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contamination on these surfaces, especially in Southeast Asia healthcare settings. This
study aimed to explore the prevalence of microbial contamination and its diversity at
a university teaching hospital (TH) in Pahang, Malaysia, during the COVID-19 pandemic.
A purposive swab sampling approach was employed, with the sample collected three
times at two-week intervals. Microbial prevalence and diversity were assessed using
the standard plate count method and metagenomic analysis. Statistical analysis,
including ANOVA and Bonferroni tests, were performed at a significance level of alpha
value of less or equal to 0.05. The study revealed a significant prevalence of microbial
contamination on interior and exterior lift buttons, reaching 44.4 %. An important
difference was observed in the mean bacterial load between horizontal and vertical
panel lift buttons, with horizontal panels contributing more to the overall microbial
load (p < 0.05). Additionally, a significant relationship was found between the
contamination levels of exterior lift button sets and the selected floors (p < 0.05).
Metagenomic analysis identified Firmicutes as the dominant phylum, with Bacillus and
Meyerozyma as the most prevalent genera. The KEGG pathway analysis emphasised
the importance of ABC transporters and two-component pathways, with enriched vital
genes involved in iron acquisition, energy utilisation, cell motility and drug resistance.
These findings underscored the prevalence of microbial contamination on hospital lift
buttons and their ability to adapt to challenging environmental conditions. Given the
potential of lift buttons to harbour pathogenic microbes, it was imperative to

Keywords: implement effective infection control measures to minimise the risk of HAls
Lift button; hospital; bacterial transmission. Future studies should broaden the scope of the research and explore
contamination; metagenomic analysis; diverse regional hospitals to understand the microbial contamination pattern on the
fomite lift buttons.
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1. Introduction

Healthcare centres, such as hospitals, are considered environments prone to contamination from
human activity, environmental factors and other living organisms. Various hospital areas, including
the operation theatre, wards and lifts, have been identified as potential reservoirs for microbial
growth [1-3]. Lifts, as essential infrastructure in hospitals, are frequently used by individuals from
diverse backgrounds and professions. The human bodily fluids, including saliva, mucous, blood, sweat
and respiratory droplets, were potential vectors that could carry contaminants, thus creating a risk
of microbial contamination [4,5].

The contamination of these surfaces posed a significant concern, as it could contribute to the
emergence of hospital-acquired infections (HAIs). The rise of HAls poses a global health challenge
due to affecting one in ten patients with increasing mortality rates, mainly when caused by
antimicrobial resistance (AMR) pathogens [6]. Although frequent cleaning and sanitisation were
employed in conjunction with this problem, some pathogens survived these processes [7]. The
economic burden of HAls is substantial, with increased treatment costs, prolonged treatment
duration, and frequent physician visits contributing to higher expenditures for both patients and the
country [8].

Numerous studies have linked communal surfaces within hospitals to the transmission of HAls.
Staphylococcus aureus, a well-known pathogen associated with HAls, was discovered from hospital
lift buttons in Iran [9]. Similarly, researchers in China had isolated Acinetobacter baumannii, another
major contributor to HAls, exhibiting carbapenem resistance [10]. Despite their natural habitats, S.
aureus, usually associated with humans, and A. baumannii, commonly found in soil and water, have
emerged as significant causes of HAls. The presence of antimicrobial resistance genes within the
hospital microbiome underscored the dire need to understand the complex microbial community
structure and its potential impact on resident health.

