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S U M M A R Y

Background: Despite their role being historically overlooked, environmental surfaces have
been shown to play a key role in the transmission of pathogens causative of healthcare-
associated infection. To guide infection prevention and control (IPC) interventions and
inform clinical risk assessments, more needs to be known about microbial surface
bioburdens.
Aim: To identify the trends in culturable bacterial contamination across communal touch
sites over time in a hospital setting.
Methods: Swab samples were collected over nine weeks from 22 communal touch sites in a
paediatric bone marrow transplant unit. Samples were cultured on Columbia blood agar
and aerobic colony counts (ACC) per 100 cm2 were established for each site. Individual
colony morphologies were grouped and identified by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry or 16s rDNA sequencing.
Findings: Highest mean counts were observed for sites associated with ward management
activity and computer devices (3.29 and 2.97 ACC/100 cm2 respectively). A nurses’ station
keyboard had high mean ACC/100 cm2 counts (10.67) and diversity, while laundry controls
had high mean ACC/100 cm2 counts (4.70) and low diversity. Micrococcus luteus was
identified in all sampling groups. Clinical staff usage sites were contaminated with similar
proportions of skin and environmental flora (52.19e46.59% respectively), but sites
associated with parental activities were predominantly contaminated by environmental
microflora (86.53%).
Conclusion: The trends observed suggest patterns in microbial loading based on site
activities, surface types and user groups. Improved understanding of environmental
surface contamination could help support results interpretation and IPC interventions,
improving patient safety.
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Introduction

Healthcare-associated infections (HAIs) pose a significant
challenge to global healthcare systems, being associated with
significant morbidity, mortality, increased length of stay, and
costs [1]. Antimicrobial resistance among HAI-associated
pathogens compounds the issue by limiting treatment options
[2]. This, in conjunction with an increasingly susceptible
patient population, highlights the importance of infection
prevention and control (IPC) in the hospital setting [3,4].

Historically, the physical hospital environment has not been
thought to play a significant part in the transmission of
pathogens associated with HAI, and has often been overlooked
in IPC interventions [5,6]. Evidence now illustrates the key role
environmental surfaces play in the persistence and trans-
mission of HAI-causative pathogens. Environmental touch sur-
faces can become both transiently and persistently
contaminated with micro-organisms, which can disseminate
through the clinical space [7]. Multiple studies have shown the
propensity for environmental surfaces to harbour HAI-
associated pathogens outside of outbreak conditions, and
environmental reservoirs of HAI-associated pathogens are fre-
quently implicated in outbreaks [7e10]. Furthermore, there is
an increased risk (odds ratio: 2.45; 95% confidence interval:
1.53e3.93) of pathogen acquisition if a patient is admitted to a
room which was previously occupied by a patient positive for
the pathogen [11].

Studies using whole-genome sequencing have provided fur-
ther evidence of the involvement of environmental surfaces in
HAI-associated pathogen transmission [12,13]. The microbiome
of environmental surfaces in hospitals has been investigated
through 16S rDNA sequencing of whole bacterial communities
by multiple studies [8,14,15]. While this method gives high-
quality information into the microbiome present, it has high
technical requirements and cost implications, and can be
challenging to clinically interpret due to results often reporting
to genus level.

Despite the evidence illustrating the role environmental
surfaces play in HAI-associated pathogen transmission and
persistence, microbial monitoring of environmental surfaces is
rarely performed outside of outbreaks. No official guidance or
standards exist on acceptable microbial contamination of sur-
faces in healthcare settings in the UK. Standards relating to
aerobic colony counts per cm2 (ACC/cm2) values and the
presence of indicator organisms have been suggested, although
there is no clear agreed method to conduct microbial mon-
itoring [16e18]. When culture-based microbiology techniques
are used, they are often investigating a single species, or are
done to determine the ACC on a surface, which limits the
information that can be gathered from environmental
sampling.

Here, a nine-week sampling campaign of 22 communal
touch surfaces in a paediatric bone marrow transplant unit was
conducted. Culturable bacterial isolates were identified and
this information was used to determine trends in the micro-
organisms observed. This method was selected to balance
ease of use in the clinical setting with the quality of data
obtained.
Methods

Study setting

Investigations were conducted at Great Ormond Street
Hospital for Children in London, UK. Sampling was undertaken
within the bone marrow transplant (BMT) and haematology/
oncology unit, comprising of two connected wards. Each ward
contained a nurses’ station, intravenous medication prepara-
tion room, oral medication preparation room, linen cupboard
and sluice. One housed a kitchen for parent use, while the
other contained a milk preparation room and a kitchen for BMT
patient food preparation. The connecting corridor housed the
ward sample chute and laundry facilities.

