
Alcohol-based hand rubs can fulfil efficacy requirements
of EN 1500 in 15 seconds

Alkoholbasierte Hände-Desinfektionsmittel können die
Wirksamkeitsanforderungen der EN 1500 in 15 Sekunden erfüllen

Abstract
Aim: Correct hand hygiene is widely regarded as an important measure
to prevent healthcare-associated infections. Guidelines on how to per-
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form hand antisepsis are often inspired by laboratory tests that focus
Heide Niesalla2

on reproducibility rather than ease of use. These cumbersome recom-
Christoph Senges2mendations can become barriers to hand hygiene, as optimal user ac-

ceptance requires a small rub volume and a short application time with
an intuitive rubbing technique. Here we modified the EN 1500 to test
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the efficacy of hand rubs under more user-friendly conditions, using a
highly intuitive rubbing technique in 15 seconds.
Methods: The efficacy of an ethanolic and a propanolic hand rub in in-
activating E. coli on the hands of volunteers was tested according to 2 HARTMANN SCIENCE

CENTER, BODE ChemieEN 1500 with modifications in rubbing technique and time. Pre-tests
GmbH, a company of thewere conducted to find a suitable volume for “responsible application”, HARTMANN GROUP,
Hamburg, Germanya procedure without clearly defined steps. Finally, 20 volunteers applied

both rubs for 15 seconds using 3mL and “responsible application” and
5 mL using the WHO 6-step technique.
Results: Both hand rubs, ethanolic and propanolic, were non-inferior to
an unmodified EN 1500 reference for both application methods, 3 mL
with “responsible application” and 5 mL with the WHO 6-step method.
Conclusion: Reducing the complexity of hand rub application can have
a positive impact on hand hygiene adherence. With our results showing
that antimicrobial efficacy comparable to an unmodified EN 1500 can
be achieved in 15 seconds using an intuitive rubbing technique, further
barriers to more user-friendly hand rub application have been removed.
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Zusammenfassung
Zielsetzung: Korrekte Händehygiene ist als wichtige Maßnahme zur
Prävention nosokomialer Infektionen anerkannt. Leitlinien für die kor-
rekte Durchführung der Händedesinfektion stützen sich häufig auf La-
bortests, bei denen der Schwerpunkt eher auf der Reproduzierbarkeit
als auf der Einfachheit der Anwendung liegt. Diese umständlichen
Empfehlungen können zu einemHindernis für die Händehygienewerden,
da für eine optimale Anwenderakzeptanz ein geringes Desinfektionsmit-
tel-Volumen und eine kurze Anwendungszeit mit einer intuitiven Einrei-
betechnik erforderlich sind. Vor diesem Hintergrund haben wir die
Wirksamkeit alkoholischer Händedesinfektionsmittel unter anwender-
freundlichen Bedingungen mit einer intuitiven Einreibetechnik über 15
Sekunden anhand einer modifizierten EN 1500 untersucht.
Methoden: Die Wirksamkeit eines ethanolischen und eines propanoli-
schen Hände-Desinfektionsmittels gegen E. coli auf den Händen wurde
nach der EN 1500 mit modifizierter Einreibetechnik und Einreibezeit
geprüft. In Vorversuchen wurde ein geeignetes Volumen für die „eigen-
verantwortliche Einreibemethode“, ein Verfahren ohne klar definierte

1/6GMS Hygiene and Infection Control 2024, Vol. 19, ISSN 2196-5226

Research ArticleOPEN ACCESS



Schritte, ermittelt. Schließlich trugen 20 Testpersonen beide Desinfek-
tionsmittel 15 Sekunden lang auf, und zwar mit 3 ml und der „eigenver-
antwortlichen Einreibemethode“ sowie mit 5 ml und der 6-Schritt-
Technik der WHO.
Ergebnisse: Beide Desinfektionsmittel, ethanolisch und propanolisch,
waren bei beiden Applikationsmethoden, 3mlmit der „eigenverantwort-
lichen Einreibemethode“ als auch 5 ml mit der 6-Schritt-Technik der
WHO, einer unmodifizierten Referenz der EN 1500 nicht unterlegen.
Schlussfolgerung: Die Vereinfachung der Anwendung von Hände-Des-
infektionsmitteln kann sich positiv auf die Händehygiene-Adhärenz
auswirken. Unsere Ergebnisse zeigen, dass mit einer intuitiven Einrei-
betechnik innerhalb von 15 Sekunden eine antimikrobielle Wirksamkeit
erreicht werden kann, die mit der unveränderten EN 1500 vergleichbar
ist.