While noteworthy research has been conducted on HAls, a dearth of information remains
regarding the role of fomites like lift buttons in their transmission, particularly within Southeast Asian
healthcare settings. It was important to note that there was also a lack of comprehensive studies on
microbial contamination in these areas, thus highlighting the need for a longitudinal study to assess
changes on these surfaces over time. This study explored the prevalence of microbial contamination
and the underlying genetic determinants on lift buttons at a university teaching hospital (TH) in
Pahang, Malaysia. This location was selected due to Malaysia's ranking as the fourth-highest country
in Southeast Asia for HAls prevalence and its ideal population size [11,12]. The study aimed to
understand microbes' prevalence, dominance patterns and survival strategies on these surfaces.
Addressing these topics would provide a valuable perception of the current state of microbial
contamination, giving insights into the steps to improve infection control measures in healthcare
settings. In addition, this research represented a crucial initial step in elucidating the potential risks
associated with lift button contamination and justifying evidence-based strategies to mitigate these
risks.

2. Methodology
2.1 Study Setting

The TH, a healthcare institution serving as a tertiary referral centre in a coastal urban area of

Pahang, boasted over 350 beds for inpatients. Comprising over 63 sub-clinics, departments and units,
the hospital catered to a diverse patient population from urban and rural communities. Its
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comprehensive range of healthcare services, with the support of 133 consultants and 70 sub-
specialists, extended from primary care to advanced, specialised treatments and outpatient services.

The hospital participating in this study maintained a rigorous cleaning protocol throughout the
COVID-19 pandemic. This protocol included daily cleaning, weekly decontamination and incident-
specific decontamination. Daily cleaning involved two rounds, before and after patient visiting hour,
with multipurpose detergent, where the cleaning staff would clean communal surfaces and wards.
Weekly decontamination was conducted on the weekends, while incident-specific decontamination
was implemented in response to specific events. Chlorine-based disinfectant, known for its broad-
spectrum bactericidal properties, was used for weekly decontamination and incident-specific
cleaning. The selection and concentration of chemicals and implementation of these practices
followed the Ministry of Health Malaysia (MOH) guidelines for surface cleaning [13].

2.2 Sampling Procedure

This study aimed to assess the microbial contamination of hospital lift buttons under specific
conditions. The lifts eligible for sampling were accessible to all patient floors, capable of
accommodating standard hospital beds, and not involved in COVID-19-related transport. The areas
locating the lifts were systematically selected based on documented contamination reports,
including main entrances (ME), operation theatres (OT), intensive care units (ICU), paediatric wards
(PW) and general wards (GW) [1,3].

The sampling method was adapted from [14]. It utilised a cotton swab moistened with 1 mL of
0.1 % peptone water (Merck, Germany) to swab a 14 cm? area for 10 seconds. The control samples
were collected using the same procedure after disinfecting lift buttons with 70 % ethanol. The sample
collection was repeated three times at two-week intervals during the COVID-19 Movement Control
Order (March-April 2021), with 54 samples obtained from each collection, as observed in Figure 1
[15]. The samples were kept on ice until further analysis in the laboratory.

2.3 Standard Plate Count

An amount of 50 uL of the samples was evenly spread on nutrient agar plates and incubated at
37°Cfor 24-48 hours [16]. The calculation of bacteria prevalence and colony forming unit per millilitre
(CFU/mL) followed the formula suggested by [17] and [18], respectively. The statistical analysis,
including analysis of variance (ANOVA) and Bonferroni test, was conducted using (SPSS) software
version 27.0, with statistical significance set at an alpha level of 0.05 or less.
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Fig. 1. Position of sampled lift buttons. (a) Lift interior and (b) Exterior lift buttons [15]

2.4 Metagenomic Analysis

Approximately 10 uL of each sample was pooled into a tube containing 10 mL tryptic soy broth
(Merck, Germany) and incubated at 37°C with aeration of 200 rpm for 24-40 hours [19]. The sample
was then pelleted down at 13,100 x g for 5 minutes, and the supernatant was removed. The analysis
of the genomic DNA of the sample was performed using DNeasy® UltraClean® Microbial Kit (Qiagen,
Germany) according to the provided manual. The extracted DNA was evaluated for its quality and
guantity through gel electrophoresis of 1 % agarose gel (Vivantis, Malaysia) and spectrophotometer
readings.

