


Detection of biofilm production by some type of pathogenic bacteria isolated from patients

[bookmark: _1thcysh761s9]Abstract
[bookmark: _GoBack]Biofilm-producing pathogenic bacteria represent a significant global health challenge, contributing to persistent infections and widespread antimicrobial resistance. The matrix of biofilms acts as a physical barrier, protecting microbes from antibiotics and host immune responses. This study aims to evaluate the anti-biofilm efficacy of biologically synthesized selenium nanoparticles (SeNPs) against pathogenic bacteria isolated from clinical settings. The objective is to assess SeNPs as a potential alternative strategy to combat biofilm-associated infections. The study was conducted at Diwaniyah General Hospital. Bacterial isolates (Bacillus cereus, Staphylococcus.spp, E. coli) and one fungal isolate (C. albicans) were identified from 150 wound and burn samples. Selenium nanoparticles (SeNPs) were biosynthesized using Pseudomonas aeruginosa. The anti-biofilm activity of SeNPs at various concentrations (2 to 1048 µg/mL) was assessed using the Tissue Culture Plate Method (TCPM). The SeNPs demonstrated significant, dose-dependent anti-biofilm activity against all tested pathogens. At the highest concentration (1048 µg/mL), SeNPs showed 99.4±1.94% inhibition of B. cereus biofilm, 98.1±1.86% inhibition of Staphylococcus.spp, 96.2±2.01% inhibition of E. coli, and 93.9±1.18% inhibition of C. albicans. Even at lower concentrations (e.g., 2 µg/mL), activity was observed, though it was lowest against Staphylococcus.spp (23.3±1.17%). The overall LSD value of 1.62 indicated statistically significant differences between concentrations. Biosynthesized selenium nanoparticles exhibit potent anti-biofilm capabilities against clinically relevant pathogens. These findings suggest SeNPs are a promising nanomaterial for developing new therapeutic strategies to manage and treat persistent biofilm-mediated infections.
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Pathogenic bacteria that form biofilms are a primary cause of chronic infections and treatment failures (Dadgostar 2019). A biofilm is a structured community of microorganisms encased in a self-produced extracellular polymeric substance (EPS) matrix, which adheres to surfaces. This structure is a key virulence factor, particularly in clinical settings.
The EPS matrix makes microbial communities highly resistant to conventional antibiotics and host immune defenses (Salem et al., 2022). This resistance can be due to the matrix acting as a mechanical barrier or inducing a slow-growing, persistent phenotype in the bacteria, making them less susceptible to drugs targeting active replication (Shaikh et al., 2019).
The global crisis of antimicrobial resistance (AMR) is exacerbated by biofilms. Infections associated with biofilms, such as those on medical devices or in chronic wounds, lead to prolonged hospitalization and increased healthcare costs (van Duin and Paterson 2020). Failure to address AMR could result in 10 million deaths annually by 2050 (Walsh et al., 2023).
Traditional antibiotic therapies often fail to eradicate biofilms, requiring high doses that cause systemic toxicity or surgical removal of infected devices (Aslam et al., 2018). This inefficiency necessitates new solutions. Nanotechnology, specifically the use of metallic nanoparticles, offers a promising alternative by disrupting biofilm integrity through mechanisms distinct from traditional antibiotics (Salem et al., 2022).
Recent research has highlighted the potential of nanoparticles. For instance, one study demonstrated that SeNPs produced by Bacillus subtilis showed significant anti-biofilm activity against both Gram-positive and Gram-negative pathogens by causing cell membrane disruption (Ullah et al., 2023). Similarly, another study found that biologically produced SeNPs were effective against Klebsiella pneumoniae biofilms, suggesting their utility in endodontic treatment (Miglani and Tani-Ishii 2021).
The objective of the current study was to isolate and identify pathogenic bacteria from patient wound and burn samples and to evaluate the in vitro anti-biofilm efficacy of selenium nanoparticles, biosynthesized using Pseudomonas aeruginosa, against these clinical isolates.
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[bookmark: _8lcu0po44j4v]Study Design
