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INTRODUCTION 

Antimicrobial resistance is a global health threat, with the potential to cause up to 10 million deaths 

per year by 2050 if no action is taken (Interagency Coordination Group on Antimicrobial 

Resistance, 2019). Antibiotic-resistant bacteria, especially those resistant to several antibiotics, 

cause infections that are hard to treat because of the limited number of effective treatments 

available. These infections are often linked to increased costs and poor treatment outcomes 

(Breathnach, 2013).  

Hospitals are a potential source of antibiotic-resistant bacteria and antibiotic resistance genes 

(ARGs), which may disseminate to the environment via wastewater (Kehl et al., 2021). Antibiotic-

resistant bacteria in the hospital environment also threaten the patients causing hospital-acquired, or 

nosocomial, infections (Breathnach, 2013). Furthermore, the use of antibiotics in hospitals may 

create a selection pressure for antibiotic-resistant bacteria. Modern water services and sanitation 

have been effective against classical waterborne infections such as cholera and typhoid fever. The 

emergence of carbapenem-resistant bacteria has, however, drawn the attention to the role of drains 

as reservoirs of antibiotic-resistant bacteria (Kizny Gordon et al., 2017). The environmental 

conditions in the drains, such as moist surfaces, stagnant water, suitable temperatures, and nutrients 

washed down the drain create convenient environments for biofilm-forming bacteria. The biofilms, 

in turn, are favorable settings for horizontal gene transfer (Balcázar et al., 2015), which facilitates 

the spread of ARGs between bacterial strains and species (Davies & Davies, 2010). In addition, 

biofilms are highly tolerant to cleaning by disinfectants (Bridier et al., 2011), and infection control 

interventions against pathogens colonizing the hospital water environment are rarely successful 

(Kizny Gordon et al., 2017). Even if the pathogen is successfully eliminated from one drain, it may 

colonize it again from another reservoir in the same building, since there is evidence of the 

capability of bacteria to spread between drains through connecting pipes (Kotay et al., 2017; 

Moloney et al., 2020). Furthermore, experimental studies have shown that bacteria can grow from 

the sink trap to the strainer and disperse to the surroundings of the sink via droplets when tap water 

directly impacts the strainer (Kotay et al., 2019), which might lead to transmission to patients, 

either directly or indirectly. In addition, slow drainage rates may further increase the risks 

associated with sinks that have the drain directly underneath the tap (Aranega-Bou et al., 2019). 

Assessment of risks associated to the occurrence of ARGs in different environments is difficult, and 

the methods for risk assessment are yet developing (Martínez et al., 2015). To achieve a better 

understanding on the drivers of antibiotic resistance, it is important to identify the potential hotspots 
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of antibiotic resistance also in the built environment, as according to the One Health approach, our 

living environment is interconnected with our health (Hernando-Amado et al., 2019). The current 

research of antibiotic resistance in drains is focused mainly on hospitals. Several studies have 

detected antibiotic-resistant bacteria in the sink traps or shower drains of hospitals, and in some 

cases, the antibiotic-resistant bacteria colonizing these environments have been linked to patients 

infected by these resistant strains (Betteridge et al., 2013; Jamal et al., 2020; Roberts et al., 2020). 

This kind of connection has also been made in Finland (van Beek et al., 2019). However, the 

current understanding of antibiotic resistance in the drains of residences, and how it relates to the 

situation in hospitals is limited. Antibiotic-resistant bacteria have been isolated or ARGs detected 

from the sink traps (Cole et al., 2003) and shower drains (Schages et al., 2020) of private homes. 

Still, to our knowledge, studies comparing antibiotic resistance in the drains of homes and hospitals 

have not been published. 

