Assessment of Microbial Contamination on Recycled Surgical Masks among Students during the COVID-19 Pandemic in the Faculty of Medicine at Koya University.




Abstract:
Background and objectives: At the onset, the primary aim of reusable masks, encompassing protective masks, was to effectively purify and sieve out the droplets harboring unicellular organisms that are emitted from the nasal passages. The pioneering efforts of the World Health Organization (WHO), this study aims to investigate the correlation between microbiological pollutants found on surgical masks worn by educators and the individuals' exposure to these contaminants, along with assessing the overall microbiological air quality in enclosed areas. In an endeavor to uncover hidden truths, Methods: this study adopted a methodological approach that involved a cross-sectional analysis of 30 surgical masks, previously worn by 30 students. The primary objective was to unveil the bacterial and fungal populations present on these masks by conducting precise and thorough counting and examination procedures. The medical school served as the setting for this study, where Gram's stain technique was employed to identify distinct clusters of bacteria and fungi. the study was conducted in accordance with the ethical guidelines set by the institutional ethics committee responsible for overseeing the medical academic staff. Results:Upon careful analysis of the data, it was revealed that among the collected mask swabs from both male and female students, 24 samples demonstrated positive results, indicating microbiological accumulation within the inner region of used masks. Conversely, 6 samples yielded negative results. The most identified bacterial and fungal contamination found inside the masks was Staphylococcus aureus. Additionally, the prevalence of bacterial species was observed as follows: spp. (22) accounted for 37%, Micrococcus spp. (10) represented 33%, Bacillus spp. (4) comprised 13%, and Streptococcus spp. (5) constituted 11%. Among the fungal species, Monilia was detected 
Conclusion:It is noteworthy to mention that only seven out of the thirty samples exhibited indications of respiratory illnesses.
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INTRODUCTION:
During the ongoing COVID-19 pandemic, the importance of wearing face masks has progressively escalated and, in certain instances, even become mandatory in public spaces. To assess the potential risk of bacterial cross-contamination, this study specifically focused on analyzing the microbial bioburden found on disposable medical masks. Additionally, it aimed to delve into the behaviors and preferences of the population regarding the usage of face masks 1
In a similar vein, the intrinsic microbial populations present in patients, coupled with environmental factors like air and water, as well as unsanitary practices within healthcare facilities, can act as potential origins for infectious contaminations ( 2,3)
Crafted with a distinct purpose in mind, disposable masks like protective clothing and N95 masks are meticulously engineered to effectively strain and remove droplets carrying microorganisms that are emitted from the mouth and nose. Recognizing their efficacy, the World Health Organization (WHO) and the National Institute for Occupational Safety and Health have advocated for their widespread utilization, aiming to diminish the risk of infection posed by diverse pathogens ( 4,5)
Nevertheless, certain factors need to be considered, such as the selection of masks with diverse pore sizes to effectively filter particulate matter and reduce the spread of airborne contaminants. It is also crucial to pay attention to proper mask usage protocols. 
According to studies conducted by(6),hospital employees, especially nursing staff, are more susceptible to contracting infectious diseases. This heightened risk can be attributed to their direct involvement in patient care and close proximity to individuals who are ill.
Furthermore, research findings suggest that surgical masks may not offer adequate protection against airborne pathogenic organisms and can potentially serve as a source of airborne or micro-droplet infections (4). In-depth examinations of mask effectiveness, as highlighted by  (7,8).   have raised concerns about the commonly accepted notion that wearing masks for both medical and non-medical purposes is entirely safe (9,10). are lacking. The potential biosecurity risk posed by microorganisms present in human blood and respiratory exhalations is often overlooked, especially when respirators are worn for prolonged periods, stored improperly, or reused without proper decontamination. Species such as Neisseria, Prevotella, and Veillonella serve as notable examples, highlighting these concerns ( 11,12).
