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Abstract

:

Emerging infectious diseases that we are witnessing in the modern age are among the leading public health concerns. They most often occur in the form of epidemics or pandemics, and they have not been sufficiently researched. Owing to the current coronavirus disease 2019 (COVID-19) pandemic, the World Health Organization has published various recommendations to prevent the spread of this communicable disease, including a recommendation to wear protective facial masks. Therefore, this study aimed to determine the filtration effectiveness of bacteria, yeasts, and molds on three different commonly and commercially available masks used in children’s educational institutions. In addition, the bacterial content of indoor air bioaerosols was identified. The genera Staphylococcus and Micrococcus were dominant in all samples, whereas bacteria of the genera Bacillus, Acinetobacter, and Corynebacterium were identified at a significantly smaller number. Bacterial, yeast, and mold filtering effectiveness increased from the single-layer cloth mask, which proved to be the least effective, to the surgical mask, to the filtering facepiece type 2 (FFP2) mask. Furthermore, surveys are needed to study the effectiveness of protective measures.
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1. Introduction


The world is currently witnessing an emerging infectious disease called coronavirus disease 2019 (COVID-19), which appeared in the form of a pandemic. It is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), and the main transmission routes of this virus are aerosols and droplets [1]. Due to its sudden appearance, high rate of spread, and difficulties in control, it poses significant challenges both in health and other aspects. The World Health Organization (WHO) has published various recommendations and measures to prevent this spread, including the recommendation to wear protective facial masks [2]. Most outbreaks involving three or more people have been linked to time spent indoors. To reduce indoor airborne transmission, it is necessary to perform control measures through source (masking and physical distancing) and engineering controls (ventilation and filtration) [3]. Following the basic ventilation standards for indoor spaces such as schools and kindergartens, we noticed that they are designed to dilute bio-effluents and achieve basic levels of acceptable indoor air quality rather than to control infection [4].



The main use of masks has been shown to help reduce the spread of contaminated droplets, which can cause various diseases. The prevention benefit of masking is derived from a combination of source control and wearer protection [5]. Bacterial filtration efficiency (BFE) is a parameter that classifies medical masks into two types: type I with a BFE ≥ 95% and type II masks with a BFE ≥ 98%, which conforms to the standard EN 14683:2019 [6]. Particle filtration efficiency (PFE), breathability and leakage, and carbon dioxide (CO2) content of inhaled air are some of the performance criteria of the EN149 standard under which filtering face piece (FFP) masks are regulated [7]. According to the PFE, FFPs can be classified into three types: FFP1, which has a PFE ≥ 80%; FFP2, which has a PFE ≥ 94%; and FFP3, which has a PFE ≥ 99%. Nevertheless, we often see surgical and simple man-made cloth masks in everyday use that do not meet this standard. Therefore, the filtering ability of masks depends on their specifications and external factors [8]. The main goal of studies conducted in this field is to determine mask filtration efficiency in eliminating bacterial or yeast and mold contamination of indoor air [9,10]. Many studies have reported the use of cloth, surgical, and FFP2 masks during the influenza pandemic [11,12] or the SARS-CoV-2 pandemic [13,14].



However, all available data have different methodologies and, consequently, result in different filtering mechanisms [15,16,17]. Despite its significant limitations, bioaerosol monitoring may be a useful tool for studying occupational exposure and the transmission of infectious diseases [18]. Therefore, this study aimed to evaluate bacterial, yeast, and mold filtration efficiency using three different types of masks commonly used in the public (single-layer fabric [cotton], classic surgical, and FFP2 nonreusable [NR] masks). To collect sufficiently contaminated indoor air from schools, kindergarten facilities were selected. In addition, this study aimed to estimate the internal air quality, microbiological exposure to bioaerosols in educational facilities, and the effectiveness of preventive measures.




2. Materials and Methods


2.1. Air Sampling Locations


Air samples were collected from four different groups of children: kindergarten (two groups: locations A and B) and primary schools (two groups: locations C and D). Air samples were collected during the children’s stay in kindergarten and during school classes to gain insight into the effectiveness of filtering masks for bacteria, yeasts, and molds present in the examined groups of these institutions. In the kindergarten groups, measurements were performed on the same day during daycare, while in the school, sampling was performed during live morning classes and the next day. In each group, a control measurement was performed, and it did not involve any type of mask and represented filtering without any protection. The experiments were conducted at the aforementioned locations in children groups, and the detailed information on the humidity, temperature, number of persons, and room size during the sampling procedure is presented in Table 1.




2.2. Air Sampling Procedure


For air sampling, a MAS-100 NT® sampler (Merck, Darmstadt, Germany) was used. To obtain the highest quality in microbial air monitoring and collection efficiency, this system features a 300-hole perforated lid with standard 90–100 mm agar plates. The total sampling volume was adjusted to 250 L of air at an airflow velocity of 0.45 m/s with no turbulence in a laminar flow environment. The experimental setup is presented in the scheme in Figure 1a,b.



