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Surface disinfection
Hand hygiene is important, but not enough as a sole measure. The reason: near-patient and
frequently touched surfaces are often contaminated with nosocomial pathogens due to droplets
and frequent hand contact. Hence, depending on the risk area, targeted and effective surface
disinfection is a crucial element of infection control.

List of abbreviations
DGHM Deutsche Gesellschaft für Hygiene und
Mikrobiologie (German Society for
Hygiene and Microbiology)
DVV

Deutsche Vereinigung zur Bekämpfung der
Viruskrankheiten (German Registered
Association for Combating Viral Diseases)

HAV

Hepatitis A virus

HBV

Hepatitis B virus

HIV

Human immunodeficiency virus

BMT

Bone marrow transplantation

MRSA Methicillin-resistant
Staphylococcus aureus
QAC

Quaternary ammonium compound

WD

Washer/disinfector

VAH

Verbund für Angewandte Hygiene e.V.
(Association for Applied Hygiene)

VRE

Vancomycin-resistant enterococci

VSE

Vancomycin-sensitive enterococci
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Which microorganisms can be found on
near-patient surfaces?
The patient’s immediate surroundings are often
contaminated with MRSA, VRE and Clostridium difficile,
respectively [1, 2]. The frequency of MRSA and VRE
contaminating the surroundings correlates with the
number of culture-positive body sites. Additionally,
contamination of the immediate environment is higher
with infected than with colonised patients. And
diarrhoea results in wide-spread contamination of the
surroundings [3].
Example: Contamination rates
To clarify an outbreak with Clostridium difficile, 216
samples taken from the inanimate surroundings were
examined [3]. The highest contamination rate (49 %)
was found in patients with C. difficile and diarrhoea;
29 % of the samples were positive for patients with
C. difficile but not suffering from diarrhoea; 8 % of the
samples taken near culture-negative patients were
found to be positive.
Even those surfaces near patients without proven
infection or specific colonisation are contaminated with
different nosocomial pathogens: C. difficile was found
on 17 % of such surfaces, MRSA was detected on 43 %
of beds of patients previously unknown to carry MRSA,
and 13 % of surfaces near patients not known to carry
VRE cultured positive for VRE [1]. This contamination
presumably stems from previous patients, but may also
originate from employees or visitors who are unknown
carriers of these microorganisms.
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Table 1
Persistence of different nosocomial pathogens on
inanimate surfaces.
Type of pathogen

Persistence on inanimate
surfaces

Bacteria

Acinetobacter spp.

3 days to 5 months

Enterococcus spp.
incl. VRE and VSE

5 days to 4 months

Escherichia coli

90 minutes to 16 months

Klebsiella spp.

2 hours to > 30 months

Mycobacterium
tuberculosis

1 day to 4 months

Pseudomonas
aeruginosa

6 hours to 16 months
on dry floors: 5 weeks

Proteus vulgaris

1 -2 days

Serratia marcescens

3 days to 2 months
on dry floors: 5 weeks

Staphylococcus aureus,
incl. MRSA

7 days to 7 months

Streptococcus
pneumoniae

1 - 20 days

Streptococcus pyogenes 3 days to 6 ½ months

Example: contamination of the surroundings in
case of an outbreak
2 wards of a medical unit for elderly people was affected
by a C. difficile outbreak with 110 cases in one ward and
82 cases in the other [6]. A total of 2 550 environmental
swabs were taken from contact surfaces. In one ward
29.2 % of the swabs were found to be positive, 32.8 %
in the other.
It was shown that the incident of patient isolates
correlated with the prevalence of environmental isolates.
Supposedly, environmental contamination made its
contribution to the continuance of the outbreak.
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Persistence of pathogens on
inanimate surfaces
Nosocomial pathogens are able to persist on inanimate
surfaces for different periods of time (table 1).
The survival time depends on different variables. For
Gram-negative species, high air humidity promotes
longer persistence, whereas low humidity facilitates
survival of Gram-positive bacteria [4]. In addition, low
temperatures, for example 6 °C, a high initial number of
microorganisms and the existence of protein, serum or
sputum are favourable for bacteria [4].

