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S U M M A R Y

Healthcare-associated infections (HAIs) are the most common adverse outcomes due to
delivery of medical care. HAIs increase morbidity and mortality, prolong hospital stay, and
are associated with additional healthcare costs. Contaminated surfaces, particularly those
that are touched frequently, act as reservoirs for pathogens and contribute towards
pathogen transmission. Therefore, healthcare hygiene requires a comprehensive approach
whereby different strategies may be implemented together, next to targeted, risk-based
approaches, in order to reduce the risk of HAIs for patients. This approach includes hand
hygiene in conjunction with environmental cleaning and disinfection of surfaces and
clinical equipment. This review focuses on routine environmental cleaning and dis-
infection including areas with a moderate risk of contamination, such as general wards. As
scientific evidence has not yet resulted in universally accepted guidelines nor led to
universally accepted practical recommendations pertaining to surface cleaning and dis-
infection, this review provides expert guidance for healthcare workers in their daily
practice. It also covers outbreak situations and suggests practical guidance for clinically
relevant pathogens. Key elements of environmental cleaning and disinfection, including a
fundamental clinical risk assessment, choice of appropriate disinfectants and cleaning
equipment, definitions for standardized cleaning processes and the relevance of struc-
tured training, are reviewed in detail with a focus on practical topics and implementation.
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Background

Healthcare-associated infections (HAIs) are the most com-
mon adverse outcomes due to the delivery of care [1]. Patients
suffer from HAIs from endogenous or exogenous sources.
Endogenous HAIs arise from the patients’ own microbial flora
that become invasive due to favourable conditions, whereas
exogenous HAIs are acquired from foreign pathogens to which
patients are exposed while being treated for medical or sur-
gical diseases. In Europe, 5e20% of all HAIs are considered to be
exogenous infections [2]. However, in general, these infections
are difficult to treat, particularly if the nosocomial pathogen is
multi-drug resistant, leading to prolonged hospital stay, long-
term disability, increasing resistance to antimicrobial agents,
higher costs, and increased morbidity and mortality [1].

Approximately half a century ago, contaminated surfaces
were considered to play a negligible role in the transmission of
HAIs, predominantly in Anglo-American countries. However,
numerous studies over the past 50 years have changed this
view, and scientific evidence has accumulated [3,4]. Micro-
organisms can persist for long periods on surfaces, and spread
to patients following direct contact with near-patient surfaces
or indirectly via the hands of healthcare workers (HCWs),
particularly as hand hygiene compliance among HCWs is, at
best, approximately 40% [4e6]. Pathogens that survive on dry
surfaces e such as meticillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant enterococci (VRE), Acineto-
bacter spp. and norovirus e can be isolated from near-patient
surfaces and frequently touched surfaces in the healthcare
environment [7,8]. Indeed, several studies have shown that
subsequent patients are at risk of acquiring the same pathogen
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as the previous patient if residual surface contamination is not
removed by terminal cleaning and disinfection [3,4,9e16]. The
Researching Effective Approaches to Cleaning in Hospitals
(REACH) trial clearly showed the important role of thorough
environmental cleaning in the prevention of HAIs [17]. The
study demonstrated that the implementation of a multi-modal
cleaning bundle e consisting of component training, techni-
que, product, audit and communication e not only improved
the performance, knowledge and attitude of the environ-
mental services staff, but may also reduce the occurrence of
clinically important hospital pathogens [17e19]. Thus,
although hand hygiene remains the key to success in combat-
ting HAIs, healthcare hygiene should be seen as multi-modal
(i.e. as a comprehensive process in which different strategies
work together) [7,20e23].

