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S U M M A R Y

Background: Laboratory experiments are crucial in understanding efficacy of disinfectant
products, but without compliance and appropriate application, the effectiveness of
products is compromised. This study aims to understand current perceptions and knowl-
edge of healthcare professionals (HCPs) to common cleaning and disinfection routines and
microbial contamination, including biofilms, in healthcare environments.
Methods: An online survey, including open and closed questions, was developed. Non-
probability convenience and purposive sampling were used: those currently or pre-
viously in a healthcare profession were eligible. Survey responses were taken over 24
months, including the COVID-19 pandemic.
Discussion: 137 participants completed the survey; over 50% were nurses. Surface
cleaning frequency increased post COVID-19 from ‘twice a day’ to ‘three/more times a
day’. Disinfection frequency reduced from ‘between every patient’ before COVID-19 to
‘twice a day’ afterwards. A multimethod approach to cleaning and disinfection (70.8%)
was predominant when considering the best method to deliver infection control. Most
areas of clinical settings were identified as high risk (13/19). Most (87.6%) participants had
heard the term ‘biofilm’, mainly at conference/study days (60%). 39.1% said they were
aware of dry surface biofilms (DSB) in the healthcare environment.
Conclusions: There remain mixed views on surface cleaning and disinfection within
healthcare. Education is important for understanding microbial contamination and tack-
ling problems. More people than expected had heard the term DSB. Infection control
practices seemed consistent across responses, however whether this is reality is unknown.
This study provides an initial insight into current opinions/knowledge of HCPs and can form
basis for further in-depth investigation.
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Introduction

Contaminated surfaces allow for transmission of pathogens
throughout the healthcare environment leading to healthcare
associated infections (HCAI) [1], one major vector for this is the
transmission of pathogens from environmental surfaces and
from the hands healthcare workers. Approximately 30e50% of
all HCAI are linked to environmental contamination [2].
Ensuring patient safety is crucial and whilst laboratory
experiments and testing are essential in establishing the effi-
cacy of disinfectant products, it is also important to focus upon
the cleaning-disinfection protocols used in healthcare.
National guidelines for cleaning-disinfection do exist, but often
these can be imprecise, hard to follow and differ greatly
between healthcare facilities [3]. Currently a gap remains in
the European and International market for such guidelines [4].
In addition, hospital cleaning-disinfection comes with many
challenges, including the process, which products should be
used and how to effectively use them [5], which can impact on
effectiveness of the infection control and prevention guide-
lines. Studies have previously shown that inadequate cleaning
leaves the areas around a patient bed contaminated, even
after they have been deemed as thoroughly cleaned [6,7].
Disinfectant products aim to reduce microbial load, but, if
compliance with product preparation and usage and effective
pre-cleaning steps are not followed, and workers do not
understand the general theory behind disinfection practices,
the potential for spread of infection remains important. The
general knowledge of healthcare professionals (HCPs) on
microbial environmental contamination is therefore a key
factor.

The Research Effective Approaches to Cleaning in Hospitals
(REACH) training study tested staff members involved in hos-
pital cleaning, on their knowledge and reported practice fol-
lowing implementation of their REACH cleaning bundle. The
study found the training bundle helped reduce hospital
acquired infection (HAI) throughout Australia and identified an
overall increase in understanding of staff to their role and
knowledge relating to general cleaning practices [8,9]. In
addition, work by Bernstein et al. [10], has shown by assessing
the knowledge, attitudes, and practices of environmental
cleaning alone, environmental service workers could benefit
from additional education in order to enhance cleaning prac-
tice. The need for an intervention to improve knowledge of
HCPs to both cleaning protocols and microbial contamination is
still relevant today.

