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Abstract

Background: The effectiveness of hand rubbing with alcohol-based handrub (ABHR) is impacted by several factors.
To investigate these, World Health Organization (WHO) commissioned a systematic review.

Aim: To evaluate the impact of ABHR volume, application time, rubbing friction and hand size on microbiological
load reduction, hand surface coverage or drying time.

Methods: Medline, CINAHL, Web of Science and ScienceDirect databases were searched for healthcare or laboratory-
based primary studies, published in English, (1980- February 2021), investigating the impact of ABHR volume, appli-
cation time, rubbing friction or hand size on bacterial load reduction, hand coverage or drying time. Two reviewers
independently performed data extraction and quality assessment. The results are presented narratively.

Findings: Twenty studies were included in the review. Categories included: ABHR volume, application time and
rubbing friction. Sub-categories: bacterial load reduction, hand size, drying time or hand surface coverage. All used
experimental or quasi-experimental designs. Findings showed as ABHR volume increased, bacterial load reduced, and
drying times increased. Furthermore, one study showed that the application of sprayed ABHR without hand rub-
bing resulted in significantly lower bacterial load reduction than poured or sprayed ABHR with hand rubbing (— 0.70;
95%Cl: — 1.13 to — 0.28). Evidence was heterogeneous in application time, volume, technique, and product. All stud-
ies were assessed as high risk of bias.

Conclusions: There is insufficient evidence to change WHO recommendation of a palmful of ABHR in a cupped hand
applied for 20-30 s or manufacturer-recommended volume applied for about 20 s (Centers for Disease Control and

Prevention). Future hand hygiene research should standardise volume, application time, and consider hand size.
Keywords: Hand hygiene, Alcohol-based handrub, Systematic review, Volume, Application time

Background

The World Health Organization (WHO) identifies effec-
tive hand hygiene as one of the most important meth-
ods for preventing infection transmission [1, 2]. The
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effectiveness of hand hygiene may be impacted by the
hand hygiene product and application technique at the
recommended times during clinical practice [3].
Technique for the application of ABHR, product and
moments for hand hygiene are well-described parameters
in extant guidance for hand hygiene [2, 4]. However, with
regards to the volume of ABHR, hand hygiene guidelines
do not provide definitive recommendations. WHO [2]
recommends that a “palmful of the product sufficient to
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cover all hand surfaces” should be used, while Centers
for Disease Control and Prevention (CDC) [4] indicates
that the manufacturer-recommended volume should
be applied. With respect to the duration of hand rub-
bing, WHO [2] recommends 20-30 s application time,
while CDC [5] rubbing hands until dry for around 20 s.
However, the difference between 20 and 30 s could have
an impact on the effectiveness of hand rubbing. Further-
more, it has been suggested that both ABHR volume and
duration of hand rubbing appear to be linked to hand size
[3]. Larger hands have a bigger surface area that needs
to be covered with ABHR; thus, might require a greater
amount of ABHR to achieve complete surface cover-
age and to keep both hands wet for the recommended
20-30 s. Rubbing friction has also been indicated as an
important consideration for the efficacy of ABHR appli-
cation in reducing the microbiological load on hands,
possibly because rubbing friction helps to dislodge the
bacteria from the surface of the hands resulting in an
increased exposure of the microorganisms to the ABHR
[6].

Systematic reviews exist on the interventions for
improving compliance with hand hygiene [7], and on the
effectiveness of hand hygiene technique [8], but none to
the authors’ knowledge of other factors influencing hand
hygiene effectiveness. There is a need to better under-
stand the impact of these recognised factors on hand
hygiene effectiveness, to identify the optimal duration
of hand rubbing, and to determine the volume of ABHR
that should be used to prevent infection transmission in
healthcare. This systematic review aimed to evaluate the
impact of ABHR volume, application time, rubbing fric-
tion and hand size on microbiological load reduction,
hand surface coverage or ABHR drying time.

Methods

This systematic review was registered with the interna-
tional prospective register of systematic reviews (PROS-
PERO 2021: CRD42021236142) (Available from: https://
www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42021236142). The review is reported in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [9].