! Most nosocomial pathogens are able to persist on
inanimate surfaces for months.
Normally, microorganisms are attached to particles or
droplets. For example, in case the air is contaminated by
sneezing (entry of droplets into the inanimate
environment) or fluffing up pillows and blankets (entry of
particles into the inanimate environment), the droplets or
particles will sooner or later settle on horizontal surfaces
and thus contaminate them.
Air measurements after making the bed of patients
infected or colonised with MRSA showed that the
number of MRSA in the air heavily increases directly after
making the bed, with beds of patients infected by MRSA
even considerably stronger than with beds of patients
colonised with MRSA. However, after 30 minutes, the
number of MRSA in the air returns to its initial level [5].

Practical instruction
In case of MRSA patients, routine surface disinfection
is only reasonable 30 minutes after making the bed
at the earliest, when considering the bacteria’s
sedimentation from the air.

! Contaminated surfaces can also be found near
patients without proven infection, for example, due to
previous patients or medical staff.
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Transmission from contaminated surfaces
Pathogens may often be transmitted to the hands of
employees when they touch contaminated surfaces.
Depending on the study, VRE was found on 46 - 52 % of
the employees’ hands, MRSA on 42 % and norovirus on
40 % (table 2).

Table 1
(cont'd)
Type of pathogen

Persistence on
inanimate surfaces

Fungi

Candida albicans

1 - 120 days

In outbreak situations, the immediate patient
surroundings are often contaminated, primarily with the
following pathogens:

Candida parapsilosis

14 days

Torulopsis glabrata

102 - 150 days

I
I
I
I
I

Adenovirus

7 days to 3 months

Astrovirus

7 - 90 days

Coronavirus

3 hours

SARS-associated
coronavirus

72 - 96 hours

HAV

2 hours to 60 days

HBV

> 7 days

HIV

> 7 days

Influenza virus

1 - 2 days

Norovirus and feline
calicivirus (FCV)

8 hours to 7 days

Respiratory syncytial virus

up to 6 hours

Rhinovirus

2 hours to 7 days

Rotavirus

6 - 60 days

C. difficile
MRSA
VRE
A. baumannii
Noroviruses

The importance of contaminated surfaces
to nosocomial infection
Detecting a pathogen on an inanimate surface does not
necessarily imply a risk of transmission, although some
pathogens have been reported to be infectious in a little
dose: less than 1 CFU of C. difficile per cm² was able to
elicit infection in mice. Less than 15 cells of S. aureus
were enough to trigger infection on artificial lesions.
And also for noroviruses, a small amount of virus
particles suffices to cause infection.

Viruses

Table 2
Transfer of pathogens from contaminated surfaces to hands (excerpt from [1]).
Pathogen

Setting

Type of contact

MRSA

Single room

Contact for an undefined period of time during patient 42 %
care without direct patient contact

VRE

Single room in a 5-second contact with bed rail and bedside table,
normal ward
respectively in rooms of VRE patients

46 %

VRE

Intensive care
unit

Contact with immediate patient surrounding for an
undefined period of time during patient care

52 %

Norovirus

Laboratory

Contact with contaminated objects for an undefined
period of time

40 %
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Transmission rate
from surface to hands
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Table 3
Acquisition of specific pathogens in intensive care units dependent on the colonisation or infection of previous patients
in the same room (adapted from [1]).
Pathogen