Because of the number of microorganisms, particles hitting the plate increase the probability that two particles pass through the same hole and only one colony is formed [19]. According to Feller, the table of statistical corrections is used to determine the number of microorganisms. Specifically, a correction was performed according to the following equation:


   P r  = N    1 N  +  1  N − 1   +  1  N − 2   ⋯  1  N − r   + 1    



(1)




where Pr denotes the probable (statistical) total number of colonies, r is the number of colonies counted, and N is the number of holes on the device head (300).




2.3. Face Masks


Three types of face masks commonly and commercially available to purchase were used for this study: (a) single-layer fabric (cotton) (RT2 Ltd., Rijeka, Croatia), (b) classic surgical (Delt paper Ltd., Zagreb, Croatia), and (c) FFP2 NR masks (DM9501, LOT:603744, Filtering face piece No2, Innovative Material and Devices Inc., Shanghai, China). All the masks were purchased from stores for public use. The single-layer fabric mask is made of cotton, designed to be worn over the mouth and nose, and made with no standards or regulations. The classic surgical mask is made of a nonwoven fabric, usually polypropylene, with low breathing resistance. The FFP2 NR mask is made of two layers of high-quality melt-blown filter fiber and designed to fit closely to the face to achieve high filter performance.




2.4. Agar Plate Preparation and Bacterial Determination


Bacterial colony forming unit determination was based on the count of the collected microorganisms on tryptic soy agar (TSA) (Biolife, Monza, Italy) (total count), blood agar (Biolife, Italy) (specifically for Streptococcus species), and chromogenic BrillianceTM UTI agar (Oxoid, Basingstoke, UK) (bacterial differentiation), whereas colonies of yeasts and molds were counted on Sabouraud dextrose agar (Biolife, Italy). Nutrient medium was prepared according to the manufacturer’s instructions. TSA, chromogenic agar, and Sabouraud agar were suspended in cold distilled water, and the obtained suspensions were sterilized in an autoclave at 121 °C for 15 min. After cooling to 50 °C, the suspensions were poured into Petri dishes and left at room temperature (25 ± 1 °C). Blood agar was prepared in the same way, but after cooling to 50 °C, the suspension was enriched with 5% defibrillated sheep’s blood, mixed well, poured into Petri dishes, and left at room temperature (25 ± 1 °C). Upon the completion of air sampling, TSA and BrillianceTM UTI agar plates were incubated at a mean temperature of 36  ± 1 °C for 48 h. To detect yeasts and molds, Sabouraud dextrose agar plates were incubated at 30 °C for 10 days. After incubation, the total number of bacteria on TSA agar and yeasts and molds on the Sabouraud dextrose agar was determined. Presumptive bacterial identification of the bacterial colonies was performed on BrillianceTM UTI agar according to colony morphology and color, as instructed by the manufacturer. The grown colonies were pricked to obtain pure bacterial cultures, which were then identified based on a characteristic increase in blood, color changes on chromogenic urine agar, microscopic appearance, confirmatory standardized tests (catalase, coagulase, and oxidase test), and an identification system for staphylococcal isolates (API 20STAPH System, BioMerieux, Inc., Marcy-l’Étoile, France).




2.5. Data Analysis


The experimental data are presented as the mean values of three measurements, with the corresponding standard deviation. All statistical analyses were performed using Statistica® v. 14.0 software; (StatSoft Inc., Tulsa, OK, USA) at a significance level of p < 0.01. Differences between the control and experimental groups of bacteria and yeast were tested using the nonparametric Kruskal–Wallis (multiple comparisons) test. To analyze bacterial and yeast filtration efficiency using single-layer cloth, surgical, and FFP2 masks, all experimental groups were normalized to the control group, and differences were analyzed using the nonparametric Kruskal–Wallis (multiple comparisons) test and principal component analysis (PCA).





3. Results and Discussion


The data acquired from the investigation could determine which mask has the higher capacity or better efficiency in eliminating bioaerosols and optimal filtration of airborne particles. It seems that particle size distribution is an important factor influencing filtration efficiency determination, and it is necessary to determine the bacterial content of indoor air at educational facilities. To monitor the bioaerosol content of indoor air, as well as the bacterial and yeast filtration efficiency of the three different types of masks, air sampling at educational facilities was performed. A representative amount of air (250 L) was used to obtain a sufficient number of colonies for later identification. The number of total aerobic mesophilic bacterial colonies grown on TSA and chromogenic agar from analyzed locations A, B, C, and D after air filtration with the single-layer cloth, surgical, and FFP2 masks is presented in Figure 2a,b.



