Molecular Characterization of Biofilm Forming Enterococcus spp. Isolated From Patients with Catheter Associated Urinary Tract Infections.
ABSTRACT
Urinary tract infection associated with catheter is the most common healthcare infection which can lead to complications and death. The study was done to investigate the antibiotic resistance profile, biofilm formation and molecular characteristics of Enterococcus spp. isolated from patients with urinary tract infections associated with catheter. Two hundred and twenty (220) urine samples were collected from the catheter tubings / sampling ports of catheterized patients. The samples were inoculated on petri dishes containing blood agar and they were incubated at 370C for 24 hours. The isolated organisms were identified using gram staining and biochemical tests. Antibiotic susceptibility test was done using the disc diffusion method. Biofilm formation was evaluated using Congo Red Agar and PCR was used to detect the resistance genes of the organisms. After the analysis, it was observed that out of the 220 samples, 212 (96.36%) had Enterococcus spp. Also, 118 (56%) isolates out of the 212 isolates were identified as Enterococcus faecalis while 94 (44%) of them were Enterococcus faecium. It was also observed that there was higher prevalence of both Enterococcus faecalis and Enterococcus faecium in females (64.41%; 61.70%) than in males (35.59% ; 38.29%). Highest prevalence of Enterococcus spp. (49.2%;47.9%) was seen in patients who were 60 years and above while the least prevalence (7.6%;6.4%) was seen in those who were 20 years and below. The antibiotic resistance pattern of Enterococcus faecalis and Enterococcus faecium observed in this study showed that Enterococcus faecium exhibited higher resistance to the tested antibiotics than Enterococcus faecalis. The virulence genes associated with multidrug resistance of the isolated organisms were found to be asa1,ge1E, esp.efaA and cy1A in Enterococcus faecium isolates and esp, hy1 and efaAfm in E. faecalis.  This confirms that E. faecium had greater multidrug resistant potential on catheter associated urinary tract infections and Enterococcus faecalis carried more virulence genes; asa1, ge1E and esp which were associated with adhesion and biofilm formation. The co-existence of multidrug resistance and virulence observed in both organisms isolated from those patients poses serious treatment challenge and this can lead to life threatening complications. Therefore, regular surveillance of antimicrobial resistance and virulence determinants are essential for effective infection control and management.
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1. INTRODUCTION
Urinary tract infections (UTIs) are among the most common bacterial infections worldwide, occurring in both community and healthcare settings (Ana et al., 2015; Giuseppe et al., 2023). Catheter-associated urinary tract infection (CAUTI) is the appearance of bacteria in the urine of a catheterized patient (Hodam et al., 2022). It is one of the most common health care acquired infections, 70 - 80% of these infections are attributable to the use of an indwelling urethral catheter (Nicolle, 2014). They are placed during the patients’ hospital stay, and therefore, are at risk for CAUTIs, which have been associated with worse patient outcomes (Clarke et al., 2020). Catheter-associated urinary tract infections (CAUTIs) are among the most prevalent healthcare-associated infections, accounting for up to 40% of hospital-acquired infections (Chuang and Tambyah, 2021). It occurs when germs (usually bacteria) enter the urinary tract through the urinary catheter and this may cause infection (Hodam et al., 2022). It represents about 40% of all nosocomial infections and one of the most prevalent health-related illnesses globally (Ramadan et al., 2021; Hodam et al., 2022; Najla et al., 2023). The continuous or intermittent flow of a warm and conducive (urine) medium in the medical device, the urinary catheter, promotes the formation of biofilms and encrustations, thereby leading to the incidence of CAUTI (Shobana et al., 2023). 
It has been observed that in catheter associated urinary tract infections, bacteria form biofilms by firmly adhering to both internal and external catheter surfaces (Trauter and Darouiche, 2004). Biofilms are microbial communities of surface-attached cells embedded in a self-produced extracellular polymeric matrix (Ramadan et al., 2021). Biofilm formation begins immediately after catheter insertion, when organisms adhere to a conditioning film of host proteins which forms along the catheter surface. Both the interior and exterior catheter surfaces are involved (Lloyd and Sing, 2014). Biofilm formation depends on the duration of catheterization as 10–50% of short-term catheterized patients (≤7 days) experience biofilm formation meanwhile biofilm is formed inevitably in all long-term catheterized patients (>28 days) (Ramadan et al., 2021).
Bacteria usually originate from the periurethral area or ascend the drainage tubing following colonization of the drainage bag. Organisms growing in the biofilm are in an environment where they are relatively protected from antimicrobials and host defenses (Nicolle, 2014). Wide range of uropathogens responsible for colonization of indwelling urinary catheters include E. coli, Proteus, Enterococcus, Pseudomonas, Enterobacter, Serratia, Candida spp, coagulase negative Staphylococcus and other non-fermenters (Ramadan et al., 2021; Murugesan et al., 2024). The biofilm mode of life confers a survival advantage to these microorganisms associated with it. Thus, biofilm on urinary catheters results in persistent infections that are resistant to antimicrobial therapy (Ana et al., 2015), disinfecting chemicals as well as resisting phagocytosis and other components of the body’s defense system. 
Enterococcus spp. are important nosocomial pathogens which are responsible for CAUTI since they are capable of acquiring genes for resistant to most of the antibiotics. These high antimicrobial resistance among uropathogens greatly influence patients’ treatment outcomes, including long hospitalization periods, greater financial burden, and high morbidity and mortality rates (Ana et al., 2015; Ramadan et al., 2021; Hodam et al. 2022; Sulaiman et al. 2023; Misra et al. 2025).
Therefore, the aim of this study is to determine the antibiotic resistance pattern, biofilm formation and the molecular characteristics of Enterococcus spp. isolated from patients with urinary tract infections associated with catheter.