This descriptive cross-sectional study was conducted using samples collected from Diwaniyah General Hospital. The study period was from May 1, 2023, to June 1, 2023. Samples from patients who had already received antibiotics were excluded. All other samples from burn and wound infections were included.
[bookmark: _og944a6ym5pf]Sample Collection and Isolation
A total of 150 samples were collected from wound and burn infections using sterile cotton swabs. Samples were transported in sterile media, streaked onto appropriate culture media (e.g., Blood Agar, MacConkey Agar, Sabouraud Dextrose Agar), and incubated for 24-48 hours.
[bookmark: _yqkw1ud6fxeg]Bacterial Identification
Initial identification was performed using phenotypic methods, including Gram staining and standard biochemical tests (e.g., Catalase, Indole, Citrate). Isolates identified included Bacillus cereus, Staphylococcus.spp, E. coli, and C. albicans.
[bookmark: _kikmq55yu0z]Biosynthesis of Selenium Nanoparticles (SeNPs)
SeNPs were synthesized biologically using a selected isolate of Pseudomonas aeruginosa. The bacteria were cultured, and the cell-free supernatant was collected via centrifugation. Sodium selenite (Na₂SeO₄) was added to the supernatant and incubated, resulting in a color change from yellow to red, indicating SeNP formation (Qadhi and Al-Shibly 2023).
[bookmark: _w2zlu7ifxtte]Anti-Biofilm Activity Assay (TCPM)
 The Tissue Culture Plate Method (TCPM) for assessing anti-biofilm activity involves several key steps to determine how effectively a substance, in this case, selenium nanoparticles (SeNPs), inhibits biofilm formation.
First, serial twofold dilutions of the SeNPs are prepared in 96-well plates, creating a range of concentrations from 2 to 1048 µg/mL. This allows for the evaluation of the SeNPs' effect at different dosages. Next, bacterial suspensions, standardized to 0.5 McFarland (a measure of bacterial turbidity), are added to the wells containing the diluted SeNPs. The plates are then incubated at 37°C for 24 hours, providing an optimal environment for bacterial growth and biofilm development.
After the incubation period, the wells are washed to remove any planktonic (free-floating) bacteria and unadhered cells, leaving only the formed biofilm. The remaining biofilms are then stained with a 0.1% crystal violet dye. Crystal violet binds to the extracellular polymeric substance (EPS) matrix of the biofilm, making it visible. Finally, the optical density (OD) of each well is measured at 570 nm using an ELISA reader. The intensity of the crystal violet staining, and thus the OD reading, is directly proportional to the amount of biofilm present. By comparing the OD of the treated wells to control wells (without SeNPs), the percentage of biofilm inhibition can be calculated, indicating the anti-biofilm efficacy of the SeNPs.
[bookmark: _p2qwh9wy1024]Statistical Analysis
Data were analyzed using SPSS software (V.28). A two-way ANOVA was used to compare variables, and the Least Significant Difference (LSD) test was applied. Data were expressed as mean ± standard deviation (SD), with p < 0.05 considered significant (Qadhi and Al-Shibly 2023).
[bookmark: _4c07ssszawkx]Ethical Approval
Ethical approval was obtained from the Department of Life Sciences, College of Education, University of Al-Qadisiyah, and the Al-Diwaniyah Health Directorate. Informed consent was obtained from all patients.
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[bookmark: _9q5mlx1lrcxv]Isolation of Pathogens
From 150 total samples, 105 (70%) showed microbial growth. Based on the isolates identified, four main pathogens were selected for this study. The most prevalent was Bacillus cereus (40.0%), followed by Staphylococcus spp. (26.7%), Candida albicans (20.0%), and Escherichia coli (13.3%). The results revealed the extent and distribution of different bacterial species within the tested samples. 30% of the total collected samples showed no growth (45 out of 150 samples collected in the current study did not show growth). The remaining 105 samples showed growth, of which 15 were mixed growth. The other 90 samples were distributed among four bacterial species: Bacilli (40%), Staphylococcus spp. (26%), E. coli (13%), and C. albicans (20%), as shown in Figure 1 and Table 1.
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Figure 1: Number of bacteria isolated in the current study.