Study design

Sampling was initiated following deep cleaning of both
wards in response to an adenovirus outbreak. This involved the
removal of all equipment and consumables and cleaning of all
surfaces (including walls, floors, and ceilings) with a 1000 ppm
chlorine-based agent. Sampling was conducted weekly on 22
surfaces in communal spaces across both wards and the con-
necting corridor which were associated with a wide range of
user groups and activities. Sample sites are listed in Table I,
with their locations across the unit illustrated in Figure 1.
Surface areas for all sites were calculated to allow for com-
parison between ACC on sites. Sample sites were categorized
based on: predominant contact groups (e.g. clinical staff),
sample site type (e.g. computer devices), associated activities
(e.g. ward management), potential transmission link to
patients, and perceived risk to patients. Potential transmission
link to patients and risk perceptions were determined through
consultation with the IPC team at Great Ormond Street Hos-
pital for Children. Enhanced environmental cleaning was
undertaken (twice daily cleans with a chlorine-based agent),
with surfaces regularly cleaned with sodium hypochlorite wipes
(5200 ppm) (GAMA Healthcare, Hemel Hempstead, UK).

Sample collection and culture

Samples were collected using rayon flocked swabs, with
Amies charcoal transport medium used for sample transport
(Copan Diagnostics, Murrieta, CA, USA), with a standardized
swabbing technique. Swabs were pre-moistened in nuclease-
free water prior to sample collection. Swabs were used to
inoculate Columbia blood agar plates (Oxoid, Basingstoke, UK),
which were cultured at 37 �C for 48 h. Aerobic colony counts
were identified for 100 cm2 of each surface sampled (ACC/
100 cm2). Glycerol stocks of each colony were prepared and
stored at e80 �C.

Species identification

Colonies were grouped by morphologies on each plate and
up to ten representative colonies from each grouping per plate
were selected for species identification. If all representative
colonies returned the same species identification, this identity



Table I

Sample site groupings by categorizations

Surface name Contact groups Sample site type Activity Link to patient Risk

perception

S1 Sample chute keypad Clinical staff Computer devices Sample processing Contact High
S2 Laundry washing machine controls Parent White good control Parental Contact Low
S3 Laundry drier machine controls Parent White good control Parental Contact Low
S4 Parent kitchen fridge handle Parent Handle Parental Contact Low
S5 Parent kitchen microwave handle Parent Handle Parental Contact Low
S6 Parent kitchen toaster Parent White good control Parental Contact Low
S7 Ward 1 linen cupboard handle Clinical staff Handle Ward management Intermediate Medium
S8 Ward 1 nurses’ station keyboard Clinical staff Computer devices Ward management Contact Medium
S9 Ward 1 IV room keyboard Clinical staff Computer devices IV medication

preparation
Intermediate High

S10 Ward 1 IV room scanner Clinical staff Computer devices IV medication
preparation

Intermediate High

S11 Ward 1 sluice entrance door handle Clinical staff Handle Sample processing Contact High
S12 Ward 1 oral room keyboard Clinical staff Computer devices Patient oral

ingestion
Ingestion High

S13 Milk kitchen entrance keypad Clinical staff Computer devices Patient oral
ingestion

Ingestion High

S14 Ward 2 sluice entrance door handle Clinical staff Handle Sample processing Contact High
S15 BMT kitchen toaster Non-clinical staff White good control Patient oral

ingestion
Ingestion Medium

S16 BMT kitchen fridge handle Non-clinical staff Handle Patient oral
ingestion

Ingestion Medium

S17 BMT kitchen microwave handle Non-clinical staff Handle Patient oral
ingestion

Ingestion Medium

S18 Ward 2 linen door handle Clinical staff Handle Ward management Intermediate Medium
S19 Ward 2 nurses’ station keyboard Clinical staff Computer devices Ward management Contact Medium
S20 Ward 2 IV room keyboard Clinical staff Computer devices IV medication

preparation
Intermediate High

S21 Ward 2 IV room scanner Clinical staff Computer devices IV medication
preparation

Intermediate High

S22 Ward 2 oral drug room keyboard Clinical staff Computer devices Patient oral
ingestion

Ingestion High

IV, intravenous.
Sample sites were categorized according to predominant contact group, sample site type, activity, transmission link to patient, and risk perception.