Variables

Pathogen was acquired

Pathogen was not acquired

VRE

Patient was admitted to room from
which VRE had been cultured

13 % of 30

2 % of 60

VRE

Positive culture before admission and

8 % of 50

4.8 % of 588

Previous patient was VRE positive

38 % of 50

20.2 % of 588

There was a VRE-positive patient in
past 2 weeks

60 % of 50

41.8 % of 588

A. baumannii

Previous patient was A. baumannii positive

28.1 % of 57

7.9 % of 454

P. aeruginosa

Previous patient was P. aeruginosa positive

25.6 % of 82

14.9 % of 429

C. difficile

Previous patient was C. difficile positive

11 % of 91

Previous patient was C. difficile negative

4.6 % of 1 679

Example: Outbreak description
During an evening concert at the Metropolitan Concert
Hall in Cardiff, Wales, a visitor felt sick. He had to leave
the concert four times and vomited at different
locations, elicited by the norovirus. 257 visitors to the
noon-time concert on the next day contracted an
infection, presumably caused by the contamination of
the inanimate surfaces [7].
There are several studies which indicate that the
colonisation or infection status of the previous patient in
the same room has a significant impact on the risk of the
subsequent patient to acquire the same pathogen
(table 3).
These studies clearly show that the risk of acquiring a
nosocomial pathogen in a room previously occupied by a
patient infected or colonised by the same pathogen is
significantly higher in intensive care units. The reason
for this can only be the contamination of the patient’s
surroundings. The increase in infections elicited by
multi-drug-resistant Gram-negative species makes it
even more important to understand their epidemiology
and the role inanimate surfaces play in transmission [1].
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! A prior room occupant with an infection increases
the risk of contracting a nosocomial infection for the
subsequent patient in the same room.
The importance of surface disinfection
to the prevention of nosocomial infection
There are several studies that describe the crucial role
that surface disinfection plays in preventing nosocomial
infection. Table 4 summarises some examples.
These studies show that contaminated surfaces make an
important contribution to epidemic and endemic
transmission of different pathogens and that effective
surface disinfection in certain areas with high risk of
infection may significantly reduce the rate of incident
cases.

5

Surface disinfection

Table 4
Effect of targeted surface disinfection on the rate of infection with certain pathogens (adapted from [1, 8]).
Pathogen Type of ward

Period of time, design

Measure

Result

C. difficile

BMT
unit, neurosurgical intensive
care unit, internal medicine

2 years, prospective
before-after study

Switch from QAC to
hypochlorite solution (1:10)
in case of C. difficile

Significant reduction in the BMT unit from
8.6 to 3.3 cases per 1 000 patient days;
no reduction in the other wards

C. difficile

2 geriatric wards

2 years, prospective
crossover

Surface treatment with a
detergent or hypochlorite for
1 year; then products were
switched

Significant reduction in one ward from 8.9
to 5.3 cases per 100 admissions;
no reduction in the other ward

C. difficile

Medical intensive care unit, BMT

4 and 5 months,
respectively; retrospective
cohort study

Surface treatment with
hypochlorite

Significant reduction by
approx. 50 % in both wards

VRE

Intensive care unit

9 months, prospective
before-after study

Improvement in surface and
hand hygiene by training

Acquisition of VRE was reduced from 33
to 17 acquisitions per 1 000 patient days
during the improved surface hygiene phase

MRSA

Intensive care units

14 months, prospective
observational study

none

More than 10 % of acquisitions
presumably emanated directly
from the inanimate environment

Outbreaks and special wards, respectively may require an
activity spectrum that exceeds this. However, not all
active ingredients have the same efficacy potential.
Examples of suitable active ingredients are listed below
(table 5). In any case, it is imperative to make sure that
the formulation, which is often based on a
combination of several active ingredients, and the
defined concentration has the desired efficacy that also
has been certified, if need be [10].

Active ingredients for surface disinfection
In Germany, preparations for surface disinfection are
based on different active ingredients. The list of
disinfectants of the Association for Applied Hygiene
(VAH) provides some guidance on the individual
formulation’s activity [10]. All listed surface disinfectants
possess a minimum spectrum of activity against Grampositive and Gram-negative bacteria (bactericidal activity)
and against yeasts (yeasticidal activity).

Table 5
Examples of active ingredients that are known to be active against certain groups of nosocomial pathogens depending
on the concentration and exposure time.
Additional activity against

Examples of active ingredients that are known
to have this efficacy potential

Fungal spores (fungicidal activity)

Alcohols, oxygen-releasing compounds, aldehydes

Mycobacteria (mycobactericidal activity)

Alcohols, oxygen-releasing compounds, aldehydes

Enveloped and nonenveloped viruses
(virucidal activity)

Oxygen-releasing compounds, aldehydes

Bacterial spores (sporicidal activity)

Oxygen-releasing compounds, aldehydes
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I
I
I
I
I
I
I
I

Active ingredients

Recommendation

for surface disinfection [9]

of the Disinfectant Commission in the VAH

alcohols such as ethanol, 2-propanol or 1-propanol
quaternary ammonium compounds (QAC)
oxygen-releasing compounds such as magnesium
monoperoxyphthalate and peracetic acid,
respectively
chlorine-releasing agents
aldehydes such as glutaraldehyde and
formaldehyde, respectively
phenols
amphoteric compounds such as amphoteric
surfactants

Table 6
Adsorption of benzalkonium chloride to different wipe
materials (according to [12]).
Material of tissues

Adsorption of benzalkonium
chloride (in %)

white cellulose and
polyester

up to 61 %

Mixture of viscose,
up to 54 %
cellulose and polyester
Viscose

up to 70 %

Polyester alone

up to 7 %

When selecting tissues, the manufacturer of the tissues
and the disinfectant, respectively needs to provide an
expert opinion to prove that the tissue material does not
impair the disinfectant’s efficacy within the claimed
standing time.