The DNA sample, with a concentration of 45 ng/uL, proceeded with the sequencing process using
the Oxford Nanopore Technologies (ONT) MiNION flowcell (Oxford Nanopore, United Kingdom) for
long reads. Guppy version 4.4.1 software was used to base-called the sequencing data in high
accuracy mode. The reads were filtered to retain only those with a quality score of seven or higher
and then were assembled into contigs using SPAdes with default parameters [20].

The analysis and annotation of the sequence were done by uploading the file in FASTQ format
and its metadata to the Metagenomic Rapid Annotations using the Subsystems Technology (MG-
RAST) server [21]. Similarity searches of the reads were employed against reference databases like
RefSeq and KO with default settings to assign taxonomic identities. The abundance of each identified
taxon was then calculated as a percentage based on the number of reads assigned to that taxon
compared to the total number of reads obtained.

3. Results and Discussion
3.1 Implication of Microbial Load and Ecology on Lift Buttons to Human Health

The prevalence of microbes on the lift buttons was inevitable since the lifts were the leading
vertical transportation in a hospital. A prevalence of 44.4 % was determined from the 54 sampled lift
buttons of TH that yielded 104 bacterial growths. A total of 620 CFU/mL was isolated from the interior
lift buttons, as seen in Table 1. The highest colony count was contributed by floor 3, followed by floor
5.
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Table 1
Quantification of contaminants on lift buttons throughout various floors in a teaching hospital

Average colony forming unit per mL (CFU/mL + SD)

Lift Details
Floor G Floor 3 Floor 5 Floor 8 Floor 9 Total
Vertical panel 10+14.1 40+ 28.3 30424 20+ 28.3 10+14.1
< 260+ 17.1
c S Horizontal panel 0+0.0 50 +70.7 30£42.4 50+14.1 20+28.3
o
£« Vertical panel 10+14.1 10+14.1 0+0.0 0+0.0 0+0.0
a2 2 110+ 12.0
&£ 5 Horizontalpanel 10+14.1 10+14.1 40+0.0 10+14.1 20+0.0
8 Vertical panel 10141  0+0.0 10+14.1  30+424  0£0.0
g 2 250 +35.0
€ 5 Horizontal panel 20+28.3 10+ 141 60 £ 28.3 110+155.6 0+0.0
Up button 170+212.1 230+268.7 60+84.9 10+14.1 NA
= 970 +137.0
- & Down button NA 400+565.7 30424 30+42.4 40+28.3
o
g Up button 20+28.3 10+14.1 10+14.1 0+0.0 NA
a o 150 +37.6
£ & Down button NA 0+0.0 110+127.3 0+0.0 0+0.0
S Up button 0£0.0 0£0.0 40+56.6  10+141  NA
g ° 330 +89.5
S Q Down button NA 0+0.0 260+367.7 0x0.0 20+28.3
Total 250 +£53.8 760+ 1240 680+70.4 270+ 31.7 110+13.9 2070+72.8

Note: * = Significance difference (p < 0.05); SD = standard deviation; NA = data not available

The absence of pre-pandemic data on fomite contamination in Malaysian hospitals limited direct
comparisons to pre-pandemic conditions. Consequently, the findings of this study were compared to
those from hospitals in other countries. The microbial load in this study was lower than pre-pandemic
research in Kenya and Nepal private and teaching hospitals, which demonstrated a prevalence of up
to 66 % [22,23]. A study conducted in China hospital wards during the pandemic showed a bacterial
prevalence of 56 % [24]. The reducing trend of microbial load from pre-pandemic to pandemic
suggested significant improvement in addressing contaminants.