2. MATERIALS AND METHODS
2.1	Study Design
The study design that was used in this work was experimental research design.
2.2	Study Population
The study population used were 220 in-patients with urinary catheter in hospitals within Enugu metropolis.
2.3	Study Location
The study location was Enugu metropolis, Enugu State, Nigeria.
2.4	Determination of Sample Size
A total population of 600 hospitalized patients with urinary catheters was identified as the study population. Using a confidence level of 95% and assuming maximum variability (p= 0.5), a sample size of 220 patients was determined. 
[image: Cochran's sample size formula]
Where:
· Z is the Z-score (confidence level)
· p is the estimated proportion of the population
· e is the margin of error
 (Adopted from Daniel, 1999)
2.5	Sample collection
A total of 220 urine samples were gotten from the catheter tubing/ sampling port of catheterized patients for the study. The catheter tubings were clamped just below the sampling ports for about 15 minutes to allow fresh urine to collect in the sample ports. The sampling ports were cleaned with alcohol swab. Then sterile syringes and needles were used to aspirate the urine samples which were then transferred to sterile wide mouth universal containers. They were properly labelled and taken to the laboratory for analysis.
2.6	Sample Inoculation 
The various urine samples were inoculated on petri dishes containing blood agar (Oxoid) and were incubated at 370C for 24hours. The bacterial colonies were purified and biochemical tests were carried out to identify the isolated organisms.
2.7	Purification of the Isolates
Distinct colonies on each of the plates were sub-culture on petri dishes containing blood agar. This was done to obtain pure culture of the isolates. The plates were incubated at 370C for 24 hours. 
2.8	Identification of Isolates
Isolated microorganisms were identified using colony morphology, gram staining and biochemical tests (Cheesbrough, 2020; Sagar, 2022). 
2.9	Antibiotics susceptibility test
The test was carried out using the disc-diffusion method. The inhibition zones were interpreted according to the Clinical Laboratory Standards Institute’s (CLSI) guidelines (Ramadan et al., 2021). Antibiotics used were Vancomycin (30µg), Ampicillin (10 µg), Gentamycin (120µg), Levofloxacin (5µg), Rifampicin (5µg), Ciprofloxacin (5µg), Nitrofurantoin (10µg), Norofloxacin (10µg), Linezolid (30µg) and Fosfomycin (200µg).
2.10	Biofilm formation test (Congo red agar method)
This method involved the use of special media, Brain Heart Infusion (BHI) agar with Sucrose and Congo red.  BHI agar-52 g/L; sucrose-36 g/L; agar-10 g/L; congo red-0.8 g/L were used. Congo red was prepared as concentrated solution and autoclaved. It was added to the medium when agar was cooled to 55°C and they were poured into sterile petri dishes and inoculated with the isolates and incubated for 24–48 h at 37°C. Black colonies with dry crystalline morphology was considered positive for biofilm production while weak or nonbiofilm colonies appeared red in colour (Kala et al., 2020).
2.11	Molecular Identification of the Isolates
The DNA was extracted using commercial bacterial DNA extraction kit. Antibiotic resistance and virulence genes were also detected using PCR. 
3. RESULTS AND DISCUSSION
The result of the study indicated that out of the 220 urine samples that were analysed, 212 samples had Enterococcus spp. Out of the 212 samples, 118 (56%) isolates were identified as Enterococcus faecalis while 94 (44%) isolates were Enterococcus faecium using biochemical and molecular tests (Table 1) (Fig. 1).