Antibiotic resistance in sink traps or shower drains has been studied mostly using culture-based 

methods, sometimes combined with whole-genome sequencing, or PCR, with a limited number of 

antibiotics or resistance genes studied at once (Betteridge et al., 2013; Jamal et al., 2020; Schages et 

al., 2020). Recently, shotgun metagenomic sequencing has been applied to antibiotic resistance 

research in hospital environments (Chng et al., 2020; Constantinides et al., 2020). Since 

metagenomics are not limited by the ability of bacteria to grow on culture conditions, or the 

selection of antibiotics or resistance genes to study, it enables the characterization of the complete 

microbial community and the detection of all ARGs in a sample, here referred to as the resistome 

(Wright, 2007). The characterization of the microbial community is important when studying the 

antibiotic resistome, since community composition can shape resistome composition (Forsberg et 

al., 2014). On the other hand, selective pressure, for example by antibiotics, can uncouple resistome 

and phylogeny (Muurinen et al., 2021). 

The aim of this study was to compare the resistomes in the drains of homes and hospitals using 

metagenomics. In addition, the microbial communities of these environments were characterized. 

The sink traps and shower drains of homes and hospital rooms were sampled for metagenomic 

sequencing, and ARGs and bacterial taxa in the metagenomes were analyzed with bioinformatic 

tools to determine whether the bacterial communities and antibiotic resistomes of home drains are 

different from those of hospitals.  
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METHODS 

Collection and treatment of hospital samples 

The hospital samples were collected from the ward for Infectious Diseases at Meilahti Triangle 

Hospital, Helsinki. The samples were taken from sink traps and shower drains of three two-bed 

patient rooms. The rooms were out of use because of pipe rehabilitation. The sampled sinks 

included two small sinks located next to the toilet bowl, three bathroom handwashing sinks, and 

three patient room handwashing sinks. One of the small sinks was covered with plastic sheet and 

therefore not sampled. Each room contained one shower and thus altogether eight sink traps and 

three shower drains were sampled. All samples were taken from the water-touching surface of the 

sink trap or shower drain by one person using dry and sterile cotton-tipped swabs (Copan). The 

swabs were placed into sterile transport tubes and 2 ml of Ringer’s solution was added to the tubes. 

Three swabs were taken from each sampling site. The samples were transported to the lab on cold 

blocks and treated immediately. 

To separate sample material from the swabs, the swab heads were cut into 2 ml Eppendorf tubes 

and centrifuged for seven minutes at 13900 x g at room temperature. The swabs were then removed 

from the tubes, and the samples in Ringer’s solution were added to the tubes from the transport 

tubes. Next, the samples were centrifuged for seven minutes at 13900 x g at room temperature, and 

the supernatant was removed. The samples were then resuspended into 500 µl of 1 x PBS (pH 7.4), 

and 250 µl of the samples were transferred into PowerBead tubes (DNeasy PowerLyzer PowerSoil 

Kit, Qiagen) and stored at -20°C until DNA extraction. The rest of the sample was mixed with 1 ml 

of 30% glycerol (in 1 x PBS, pH 7.4) and stored at -80°C. 

 

Collection and treatment of home samples 

Home samples were collected from bathroom sink traps and shower drains of 18 residences located 

in the Helsinki metropolitan area. Sampling was conducted by several persons according to 

standardized sampling protocol. The samples were taken with FLOQSwabs (Copan) moistened with 

TE buffer (pH 7.6) by first swabbing the sampled area vertically, then turning the swab 180 degrees 

and swabbing the same area again horizontally. The swab head was then cut into a tube containing 

1 ml of 1 x PBS (pH 7.4). A total of six swabs were taken from each sampling site: three for DNA 

extraction and three for storage. If the samples were transported to the laboratory within 1 hour of 

the sampling, they were transported at room temperature. Otherwise, the samples were transported 
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on cold blocks. Samples were stored at +4°C until sample material harvest and DNA extraction 

which were performed within 48 hours of the sampling. 

To harvest the sample material from the swabs, the swabs containing the samples were vortexed for 

two minutes and then centrifuged for six minutes at 8000 x g at room temperature. The swabs were 

discarded, and the centrifugation was repeated. Most of the supernatant was removed and the three 

replicates were combined. The combined samples were centrifuged again, and the supernatant was 

discarded. The pellets were resuspended using 750 μl of PowerBead Solution (DNeasy PowerLyzer 

PowerSoil Kit, Qiagen), and the resuspended samples were transferred to PowerBead tubes 

(DNeasy PowerLyzer PowerSoil Kit, Qiagen) for DNA extraction. 