Beyond this, it is important to assess understanding of
environmental contamination and potential spread of infec-
tion, particularly in association with biofilms. The association
of standard microbial biofilms with HCAI has been well docu-
mented [11,12], whilst biofilms are notoriously difficult to
eliminate [13]. Here, we specifically aim to address HCPs
understanding associated with dry surface biofilms (DSB). DSB
are biofilms which form on dry environmental hospital surfa-
ces, having been exposed to reduced nutrient sources, a lower
water potential and routine cleaning and disinfection pro-
cesses [14]. DSB are prevalent throughout healthcare facilities
and are starting to gain attention due to their resistance to
disinfection measures [15e18]. Developing solutions to erad-
icate DSB will not be effective without of HCPs understanding
of DSB, compliance, and correct use of disinfectant products.
To our knowledge, there is no current published research
looking at HCPs knowledge of biofilms, with special attention
to DSB within healthcare environments. This study aims to
identify user perceptions of both cleaning and disinfection to
help make future recommendations to cleaning in healthcare,
whilst also gaining information on the current knowledge of
HCPs to micoorganisms and DSB.

Methods

Survey design and recruitment

A survey was developed based on the research question,
“what is the knowledge of healthcare professionals to both
cleaning and disinfection protocol and environmental micro-
bial contamination?”, focusing on daily routine and cleaning
and disinfection methods. Respondents’ views on the best
intervention methods to prevent spread of infection, the most
high-risk areas for transmission of infection and the current
methods for measuring cleanliness were sought. Participants
were asked questions that would distinguish cleaning from
disinfection, which was key to the survey. Finally, participants
were asked about their current knowledge of microbes, bio-
films, specifically DSB, in the healthcare environment.

Closed answer questions were used in all sections for ease of
response, “other” being used when no response fit. Free-
format questions were also added to allow participants to
expand upon their answers. The survey was formatted using
Online Surveys� to maximise accessibility and response. A
participant information sheet was prepared and completion of
the survey was taken as assumed consent. Ethical approval was
given by the Cardiff University School of Pharmacy and Phar-
maceutical Sciences Research Ethics Committee (1819-14).

The study population was HCPs. Inclusion criteria were
broad; HCPs who are or have previously worked in a healthcare
environment. There were no additional exclusion criteria. As
such, the survey was reliant on non-probability convenience
and purposive sampling [19]. Social media (Twitter) focussed
on infection, prevention and control (IPC) specialism groups,
was used to purposively target participants. Retweeting was
effectively a form of snowball sampling [20]. A gatekeeper was
used and the researcher also attended conferences where IPC
was the focus. At these, HCPs were provided with the infor-
mation and invited to participate. The survey was left open for
24 months. This allowed for a maximum opportunity for
responses during the SARS-CoV-2 pandemic. This was especially
important as there was no opportunity for follow-ups to non-
responders as the population was unknown and submission of
the survey was anonymous.

Survey data analysis

Data was extracted from the completed online surveys into
Microsoft Excel� and imported into IBM SPSS Statistics v.27�
software. Appropriate descriptive statistical analyses were
conducted once data had been acquired. Comparative analysis
of pre- and post- SARS-CoV-2 responses based on the sector of
work was also conducted where appropriate and feasible.
‘Post-pandemic’ was classified as time after and including
March 2020, when the UK national lockdown occurred [21].
Those that did not respond or put an answer that was
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unrecognisable were removed from corresponding data for the
questions concerned.
Figure 1. Response data pre- (n¼120) and post- (n¼17) pandemic
to how often healthcare professionals believe hospital surfaces
Results

Survey response

137 HCPs completed the online survey, 120 were completed
pre- SARS-CoV-2 and 17 were completed post. The majority,
78.1%, of participants worked in a hospital e other demo-
graphics are shown in Table I.

To understand cleaning and disinfection routine, partic-
ipants were asked how many times a day they felt hospital
surfaces (such as desks and bedside tables etc) should be
Table I

Respondent demographics pre and post SARS-CoV-2

Number

(pre- SARS-CoV-2)

Number

(post-SARS-CoV-2)

Place of Work (n[137)

Hospital 95 12
Community health centre 3 1
GP surgery 2 1
Nursing home 2 e

Residential care home 1 e

Other 17 3
Job Role (n[136)

Nurse 63 8
Doctor 11 e

Midwife 1 e

Consultant 6 1
Clinical Scientist 5 e

Pharmacist 2 e

Academic 2 e

Other 25 12
Location of Respondent (n[135)

Africa 4 e

Asia 5 e

Australia 5 e

Europe 94 17
North America 10 e

Area of Practice (n[137)

