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Resumo 

Introdução: A crescente resistência antimicrobiana em ambientes hospitalares constitui 

uma das ameaças à saúde pública global. O uso inadequado de Equipamentos de Proteção 

Individual (EPI), como máscaras faciais, pode facilitar a contaminação cruzada e a 

disseminação de patógenos. Objetivo: Este estudo teve como objetivo avaliar a 

contaminação microbiológica de máscaras usadas por estudantes da área da saúde no 

Hospital de Emergência de Alagoas, identificando os microrganismos presentes e 

analisando seu perfil de resistência antimicrobiana. Material e método: Foi realizado um 

estudo seccional e microbiológico com abordagem descritiva e analítica. Máscaras usadas 

por estudantes de medicina e odontologia durante estágios hospitalares foram coletadas e 

posteriormente submetidas à cultura microbiológica de acordo com os critérios do 

Clinical and Laboratory Standards Institute (CLSI M100, 2025-2025) e BrCAST. 

Resultado: A presença de Staphylococcus aureus e Staphylococcus epidermidis foi 

identificada nas amostras, indicando contaminação significativa. O antibiograma revelou 

resistência à eritromicina, oxacilina e clindamicina em algumas cepas isoladas. Além 

disso, a amostra demonstrou resistência à meticilina e que a carga bacteriana é 

inversamente proporcional a eficácia da amicacina (p = 0,034; r = -0,327). Conclusão: 

As máscaras utilizadas por estudantes em ambientes hospitalares podem servir como 

veículos de contaminação microbiológica e, para reduzir agravos, os estudantes 

necessitam de treinamento prévio à entrada no ambiente hospitalar.  
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Abstract 

Introduction: The increasing antimicrobial resistance in hospital settings constitutes one 

of the threats to global public health. The improper use of Personal Protective Equipment 

(PPE), such as face masks, can facilitate cross-contamination and the spread of pathogens. 

Objective: This study aimed to evaluate the microbiological contamination of masks used 

by health area students at the Alagoas Emergency Hospital, identifying the 

microorganisms present and analyzing their antimicrobial resistance profile. Material 

and method: A cross-sectional and microbiological study with a descriptive and 

analytical approach was conducted. Masks used by medical and dental students during 

hospital internships were collected and subsequently subjected to microbiological culture 

according to the criteria of the Clinical and Laboratory Standards Institute (CLSI M100, 

2024-2025) and BrCAST. Result: The presence of Staphylococcus aureus and 

Staphylococcus epidermidis was identified in the samples, indicating significant 

contamination. The antibiogram revealed resistance to erythromycin, oxacillin, and 

clindamycin in some isolated strains. Furthermore, the sample showed resistance to 

methicillin and that the bacterial load is inversely proportional to the efficacy of amikacin 

(p = 0.034; r = -0.327). Conclusion: The masks used by students in hospital settings can 

act as vehicles for microbial contamination, and to reduce risks, students need prior 

training before entering the hospital environment. 

Descriptors: Microbiology; masks; students; drug resistance, bacterial; Staphylococcus 

aureus. 
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 INTRODUCTION 

 

Since the 19th century, advances in hygiene and asepsis have reduced hospital 

infections, but morbidity and mortality remain high, requiring strict biosafety and control 

strategies, including guidelines for the rational use of antibiotics1.  

Staphylococcus aureus is a Gram-positive microorganism shaped like clusters of 

cocci. It is part of the human microbiota, but under certain conditions, it can cause 

infections ranging from mild to severe, being highly virulent within its genus. Its 

virulence mechanisms include surface proteins, secreted enzymes, and cytolytic toxins, 

which are responsible for diseases ranging from skin conditions to meningitis, bacteremia, 

and toxic shock syndrome2,3. Found in nasal shells, the throat, intestines, and skin, it can 

reach other parts of the body if natural barriers are compromised by trauma or surgery4. 

Besides that, antimicrobial resistance in S. aureus, especially in multiresistant strains 

common in hospitals, limits treatment options and prolongs therapy, posing a serious 

clinical and epidemiological challenge2. 