 

DNA extraction and metagenomic sequencing 

The DNA was isolated using the DNeasy PowerLyzer PowerSoil Kit (Qiagen) following the 

manufacturer’s protocol. The bead beating step of the extraction protocol was performed using the 

FastPrep-24 (MP Bio) instrument at 5 m s-1 for 45 seconds. The DNA was eluted in 100 μl of 

Solution C6 (10 mM Tris, DNeasy PowerLyzer PowerSoil Kit, Qiagen), and the concentration and 

quality of the extracted DNA were evaluated with NanoDrop One spectrophotometer (Thermo 

Fisher Scientific). The extracted DNA was stored at -20°C until sequencing. The paired-end 

shotgun metagenomic sequencing was performed using Illumina NovaSeq 5000 with Nextera XT 

library at the Institute of Biotechnology, University of Helsinki. 

 

Bioinformatic analysis 

The metagenomic sequencing reads were analyzed using an in-house Snakemake (version 5.32.1) 

pipeline. The Snakemake workflow management tool enables reproducible, adaptable, and 

transparent data analysis of large datasets (Köster et al., 2021). Briefly, adapters and low-quality 

ends of the reads were trimmed using Cutadapt (version 2.7) with parameters -O 10 -m 30 -q 20 

(Martin, 2011). Read quality was analyzed using FastQC (version 0.11.8) (Andrews, 2010) and 

MultiQC (version 1.9) (Ewels et al., 2016). The presence of antibiotic resistance genes was detected 

by mapping the metagenomic reads against the ResFinder database (version 4.1, downloaded on 

8.2.2021) (Zankari et al., 2012), which is a curated database of acquired resistance genes. The 

mapping was done using Bowtie2 (version 2.4.2) with parameters -D 20 -R 3 -N 1 -L 20 -i S,1,0.50  

(Langmead & Salzberg, 2012). Samtools (version 1.9) (Li et al., 2009) was used to filter and sort 

the mapped reads to create an ARG count table. 
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MetaPhlAn3 (version 3.0) makes taxonomic assignments based on clade-specific marker genes 

(Beghini et al., 2021) and was used to perform the species-level community profiling. The results 

were merged into one abundance table using merge_metaphlan_tables.py program and filtered to 

include only taxa identified to species level. Metaxa2 (version 2.2.2) (Bengtsson-Palme et al., 2015) 

was used to obtain the taxonomic classifications for 16S rRNA reads. The tool metaxa2_ttt was 

used to summarize the output of Metaxa2 at different taxonomic levels, and the results were merged 

using metaxa2_dc tool to create one genus-level abundance table. 

Resistance genes in ResFinder database were clustered to facilitate the analysis and visualization of 

the resistome profiles in certain cases specified below. CD-HIT (version 4.8.1) (Fu et al., 2012; Li 

& Godzik, 2006) was used to cluster the resistance gene sequences according to 90% sequence 

identity threshold (cd-hit-est, parameters -c 0.9 -n 8 -d 0 -g 1). 

 

Statistical analysis 

Statistical analysis was done in R (version 4.1.0) (R Core Team, 2021). Phyloseq package (version 

1.36.0) (McMurdie & Holmes, 2013) was used to combine Metaxa2 (Bengtsson-Palme et al., 

2015), MetaPhlAn3 (Beghini et al., 2021) and ResFinder (Zankari et al., 2012) results, taxonomy or 

annotation tables, and metadata into individual phyloseq-class objects to store all data related to 

each abundance table in order. The bacterial 16S rRNA counts from Metaxa2 (Bengtsson-Palme et 

al., 2015) divided by the length of the 16S rRNA gene were used to normalize the ARG counts. The 

normalized ARG counts were then further normalized to the length of the respective gene. All 

analyses of ARGs were done using the normalized counts. The species-level taxonomic 

classifications acquired from MetaPhlAn3 (Beghini et al., 2021) were used to analyze and visualize 

the microbial communities. One home sample (K4_L) contained no taxa identified to species level 

and was thus removed from the analyses. 

