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Abstract

:

Indoor microbes are readily transmitted among humans in indoor environments. Therefore, this study employed 16S rRNA gene and ITS amplicon profiling to investigate the dust-associated bacterial and fungal communities in six indoor facilities in Busan, South Korea. The collected samples were categorized into two groups: indoor multiple-use facilities (MUFs), including a public bathing facility, business office, and food court; and public transportation facilities (PTFs), including two subway stations and an airport. The bacterial diversity in the MUF samples was significantly higher than the fungal diversity (p < 0.05). However, no significant differences between bacterial and fungal diversity were observed in PTF samples (p > 0.05). Moreover, the abundances of certain microbial taxa varied, suggesting that the microbial community structure was primarily determined by the source environment. Gram-positive bacterial genera, such as Corynebacterium, Kocuria, and Staphylococcus—all of which originated in the natural environment—were relatively predominant in the MUF samples; the Aspergillus, Penicillium, and Malassezia genera, which are human commensal taxa, were relatively more predominant in the PTF samples. These results suggest that different microbial communities can be formed depending on the purpose of the indoor facility type, level of passenger traffic, and surrounding environment. The findings of this study may help researchers understand indoor microbial communities in multi-use and transportation facilities.
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1. Introduction


Airborne microorganisms are microorganisms (i.e., bacteria, fungi, and viruses) that become attached to fine dust or water vapor in the air, resulting in bioaerosols with a 0.02–100 μm particle size range in both indoor and outdoor environments [1,2]. Due to urbanization and industrialization, approximately 90% of people spend most of their time in indoor spaces, and unlike in outdoor environments, they frequently come into close contact with others in enclosed spaces. Furthermore, people tend to travel on public transportation (trains, buses, subway, etc.) for an average of 1.2 h a day during rush hours, when the concentration of fine dust and bioaerosols is two to five times higher than at other times [3,4]. Moreover, the concentration of fine dust in indoor spaces (including public transportation) is more than 2.3 times higher than in the outside atmosphere [5]. Recent studies have demonstrated that bioaerosols are a major cause of respiratory and cardiovascular diseases, and the concentrations of fine dust and harmful microorganisms are highly correlated [6,7,8,9].



Understanding the ecological roles and adverse impacts of indoor microbes is essential for managing indoor air quality in multi-use and transportation facilities [1,10]. However, indoor and transportation microbiomes are still a challenge to understand compared with physical and chemical information on the indoor environment [2,11]. In general, public transportation systems are the means by which millions of passengers and goods are transported every day, and commuters and passengers share the same air and surfaces [12,13]. Although there are some differences across cities, public transportation generally provides an ideal environment for the transmission of microorganisms, while functioning as extensive reservoirs of bacteria [11,14]. Bathing facilities are indoor environments that are vulnerable to moisture, can carry pollution, and require ventilation to remove airborne microbes [15,16]. Restaurants are facilities in which the air quality must be prioritized, and therefore, appropriate ventilation systems must be installed and proper hygiene measures must be followed to avoid food poisoning [17,18,19]. Office workers spend, on average, more than 90% of their time indoors per day, and they are exposed to high levels of toxic substances [3,14,20].



Since suspended microbial particles change fluidly and rapidly depending on the indoor environment, it is difficult to accurately identify the microbial community [21,22]. The dust accumulated on indoor surfaces is a rich mixture of inorganic and organic matter, including microbes [23], and surface microbial communities may be formed by the precipitation of airborne microbes [12,24]. Deposited dust can be resuspended to form airborne microbial particles, following movement of ventilation systems and humans, so a surface microbial community survey is suggested as one method to determine indoor air quality [13,25].