Adsorption of active ingredients
to tissue fibres
As early as 1957, it was reported that some active
ingredients such as benzalkonium chloride may attach to
certain materials [11] and then their concentration
available in the use-solution is not high enough. This may
jeopardise the disinfection’s success, depending on how
much of the active ingredient is adsorbed. This also
applies to surface disinfection, as described recently
(table 6) [12].
This adsorption normally happens within 30 minutes
(figure 1). Use-solutions not possessing the required
concentration of active ingredient will not be sufficiently
effective and is not suitable for surface disinfection.
Hence, it is important to harmonise surface disinfectant
and tissue used to avoid adsorption and make sure the
use-solution has the necessary concentration of active
ingredient.

BAC content (%)

Special case: portable electronic equipment
Different portable electronic devices have found their way
into health care, for example mobile phones and tablet
computers [13]. The majority of staff uses these devices
during work, but also patients do not want to do without
their mobile phones during their hospital stay. These
portable electronic devices are frequently touched and
may, on the one hand, become contaminated, but also be
a source for transmission.
Time of exposure (h)
Tissue
Cellulose (polyester strengthened)
Viscose
Polyester
Mixture of viscose, cellulose and polyester

! Not all active ingredients have the same efficacy
potential for all nosocomial pathogens.

Figure 1 Content of benzalkonium chloride (BAC) in the
use-solution of a surface disinfectant depending on the
type of tissue fibre (adapted from [12]).
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Studies proved that the majority of devices is
contaminated, some of them even with pathogens.
According to the largest study on the contamination of
employees’ mobile phones to date 94.5 % of devices
carried bacteria [14]. S. aureus was found on every
fourth mobile phone, Gram-negative pathogens on every
fifth [14]. Other authors described lower rates with employees’ mobile phones: 55 % of the devices revealed
bacterial contamination, 8 % with S. aureus [15]. Similar
rates were observed with mobile phones of patients [16].

! Portable electronic devices – also mobile phones of
staff and patients – may become contaminated and thus
transmit pathogens.
These surfaces’ potential for pathogen transmission was
illustrated with permanently installed devices. In case
computers, for example, are used near patients and
touched by employees, the compliance with hand
disinfection after this contact is very low with 22 % [17].
Apparently, healthcare workers are not yet aware that
these surfaces are frequently touched and thus
contaminated, but are disinfected at irregular intervals
only and may be a source of infection in the patient’s
immediate surroundings.
Disinfection of these devices is not an easy task,
primarily due to their sensitive materials [18]. The
disinfection procedure must be easy and quick, but, at
the same time, must not damage the partly expensive
devices. Low-alcohol surface disinfectants are active
against bacteria and yeasts within 30 seconds and thus
meet the minimum efficacy requirements. However, there
are differences in material compatibility, particularly with
sensitive materials such as Plexiglas, Makrolon or
polysulphone, which are often used in electronic
equipment.

! In addition to a disinfectant’s efficacy, its material
compatibility is key as well.
Wipes dispenser systems
Dispenser systems for wipes are becoming increasingly
popular in clinical practice, as they allow to perform
surface disinfection exactly where it is necessary
regularly [19]: on surfaces with frequent hand and skin
contact (e.g. medical devices such as monitors or
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keyboards, sanitary areas for patients, incubators,
bedframes, bedside tables) or in areas involving
particular risk of infection (e.g. surgical units, burn
units, transplantation units, haematological oncology
units). The different preparations used in wipes
dispensers are based on different active ingredients.
Formulations based on surface-active substances (e.g.
benzalkonium chloride, glucoprotamine, alkylamine and
ampthoteric surfactants, respectively) are used mostly,
some of them additionally contain aldehydes. But also
alcohol-based products are used in wipes dispensers.