Principal coordinates analyses (PCoA) of the resistomes and taxonomic compositions were done 

using phyloseq package (McMurdie & Holmes, 2013) with function ‘ordinate’. Genus-level data 

was used to analyze the taxonomic composition, and resistomes were analyzed using the ARG 

clusters. Distances between samples were calculated using Bray-Curtis dissimilarity. The ordination 

was illustrated using phyloseq (McMurdie & Holmes, 2013) and ggplot2 (version 3.3.5) (Wickham, 

2016). Permutational multivariate analysis of variance (PERMANOVA) test was used to evaluate 

whether the sampling place (home or hospital) or sample type (sink trap or shower drain) explained 
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the differences between samples. The PERMANOVA test was done using ‘adonis’ function from 

the vegan package (version 2.5-7) (Oksanen et al., 2020) with 9999 permutations. 

To compare the abundances of ARGs in homes and hospitals, total sums of the relative abundances 

of ARGs were calculated for each sample. A protocol for data exploration (Zuur et al., 2010) was 

followed to find the most suitable models and statistical tests to evaluate the statistical significance 

of the observed differences between the ARG abundances in homes and hospitals. The difference in 

the size of different groups, for example 11 hospital samples versus 35 home samples, created 

challenges for finding a suitable statistical test. These challenges were attempted to circumvent by 

randomly choosing a subset of home samples to create equal-sized sample groups and fitting 

several statistical models to the data. However, as these models had only a moderate fit due to 

persistent heteroskedasticity of the data and since a further decrease in the already low number of 

samples was not desirable, this strategy was abandoned. Instead, Wilcoxon rank-sum test was 

chosen for the pairwise comparisons between groups, since it does not assume normal distribution 

or an equal number of observations in compared groups. The sum abundances of ARGs in different 

samples were visualized using ggplot2 (Wickham, 2016), and the results from Wilcoxon rank-sum 

test shown in the figures were obtained with ggpubr package (version 0.4.0) (Kassambara, 2020). 

The diversities of the species and ARGs were examined by calculating the Shannon and Simpson 

diversities with the function ‘diversity’ from the vegan package (Oksanen et al., 2020). Wilcoxon 

rank-sum test was used to calculate the statistical significance of differences between the diversities 

of microbial communities and resistomes in homes and hospitals. The diversities and statistical 

significances were visualized using packages ggplot2 (Wickham, 2016) and ggpubr (Kassambara, 

2020). 

Phyloseq (McMurdie & Holmes, 2013) and ggplot2 (Wickham, 2016) were used to draw bar plots 

for the most abundant classes and genera present in the home and hospital samples. A heatmap of 

the 20 most abundant ARG clusters was drawn for the square root transformed data using pheatmap 

(version 1.0.12) (Kolde, 2019). The clustering for the heatmap was calculated based on all ARG 

data and run separately from the heatmap as follows: Euclidean distances between samples were 

calculated using function ‘dist’. The samples were then clustered using function ‘hclust’ with the 

method ‘complete’. 
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RESULTS 

General features of microbial community and resistome 

Sink traps and shower drains of three hospital rooms and 18 homes were sampled for metagenomic 

sequencing to characterize and compare their microbial communities and resistomes. After quality 

filtering, the number of reads per sample ranged from 400 000 to 93.7 million, with a median of 5.6 

million reads. The number of reads was higher in hospital samples (median 32.2 million) than in 

home samples (median 2.7 million). In total, 278 taxa identified to species level were detected. Of 

these, 230, 113 and 65 were found in homes, hospital rooms or both, respectively. Of the total 584 

detected ARGs, 400 were detected in home samples, and 427 in hospital samples. The number of 

ARGs shared between home and hospital samples was 243. 