As shown in Figure 2a, the largest number of mesophilic bacterial colonies was recorded in the control samples of each experimental group, which is in the air samples where the efficiency of mask filtration was not tested. Filtration efficiency was defined as the ability of the masks to retain bacteria, yeast, and mold and is expressed as a percentage compared with that of the control group. Analysis of the differences in colony number between the control and treatment using the different masks showed a statistically significant efficiency of bacterial filtration for all treatments (p < 0.01). Among the masks tested, the single-layer cloth mask proved to be the least effective, retaining 28–78% of the mesophilic bacteria with the highest efficiency at location B (78%). On the other hand, the surgical and FFP2 masks showed a higher degree of filtration efficiency of the total aerobic mesophilic bacteria, from 93 to 98% and from 98 to 100%, respectively. The filtration efficiency of masks was also studied. Statistically significant filtering efficiency (p < 0.01) was observed at all locations between the single-layer cloth mask and the surgical and FFP2 masks, as well as between the surgical and FFP2 masks. It is difficult to find many published investigations regarding testing mask filtration efficiency in comparison with available data regarding clinical trials and public health investigations. It has been reported that the use of single-layer cloth masks can result in significantly higher rates of infection than can the use of surgical masks, with this information being obtained from a randomized trial in healthcare workers [20,21].



There are available data on fungi isolated from indoor environments [22], but information about yeasts and molds and their content in indoor air filtered through masks is insufficient.



The filtration efficiency for yeasts and molds of protective mask was also investigated, and the results are shown in Figure 2b. As with the group of filtered mesophilic bacteria, all masks proved effective in retaining yeasts and molds. The highest filtration efficiency was achieved with the use of the FFP2 mask (94–100%) and the lowest with the single-layer cloth mask (13–79%). All mask application treatments at all locations showed statistically significant filtration efficiency compared with that of the control group (p < 0.01). At location A, there was no statistical difference in filtration efficiency between the surgical and FFP2 masks (100% at both locations) or at location B between the single-layer cloth and surgical masks (79%). Further identification of yeast and mold species was not performed.



Since the normal human flora consists various of Gram-positive and negative bacterial strains, it is not expected that there would be predominantly bacteria present in the air, especially indoors and during the summer season, when human skin is more exposed. It was assumed that the bacterial species of Micrococcus spp., Staphylococcus spp., and Bacillus spp. prevailed indoors. For this reason, detailed identification of bacterial species present at each location was made after air filtration with masks. M. luteus was the most prevalent bacteria at all examined locations, followed by Acinetobacter lwoffi and S. haemolyticus (Table 2 and Table 3).



Interestingly, the presence of M. luteus varied depending on the location, accounting for 40% of the total grown colony of all identified bacteria at locations A and C, while at locations B and D, this percentage was significantly higher at an average of 88%. M. luteus are Gram-positive cocci usually found in soil and water resources and other natural environments. In addition, the species is also considered to be a normal inhabitant of human skin and oropharynx mucosa [23]. This might be the reason for its greater prevalence at both school facilities, but this may also be the result of the filtration efficiency of the particular mask used for sampling. A slightly different situation was achieved with A. lwoffi and S. haemolyticus, which were found at higher amounts at locations A and C (19% and 20% on average for each bacteria) compared with that of locations B and D (6% and 3%). Furthermore, Bacillus spp., Micrococcus spp., and S. aureus were isolated at each location but at a smaller number of colonies (less than 10% of the total number of identified bacterial colonies). Among isolated bacteria, S. lentus was found only at two examined locations A and C, while Corynebacterium spp. and S. epidermidis were isolated at locations C and D. Although it seems that the location could be the reason for the presence or absence of some bacterial species, we believe that probably the lack of using preventive measures for improving the air quality was the main reason for the variable occurrence of different bacterial strains. S. chromogenes was not isolated only at location C. From the data shown in Table 2 and Table 3, it can be seen that the single-layer cloth mask showed a very poor filtering efficiency of M. luteus especially at locations A (6%) and D (20%) as compared to the control group, while significantly higher efficiency (p < 0.01) was observed at locations B (70%) and C (50%). A. lwoffi was retained in the single-layer cloth mask by 46% on average, Bacillus spp. by 44%, and S. haemolyticus by 30%. Interestingly, the single-layer cloth mask was effective in filtering Micrococcus spp. at locations A and B (100%), while at locations C and D, the efficiency was poor at only 21%. A similar situation was observed for S. aureus at location B with 100% filtering efficiency, while at the other locations, the efficiency was 52%. In general, the surgical masks were found to be effective in retaining most bacteria (over 90%) except for S. chromogenes and S. haemolyticus at location B, for which the efficacy was only 50 and 78%, respectively. Furthermore, at location D, the filtration efficiency of the surgical mask was lower and ranged from 60 to 67% for Corynebacterium spp., Bacillus spp., and S. haemolyticus. FPP2 masks showed a significant filtration efficiency, >96%, of all analyzed bacteria. However, they were somewhat ineffective in filtering Micrococcus spp. and S. chromogenes but only at location D, where an efficiency of 68% was found.