Schlüsselwörter: Händehygiene, alkoholbasierte
Hände-Desinfektionsmittel, EN 1500, Händedesinfektion,
Wirksamkeitsanforderungen

Introduction
Hand hygiene is considered the most important hygiene
measure to prevent healthcare-associated infections [1],
[2]. For hygienic hand antisepsis, alcohol-based hand
rubs (ABHRs) are used to inactivate the transient skin
flora. Three requirements must be met to ensure patient
and staff safety: I) an effective hand rub must be used,
II) the rub must be applied correctly with sufficient
volume, rubbing time and technique, III) the rub must be
applied at the right indications. Compliance with all three
requirements is often referred to as hand hygiene adher-
ence. Whilst the efficacy of a professional ABHR is sys-
tematically verified through standardised testing, for ex-
ample based on the European Standard EN 1500:2013
[3] (herein referred to as EN 1500), the application should
be as simple and quick as possible to reduce any negative
impact on usage at the right indications and to ensure
patient safety.
To meet the efficacy requirements of the EN 1500, a
tested hand rub must be reproducibly statistically non-
inferior to the reference method in inactivating E. coli on
heavily contaminated hands. Application guidelines for
clinical practice, such as strict rubbing techniques for 30
seconds, are often influenced by test methods such as
the EN 1500, as these guarantee effectiveness. While it
is important to test the efficacy of antiseptics in a stan-
dardised and comparable way in the laboratory, the re-
quirements in clinical practice are different. Since staff
shortages and high workloads are common problems
faced by healthcare workers (HCWs) today, the use of
ABHRs in practice often deviates from the recommended
procedures. Therefore, complex recommendations to
apply at least 3 mL of ABHR by rubbing for 30 seconds
following a specific technique, such as the World Health
Organization (WHO) 6-step rubbing method, are seen as
a barrier and lead to reduced hand hygiene adherence
[4], [5], [6]. Alternative rubbing techniques that do not
sacrifice safety for simplicity, such as “responsible appli-
cation”, have been shown to provide comparable skin

coverage and may be superior in clinical practice. As
HCWs also struggle with the time requirements of hand
hygiene [5], reducing application times from 30 to 15
seconds is associated with increased frequency of ABHR
usage and hand hygiene compliance [4], [5].
With recommendations to reduce rubbing times to 15
seconds becoming more common in clinical practice, we
investigated whether ethanolic and propanolic hand rubs
could meet the unmodified efficacy requirements of EN
1500, the baseline for professional hand rubs, in 15
seconds instead of 30 seconds using “responsible appli-
cation” and/or the standard EN 1500 rubbing procedure.

Methods

Study design

This was a laboratory study with 10 (pre-tests) and 20
(efficacy tests) volunteers, respectively, to assess
whether ethanolic and propanolic hand rubs could meet
the unmodified efficacy requirements of EN 1500 in 15
seconds. Efficacy tests according to EN 1500:2013 [3]
were performed by an independent laboratory accredited
according to EN ISO/IEC 17025.

Efficacy tests according to EN 1500

All tests were carried out in accordance with EN
1500:2013 with only minor modifications, the reference
procedure was never modified [3]. In brief, in a cross-over
design, volunteers’ hands were contaminated with E. coli
K12 NCTC 10538, after which either an ABHR or the
reference (60% v/v isopropanol) was applied before the
hands were rubbed in culture medium with a neutraliser,
which was then poured into plates to count colony forming
units (CFU). The reference procedure was always per-
formed as described in the EN 1500 by applying 2x3 mL
of 60% v/v isopropanol for 2x30 seconds using the
standard rubbing procedure according to Annex A of EN
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1500 [3], which is based on the WHO 6-step method. In
the following, this rubbing method is called WHO 6-step
method. Rubbing times of 15 seconds were tested with
an ethanolic hand rub (85% w/w ethanol) and a propan-
olic hand rub (45% w/w propan-2-ol, 30% w/w
propan-1-ol) (both BODE Chemie GmbH, a company of
the HARTMANN GROUP, Hamburg, Germany). Allowing
only 2 seconds per step, theWHO6-step rubbingmethod
was tested with 5 mL of ABHR. The WHO 6-step method
starts with rubbing the palm and dorsum of the hand,
then focuses on the fingertips, which are the most con-
taminated, for the last three steps [3]. Starting from 3mL,
which is often considered the minimum in EN 1500, a
pre-test was performed with 10 volunteers to determine
the most appropriate volume (3 mL vs. 4 mL vs. 5 mL)
for “responsible application” according to Kampf et al.
[7]. Subsequently, 3mL was used for the EN 1500 effica-
cy tests with the required 20 volunteers. For the “respon-
sible application”, no specific order or steps are provided,
only that the hand should be covered in the given time
and that care should be taken to wet the fingertips and
thumbs, which are particularly important [7]. The EN1500
acceptance criteria were met in all efficacy tests with 20
volunteers.

