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            Abstract

            
               
Background: Urinary Tract Infections (UTIs) rank among the most common bacterial infections, affecting all demographics in community and
                  hospital settings. Catheterized patients in critical areas are at increased risk of Catheter-associated UTIs (CAUTIs) due
                  to bacterial or candidial infections. This study assesses CAUTI incidence, causative agents, and antibiotic susceptibility,
                  vital for treatment and infection control.
               

               Aim & Objectives: 1. This study is aimed to find prevalence of catheter associated urinary tract infection rate among study population; 2. To
                  find out mostly affected age group and gender; 3. The present study was taken to identify candida and bacterial uro-pathogens
                  causing CAUTI -most common organism and their types and level of antimicrobial drug susceptibility attending a tertiary care
                  hospital.
               

               Materials and Methods: A three-month Prospective Cross-sectional study was conducted at Dhiraj Hospital. Following approval from the ethical committee,
                  data collection commenced. Patients with over two days of catheterization and clinical signs of UTI were enrolled. Bacterial
                  identification and antibiotic sensitivity were analyzed using standard protocols, alongside calculation of the CAUTI rate.
               

               Result: Out of 80 catheterized urine sample, 51 cases found to as CAUTI. With standard formula applied it was counted that CAUTI rate
                  came to be 15.67%. In our study 55% men and 45% female were affected. In 45 Cases, Most common Gram Negative organisms were
                  E.coli (37.2%), Klebsiella spp (19.6%), Pseudomonas spp (9.8%) and in 6 cases Candida spp isolated. Most resistant drugs were Fluoroquinolones and Cephalosporin group. Amikacin, Fosfomycin, Meropenem and Imipenem
                  sensitivity were 28.5%, 30%, 22.8% and 28.5% respectively. Most of candida urine infection were sensitive to azole group of
                  antifungal.
               

               Conclusion: According to micro-organism and AST pattern found in CAUTI need to formulate Antibiotic policy and strictly follow CAUTI bundle
                  care and infection control practices which may help in line of treatment and management of patient in respective area. 
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               Introduction

            UTI have been demonstrated to be one of the most prevalent bacterial infections in humans,1, 2 and involves all the age groups and gender in both the community and hospital setups.3, 4 Most of all females will encounter minimum one episode of UTI during their lifetime.5 
            

            Urinary tract infections (UTIs) are frequent occurrences in both adult men and women, with women experiencing a higher incidence.
               This is often attributed to the anatomical differences in the female urogenital system, characterized by a shorter urethra
               and closer proximity of the urethral meatus to the anus.6, 7 High prevalence is seen in pregnant female and who are very sexually active.8 
            

            Asymptomatic bacteriuria denotes significant bacteriuria without symptoms of urinary tract infections (frequency, urgency,
               dysuria or fever) or other abnormal findings. UTI is an infection which affects any part of the urinary tract that is urethral
               meatus to the renal cortex of kidney. It is not categorized as a sexually transmitted disease 9 though sexual activity is a known risk factor in females.10 Frequent and/or painful urination, a urge to urinate despite having an empty bladder, fever and flank pain are the symptoms
               of UTI. At times, pyuria and/or haematuria may be seen.11 Virtually all healthcare-associated UTIs can be caused by instrumentation of the urinary tract.
            

            CAUTI, the most common healthcare-associated infection, arises from urinary catheterization. Risk factors include age, female
               gender, diabetes, and prolonged catheterization. Proper aseptic technique, catheter care, and hand hygiene are crucial in
               prevention. Bacteria can enter through the catheter's external surface or ascend through its lumen, leading to infection.12, 13, 14, 15, 16, 17

            The study assessed CAUTI incidence, uro-pathogens, and antibiotic sensitivity in a tertiary care hospital. It aids in prescribing
               suitable antibiotics, reducing complications, hospital stay, and implementing effective care bundles by the infection control
               team, ultimately diminishing morbidity and mortality. CAUTI complications include patient discomfort, prolonged hospitalization,
               increased costs, and mortality.
            

         

         
               Aims and Objectives

            This study aims to investigate the prevalence of catheter-associated urinary tract infection (CAUTI) among the study population,
               identify the most affected age group and gender, and characterize the bacterial and candidial uro-pathogens responsible for
               CAUTI, including the common organisms and their levels of antimicrobial drug susceptibility, within a tertiary care hospital
               setting.
            

         

         
               Materials and Methods

            The study will be conducted at Dhiraj Hospital, utilizing data sourced from the Microbiology Laboratory and hospital rounds
               spanning 3 months from January 16, 2023, to April 15, 2023. This prospective cross-sectional study aims to assess any age
               group presenting with signs and symptoms indicative of urinary tract infection as the study population.
            