Although bacterial resistance in healthcare settings has been widely studied, the 

relationship between the improper use of PPE and the amplification of microbial 

resistance, as well as the effectiveness of strategies for decontaminating these items, 

remains little explored. In addition, variability in hygiene protocols and the lack of 

standardized practices further contribute to the persistence of resistant pathogens in 

hospital environments4. By understanding which microorganisms are present and their 

susceptibility to commonly used antimicrobials in the hospital environment, it can help 

identify gaps in infection prevention and control measures, as well as contribute to the 

development of more effective clinical protocols. 

The research is justified in evaluating the practices of handling face masks, 

particularly in terms of manipulation, and the subsequent impact of these practices on the 
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resistance profiles of bacterial strains commonly associated with hospital infections, with 

a special focus on the trauma red zone of the General Hospital. By analyzing antimicrobial 

resistance profiles and biofilm formation in isolated bacterial strains, this study also aims 

to help identify more effective strategies to reduce the risk of hospital infections, thus 

reinforcing the need for strict infection control and biosafety protocols2,5. The aim of 

health surveillance is to eliminate, reduce, and prevent health risks related to the 

production and use of products and services of health interest or the conditions of their 

environments. To operate, Health Surveillance has the authority of police power, of an 

administrative nature, which allows it to limit the exercise of individual rights for the 

benefit of public interest. Meanwhile, biosafety focuses on preventing and controlling 

biological and chemical risks6. 

In this way, the research conducted had the main goal of addressing the significant 

infection control challenges in the red zone of trauma at the Emergency Hospital during 

the experience of medical interns and dental trainees. 

 

MATERIAL AND METHOD 

 

Initially, the research was submitted for ethical review by the Research Ethics 

Committee of the CESMAC University Center and by the director of the Study Center of 

the Dr. Osvaldo Brandão Vilela State General Hospital, as well as by the general director 

of the State General Hospital, for carrying out the study in the hospital following the 

guidelines. The research was conducted in accordance with the ethical guidelines 

established by CNS/MS Resolution No. 466/2012 under opinion No. 6,324,554. 

Methodologically, a sample of masks was collected to obtain a representation of 

the population. Disposable masks (surgical masks) were provided to medical and dental 

students doing internships in the emergency and urgency areas for use during their shifts. 

Considering that masks used as a preventive measure reduce the spread of viruses and 
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bacteria, preventing contamination among professionals, and students and also the 

contamination of fomites7. 

Later, the masks were collected for cultivation on Petri dishes, using Blood Agar 

and MacConkey media (a total of 200 plates). Each sample was tested on both types of 

media, with MacConkey Agar used exclusively for Gram-negative bacteria and Blood 

Agar for both Gram-positive and Gram-negative bacteria8. The novobiocin disc is the 

antibiotic used to differentiate S. aureus species and is considered sensitive when the zone 

is larger than 16mm9.   

After growing on Petri dishes with Mueller Hinton Agar (amount varied 

depending on bacterial growth), microbiological isolation took place, followed by 

antimicrobial susceptibility testing for each isolated bacterium. Additionally, measures 

were taken to minimize environmental impact, such as separating recyclable materials 

and disposing of biological waste according to biosafety protocols. These practices aimed 

to reduce potential risks to the environment and soil4. 

The research is observational, adopting a cross-sectional, prospective, and 

microbiological approach with a descriptive and analytical perspective. The sample 

collection was carried out with students who were doing internships in the red trauma 

area of an emergency hospital, and the microbiological culture was done in the 

microbiology lab of CESMAC University Center. 

The calculations to determine the research sample size were made using data 

collected during the first collection with six masks in a pilot study, where only one showed 

disagreement regarding the type of bacteria found, along with a variable for an infinite 

number of masks, and applied to a sample selection formula, which was at the researcher's 

discretion. The formula used was from the IBM SPSS Statistics app, using the means and 

standard deviations obtained in the pilot study, and to achieve a statistical test power 

above 80%, the formula n = Z² (α/2)·p(1-p)/E² was chosen, where α is the significance 
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level, E is the error, and p is the proportion, resulting in a sample size of 57 masks used 

by medical and dental students who were doing internships at the hospital. Our study 

evaluated mask contamination over a 3-hour period in students doing internships in the 

hospital's trauma ward using the sample calculation methodology adapted from 

Nightingale et al.10 From this sample, surgical masks were placed on each participant, and 

after a 3-hour period, they were removed and stored for immediate transport. Unused 

surgical masks were used as a control for the study. 