Donskey et al. reviewed studies in improved cleaning and
disinfection that resulted in reduced HAIs [24]. In addition,
Dancer et al. were able to show that introducing an additional
environmental services staff member for enhanced cleaning of
hand-touch sites in surgical wards with endemic S. aureus
(both MRSA and meticillin-susceptible S. aureus) reduced
microbial contamination levels by 32.5% and new MRSA
infections by 26.6% compared with control wards [25].
Another prospective study by Rutala et al. found a 35%
reduction in colonization and/or infection with epidemiologi-
cally important pathogens when the contamination was
reduced by 94% due to enhanced terminal cleaning [26].
Further studies confirmed the positive impact of enhanced
environmental cleaning and disinfection protocols on infection
and/or colonization rates of MRSA [27], VRE [17,28,29] and
Clostridioides difficile [16,30e34].
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At present, there are no universally agreed European or
global guidelines or practical recommendations for routine
surface cleaning and disinfection in hospitals. Some national
guidelines do exist, but they differ largely in content and are
sometimes incomplete. International cooperation and a soci-
etal paradigm shift are needed to recognize the importance of
environmental hygiene [35]. Standard principles for cleaning
and disinfection must be defined, and compliance should be
ensured by measures such as standard operating procedures,
adequate training, and suitable audit and monitoring systems
[36e38]. In this context, the clean hospitals initiative was
founded e a coalition of international stakeholders e with the
goal of making healthcare facilities safer through improved
environmental hygiene [38].

This review focuses on practical recommendations for rou-
tine environmental cleaning and disinfection on general wards,
as well as expert guidance for clinically relevant pathogens and
outbreak situations (Table III). In some situations, evidence for
a strong recommendation is lacking, but HCWs and environ-
mental services staff need guidance, even if sufficient evi-
dence has not been generated to date. Key components are
summarized for good cleaning practice on general wards with
regard to risk assessment, cleaning processes, disinfectants,
equipment and staffing aspects (e.g. training, monitoring,
feedback and communication).

Key components

Risk assessment

A generally applicable evidence-based procedure for con-
ducting a risk analysis is not available to date. Theoretical
models and scoring systems exist but are generally difficult to
implement in practice [29]. Therefore, it is the consensus of
the expert panel that the basis of any risk analysis is an overall
assessment consisting of three essential factors:

� patient risk profile (vulnerability of patients to infections
or colonization);

� surface risk profile (probability of contamination with
pathogens and potential for exposure and/or indirect
transmission, and frequency of hand contacts); and

� pathogen risk profile (persistence, antibiotic resistance
and primary mode of transmission) [39e41].

These three cornerstones are interdependent and must not
be understood separately from each other in practice. Figure 1
summarizes a comprehensive overview of these fundamental
principles of any risk analysis in the context of cleaning and
disinfecting. Once the inter-relationship between the three
cornerstones is well understood, an individual risk analysis of
hospital wards, areas and surfaces can be performed. Gen-
erally, moderate- and high-risk areas are defined by the type of
patients accommodated e with patient rooms and bathrooms
on general wards considered as moderate-risk areas; and wards
that accommodate immunosuppressed and/or critical care
patients, as well as bone marrow transplantation units, oper-
ating theatres and clean rooms considered as high-risk areas. In
the latter, surfaces and/or equipment are frequently and
heavily contaminated with potential infectious material, and
the risk of infection in these areas is considered high. It is
important to note that so-called ‘high-risk rooms’ may also be
located in areas with an otherwise moderate risk. This applies,
for example, for a patient room previously occupied by a
patient with multi-drug-resistant organisms or C. difficile, in
which newly admitted patients are at increased risk of infec-
tion and in which case terminal disinfection is indicated (for
details, see below) [39,40,42,43]. Furthermore, specific items
or inventory can be of high risk but situated in a low-risk
environment, such as sinks or beds in a general patient room.