Data evaluation and statistical analysis

Data analysis was performed as described in EN 1500
[3]. Results were analysed by calculating mean values
and standard deviations. Hodges-Lehmann confidence
limits were calculated to demonstrate non-inferiority to
the reference procedure. In accordance with EN 1500,
a non-inferiority limit of 0.6 was used, which should not
be exceeded.

Results

Pre-tests to define the volume for
“responsible application”

Prior to EN 1500 efficacy testing, pre-tests were conduct-
ed with 10 volunteers to determine the most appropriate
volume for “responsible application”. In terms of antimi-
crobial efficacy, as demonstrated by log10 reduction, all
three volumes for both rubs were comparably effective
to the reference (Table 1). Therefore, to evaluate themost
convenientmethod for clinical practice, the lowest volume
(3 mL) was chosen for the EN 1500 with 20 volunteers.

EN 1500 testing of an ethanolic and a
propanolic hand rub in 15 seconds

Ethanolic and propanolic hand rubs with 15 seconds of
rubbing timewere non-inferior to the referencewhen 3mL
was used with “responsible application” or 5 mL with the
WHO 6-step method. While the volume for “responsible
application” was determined in the pre-test, 5mL of hand

rub were used for the WHO 6-step method to ensure
maximum coverage of the hand. Both hand rubs tested
were as effective in reducing the E. coli contamination
as the standard reference procedure and therefore met
the requirements of the EN 1500 after 15 seconds for
both “responsible application” and the WHO 6-step
method (Table 2 and Figure 1). Mean log10 reductions
by the ethanolic hand rub were 3.20±0.47 for “respon-
sible application” and 3.16±0.70 for the WHO 6-step
method, whereas the reference procedure achieved re-
ductions of 3.33±0.26 and 3.17±0.28, respectively
(Table 2 and Figure 1A). Similar results were obtained for
the propanolic hand rub, with mean log10 reductions of
3.33±0.46 (“responsible application”) and 3.27±0.69
(WHO 6-step method), whereas the reference procedure
resulted in reductions of 3.25±0.40 and 3.17±0.28, re-
spectively (Table 2 and Figure 1B). Interestingly, in both
cases the standard deviations were larger when a volume
of 5 mL was used. For both hand rubs and both applica-
tion techniques, the Hodges-Lehmann confidence limits
were less than 0.6, confirming non-inferiority in 15
seconds.

Discussion
Since healthcare-associated infections are mainly trans-
mitted via hands, hand hygiene is the most important
measure for their prevention [1], [2]. Therefore, firstly, a
hand rub like an alcohol-based hand rub (ABHR) must be
effective to ensure patient and staff safety. Secondly, an
ABHR needs to be easy to use to ensure correct applica-
tion at the right indication.While standardised processes
such as the EN 1500 are undoubtedly required for com-
parable testing, the user-friendliness of the rubbing
methods in everyday clinical practice is not sufficiently
considered [6]. For high user acceptance a small ABHR
volume and a short application time with a highly intuitive
rubbing technique would be optimal [6]. As high alcohol
(85% w/w) ethanolic hand rubs, such as the one tested
here, are known to consistently meet EN 1500 within 30
seconds of rubbing, there may be potential for simplified
application [8], [9].
In clinical practice, application times are usually shorter
than the often recommended 30 seconds, with physi-
cians, for example, using 8.5 seconds on average [10].
Interestingly, many HCWs tend to use rub volumes that
give them “acceptable” drying times, which appear to be
15 to 20 seconds [11]. But shorter application times are
not necessarily disadvantageous: under controlled condi-
tions, hand coverage in 15 seconds is comparable to 30
seconds especially with trained subjects [12], [13], and
Pires et al. showed that reduction of bacterial CFUs after
10 to 20 seconds of hand rubbing was not significantly
different from that after 30 seconds or more [13]. In ad-
dition, a study on a neonatal intensive care unit showed
no negative effects in terms of antiseptic efficacy but an
increase in hand hygiene adherence [5]. This is also re-
flected in the current recommendations of the Society
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Table 1: Comparison of hand rub volumes in EN 1500 using “responsible application” in 15 seconds.