One of the main changes during the pandemic was the cleaning and sanitisation routine. While
the hospital adhered to the MOH guideline for cleaning and disinfection protocol [13], the details
regarding the contact time of the disinfectant and the extent of surface coverage were not provided.
Generally, the cleaning regularity usually followed the risk location, where moderate-risk areas
required a daily cleaning while low-risk areas needed weekly cleaning [25]. However, the
housekeeping schedule during the COVID-19 pandemic changed all areas to daily cleaning and
decontamination during the weekend [2,15]. As a result, the stringent cleaning routine and other
housekeeping measures during the pandemic helped reduce hospital bacterial load by approximately
10-20 % compared to pre-pandemic data. Innovative approaches could be taken to further reduce
the risk of contamination by integrating a voice recognition system and enforcing self-cleaning lift
buttons to minimise skin contact and accumulation of contaminants [26,27].

Although no statistically significant differences were observed in the mean bacterial load across
different floors (p > 0.05), there was significance in the other panels of the lift buttons based on
ANOVA analysis. Through confirmation with the post-hoc test, the horizontal panel in lift B
contributed more to the lift buttons' microbial load than the vertical panel (p < 0.05). The horizontal
panel lift button was placed in a specific location to facilitate disabled lift users [28]. With a limited
number of lift users at one time during the pandemic, the higher usage of the horizontal panel in the
lift reflected the subconscious behaviour of lift users.
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The exterior lift buttons of TH exhibited a higher total CFU/mL than the interior lift buttons. Lift
button set 1 had a higher microbial load than other sets, but the mean counts were insignificant.
However, there was a significance in the means between the selected floors of exterior lift button
with the lift button sets (p < 0.05). The lift buttons outside the lifts in this study were located on floors
with relative departments, with some contributing a higher number of bacteria due to more visitors
and patients [25]. However, the sterility of lift buttons in these locations should be addressed since
a higher number of visitors and patients means a higher risk of getting HAls.

3.2 Taxonomic Profiling of the Microbial Community on Lift Buttons

Metagenomic analysis of the TH sample yielded approximately 2,683,083 reads, representing an
estimated 1,100 strain based on the rarefaction curve formed from the RefSeq database. The
dominant domain identified was Bacteria. Figure 2 depicts each taxon's top strain with the highest
abundance percentage.
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Fig. 2. Taxonomic abundance across various hierarchies in the TH metagenome,

with the highest abundance highlighted in the blue box
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Firmicutes was the most abundant at the phylum level, followed by Ascomycota and
Proteobacteria. Bacilli was the predominant class, with Saccharomycetes as the second most
abundant. Clostridia, Gammaproteobacteria, Betaproteobacteria and unclassified viruses
constituted less than 0.74 % of the metagenome. Bacillales, an order within the Bacilli class, was the
most prevalent order in the TH metagenome. Bacillaceae and Debarymomycetaceae were the most
abundant families, with other families contributing less than 0.80 %. At the genus level, Bacillus
dominated, accounting for nearly 94 % of the identified strain. Meyerozyma was the second most
abundant genus, followed by Scheffersomyces, Candida and other less prevalent genera, as
illustrated in Figure 3. Genera other than Bacillus and Meyerozyma total up to 2.74 %, with an average
of 0.16 % for each genus. The one labelled as others (0.90 %) consisted of strains with an abundance
of less than 0.03 %.

Geobacillus
(0.26%)

SPB-like virus (0.22%)

Meyerozyma (2.58%) Paenibacillus (0.15%)
Others (0.90%)
Scheffersomyces (0.54%) Clostridium (0.14%)

Debaryomyces (0.31%)

Saccharomyces (0.14%)
Candida (0.27%)

|

Lodderomyces (0.12%)

Listeria (0.11%

GG Staphylococcus (0.07%) .
(93.79%) Eremothecium (0.08%)
Cupriavidus (0.07%)

Oceanobacillus (0.05%)

Clavispora Anoxybacillus
(0.03%) (0.05%)

Fig. 3. Taxonomic data of the genus level in the TH metagenome

The presence of a diverse microbial community on lift buttons reflected the current state of this
fomite. Bacillus, the most dominant genus in this sampling site and commonly originated from the
soil and water, was found on lift buttons inside the hospital [29]. The distance of these two sources
suggested an indirect transmission of Bacillus from outside the hospital into the building through a
vector. However, the potential of this bacteria originating from humans existed since some
researchers reported that Bacillus was identified as a normal human microflora [29]. Moreover,
Bacillus was recognised as a prevalent bacteria on fomites, increasing the risk of it causing HAls in
immunodeficient people [30]. The ability of Bacillus to form endospores allowed it to survive against
disinfectant and low-humidity environments [31].