In the context of assessing the risks for patients, staff and
pathogen transmission, a distinction must be made between
high-touch and low-touch surfaces, as well as critical and non-
critical surfaces. Low-touch surfaces are not handled by the
patient or HCWs and are unlikely to come into contact with the
skin. Typical examples are floors, walls or environmental sur-
faces out of reach or outside the patient zone. High-touch
surfaces, on the other hand, are usually close to the patient,
are frequently touched by the patient or nursing staff, come
into contact with the skin and, due to increased contact, pose a
particularly high risk of transmitting pathogens [44e46].
Examples include bedrails, door handles, bedside tables,
computer tables and keyboards, medical equipment, call bells
and light switches. Areas and surfaces outside the patient
zone, such as the hospital canteen, cash machine or lift but-
tons, should not be disregarded [40,42,47]. However, not all
high-touch surfaces pose an equally high risk of infection,
which is why a distinction is made between critical and non-
critical surfaces. While non-critical surfaces only come into
contact with intact skin and thus pose a low risk of infection,
critical surfaces come into direct contact with either blood or
mucous membranes, or critical items such as needles and
intravenous catheters, thus carrying a high risk of infection
[37,48,49]. Using the example of surfaces that are used for care
procedures or the preparation of intravenous medication, it is
clear that even low-touch surfaces can become critical and
pose a high risk.

By definition, cleaning comprises the physical removal of
dust and soil using water, with or without detergent and
mechanical action, until visibly clean. In contrast, the dis-
infection process aims to eliminate many or all pathogenic
micro-organisms to reduce the risk of infection and cross-
contamination [38,42,50]. Disinfection goes with cleaning on
beforehand to reduce the contamination load and interfering
organic matter. Therefore, routine cleaning and disinfection is
a combined approach which is usually carried out once a day on
general wards, and also as a targeted measure immediately
after contamination of a surface with blood or other body fluids
[40,42,51,52]. It serves the purpose of removal of organic soil
using a neutral detergent or microfibre cloth, followed by
application of disinfectant if required. Disinfectants cannot
achieve their full potential in the presence of residual surface
soil. As there are no universal guidelines and the evidence is
unclear, the question arises whether once-daily cleaning and
disinfection is sufficient to minimize the risk of transmission,
particularly with regard to high-touch surfaces. Terminal
cleaning and disinfection of a patient room takes place after a
patient has been discharged to prevent potential pathogens on
surfaces from spreading to the next patient to occupy the
room. Terminal cleaning and disinfection comprises routine
cleaning plus cleaning of surfaces that are not accessible in an
occupied room, such as the mattress, and surfaces that are
generally ignored when a patient is in situ (e.g. walls). In
addition, bed linen, curtains and disposable items are



Table I

General overview of chemical disinfectants used for environmental disinfection

Alcohol Aldehyde Amine Chlorine Oxidative Phenol QACs

Antimicrobial
spectruma

þeþþa þþ þ/� þþ þþ þþ þ/�

Speed of actiona þþ � � þeþþa þeþþa � �
Sporicidal activityb None Yes None Yes Yes None None
Skin compatibility þ � � � � � þ
Readily
biodegradabled

þþ þ þ þþ þþ þ þ

Inactivation in
presence of proteins

Yes Yes None Yes Yes None None

Material compatibility May harden rubber
and cause
deterioration of glues
and translucent
polymers

Good Corrosive to metals
and rubber, and may
cause deterioration of
polymers and
silicones

Corrosive to metals May be corrosive to
metals

May be absorbed by
rubber, and leaves
residual film

Good

Typical indication Small environmental
surfaces and
insensitive medical
device surfaces

Environmental
surfaces and
medical
devices

Environmental
surfaces and medical
devices

Environmental
surfaces and water
treatment

Environmental
surfaces and medical
devices

Rarely used Environmental
surfaces and
medical
devices

Limitations Flammablec Potential
strong allergen
and respiratory
irritation

/ Short shelf life and
strong odour;
occupational health
issues for users;
formation of by-
products possible;
respiratory irritation

