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Background: Disinfectants have been extensively used in public environments 
since the COVID-19 outbreak to help control the spread of the virus. This 
study aims to investigate whether disinfectant use influences the structure of 
bacterial communities and contributes to bacterial resistance to disinfectants 
and antibiotics.

Methods: Using molecular biology techniques—including metagenomic 
sequencing and quantitative PCR (qPCR)—we analyzed the bacterial communities 
on elevator button surfaces from two tertiary hospitals, one infectious disease 
hospital, two quarantine hotels (designated for COVID-19 control), and five 
general hotels in Nanjing, Jiangsu Province, during the COVID-19 pandemic. 
We  focused on detecting disinfectant resistance genes (DRGs), antibiotic 
resistance genes (ARGs), and mobile genetic elements (MGEs).

Results: Significant differences were observed in the bacterial community 
structures on elevator button surfaces across the four types of environments. 
Quarantine hotels, which implemented the most frequent disinfection 
protocols, exhibited distinct bacterial profiles at the phylum, genus, and species 
levels. Both α-diversity (within-sample diversity) and β-diversity (between-
sample diversity) were lower and more distinct in quarantine hotels compared 
to the other environments. The abundance of DRGs, ARGs, and MGEs was also 
significantly higher on elevator button surfaces in quarantine hotels. Notably, 
antibiotic-resistant bacteria (ARBs), including Escherichia coli, Acinetobacter 
baumannii, and Pseudomonas aeruginosa, were detected in all four settings.

Conclusion: The structure of bacterial communities on elevator button surfaces 
varies across different environments, likely influenced by the frequency of 
disinfectant use. Increased resistance gene abundance in quarantine hotels 
suggests that disinfection practices may contribute to the selection and spread 
of resistant bacteria. Enhanced monitoring of disinfection effectiveness and 
refinement of protocols in high-risk environments such as hospitals and hotels 
are essential to limit the spread of resistant pathogens.
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1 Introduction

In March 2020, the World Health Organization (WHO) officially 
declared the 2019 COVID-19 outbreak a global pandemic (1, 2). At 
this time, the WHO emphasized the importance of proper  and 
consistent disinfection and environmental cleaning practices (3). 
Although effective vaccines against SARS-CoV-2—the virus 
responsible for COVID-19—have been developed (4), and some 
therapeutic advancements have been made (5), disinfection remains 
a critical strategy for eliminating viral and bacterial pathogens and 
reducing infection transmission in both household and community 
settings, as most microorganisms can be  effectively killed by 
disinfectants (6–8). When used appropriately, disinfectants have been 
shown to lower microbial contamination and prevent infections (9). 
However, excessive use of disinfectants can result in significant 
environmental residue buildup (10), which not only threatens human 
health but also contributes to a range of environmental issues.

Disinfectants have been reported to impact biological 
communities (11). The large-scale use of disinfectants during the 
COVID-19 pandemic may have disrupted ecological balances between 
microorganisms and their hosts (12), thereby altering the structure of 
bacterial communities (13). As antimicrobial agents, disinfectants 
exert selective pressure that can promote the emergence of resistant 
cells (7) and studies have shown that repeated exposure may increase 
bacterial tolerance (13). Moreover, the overuse and misuse of 
disinfectants could contribute to the development of antibiotic 
resistance in bacteria (14).

Previous research on the negative effects of disinfectants has 
largely focused on municipal waste and natural environments (15, 16). 
However, during the COVID-19 pandemic, disinfection efforts were 
especially intensified in community and public spaces such as schools, 
office buildings, shops, hospitals, and quarantine hotels (17–19). 
Medical facilities and hotels—particularly those used for quarantine—
often employed high-frequency, high-dose disinfection protocols to 
maximize efficacy and maintain health and safety. Elevators, as high-
traffic public areas, are particularly vulnerable to microbial 
contamination (20). Elevator buttons are high-contact surfaces and 
potential carriers of pathogenic microorganisms (18). As a result, they 
have become key targets for disinfection. The structure of microbial 
communities plays a vital role in maintaining ecosystem balance and 
can serve as an indicator of environmental pollution and ecological 
health (21, 22). However, the widespread use of disinfectants during 
the COVID-19 pandemic may have influenced the microbial 
composition on elevator button surfaces. Because disinfectants have 
specific bactericidal spectra, they selectively inhibit or eliminate 
certain bacteria, while others are less affected. This selective action 
alters bacterial abundance and can disrupt the overall microbial 
structure (7).