Furthermore, the filtering efficiency of the masks used was also analyzed depending on the location (A, B, C and D), and the results are shown in Figure 3a–c. From Figure 3, it can be seen that the highest oscillations in the filtration efficiency for bacteria depending on the location were exhibited by the single-layer cloth mask (Figure 3a). Slightly lower differences in air filtration by the single-layer cloth mask were achieved for bacterium A. lwoffi, while the worst efficiency was achieved at location A (31%, and the highest at location B (60%). Meanwhile, the single-layer cloth mask filtering efficiency was very similar at locations B and C (60 and 57%) and locations A and D (31 and 37%), where the mentioned locations did not show statistically significant differences. A similar situation was found in the filtration of Bacillus spp. and M. luteus bacteria, for which the lowest filtration efficiency was found at location A (28 and 6%) and the highest at location D (70% for both bacteria). The filtration efficiency of M. luteus and Bacillus spp, was significantly different between all locations except between locations A and C. S. haemolyticus was filtered with a single-layer cloth mask at an efficiency of 7 (location A) to 58% (location C), representing significant differences between locations. A very similar filtering efficiency was observed for Corynebacterium spp., ranging from 8 (location D) to 52% (location C), but it should be noted that this bacterium was not isolated at locations A and B. S. chromogenes was filtered most efficiently at location A (79%) and least efficiently at location B (29%), with the only evident difference being observed between locations A and B (p < 0.01).



Higher bacterial filtration oscillations were observed in the remaining analyzed bacteria. Thus, Micrococcus spp. was filtered with an efficiency of 16 (location D) to 100% (locations A and B), S. aureus from 47 (location C) to 100% (location B), S. lentus from 15 (location A) to 100% (B), and S. epidermidis from 50 (location C) to 100% (location D). The results of bacterial filtration efficiency of the surgical mask are shown in Figure 3b. Much lower oscillations in filtration efficiency were observed with the surgical mask than with the single-layer cloth mask. The highest range in filtration efficiency was observed for S. haemolyticus from 65 (location C) to 90% (location A) with statistically significant differences between the different locations (p < 0.01). A similar situation was observed with M. Luteus (77% at location D and 98% at location C) and A. lwoffii (75% at location D and 97% at location A). The following are the bacteria for which the surgical mask achieved a filtration efficiency of 100% for at least one of the locations: Bacillus spp. from 67 (location D) to 100% (locations B and C), Corynebacterium spp. from 60 (location D) to 100% (location C), Micrococcus spp. from 68 (location D) to 100% (locations A and B), and S. chromogenes from 50 (location B) to 100% (locations A and D), with significantly different filtration efficiencies between individual locations (p < 0.01). The filtration efficiency for S. aureus, S. lentus, and S. epidermidis was 100% at all analyzed locations. FFP2 masks proved to be the most effective masks in filtering air, and the smallest differences in filtration efficiency were observed between the analyzed locations for individual bacteria. Thus, the bacteria Corynebacterium spp., S. aureus, S. lentus, and S. epidermidis were completely filtered at all analyzed locations (100%). Smaller oscillations in bacterial filtration efficiency were observed for S. haemolyticus at 80 (location D) to 100% (locations B and C), Bacillus spp. at 83 (location A) to 100% (locations B, C and D), A. lwoffii at 94 (location D) to 100% (locations A, B and C), and M. luteus at 96 (location A) to 100% (location B). The lowest efficiency of bacterial filtration with the FPP2 mask was achieved for Micrococcus spp. at 68 (location D) to 100% (locations A, B and C) and S. chromogenes at 67 (location D) to 100% (location B).



The abovementioned results collectively show that there are slight differences in the efficiency of the single-layer cloth mask filtration and it probably oscillates depending on the children’s age between the groups and the health condition of the individuals present at each location spatially. Moreover, previous air ventilation of the indoor area and children’s activity prior to the measurement might be important cause of some filtration differences measured within the bacterial strains. However, it is undoubtedly clear that this analysis has obtained results that confirm the efficiency of bacteria filtration increases from the single-layer cloth mask, which proved to be the least effective, to the surgical mask, to the FFP2 mask.



In their investigation, Whyte et al. [24] also concluded that the filtration efficiency is different for various sizes of aerosols. This study showed that the single-layer cloth masks currently available for purchase had a minimum filtration efficiency of 50%. Our findings also support the recommendations from the WHO on the use of fabric masks [2]. Information on the bacterial growth of the collected microorganisms on tryptic soy agar (TSA), chromogenic BrillianceTM UTI agar, and blood agar is presented in Figure 4a–c. Meanwhile, the information for yeast and mold growth on the Sabouraud agar on a control air sample and samples filtered with single-layer cloth, surgical, and FFP2 masks is shown in Figure 4d. The first medium showed the growth of yeasts and molds on the control medium, as well as the growth under filtration with single-layer cloth, surgical, and FFP2 masks. In all tested locations and treatments, the highest colony growth was recorded in the control medium. Similar to what occurred with the chromogenic agar and TSA, a single-layer cloth mask proved to be the least effective in filtering yeasts and molds, while the surgical mask proved to be the second least effective. No yeast or mold colonies were recorded after the air was filtered with the FFP2 mask. To assess and further discuss mask filtration efficiency for yeast and molds, we have to point out the importance of the fit (which leads to gaps) while using the face mask [15]. The effect of gaps between the face and the mask as caused by an improper fit will affect the efficiency of any face mask for any microorganism. Harmful yeast and mold spores easily spread when there is a possibility of any gap.



