTCAGCATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCTTCGAAT

TAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTG

TAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTG

1223

120

1163

180

1103

240

1043

300

983

360

923

420

863

480




image23.png
Query: None Query Ii

lcl|Query_111239 Length: 704

>Pseudomonas aeruginosa strain SSVP3 16S ribosomal RNA gene, partial sequence
Sequence ID: ORO78457.1 Length: 1350
Range 1: 579 to 1282

Score:1301 bits(7e4), Expect:0.0,
Identities:704/704(100%), Gaps:0/704(0%), Strand: Plus/Minus

Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query

Sbijct

1

1282

61

1222

121

1162

181

1102

241

1042

301

982

361

922

421

862

GTATTCACCGTGACATTCTGATTCACGATTACTAGCGATTCCGACTTCACGCAGTCGAGT

LLCLEEEEEEEEEEE L PR EE e e e e e e e e e
GTATTCACCGTGACATTCTGATTCACGATTACTAGCGATTCCGACTTCACGCAGTCGAGT

TGCAGACTGCGATCCGGACTACGATCGGTTTTATGGGATTAGCTCCACCTCGCGGCTTGG

TGCAGACTGCGATCCGGACTACGATCGGTTTTATGGGATTAGCTCCACCTCGCGGCTTGG

CAACCCTTTGTACCGACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGA

CAACCCTTTGTACCGACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGA

CTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACC

TECCCCEEEEEEERE R e e e e e e e e e e e e e e e
CTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACC

CGAGGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC

CGAGGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC

ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCTGAGT TCCCGAAGGCACCAATC

ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCTGAGT TCCCGAAGGCACCAATC

CATCTCTGGAAAGTTCTCAGCATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCTTCGAAT

CATCTCTGGAAAGTTCTCAGCATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCTTCGAAT

TAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTG

FECCCEEEEEEE PP R e e e e e e e e e e e e r
TAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTG

60

1223

120

1163

180

1103

240

1043

300

983

360

923

420

863

480

803




image24.png
Sbjct
Query
sbjct
Query
Sbjct
Query

Sbjct

4s1

802

541

742

601

682

661

622

COGLLGTACTCCLCAGGLGGTLGACTTATCGLGTTAGLTGLGLLACTAAGATLTCAAGGA

CGGCCGTACTCCCCAGGCGGTCGACTTATCGCGTTAGCTGCGCCACTAAGATCTCAAGGA

TCCCAACGGCTAGTCGACATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTG

TCCCAACGGCTAGTCGACATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTG

CTCCCCACGCTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGG
CEEECEEEEE L L e e e

CTCCCCACGCTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGG

TGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATT 704

TGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATT 579

240

743

600

683

660

623




image25.png
Pseudomonas aeruginosa strain Y4 168 ribosomal RNA gene partial sequence (OR039660.1)

OR030827.1:655-1358 Pseudomonas aeruginosa svain LUB (k) 165 ribosomal RNA gene parialsequence

0 @ OROTS4S7.1 Semple 1 Preudomonas aeruginosastrain SSVP3 166 ribosomal RNA gene partal sequence

OR125665.1:616-1319 Pseudomonas aeruginosa strain OMCS-1 168 sibosomal RNA gene partial sequence

OR253809.1:320-1023 Pseudomonas sp. strain B2W6/NITRR 168 ribosomal RNA gene partial sequence

‘OR399153.1:663-1366 Pseudomonas aeruginosa strain PA0S.2 16S ribosomal RNA gene partial sequence




image26.png
Taronomy Number of its Number of Organisms Description

BPseudomonas 108 5

. Pseudomonas sp. i 1 Pseudomonas sp. hits

. EPsaudomonas aerginosa goup n 3

. . BPseudomonas aenuginosa I} 3 Pseudomonas aeruginosa hits

.+ + Pseudomonas ceryginosa PAOY 2 1 Pseudomonas aeruginosa PAOT hits
.+ + Pseudomonas aeruginosa PA14 1 1 Pseudomonas aerugjnosa PA!4 hits

. Pseudomones alkuanens 2 1 Pseudomonas lalkuanensis hits





image27.png
Organism
Pseudomonas
. Pseudomonas sp.
. Pseudomonas aeruginosa
. Pseudomonas lalkuanensis
- Pseudomonas aerugnosa PAQ
. Psaudomonas aeruginosa PA14

BlastName  Score

proleobacteia
proleobacteia
¢:proleobacteria
g:proteobacteria
proleobacteia
g:proleobacleria

1303
1303
1301
1301
1301

Number of Hits
108

~o S

Desorpton

Pseudomonas sp. hits
Pseudomonas aeruginosa hits
Pseudomonas lalkuanensis hits
Pseudomonas aeruginosa PAQ1 hits
Pseudomonas aruginosa PA14 hits





image28.png
LinkTo Vew | Ececback
T |
F [
A B B e i 2 1+
50 m 20 L £ 04 B Ogansn

O ]

RGST| 5 v
QREEN] s v

P e ———





image29.png




image1.jpeg
SUPERIOR UNIVERSITY

Ref.:

Date:

04