Historically, research and practical efforts have primarily focused 
on the quality of disinfectants, proper preparation and storage 
methods, and potential bacterial contamination of disinfectant 
containers, along with the effectiveness of disinfection. However, 
growing attention is now being directed toward environmental risk 

factors, particularly the misuse and overuse of disinfectants. Frequent 
and high-dose applications may contribute to the development of 
increased bacterial tolerance to disinfectants (13). Bacteria can 
develop resistance to disinfectants by carrying disinfectant resistance 
genes (DRGs). If the concentration of commonly used disinfectants is 
not effective in killing bacteria, it may inadvertently promote the 
spread of bacteria.

In parallel, the widespread use of antibiotics has led to the 
emergence of antibiotic-resistant bacteria (ARBs), including strains 
resistant to three or more commonly used antibiotics—commonly 
referred to as multidrug-resistant (MDR) bacteria. Increasing 
evidence suggests a link between disinfectant use and the development 
of antibiotic resistance. Studies have shown that extensive use of 
quaternary ammonium compounds, a common class of disinfectants, 
may enhance bacterial resistance to antibiotics (23). Therefore, 
we  hypothesize that the frequency and type of hospital-grade 
disinfectant applied to elevator buttons will significantly shape the 
resident bacterial community composition, and antibiotic resistome.

In this study, swab samples were collected from elevator buttons 
in general hospitals (tertiary hospitals), quarantine hotels, standard 
hotels, and an infectious disease hospital. Metagenomic analysis was 
employed to investigate the structure of bacterial communities and 
their resistance to both disinfectants and antibiotics.

2 Materials and methods

2.1 Site selection and sampling

As shown in Figure 1A, swab samples were collected between 
September and October 2022 from elevator buttons in two general 
hospitals, one infectious disease hospital, two quarantine hotels, and 
five general hotels in Nanjing, Jiangsu Province, China. In total, 41 
elevator button samples were collected, of which 38 met the inclusion 
criteria and were selected for further analysis. Among these, 10 
samples were from quarantine hotels, 9 from general hospitals, 10 
from the infectious disease hospital, and 9 from general hotels.

Disinfection frequency varied by site. In general hospitals, the 
infectious disease hospital, and general hotels, elevator buttons were 
disinfected 4–8 times daily. In quarantine hotels, buttons were 
disinfected after each use, amounting to at least 20 times per day. 
Disinfectant types also differed: chlorine-based disinfectants at a 
concentration of 1,000 mg/L were used in infectious disease and 
general hospitals; 75% ethanol was used in general hotels; and both 
75% ethanol and 1,000 mg/L chlorine-based disinfectants were 
applied in quarantine hotels. Prior to COVID-19, elevator buttons in 
most public settings were not routinely disinfected, based on site 
interviews and institutional policies.

The daily human traffic varied significantly across the four types 
of facilities included in the study. According to public or administrative 
records, the general hospitals experienced the highest volume, with 
approximately 5,000 visitors per day. In contrast, infectious disease 
hospitals saw about 500 visitors daily. General hotels accommodated 
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FIGURE 1

IHP, HP, HT, QH represent infectious disease hospital, general hospitals, general hotels, and quarantine hotels, respectively. (A) The elevator buttons 
surface was sampled in infectious disease hospital, quarantine hotels, general hospitals, and general hotels. (B) Distribution and relative abundance of 
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around 200–300 guests per day, while quarantine hotels had the lowest 
occupancy, hosting approximately 100–150 individuals per day, with 
movement restrictions in place due to COVID-19 control measures.

The sampling protocol followed a previously established method 
(24). Briefly, for each elevator, one swab was used to sample the 
exterior “up” button on the ground floor (the most frequently used) 
and all interior buttons. Swabs were pre-moistened with sterile 
phosphate-buffered saline (PBS) for the initial collection. Samples 
were stored at −20°C or −80°C until DNA extraction and 
metagenomic analysis. All elevators remained in normal operation 
during the sampling period. A second round of sampling was 
conducted 2 days later, using pre-moistened swabs with a neutralizing 
sampling solution.