The following inclusion criteria were established: medical and dental students 

from colleges that do their mandatory clinical internship at the General Hospital of the 

State of Alagoas; students who circulate exclusively in the hospital's trauma red zone; and 

use of protective masks for at least 3 hours without interruption. The exclusion criteria 

were the need for the student to leave the trauma red zone and the need to remove the 

mask for less than 3 hours due to eating or other physiological needs. 

Sensitivity analyses with different antibiotics (levofloxacin, vancomycin, 

amikacin, oxacillin, linezolid, erythromycin, and clindamycin) against Staphylococcus 

spp. And S. aureus species, according to the Clinical and Laboratory Standards Institute 

(CLSI 2024-2025 M100)11 and the Br CAST12. The measurements are shown in two 

formats: inhibition halo diameter (in millimeters) and Minimum Inhibitory Concentration 

(MIC). The categories are defined as Sensitive (S), Resistant (R), Intermediate (I), and 

Dose-Dependent Susceptible (SDD). 

The results obtained from microbial and antimicrobial cultivation will be 

submitted to statistical analysis using the Statistical Package for the Social Sciences 

program (version 20.0; SPSS Inc., Chicago, IL, USA). Initially, a descriptive analysis of 

the data was performed, followed by the application of statistical tests. Normality tests 

using Shapiro-Wilk (p<0.001) were conducted, and kurtosis and skewness were 

evaluated, revealing that the sample had a non-normal distribution. Therefore, non-
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parametric tests were used, including Spearman correlation, Kruskal-Wallis with Dunn's 

post hoc test, and the Mann-Whitney test for statistical differences between colony counts 

and sex. For all statistical tests used in this study, a significance level of 5% (α ≤ 0.05) 

was considered. 

 

RESULT 

 

 Growth was observed exclusively on the blood agar plates, indicating the presence 

of Gram-positive bacteria (Figure 1). The average colony count was 279.8±35.9, and 

biochemical characterization revealed catalase-positive and DNAse-positive organisms, 

consistent with the genus S. aureus and S. epidermidis. The antibiogram showed 

methicillin resistance in one of the samples (Figure 2). The masks used as a control 

(without use) did not show any bacterial colony growth on the blood agar plates. 

Regarding the participants' profile, there were more males (n=31; 55.4%) than 

females (n=25; 44.6%), with an average age of 21.5 ± 2.1 years. The highest bacterial 

growth counts on blood agar cultures were observed in males (median = 150; p<0.001), 

especially in men with beards, as shown in Figure 2. 

The sensitive antibiotics showed inhibition zones with a median of 25.0 mm, while 

the resistant antibiotics had a significantly smaller median of 10.0 mm. Resistant 

antibiotics had a smaller zone diameter with a median of 10.0 mm, and sensitive 

antibiotics had a median of 25.0 mm, showing a statistically significant difference 

between the groups (p<0.001), especially between antibiotics considered sensitive and 

resistant, as well as between sensitive and undefined antibiotics, and additionally, 

between resistant and undefined antibiotics (Figure 2). 

The antibiotics tested showed statistically significant differences in both CSLI 

M100 and BrCAST (p<0.001). Comparing the antibiotics with each other showed 

statistically significant differences between oxacillin and linezolid (p = 0.012), oxacillin 
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and amikacin (p = 0.001), oxacillin and clindamycin (p < 0.001), oxacillin and 

levofloxacin (p < 0.001), erythromycin and levofloxacin (p < 0.001), and linezolid and 

levofloxacin (p = 0.012) in CSLI M100, Figure 2C. 

From this perspective, the analysis of the samples using the mannitol agar test and 

the Staphy test confirmed the presence of S. aureus in different isolates. Three samples 

tested positive for S. aureus on the mannitol agar, and the same three samples were 

confirmed by the Staphy test (Figure 3). 

Among the antibiotics tested, erythromycin and oxacillin had the smallest 

inhibition zone values, Table 1, but there is a strong overlap of the antibiotics' confidence 

intervals, showing the variable sensitivity pattern among the bacterial isolates (Figure 2). 