Inclusion criteria

The review considered studies with human participants
in the context of healthcare practice or laboratory set-
tings and focusing on hand rubbing with ABHR in rela-
tion to any of the following factors: ABHR volume,
ABHR application time, rubbing friction exerted during
hand rubbing or hand size. ABHR was operationalised as
an alcohol solution, either in a liquid, gel or foam format,
designed for application to the hands to reduce bacterial
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load on hands, as per WHO definition [2]. Outcomes of
interest were bacterial load reduction on hands, hand
surface coverage with ABHR or ABHR drying time.

Exclusion criteria

Studies conducted in healthcare settings in which partici-
pants were patients or visitors and research conducted
within operating theatres focusing on surgical hand
antisepsis were excluded. Furthermore, studies focusing
on handwashing with soap and water or investigating
the effect of wearing long, varnished or artificial nails or
hand jewellery, the use of gloves or with outcomes related
to compliance with hand hygiene opportunity or tech-
nique or skin tolerance were not deemed eligible because
these factors are not directly associated with the process
of ABHR application. Finally, studies evaluating the effec-
tiveness of ABHR products or hand rubbing technique
were not considered for inclusion because systematic
reviews on the effectiveness of these factors have already
been conducted [8, 10].

Types of study

The review considered all empirical research designs,
including randomised controlled trials (RCTs), non-
randomised trials (NRTs), before and after studies,
case—control studies, cohort studies and observational
descriptive studies. Reviews and non-primary research
records, such as editorials, opinion-based papers and
commentaries were excluded.

Search strategy

A three-stage search strategy was employed. Search
terms related to ABHR, volume, time, rubbing friction,
hand size, bacterial load and hand surface coverage were
searched in MEDLINE, CINAHL, ScienceDirect and rel-
evant databases on the Web of Science gateway; namely
the Web of Science Core Collection, Scientific Electronic
Library Online (SciELO) Citation Index, and Korean
Journal Database (KCI). The search was restricted to
sources published in the English language and the review
covers the period between 1980 and February 2021. The
limit of sources published since 1980 was applied because
hand rubbing with ABHR emerged in clinical practice in
the 1980s [4, 11, 12]. The full search applied for MED-
LINE (Additional file 1) was individualised for the other
databases according to their functionality. Secondly, as
keyword terms cannot be comprehensively combined in
ScienceDirect, only the broadest “hand hygiene” search
term was used for this database. Finally, the reference
lists of included papers were searched manually to iden-
tify any additional relevant articles.
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Study selection

The titles and abstracts of all records identified in the
search were screened for relevance against the eligibil-
ity criteria, with 43% of records screened by two inde-
pendent reviewers (LG and LP or ES). The remaining
57% of records were screened by a single reviewer (LG),
with uncertainties consulted with the second, experi-
enced reviewer (LP). The full texts of articles that met
the inclusion criteria after the title and abstract search,
and those in which there was insufficient evidence in
the title and abstract to make a decision, were reviewed
in full text, with 55% of these records reviewed by two
independent reviewers (LG and LP or ES), and 45% by a
single reviewer (LG). At both stages of the study selec-
tion process, independent reviewers’ decisions were
compared, and disagreements (e.g. when one reviewer
judged the study to be eligible for inclusion, while
another reviewer’s decision was to exclude) were iden-
tified and discussed between the independent reviewers
with the aim of reaching consensus. If consensus could
not be reached a third, experienced reviewer was asked
to resolve the disagreement by reviewing the record
and making a final decision.

Quality assessment and data extraction

Two reviewers (LG and AJ, JCA or LP) independently
extracted data from all studies included in the review,
using a standardised data collection tool (Additional
file 2). Extracted data included the study aim(s), coun-
try of origin, study settings, design, sample, interven-
tion, intervention standardisation and fidelity, methods,
study outcomes and relevant findings. Furthermore,
full-text copies of all articles included in the review
were independently reviewed by two reviewers (LG and
AJ, JCA or LP) to assess their quality. All included stud-
ies met the Cochrane Effective Practice and Organiza-
tion of Care (EPOC) criteria for study design, that is
RCTs, NRTs, controlled before-and-after studies, inter-
rupted time series studies or repeated measures studies
[13]; and therefore, all included studies were assessed
for quality using the recommended EPOC risk of bias
criteria [14].