2.2 Sample processing and metagenomic 
sequencing

Total genomic DNA was extracted using the TIANGEN DP336 
kit, following the manufacturer’s instructions. DNA concentration and 
purity were assessed using agarose gel electrophoresis and ultraviolet 
absorbance (ND1000, NanoDrop, Thermo Fisher Scientific Inc.), and 
the extracted DNA was stored at −20°C for subsequent analysis. 
Sequencing libraries were prepared using the TruSeq® DNA PCR-Free 
Sample Preparation Kit (Illumina, United States), and unique index 
codes were added to each sample. Library quality was evaluated using 
a Qubit® 2.0 Fluorometer (Thermo Scientific) and an Agilent 
Bioanalyzer 2,100 system. High-throughput sequencing was 
performed on the Illumina platform (150 bp paired-end reads), 
generating an average of 10 GB of clean data per sample.

2.3 Metagenome data processing

Paired-end reads were demultiplexed based on unique barcode 
and primer sequences. High-quality clean reads were obtained using 
a previously published protocol with stringent filtering criteria. Briefly, 
raw metagenomic reads were quality-filtered using Fastp v0.23.2 with 
certain parameters. Reads containing adapters or >5% ambiguous 
bases were removed. Assembly of the high-quality reads was carried 
out using MEGAHIT (version 1.0.6), and open reading frames (ORFs) 
were predicted using MetaGeneMark (version 3.38). Redundant 
sequences were removed through clustering, and representative 
genomes with over 90% completeness and less than 5% contamination 
were selected for downstream analysis.

Taxonomic classification of the ORFs was performed using the 
DIAMOND alignment tool against a microbial reference database. 
Antibiotic resistance genes (ARGs) were identified by aligning 
sequences to the Comprehensive Antibiotic Resistance Database 
(CARD) and were categorized into more than 20 antibiotic classes, 

including beta-lactams, aminoglycosides, phenicols, fluoroquinolones, 
sulfonamides, and combination therapies. A custom MGE database 
was constructed by integrating reference sequences from ISFinder, 
INTEGRALL, and ACLAME, comprising insertion sequences, 
integrons, transposons, and plasmid elements. Sequences were 
clustered at 95% identity using CD-HIT to remove redundancy. Only 
experimentally validated MGEs were retained, and known 
contaminant or host genomic elements were excluded based on 
NCBI annotations.

2.4 Quantification of DRGs, ARGs, and 
MGEs

Quantification methods followed previously published protocols 
(25). Briefly, the count data for disinfectant resistance genes (DRGs), 
antibiotic resistance genes (ARGs), and mobile genetic elements 
(MGEs) were normalized based on the 16S rRNA gene copy number. 
Abundance was expressed as the number of gene copies per 16S rRNA 
gene copy.

2.5 Microbiome data statistical analyses

Alpha diversity (α-diversity) was assessed using the Shannon 
index, calculated with relevant packages in R software (version 3.4.2). 
Differences in α-diversity between case and control groups were tested 
using the Wilcoxon Rank Sum Test. Beta diversity (β-diversity) was 
evaluated using Bray–Curtis distance, computed with the vegan 
package in R. Principal component analysis (PCA) was conducted to 
explore the internal structure and variation within the microbial 
community data. The Metastats method was used to identify 
statistically significant differences in taxonomic abundance across 
groups. A p-value of less than 0.05 was considered statistically 
significant in all analyses.

3 Results

3.1 Bacterial community structures

The bacterial community structure on elevator button surfaces in 
quarantine hotels differed notably from those in the other three 
settings. As shown in Figure 1B, at the genus level, Pseudomonas, 
Xanthomonas, and Burkholderia were the dominant genera in 
quarantine hotels. In contrast, Cutibacterium was predominant in the 
infectious disease hospital, general hospitals, and general hotels. At 
the family level, Pseudomonadaceae dominated the microbial 
community in quarantine hotels, whereas Propionibacteriaceae was 

the top 30 bacterial genera in four environments. (C) Principal component analysis of 30 genus-level bacterial communities based on metagenomes. 
The first two principal components (PC1 and PC2) explain 93.9% of the variance in the data. The different colors represent four different places. (D) A 
diversity of bacteria at genus and family levels in four environments. (E) β diversity indicates that lower values (indicated by lighter colors) occur in 
venues of the same type. HPA1-5 and HPB1-4 represent elevator samples from general hospitals. HT1-9 and IPP1-10 represent the elevator samples 
from general hotels and infectious disease hospital, respectively. QHA1-5 and QHB1-5 are from quarantine hotel.