It was observed that the higher the number of colonies in the specimen, the less 

effective amikacin was, suggesting that an increased bacterial load is associated with 

lower efficacy of this antibiotic in the analyzed isolates (Table 2). 

The studied sample showed a statistically significant difference between the halo 

size and the criteria established by CLSI M100 2024-2025 (p < 0.001), with the cases 

classified as sensitive (n = 173) being the most frequent, followed by resistant cases (n = 

56) and undefined cases (n = 11), Table 3. 

The studied sample also revealed a statistically significant difference between the 

halo size and the criteria established by BrCAST (p < 0.001), with cases classified as 

sensitive (n = 127) being the most frequent, followed by resistant cases (n = 42) and 

undefined cases (n = 37), Table 4. 

Novobiocin, tested in only 8 samples, showed a more stable profile, with an 

average of 20.5 ± 1.9 mm and a median of 21.0 mm (95% CI: 20.2 – 21.7), ranging from 

16 mm to 22 mm. Overall, levofloxacin, amikacin, and clindamycin had the largest 

average zones, indicating greater antimicrobial effectiveness. 
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Finally, a negative and significant correlation was observed between the number 

of colonies and the antibiotics levofloxacin and amikacin. This indicates that the halo 

sizes are inversely proportional to the number of colonies on the blood agar plates, as 

shown in Table 2. 

The results show that, among the antibiotics tested, only amikacin had a 

statistically significant correlation with the number of colonies, showing greater 

effectiveness in reducing the bacterial load. The negative and significant correlation 

between the number of colonies and the antibiotics levofloxacin and amikacin indicates 

that the size of the halos is inversely proportional to the number of colonies on the blood 

agar plates (Table 2).  

Erythromycin showed a more balanced distribution, with 43.6% of samples being 

sensitive, 15.4% intermediate, and 41.0% resistant, suggesting significant variation in 

bacterial response. Clindamycin had a susceptibility rate of 73.7%, with 5.3% of samples 

intermediate and 21.0% resistant. 

 

DISCUSSION  

 

The microbiological assessment of the masks used by health students at the 

Alagoas Emergency Hospital revealed the presence of Staphylococcus aureus and 

Staphylococcus epidermidis, microorganisms widely recognized as part of the normal 

skin and oral mucosa microbiota, but which, in hospital settings, can act as opportunistic 

pathogens. S. aureus is often linked to serious hospital infections, while S. epidermidis, 

although less virulent, plays an important role in infections associated with medical 

devices, mainly due to its ability to form biofilms and its increasing antimicrobial 

resistance13.  

The results show that levofloxacin, amikacin, and linezolid were highly effective, 

with most isolates classified as sensitive to these antibiotics. Vancomycin, although not 
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evaluated with inhibition zones, showed high effectiveness based on MIC values, 

highlighting its importance as a valuable treatment option, especially for strains resistant 

to other antimicrobials. On the other hand, erythromycin and clindamycin showed 

significant variability in isolate sensitivity, with a considerable percentage of resistance, 

suggesting the need to consider alternative treatments or the use of combination therapies 

to ensure effectiveness in treating infections caused by Staphylococcus spp. and S. aureus. 

The interpretation of these results is crucial for the proper choice of treatment for 

infections caused by Staphylococcus spp. and Staphylococcus aureus, pathogens often 

associated with both hospital and community infections. The presence of these bacteria 

in the samples analyzed can be explained by the fact that they are naturally found in the 

skin and oral mucosa microbiota, which facilitates their spread in hospital environments. 

Studies like the one by Nakazono et al.13 They show that Staphylococcus epidermidis, one 

of the main components of the skin and oral microbiota, can act as a reservoir for 

resistance genes, increasing the risk of opportunistic infections in immunocompromised 

individuals. The identification of S. aureus and S. epidermidis on masks used by students 

in hospital settings highlights the importance of biosafety and thorough cleaning, since 

these bacteria can behave as opportunistic pathogens under specific conditions. S. aureus 

is the main bacteria found in barbershops according to Britsch et al.14, male students who 

have beards had S. aureus in the samples collected. 