The content of data extraction and quality assessment
spreadsheets, completed by two independent review-
ers, were compared and inconsistencies were identi-
fied as disagreements. Disagreements were discussed
between the independent reviewers with the aim of
reaching a consensus, and if an agreed decision could
not be reached a third opinion was sought from another
reviewer who made the final decision.
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Analysis

The characteristics of the included studies were com-
pared to assess for the appropriateness of conducting a
pooled analysis. Due to the substantial heterogeneity of
the studies, it was not appropriate to conduct a meta-
analysis, nor to use the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach [15]. Instead, included studies were grouped
into categories based on the focus of interest and fur-
ther into sub-categories based on the outcome meas-
ure. The results were analysed with consideration of the
quality assessment, study design, settings, data collec-
tion methods, and standardisation of the handrubbing
procedure (i.e. ABHR products used, ABHR application
technique, ABHR volume, application time and artifi-
cial contamination of the hands) and were synthesised
in a narrative summary.

Results

Search results

The searches resulted in a total of 13,725 records. Of
these, 4712 were duplicates, resulting in 9013 records
being screened for eligibility. After screening of titles and
abstracts, full texts of 173 articles were assessed, resulting
in a total of 20 studies included in the review. The study
selection process is shown in detail in Fig. 1.

All 20 studies met the EPOC criteria for study designs
[13]. As shown in Tables 1, 2 and 3, this included two
parallel design [16, 17], one crossover [18] and eight
within-subject [19-26] RCTs, and one parallel design
[27], one crossover [28] and seven within-subject [29-35]
NRTs. Apart from one study [17] conducted in China, all
included evidence derives from high income countries,
including Australia (n=1) [28], Austria (n=2) [25, 33],
France (n=1) [31], Germany (n=3) [16, 18, 32], Swit-
zerland (n=5) [23, 24, 26, 29, 30], UK (n=3) [27, 34,
35] and USA (n=2) [19, 22], while two were multisite
studies conducted in the Netherlands and UK [21], and
in Germany and USA [20]. Despite searching for studies
published since 1980, the publication year of the included
studies ranged from 2003 to 2020, with most studies
(n=15) published within the last 10 years. Furthermore,
most studies (n=15) were conducted in laboratory set-
tings [19-26, 29-35], while five studies were based in a
healthcare setting [16-18, 27, 28]. The study partici-
pants were HCWs [16-18, 21, 23, 24, 26-29, 31], and
non-HCWs [20], while in eight laboratory-based studies
participants were described as volunteers [19, 22, 25, 30,
32-35].

Studies were grouped into three categories, based on
the focus of interest. These included: Volume of ABHR
(n=14), [17, 19-22, 25, 27-29, 31-35] Application time
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=
o) Studies included in systematic
= review
N=20
Fig. 1 Study selection flowchart

of ABHR (n=6) [16, 18, 23-25, 30] and Rubbing friction
(n=1) [26]. One of the studies [25] was included in both
Volume of ABHR and Application time of ABHR catego-
ries because it reported a series of experiments, of which
one investigated the impact of shortening handrubbing
duration and another one the impact of ABHR volume.
None of the included studies investigated hand size as
an area of focus; however, four studies that focused on
the influence of ABHR volume on bacterial load reduc-
tion additionally accounted for participants’ hand size

in their analysis [29, 32-34]. The studies within the Vol-
ume of ABHR category were further grouped into four
sub-categories, based on the outcome measure, includ-
ing the sub-category of studies that accounted for hand
size. Therefore, the sub-categories included the influence
of ABHR volume on: bacterial load reduction (n=38) [17,
19, 25, 28, 29, 32—34]; bacterial load reduction with con-
sideration of hand size (n=4) [29, 32-34]; drying time
(n=8) [17, 20-22, 25, 33-35] and hand surface cover-
age (n=6) [19-21, 27, 31, 32]. Furthermore, most studies
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included in the Volume of ABHR category focused on
more than one outcome measure. Thus, findings in rela-
tion to each outcome are discussed separately for each
outcome measure sub-category. Finally, all studies within
the Application time of ABHR and within the Rubbing
friction categories had outcomes related to bacterial load
reduction.