The second predominant genus in TH, Meyerozyma, was previously identified from blood samples
of patients with HAls. The presence of Meyerozyma from lift buttons was speculated to be
transmitted from infected human skin, mouth, throat and other cutaneous origin [32]. However,
there was no report on the original reservoir of this fungi, making it difficult to pinpoint the
trustworthy transmission source. Interestingly, Scheffersomyces, commonly used as xylose
fermenters in the bioethanol industry, was isolated from the lift buttons [33]. This yeast usually
occupies a xylose-rich habitat, like rotting wood and the presence of Scheffersomyces on the lift
buttons could be due to reproductive-spore dissemination [34]. The appearance of diverse microbes
on the lift buttons was concerning since it became a risk not limited to patients and visitors.
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The microbial communities identified on the lift buttons in this study differed vastly from those
reported in studies conducted in Kenya and Brazil [23,35]. These studies primarily isolated common
hospital contaminants such as Proteus spp., Streptococcus spp., Staphylococcus spp. and Escherichia
coli from fomites like staircase handrails and door handles [36,37]. The observed differences in
microbial communities might be attributed to several factors, including variations in cleaning and
disinfection protocols, environmental conditions, patient demographics and regional differences in
microbial ecology. Additionally, the specific location of the lifts within the hospital, such as near
patient rooms or public areas, might influence the types of microbes present. The data highlights the
potential impact of specific hospital environments and activities on the microbial ecology of high-
touch surfaces.

The presence of these microbes on the hospital lift buttons during the pandemic signified the
effectiveness of the cleaning protocol conducted on the lift buttons. The use of chlorine-based
disinfectants and multipurpose detergents was ineffective in managing the colonisation of these
microbes in the hospital, as discussed by [7]. Although the ineffective cleaning routine might be due
to the dirt or type of wiping cloth used [38], these microbes were still present on the lift buttons even
during the stringent cleaning routine during the pandemic. The data showed the need to change the
disinfectant's concentration and contact time and determine the compatibility of these disinfectant
to be used on these surfaces [39].

3.3 Interpreting the Survival Mechanisms of Lift Buttons Microbiome

The KEGG pathway analysis, performed using the KO database, showed that the microbiome had
several enriched metabolic pathways and functional capabilities. Most of the paths annotated by the
analysed data were involved in the metabolism of the microbes, followed by the environment and
genetic information processing, as displayed in Table 2. The table presented a subset of pathways
the online analysis tool identified, focusing on those with the highest abundance. The total number
of annotated pathways, as determined by the tool, was 940,540. Since other fields showed less
pronounced results, this study did not highlight the result.

Table 2

Abundance of pathways identified through KEGG pathway analysis of the microbiome on hospital lift buttons
Functional protein Percentage of
Field Group Pathway abundance (%)
EIP Membrane Transport ABC transporters (PATH: ko02010) 9.8

EIP Signal Transduction Two-component system (PATH: ko02020) 6.9

GIP  Translation Aminoacyl-tRNA biosynthesis (PATH: ko00970) 4.1

MET  Amino Acid Metabolism  Alanine, aspartate and glutamate metabolism (PATH: ko00250) 3.8

MET  Nucleotide Metabolism Purine metabolism (PATH: ko00230) 3.3

MET Amino acid metabolism Glycine, serine and threonine metabolism (PATH: ko00260) 2.6