As indicated by the results of the South Korean Indoor Air Quality Inspection Report (2019) [26], indoor facilities exhibited the highest number of Indoor Environment Act violations (46 cases; 59.7%) due to their high levels of airborne bacteria. Other air contaminants included particulate matter ≤10 µm (PM10; 11 cases), carbon dioxide (CO2; 9 cases), formaldehyde (HCHO) (6 cases), and particulate matter ≤2.5 µm (PM2.5; 5 cases). Moreover, many studies have been conducted in South Korea to identify chemical hazards and/or risks in metropolitan areas, such as subways and trains [27,28,29]. These studies reported that PM and volatile organic compounds (VOCs) contaminations were 2–10 times higher than outdoor air quality parameters [29].



However, the microbial communities of indoor facilities have yet to be characterized. Moreover, because most previous studies have focused on the cell concentration for CFU assays and the size distribution of microbes, knowledge of dominant microbes in indoor multi-use facilities is also lacking [12,30,31]. Previous studies have also suggested that indoor microbial communities can be affected by a combination of factors, such as the transient human population and the purpose of the indoor facility, and environmental factors [12,32,33,34]. Therefore, this study sought to investigate the bacterial and fungal populations in various indoor public facilities in Busan, South Korea.




2. Materials and Methods


2.1. Study Sites and Sampling


Busan is the second most populous city in South Korea, only after the capital city of Seoul, and the Busan subway and airport are widely visited by travelers each day. Sampling was conducted from June to August 2021, and the samples were divided into two groups: multiple-use facilities (MUFs) and public transportation facilities (PTFs). The samples were collected from two subway stations (PTF1 and PTF2), the airport (PTF3), a public bathing facility (MUF1), an urban business office (MUF2), and an urban food court (MUF3) (Table 1). PTF1 is a subway station used by approximately 15,000 passengers per day near the train station [35]. PTF2 is the junction of two subway lines, on which approximately 29,000 passengers travel each day [35]. The airport has a large traffic radius and is a major transport hub with a daily floating population of approximately 400,000 people [36]. MUF1 is a bathing facility where 30–100 daily visitors stay for an hour per visit. Like most bathing facilities, the MUF1 facility relies on natural ventilation without the aid of a ventilation system. MUF2 is a business office with approximately 20 workers commuting to and from work at a fixed time each day in a densely populated office area. MUF3 is a food court located in the city center with a large floating population, and it has no separate kitchen and dining area (Table 1).



The Isohelix DNA/RNA narrow swab (SK-2S, Isohelix) was soaked with 1 mL of sterile phosphate buffer saline to collect samples of indoor microorganisms twice per site, and then the samples were merged. The samples were collected from a surface area of 100 cm² (10 × 10 cm) at each site [37] for three minutes from the surfaces, which are frequently exposed to human activity. Only the swab heads were separated and placed in new, empty 1.5 mL microtubes, and then they were transported in an icebox to the laboratory. The samples were stored at −80 °C until analyzed. A Temtop LKC-1000S + 2nd generation air quality index monitor was used to measure the indoor temperature and humidity, the HCHO, total volatile organic compounds (TVOCs), and PM2.5 and PM10 concentrations. Air environmental factors were measured at a breathing height of 1.5 m from the ground to avoid the influence of passers-by. Atmospheric factors were measured four times each at 5 min intervals before, during, and after sampling.




2.2. DNA Extraction and Amplicon Sequencing


Prior to DNA extraction, two swabs were cut into 2 mm pieces and placed in the bead tube of the extraction kit with a lysis buffer. The tube was then incubated in water at 65 °C for 10 min [38] using a heat block (IKA Dry Block Heater 2 with DB 1.2). Bead beating of the tube was performed with a BIOPRP-24 and a 24 × 2.0 mL tube rotor (10 cycles of 50 s, six speeds at 30 s intervals). DNA was extracted using the DNeasy PowerSoil Pro Kit (QIAGEN), following the manufactural protocol. The extracted DNA was stored at −80 °C. DNA concentration and quality measurements were performed in the laboratory immediately after the experiment using a Nano-300 UV-vis micro-spectrometer (Allsheng, Hangzhou, China).