Principal coordinates analyses (PCoA) were done to determine if community and resistome 

compositions were similar in similar sample types. The microbial communities and resistomes 

varied considerably between samples and the two dimensions of the PCoA explained only 31,9 and 

19,4% of the variation in community composition and resistome, respectively (Figures 1A and B). 

In the PCoA of microbial communities, all hospital shower drain samples grouped closely together, 

but otherwise there was no clear grouping of the samples according to sample type or sampling 

place. Three or four vague groups of samples could be observed, but sampling place (home or 

hospital) or sample type (sink trap or shower drain) did not explain this grouping (Figure 1A). The 

sampling place and sample type both explained only 4% of the variation in taxonomic profiles 

between samples (PERMANOVA, R2 = 0.04094 for both terms, p = 0.0246 and 0.0250). In 

contrast, the PCoA of ARG clusters divided home and hospital samples into two distinct groups, 

except for two hospital sink traps, which were more similar to home than hospital samples (Figure 

1B). These two samples were taken from the small sinks located next to the toilet bowl. Although 

the separation between home and hospital samples seemed to be clear in the case of ARG clusters, 

the sampling place explained only 8% of the variation in resistomes (PERMANOVA, R2 = 0.08082, 

p = 0.0001). Furthermore, the sample type did not explain ARG profiles in our samples 

(PERMANOVA, R2 = 0.02769, p = 0.0791). 
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Figure 1. Principal coordinates analyses of A) genus-level taxonomic profiles and B) resistomes. 

Distances between samples were calculated using Bray-Curtis dissimilarity. 
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Abundance of ARGs 

The sums of the relative abundances of all ARGs were calculated for each sample, and the resulting 

relative sum abundances were compared between home and hospital environments. The sum 

abundance of ARGs was higher in hospital than in home samples (Wilcoxon rank-sum test, p = 

0.0086, Figure 2). The sum abundances of hospital samples, however, had a high variability. 

Therefore, the difference in abundances of ARGs was studied in more detail by comparing the sum 

abundances separately for sink traps and shower drains. The hospital shower drains had a higher 

abundance of ARGs than home shower drains (Wilcoxon rank-sum test, p = 0.003, Figure 3). In 

contrast, the difference in sum abundances of ARGs between home and hospital sink traps was not 

statistically significant (Wilcoxon rank-sum test, p = 0.174734068, Figure 3). 

 

 

Figure 2. Relative sum abundance of ARGs in homes and hospitals. Abundances are normalized to 16S 

rRNA counts and gene lengths. Points represent individual samples. The indicated significance level for the 

pairwise comparison by Wilcoxon rank-sum test is ** = p ≤ 0.01. 
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Figure 3. Relative sum abundance of ARGs separately for sink traps and shower drains. Abundances 

are normalized to 16S rRNA counts and gene lengths. Points represent individual samples. The indicated 

significance levels by Wilcoxon rank-sum test are ns = p > 0.05 and ** = p ≤ 0.01. 

 

Diversities of microbial communities and resistomes 

The diversities of species and ARGs were measured using two diversity indexes: Shannon diversity 

index and Simpson diversity index. The diversity of the microbial community did not significantly 

differ between home and hospital samples with either Shannon diversity index (Wilcoxon rank-sum 

test, p = 0.2956548, Figure 7) or Simpson diversity index (Wilcoxon rank-sum test, p = 0.4606901, 

Figure 7). The diversity of ARGs, on the other hand, was significantly higher in hospital than in 

home samples according to both diversity indexes (Shannon: Wilcoxon rank-sum test, p = 9.7e-07, 

Simpson: Wilcoxon rank-sum test, p = 0.0013), although the difference was more notable with 

Shannon diversity (Figure 8). 
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Figure 7. Shannon and Simpson diversities of species in homes and hospitals. The indicated significance 

level for pairwise comparisons is ns = p > 0.05 (Wilcoxon rank-sum test). 