! Cave: Due to their short standing time, surface
disinfectants based on peroxides should not be used in
wipes dispensers.
A recent study reported that solutions with surface
disinfectants based on different surface-active
substances (normally 0.5 %, i.e. the concentration for
the 1-hour value) may be highly contaminated with up
to 107 CFU per ml [20]. Gram-negative species such as
Achromobacter species 3, Achromobacter xylosoxidans
and in one case also Serratia marcescens were found.
All dispensers used in clinical practice had undergone
insufficient reprocessing, allowing biofilm to develop
and isolates to adapt. It became clear that wipes
dispensers for surface disinfectants need to be
thoroughly reprocessed to avoid re-contamination of the
use-solution after re-filling.

! Cave: When wipes dispensers are reprocessed
improperly, Gram-negative species are able to proliferate
at room temperature in 0.5 % use-solution of surface
disinfectants based on surface-active substances.
Meanwhile, different reprocessing procedures have been
examined for their ability to prevent re-contamination of
a fresh use-solution over 28 days [21]. It was shown
that automated procedures in a professional washer/
disinfector (WD) are suitable, when it is sure that a
temperature of 60 - 70 °C can be kept up for at least 5
minutes, no matter if a highly alkaline, mild or no
cleaner is used. By contrast, not all manual procedures
are able to prevent re-contamination of the fresh usesolution over the standing time of 28 days. In practice,
however, it is only advisable to use processes that have
proved to be effective with contaminated dispensers
from clinics.
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Effective procedure
for reprocessing of wipes dispensers
First, thoroughly rinse dispenser and lid with hot tap
water and dry. Afterwards, wipe disinfect all surfaces
with a surface disinfectant containing a high alcohol
content that dries without leaving any residue. Pay
attention to the necessary exposure time.
After all surfaces are dry, the dispenser may be
refilled with a new fleece roll and disinfection
solution to be used for up to 28 days.

Practical implementation of surface
disinfection

Use concentration and exposure time. In high-risk
areas, for example intensive care, surgical or burn units,
the concentrations used should be high enough to
ensure efficacy within one hour (claimed 1-hour value).
Dosing. Exact dosing is a fundamental requirement for
effective disinfection. It also helps avoid adaptation of
microorganisms due to underdosing. To ensure exact
dosing, decentralised type-approved devices for dosing
disinfectants should be used. These are to be maintained
regularly, including checks of the dosing accuracy and
possible microbial contamination and development of
biofilm.

! Cave: Underdosage promotes the development of
microorganisms tolerant to disinfectants.

Surface disinfection procedures. The normal procedure
applied in health care should be the scrub/wipe
procedure: the disinfectant is mechanically spread on the
surface as evenly as possible. Spray disinfection is only
an option, when wipe disinfection is not possible, as the
fine nebulisation of active ingredients and auxiliary
substances into the air may be hazardous to the
personnel.
Example on the use concentration
In 2000, there was an outbreak with Klebsiella oxytoca
in a neonatal and paediatric intensive care unit. Within
2.5 years, there were 28 cases of nosocomial
bloodstream infection. The outbreak’s source was found
in a 0.25 % use-solution of a surface disinfectant, which
was used, for example, for disinfecting infusion pumps.
One of the measures to stop the outbreak was to
increase the use concentration to 0.5 % as
recommended [22].
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Period of time solutions can be used. Normally,
use-solutions need to be prepared every day, unless they
are ready to use. The time of usability also depends on
the active ingredients. The manufacturer’s information
on the maximum usability of use-solutions need to be
observed, particularly for preparations based on
peroxide compounds and chlorine-releasing compounds,
respectively.
Reprocessing of cloths and buckets. These need to
be reprocessed and dried. Should this not be possible, it
is advisable to use disposable wipes.
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Risk assessment of surfaces in hospitals
Surfaces in different areas of the hospital involve
different risks that have an effect on surface disinfection
[19]:
1) Areas without risk of infection. These include, for
example, staircases, corridors, offices, dining rooms,
lecture halls, classrooms or technical areas. These
areas do not require routine surface disinfection;
surface cleaning is enough.
2) Areas with possible risk of infection. These
include, for example, general wards, outpatient
departments, radiology, physical therapy, first-aid
rooms, dialysis, and intensive-care monitoring,
respectively. In these areas, it is advisable to routinely
disinfect the surfaces exposed to frequent hand and
skin contact. Floors and other surfaces should be
cleaned.
3) Areas with high risk of infection. These include,
for example, surgical units, procedure rooms, special
intensive care units, e.g. for long-term ventilator
or severe-burn patients, transplantation units
(e.g. BMT or stem cells), haematological oncology
units and neonatal wards. In these areas, it is
advisable to routinely disinfect floors and the surfaces
exposed to frequent hand and skin contact. Other
surfaces should be cleaned.
4) Areas with infectious patients, who pose a risk
of spreading microorganisms. These include, for
example, isolation and functional areas, where these
patients are treated. In these areas, it is advisable to
routinely disinfect the surfaces exposed to frequent
hand and skin contact. Also floors and other surfaces
should be disinfected.
To cope with the particularly high requirements of such
departments (areas with high risk of infection, areas
with infectious patients) there must be cleaning staff
that has been trained by hygiene specialists. This staff
needs to be available for enough time and be able to
understand and implement special instructions of the
treatment team [23].
The responsible hospital hygienist assesses the
respective risk of infection and, in consultation with the
hospital’s hygiene commission, develops a cleaning and
disinfection plan (hygiene plan) that defines specific and
mandatory procedures (cleaning or disinfection) for the
individual areas depending on the risk of infection.
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Assessment criteria
for surfaces
Surfaces with frequent hand and skin contact
I bedframes and accessories
I bedside tables and shelves
I sanitary area for patients (e.g. bathtubs,
washbasins, taps)
I medical devices (monitors, keyboards, infusion
stands, ECG devices, cables, mobile phones,
tablet computers)
I commode chairs
I stretchers
I incubators
I diaper changing tables
I work surfaces on dressing trolleys
I work surfaces for preparing infusion solutions,
injections, etc.
Surfaces without frequent hand and skin contact
I floors
I walls
I lamps
I radiators
I ventilations outlets