The surface bacterial and fungal communities were detected based on the 16S rRNA gene and the internal transcribed spacer (ITS) region. The V3–V4 region of the 16S rRNA gene was amplified using the 341F/805R primer set. The ITS1 and ITS2 primers were used to amplify the ITS1 region of the ITS rDNA gene (Table 2). An amplicon library was generated with a 2 × 250 bp paired-end format using the Illumina MiSeq platform and was sequenced by Macrogen (Seoul, Korea).




2.3. 16S rRNA and ITS rDNA Data Analysis


The quality of the obtained raw amplicon sequences was evaluated using FastQC [39]. Sequences were trimmed to a minimum nucleotide Phred quality score of 20 and a minimum sequence length threshold of 180 bp using trimmomatic (version 0.33) [40]. The clean sequences were analyzed using Mothur v.1.44.3 [41] following the MiSeqSOP [42] standard settings. Only sequences with a maximum of eight homopolymers and lengths of 400–500 bp were selected. The SILVA reference database [43] was used to align the V3–V4 regions with the selected sequences. Chimeric sequences were identified with UCHIME [44] implemented in VSEARCH [45] within Mothur. Non-bacterial sequences, including chloroplasts and mitochondria, were also filtered. Operational taxonomic units (OTUs) with ≥97% similarities were clustered, and classification was performed using the SILVA database [46].



The ITS rDNA was analyzed using the Chunlab in-house program (Chunlab, Inc., Seoul, Korea). Taxonomic assignment was performed using the UNITE database [47]. Chimeric sequences were identified and removed using UCHIME, and sequences with a 97% similarity threshold were identified as described for the 16S rRNA gene analysis process. OTU clustering was conducted using the Chunlab analysis pipeline [48].




2.4. Statistical Analyses


Alpha and beta diversities were calculated using the phyloseq package in R [49]. The OTU-based Bray–Curtis dissimilarity was assessed through principal coordinate analysis (PCoA), after which the results were visualized using the ggplot2 package [50]. The high-throughput amplicon sequences generated in this study are publicly available in MG-RAST with sample IDs mgs860630–mgs860669. All statistical analyses were performed with the vegan package in R. Significance among the environmental factors and microbial communities of MUF and PTF was assessed via the Wilcoxon-signed rank test. Correlations between microorganisms and environmental factors were identified using Pearson’s correlation analysis with further evaluation of the p-values. p-values < 0.05 were deemed to be statistically significant.





3. Results and Discussion


3.1. Indoor Air Parameter Characteristics of the MUFs and PTFs


Data on six indoor air environmental parameters were collected in this study, as shown in Figure 1. Overall, the PM10 and PM2.5 concentrations in the MUF samples were significantly (1.3–1.5 times) higher than in the PTF samples (p < 0.05), whereas HCHO and TVOC concentrations were significantly (1.6–2.3 times) higher in the PTF samples than in the MUF samples (p < 0.05). The temperature and humidity (regarded as critical indoor quality parameters) were not significantly different from the other air parameters (p > 0.05). Moreover, the temperatures in the MUF and PTF samples were not significantly different, as the temperatures of the locations where the samples were collected are currently regulated to 24–27 °C by the Ministry of Environment, South Korea.



The main sources of PM contamination are cooking, combustion, and vehicle exhaust [51]. Relatively high PM concentration levels were observed in the MUF samples, compared to PTF samples. The PTF samples may undergo relatively high filtration due to central air conditioning and mechanical ventilation systems that effectively manage indoor air quality [52,53], as ventilation requirements are especially strict in South Korea. HCHO and TVOC are major air pollutants caused by human activity in indoor environments and by automobiles, trains, and subway trains in outdoor environments [13,54]. Airplanes are believed to contribute to the indoor TVOC concentration at airports, especially through the opening between the apron and the arrivals hall, which provides a pathway for contaminated air to enter the indoor facilities [55,56,57]. These characteristics may explain the relatively high HCHO and TVOC concentrations in the PTF samples.