S. Watkin et al. / Journal of Hospital Infection 148 (2024) 167e177 169
was assigned to all isolates in the grouping. If representative
colonies did not return the same species identification, all
colonies in the grouping were selected for identification.

Species identification was performed using matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-ToF MS), using the MALDI Biotyper� Sirius (Bruker Dal-
tonics GmbH & Co. KG, Bremen, Germany). Samples of the
leading edge of freshly cultured isolates were applied to a
stainless-steel target plate and fixed with a-cyano-4-
hydroxycinnamic acid (HCCA) (‘direct transfer’).

Species identification was determined by the quality score
associated with each identity e assigned via the MBT Compass
reference library (Bruker Daltonics). Identification scores of
�2.0 indicated successful species-level identification, while
scores between 1.99 and 1.60 indicated genus-level identi-
fication. For isolates that did not retrieve species-level iden-
tifications when prepared using the above method, extended
direct transfer was used. This followed the same method as
direct transfer, with the addition of 70% formic acid prior to
fixing with HCCA. Isolates that were still not identified to
species level were processed by ethanol extraction prior to
MALDI-ToF as previously described [19].

Sequencing of the 16S rDNA was performed for isolates that
could not be identified to species level via MALDI-ToF MS. Iso-
lates were cultured on tryptone soy agar (37 �C, 24 h). Crude
DNA extracts were produced via boiling samples at 95 �C for
10 min. Polymerase chain reaction (PCR) of 16S rDNA was
performed using the 27F (AGAGTTTGATCMTGGCTCA) and
1492R (GGTTACCTTGTTACGACTT) primer set and MyTaq�
master mix (Meridian, Cincinnati, OH, USA). PCR conditions
were as follows: 95 �C for 3 min denaturation followed by 30
cycles at 95 �C for 15 s, 60 �C for 30 s and 72 �C for 30 s with a
final stage of 72 �C for 7 min. Amplification of 16S rDNA was
confirmed via agarose gel electrophoresis. Cleanup of PCR
products was performed via a QIAquick PCR Cleanup Kit as per
the manufacturer’s instructions (Qiagen, Hilden, Germany).
Post-cleanup PCR products were sequenced by Sanger
sequencing (performed by Source BioScience, Nottingham,
UK). Sequences were quality-checked and matched using the
Basic Local Alignment Search Tool (National Center for
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Figure 1. Distribution of sample sites across the two wards composing the bone marrow transplant unit. Sample sites and their cat-
egorisations are listed in Table I.
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Biotechnology Information, Bethesda, MD, USA). Species-level
identifications were confirmed by identity percentages >99%
between sequenced isolates and reference genome sequences.
Species categorization

Following species identification, isolates were clustered
based on the ecological niche they inhabit, determined
through a search of available literature. For species with
multiple niches, a single classification was determined based
on the likely source of the organism within the context of the
study setting.
Data analysis

Data handling and analysis were performed in Microsoft
Excel (Office 2021; Microsoft, Redmond, CA, USA) and SPSS
(version 27; IBM, Armonk, NY, USA).
Microbial loading was analysed through the determination of
the geometric mean ACC/100 cm2 for sample sites and site
groupings. The formula for geometric mean calculation is:

 Yn
i¼ 1

xi

!1
n

¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1x2.xnn

p

where
Q¼ geometric mean, n¼ number of values, and xi¼ the

values to average. Briefly, geometric mean calculations refer
to finding the nth root of the product of a dataset with n
numbers. For example, calculating the geometric mean of one
sample site over the study duration would entail calculating
the sum of all nine ACC/100 cm2 counts obtained for the site
over the study duration, then calculating the 9th root of this
value. This allows for more representative comparison
between the ACC/100 cm2 counts observed over time here due
to the tendency for these data to have a high positive skew.

ShannoneWeiner Diversity Index (H) scores were calculated
for sample sites and sample site groupings using the vegan
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Figure 2. Geometric mean aerobic colony counts (ACC) per 100 cm2 during the study period. (A) Geometric mean ACC/100 cm2 were
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package in R (version 4.2.2). H scores reflect the diversity in a
population, accounting for both the quantity and relative
abundance of species in a sample, with higher H scores
reflecting greater diversity.