In order to determine the ability to retain bacteria, which included the efficiency of air filtration with single-layer cloth, surgical, and FFP2 masks at different locations, PCA analysis was used. A total of 396 pooled data sets were incorporated into the analysis (11 bacterial types × 3 replications × 3 types of masks used × 4 locations). The Kasier–Gutman method and Cattell’s scree test were used to determine the number of main components (p) that remained in PCA and their contributions to the total variance. The three main components (p1, p2, and p3) were used in the analysis, and with them, it was possible to describe 91.94% of the total variance. Therefore, it can be concluded that the three main components explain the proposed model very well. Of the total cumulative variance value, the first main component (p1) explained 60.79%, the second (p2) 19.33%, and the third main component explained the remaining 11.83% (p3). Figure 5a shows the factor plane where the projections of the variable distribution (different bacteria) and cases (Figure 5b) (applied masks at different locations) are located. It can be seen that all variables (analyzed bacteria) were distributed in only two quadrants (right side of the main component p1), while the distribution of cases (applied masks in different locations) was in all four quadrants (left and right side of the main component p1). In the first quadrant of the main component p1, the following bacteria are distributed: M. luteus, A. lwoffi, S. haemolyticus, S. lentus, and S. chromogenes; meanwhile, S. aureus, S. epidermidis, Corynebacterium spp., Micrococcus spp., (Figure 5a). Bacillus spp., and yeasts and molds were distributed at the transition between the two quadrants. These facts lead to the assumption that most of the analyzed bacteria define the positive side of the p1 component.



In order to be able to confirm these results, which includes the ability to explain in more detail the effect of individual variables in the explanation of the applied model, eigenvectors and variable contribution were used. According to the data presented in Table 4, a strong positive correlation was present for the following bacterial species: A. lwoffi (0.37), Bacillus spp. (0.36), M. luteus (0.37), S. aureus (0.36), S. haemolyticus (0.33), and yeast (0.37). This indicates that they define main component p1. A negative correlation between p1 and the analyzed bacteria was not observed in any case.



The remaining bacterial species were grouped around main component p2, with a positive correlation with Corynebacterium spp. (0.37), Micrococcus spp. (0.45), and S. epidermidis (0.43), whereas the correlation with S. lentus was negative (–0.46). The only bacterial type that defined main component p3 was S. chromogenes, with a strong positive correlation of 0.67. Furthermore, the individual variable contributions (Table 4) in defining the main components in PCA indicated that the variables of yeasts (0.14), A. lwoffi (0.14), and M. luteus (0.14) predominantly participated in the formation of main component p1, whereas main component p2 was most strongly influenced by the variables of S. lentus (0.21) and Micrococcus spp. (0.20). The strongest variable contribution to the formation of the main components was achieved with the variable of S. chromogenes (0.45) but only in the formation of main component p3. Analyzing the projections of the case distributions on the factor plane, it is evident that most of the observations or analyzed cases are distributed on the right side of main component p1, which leads to the assumption that surgical and FFP2 masks applied at all locations (A, B, C, and D) define the right side of component p1. The left side of principal component p1 is defined by the single-layer cloth mask at all locations.



Furthermore, the first quadrant shows the distribution of cases that have the strongest impact on the applied model, including the efficiency of air filtration, namely the application of FFP2 masks at all locations and surgical masks at locations A and C. The applied surgical mask at location B also had a significant impact on the applied model but was weaker because it is distributed in the second quadrant. The surgical mask at location D and the single-layer cloth masks applied at all locations were weak or ineffective in filtering bacteria. Meanwhile, the comparison of the variables and case distribution presented in Figure 5a,b indicate that FFP2 and surgical masks (except at location D) proved to be effective in filtering all analyzed bacteria. It should be noted that yeasts and Bacillus spp. were completely filtered by the applied FFP2 and surgical masks. Furthermore, by using FFP2 and surgical masks, good filtration of the following bacterial species was achieved: S. aureus, M. luteus, and A. lwoffi. Finally, it can also be observed that single-layer cloth masks have a very poor ability to filter the analyzed bacteria and should be replaced by either surgical or FFP2 masks. Figure 6 shows a three-dimensional (3D) surface plot showing the effectiveness of bacterial filtration (Bacillus spp., A. lwoffii, and S. aureus) with single-layer cloth, surgical, and FFP2 masks from locations A, B, C, and D obtained using PCA. The 3D surface and contour plots represent a response surface with a simple maximum. The plot shows the responses between the analyzed bacteria with different colors, from lighter to darker, together with the numerical response values (from <–460 to >100). As the color becomes darker, the response increases. It can be concluded that there was effective filtration of bacteria achieved with the FFP2 masks at locations B, C, and D and with the surgical masks at locations A, C, and D since the case data (masks used at locations) are clustered in the dark-colored area (between 40–100) and form the maximum on the 3D plot.