Table 1: Distribution of isolated bacterial species and their percentages.
	Bacterial species
	Number of identified isolates
	Percentage

	No growth
	45
	30

	growth
	105
	70

	Total
	150
	100



[bookmark: _h3ymtoce3xwx]Anti-Biofilm Activity of SeNPs
The result of anti-biofilm activity (inhibition %) of different concentrations of selenium nanoparticles against selected pathogens show  varying concentrations of biosynthesized selenium nanoparticles (SeNPs) impact the formation of biofilms. SeNP Conc. (µg/mL) details the range of concentrations tested, from a low of 2 µg/mL to a high of 1048 µg/mL that examed aginsit (Bacillus cereus, Staphylococcus spp.,E. coli, and C. albicans—quantify the percentage of biofilm inhibition observed for each pathogen at every given SeNP concentration. These values are expressed as a mean accompanied by a standard deviation (e.g., 60.4±1.09), providing insight into both the average inhibitory effect and the consistency of the results across trials.
A clear and significant trend emerges from the data: the anti-biofilm activity of the SeNPs is largely dose-dependent. As the concentration of selenium nanoparticles increases, there is a corresponding and generally consistent rise in the percentage of biofilm inhibition across all four tested pathogens. For instance, at the lowest concentration of 2 µg/mL, *Staphylococcus spp.* exhibited a modest 23.3% inhibition, while at the highest concentration of 1048 µg/mL, its biofilm formation was nearly completely suppressed, reaching an impressive 98.1% inhibition. This pattern suggests that higher doses of SeNPs are more effective in disrupting or preventing the formation of these protective microbial communities.
The findings highlight the broad-spectrum efficacy of these biosynthesized SeNPs, as they demonstrate inhibitory effects against both bacterial species (Bacillus cereus, Staphylococcus spp., E. coli) and the fungal isolate (C. albicans). This broad activity is particularly important given that infections, especially in wounds and burns, are often polymicrobial. The varying degrees of inhibition across different pathogens at lower concentrations (e.g., Staphylococcus spp. showing lower inhibition at 2 µg/mL compared to B. cereus or C. albicans) also indicate that the susceptibility to SeNPs can differ among microorganisms, although all show high inhibition at the highest concentrations. These results underscore the potential of SeNPs as a promising therapeutic strategy for managing and treating persistent biofilm-mediated infections.  The detailed results of this inhibition are presented in Table 2.
Table 2: Anti-biofilm activity (inhibition %) of different concentrations of selenium nanoparticles against selected pathogens.
	SeNP Conc. (µg/mL)
	Bacillus cereus
	Staphylococcus .spp
	E. coli
	C. albicans