FIGURE 1 (Continued)
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dominant in the other three environments (Supplementary Figure S1). 
At the species level, Xanthomonas campestris was the dominant 
species in quarantine hotels, while Cutibacterium acnes was 
predominant at the other three sites (Supplementary Figure S2).

Principal Component Analysis (PCA) was used to assess the 
differences in bacterial community composition across sample types. 
Samples with more similar community structures are positioned 
closer together in the PCA plot. As shown in Figure 1C, at the genus 
level, the first two principal components accounted for 93.9% of the 
total variance and clearly separated the samples into four distinct 
groups. Notably, samples from quarantine hotels clustered separately 
from those of the other three environments, indicating a distinct 
microbial composition.

Alpha diversity (α-diversity), which reflects species richness 
within a single environment, was assessed using the Shannon index. 
As shown in Figure 1D, at the genus level, the Shannon index for 
quarantine hotels was lower than that of the infectious disease 
hospital, general hospitals, and general hotels, indicating reduced 
microbial diversity. Statistically significant differences in genus-level 
diversity were found between quarantine hotels and both the 
infectious disease hospital and general hotels. At the family level, the 
Shannon index for the infectious disease hospital was significantly 
lower than that of the other three environments. Significant differences 
were also observed between quarantine hotels and the other sites 
(infectious disease hospital, general hospitals, and general hotels).

Beta diversity (β-diversity), which evaluates differences in 
microbial composition between environments, further confirmed 
these distinctions. As shown in Figure 1E, the microbial communities 
in general hotels, general hospitals, and the infectious disease hospital 
were more similar to each other than to those in quarantine hotels. 
Analysis of Similarities (ANOSIM) based on Bray–Curtis dissimilarity 
revealed significant differences among groups (R = 0.394, p = 0.001), 
with greater variability observed within the quarantine hotel samples 
(Supplementary Figure S3). These findings suggest that microbial 
diversity in quarantine hotels was more variable compared to the other 
three environments.

3.2 Characterization of disinfectant 
resistance

Disinfectant resistance refers to the failure of disinfectants, at their 
standard concentrations and recommended contact times, to 
effectively kill or inhibit microorganisms. In this study, 44 known 
DRGs were examined, and 22 of these genes were detected across the 
collected samples. Notably, the abundance of DRGs was significantly 
higher in samples from quarantine hotels compared to those from the 
other three environments (data not shown).

As shown in Figure  2A, three transporter-encoding genes—
AcrAB, OprF, and TolC—exhibited statistically significant differences 
in abundance between quarantine hotels and the other sites. These 
genes encode outer membrane channel proteins that contribute to 
resistance by facilitating the efflux of toxic substances, including 
disinfectants, from bacterial cells. In addition to these, other resistance 
genes identified included qacA, qacB, qacE, qacJ, EmrE, and mdfA, 
which are commonly associated with resistance to quaternary 
ammonium compounds (QACs) and other disinfectant agents 
(Figure 2B).

Minimum inhibitory concentration (MIC) testing revealed that 
Staphylococcus aureus strains exhibited a MIC of 200 mg/L against 
chlorine-based disinfectants (Supplementary Figure S4). As shown in 
Figure 3, the minimum bactericidal concentration (MBC) of S. aureus 
isolated from quarantine hotels was 250 mg/L—higher than the MBCs 
observed in isolates from the other three environments. This finding 
suggests an elevated level of disinfectant tolerance in bacterial 
populations from quarantine hotels.

3.3 Characterization of antibiotic resistance

Pathogenic bacteria such as Escherichia coli, Staphylococcus 
aureus, and Acinetobacter baumannii were detected across all four 
environments, as shown in Figure 2B and Supplementary Figure S5. 
The abundance of antibiotic-resistant bacteria (ARB) was also 
significantly higher in quarantine hotels compared to the other 
three sites.