Results

Aerobic colony count per 100 cm2 analysis

A total of 193 samples were collected from environmental
surfaces within the units. Ward 2 nurses’ station keyboard
had the highest geometric mean ACC/100 cm2 (10.67 � 1.25
geometric standard error (GSE)) over the study duration.
Keyboards accounted for five of the six sites with highest
geometric mean average ACC/100 cm2 counts. The sample
site with lowest ACC/100 cm2 was the BMT kitchen micro-
wave handle (0.057 � 1.02 GSE) (Figure 2A). When sample
sites were clustered by predominant contact group, sites
associated with clinical staff had the highest geometric ACC/
100 cm2 mean (2.10 � 1.06), while non-clinical staff sites had
the lowest (0.45 � 1.07 ACC/100 cm2) (Figure 2B). Sample
site type grouping showed computer devices as having a
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geometric mean of 2.79 � 1.08 ACC/100 cm2, while handles
had a geometric mean of 0.45 � 1.04 ACC/100 cm2. Sample
site activity categorization demonstrated that ward man-
agement sites had the highest ACC/100 cm2 (3.29 � 1.12), in
contrast to sample processing sites (1.17 � 1.13 ACC/
100 cm2). Categorization by transmission link to patients
showed that sites with a contact transmission link had the
highest ACC/100 cm2 (2.00 � 1.08), with ingestion sites being
the lowest (1.25 � 1.08 ACC/100 cm2). Groups within the
perceived risk categorization exhibited a small range in
geometric ACC/100 cm2 mean (1.72e1.33). Overlap in GSE
values was seen for most grouping in all categories, except
between ward management sites and patient oral ingestion/
sample processing sites (site activity), and computer devices
and handles (site type).

Organism identification analysis

Overall, 1853 colonies were observed in this study. Of these,
995 (58.50%) were identified via MALDI-ToF (895 (52.62%) by
direct transfer, 83 (4.88%) by extended direct transfer, and 17
(1.76%) by full extraction), with 676 (39.74%) identified by
morphology grouping. A total of 30 (1.76%) were identified by
16S rDNA sequencing. In total, 1701 isolates were identified to
species level (91.80%); 58.90% were Gram positive, 41.00%
were Gram negative, and 0.10% were Gram variable.

A total of 57 distinct species were identified in this inves-
tigation. Ten species comprised >1.00% of the overall identified
species count, with four of these comprising �10.00% (Rhi-
zobium radiobacter,Micrococcus luteus, Pseudomonas stutzeri,
and Corynebacterium xerosis) (Figure 3). R. radiobacterwas the
most frequently identified species overall (21.99% of identified
species, although it was predominantly only identified on one
sampling day). A further 47 species comprised <1.00% of the
overall number of identified species, which, when clustered,
account for 11.05% of isolates identified.

ShannoneWeiner Diversity Index (H) scores were calculated
for sample sites, with the most diverse sample site being the
nurses’ station keyboard on ward 1 (Figure 4A). The microwave
handle in the BMT kitchen was observed to have an H score of 0,
reflecting a lack of diversity of culturable microbes. Keyboards
accounted for three of the five most diverse sample sites over
the study duration. The nurses’ station keyboards in ward 1 (S8)
and ward 2 (S19) had the highest counts of distinct species
identified, with 21 and 28 different species isolated respec-
tively. The intravenous drug preparation room scanner in ward
2 (S21) had nine distinct species isolated despite the high H
score, compared to the sample chute keypad (S1) which had 10
distinct species, with an H score of only 0.32.

Figure 4B shows that all sampling weeks yielded H scores of
>1.00. Week 7 was the most diverse sampling week (H ¼ 2.26).
Week 3 had the least diversity (H ¼ 1.04). This contrasts with
the geometric mean ACC/100 cm2 counts for each sampling
week, where week 3 had the highest count (5.86 � 1.22 GSE)
and week 7 had the second highest count (4.79 � 1.19 GSE).
Surface samples on week 9 had the lowest geometric mean
average at 0.39 ACC/100 cm2 � 1.06 GSE.

Figure 5 shows the dominant species on each sample site
grouping category. R. radiobacter was dominant on sites
associated with parents as the user group. P. stutzeri was
dominant in the sample processing category, with sites grouped
by site activity. Coagulase-negative Staphylococci (CoNS) and
M. luteus were identified across all classifications. Parent user
group sites had low diversity scores, while sites associated with
clinical activity had higher diversities. Large differences in
species counts between some groups were not consistently
reflected in diversity scores. For example, computer
devices (N ¼ 1378) had H ¼ 1.37, while handles (N ¼ 134) had
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H ¼ 0.099. Conversely, intermediate transmission link sites
(N ¼ 328) had H ¼ 1.20, while contact transmission link sites
(N ¼ 1031) had H ¼ 1.10.