3.2. Bacterial and Fungal Community Diversity and Composition


Distinct OTUs were observed between the bacterial and fungal DNA profiles in this study (Table 3). From the bacterial 16S rRNA sequences, 2465–16,374 OTUs were obtained from the MUF samples, and 2130–6297 OTUs were obtained from the PTF samples. However, a relatively small number of OTUs from fungal ITS rDNA sequences were detected in both the MUF (1037–2079) and PTF (2260–2960) samples. Bacterial and fungal diversities were estimated using the Shannon, Simpson, ACE, and Chao1 indices (Table 3). The bacterial diversities of both the MUF and PTF samples were significantly higher than the fungal diversities (average Shannon index values of 6.61 and 1.62 (MUF) and 5.46 and 3.27 (PTF), respectively; p < 0.05). The Simpson index values were similar to the results of the Shannon index. The ACE and Chao1 richness indices also had similar distribution patterns, with the bacterial samples reaching approximately 2–3 times higher values than the fungal samples. Although the MUF samples showed higher bacterial richness and lower fungal richness than the PTF samples, there was no significant difference between the bacterial and fungal samples (p > 0.05).



The Shannon index values for bacterial diversity were significantly higher than those for fungal diversity; this finding is consistent with the results of previous indoor air studies [58]. Higher levels of PM10 and PM2.5 were observed in the MUF samples than in the PTF samples, suggesting that MUFs may provide a more favorable environment for bacterial colonization [59,60]. Previous studies have also indicated that high PM10 and PM2.5 levels result in high bacterial levels [13,61]. In this study, the PTF samples exhibited a higher Shannon diversity index than the MUF samples, based on fungal OTUs. Although commuters increase bacterial and fungal diversity through their footwear, clothing, hands, hair, etc. [30,62], previous studies have shown that mechanical ventilation systems appear to increase fungal diversity while reducing bacterial diversity [13,30,63]. The mechanisms that drive this phenomenon have not been conclusively determined. However, the microbial diversity in indoor places is likely affected by a combination of factors, such as the transient population, sampling time, ventilation system, and atmospheric environmental factors [64,65].



Figure 2 and Figure 3 show the respective bacterial and fungal taxonomic compositions in the MUF and PTF samples at the phylum, order, and genus levels. The bacterial community structures in the MUF and PTF samples were not significantly different at the phylum and order levels, despite the different sampling characteristics. PCoA analysis based on the Bray–Curtis distance also showed that the MUF and PTF samples were clustered together, indicating that there was a high degree of similarity in the bacterial communities (Figure 4). As in previous studies [13,66], analysis of the samples revealed that the top three phyla were Actinobacteria (mean 41.3%), Proteobacteria (mean 27.7%), and Firmicutes (mean 17.5%), accounting for approximately 90% of the total phyla (Figure 2a). At the order level, Micrococcales was the most abundant (means 19.5% and 17.9% in the MUF and PTF samples, respectively), followed by Corynebacteriales (means 13.9% and 17.1%, respectively) and Bacillales (means 12.5% and 13.5%, respectively) (Figure 2b). At the genus level, Staphylococcus was the most abundant in both the MUF (6%) and PTF (10%) samples, followed by Corynebacterium (means 5% and 7.7%, respectively), Kocuria (means 6.1% and 2%, respectively), Micrococcus (means 4.3% and 5.4%, respectively), and Paracoccus (means 2.7% and 2.8%, respectively) (Figure 2c).



This study confirmed the high abundances of Firmicutes (Staphylococcus and Bacillus) and Actinobacteria (Corynebacterium and Micrococcus) consistently observed in previous culture-based and non-culture-based studies [13,66]. The indoor samples were dominated by Gram-positive bacteria, including genera known to be associated with human sources, such as Staphylococcus, Streptococcus, and Corynebacterium (Figure 2). Results from previous studies indicate that Gram-positive bacteria were more highly abundant in air and indoor surface samples than Gram-negative bacteria due to Gram-positive bacteria’s superior survivability in these environmental conditions [67,68]. This is because the low peptidoglycan content in the cell walls of Gram-negative bacteria cannot protect them from the stresses of a harsh environment [68].