A&E (Trauma) 5 e

Cancer 1 e

Care of the Elderly 4 1
General Medicine 4 e

Infection Prevention
and Control

70 14

Intensive Care 3 e

Paediatrics 1 e

Psychiatry/Mental Health 2 e

Surgery 6 e

Other 24 2
Length of Service (n[137)

1e5 years 36 6
6e10 years 20 2
11e15 years 14 4
16e20 years 19 2
21þ years 31 3

should be cleaned or disinfected on a daily basis.
cleaned or disinfected (Figure 1). Frequency of cleaning three/
more times a day was much higher following the pandemic
(58.8%) than before (20%). Whereas disinfecting, changed from
between every patient (46.7%) pre to twice a day being the
most common response post (35.3%) (Figure 1). There was no
statistically significant difference between the respondents
area of work and their view on the number of times a surface
should be cleaned, [X2 (15, N¼137) ¼ 23.284, P>0.05], or dis-
infected [X2 (15, N¼137) ¼ 10.436, P>0.05].

Participants were presented with options of variousmethods
to deliver the best infection prevention to a contaminated area.
Both pre-and post-pandemic respondents’ highest responses
were: Cleaning followed by automated disinfection and
Cleaning followed by liquid-based disinfection (Figure 2).
Automated disinfection refers to the automated room dis-
infection systems used to decontaminate hospital rooms.
Cleaning followed by an additional method were the most fre-
quently chosen methods for IPC (Figure 2). Those few who
responded with Other (n¼2) gave the responses of “it depends
onwhat the equipment and environment is”, and a “community
deep clean” was most effective method of delivering IPC.

Survival time of microorganisms on surfaces is essential for
companies to consider when creating products for cleaning/
disinfection. It is also necessary so that outbreaks can be dealt
with effectively. When asked how long various microorganisms
can survive (Table II), a couple of respondents answered,
“Don’t know”, while response to bacterial endospore survival
was most conclusive out of all microorganisms, with most
believing that spores can survive on surfaces for long periods of
time (Table II). Over 50% of respondent’s post-pandemic
thought that viruses can survive on surfaces for days,
whereas 30% pre-pandemic had this response (Table II). There
was however no statistically significant difference between pre
or post SARS-CoV-2 responses and beliefs about survival time of
viruses in the environment, X2 (6, N¼137) ¼ 5.604, P>0.05.

Methods to prevent colonisation of microorganisms is
important, participants were given a choice of four different
intervention methods and asked which they felt had the
greatest impact on IPC. It was unanimous that hand hygiene is
believed to be the best intervention method, with 88.3% of all
participants selecting this. Vaccinations were least selected
with only 1.5% response rate.

Determining microbial contamination of surfaces is impor-
tant to use alongside cleaning/disinfectant methods to ensure



Figure 2. Percentage of both pre- (n¼120) and post- (n¼17) pandemic responses to what participants believe to be the best method for
IPC in a contaminated environment.

Table II

Frequency (%) of all participants’ responses regarding their
knowledge of microorganism survival. Green cells indicative of
average survival time from published data

*Data from [22-24]

Table III

Areas of a hospital and their risk of transmission as rated by par-
ticipants
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an area is safe and ready for the next patient. The main choices
for measuring cleanliness e “Adenosine Triphosphate (ATP)
markers”, “Ultraviolet (UV) light”, “Culture swabs” of micro-
organisms present on surfaces, indicator products (stickers,
tapes) or visibly an area looks clean were given as options to
participants alongside other. Participants were asked to choose
all that they thought applied to the question. Almost half,
48.1%, of 135 participants chose multiple methods; two
responses were excluded from the analysis of this question as
participants stated “you cannot measure cleanliness”. The
most common combinations (which included those in multiple
methods) were “ATP markers” and “culture swabs” or “UV
markers” (21.9%). Out of the 51.9% that only chose a single
method, culture swab was the most common answer (20.4%).
Participants were then asked specifically which singlemethod is
best for measuring cleanliness: “culture swabs” was the most
popular answer, given by 38.3% of all 133 participants. The
answer with the lowest response was indicator products (5.3%).