Respiratory irritation Not suitable for
nurseries or food
contact surfaces

Potential
irritant

QACs, quaternary ammonium compounds; þþ, very good; þ, good; þ/�, intermediate; �, basic (antimicrobial spectrum)/low (speed of action, skin compatibility).
a Depending on formulation (e.g. pH concentration and co-formulants can influence efficacy).
b Depending on active ingredient and concentration.
c Comply with fire safety regulations.
d Readily biodegradable: ability of a chemical compound to decompose after interactions with biological/organic elements.
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Table II

General principles of cleaning

Start from least soiled to most soiled areas and from higher to lower levels
Clean nearest to the patient (e.g. bedside table) first and furthest from the patient (e.g. bathroom) last
Prioritize cleaning of hand-touch sites and work through a checklist
Wipe systematically, e.g. in an S-shape, without going over the same area twice
Follow the principle ‘one wipe, one site, one direction’
Use a clean/different cloth or wipe for each patient zone (e.g. bed) and throw away wipes/cloths or dispose of them for reprocessing
after each site or when visibly dirty

Do not double-dip cloths or leave cloths soaking in solution
Be aware of cross-contamination (e.g. between gloves and cloths) and change cloths frequently
Use detergent to remove soil and disinfectant to kill germs
Remove soil with detergent before using disinfectant if required
Use freshly prepared cleaning fluids according to manufacturer’s instructions and change frequently to avoid cross-contamination
Clean bathrooms after cleaning the patient room: start with sink, then the grid, continue with shower/bath, and clean toilet last.
Always use new cloth between sink, shower/bath and toilet

Floor cleaning should be performed last
Place warning signs before starting floor cleaning and warn passers-by verbally when floors are wet
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removed, and special devices for patient care are cleaned and
disinfected. In the case of long-term patients, ‘terminal
cleaning’ (i.e. intensified cleaning) may take place regularly
(e.g. monthly) [51].

Disinfectants and equipment

In addition to well-known disinfectants such as alcohol,
chlorine, aldehyde, amine, oxidatives (e.g. hydrogen peroxide,
peracetic acid), phenolic and quaternary ammonium com-
pounds, a variety of new products such as improved hydrogen
peroxide liquid disinfectants, peracetic acidehydrogen per-
oxide combinations, electrolysed water and polymeric guani-
dine are available or in development. Combined cleaning/
disinfectant products also exist. Only products approved by
regulatory authorities should be used, and the manufacturer’s
instructions should be followed [38,42,53]. As well as an
appropriate spectrum of activity, suitable cleaning/dis-
infectant products need to comply with occupational health
and safety regulations, and must be acceptable to users, staff
and patients. A differentiated and comprehensive discussion of
occupational safety, toxicity and environmental compatibility
issues is beyond the scope of this review. Nevertheless, the
expert panel wishes to provide readers with an overview of
which characteristics are crucial from a hygiene and patient
safety perspective. Table I depicts a summary of benefits and
disadvantages of the most commonly used chemical dis-
infectants for environmental disinfection today.

‘No-touch’ technologies such as hydrogen peroxide vapour,
ozone and unltraviolet-C light technologies are supplementary
options, usually for terminal disinfection and outbreak sit-
uations. However, the convenience of using these technologies
for routine cleaning and disinfection is limited due to cost
considerations, regulatory requirements and the need for prior
conservative wipe disinfection. Importantly, as pointed out
recently in a study comparing the effectiveness of automated
room decontamination devices under real-life conditions, fur-
ther research and development is necessary to gain knowledge
about toxicity, efficacy and safety for use in complex hospital
conditions, and achieve meaningful integration in cleaning
procedures, in order to have a positive effect on disinfection
performance [54]. Further advantages and disadvantages of
such technologies are discussed elsewhere [37,38,55].