Sample sites associated with parent user groups are pre-
dominantly occupied by environmental microbes (Figure 6). A
similar trend can be seen for sample sites associated with
sample processing (91.59%) when grouped by sample site
activities. In this grouping, sites associated with intravenous
medication preparation were predominantly occupied by skin
microflora (82.07%), while other grouping categories displayed
more balance between skin and environmental microbiota.
Discussion

This study illustrates the dynamic nature of microbial con-
tamination of touch surfaces in the clinical setting. Keyboards
had the highest geometric ACC/100 cm2 means, with high
diversity scores compared to other sites. These results were
obtained in the presence of enhanced environmental cleaning,
indicating that keyboards were frequently recontaminated.
Therefore, the high diversities observedmay reflect a high usage
rate relative to other surfaces investigated. Keyboards in the
clinical setting are known to become contaminated with a wide
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range of micro-organisms [20]. Keyboards have been implicated
in Acinetobacter baumannii dissemination in a paediatric burns
unit, and have recently been shown to harbour a wide range of
nosocomial pathogens [9,21]. This shows the propensity for
keyboards to be reservoirs of HAI-associated pathogens and to
harbour large, diverse microbial communities.

In this study, Staphylococcus capitis was identified on four
keyboards sampled. S. capitis has previously been regarded as
a contaminant; however, recently its role in neonatal blood-
stream infection and nosocomial outbreaks has become clear
[22]. Such outbreaks are often the result of the NRCS-A clone,
which is known to persist in clinical environments [23,24].
S. capitis was also identified on the sample chute keypad: ward
1 and ward 2 sluice entrance door handles, milk kitchen
entrance keypad, the BMT kitchen toaster controls and BMT
fridge handle. While these isolates were not identified as the
NRCS-A clone, this demonstrates how S. capitis can be a
widespread environmental contaminant.

Micrococcus luteus and CoNS were consistently present
across sample sites, while R. radiobacter was found in high
quantities over fewer sites (Figure 5). CoNS are reported at
species level here due to varied clinical risks associated with
each species [25]. M. luteus and CoNS are constituents of the
human skin microbiome and their continual presence on clin-
ical surfaces is expected, likely reflecting transient con-
tamination deposited from skin [26]. This is supported by
metagenomic analysis of hospital surfaces and staff/patient
skin microbiota, which suggested that environmental surfaces
were seeded with ubiquitous skin microbes [27]. M. luteus and
CoNS have been shown to cause HAI, and R. radiobacter is
recognized as a rare cause of central line bloodstream infec-
tion [28e30].

Keyboards were observed to have high diversity indices and
geometric mean ACC/100 cm2 counts, while the laundry
washing machine controls had high geometric mean ACC/
100 cm2 counts and low diversity index scores (Figures 2A and
4A). Similar trends were seen for different sample site group-
ings (Figure 5). Variations in microbial diversity on hospital
surfaces have been reported previously. An investigation of
hospital surface microbial communities across three
hospitals found one to be dominantly contaminated with
Enterobacterales, while the other two had significantly greater
microbial diversities [31]. Variations in both microbial abun-
dance and diversity have been shown between different hos-
pitals, wards, and surfaces within the clinical space [32].
Additionally, high diversity has been shown in culturable micro-
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organisms recovered from near-patient surfaces [33]. Such
differences could be caused by environmental cleaning, with
cleaning known to significantly reduce microbial diversity [34].
Enhanced environmental cleaning was undertaken throughout
this study, although evidence on cleaning efficacy was not
collected. Housekeeping teams were responsible for cleaning
kitchen and general ward areas, while keyboards and sample
sites in medication preparation rooms were cleaned by nursing
staff and audited by IPC. It is possible therefore that differ-
ences in cleaning efficacy over the study duration impacted the
amount and diversity of micro-organisms recovered.