Reuse of disinfected surfaces
After all routine surface disinfection measures, the
surface can be used again as soon as it is visibly dry
[19]. In practice, this means that the disinfected surface
can be accessed or used again after a shorter time than
the prescribed exposure time.
Precondition for the disinfection’s comprehensive effect
is the complete coverage of the surface to be
disinfected. During this process, the disinfections
solution’s water and auxiliary substances ensure that
microorganisms come into contact with the disinfectant’s
active ingredients. For this process it is crucial that there
is enough time for the contact between active ingredient
and pathogens.

! Provided that the surface is wetted completely, the
time the treated surface needs for drying is normally
sufficient to yield the desired disinfection effect.
Microorganisms are also inactivated after visible drying
of the surface. The explanation is that, during wiping,
the microorganisms absorb or adsorb the disinfectant’s
active ingredient, and the disinfectant continues to be
active after the drying of the surface.
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In special situations, however, the surface may not be
reused before the end of the exposure time:
I

I

In case of officially ordered disinfection measures in
accordance with the Federal Law on the Prevention of
Infectious Diseases in Humans that apply agents or
procedures listed by the Robert Koch-Institute (RKI)
[24].
In case of targeted disinfection, which is
recommended in the following situations:
- Visible contamination. Visible contamination of
surfaces may include contamination with blood, pus,
excretions or other body fluids. With disinfection only,
the surface must not be reused before the end of the
exposure time. However, it may be reasonable to
remove the visible contamination with a wipe presoaked with disinfectant and then carry out normal
surface disinfection of the contaminated area. In this
case, the surface may be used again as soon as the
surface disinfectant has dried [19].
- Terminal disinfection. Terminal disinfection is carried
out in areas and rooms where infected or colonised
patients are treated. By this disinfection the area/
room is prepared for the care or treatment of a
subsequent patient without putting her/him at risk of
infection. Depending on the disease or pathogen, the
final disinfection has to include all surfaces and
objects near the patient that are or could be
contaminated [19].
- Outbreak situation. In case of an outbreak, the
disinfection is to check or prevent the spread in
addition to the measures performed routinely [19].
- Occurrence of certain pathogens. Here, surfaces are
very likely to become contaminated with pathogens
that may not only elicit infection through direct
wound contact, but also by indirect contacts. In these
cases, e.g. with the occurrence of noroviruses, multidrug-resistant pathogens or C. difficile, the surfaces
need to be disinfected in a way so the risks are best
possibly reduced for subsequent users [10]. This may
include surfaces outside the treatment room.

Practical instruction
In case surfaces regularly need to be used again
shortly after disinfection, apply disinfectants that
unfold their complete effectiveness after short
exposure times appropriate to the practical situation
[19].