It has been reported that humans are a major source of populating the bacterial communities in indoor environments [69,70]. Human occupancy in indoor places and/or facilities leads to the resuspension of settled dust, and humans also shed substantial bacterial biomass during normal activity [70,71]. Many bacteria present in indoor air grow on human skin and are directly shed into the air or deposited onto floors and other surfaces, which is followed by subsequent resuspension [70]. Gołofit-Szymczak et al. [72] reported that the most prevalent bacterial species in office buildings are mainly from the Staphylococcus, Micrococcus, Kocuria, and Bacillus genera, which constitute a substantial part of the human microbiome [13,31,32]. These bacteria commonly inhabit many terrestrial and aquatic ecosystems, including soil, fresh and marine water, sand, and vegetation [68,73]. Moreover, in indoor air samples, Micrococcus and Staphylococcus species have been observed together with Paracoccus and Methylobacterium species [63,66], which agrees well with the results of the present study.



Bacterial genera (28.3% of the total relative abundance) known to be associated with human sources were more prevalent in the PTF samples than in the MUF samples (18.6%). PTF samples were generally more favorable environments for the deposition of human-related bacteria due to the large influx and outflow of people in transportation system [32,70]. Although PM levels were significantly associated with the indoor microbial communities, a clear discussion cannot be made based on the limited data in this study. Unfortunately, detailed information on PM10 properties was unmeasurable, as high DNA quality was required for high throughput sequencing within limited MUF and PTF samples due to COVID-19. Therefore, further investigation is quite necessary to interpret the different results between MUF and PTF samples. The major genera identified in this study are consistent with those identified in previous studies on subway/train bioaerosols, such as in Athens [13] and Oslo [12], but they contrast with the results from Barcelona [74]. Thus, the adaptation of the bacterial communities may be affected by the dynamic air and selective pressure conditions in the indoor environment.



The fungal taxonomic profiles show that Ascomycota (mean 51.8%) and Basidiomycota (mean 23.2%) were the top two phyla in all samples (Figure 3). The ratio of Ascomycota to Basidiomycota was similar among the PTF samples but significantly different among the MUF samples (p < 0.05); the latter provided 75% more Ascomycota than Basidiomycota. Mucoromycota (4%) was detected in most samples (except for MUF3) (Figure 3a). At the order level, Eurotiales (mean 26.4%), Capnodiales (mean 11.3%), and Endogonales (mean 3.0%) were prevalent in the MUF samples, whereas Malasseziales (12.3%) and Pelospoales (12.0%) were found in the PTF samples, with slight differences in abundance (Figure 3b). Eurotiales was present in all samples but had particularly high relative abundances in the MUF2 and MUF3 samples (47.2% and 28.9%, respectively). Malasseziales (mean 12.3%) was only found in the PTF samples, along with Agaricales (mean 5%) and Chaetothyriales (mean 5%). PCoA analysis revealed that the MUF and PTF samples were generally separated between types, though not in the MUF3 sample (Figure 4). This result suggests that the number of people can affect the establishment of the fungal community because most of the detected fungal sources were from human activity.



Among the identified genera, Aspergillus was present in the PTF1, PTF2, PTF3, and MUF3 samples, among which the latter showed the highest relative abundance (approximately 28%). Similarly, Penicillium (48%) was at least 10 times more abundant in the MUF2 sample than in the others (Figure 3c). Malassezia was a major genus of fungi present in the PTF samples, while Toxicocladosporium only appeared in the MUF1 and MUF2 samples. Densospora was present in all samples except for MUF3 (overall mean of 3.0% in both the MUFs and PTFs). Business offices and food courts are enclosed areas where fungi can proliferate over a long period of time because of ventilation systems and the dispersion of indoor air; the most common fungal genera found in these places are Penicillium, Aspergillus, and Cladosporium [71,75]. These common genera are consistent with the present study. The Aspergillus genus is a diverse group of fungi that are the most abundant worldwide. For instance, they can grow in a wide range of temperatures (6–55 °C) and at relatively low humidity [76,77]. Spores of the Aspergillus genus are the most predominant in the air and are dispersed over short and long distances [70,78]. The Penicillium genus has been commonly identified in homes at several sites, such as floors and kitchens [70]. Penicillium, Aspergillus, and Cladosporium genera are broadly distributed in nature, and they are found in soil and decomposing and dead organic matter [30].