Table 2: EN 1500 in 15 seconds using two hand rubs and two rubbing techniques.

Figure 1: Log10 reductions in the EN 1500 test with 15 seconds of rubbing time.
Shown are means (columns) and standard deviations (error bars) of log10 reductions in EN 1500 tests with 20 volunteers.
Ethanolic (A) and propanolic hand rubs (B) were tested using 3 mL for the “responsible application” (blue) and 5 mL for the

WHO 6-step method (green) for 15 seconds. The reference procedure (grey) was not modified from EN 1500 and used 2x3 mL
of 60% isopropanol for 2x30 seconds.
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for Healthcare and Epidemiology of America (SHEA), which
considers 15 seconds to be the minimum to achieve full
hand coverage [14], [15]. As it takes an average of 42 to
67 seconds to dry 3 mL of ABHR, and 30 seconds is
therefore not sufficient for complete drying, it appears
that rubbing is usually stopped before the hands are dry,
even in clinical practice [16], [17]. However, even without
rubbing, antiseptics continually inactivate the skin flora
until the skin has dried.
Interestingly, when evaluating the volumes used, we ob-
served larger standard deviations of the log10 reduction
rates when using the larger ABHR volume (5 mL) com-
pared to 3 mL. This is in line with the work of Voniatis et
al., who showed that too large volumes can reduce the
quality of hand antisepsis through increased dripping
[18], while 2.25mL can be considered to be theminimum
for adequate hand coverage [11], [18]. In addition to
rubbing times being too long, strict rubbing techniques
such as the WHO 6-step technique are often perceived
as too complex, and simpler methods may lead to an
additional increase in hand hygiene adherence [6], [7].
In addition to clinical studies showing that 15 seconds
of rubbing can be as good as or better than 30 seconds,
our results show that with ethanolic and propanolic hand
rubs, microbial safety equivalent to EN 1500 can be
achieved within 15 seconds using the highly intuitive
“responsible application” technique [4], [5].

Limitations

Whilst the aim of this paper was to bridge the gap
between standardized laboratory tests and clinical prac-
tice, all our investigations were based on standardized
tests. At 3.17 to 3.33 log CFU reduction for the reference
procedures, our results are at the lower end of a recently
published interlaboratory comparison [8]. Given that some
guidelines recommend rubbing hands until dry, drying
time is an important factor that we have not addressed
[13]. Drying times are influenced bymany factors, includ-
ing the hands of the HCW and the formulation of the
ABHR used. Here we have only tested one ethanolic and
one propanolic ABHR and cannot assess to what extent
these data apply to other ABHRs. In addition, following
the EN 1500 protocol, we have neither recorded hand
sizes, nor did we adjust volumes or evaluate data based
on size information. A recent inter-laboratory ring trial
showed that the size of the subject’s hand did not signi-
ficantly affect the results of the EN 1500 [8]. Given that
it takes 42 to 67 seconds to dry 3 mL of an ABHR, it ap-
pears to be common practice for HCWs to continue
working with alcohol-wet hands [17]. We have not inves-
tigated whether this is worsened or improved by alterna-
tive rubbing techniques or the use of 5 mL ABHR, nor did
we evaluate appropriate patient care tasks that HCWs
could perform to bridge drying times.

Conclusions
Previous work has indicated that intuitive rubbing tech-
niques and application times of less than 30 seconds
may increase hand hygiene adherence and do not neces-
sarily decrease safety in practice. With our work showing
that ABHRs, both ethanolic and propanolic, can ensure
microbial safety with “responsible application” in 15
seconds, further barriers to a more user-friendly ABHR
application have been removed. Future research may
lead to further simplification while maintaining microbio-
logical safety, helping to further optimise the process for
practical use and increase user acceptance, thereby im-
proving hand hygiene adherence rates.
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