MET Amino acid metabolism Cysteine and methionine metabolism (PATH: ko00270) 2.2

EIP Membrane transport Phosphotransferase system (PATH: ko02060) 2.2

CEP  Cell motility Bacterial chemotaxis (PATH: ko02030) 2.2

GIP Replication and repair DNA replication (PATH: ko03030) 2.1

MET Amino acid metabolism  Valine, leucine and isoleucine degradation (PATH: ko00280) 2.0

GIP  Transcription RNA polymerase (PATH: ko03020) 1.9

MET  Amino acid metabolism  Arginine and proline metabolism (PATH: ko00330) 1.7

MET  Energy metabolism Oxidative phosphorylation (PATH: ko00190) 1.7

GIP  Translation Ribosome (PATH: ko03010) 1.7

Note: EIP = Environmental Information Processing; GIP = Genetic Information Processing; MET = Metabolism; CEP =
Cellular Processes; PATH = the pathway number annotated by the database
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The analysis identified 187 distinct metabolic pathways, categorised into 43 groups or
subsystems. Amino acid metabolism was the most prevalent pathway, accounting for 17 % of the
annotated subsystems. Among the identified pathways, the ATP synthase binding cassette (ABC)
transporters pathway had the most abundant annotated genes, significantly outnumbering other
pathways. Given their crucial role in microbial survival within the hospital environment, the ABC
pathway and the two-component systems were further analysed.

The identified pathways encompassed multiple gene sets, each exhibiting varying levels of
upregulation, downregulation or unchanged expression in response to diverse internal and external
stimuli. Figure 4 illustrates the distribution of enriched gene sets within the ABC transporter pathway,
where the abundance reflected the number of strains harbouring specific enriched genes.

ABC-2 and other transporters Metallic cation, iron siderophore and vitamin Bl2 transporters
Antibiotics Iron complex O— Fhub | FhuB | FhuC |-»
Hemolysin CvIB Vitamin B127 O—{ EtuF | Bl | Etul} I—b

Manganese O—| MntC | MatB | Mntd |»

-
LA
= |
2l |e
[]
al e

Capsular polysaccharide ©

Zine O—| ZnuA | ZnuB [ ZnuC |-»

Lipopolysacchande O

Iron (IL, 1) / Manganese / Zinc O— MtsA | MtsB | MisC |-»

RfbA
Teichoic acid O TagG | TagH i
Iron (Iy / Manganese O—| SitA 5 SitB l—P
Lipo-oligosacchande O Nodl | Nodl SitD
Na* O NatB | NatA Zinc /M T O TroA |-29€ I'TvoB }»
ine /Manganese /Tron (I) o TroD o
Hemine O | HeB | Hitd | ChiM
Cobalt Chily - Chi0 I—F
BaciracinO CoiQ
. ——| ChiM :
. . LolC Nickel ChilN : Ch0 l—P
Lipoprotein O LolE LolD l—F ChiQ
CemC |
Heme CemA
CemB_[——
Cell division 0 1 00 400 600 300 1000 1000
Abundance
. . LptF
L lysaccharide O
ipopolysaccharide LptG LptB