Some other studies performed on various methods came to similar results and observations, concluding that wearing surgical or FFP2 masks substantially reduces the number of bioaerosol particles emitted from human respiration. In contrast, the efficacy of the single-layer cloth mask is not as clear and complete for the protection and prevention that could be achieved [25,26,27].



Furthermore, it should be mentioned that the concentration of bacteria at an indoor area increases if the protective masks are not used correctly. Therefore, filtering effectiveness can depend and vary during the time spent in a given area. Some investigations mentioned that masks with lower filtration efficiency, such as single-layer cloth masks, may produce a false sense of protection [28]. Yet, the filtration efficiency of the masks depends also on the characteristics of the materials, such as chemical structure, number of layers, pore size, fibre organization, thickness, and diameter, packing density etc. [29]. Other authors point out that the quality of “fit” should be taken into account to minimize the leakage of air between the mask and the contours of the face [1]. The same conclusion conducted the researchers from an another study where the priority in product development should be given to establishing a better fit that would eliminate or minimize the face seal leakage. Also, the same investigation concluded that the future efforts in designing new respiratory protection means for different environments should be increasingly focused on the peripheral design rather than on the further improvement of the filter media [30]. This statement applies equally to the air sampler used in this study, and we should consider the possibility that this factor could also have influenced the results of the research.




4. Conclusions


In this study, the indoor air content of bacteria, yeast, and mold and the filtration efficiency of three different commonly available face masks in children’s educational institutions were studied. The bacterial contents of the genera Staphylococcus and Micrococcus were dominant in all samples, whereas bacteria of the genera Bacillus, Acinetobacter, and Corynebacterium were identified at a significantly smaller number. Bacterial filtering effectiveness increased from the single-layer cloth mask, which proved to be the least effective, to the surgical mask, to the FFP2 mask. Similar results were achieved with the filtration of yeasts and molds. Our investigation indicated that mask wearing could help mitigate droplet-associated expiratory activities, but the type of face mask protection in indoor spaces at this challenging time should be chosen wisely. In addition, the importance of the fit while using the face mask will affect the efficiency of any face mask. Therefore, it is important to further study the effectiveness of protective measures against public and occupational exposure and the transmission of infectious diseases.
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Figure 1. Scheme of the experimental setup with sampling locations at (a) locations A and B, kindergarten rooms; and (b) locations C and D, primary school classrooms. 
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Figure 2. Number of grown colonies of (a) aerobic mesophilic bacteria on tryptic soy agar (TSA) and (b) yeasts and molds on Sabouraud agar (SA) from four locations (A, B, C, D) in the control group after air filtration with cloth, surgical, and filtering facepiece type 2 (FFP2) masks expressed as colony forming unit (CFU)/250 L of air. The data are presented as mean values of three determinations with standard deviations. Mean values marked with capital letter A represent significant differences between the control group and each treatment with cloth, surgical, and FFP2 masks, while lowercase letters a and b represent significant differences within treatments (p < 0.01; nonparametric Kruskal–Wallis [multiple comparisons] test). 






Figure 2. Number of grown colonies of (a) aerobic mesophilic bacteria on tryptic soy agar (TSA) and (b) yeasts and molds on Sabouraud agar (SA) from four locations (A, B, C, D) in the control group after air filtration with cloth, surgical, and filtering facepiece type 2 (FFP2) masks expressed as colony forming unit (CFU)/250 L of air. The data are presented as mean values of three determinations with standard deviations. Mean values marked with capital letter A represent significant differences between the control group and each treatment with cloth, surgical, and FFP2 masks, while lowercase letters a and b represent significant differences within treatments (p < 0.01; nonparametric Kruskal–Wallis [multiple comparisons] test).