            The study will include urine samples collected over a 3-month period from individuals showing signs and symptoms indicative
               of catheter-associated urinary tract infection. CAUTI according to NHSN criteria is UTI where an indwelling urinary catheter
               was in place for more than two consecutive days in an inpatient location on the date of event, with day of device placement
               being Day 1, and an indwelling urinary catheter was in place on the date of event or the day before. If an indwelling urinary
               catheter was in place for more than two consecutive days in an inpatient location and then removed, the date of event for
               the UTI must be the day of device discontinuation or the next day for the UTI to be catheter-associated. These individuals
               will have either indwelling urethral, indwelling suprapubic, or intermittent catheterization. Catheter-associated urinary
               tract infection (UTI) will be defined as the presence of symptoms or signs consistent with UTI, with no other identifiable
               source of infection, along with the presence of at least 103 colony-forming units (cfu) per milliliter of at least one bacterial species in a single catheter urine specimen or in a midstream
               voided urine specimen from a patient whose urethral, suprapubic, or condom catheter has been removed within the previous 48
               hours.
            

            
                  Inclusion criteria

               Urine Sample of adult Patient having minimum two days of urinary catheter after admisson to the tertiary care hospital, come
                  with sign and symptom for urinary tract infection.
               

            

            
                  Exclusion criteria

               Patients who had a positive urine culture prior to catheterization and had been catheterized for less than two calendar days
                  were not included in the study.
               

               Excluded organisms-Mixed flora in urine, mould, Dimorphic fungi, parasites. 

               Demographic data, including age, gender, clinical diagnosis, reasons for hospitalization and ICU admission sources, as well
                  as history of systemic antibiotic treatment, were documented.After obtaining the permission from institutional ethical committee
                  data was collected. 
               

               
                     Clinical sample collection and inoculation

                  Physicians at Dhiraj Hospital applied sterile urethral indwelling catheters to patients following hospital guidelines to minimize
                     microbial introduction. They aspirated 10 ml of urine from the catheter under aseptic precautions. Trained nurses or physicians
                     labeled collected urine specimens in sterile containers. Samples were promptly sent to the microbiology laboratory for further
                     processing. Using calibrated loops, part of the sample was inoculated onto MacConkey agar and sheep blood agar, while the
                     rest was inoculated onto HiChrome Agar and Nutrient Agar.
                  

               

            

            
                  Incubation

               All plates containing inoculated samples were placed in an aerobic incubator at 37°C for a period ranging from 18 to 48 hours.
                  They were then examined for the presence of bacterial and/or yeast growth. Colony counts resulting in bacterial or yeast growth
                  equal to or greater than 104 and 105 per milliliter for single uropathogens and two uropathogens, respectively, were considered indicative of bacteriuria or candiduria.
                  Urine samples containing three or more species were excluded from further analysis.
               

            

            
                  Bacterial and candida identification

               The next day, bacterial and candida isolates were identified through culture, gram staining, and biochemical characteristics.
                  Colony morphology and Gram stain were used for preliminary characterization, followed by standard biochemical tests and the
                  Vitek automation method for species-level identification.   
               

            

            
                  Antimicrobial susceptibility testing

               Antibiotic susceptibility testing of pure cultures was performed on Muller Hinton agar using the Kirby Bauer disk diffusion
                  method. Inoculum suspensions, adjusted to 0.5 McFarland turbidity, were lawn-cultured on plates and allowed to dry. Antibiotic
                  disks including Ampicillin-Sulbactam, Cephalexin, Norfloxacin, and others were placed aseptically on the agar, followed by
                  incubation at 37℃ for 24 hours. Zones of inhibition were measured and recorded in millimeters. Internal quality controls were
                  ensured using ATCC strains. Additionally, the Vitek automated system was utilized for identification and antibiotic sensitivity
                  reporting, enhancing efficiency and accuracy in the analysis process. Susceptibility and resistance were assessed using the
                  guidelines by the Clinical and Laboratory Standards Institute (CLSI). 18, 19, 20, 21, 22, 23, 24, 25

               Uro-pathogens were isolated and identified then subjected to antibiotic sensitivity test by manual or automated method. CAUTI
                  rate according to NHSN criteria was calculated and results were noted.
               

               CAUTI RATE = Number of CAUTI cases * 1000 / Number of catheter days

            

            
                  Statistical methods

               The collected data was organized in Microsoft Office Excel 2007 format and subsequently analyzed using Epi Info statistical
                  software. Descriptive and analytical statistical methods were employed to prepare the results. In analytical analyses, the
                  chi-square test was utilized to determine significance levels. The findings will be presented both in tabulated form and through
                  graphical representations for comprehensive understanding.
               