Moreover, as indicated by (13), cotton possesses inherent adsorbent qualities that foster bacterial growth and has the capability to retain moisture. As a result, in scenarios characterized by heightened bacterial pollution, cotton masks prove to be a preferable choice over surgical masks.
Inadequate usage of facial masks can result in the complex spread and dissemination of virus-related and microbiological pathogens. Moreover, A key variable in the spread of viruses is the self-inoculation of the mucous membranes in the nose, eyes, and mouth  (14). According to a recent investigation conducted by (15), individuals tend to touch their faces approximately 23 times per hour, with a considerable proportion of these touches involving contact with mucous membranes (15)
Moreover, individuals may exhibit variations in their adherence to other crucial practices like maintaining social distancing and practicing proper hand hygiene ( 10,16). Ultimately, The utilization of facial masks comes with certain drawbacks or disadvantages., including feelings of dissatisfaction, skin problems, fatigue, difficulties in breathing, challenges in dialogue (especially for individuals who are deaf or mute), and limitations in non-verbal expressions ( 10,17)(18). Lastly, This study aims to assess the potential risk of bacterial cross-contamination. a comparative analysis of the bacterial load and microbial verification between disposable surgical masks incorporating advanced technology and homemade fabric respirators. 
MATERIAL AND METHODS:   
The study utilized a methodology that involved 30 participants, comprising 16 females and 14 males, aged between 20 and 24. These participants wore surgical masks, which had been approved as medical products, and were observed for a period of 4 hours. Importantly, all participants were non-smokers and had no history of antibiotic usage. A cross-sectional approach was employed to investigate the presence of fungal and microscopic contamination on 30 previously worn surgical masks, specifically worn by 30 undergraduate students. Additionally, the interiors of these masks were thoroughly examined. It is worth noting that the participants volunteered for the study and provided written consent. The research was conducted in accordance with the ethical guidelines of the Faculty of Medicine, as approved by its Ethical Committee. For culturing bacterial and fungal counts, a total of 30 used surgical masks were collected, and swabs were carefully taken from the interiors of these masks for subsequent analysis.
In a similar vein, a spread plate technique was implemented to quantify the total counts of bacteria and fungi. Plate count agar (PCA) was employed to evaluate the overall presence of microbial species, whereas Sabouraud dextrose agar (SDA) was specifically chosen for the identification of fungi. Following the plating procedure, the plates designated for bacterial counts were incubated at 37°C for a period of 2 days, while the plates designated for fungal counts underwent incubation at room temperature for 5 days. Throughout the incubation period, regular observations were made. The identification of fungi involved the utilization of Gram's stain and microscopic analysis to examine the morphological characteristics, after distinguishing and enumerating the separate bacterial colonies.                                                                                       
 RESULT
The overall findings of the study revealed a progressive increase in pathogenic organisms detected on the interior of the utilized masks. Out of the 30 examined samples, 24 samples tested positive for contamination, while 6 samples showed no contamination (Fig. 1). The most prevalent types of bacterial and fungal contamination found on the interior of the masks were Staphylococcus aureus, detected in 22 samples (48.88%), followed by Micrococcus spp. with 10 samples (22.22%), Bacillus spp. with 4 samples (8.88%), and Streptococcus spp. with 5 samples (11.11%) (Table 1). Fungal species were found in 4 samples, accounting for a prevalence of 8.88%, specifically belonging to the Monilia genus. Moreover, Table 1 illustrates that Thirty samples were analyzed, and out of those, only seven tested positive for acute respiratory tract irritation.. 
 Table 1.  The proportion of micro-organism bacteria and fungi inside the area of the mask .
	Microorganism 
	NO.
	Percentage  %