[image: Applsci 13 05972 g002]







[image: Applsci 13 05972 g003a 550][image: Applsci 13 05972 g003b 550] 





Figure 3. Differences in bacterial filtration efficiency between locations: kindergarten group A (location A), kindergarten group B (location B), primary school group A (location C), and primary school group B (location D) with the applied (a) cloth, (b) surgical, and (c) filtering facepiece type 2 (FFP2) masks expressed in percentage (%) as compared to the control group. The data are presented as mean values of three determinations with standard deviations. Mean values marked with lowercase letter a represent significant differences between location A and the other locations (locations B, C, and D), lowercase letter b represents significant differences between location B and locations C and D, while lowercase letter c represents significant differences between location C and location D (p < 0.01; nonparametric Kruskal–Wallis [multiple comparisons] test). 
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Figure 4. Grown colonies of aerobic mesophilic bacteria on (a) tryptic soy agar (TSA), (b) chromogenic Agar, (c) after hemolysis on blood agar, and (d) the grown colonies of yeasts and molds on Sabouraud agar (SA) in the control group after air filtration with cloth, surgical, and FFP2 masks. Differently colored colonies represent different bacterial species. 
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Figure 5. Effect of bacterial and yeast filtration with cloth, surgical, and FFP2 masks represented using principal component analysis (PCA) (n = 396 [pooled data; 11 bacterial types × 3 replication × 3 masks × 4 locations]) from locations A, B, C, and D represented by two main components (p1 and p2). Projections of (a) the variables (bacteria) and (b) cases (masks used at locations) on the factor plane. 
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Figure 6. Three-dimensional surface plot showing the effectiveness of bacterial filtration (Bacillus spp., Acinetobacter lwoffii, and Staphylococcus aureus) with cloth, surgical, and FFP2 masks from locations A, B, C, and D obtained using principal component analysis (PCA). 
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Table 1. Sampling locations with exact values of humidity/%, temperature/°C, number of persons in the room, and room size.
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	Humidity (%)
	Temperature (°C)
	Persons per Room
	Room Area (m2)





	Location A

(kindergarten group A)
	34
	21.0
	21
	60



	Location B

(kindergarten group B)
	33
	21.5
	10
	60



	Location C

(primary school group C)
	35
	23.3
	23
	55



	Location D

(primary school group D)
	38
	22.1
	18
	49
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Table 2. Number of grown colonies of different bacterial species on tryptic soy agar (TSA) from locations A and B in the control group after air filtration with cloth, surgical, and filtering facepiece type 2 (FFP2) masks expressed as colony forming unit (CFU)/250 L of air. The data are presented as mean values of three determinations with standard deviations. Mean values marked with capital letter A represent significant differences between the control group and each treatment with cloth, surgical, and FFP2 masks, while lowercase letters a and b represent significant differences within treatments (p < 0.01; nonparametric Kruskal–Wallis [multiple comparisons] test).
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Bacteria/

Treatment

	
Location A

	
Location B




	
Control

	
Cloth Mask

	
Surgical Mask

	
FFP2 Mask

	
Control

	
Cloth Mask

	
Surgical Mask

	
FFP2 Mask






	
Acinetobacter

lwoffii

	
61.33

(±2.52)

	
42.33 A

(±3.06)

	
1.67 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)

	
21.67

(±1.53)

	
8.67 A

(±0.58)

	
2.33 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)




	
Bacillus spp.

	
15.33

(±1.15)

	
11.00 A

(±1.00)

	
1.33 A,a

(±0.58)

	
2.33 A,a

(±0.58)

	
6.67

(±0.58)

	
2.00 A

(±0.00)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)




	
Corynebacterium spp.

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Micrococcus

luteus

	
136.67

(±6.11)

	
128.67

(±5.03)

	
12.00 A,a

(±1.00)

	
5.33 A,a,b

(±1.53)

	
467.00

(±9.00)

	
142.33 A

(±16.26)

	
19.67 A,a

(±1.15)

	
0.00 A,a,b

(±0.00)




	
Micrococcus spp.

	
7.33

(±0.58)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)

	
1.00

(±0.00)

	
0.00

(±0.00)

	
0.00

(±0.00)

	
0.00

(±0.00)




	
Staphylococcus

aureus

	
37.67

(±3.06)

	
15.67 A

(±0.58)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
3.67

(±0.58)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)




	
Staphylococcus chromogenes

	
25.33

(±1.53)

	
5.33 A

(±0.58)

	
0.00 A,a

(±0.00)

	
1.33 A,a,b

(±0.58)

	
4.67

(±0.58)

	
3.33 A

(±0.58)

	
2.33 A

(±0.58)

	
0.00 A,a,b

(±0.00)




	
Staphylococcus haemolyticus

	
56.67

(±5.03)

	
52.67

(±1.53)

	
5.67 A,a

(±0.58)

	
1.00 A,a,b

(±0.00)

	
10.67

(±1.53)

	
8.33

(±0.58)

	
2.33 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)




	
Staphylococcus

lentus

	
8.67

(±0.58)

	
7.33

(±1.15)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
-

	
-

	
-

	
-




	
Staphylococcus epidermidis 1

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-
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Table 3. Number of grown colonies of different bacterial species on tryptic soy agar (TSA) from locations C and D in the control group after air filtration with cloth, surgical, and filtering facepiece type 2 (FFP2) masks expressed as colony forming unit (CFU)/250 L of air. Mean values marked with capital letter A represent significant differences between the control group and each treatment with cloth, surgical, and FFP2 masks, while lowercase letters a and b represent significant differences within treatments (p < 0.01; nonparametric Kruskal–Wallis [multiple comparisons] test).
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Bacteria/

Treatment

	
Location C

	
Location D




	
Control

	
Cloth Mask

	
Surgical Mask

	
FFP2 Mask

	
Control

	
Cloth Mask

	
Surgical Mask

	
FFP2 Mask






	
Acinetobacter lwoffii

	
52.33

(±3.51)

	
22.33 A

(±1.53)

	
2.33 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)

	
44.67

(±3.06)

	
28.00 A

(±2.65)

	
11.00 A,a

(±1.00)

	
2.66 A,a,b

(±1.15)




	
Bacillus spp.