As shown in Figure 2C, samples collected from quarantine hotels 
exhibited the highest overall abundance of antibiotic resistance genes 
(ARGs) among the four environments studied. Specifically, the most 
abundant ARGs detected were ermZ in infectious disease hospitals, 
ErmX in general hospitals, aadA16 in general hotels, and tetC in 
quarantine hotels. These findings suggest that quarantine hotels not 
only harbor more ARGs but may also serve as reservoirs for clinically 
relevant ARBs.

3.4 Characterization of MGEs in four places

Mobile genetic elements (MGEs) are DNA sequences capable of 
moving within and between genomes, and include transposons, 
plasmids, integrons, and phages. MGEs facilitate the horizontal transfer 
of genetic material, including resistance genes, thereby accelerating 
microbial evolution and the spread of antimicrobial resistance.

Among the four environments, quarantine hotels exhibited the 
highest overall abundance of MGEs (Supplementary Figure S6). As 
shown in Figure 2D, transposase genes and the insertion sequence 
IS91 were the most prevalent MGEs detected. These elements likely 
play a significant role in the dissemination of both disinfectant and 
antibiotic resistance genes in the microbial communities found on 
elevator buttons in quarantine hotels.

4 Discussion

In this study, conducted during the COVID-19 pandemic, swab 
samples were collected from elevator button surfaces in two general 
hospitals, one infectious disease hospital, two quarantine hotels, and 
five general hotels. We analyzed the bacterial community structures 
present in these settings. Streptococci and Pseudomonas were 
commonly detected on the elevator button surfaces in both medical 
institutions and hotels, consistent with findings by Kandel et al. and 
Pereira et al. regarding surface-associated bacteria (24, 26).

Alpha-diversity analysis revealed that microbial species diversity 
on elevator buttons was higher in general hospitals, the infectious 
disease hospital, and general hotels compared to quarantine hotels. 
Similarly, beta-diversity (β-diversity) analysis showed that microbial 
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communities in quarantine hotels were distinctly different from those 
in the other three environments. The bacterial communities on 
elevator buttons in quarantine hotels exhibited greater compositional 
variability, indicating a more heterogeneous microbial landscape. At 
the family, genus, and species levels, dominant bacterial taxa in 
quarantine hotels differed significantly from those in the other 
environments. For instance, Pseudomonas syringae was more 
abundant on elevator buttons in quarantine hotels, whereas 
Propionibacterium acnes was more prevalent on buttons in general 
hospitals, the infectious disease hospital, and general hotels.

These differences may be largely attributed to the varying use of 
elevators by different populations across settings. Prior research by 
Guo et al. suggests that patients with respiratory infections are more 
susceptible to airborne pathogens, which may influence microbial 
spread (27, 28). Another key factor is the type and frequency of 
disinfectant use. Quarantine hotels demonstrated the most frequent 
elevator disinfection practices. However, excessive disinfection may 
selectively eliminate more sensitive bacterial species, thereby altering 
the overall bacterial composition of surfaces (8). Here, we acknowledge 

that this was an observational field study, and multiple confounding 
variables—such as human microbiota differences, environmental 
ventilation, surface material, and user behavior—could influence 
microbial composition. While disinfectant practices were a major 
variable, our findings should be interpreted in the context of these 
co-existing factors.

A variety of DRGs were detected across the four environments 
examined in this study—general hospitals, an infectious disease 
hospital, quarantine hotels, and general hotels. Among these, the 
highest abundance of DRGs was found on the surfaces of elevator 
buttons in quarantine hotels. In particular, the genes AcrAB, OprF, and 
TolC were significantly more abundant in bacterial communities from 
quarantine hotel samples compared to those from the other three 
environments, with the differences being statistically significant.

Bacteria carrying DRGs are known to exhibit resistance to 
disinfectants (8). The frequent and high-intensity use of 
disinfectants in quarantine hotels may selectively promote the 
survival and proliferation of resistant strains, while more sensitive 
bacteria are eliminated. This selective pressure facilitates the 