Apart from complex cleaning machines, the usual
cleaning and disinfection equipment consists of cloths,
wipes, mops (including mop heads, disposable or reusable),
buckets and sponges. When choosing the appropriate
equipment, as well as hygienic aspects, ergonomic aspects
should also be considered. While floors are usually wet-
mopped with reusable mops, sinks and toilet seats are
preferably cleaned with a cloth, wipe, sponge or similar
fabric that may also be disposable [47,51,56]. Reusable
mop heads and cloths need to be disinfected thermally by
machine washing after use to decrease the risk of poten-
tial pathogen transmission. In addition, reprocessing should
be standardized, with attention to any wear and tear of
items. In some countries, a colour-coding system for
identifying equipment for various areas (e.g. red for
bathrooms, blue for general areas, green for food-
associated areas, yellow for isolation areas) has become
well established [42,47,57]. In general, the selected
equipment should generate as little dust or aerosol as
possible. In addition, all reusable equipment needs to be
reprocessed adequately and dried daily. Also, the equip-
ment should be reprocessed and stored in a designated
area [51].

Pre-soaked disinfecting wipes have also proven useful (e.g.
for rapid decontamination of high-touch surfaces) and,
depending on the product, offer advantages such as combined
cleaning and disinfection process, fewer application errors,
defined concentrations of active ingredients and ease of use. In
addition, pre-soaked disinfecting wipes are designed for single
use and are disposable, thereby reducing the potential risk of
cross-contamination [58e60]. Nevertheless, certain parame-
ters should not be neglected. Methods for efficacy testing need
further standardization, and the disinfection performance
depends on the disinfectant used, the wipe material and pos-
sible interactions between them. Also, the storage time and
environmental conditions must be taken into account, and if
reusable dispenser systems are used, additional attention must
be paid to their regular reprocessing to avoid increased risk of
contamination [58,61,62].
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Cleaning process and adequate training

Given the lack of detailed protocols and global guidance for
the cleaning process, Dancer and Kramer put together a simple
four-step protocol (Look, Plan, Clean, Let Dry) for daily
cleaning [56]. The most important aspects of the process are
summarized in Table II, and readers should refer to the original
article for more details. It is the experts’ opinion that in order
to enable effective cleaning and disinfection of the hospital
environment, good management of all personnel-related
aspects is extremely important. This includes adequate staff-
ing ratio, remuneration, equipment, training, supervision and
team communication. As demonstrated in the REACH trial,
communication is one of the key aspects to improve environ-
mental cleaning processes [17e19,38]. However, environ-
mental services staff are often no longer employed directly at
the hospital, but are outsourced in many countries [63]; this
fragments the ward team and complicates team communica-
tion. It is also assumed that the working conditions of out-
sourced environmental services staff are worse and therefore
the motivation is lower [64]. The communication gap between
the environmental services staff and HCWs may even be
amplified by language barriers because environmental services
staff often originate from other countries [38]. Therefore,
training materials and protocols should be adapted to the
language and educational level of the staff, and should be easy
to understand. High-quality training is essential so that envi-
ronmental services staff understand the importance of proper
environmental cleaning and the associated work processes
[65]. Regular training and monthly face-to-face feedback help
ensure that performance is optimized and good performance is
maintained [38,66].

A good training programme ideally consists of different
modules, and utilizes various educational techniques based on
adult learning theory. Several training methods have been
described in the literature as useful to complement written
materials (e.g. DVDs, audience response systems, videos,
demonstrations, role playing and graphics) [66,67]. Again,
training should not only focus on technical aspects but also on
communication. For example, it has been proposed that envi-
ronmental services staff should create a ‘customer service’
atmosphere when they communicate with patients [65]. To
train this, simulation-based communication training with role
play and observing interactions between environmental serv-
ices staff and patients may be suitable [68].
Assessment of cleanliness

In order to maintain the success achieved in the improve-
ment of cleaning performance and for educational purposes, it
is necessary to regularly assess the cleaning process as well as
surface cleanliness after the cleaner has gone. Both should be
defined using validated and risk-assessed strategies. Various
methods for the assessment of cleanliness are available today.
As all methods have advantages and disadvantages and exam-
ine different aspects of the cleaning process, they are best
used in reasonable combinations [42,55].