The prevalence of bacterial resistance, as seen in the analyzed data, reflects a 

worrying trend that's widely discussed in the literature. Previous studies point out that 

organisms like Staphylococcus aureus and Acinetobacter baumannii have been showing 

increasing resistance to commonly used antimicrobial agents in hospital settings15,16. The 

resistance observed in Staphylococcus spp. to the antibiotics tested, especially oxacillin, 

shows the ongoing need for control and monitoring strategies to reduce the impact of 

antimicrobial resistance on treatment effectiveness17,18. 
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The resistance seen in Staphylococcus spp., especially to oxacillin, reflects the 

microorganisms' ongoing adaptation to the available antimicrobial agents, compromising 

treatment effectiveness and increasing the morbidity and mortality associated with 

hospital infections17,18. This scenario highlights the urgent need for strong control and 

surveillance strategies to lessen the negative impacts of antimicrobial resistance on public 

health. 

Besides the considerations about antimicrobial resistance, it's also essential to look 

into the underlying mechanisms driving this worrying phenomenon. Factors like the 

selection of resistant bacterial strains due to improper use of antimicrobials, both in 

hospital settings and in the community, play a crucial role in the spread and persistence 

of resistance19,20.  

This selection can happen not only through direct exposure to antimicrobials, but 

also through genetic mechanisms of resistance transfer between different bacterial 

species3. 

Additionally, bacterial biofilms have been recognized as important factors in 

virulence and antimicrobial resistance. The ability of these microbial structures to stick 

to surfaces and form complex communities protects the microorganisms from the effects 

of antimicrobials, making it hard to completely get rid of infections associated with these 

biofilms10,16. 

Implementing effective infection control measures, including strict hygiene 

practices, disinfection protocols, and ongoing education for healthcare professionals, is 

crucial to curb the spread of resistant pathogens and reduce the burden of hospital 

infections21,22. Additional strategies, like developing new antimicrobial agents and 

promoting policies for the rational use of antimicrobials, are key to preserving the 

effectiveness of available treatments and tackling the ongoing challenge of antimicrobial 

resistance. 
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The results show significant differences in the size of inhibition zones between 

sensitive and resistant antibiotics, as defined by CLSI M100 2024-202511. This not only 

guides the right choice of treatment, but also highlights the importance of adapting 

therapy protocols based on local resistance and bacterial sensitivity2,23. The comparative 

analysis between antibiotic groups shows that certain agents, like vancomycin and 

amikacin, still maintain relevant clinical effectiveness against sensitive strains. 

These findings are in line with recent studies highlighting the growing resistance 

of S. aureus and Acinetobacter baumannii to multiple antimicrobials, making the clinical 

management of these infections increasingly challenging15,23.  

The DNAse test is a lab technique used to detect the production of the DNAse 

enzyme by certain bacterial species, like S. aureus. DNAse is an endonuclease that can 

cleave double-stranded DNA, resulting in the breakdown of extracellular DNA around 

bacterial colonies. When a bacterial culture is inoculated on a plate containing DNAse 

agar, bacteria that produce and secrete the DNAse enzyme release it into the culture 

medium. The DNAse then acts on the DNA present in the medium, cleaving the DNA 

molecules. This leads to the formation of a clear halo around the bacterial colonies where 

the DNA was digested and the DNAse was able to act24.  

Staphylococcus aureus is known for producing DNase and is a classic example 

used to demonstrate this test. When S. aureus is inoculated on a DNase agar plate, a clear 

halo forms around the colonies due to the activity of the DNase enzyme, which breaks 

down the DNA in the area around the colonies. This clear halo is visible after incubating 

the plate, showing that the S. aureus cells were able to secrete DNase and digest the 

extracellular DNA25. 

Resistance to oxacillin reinforces the role of methicillin-resistant strains in 

spreading hospital infections and limiting the available treatment options. On the other 
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hand, antibiotics like vancomycin and amikacin still show effectiveness against sensitive 

Staphylococcus spp. strains, as shown in the literature2,17. 

Given this data, it becomes essential to continuously monitor bacterial resistance 

and to apply strict control strategies to prevent the spread of multi-resistant strains. 

Additionally, accurately distinguishing between sensitivity and resistance is crucial to 

guide effective treatment decisions, minimizing treatment failures and helping to optimize 

patient outcomes. 