FIGURE 2

IHP, HP, HT, QH represent infectious disease hospital, general hospitals, general hotels, and quarantine hotels, respectively. (A) After Wilcoxon statistical 
test, the distribution of statistically significant disinfectant resistance genes in the two groups showed that * represented p < 0.05, ** represented 
p < 0.01, *** represented p < 0.001. (B) Absolute abundance of antibiotic resistance of different bacterial types in four environments. (C) Absolute 
abundance of the top 50 resistance genes in four environments. (D) Relative abundance of MGE in four environments.
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enrichment of DRGs in the microbial population, contributing to 
increased disinfectant resistance over time (8). Alternatively, if 
disinfectants are applied at sublethal concentrations, they may fail 
to eliminate bacteria effectively, providing further opportunities for 
microbial adaptation and the propagation of resistance genes (8). 
The genes AcrAB, OprF, and TolC are closely associated with 
bacterial resistance mechanisms. Li et al. reported that AcrAB and 
TolC together form the AcrAB-TolC efflux pump, which enables 
bacteria to expel toxic compounds, including disinfectants, from 
the cell (25). Additionally, Machado et  al. demonstrated that 
Pseudomonas aeruginosa adapts to benzalkonium chloride 
disinfectant through mechanisms involving the OprF gene, which 
encodes an outer membrane protein essential for this 
resistance (29).

This study similarly found that the highest abundance of ARGs 
was present in bacteria on the surfaces of elevator buttons in 
quarantine hotels. The most prevalent ARGs identified in quarantine 
hotels, infectious disease hospitals, general hospitals, and general 
hotels were tetC, ermX, ermZ, and aadA16, respectively. Disinfectants 
have been shown to promote the horizontal transfer of ARGs (30).

Residual concentrations of disinfectants can unintentionally 
select for and enrich an antibiotic resistome through several 
interrelated mechanisms: (a) Selective pressure at sub-lethal levels, 
when disinfectant concentrations fall below the minimum 
bactericidal threshold—either because of dilution over time or 
uneven application—sensitive cells are killed but more tolerant 
variants survive. Those surviving variants often carry mutations or 
mobile elements (e.g., genes encoding efflux pumps) that confer 
increased tolerance not only to the disinfectant, but also to 
structurally unrelated antibiotics (cross-resistance) (31); (b) 
co-selection via mobile genetic elements, many disinfectant-tolerance 
genes (e.g., qac efflux pumps) reside on the same plasmids or 
integrons as antibiotic-resistance genes (32); (c) induction of stress 
responses and enhanced horizontal gene transfer, sub-lethal oxidizing 
agents (e.g., hypochlorite) can generate reactive oxygen species that 
trigger the bacterial SOS response. The SOS response upregulates 
error-prone DNA polymerases (increasing mutation rates) and 
induces expression of integrase and conjugation machinery, 
facilitating the acquisition and dissemination of resistance genes 
(33, 34).

FIGURE 3

The figure shows the MBC experiment results of 4 strains of Staphylococcus aureus. The MBC value of Staphylococcus aureus isolated from the 
quarantine hotels was 250 mg/L, and the MBC value of Staphylococcus aureus isolated from the general hotels, infectious disease hospital, and 
general hospitals was 200 mg/L. The concentration of chlorine-containing disinfectant in 3 test tubes from left to right in each picture was increasing 
at 200 mg/L, 250 mg/L, and 300 mg/L, respectively. Turbidity indicates bacterial growth, while clear indicates no bacterial growth. (A) Staphylococcus 
aureus isolated from the surface of the quarantine hotels, turbidity only observed in the first tube. (B–D) Represents the MBC results of Staphylococcus 
aureus which isolated from the surface of the general hotels, of the general hospitals, and of the infectious disease hospital, no growth was observed 
these isolated Staphylococcus aureus.
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The identified tetC from elevator button surfaces in hotel 
environments aligns with findings from wastewater treatment plant 
studies, where tetC also emerged as a major ARG (35), which 
encodes resistance to tetracycline antibiotics (36). Zhang et  al. 
found that disinfectant use can affect the abundance of the tetC 
gene, with the tetC/16S rRNA ratio increasing in environments with 
frequent disinfectant exposure (37). Therefore, the elevated 
abundance of tetC on elevator buttons in quarantine hotels is likely 
related to the high frequency of disinfectant application in 
these settings.

The abundance of ARGs are influenced primarily by antibiotic 
usage patterns (35). Both ermZ and ermX are macrolide resistance 
genes (38, 39). and their higher prevalence in hospital environments 
may be attributed to the widespread use of macrolide antibiotics for 
treating various infections (40). In general hotels, the most 
prevalent ARG was aadA16, which confers resistance to 
streptomycin and spectinomycin. This gene is commonly found in 
various pathogens, including Klebsiella pneumoniae and E. coli 
(41–43).