The microbiota of environmental surfaces within the clinical
space is increasingly investigated due to the potential for sur-
faces to harbour HAI-associated pathogens. 16S rDNA
sequencing of microbial communities on environmental surfa-
ces within neonatal intensive care unit (NICU) settings has
previously been conducted, with multiple genera associated
with HAI identified including Acinetobacter, Clostridioides,
Enterobacter, Klebsiella, Pseudomonas, Staphylococcus, and
Stenotrophomonas [10,14,15]. Equally, studies investigating
microbial communities in both intensive care unit (ICU) and
non-ICU settings have recovered HAI-associated pathogens
from a range of environmental surfaces (Staphylococcus,
Streptococcus, Pseudomonas, Acinetobacter, Enterococcus
and Klebsiella spp.) [8,31,35]. Patterns in culturable microbial
contamination have also been assessed on a range of hospital
environmental surfaces, showing Staphylococci present on 81%
of surfaces, with Enterococcus spp. (13%), Acinetobacter spp.
(7.4%), C. difficile (4.2%), P. aeruginosa (0.9%), and Klebsiella
spp. (0.5%) also detected [8].
While metagenomic evidence provides high-quality infor-
mation on the total composition of surface microbial com-
munities, it is not a feasible option for routine environmental
monitoring. This is due to the technical complexity, cost, and
lack of species-level identification resolution required to
inform clinical risk assessments. Here, microbial contaminants
were investigated using readily available methods and tech-
niques. Limitations to this methodology exist, however. The
use of an indirect sampling methodmay limit the recovery of all
organisms present on the sample site, meaning true microbial
quantification cannot be performed. Furthermore, swab sam-
pling methodologies have been shown to be ineffective at
recovering organisms from dry surface biofilms [9,36]. Despite
these, the ease of use allows information on the micro-
biological safety of the hospital environment to be gathered in
a practical manner by clinical teams using this methodology.

There are currently no legislative standards for microbial
hygiene of clinical environmental surfaces, with ‘visibly clean’
being the current environmental surface cleanliness standard
[37]. ACC/cm2 counts (either 5.0 or 2.5 ACC/cm2) have been
suggested for microbial surface monitoring, with the presence
of specific indicator organisms (including S. aureus, C. difficile
and VRE) also assessed [16,17]. Such investigations require the
usage of quantitative direct sampling methodologies (e.g.
RODAC plates (replicate organism detection and counting)),
and therefore such standards cannot be applied to results
obtained here. The logic behind such standards is that the
higher the microbial loading of environmental surfaces, the
higher the risk to patients. This is not necessarily the case,
however, as we have shown that high environmental loadings
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can be the result of multiple or single micro-organism con-
tamination. The question then is whether loading with a high
diversity or low diversity confers greater risk to patients. Such
methods also do not account for viral pathogens. Monitoring for
the presence of viruses will require different environmental
sampling and processing workflows, with different inter-
pretation requirements. Currently there are no recommended
standards for viral contamination levels on clinical environ-
mental surfaces.

Higher diversity loading contains a wide array of micro-
organisms in the clinical space, with species from human and
environmental niches being present. The risk here is that
species with high clinical consequence are present within these
diverse communities and can be transferred throughout the
clinical space. With keyboards often observed here to have this
contamination profile, transfer of pathogens on the hands of
healthcare workers may be a dissemination pathway for these
organisms. In contrast, lower diversity loading indicates a sin-
gle organism present in high numbers, as was observed here
with the environmental micro-organisms R. radiobacter and
P. stutzeri. Environmental microbes have been known to cause
HAI, especially within this patient cohort, and high environ-
mental loading may enhance the risk of transmission and
patient acquisition [38,39].

Additional research is required here to further characterize
microbes associated with each contamination pattern. Under-
standing which surfaces become contaminated with different
microbial diversity patterns can help inform environmental
infection control risk assessments. This could be achieved
through understanding which surfaces pose greater risk to
patients and targeting environmental IPC interventions
accordingly, and through selecting appropriate surfaces for
routine monitoring of micro-organism presence. This informa-
tion will support the development of better results inter-
pretation frameworks, and will help IPC interventions to be
more effectively targeted and implemented sooner, supporting
patient safety.

In conclusion, this study illustrates the dynamic nature of
microbial contamination on environmental surfaces in health-
care settings. To be effective, routine microbial monitoring of
the clinical space must be done regularly and cover a wide
range of sites in order to effectively capture spatial/temporal
trends in microbial surface contamination. Different patterns
in microbial contamination can be seen with sites of different
user groups and associated activities. High-loading con-
tamination occurs with both high and low diversities, which are
associated with different micro-organisms and clinical risks.
Performing routine environmental surface monitoring of micro-
organisms allowed these contamination trends to be identified,
allowing for the microbial risks posed by different surfaces to
be understood, supporting environmental IPC decision-making.
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