The data analysis shows that antibiotics like vancomycin and amikacin are still 

effective against sensitive strains of Staphylococcus spp., despite the increase in 

resistance to other drugs like oxacillin2,17. This distinction between sensitivity and 

resistance is crucial for guiding precise treatment decisions, minimizing treatment 

failures, and promoting better outcomes for patients. 

Furthermore, the emergence of bacterial biofilms, discussed by Thi et al.16, 

represents an additional challenge to the effectiveness of antimicrobials, as these 

structures provide protection to bacteria against traditional antimicrobial agents. This 

highlights the need for therapeutic approaches that consider not only bacterial resistance 

but also the ability to form biofilms, in order to develop more effective strategies to fight 

hospital infections. 

From a practical standpoint, interventions like implementing strict infection 

control programs, using antimicrobials wisely, and continuously educating healthcare 

professionals are key to reducing the impacts of antimicrobial resistance. These measures 

aim not only to curb the spread of resistant strains but also to preserve the effectiveness 

of available treatments in the long run18,26. 

Discussions about antimicrobial resistance also highlight the need for innovative 

approaches to tackle these persistent challenges. Studies like those of Thi et al.16 and Ng 

et al.5 They highlight changes in bacterial resistance trends during events like the COVID-
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19 pandemic, emphasizing the importance of adaptive strategies for managing hospital 

infections. 

Besides that, evidence-based interventions, like systematic reviews by Santos, 

Castro27 and the studies of contamination of face masks by Delanghe et al.8 and 

Nightingale et al.10, They highlight the importance of hygiene and the proper use of 

Personal Protective Equipment (PPE) in reducing the spread of hospital infections. Strict 

implementation of biosafety protocols can help lower environmental bacterial loads and 

minimize the risk of nosocomial infections. Additionally, collaboration between 

healthcare professionals, microbiologists, and epidemiologists is key to proactively 

monitoring and responding to changes in antimicrobial resistance. 

The studies reviewed in this analysis highlight the complexity of the factors that 

contribute to the development and spread of this resistance, including the natural selection 

of microorganisms in response to repeated exposure to antimicrobials, improper antibiotic 

prescribing practices, failures in implementing infection control measures, and the lack 

of new innovative treatment options15,16. 

The growing prevalence of resistant strains of pathogens like Staphylococcus 

aureus, Acinetobacter baumannii, and Pseudomonas aeruginosa shows the urgent need 

for strategic and integrated approaches to reduce the negative impacts of this resistance 

on treatment effectiveness and global public health5,23,27. 

In the hospital context, where the spread of resistant pathogens is a constant 

concern, strict infection control measures are essential. This includes implementing 

policies for the rational use of antimicrobials, strong epidemiological surveillance, 

ongoing education for healthcare professionals, and investing in research to develop new 

treatments and diagnostic technologies2,21. 

Implementing strict measures to prevent hospital infections plays a key role in 

reducing the occurrence and spread of resistant organisms. This includes proper hygiene 
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practices, outbreak control, correct use of personal protective equipment (PPE), and 

adopting effective cleaning and disinfection protocols4,10. These measures not only help 

reduce the spread of resistant pathogens, but also create a safer hospital environment for 

patients and healthcare workers. 

Additionally, epidemiological surveillance programs are essential for monitoring 

the prevalence and patterns of antimicrobial resistance in different clinical settings. 

Continuous collection and analysis of epidemiological data allow for a quick response to 

outbreaks and the identification of emerging resistance trends, making it easier to adapt 

treatment and prevention strategies5,21. 

Tackling antimicrobial resistance requires an integrated approach that goes 

beyond just picking antimicrobial agents. Effective control strategies include measures to 

prevent hospital infections, implementing epidemiological surveillance programs, and 

ongoing education for healthcare professionals5,10. 

Other studies looked into how effective personal protective equipment 

decontamination protocols are28 and the use of PPE in reducing MRSA transmission29, 

providing essential guidelines for infection control practices. 

Recent studies, such as those reviewed by Thi et al.16, They emphasize that 

bacteria trapped in biofilms are especially tough to treat because they’re more resistant to 

antimicrobials and can stick around in hospital settings for long periods. 