Assessment of the efficacy of surface
disinfection procedures
Spectrum of activity. Surface disinfectants should be at
least active against bacteria and yeasts. This minimum
requirement is made by both the Disinfectant
Commission in the VAH [10] and European
standardisation for disinfectants in human
medicine [25].
The spectrum of activity is usually determined in
suspension tests, which can be conducted under clean or
dirty conditions. Under clean conditions, the product is
tested with the presence of 0.03 % albumin; under dirty
conditions, products are tested with 0.3 % albumin and
0.3 % sheep erythrocytes.

! The tested efficacy basically comprises the entire
group of tested microorganisms (e.g. bacteria).
Sporadically, there have been, however, adapted or
resistant isolates. Up to date, these have only been
found in case of underdosage or improper reprocessing
of surface disinfection utensils [26]. A recent study
showed that surface disinfectants (all tested with the 1hour value) based on different active ingredients (QACs,
aldehydes, alcohol, oxygen-releasing agents) basically
are active against different clinical isolates of multidrug-resistant Gram-negative species, including
Klebsiella pneumoniae OXA-48 or KPC-2, Serratia
marcescens OXA-48 or KPC-2 or Acinetobacter
baumannii OXA-23 (M. Reichel, personal message).
Hence, based on these findings, there are no limitations
when selecting the active ingredient for surface
disinfectants, when they proved to be bactericidal in
common testing methods.

I In case of the reprocessing of medical devices, for
example, ECG electrodes or speculum.
I In case of bathtub disinfection. Filling the tub with
water stops the disinfectant’s activity. This may pose
a risk for unhealed wounds or during obstetrics.
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Useful Internet address
For the 150 most frequent pathogens, www.bode-sciencecenter.com/center provides information on the spectrum
of activity which is needed for inactivation.

For practice, efficacy proven under clean conditions
means that the surface was cleaned [10] or was visibly
clean before disinfection.

! For visibly contaminated surfaces, the surface
disinfectant should in any case have proved its efficacy
under dirty conditions.
Virucidal activity. In most European countries, the
virucidal activity of surface disinfectants is tested in
accordance with EN 14476 (table 7). In Germany,
virucidal activity currently is only approved, when the
product has been tested in accordance with the
“DVV/RKI method”. One major difference is that the
product needs to prove activity against polyomavirus
SV40, in addition to activity against adenovirus and
poliovirus. However, this method also allows to claim a
“virucidal activity against enveloped viruses”, which
comprises enveloped viruses relevant to human
medicine. This is unique in Germany and not possible
with EN 14476.
The list of disinfectants of the VAH currently comprises
14 surface disinfectants with “virucidal activity against
enveloped viruses”, 4 with “virucidal activity” and

“virucidal activity against enveloped viruses” and 1 with
“virucidal activity” in accordance with the DVV/RKI
method [10].
Practical method. To date, the efficacy under practical
conditions has normally been examined and assessed
according to the standard methods of the DGHM [27].
This included a procedure either with mechanical action
on operating theatre tiles or without mechanical action
on small metal plates. In the future, the efficacy under
practical conditions shall be assessed by the four-square
test. Its basic principles are also expected to appear in
European standards (prEN 16615). This method is to
determine bactericidal and yeasticidal activity under
practical conditions – not only on a contaminated test
field, but also on non-contaminated control fields to
prove that there is no noteworthy spread to adjacent
areas through or after disinfection.

! Instead of the previous standard methods of the
DGHM, efficacy under practical conditions shall be
assessed by dint of the four-square test in the future.
In Germany, a surface disinfectant’s efficacy is assessed
and certified, for example, by the Disinfectant
Commission of the VAH [10]. The list of disinfectants
shall help users evaluate the efficacy of individual
products, which have been reviewed by a neutral body in
at least 2 independent expert opinions in accordance
with the requirements of the Disinfectant Commission.