Table 1: Prevalence of Enterococcus spp. isolates from patients with urinary tract infections associated with catheter
	Organism                                  Number of isolates (%)

	Enterococcus faecalis                118 (56%)
Enterococcus faecium                  94 (44%)
Total                                          212 (100%)

	



Fig 1: Prevalence of Enterococcus spp. isolates from patients with urinary tract infections associated with catheter

It was observed that there was a high prevalence rate of both Enterococcus faecalis and Enterococcus faecium in females (64.41% and 61.70%) than in males (35.59% and 38.29%).  The result also showed that higher prevalence of Enterococcus spp. was seen in patients aged 60 years and above while the least prevalence was observed in patients aged 20 years and below (Table 2)(Fig 2).




Table 2: Prevalence of Enterococcus spp. isolates based on sex and age of patients
	                                           Enterococcus faecalis             Enterococcus faecium

	Gender
Male                                    42 (35.59%)                            36 (38.29%)
Female                                 76 (64.41%)                            58 (61.70%)
Age
0-20                                        9 (7.6%)                               6 (6.4)
21-40                                    20 (16.9%)                            16 (17.0%)
41-60                                    31 (26.3%)                            27 (28.7%)
60 and above                        58 (49.2%)                            45 (47.9%)
Total                                    118 (100%)                          94 (100%)




Fig 2: Prevalence of Enterococcus spp. isolates based on sex and age of patients

The result of antibiotic resistance profile showed that out of the 212 isolates that were subjected to antibiotic susceptibility test, Enterococcus faecium was more resistance to almost all the antibiotics than Enterococcus faecalis. Enterococcus faecium resistance levels to the tested antibiotics were ciprofloxacin (76.6%), norfloxacin (72.3%), levofloxacin (70.0%), ampicillin (69.1%)rifampicin (64.9%), gentamycin (48.9%), fosfomycin (36.2%) and vancomycin (30.9%). E. faecalis showed lower resistance to the test antibiotics when compared to E. faecium. Although, resistance to ciprofloxacin (41.5%), norfloxacin (38.1%), levofloxacin (34.7%), rifampicin (29.7%), ampicillin (26.3%) and gentamycin (18.6%) was observed (Table 3)(Fig 3).
Table 3: Result of Antibiotic resistance profile of Enterococcus faecalis and  Enterococcus faecium
	Antibiotic                            Enterococcus faecalis (%)           Enterococcus faecium (%)

	Vancomycin (VAN)                        14 (11.9%)                                  29 (30.9%)
Ampicillin (AMP)                            31 (26.3%)                                 65 (69.1%)
Ciprofloxacin (CIP)                         49 (41.5%)                                  72 (76.6%)
Linezolid (LZD)                                 6 (5.1%)                                   12 (12.8%)
Fosfomycin (FOS)                          18 (15.3%)                                  34 (36.2%)
Nitrofurantoin (NIT)                       13 (11.0%)                                  27 (28.7%)
Gentamicin (GEN)                          22 (18.6%)                                 46 (48.9%)
Rifampicin (RIF)                             35 (29.7%)                                61 (64.9%)
Norfloxacin (NOR)                         45 (38.1%)                                 68 (72.3%)
Levofloxacin  (LEV)                       41 (34.7 %)                                66 (70.2%) 