            

         

         
               Results

            Total 227 urine samples received during 3 month study suspecting asymptomatic/ symptomatic, catheterized/Non catheterized
               Urinary tract Infection. However, days of catheter insertion and duration of stay in intensive care unit and hospital was
               significantly linked with bacteriuria/ Candiduria. 
            

            Out of 227 samples 92 samples yielded growth of single organisms; Out of 80 patient who were catheterized, 51 (22.4%) patients
               developed CAUTI. The overall prevalence of bacteriuria/ Candiduria was 22.4% among which 19.8% and 2.6% were bacteriuria and
               Candiduria respectively (Table  1).
            

            
                  
                  Table 1

                  Total number of sample and its culture positivity.
                  

               

               
                     
                        
                           	
                              
                           
                            S.No.

                           
                        
                        	
                              
                           
                            Sample

                           
                        
                        	
                              
                           
                            Total No Sample

                           
                        
                        	
                              
                           
                            Positive culture Number

                           
                        
                        	
                              
                           
                            Culture Positivity

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Urine

                           
                        
                        	
                              
                           
                            227

                           
                        
                        	
                              
                           
                            92

                           
                        
                        	
                              
                           
                            40.52%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Urine (Catheterized Sample)

                           
                        
                        	
                              
                           
                            80

                           
                        
                        	
                              
                           
                            51 (CAUTI)

                           
                        
                        	
                              
                           
                            22.4%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            CAUTI Urine sample

                           
                        
                        	
                              
                           
                            51

                           
                        
                        	
                              
                           
                            45 (Bacterial)

                           
                        
                        	
                              
                           
                            88.23%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            CAUTI Urine Sample

                           
                        
                        	
                              
                           
                            51

                           
                        
                        	
                              
                           
                            6 (Candida)

                           
                        
                        	
                              
                           
                            11.76%

                           
                        
                     

                  
               

            

            
                  
                  Figure 1

                  CAUTI gender distribution (%)
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            Patient who had developed CAUTI, 55% were males and 45% were females and most affecting CAUTI age group highest among 36 –
               55 age group (45%).
            

            Spectrum of causative agents includes E. coli (37.2%), Klebsiella species (19.6%), Pseudomonas species (9.8%), Acinetobacter species (4%) and Enterococcus species (12%) were the dominant bacterial isolates; followed by Proteus (1.9%), Providentia (1.9%) and Morganella morganii (1.9%)
               species were also isolated. Candida albicans (3.9%), Candida krusei (3.9%) and Candida tropicalis (3.9%) were the commonest
               yeasts. (Figure  2)
            

            
                  
                  Figure 2

                  Isolated Organisms in CAUTI
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             Enterobacteriaceae exhibited a notable resistance to commonly prescribed antimicrobials. like Amoxyclav (86.2%), Ceftriaxone
               (74.1%), Ceftazidime (81.5%), Ciprofloxacin (94.5%), Norfloxacin (100%), Nitrofurantoin (78.3%), Piperacillin tazobactam (86.4%),
               and were sensitive to Amikacin (28.5%), Fosfomycin (30%), Colistin (19.5%), Meropenem(22.8%),Imipenem (28.5%)., Both Pseudomonas and Acinetobacter were multidrug resistant in our study. They were resistant to commonly used antibiotics like Ciprofloxacin (100%), Imipenem
               (71.4%), Meropenem (71.4%), Ceftazidime (100%), Cefoperazone-sulbactam (100%) and Piperacillin-Tazobactam (100%).(Figure  3) 
            

            
                  
                  Figure 3

                  Resistance pattern in GNB
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            Enterococcus spp. were mostly sensitive to Vancomycin and Linezolid. 
            

            For catheterized patient 51 patients were set in the criteria of CAUTI as discussed in method. For 51 patients total catheter
               days are 3256. Out of 51 CAUTI patients, 15.67% had developed CAUTI(CAUTI RATE). Patient who has developed CAUTI, most commonly
               they are of after 7 days of catheterization. The duration of stay in the critical care unit was significantly linked with
               bacteriuria /candiduria.
            