	2
	60.4±1.09
	23.3±1.17
	35.7±0.86
	63±1.12

	4
	72.8±1.24
	50.4±1.02
	44.6±0.72
	78.4±2.1

	8
	82±2.03
	70.6±1.42
	63.7±1.15
	80.2±1.28

	16
	87.6±1.76
	71.2±2.02
	82.4±1.27
	83.2±1.14

	32
	93.1±1.62
	74.3±1.46
	83.3±1.61
	83.7±2.21

	65
	93.5±1.75
	76.5±1.21
	85.3±1.22
	85±2.16

	131
	95.7±1.54
	89.7±1.63
	86.5±1.68
	86.7±2.01

	262
	97.3±1.9
	95.2±2.12
	89.3±1.11
	89.9±1.87

	524
	98.6±2.16
	95.4±2.23
	93.6±2.12
	91.2±1.34

	1048
	99.4±1.94
	98.1±1.86
	96.2±2.01
	93.9±1.18
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Figure 2: Visualization of anti-biofilm activity by SeNPs using the Tissue Culture Plate (TCP) method.
The TCPM assay results (Figure 2) visually confirmed the statistical data. The wells corresponding to higher concentrations of SeNPs showed significantly less crystal violet staining (lighter purple), indicating a reduction in biofilm mass. Conversely, the control wells (no SeNPs) were deeply stained, indicating robust biofilm production by the pathogens.
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The results of the bacterial diagnosis, as shown in Table 1 and Figure 1, provide insight into the prevalence and distribution of different bacterial species within the examined samples. Notably, 30% of the isolates exhibited no growth. This may be due to the patients having viral infections, taking antibacterial drugs, or exhibiting symptoms of inflammation resulting from allergies or autoimmune diseases, as reported in previous studies with similar findings (Burrell et al., 2017; Harper et al., 2020). Bacillus cereus, representing 24% of the isolates, also showed a significant presence. This is consistent with the findings of Ayatollahi et al. (2017), who reported a marked prevalence of Bacillus cereus in the collected samples. From clinical samples, the recurrence of Bacillus cereus in different contexts underscores its diversity and ubiquitous environmental distribution. Staphylococcus spp., E. coli, and C. albicans constituted 16%, 8%, and 12% of the isolates, respectively. These percentages are consistent with general trends observed in clinical microbiology studies, where Staphylococcus spp. species are commonly identified in various infections. The presence of E. coli and C. albicans is consistent with their well-documented roles in wound infections, as reported by Riahi et al. (2023). Mixed infections, identified in 14% of the isolates, represent an interesting aspect of the study. This phenomenon was previously explored by Xie et al. (2020), who discussed the challenges in diagnosing and treating mixed infections due to the complex interactions between different bacterial species.
Furthermore, the current study's findings regarding the strong, dose-dependent anti-biofilm activity of SeNPs (as shown in Table 1) are highly relevant to these isolation results. The ability of SeNPs to disrupt biofilm formation across both bacterial and fungal species is crucial, especially given the prevalence of Bacillus cereus, Staphylococcus spp., E. coli, and C. albicans in wound and burn infections. This broad-spectrum activity of SeNPs is vital for treating polymicrobial infections, which were also observed in 14% of the isolates in this study (Xie et al., 2020). The mechanism by which SeNPs interfere with cell adhesion or quorum sensing (Nassar et al. 2023) offers a promising avenue for combating these common and often drug-resistant pathogens. The consistency of these results with other research on nanoparticle-based inhibitors (Ullah et al., 2023; Miglani and Tani-Ishii 2021) further supports the potential of SeNPs as an effective therapeutic strategy against biofilm-mediated infections. The nanoscale properties of SeNPs, allowing for better penetration of the EPS matrix and enhanced interaction with microbial cells (Nassar et al. 2023), along with the biological capping of biogenic SeNPs (Wadhwani et al., 2016), likely contribute to the high inhibition rates observed.
The results showed that Bacillus cereus and Staphylococcus.spp were among the most common isolates from wound and burn infections. This finding is significant as both are known opportunistic pathogens. The high prevalence of Bacillus cereus aligns with studies that report its increasing recognition in clinical infections, not just as a foodborne pathogen (Ehling-Schulz et al., 2019). The presence of Staph. spp and E. coli is consistent with their well-documented roles as primary agents in skin and soft tissue infections (Riahi et al., 2023; Cheung et al., 2021). The presence of C. albicans highlights the risk of fungal co-infection in immunocompromised wound environments (Talapko et al., 2021).
The strong, dose-dependent anti-biofilm activity shown in Table 1 is a critical finding. It suggests that SeNPs disrupt biofilm formation across different microbial kingdoms, inhibiting both bacteria and fungi. This broad-spectrum activity is vital for treating polymicrobial infections, which are common in wounds (Xie et al., 2020). The mechanism may involve SeNPs interfering with cell adhesion or quorum sensing, which are essential early steps in biofilm development (Nassar et al. 2023).
These results are consistent with other research on nanoparticle-based inhibitors. A study by (Ullah et al., 2023) also found SeNPs to be potent anti-biofilm agents against various pathogens, attributing the effect to membrane disruption. Similarly, (Miglani and Tani-Ishii 2021) reported high efficacy of biogenic SeNPs against K. pneumoniae biofilms. Our study expands on this by confirming high efficacy (over 90% inhibition at high doses) against B. cereus, Staph. spp, E. coli, and C. albicans.
The effectiveness of SeNPs likely stems from their nanoscale properties, which allow for better penetration of the EPS matrix and interaction with microbial cells (Nassar et al. 2023). Furthermore, biogenic SeNPs are often "capped" with biological molecules (like proteins from the P. aeruginosa synthesis), which can enhance their stability and interaction with the biofilm surface, leading to the high inhibition rates observed (Wadhwani et al., 2016).

[bookmark: _tkpoqk5g6fn5]Conclusions
The pathogenic bacteria B. cereus, Staphylococcus.spp, E. coli, and the fungus C. albicans were successfully isolated from patient wounds. Selenium nanoparticles biosynthesized by P. aeruginosa demonstrated potent, broad-spectrum, and dose-dependent anti-biofilm activity against all tested pathogens, making them a promising candidate for future anti-infective therapies.
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