	
8.67

(±0.58)

	
6.33 A

(±0.58)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
7.00

(±0.00)

	
3.33 A

(±0.58)

	
2.33 A

(±0.58)

	
0.00 A,a,b

(±0.00)




	
Corynebacterium spp.

	
10.33

(±1.53)

	
5.00 A

(±1.00)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
8.33

(±1.53)

	
7.67

(±0.58)

	
3.33 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)




	
Micrococcus

luteus

	
101.67

(±6.51)

	
51.00 A

(±3.00)

	
2.00 A,a

(±0.00)

	
2.00 A,a

(±0.00)

	
453.00

(±24.06)

	
361.00 A

(±21.93)

	
104.00 A,a

(±16.70)

	
6.33 A,a,b

(±0.58)




	
Micrococcus spp.

	
9.33

(±1.15)

	
7.00

(±1.00)

	
1.33 A,a

(±0.58)

	
0.00 A,a,b

(±0.00)

	
6.33

(±0.58)

	
5.33

(±0.58)

	
2.00 A,a

(±0.00)

	
2.00 A,a

(±0.00)




	
Staphylococcus aureus

	
5.67

(±1.15)

	
3.00 A

(±1.00)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
4.00

(±1.00)

	
2.00 A

(±0.00)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)




	
Staphylococcus chromogenes

	
-

	
-

	
-

	
-

	
3.00

(±1.00)

	
1.33

(±0.58)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)




	
Staphylococcus haemolyticus

	
64.00

(±5.00)

	
27.00 A

(±1.00)

	
11.67 A,a

(±1.15)

	
0.00 A,a,b

(±0.00)

	
16.33

(±1.53)

	
11.33 A

(±0.58)

	
5.67 A,a

(±1.15)

	
3.33 A,a

(±1.53)




	
Staphylococcus lentus

	
1.33

(±0.58)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)

	
0.00 A

(±0.00)

	
-

	
-

	
-

	
-




	
Staphylococcus epidermidis 1

	
3.33

(±0.58)

	
1.67 A

(±0.58)

	
0.00 A,a

(±0.00)

	
0.00 A,a

(±0.00)

	
1.00

(±0.00)

	
0.00

(±0.00)

	
0.00

(±0.00)

	
0.00

(±0.00)
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Table 4. Eigenvector spreadsheets and variable contribution based on correlations using principal component analysis (PCA) after air filtration with cloth, surgical, and filtering facepiece type 2 (FFP2) masks (n = 396 [pooled data; 11 bacterial types × 3 replication × 3 masks × 4 locations]) from locations A, B, C, and D in the three main components (p1, p2, and p3).
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Variable

	
Eigenvectors Spreadsheet

	
Variable Contributions




	
p1

	
p2

	
p3

	
p1

	
p2

	
p3






	
Yeasts

	
0.37

	
−0.01

	
0.11

	
0.14

	
<0.01

	
0.01




	
Acinetobacter lwoffii

	
0.37

	
−0.17

	
0.05

	
0.14

	
0.03

	
<0.01




	
Bacillus spp.

	
0.36

	
−0.01

	
−0.24

	
0.13

	
<0.01

	
0.06




	
Corynebacterium spp.

	
0.27

	
0.37

	
0.28

	
0.08

	
0.13

	
0.08




	
Micrococcus luteus

	
0.37

	
−0.16

	
−0.07

	
0.14

	
0.02

	
0.01




	
Micrococcus spp.

	
0.26

	
0.45

	
0.20

	
0.07

	
0.20

	
0.04




	
Staphylococcus aureus

	
0.36

	
0.13

	
−0.15

	
0.13

	
0.02

	
0.02




	
Staphylococcus chromogenes

	
0.11

	
−0.31

	
0.67

	
0.01

	
0.10

	
0.45




	
Staphylococcus haemolyticus

	
0.33

	
−0.31

	
0.14

	
0.11

	
0.09

	
0.02




	
Staphylococcus lentus

	
0.18

	
−0.46

	
−0.46

	
0.03

	
0.21

	
0.22




	
Staphylococcus epidermidis 1

	
0.17

	
0.43

	
−0.31

	
0.03

	
0.19

	
0.10
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