Fig. 4. Genes enriched in the ABC transporter pathway

Genes from the iron complex transport system, fhuB, fhuD and fhuC, were the most prevalent.
The enrichment hierarchy was followed by bceB, yadG, yadH and tagH genes, which were involved
in the antibiotics and other antimicrobial agents. The genes enriched in the iron complex, cobalt,
nickel and zinc pathways were speculated to relate significantly with the microbe environment,
where they were enriched to obtain iron from the environment for growth, survivability and
pathogenicity [40]. Genes involved in antimicrobial agents were also enriched in the microbiome. The
presence of enriched genes in the teichoic acid pathway suggested that it could be triggered by
antibiotics such as bacitracin, a common tropical antibiotic ointment [41,42]. Given that the ointment
could be bought without a prescription, the microbiome's response to the stimuli proved that the
environment was polluted with related chemicals. Since some microbes, like B. subtilis, could become
resistant to it, the use of over-the-counter antibiotics should be limited [43].
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The two-component system comprised 11 families, with the CitB, OmpR and NarL families playing
pivotal roles in the survival of the microbiome, as seen in Figure 5. The CitB family, for instance,
demonstrated significant enrichment of genes involved in malate utilisation. Similarly, the NarL
family exhibited an enrichment of the narG, which is crucial for nitrogen metabolism. The OmpR
family, on the other hand, showed enrichment of genes associated with cell motility, enabling the
microbiome to respond to changes in cell density.
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Fig. 5. Genes enriched in the two-component system pathway

Microbes obtain their essential energy requirement from the environment. In a glucose-lack
environment, the microbes demonstrated adaptability by enriching genes involved in malate and
nitrogen utilisation. B. subtilis could obtain malate from decomposing organic matter and chemical
compounds. At the same time, nitrogen was taken directly from the soil and eventually used to
produce energy for their survivability [44,45]. In addition, the enrichment of genes involved in cell
motility demonstrated the potential growth of the microbes even on the lift buttons. The survival
tenacity of the microbes was something to be concerned about since the accumulation of these
microbes could increase the risk of transmission.

It was important to note that this study was conducted in a single hospital in a specific region,
limiting the generalizability of the findings. The sample size was relatively small, which might have
influenced the statistical power of the analysis. Additionally, the study focused on a specific period
during the COVID-19 pandemic, which might have affected the microbial community and diversity.
Furthermore, the lack of detailed information on the cleaning protocols and disinfectant use could
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limit the results' interpretation. Further studies could address these limitations by expanding the
geographical scope, increasing the sample size and incorporating a more comprehensive assessment
of cleaning and disinfection practices.

4. Conclusion

In conclusion, the lift buttons in TH exhibited intriguing findings that illuminated the diversity of
microbial contamination and the hospital ecosystem's adaptable mechanisms. A prominent
prevalence of microbial contamination was observed on the lift buttons, reaching up to 44.4 %, with
the exterior lift buttons contributing 1,450 CFU/mL to the total microbial load. Remarkably, there
was a substantial difference in contaminant prevalence observed between the horizontal and vertical
panel lift buttons, with the horizontal panel being more contaminated than the other panel (p < 0.05).
Moreover, this study showed a significant relationship between the contaminated exterior lift button
sets and the selected floors (p < 0.05). The metagenomic analysis revealed a diverse microbial
community on lift buttons, with Firmicutes as the dominant phylum. Bacillus and Meyerozyma were
the most prevalent at the genus level, highlighting their ability to persist despite cleaning efforts.

The KEGG pathway analysis provided insights into these microbes' metabolic capabilities and
survival mechanisms. The ABC transporter pathway showed enrichment of genes involved in iron
complex transport and antimicrobial resistance. At the same time, the two-component system
exhibited enrichment of genes associated with energy acquisition and cell motility. Both pathways
suggested the response-ability of the microbial community to external stimuli for its survivability.

While this study was conducted in a single hospital in a specific region, limiting the generalizability
of the data, it provided valuable insights into the microbial ecology and its survival adaption on the
hospital lift buttons. The comprehensive metagenomic analysis employed in this study allowed for a
detailed characterisation of the microbial community, including identifying critical bacterial taxa and
functional pathways. Despite the limitations, this study represented a significant contribution to the
understanding of HAls and highlighted the importance of effective infection control measures. Future
studies could broaden the scope by including more hospitals from various regions and settings,
providing a more comprehensive understanding of microbial contamination patterns on lift buttons.
In addition, research on determining the impact of different cleaning agents on microbial survival
should also be considered since this would help gain insights into optimising the hygiene practices of
frequently touched surfaces.
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