 

 

Figure 8. Shannon and Simpson diversities of ARGs in homes and hospitals. The indicated significance 

levels for pairwise comparisons are: ** = p ≤ 0.01 and **** = p ≤ 0.0001 (Wilcoxon rank-sum test). 
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Community composition 

To compare the microbial communities in more detail, the most abundant classes and genera were 

determined separately for home and hospital samples. The most abundant classes in homes were 

Actinobacteria, Alphaproteobacteria and Gammaproteobacteria (Figure 4A), and in hospital 

samples, Alphaproteobacteria, Actinobacteria and Betaproteobacteria (Figure 4B). Of the most 

abundant classes, Gammaproteobacteria and Flavobacteriia were relatively more abundant in home 

than hospital samples, while Alphaproteobacteria and Betaproteobacteria were more common in the 

hospital environment. 
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Figure 4. The 12 most abundant classes in sink traps and shower drains of A) homes and B) hospitals 

based on MetaPhlAn3 (Beghini et al., 2021). The relative abundance of each class is shown on the y-axis 

as a percentage of the total microbial community. Shared classes are expressed with the same colors on both 

plots. In sample names, sampling place is indicated with a letter (K = home or H = hospital), followed by 

home or hospital room number and a code for sample type. The sample type is indicated in home samples 

with a letter (L = sink trap and S = shower drain), and in hospital samples with a number (1 = shower drain, 

2 = small sink, 3 = bathroom handwashing sink and 4 = patient room sink). 
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Most samples consisted of one or two predominant genera and several that were less prevalent 

(Figure 5). The predominant genera varied between samples in both home and hospital 

environments, and the samples from the same homes or hospital rooms were generally not more 

similar to each other than to other samples (Figure 5). The 12 most abundant genera in hospital 

samples covered 83 to 98% of the total community of hospital sink traps and shower drains (Figure 

5B). In contrast, these percentages in home samples ranged from 11 to 100%, indicating that most 

of the microbial community in some home samples consisted of genera that were not abundant in 

the home samples in general (Figure 5A). The two most abundant genera in both home and hospital 

samples were Mycobacterium and Rhodoplanes, although they were not found in all samples 

(Figure 5). Other genera that were abundant in both sampling places include Stenotrophomonas and 

Cupriavidus, the latter of which was also the third most abundant genus in hospital samples. The 

third most abundant genus in home samples was Klebsiella. 
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Figure 5. The 12 most abundant genera in sink traps and shower drains of A) homes and B) hospitals 

based on MetaPhlAn3 (Beghini et al., 2021). The relative abundance of each genus is shown on the y-axis 

as a percentage of the total microbial community. Shared genera are expressed with the same colors on both 

plots. In sample names, sampling place is indicated with a letter (K = home or H = hospital), followed by 

home or hospital room number and a code for sample type. The sample type is indicated in home samples 

with a letter (L = sink trap and S = shower drain), and in hospital samples with a number (1 = shower drain, 

2 = small sink, 3 = bathroom handwashing sink and 4 = patient room sink). 
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Resistome composition 

The resistomes of home and hospital samples were different (Figures 1B and 6). No pattern was 

seen in the resistome profiles of home samples when examining the 20 most abundant ARG clusters 

(Figure 6). In most home samples, several different ARGs were found in low abundances, while 

only few, if any, ARGs were detected in high abundances in these samples (Figure 6). The 

resistomes of hospital samples, on the other hand, had a distinct pattern as they mostly clustered 

together according to their ARG cluster profiles. However, among the hospital samples, the ARG 

profiles of small sinks resembled more home samples than other hospital samples (Figure 6). The 