Bacteria carrying antibiotic resistance genes (ARGs) can develop 
resistance to antibiotics (44). In line with the ARG findings of this 
study, the abundance of antibiotic-resistant bacteria (ARBs) on the 
surfaces of elevator buttons was highest in quarantine hotels compared 
to the other three environments. Among the identified pathogens, 
Pseudomonas aeruginosa, E. coli, and Acinetobacter baumannii showed 
the highest proportions of antibiotic resistance in quarantine hotels. 
These three bacteria are clinically significant pathogens known to pose 
serious risks to human health. Drug-resistant P. aeruginosa presents a 
major challenge in clinical settings, particularly for 
immunocompromised or chronically ill patients, due to its resistance 
to multiple antibiotic classes (45). Once considered a relatively 
low-risk pathogen, A. baumannii has attracted increasing attention 
over the past decade owing to its rapid acquisition and spread of 
antibiotic resistance (46). In particular, the emergence of carbapenem-
resistant A. baumannii (CRAB) has had substantial implications for 
both clinical treatment and public health (47, 48).

In addition to vertical transmission to offspring, bacterial 
resistance genes can also be transferred between bacteria of the same 
or different species through horizontal gene transfer (HGT) (48). 
HGT primarily facilitates the dissemination of resistance genes via 
mobile genetic elements (MGEs), which are key contributors to the 
spread of both antibiotic resistance genes (ARGs) and disinfectant 
resistance genes (DRGs) (49, 50). In this study, bacteria on the surfaces 
of elevator buttons in quarantine hotels exhibited the highest 
abundance of MGEs among the four environments examined.

Furthermore, the most frequently detected MGEs across all 
environments were transposases, followed by the insertion sequence 
IS91. The high frequency of disinfectant use in quarantine hotels may 
enhance the horizontal transfer of MGEs between bacterial species. 
Jin et al. reported that chlorine-containing disinfectants can promote 
plasmid-mediated horizontal gene transfer, enabling intergeneric 
exchange of ARGs and fostering the emergence of new antibiotic-
resistant bacteria (ARBs) (31). Transposases are among the most 
commonly identified MGEs (51), S Shi et al. also found them to be the 
most abundant MGE type in pesticide-contaminated wastewater 
treatment plants (52). IS91, often located near virulence-associated 
genes, plays a significant role in the dissemination and evolution of 
bacterial pathogenicity and virulence (53).

5 Limitations of the study

This study has several limitations that should be acknowledged. 
First, the sample size and geographic scope were limited, as samples 
were collected from only ten sites within a single city (Nanjing, 
China), which may restrict the generalizability of the findings to other 
regions or environments. Second, the sampling period was relatively 
short (September to October 2022), preventing assessment of 
temporal variations or seasonal trends in microbial communities and 
resistance gene profiles. Third, although metagenomic sequencing 
enabled detection of antibiotic resistance genes (ARGs), disinfectant 
resistance genes (DRGs), and mobile genetic elements (MGEs), the 
study did not validate their functional expression or resistance 
phenotypes through culture-based assays. Additionally, daily human 
traffic could influence microbial load. These limitations highlight the 
need for broader, longitudinal, and functionally integrated studies in 
future research.

6 Conclusions and recommendation

In summary, this study characterized the bacterial community 
structure on elevator button surfaces across four different 
environments and identified the presence of potential bacterial 
pathogens. The frequent disinfection measures implemented during 
the COVID-19 pandemic may have influenced the prevalence of 
resistance genes. Our findings showed that the abundance of 
disinfectant resistance genes (DRGs) and antibiotic resistance genes 
(ARGs) was significantly higher in quarantine hotels compared to 
general hospitals, infectious disease hospitals, and general hotels. 
Additionally, the elevated levels of mobile genetic elements (MGEs) 
in quarantine hotels suggest a potential mechanism for the spread of 
DRGs and ARGs in this setting. To maintain microbial ecological 
balance, limit the transmission of pathogenic bacteria, and protect 
public health, it is essential to implement rational and targeted 
disinfection strategies in the post-pandemic era.
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