Table 7
Overview of European standards in the field of human medicine for determining the efficacy of surface disinfectants
depending on the necessary spectrum of activity.
Active against

Spectrum of activity
(suspensiontest, Phase 2, Step 1)

Activity under practical conditions
(Phase 2 / Step 2)

Bacteria (“bactericidal”)

EN 13727*

prEN 16615

Yeasts (“yeasticidal”)
The most important fungi relevant to human medicine
(“fungicidal”)
M. tuberculosis („tuberculocidal)

EN 13624*
EN 13624*

prEN 16615
–

EN 14348*

–

The most important mycobacteria relevant to
human medicine (“mycobactericidal”)

EN 14348*

–

The most important viruses relevant to
human medicine (“virucidal”)

EN 14476

Work item 216094

Bacterial spores (“sporicidal”)

Work item 216068

–

* The Disinfectant Commission in the VAH deems the DGHM standard methods as at least equivalent.
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To date, the efficacy has usually been evaluated with the
use-solution of the surface disinfectant. The increasing
importance of pre-soaked surface disinfection wipes in
clinical practice (either in Flowpacks or dispensers)
raised the question, whether a pre-soaked wipe’s
efficacy is similar to the efficacy of the use-solution. The
four-square test (also prEN 16615) enables to determine
the efficacy of pre-saturated wipes as well. This allows
statements on whether the wipe material used is
compatible with the use-solution and whether the
combination of both maintains its efficacy. It also allows
to examine whether the pre-soaked wipes still have the
necessary efficacy after the maximum standing time in
the wipes dispenser (e.g. 28 days). Both questions are
crucial for the practice.

! The four-square test also facilitates the assessment
of the efficacy of pre-saturated disinfection wipes – even
after the maximum standing time in the dispenser.
Special cases in surface disinfection
Heavy punctual contamination. In case of heavy
contamination with organic, pathogenic material such
as stool, blood or secretions, the visible contamination
needs to be removed and discarded with a disposable
wipe soaked in disinfectant before the actual
disinfection. Afterwards, the surface is disinfected as
usual [10, 19].
Ambulances. Basically, surface disinfection after
transport of a patient is a terminal disinfection. Rapidly
acting surface disinfectants – often based on alcohols –
are commonly used here. But also wipes dispenser
systems or Flowpacks may be used. Basically, there are
two cases that need to be distinguished [28]:
I There is no indication that the previously
transported patient carried or was infected with a
problem pathogen. In this case, a routine disinfection
can be carried out, i.e. the vehicle can be used again
after the surfaces are dry. Disinfection of contact
surfaces is sufficient.
I There is an indication that the previously
transported patient was infected or colonised with a
problem pathogen. After the transport of patients
with contagious diseases, it is advisable to perform a
targeted disinfection by observing the exposure time.

Originally published in German: G. Kampf. Krankenhaushygiene up2date. Thieme 2013; 273-288.

In this case it needs to be checked whether the
standard disinfection procedure includes the
presumed or known pathogen (e.g. Mycobacterium
tuberculosis), or whether another concentration/
exposure time or another surface disinfectant is to be
selected. Details on surface disinfection procedures
should be defined in the hygiene plan following a
risk assessment taking transmission paths into
account.
Nursing homes. Facilities and areas that primarily
serve for social assistance usually require a routine
cleaning like in households. In individual cases, targeted
disinfection measures may be advisable after
contamination with potentially infectious material (e.g.
when there is risk of infection). Surface disinfection may
be necessary in care facilities for the elderly in special
situations. Coarse contamination with potentially
infectious material, for instance, shall always be
removed by targeted disinfection. Details need to be
specified in the hygiene plan taking into account the
individual accommodation conditions (e.g. private single
room) [29].

Clostridium difficile. The RKI recommends a daily wipe
disinfection (preferably with oxidising agents, e.g.
peracetic acid or sodium hypochlorite). Here, it is
particularly important to consider near-patient surfaces
with hand contact, e.g.:
I bedside tables
I bedframes
I wet areas/sanitary areas
I toilets
I door handles
Preparations based on other active ingredients
(e.g. aldehydes) proved to be active against spores of
C. difficile, even against ribotype 027 [30].

! In case of C. difficile, daily wipe disinfection is
recommended – preferably with oxidising agents as
active ingredient.
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I

I

I

I

Depending on the pathogen and type of ward,
contaminated surfaces make a contribution to the
incidence of nosocomial infection.
The most common pathogens are able to persist
on inanimate surfaces, in some cases even for
months.
Hence, targeted, risk-adapted surface disinfection
is an essential element of primary infection
prevention.
When using wipes dispensers, it is imperative to
consider the compatibility between active
ingredients and wipe material as well as effective
reprocessing of the dispenser systems before
re-filling.
When specific pathogens such as noroviruses,
C. difficile or multi-drug-resistant bacteria occur it
is advisable to wait for the stated exposure time
before using the surface again.
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