 Fig 3: Result of Antibiotic resistance profile of Enterococcus faecalis and  Enterococcus faecium

A total of 212 Enterococcus isolates were tested for biofilm production using Congo Red Agar. Black colonies was taken as indicative of strong biofilm formation, dark red or dry red colonies indicated moderate/weak biofilm formation while smooth red colonies indicated non-biofilm formation. It was observed that more biofilms were formed by Enterococcus faecalis (52.5%) than Enterococcus faecium (29.8%) (Table 4).
Table 4: Result of biofilm formation of Enterococcus spp. 
	Organism                                          Strong                     Moderate          Negative

	Enterococcus faecalis (n = 118)    62 (52.5%)          34 (28.8%)        22 (18.6%)
Enterococcus faecium  (n = 94)     28 (29.8%)          26 (27.7%)     40 (42.6%)
Total (n = 212)                              90 (42.5%)          60 (28.3%)    62 (29.2%)



The result of the antibiotic resistance and virulence genes distribution of Enterococcus faecalis and Enterococcus faecium analyzed using PCR showed that Enterococcus faecium isolates had significantly greater level of antibiotic resistance than Enterococcus faecalis.  This indicates that Enterococcus faecium has greater multidrug resistant potential on urinary tract infections associated with catheter. It was also discovered that Enterococcus faecalis carried more virulence genes such; asa1, ge1E and esp which were associated with adhesion and biofilm formation. However, vancomycin-resistant strains which were exhibited by both species was an indication of higher prevalence of virulence genes and this implies that  resistance and viulence may co-exist in more pathogenic strains (Tables 5 & 6).
Table 5: Result of antibiotic resistance and virulence gene distribution of Enterococcus faecalis and Enterococcus faecium
	Organism                                    Antibiotic Resistance pattern                 Virulence gene detected

	Enterococcus faecalis (n = 118)    High resistance to CIP, NOR,     asa1(75.4%) ge1E (69.5%)                            
                                                     LEV (41-38%) Moderate to       esp (54.2%)efa A (61.0%)
                                                      AMP, GEN, RIF (26-30%)       cy1A (32.2%)
                                                      VRE: 14 (11.9%)
Enterococcus faecium  (n = 94)    High to AMP, CIP, NOR,        esp (47.8%)hy1 (33.0%)
                                                      RIF (69-76%) VRE: 29              efaAfm (60.6%)
                                                      (30.9%)



Table 6: Summary of gene co-occurrence with resistance 
	Resistance type         Predominant genes in E. faecalis        Predominant genes in E. faecium

	Vancomycin (VRE)       esp, asa1, ge1E                                 esp, efaafm, hy1 
Ampicillin                      asa1, esp                                           esp, efaAfm
Ciprofloxacin/                ge1E, esp                                         esp, hy1
Norfloxacin
Gentamicin                     asa1, ge1E                                       esp, efaAfm
MDR(>3 drug classes)    ≥3 genes: asa1, esp, ge1E               esp + hy1 or esp + efaAfm