Visual inspection alone is not sufficient because it is sub-
jective and cannot take the patients’ risk of infection into
account. Other scientific methods should also be used to assess
cleanliness in terms of contamination [37,65].
Direct observation or supervision during cleaning with sub-
sequent feedback is particularly suitable for training purposes
[42,65,69,70]. It can be used to assess the extent to which the
observed environmental services staff adhere to the stand-
ardized cleaning process, and which employees have increased
training needs. Optimally, observation should take place reg-
ularly [42]. The observer can either be on site or observe
covertly; the latter, however, is more difficult to accomplish
[65,69]. Monitoring should be done on a regular basis and by
independent persons who do not belong to the environmental
services team (e.g. hospital epidemiologists or infection pre-
ventionists) [71,72].

Established methods to assess cleanliness include micro-
biological sampling and adenosine triphosphate (ATP) bio-
luminescence assays. Microbiological sampling is commonly
used in practice to assess cleanliness in hospitals and food and
related industries. Even where standardization is in place, its
usefulness in routine monitoring of hospital cleanliness can be
limited due to delayed results [37,65,70,73,74]. ATP assays
allow the detection of ATP, a fundamental energy source in
every living organism, and thereby the direct assessment of
cleaning effectiveness and cleanliness. This method is used
increasingly in the hospital environment because it is con-
venient and allows rapid feedback to the environmental serv-
ices staff [37,42,70,75]. Its routine use, however, remains
controversial.

Measuring the cleaning process may also be performed using
fluorescent markers; this is a relatively new and easy-to-use
strategy. The markers can be applied to high-touch surfaces
before the cleaning process. After cleaning, residues that
indicate insufficient removal can be made visible using a
portable ultraviolet light source [18,37,70,76,77].

In addition to these key components for routine cleaning, it
may be necessary to adapt the cleaning due to particular sit-
uations that require a change of measures. This primarily
relates to pathogens that can occur in the hospital and may
cause an outbreak.
Management of clinically relevant pathogens

Some pathogens, such as norovirus or the spores of
C. difficile, can persist for several weeks in the environment
and are relatively tolerant to conventional surface dis-
infectants. As both environmental infections and patient-to-
patient transmission may increase proportionally with the
degree of environmental contamination, special efforts must
be made to prevent and manage these outbreaks [4,5,45]. In
particular, so-called ‘marker’ multi-drug-resistant organisms,
such as MRSA, VRE, C. difficile and Acinetobacter baumannii,
which can be brought into the hospital by asymptomatic per-
sons, can become a major hygiene challenge for hospitals and
spread easily through the environment [9]. In the case of nor-
ovirus, even the cleaning of contaminated floors can produce
infectious aerosols containing viral particles, which patients,
employees or visitors ingest, or which settle on surfaces [78].

This review primarily addresses routine cleaning and dis-
infection on general wards to prevent HAIs. If there is evidence
or justified suspicion of contamination with clinically relevant
pathogens, special cleaning and disinfection procedures must
be used in accordance with the recommendations for the
respective pathogen. An exemplary overview of frequently



Table III

Examples of clinically relevant pathogens, required disinfection efficacy and practical recommendations

Organism Required efficacy Practical recommendations

Bacteria
Meticillin-susceptible Staphylococcus
aureus and other non-drug-resistant
staphylococci and enterococci

Escherichia coli
Klebsiella pneumoniae and other non-drug-
resistant Enterobacterales

S Standard cleaning/disinfection procedurea,b

Bacteria causing gastroenteritis (other than
Clostridioides difficile), e.g. non-
typhoidal Salmonella spp., Campylobacter
spp. or Shigella spp.