Most of the fungi detected in the PTF samples are associated with human activity, whereas most in the MUF samples originate from diverse outdoor sources [13,77]. This suggests that fungal spores can easily migrate into indoor places via passengers’ clothes and hair or via the air through open windows, doors, and potential other sources from traffic facilities. Furthermore, when enough water is available in indoor places, fungal spores can easily colonize the indoor environment, and they are readily found in the indoor air and on surfaces [13,32,70,71,78].



As illustrated by PCoA analysis based on the Bray–Curtis distance (Figure 4), the bacterial communities of the MUF and PTF samples were clustered together, indicating a high degree of similarity. Previous studies have consistently shown that Gram-positive bacteria, including human origin genera, predominate in the indoor environment (Figure 2c). Generally, human occupancy in indoor places and/or facilities leads to the resuspension of settled dust, and humans also shed substantial bacterial biomass during normal activity [70,71,78], which may explain why MUF and PTF samples were closely grouped together. In contrast, the analyses of fungal community structures indicated that the MUF and PTF samples were generally separated by sample type (except for the MUF3 samples), and there was a significant difference between each sample in the fungal community, unlike in the bacterial community (Figure 4). Many of the dominant fungal groups are associated with human origins, such as skin, because exposed skin surfaces are passive collectors of environmental fungi [79,80]. As most of our samples were collected from human-touched and moving pathway surfaces, the fungal community may been affected by the bacterial community. In addition, sampling surfaces were generally covered with stainless steel and plastic, which have relatively low amounts of nutrients. For survival, fungi and bacteria can develop a different type of biofilm mechanism depending on the surface type, such as hydrophobic or hydrophilic, and biotic or abiotic [80]. As the results of this study had limitations for a further discussion regarding the differences between bacterial and fungal communities among samples, further study should be conducted to identify how the surface characteristics could affect the bacterial and fungal communities.



In this study, most of the detected fungi in the PTF samples were associated with human activity, whereas most in the MUF samples originated from diverse outdoor sources [13,77]. Previous studies have shown that indoor fungal community composition is predominantly determined by the outdoor fungal diversity and location [69,81]. Fungal spores can easily migrate into indoor environments on passengers’ clothes and hair and in the air through open windows, doors, and other potential sources, such as traffic facilities. Therefore, different types of fungal community structures may be detected in PTF samples, compared to MUF samples.





4. Conclusions


Our study explored the bacterial and fungal communities in indoor public facilities in Busan, South Korea. Our findings indicated that the microbial diversity and composition of the studied indoor environments were quite different for the MUF and PTF samples. The most predominant phylotypes were Firmicutes and Actinobacteria in bacterial communities, and Ascomycota and Basidiomycota were most predominant in fungal communities for both the MUF and PTF samples. These bacterial and fungal communities likely originated from human and outdoor sources. The observed bacterial and fungal communities were dynamic and complex. These results may be attributed to indoor resident activity and density, outdoor factors, sample size, sampling time, COVID-19, and the study design, among other factors.