Besides that, ongoing monitoring and adapting infection control practices are key 

to responding to new emerging threats, like hospital outbreaks of resistant bacteria during 

pandemics, as highlighted by Dapper et al.30.  

The studies by Galanis et al.19 and Lynch et al. 20 they emphasize the effectiveness 

of public health interventions and the proper use of personal protective equipment in 

reducing the burden of hospital infections. This highlights the ongoing need for strong 

policies and evidence-based guidelines to guide infection control practices in different 
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hospital settings. 

Promoting the rational use of antimicrobials is also a priority. Ongoing 

educational initiatives among healthcare professionals aim to minimize the improper use 

of antimicrobials, thus reducing the selective pressure that drives the development of 

bacterial resistance5. 

To complement these measures, effective management of hospital waste is 

essential. Implementing proper waste handling practices significantly helps to reduce the 

spread of resistant bacteria in and beyond the hospital environment4. 

Finally, developing and implementing strict decontamination and cleaning 

protocols is crucial. These protocols cover everything from cleaning hospital surfaces to 

disinfecting medical equipment, aiming to reduce the risk of spreading resistant bacteria 

and ensure a safe environment for patients and healthcare workers28. 

The presence of Staphylococcus aureus and Staphylococcus epidermidis on masks 

worn by health students in hospital settings highlights the importance of strictly following 

biosafety rules. These microorganisms, naturally found in the skin and oral mucosa 

microbiota, can act as opportunistic pathogens, becoming agents of hospital infections, 

especially in immunocompromised individuals13.  

Given this, it's essential that students understand the biological risks associated 

with working in the hospital and adopt safe practices to minimize the spread of resistant 

bacteria. The growing antibiotic resistance highlights the need for ongoing educational 

training for this group, covering the proper use of personal protective equipment (PPE), 

correct hand hygiene, and appropriate disposal of contaminated materials. 

The limitations of the study are: 1) the lab didn't have an automated or molecular 

system for identifying the isolates, so identification was done using the classic methods 

described in the relevant literature; 2) the 3-hour use of the masks could have influenced 

the findings due to handling by the students and moving around; 3) the personal hygiene 
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of the students' hands, face, and mouth could have influenced the microbiological 

findings. 

Strategies like regular training, practical simulations, and including biosafety in 

academic curricula can boost awareness and better prepare students to follow infection 

control protocols. Also, collaboration between healthcare professionals, researchers, and 

policymakers is key to ensuring a safe and effective hospital environment for all patients, 

reducing the spread of multidrug-resistant microorganisms and protecting both the staff 

and the patients served. Additionally, it's necessary to expand the study in the future to 

more hospitals and health centers. 

 

 

CONCLUSION 

 

The microbiological contamination of masks used by health students at the 

Emergency Hospital of Alagoas provides evidence of the presence of Staphylococcus 

aureus and Staphylococcus epidermidis, opportunistic microorganisms that can pose risks 

to both students and hospitalized patients. The results showed that the masks worn by 

students during their mandatory internships were contaminated with resistant bacteria, 

highlighting the need for strict biosafety measures in the hospital environment. The 

formation of halos in antimicrobial susceptibility tests allowed the differentiation of 

resistant strains from sensitive ones, showing that antibiotics like oxacillin and 

erythromycin had a higher resistance rate. The risk of students getting sick from constant 

contact with these bacteria highlights the importance of preventive practices, such as 

correctly using personal protective equipment (PPE), proper hand hygiene, and frequent 

mask changes. Implementing regular training, along with supervision and improving 

institutional guidelines, can significantly reduce the spread of resistant bacteria. So, the 

practical takeaway is that Staphylococcus aureus and Staphylococcus epidermidis were 
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the most common microorganisms at hospital entry points, and antibiotics like 

levofloxacin are the most effective, contributing to scientific progress. 
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Figure 1. Identification tests of the species analyzed on the surgical masks. 

Source: authors, 2025. A) Bacterial streak on blood agar medium; B) Bacterial streak on 

MacConkey agar medium; C) Catalase test; D) Gram-positive staining; E-F) Positive 

DNase; G-H) Mannitol agar medium. 