	Staphylococcus.spp(S.aureus(12)and,S.epidermids(10)
	 22
	48.88 %

	Micrococcus spp. 
	10
	22.22 %

	Streptococcus spp.                           
	5 
	 11.11

	Bacillus spp           
	4
	8.88%

	Monillia 
	4
	8.88%

	Total
	45
	99.97%
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DISCUSSION:                                                                                                                           
According to various studies (19,20), face masks play a significant role in preventing the spread of viral infections. According to a study conducted by (21), there is a suggestion that the concentration of pathobionts on masks, caused by human secretions and respiratory breath, may have been overestimated in terms of biocontainment. It is observed that during the use of face masks, microorganisms present in the upper airway and on the skin can potentially transfer onto the mask's surface. Bacterial cells require specific conditions, including a suitable surface, warmth, humidity, and essential minerals, for optimal growth and development. These conditions are facilitated by the presence of expiratory air and water vapor within the enclosed environment of the face mask ( 22). The microbial composition of surgical face masks is predominantly composed of Streptococcus and Staphylococcus taxa, with Staphylococcus aureus (12) and Staphylococcus epidermis (10) being the most prevalent, as illustrated in Table 1.
Based on Figure 2, our cultivation findings demonstrated the presence of various strains from genera associated with the skin and respiratory tract, including Staphylococcus spp., Bacillus spp., and Streptococcus spp. Specifically, species such as S. epidermidis were identified within the Staphylococcus spp. group (23,1). Notably, certain strains of Staphylococcus, such as S. warneri and S. caprae, are acknowledged as endosymbionts on human skin, contributing to its overall health (24). Conversely, S. epidermidis and S. aureus are pathobionts known to induce inflammatory skin conditions like dermatitis and acne ( 25,26). Moreover, due to the presence of surface adhesins, S. aureus colonizes the airways and is recognized as both a nonpathogenic bacterium and a significant pathogen capable of causing illness (27,28).
Furthermore, it is widely recognized that Acinetobacter spp. naturally exist as part of the human skin and respiratory microbiome, playing a vital role in maintaining a well-balanced microbial community (29,23). However, certain species within this bacterial family, such as Acinetobacter baumannii, have the potential to cause pneumonitis and surgical site infections (23). The accumulation of antibiotic-resistant bacteria on surgical masks is a significant global concern, particularly given the emergence of strains that are resistant to antifungal medications.. Alarmingly, it is estimated that by the year 2050, the number of fatalities caused by pathogenic bacteria resistant to antibacterial drugs will surpass the number of deaths attributed to cancer (30). Notably, S. aureus and Acinetobacter serve as representatives of the ESKAPE pathogens, a group that encompasses Enterococcus, Staphylococcus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter organisms. These pathogens are renowned for their potential mechanisms of drug resistance.
A considerable portion, approximately 43%, of the colonies examined displayed resistance to treatment (31). Notably, viral RNA was predominantly detected on the inner side of the masks, which directly contacts the face. In contrast, no masks tested positive for RNA on the outer surface, which interacts with the external environment (32). Over time, there is a significant buildup of microorganisms, Research has revealed that both surgical masks and cotton surgical masks can harbor pathobionts and antibiotic-resistant bacteria. To minimize the potential transmission of these potentially harmful bacteria, it is advisable to properly remove, dispose of, or disinfect face masks.. The establishment of clear guidelines for the public is crucial in minimizing the bio-safety risks associated with bacterial contamination of surgical masks. Additionally, it is important to consider factors such as physical distancing and improved air circulation when promoting the use of face masks (1).       
CONCLUSION               
The present study investigates the impact of recycled surgical masks on microbial contamination among students at the Faculty of Medicine in Koya University during the COVID-19 pandemic. The findings reveal that bacteria, specifically pathobionts, tend to accumulate on face masks after a duration of 4 hours of use. Furthermore, when individuals persistently reuse the same masks over extended periods, the percentage of bacterial contamination escalates. Considering these results, it is strongly recommended to implement modifications in the utilization of surgical masks as a precautionary measure to alleviate the elevated risk of microbial infections.
Further investigation is required to definitively determine the relationship between prolonged mask usage (beyond 4 hours) and the potential disruption of the epidermis and nasopharyngeal microbiome, as well as its association with conditions like acne. The current study highlights the significance of conducting a comprehensive evaluation of face masks to carefully assess the balance between the risks of transmitting infections and other biosecurity consequences, including the proliferation of bacteria. 
This screening is especially significant for vulnerable populations and in environments where effective social distancing measures and proper ventilation systems are in place.
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