S Disinfection of isolation roomsc and terminal room
disinfection

Bacteria causing respiratory tract infections
(other than Mycobacterium tuberculosis):
Streptococcus pneumoniae, Bordetella
pertussis

S Disinfection of isolation roomsc and terminal room
disinfection

Neisseria meningitidis S Disinfection of isolation roomsc and terminal room
disinfection

Multi-drug-resistant bacteria [90e93]
Meticillin-resistant Staphylococcus aureus
Vancomycin-resistant enterococci

S Disinfection of isolation rooms and terminal room
disinfection
Consider complementary decontamination methods
(UV-C, H2O2 vaporization) for some species or during
outbreaks (e.g. vancomycin-resistant enterococci,
Acinetobacter baumannii)

Multi-drug-resistant Gram-negative bacilli

Mycobacteria
Mycobacterium tuberculosis (S); change to T/M

[94,95]
Without visible contamination, standard cleaning/
disinfection procedure may be sufficienta

Spore-forming bacteria
Clostridioides difficile Change to SP [96,97] Disinfection of isolation rooms and terminal room

disinfection
Consider complementary decontamination methods
(UV-C/H2O2 vaporization) during outbreaks

Fungi
Candida albicans S Standard cleaning/disinfection procedurea,b

Disinfectant with proven yeasticidal efficacy may be
sufficienta

Candida auris

Viruses
Enveloped viruses
SARS-CoV-2 S incl. envV Disinfection of isolation rooms and terminal room

disinfection
Standard cleaning/disinfection procedurea,b

HBV
HIV
Enveloped viruses causing respiratory tract
infections, e.g. respiratory syncytial virus,
influenza viruses (AeC) etc.

Non-enveloped viruses
Non-enveloped viruses causing
gastroenteritis, e.g. norovirus, adenovirus

change to lsV [98
e100]

Disinfection of isolation rooms and terminal room
disinfection
Disinfectant with proven lsV or V efficacyNon-enveloped viruses causing respiratory

tract infections, e.g. adenovirus

envV, virucidal activity against enveloped viruses (EN 14776); HBV, hepatitis B virus; HIV, human immunodeficiency virus; lsv, limited spectrum
virucidal activity (EN 14476); S, standard efficacy for application in healthcare institutions (bactericidal activity EN 13727, yeasticidal activity EN
13624); SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; SP, sporicidal activity against Clostridioides difficile spores (EN 17126); T/M,
tuberculocidal activity (Mycobacterium terrae EN 14348, mycobactericidal EN 14348); V, virucidal activity (EN 14476); UV-C, ultraviolet C.
Recommendations based on guidelines as of 25.09.2020 [40,52,88,89]. Local regulations and guidelines may vary.
a According to risk assessment.
b Always disinfect high-touch surfaces and visible contamination.
c When isolation precautions are indicated.
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occurring clinically relevant pathogens and practical recom-
mendations by the expert panel can be found in Table III. There
is increasing evidence highlighting that improved environ-
mental hygiene as part of a bundle approach can be a valuable
tool to control outbreak situations (e.g. C. difficile, VRE, MRSA,
multi-drug-resistant Gram-negative bacilli and norovirus)
[79e87].

In conclusion, the evidence for environmental cleaning and
disinfection to prevent transmission of pathogens is well
established, particularly for MRSA, VRE, C. difficile and a range
of Gram-negative bacteria. This review highlights the need for
a bundle of activities, including clinical risk assessment, hand
hygiene, evidence-based environmental cleaning and dis-
infection procedures, structured training for environmental
services staff, and timely feedback from cleaning and cleanli-
ness monitoring. Furthermore, there are clear indications for
selection of the most appropriate disinfectant and cleaning
procedures for clinically relevant pathogens to limit the risk of
pathogen transmission from environmental reservoirs. Choos-
ing the right product or method requires not only the appro-
priate active substance, but also testing of compatibility with
the surface and compliance with national and/or local tech-
nical and legal requirements. This expert guidance advocates
that healthcare hygiene should be seen as a comprehensive
approach in which different strategies interrelate to ultimately
reduce the number of HAIs.
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