ARGs from clusters that were abundant in hospital samples included several genes conferring 

resistance to aminoglycosides, beta-lactams, and sulfonamides, for example, aac(6’)-IIa (alternative 

name aacA1), sul1 and sul2, and the carbapenemase gene blaVIM. Colistin resistance genes mcr-5 

and mcr-9, on the other hand, were abundant in some of the home samples, but not in any of the 

hospital samples. 
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Figure 6. Relative abundance of 20 most abundant ARG clusters. Hierarchical clustering of samples was 

performed according to their ARG cluster content to show similar samples next to each other. The resulting 

dendrogram is drawn on top of the heatmap. RA (sqrt) = Relative abundance, square root transformed. Class 

= Resistance class, or the antibiotic group the gene confers resistance to. In sample names, sampling place is 

indicated with a letter (K = home or H = hospital), followed by home or hospital room number and a code for 

sample type. The sample type is indicated in home samples with a letter (L = sink trap and S = shower 

drain), and in hospital samples with a number (1 = shower drain, 2 = small sink, 3 = bathroom handwashing 

sink and 4 = patient room sink). 
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DISCUSSION 

The aim of this study was to explore the differences in microbial communities and resistomes of 

sink traps and shower drains in homes and hospitals. The resistomes of hospital samples were 

different from those of home samples with respect to their composition and diversity. It seems that 

these differences could not be explained by taxonomy as the composition of microbial communities 

varied considerably between samples, and there was no statistically significant difference in the 

diversity of microbial communities between home and hospital samples. Furthermore, while the 

PCoA of resistomes divided the home and hospital samples into two groups, no such division was 

seen in the PCoA of microbial communities, and samples from the same homes or hospital rooms 

were generally not more similar to each other than to the other samples. To our knowledge, no 

previous studies comparing the resistomes of home and hospital sink traps or shower drains have 

been published. However, Chng et al. (2020) discovered that metagenomes from hospital 

environments, including sink traps and aerators as well as dry sites such as door handles, exhibited 

a higher diversity of ARGs than corresponding samples from the office environment, or samples 

from high-touch surfaces in other urban environments. In addition, others have reported that ARG 

profiles of air samples taken from a hospital were distinct from those taken from the nearest 

suburban community (He et al., 2020). In contrast to our findings, the microbial communities of 

hospital samples were different from the communities characterized in other urban or suburban 

environments in these studies (Chng et al., 2020; He et al., 2020). It is, however, important to bear 

in mind that the current study has several limitations, which could have affected the results. 

The most important and evident limitation of the study is the difference in the number of home and 

hospital samples, which introduced heteroscedasticity in the data. The high variability, especially in 

the structure of microbial communities, and heteroscedasticity of the data may have prevented the 

detection of some trends. In addition, the collection and treatment of samples were performed in a 

slightly different manner in homes and in the hospital, and the hospital samples were stored for four 

months before the DNA extraction. Furthermore, the hospital rooms were out of use at the time of 

the sampling, which may have affected the microbial communities of the sink traps and shower 

drains. These differences in the treatment of samples could have affected the results, as 

metagenomics are sensitive to such confounding factors (Quince et al., 2017). The reason for the 

differences in handling and the size of the two sample groups was a change in the master’s thesis 

plan. Originally, the hospital samples analyzed in this study were not planned to be included in the 

thesis but used only to test and develop the sampling and sample treatment methods for the study. 

According to the original plan, new samples from several hospitals and hospital wards were planned 
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to be collected to achieve a more diverse set of samples and a comparable number of home and 

hospital samples. Further sampling from hospitals was, however, impossible because of the Covid-

19 pandemic. To avoid delaying the master’s thesis project, the study was continued with the 

samples that were already available. In addition to differences between sample groups, another 

source of uncertainty is the high variability in the number of sequencing reads per sample, 

especially since the read counts were generally higher in hospital than in home samples. It should 

also be noted that the current study cannot account for possible changes in the resistomes or 

microbial communities over time or for the effects of variables related to the sampling time, such as 

season, as all sites were sampled only once. 