However, our study design has several limitations. Concretely, the sampling period was limited due to the COVID-19 pandemic, and therefore, seasonal variations and spatio-temporal influences were not investigated because sampling cooperation was very difficult in indoor facilities. Furthermore, the sources of PM, HCHO, and TVOC were not specifically identified. Therefore, more studies are needed to gain insights into the relationships among the microbial community and the indoor environmental parameters in unique indoor facilities. Moreover, future studies should characterize the different sources of microbes in indoor facilities, and they should perform a quantitative assessment of the bacterial and fungal taxa of interest with standard measurement methods and accurate equipment.
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Figure 1. Collected environmental factors by sample types. Red: MUFs (multi-use facilities), blue: PTFs (public transportation-related multi-use facilities). * Statistically significant difference between the two sample types (p-value < 0.05). 
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Figure 2. Bacterial relative abundance (%) at the (a) phylum, (b) order, and (c) genus levels in MUF and PTF samples. The data are reported as relative abundances (%) of taxa with abundances of ≥1%. 
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Figure 3. Fungal relative abundance (%) at the (a) phylum, (b) order, and (c) genus levels in MUF and PTF samples. The data are reported as relative abundances (%) of taxa with abundances of ≥1%. 
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Figure 4. Principal coordinate analysis (PCoA) plot of the relative abundance at the genus level calculated based on Bray−Curtis dissimilarity. The circles represent bacterial communities, and the triangles represent fungal communities. Red: MUFs (multi−use facilities), blue: PTFs (public transportation−related multi−use facilities). 
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Table 1. Characteristics of the sampling site.
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Site Name

	
Setting

	
Location

	
Number of Users (per Day)

	
Surface Type






	
MUF

	
MUF1

	
Bathhouse

	
35.16925

128.98113

	
<100

	
stainless steel or plastics




	
MUF2

	
Urban office

	
35.15986

129.17491

	
<100

	
stainless steel

or plastics




	
MUF3

	
Food court

	
35.15686

129.05665

	
<300

	
stainless steel or plastics




	
PTF

	
PTF1

	
Subway station

	
35.11526

129.04225

	
>10,000

	
stainless steel or plastics




	
PTF2

	
Subway station

	
35.15797

129.05916

	
>10,000

	
stainless steel or plastics




	
PTF3

	
Airport

	
35.17281

128.94699

	
>400,000

	
stainless steel or plastics
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Table 2. The primers used for the 16S rRNA gene and ITS region in this study.






Table 2. The primers used for the 16S rRNA gene and ITS region in this study.





	
Type

	
Primer

	
Sequence






	
16S rRNA

	
341F

	
5′-CCT ACG GGN GGC WGC AG-3′




	
805R

	
5′-GAC TAC HVG GGT ATC TAA TCC-3′




	
ITS

	
ITS1

	
5′-CTT GGT CAT TTA GAG GAA GTA A-3′




	
ITS2

	
5′-GCT GCG TTC TTC ATC GAT GC-3′
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Table 3. Alpha diversity of bacterial communities in each sampling site.






Table 3. Alpha diversity of bacterial communities in each sampling site.





	
Type

	
Shannon

	
Simpson

	
ACE

	
Chao






	
Bacteria

	
MUF

	
MUF1

	
6.9

	
0.99

	
52,864.23

	
47,967.24




	
MUF2

	
7.33

	
0.99

	
97,715.79

	
85,289.78




	
MUF3

	
5.62

	
0.99

	
4578.77

	
7049.09




	
PTF

	
PTF1

	
5.27

	
0.97

	
6055.05

	
7741.195




	
PTF2

	
5.4

	
0.98

	
15,709.04

	
16,551.88




	
PTF3

	
5.72

	
0.98

	
22,388.45

	
22,961.41




	
Fungi

	
MUF

	
MUF1

	
1.8

	
0.52

	
1372.28

	
1298.68




	
MUF2

	
1.97

	
0.18

	
235.06

	
194.03




	
MUF3

	
1.08

	
0.52

	
956.61

	
862.45




	
PTF

	
PTF1

	
3.56

	
0.02

	
2100.89

	
2023.63




	
PTF2

	
2.64

	
0.04

	
1535.19

	
1462.68




	
PTF3

	
3.62

	
0.02

	
2319.36

	
2194.92
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