This study was carried out to investigate the antibiotic resistance profile, biofilm forming and molecular characteristics of Enterococcus spp. isolated from patients with catheter associated urinary tract infections. It was observed that Enterococcus faecalis (56%) was isolated more among the Enterococcus spp. that was responsible for urinary tract infections associated with catheter when compared to Enterococcus faecium (44%).  This is in line with the work of Sannathimmappa et al., (2023) who observed that E. faecalis (68.9%) was the most frequently isolated species, followed by E. faecium (31.1%) and Chatterjee et al. (2024), also isolated 76% of Enterococcus faecalis from CAUTI. 
It was also observed that the rate of occurence of E. faecalis was higher in females (64.41%) than in males (35.59%). Also, E. faecium were also isolated more in females (61.70%) when compared to males (38.29%). This agrees with Sannathimmappa et al.  (2023) and Sourish et al.(2024)  who isolated Enterococcus spp. more from females compared to males. This may be due to the fact that females have shorter urethra which is closer to the anus and this makes it easier for enteric bacteria to get to the catheter. Also, perineal colonization by these organisms may contaminate the catheter especially with prolonged use and poor catheter hygiene which may have been responsible for high isolation rate in females.
The highest prevalence rate of the organisms were seen more in patients aged 60 years and above (49.2% and 47.9% respectively). This also agrees with Sannathimmappa et al.  (2023), who stated in their work that the frequency of isolation of Enterococcus spp. was highest (47.7%) among elderly people of age >60 years. This may be due to underlying health conditions, immunosenecence, frequent and prolonged catheterization which may lead to biofilm formation which aids in the survival of the organisms especially Enterococcus faecalis.
It was observed that Enterococcus faecium exhibited higher resistance to the tested antibiotics with ciprofloxacin (76.6%), norfloxacin (72.3%), levofloxacin (70.0%), ampicillin (69.1%) rifampicin (64.9%), gentamycin (48.9%), fosfomycin (36.2%) and vancomycin (30.9%). This is in conformity with Chatterjee et al. (2024) and Cecile et al. (2024), who opined that resistance was most frequently observed with the test antibiotics on Enterococcus faecium. Moreover, vancomycin-resistant E. faecium (VRE) accounted for over 30% of isolates which is consistent with global trend in hospital acquired enterococcal infections.
It was also observed that E. faecalis showed lower resistance to the test antibiotics when compared to E. faecium. Although, resistance to ciprofloxacin (41.5%), norfloxacin (38.1%), levofloxacin (34.7%), rifampicin (29.7%), ampicillin (26.3%) and gentamycin (18.6%) were observed. Zuzanna et al.(2022) and  (Sannathimmappa et al. (2023) also observed that E. faecium showed a higher level of resistance to all antibiotics used in their study than E faecalis. Although vancomycin resistance in E. faecalis was minimal but its presence remains clinically significant because of the organism’s tendency for horizontal gene transfer and persistent colonization.
E. faecalis isolates had more biofilm formation compared to E. faecium. This could be that E. faecalis has stronger biofilm-forming capacity due to the virulence factors; asa1, ge1E and esp which they possess. This is in conformity with the work of Upadhyaya et al. (2009) and Toledo-Arana et al. (2001). Biofilm formation plays a major role in CAUTIs by enhancing the organism’s adherence and resistance to antibiotics which may lead to chronic infections and treatment failure.
This study investigated the antibiotic resistance profile and virulence gene distribution among Enterococcus faecalis and Enterococcus faecium isolated from urinary tract infections associated with catheter. It was observed that Enterococcus faecium isolates were more resistance to most of the tested antibiotics such as ampicillin, ciprofloxacin, rifampicin and vacomycin with over 30% of isolates being vancomycin-resistance. This is in conformity with the work of Top et al. (2010) and Arias and Murray (2012), who described E. faecium as being more resistant to antibiotics. They also opined that it is a major cause of hospital acquired infection due to its ability to rapidly acquire and disseminate resistance genes. In contrast, E. faecalis showed lower resistance rates but carried more virulence genes;asa1, ge1E and esp which are often associated with tissue invasion and biofilm formation.
Vancomycin-resistant strains of the organisms were more likely to harbor multiple virulence genes. This showed a convergence of resistance and pathogenic traits. The co-occurrence raises concern about treatment failure and probable persistent infections. These findings therefore describes the clinical importance of Enterococcus faecium as a multidrug resistant organism and E. faecalis as a highly virulent uropathogen associated with CAUTI. 
4. CONCLUSION
The co-existence of multidrug resistance and virulence observed in the isolated organisms from CAUTIs poses serious treatment challenge and this can lead to life- threatening complications. Therefore, regular surveillance of antimicrobial resistance and virulence determinants are essential for effective infection control and management.
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