There are multiple areas in a hospital where there is a risk
for transmission and spread of infections. Participants were
asked to categorise areas into levels of risk, namely low
(green), medium (orange) and high (red) (Table III). Most areas
were categorised as high risk by the majority of participants
(>55%), with the exception of nurse station which received
45.2% medium risk and 45.9% high risk. Only “café”, “clean
utility”, “floors” and “television” were categorised as low risk
areas (Table III).
The final section of the survey looked to identify current
knowledge on biofilms. A total of 87.6% of all participants had
heard of the term biofilm, and of these, 83.9% said they knew
what the term biofilm means e they were not asked to explain
the term. A greater number of participants post-SARS-CoV-2
(94.1%) had heard the term biofilm compared to that pre-
SARS-CoV-2 (86.7%). The same can be said for knowledge of the
meaning of the term biofilm, where 88.2% of participants post-
pandemic understood the term, whereas 83.3% did pre- SARS-
CoV-2. There was very little uncertainty over the term bio-
film as only 4.4% of all participants were not sure if they had
heard the term before and 6.6% were not sure they know what
a biofilm is.
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We wanted to identify whether there was a relationship
between years of experience and having heard the term bio-
film, to identify if length of service meant they had more
opportunities to be exposed to the word. There was no stat-
istical significance, ((X2 (8, N¼137) ¼ 9.066, P>0.05, Pearson
Chi-square), between the two suggesting that these two fac-
tors are not associated with one another.

However, a statistically significant difference between
higher education and knowledge of the term biofilm was
determined ((X2 (6, N¼137) ¼ 148.864, P<0.001, Pearson Chi-
square). Post-hoc z-test and Bonferroni correction with
adjusted P value of 0.05 outlined the statistically significant
difference arose between those that hold a higher education
certificate and those that don’t in response to both questions
and each answer choice (P<0.05). It was predicted that most
likely those that held a higher education certificate would get
the answer correct over those that don’t.

Conference/study days were the main source of biofilm
knowledge (60%), followed by “scientific journals” (42.6%),
“talking to other colleagues” (36.5%) and “talking to a com-
pany rep” (6.1%); 55.7% of participants chose more than one
option. A total of 10/13 participants who chose “Other”
attained their information from a “university degree” e both
bachelor’s (undergraduate) and postgraduate degrees were
mentioned. Only one participant mentioned that their “own
research” was how they gained information on biofilms.

Participants were asked which types of biofilms they were
aware of in relation to health. The vast majority of partic-
ipants, 90.4%, mentioned more than one biofilm in relation to
those that they had come across before. “Medical device”
(86.1%) and “drain biofilm” (76.5%) were the most common
answers but less than half (39.1%) of participants had heard the
term “dry surface biofilm” before. Those who chose other
indicated “biofilms on implants”, and one participant said that
“biofilms will form anywhere” and so did not make a choice.
Participants who did not know, were unsure or had not heard
the term biofilm did not respond to this question (16.1%).
Discussion

HCPs provided an essential insight into the daily cleaning/
disinfection routine and knowledge of those in healthcare
environments around the UK. Post-pandemic data showed a
lean to a higher cleaning and disinfecting frequency per day,
especially when considering cleaning. Various factors,
including surface material, effect the survival of microbes on
a dry surface [25], viruses originating in the respiratory tract
such as coxsackie, rhinovirus and influenza are able to survive
for a few days [24]. Quantities of published data on the SARS-
CoV-2 virus may have influenced choices of both cleaning/
disinfection frequency and survival. When considering
responses to how long microorganisms survive in the envi-
ronment, most participants responded with answers in the
scale of days and very few stated hours. Thus, cleaning or
disinfecting only once a day does not correlate to their cur-
rent knowledge of survival. This shows that HCPs follow
instruction from guidelines, highlighting the importance of a
rigorous structure cleaning system.

Results highlighted the importance of cleaning and dis-
infecting of an area as multimodal. Both pre- and post-
pandemic respondents had a unanimous answer of “cleaning
followed by a disinfectant method approach” was best to
deliver IPC effectively. It is well known that a combination of
cleaning and disinfection is essential for reducing the threat of
HCAI and reducing transmission of pathogens [26]. This study
confirms what was also shown with the REACH training pro-
gramme by Mitchell et al. [8,9], showing participants, in
practice, follow the current guidelines for cleaning standards.