The limited number of hospital samples complicated the comparison of ARG abundances between 

home and hospital samples, as the sum abundances of ARGs had a high variability in the hospital 

samples. When comparing all home and hospital samples, the sum abundance of ARGs was higher 

in hospital than in home samples. This result is consistent with earlier studies that have reported 

hospital environments to exhibit higher abundances of ARGs than corresponding sites in other 

urban and suburban environments (Chng et al., 2020; He et al., 2020). The finding is further 

supported by a systematic review, which discovered that in most articles studying antibiotic 

resistance in wastewaters, hospital wastewater contained more antibiotic-resistant bacteria, ARGs 

or both than community wastewater (Hassoun-Kheir et al., 2020). However, the difference in ARG 

sum abundances seen in the current study may have been driven by the differences in the ARG sum 

abundances in shower drains of homes and hospital rooms, as the difference between sink traps was 

not significant. Since only three hospital shower drains were sampled, these results should be 

interpreted with caution. The carbapenemase gene blaVIM was found to be abundant in the hospital 

samples. This finding is alarming since, in Finland, infections caused by carbapenemase-producing 

bacteria have been rare but are increasing (Räisänen et al., 2020). The blaVIM gene or bacteria 

carrying it have previously been detected in the hospital drains for example in France (Lemarié et 

al., 2020), Germany (Kehl et al., 2021), and the USA (De Man et al., 2021). 

The result that the difference in sum abundances of ARGs between home and hospital sinks was not 

significant was unexpected, since the two sampling places showed a clear difference. This result 

may have been affected by the two hospital small sinks, which had a lower ARG sum abundance 

than other hospital samples. On the other hand, the ARG sum abundances of three home sink traps 

were more similar to the hospital sink traps than other home samples. Thus, it is difficult to estimate 

which samples were outliers. In addition to having low ARG sum abundance, the structure of 

resistomes in the hospital small sinks was more similar to the resistomes of home samples than to 
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other hospital samples. A possible explanation for these findings could be related to the intended 

use of these sinks. Unlike the other sinks sampled in this study, the small sinks located next to the 

toilet bowl and connected to bidet showers are not handwashing sinks. Therefore, it is likely that 

these sinks are not used to wash hands or dispose of fluids and thus may not be contaminated by 

antibiotic-resistant bacteria to a similar level as the other hospital sinks. 

Although the home and hospital samples were not separated in the PCoA of microbial communities, 

there were some differences in the abundances of certain taxa. Surprisingly, taxa belonging to the 

class Gammaproteobacteria, which includes many opportunistic pathogens, were more abundant in 

homes than in the hospital environments, with the relative abundance of Gammaproteobacteria 

ranging from 0 to 5.1% in the hospital samples. This result is in conflict with several studies, which 

have reported that the dominant taxa in hospital environments, including sink traps (Constantinides 

et al., 2020) and other sites (Rampelotto et al., 2019; Shobo et al., 2020), are taxa belonging to the 

class Gammaproteobacteria. On the genus level, the most abundant genera varied considerably 

between samples. There were some differences in the dominant genera between the home and 

hospital samples, although the two most abundant genera in both sample groups were 

Mycobacterium and Rhodoplanes. Mycobacterium spp. have been detected in the water networks of 

the built environment, such as drinking water distribution systems (Huang et al., 2021) and 

showerheads (Gebert et al., 2018). Rhodoplanes, on the other hand, is a genus of phototrophic 

bacteria and a more surprising finding. It has, however, been isolated from hospital tap water 

(Thomas et al., 2006). 

In this study, we discovered that the resistomes of hospital water environments studied here are 

distinct from those of corresponding sites in private homes with respect to their composition and 

diversity, as well as the abundance of ARGs. These differences might not be explained by 

differences in the microbial communities but may instead reflect the unique conditions of the 

hospital setting. Despite the limitations of this study, the results highlight the role of hospital sink 

traps and shower drains as potential hotspots of antibiotic resistance. Furthermore, the sink traps 

and shower drains may pose a threat to the patients if they are exposed to antibiotic-resistant 

bacteria colonizing these environments. Importantly, the study shows that shower drains should not 

be overlooked when studying antibiotic resistance in the hospital environment or planning antibiotic 

resistance surveillance. 
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