         

         
               Discussion

            The present study observed an overall rate of prevalence for catheter-associated bacteriuria/candiduria is 22.4%, Our result
               was comparable with Poddar et al., Bagchi et al. and Vishwajith et al 25.33%, 29.09% and 14%. 26, 27, 28 The CAUTI ranged from 5% to 73% among catheterized patients.29 In our study rate of CAUTI was lower due to high compliance towards strict infection control practices including hand hygiene,
               incorporation of catheter care bundle and it could also be due to short study period. 30

            In the present study, CAUTI was seen among middle age group (35-55) which is contradict with Arunagiri Ramesh et al. 31 shows older age group (>80 years). In critical care unit patients, gender was not a significant risk factor for catheter-associated
               bacteriuria/candiduria, as observed by a non-significant difference in male-to-female ratios between affected and unaffected
               patients. 32 Male patients may exhibit higher rates of CAUTI due to factors like prosthetic surgery and UTIs from stones. General hospital
               studies show device-associated UTIs more common in women, possibly due to anatomical and hormonal factors. 33, 34, 35 No age disparity in hospital-acquired UTI occurrence found, consistent with Laupland et al.'s findings. 36

            In line with findings from numerous studies worldwide, this study similarly showed that Gram-negative bacteria were the primary
               involved in bacteriuria. 38 of 51 isolates (74.5%) were Gram-negative bacteria and E. coli was the predominant, followed by Klebsiella species, Pseudomonas species, and Acinetobacter spp, proteus, Providentia & Morganella species in their descending order. This finding was similar to the studies by Bagachi
               et al., Kazi et al., 37 and Jayashri et al. 38 E. coli is the primary organism in UTIs, with Enterococcus species found in 11.7% of CAUTIs. Staphylococci and Enterococcus are commonly reported in urine cultures in similar studies.39

            Several studies have demonstrated that within hospital settings, approximately 10%–15% of hospital-acquired urinary tract
               infections (UTIs) are attributed to Candida species, with candiduria being particularly prevalent in ICU. 40, 41 In present study, candiduria represented 2.6% of CAUTI. The finding was contradict with Bizuayehu et al, .and Arunagiri Ramesh
               et al, 44.6% & 25% respectively.32  
            

            Patients followed up to 11 days post catheterization, and was found that 51 (22.4%) patients developed CAUTI after 5 days
               of catheterization, which was similar to earlier studies by Kulkarni et al 42 and Bagachi et al. Duration of catheterization is strongly related to CAUTI, hence proper maintenance and care of catheter
               is needed to decrease the incidence of CAUTI.
            

            Enterobacteriaceae exhibited resistance to fluroquinolones, which is one of the common drug used in urinary tract infection.
               The level of antimicrobial resistance observed against both Gram-positive and Gram-negative bacteria in this study was notably
               significant. The highest resistance against gram-negative bacteria was found with Piperacillin-Tazobactam 32 (86.4%), Amoxyclav
               25 (86.2%), ceftriaxone 23 (74.1%), ceftazidime 31 (81.5%), Nitrofurantoin 18 (78.3%) Norfloxacin 36 (100%) and Ciprofloxacin
               35 (94.5%). Gram-negative bacteria exhibited a considerable percentage of antibiotic resistance across nearly all tested antibiotic
               categories, although there was a comparatively low prevalence of resistance observed against Amikacin 10 (28.5%), Colistin
               7 (19.4%), Meropenem 8 (22.8%), Imipenem 10 (28.5%) and Fosfomycin 3 (30%). Antimicrobial resistance towards Gram-positive
               bacteria was comparatively low in degree. Enterococcus spp. were sensitive to Vancomycin and Linezolid. The indiscriminate utilization of broad-spectrum antibiotics empirically, coupled
               with the absence of an antibiotic stewardship program, likely relates the elevated rates of antibiotic resistance observed
               in this study. Enterococcus spp. were sensitive to Vancomycin (83.3%) and Linezolid (100%). These findings are similar to the Bizuayehu et al. Most of cadidial
               urinary tract infection was susceptible to amphotericin. 
            

            This suggests that implementing meticulous interventions such as stringent hand hygiene practices, appropriate catheter maintenance
               protocols, a well-defined antibiotic policy, and effectively guided infection control programs can help mitigate the prevalence
               of multidrug-resistant pathogens not only among CAUTI patients but also throughout the hospital environment overall.
            

         

         
               Conclusion

            Our study and others underscore CAUTI's global threat, necessitating robust infection control programs for surveillance. Implementing
               infection control practices is crucial for CAUTI prevention. Delaying antimicrobial use in suspected CAUTI cases until microbiology
               reports are available can curb resistant strain emergence. Educating paramedical staff, strict infection control, and an antibiotic
               policy are vital. Catheterization exceeding seven days heightens CAUTI risk. Multidimensional approaches are crucial, especially
               given high candiduria prevalence and non-albicans Candida's resistance to common antifungals. Addressing MDR bacteria like
               E. coli and Klebsiella spp. requires strict CAUTI bundle care and antibiotic stewardship.
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