Pathogens residing in DSB can survive for prolonged periods
in the environment and go unnoticed [14]. Near patient areas,
high touch surfaces and high footfall areas were flagged as
high-risk areas of transmission. The floor, however, was chosen
as a low-risk area. Although floors are deemed low-risk, it is
worthwhile noting that they have been found as a reservoir for
the transmission of pathogens throughout the hospital envi-
ronment that readily go unnoticed [27]. It appears areas HCPs
believe to be “safe” might pose more threat than first thought,
education could help HCPs understand the risks associated with
even those termed low-risk areas. Supporting this argument,
Houghton et al. [28] reviewed IPC guidelines and adherence of
healthcare workers worldwide during the pandemic. They
found that when knowledge of IPC was limited, those workers
did not adhere to IPC guidelines set out by hospitals, sub-
sequently increasing risk of spreading infection.

Some survey participants chose “visibly looks clean” as one
of the best methods for measuring cleanliness. This is really
important to understand, as they may be relying on other staff
members to have completed their job of cleaning/disinfecting
an area appropriately, or if they cannot see contamination,
they believe a surface to be clean. Highlighting a need for more
teaching tools and workshops to understand the science around
cleaning and disinfection.

Despite less than half of survey participants knowing what a
DSB is, this is surprisingly high considering there are only 33
published articles as of August 2023 on Scopus, the word DSB
was first mentioned in a scientific peer-reviewed publication
[29]. Whilst respondents had a wide range of length of service,
there was no correlation between having heard the term bio-
film previously and length of service.

Currently, research is focused on finding a link between
HCAI and DSB, but until then, cleaning and disinfectant
standards must remain high and perhaps more consistent
standards should be put into place as was shown by the spread
of responses to how many times a surface should be cleaned/
disinfected. This highlights a need to look at both reduction of
microbial bioburden on a surface, as well as reduction in
transmission post intervention [17]. “Culture swabs” was
commonly chosen as a method for detection of surface con-
tamination, but we know that DSB cannot be detected through
routine swabbing [14], having further implications for patient
safety and a clean hospital environment. This could be linked
with the two participants that stated, “You cannot measure
cleanliness”, although they have not stated that is directly
linked to DSB it may suggest a similar thought process.

“Talking to colleagues” was also amongst the most com-
monly reported methods of gaining knowledge on infection
control topics. Talking to others about current issues and
information sharing through social/professional networks are a
natural way to provide knowledge to others in the healthcare
profession; it shows that word of mouth is essential as an
unofficial information tool. In a more formalised expansion of
this, HCPs use virtual communities of practice as a tool for
continued learning, support, and education [30].
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As with most research, this study came with its limitations.
Firstly, the main target audience were HCPs, mainly nurses in
IPC. As data were being collected during the global pandemic it
did become increasingly difficult to get responses. The high
proportion of nurses completing the study is likely due to the
recruitment approach by researchers. The large quantity of
those respondents from an IPC background potentially brings
some bias to response. However, this target audience provide
the best understanding of current cleaning and disinfection
knowledge and practices in the healthcare environment. The
questions related to the survival of microorganisms on surfaces
required honesty from participants regarding their knowledge,
although we assume participants genuinely know from educa-
tion practices, they may have been inclined just to submit an
answer.

Survey analysis has shown that education is really key to
tackling problems in the healthcare environment that sur-
rounds IPC. Based on the data presented, this would be best
provided through education courses, such as nursing degree,
or, through conference and study days. However, an issue that
can’t be controlled is the veracity of information given when
spread via word of mouth putting an emphasis of the impor-
tance of education.
Conclusions

To conclude, we set out to understand the opinions and
current knowledge of healthcare professionals on cleaning,
disinfection, daily routine and microoganisms. It was clear that
there are very mixed views on how often a surface should be
decontaminated having implications on infection control in
certain healthcare environments. Although infection control
methods for both detection and prevention were more con-
sistent across all respondents, there remains the question of if
these measures are actually put into practice. This indicates
the need for further research and education in the ongoing
battle against HCAI.
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