 

 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.17367



 
 

 

 

 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.17367



 
 

Figure 2. Antibiogram according to the formation of halos in millimeters. 

Source: authors, 2025. A) Antibiogram and D-shaped zone for the methicillin antibiotic 

observed; B) Sensitivity to the novobiocin test; C) Box plot graph showing the 

measurement of zones for antibiotic sensitivity according to CLSI M100 2024-2025; D) 

Bacterial colony growth was higher in males; E) Antibiotic sensitivity according to 

BrCAST; F) Median of the zones of antibiotic sensitivity tested. Non-parametric test for 

multiple analyses: Kruskal-Wallis followed by Dunn post-test. 

 

 

 

Figure 3. Staphy test for identifying Staphylococcus aureus species. 

Source: authors, 2025. 
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Table 1 - Evaluation of the antibiogram and measurement of the inhibition zones 

Antibiotics n Minimum Maximum Mean ± SD Median (CI95%) 

LevofloxaciN 42 15 40 28.8±5.5 30.0 (27.7 – 32.0) 

Vancomicin 44 10 30 18.8±3.3 19.5 (16.0 – 20.0) 

Amicacin 46 20 40 25.7±4.8 25.5 (21.0 – 28.2) 

Oxaciclin 40 0 28 18.2±6.6 20.0 (15.2 – 22.0) 

Linezolide 38 0 35 23.8±6.8 25.0 (22.0 – 28.0) 

Eritromicin 41 0 50 17.9±13.5 20.0 (5.0 – 30.0) 

Clindamicin 39 0 40 23.8±10.8 28.0 (20.0 – 30.0) 

Novobiocin 8 16 22 20.5±1.9 21.0 (20.2 – 21.7) 

Source: Prepared by the author, 2025, n: number of masks, Mean ± SD (standard 

deviation) in millimeters, Median (95% CI: 95% confidence interval) in millimeters. 
 

 

Table 2. Correlation between colony growth and inhibition zones for the antibiotics 

analyzed 

Antibiotics r p 

Colonies X levofloxacin -0.277 0.080 

Colonies X vancomicin  -0.084 0.608 

Colonies X amicacin -0.327 0.034* 

Colonies X oxaciclin -0.001 0.995 

Colonies X linezolide -0.134 0.430 

Colonies X eritromicin  -0.028 0.871 

Colonies X clindamicin  -0.114 0.506 

Antibióticos r p 

Levofloxacin X novobiocin 0.801 0.017* 

Vancomicin X amicacin 0.366 0.015* 

Vancomicin X linezolide 0.577 0.001* 

Amicacin X linezolide 0.467 0.003* 

Eritromicin X clindamicin 0.532 0.001* 

Source: authors, 2025. *Significant correlation according to Spearman's correlation test. 
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Table 3. Distribution frequency for the CSLI M100 2024-2025 

Antibiotics S  

n (%) 

I 

n (%) 

R 

n (%) 

p 

Levofloxacin 37 (88.1) 3 (4.8) 2 (7.1) <0.001* 

Vancomicin - - -  

Amicacin 46 (100.0) 0 (0.0) 0 (0.0)  

Oxaciclin 11 (27.5) - 29 (72.5)  

Linezolide 34 (89.5) - 4 (10.5)  

Eritromicin 17 (43.6) 6 (15.4) 16 (41.0)  

Clindamicin 28 (73.7) 2 (5.3) 8 (21.0)  

Total 173 (100.0) 11 (100.0) 59 (100.0)  

*Pearson's chi-square. S: sensitive, I: indeterminate, R: resistant, n: number of masks. 
 

 

 

Table 4 - Distribution frequency for the BrCAST 

Antibiotics S 

n (%) 

I 

n (%) 

R 

n (%) 

p 

Levofloxacin 0 (0.0) 37 (66.1) 5 (8.9) <0.001* 

Amicacin 46 (82.1) - 0 (0.0)  

Linezolide 34 (60.7) - 4 (7.1)  

Eritromicin 19 (33.9) - 22 (39.3)  

Clindamicin 28 (50.0) - 11 (19.6)  

Total 127 (100.0) 37 (100.0) 42 (100.0)  

*Pearson's chi-square. S: sensitive, I: indeterminate, R: resistant; n: number of 

masks. 
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