Volume of ABHR

Influence of ABHR volume on bacterial load reduction

As shown in Table 1, six laboratory-based studies, includ-
ing two within-subject RCTs [19, 25], four within-sub-
ject NRTs [29, 32-34] and two clinically based studies,
including an RCT [17] and a crossover NRT [28], inves-
tigated the influence of ABHR volume on bacterial load
reduction as an outcome. Tested ABHR volumes ranged
from 0.5 ml to 6 ml, and studies varied in terms of the
methods used and intervention standardisation.

Apart from Kampf (2008) [19], who used the glove juice
technique to collect samples from the entire surface of
the hands, all other studies collected samples using the
fingertip method [25, 28, 29, 32—34] or imprint method
[17]; however, the imprinted areas of hand were not
specified in Li et al. [17]. In six laboratory-based stud-
ies, participants’ hands were artificially contaminated,
whereas in clinically based studies, the reduction in the
bacterial load naturally present on participants’ hands
was measured. Sample size in laboratory-based stud-
ies ranged from 5 to 16, and each one described their
sample as volunteers, apart from Bellissimo-Rodrigues
et al. (2015) [29] in which the sample was HCWs. In the
clinical studies, 74 nurses [17] and 40 HCWSs [28] were
involved. The 6-step technique was used for the applica-
tion of ABHR in six studies [17, 25, 28, 29, 33, 34]. In one
study, participants covered all hand surfaces [19], while
Goroncy-Bermes, Koburger & Meyer (2010) [32] did not
clearly specify what technique was used. In four studies,
application time was standardised to 15 [25] or 30 s [29,
32, 34]. In two studies [19, 28], participants rubbed hands
until dry. In another two studies [17, 33], ABHR drying
time was measured as an outcome in addition to bacterial
load on hands. Finally, the ABHR products used differed
across the studies in terms of the format (i.e. liquid, gel or
foam), formulation and concentration, with three studies
investigating the volumes of two [32], three [34] or four
[19] different ABHR products.

Findings were consistent in demonstrating that as
the ABHR volume increased, bacterial reduction also
increased. Three laboratory-based studies demonstrated
a significant, positive relationship between ABHR vol-
ume and mean log,, reduction in bacterial load on hands
(P<0.001) [19, 29, 34], with Bellissimo-Rodrigues et al.
(2015) [29] reporting a 0.28 log,, increase in the mean
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bacterial load reduction on hands for each additional 0.5
ml of ABHR (P<0.001). Another two laboratory stud-
ies compared different volumes of ABHR [25, 32]. One
demonstrated that 3 ml volume resulted in significantly
greater mean log;, reduction factors (RF) when com-
pared to 2 ml (P<0.05) or 1ml (P<0.001) volumes [25],
while in the second study, 2 ml volume resulted in sig-
nificantly lower mean log;, reduction in comparison to
2.5 ml (P=0.006), 3 ml (P<0.01) or 4 ml (P<0.001) [32].
Finally, Suchomel et al. [33], who compared 1 ml, 2 ml
and 3 ml volumes reported that the mean log,, reduction
was significantly greater when larger volumes were used
(P<0.0001); however, the authors found no significant
difference between 2 and 3 ml volumes (P=0.08).

Both clinically based studies compared two volumes
of ABHR. Li et al. [17] demonstrated that 3.6 ml volume
resulted in significantly greater bacterial load reduction
on hands when compared to 1.8 ml volume (P=0.049).
Jain et al. [28] compared ABHR volume delivered by dou-
ble and by triple dispenser pump presses for the presence
of methicillin-resistant Staphylococcus aureus (MRSA) or
vancomycin-resistant enterococci growth in the samples
after hand rubbing and reported that using double pump
press volume resulted in MRSA growth in two out of 40
samples, in comparison to none of the samples when tri-
ple pump press volume was used.

Influence of ABHR volume on bacterial load reduction
with consideration of hand size
Four of the aforementioned laboratory-based within-
subject NRTs that investigated the influence of ABHR
volume on bacterial load reduction also considered
participants’ hand size in their analysis [29, 32-34].
In four studies, hand size was determined by calculat-
ing hand surface area. Both Wilkinson et al. (2017) [34]
and Bellissimo-Rodrigues et al. (2015) [29] used the for-
mula described by Hsu and Yu (2010) [36]: 2.48 x hand
length x hand breadth, Suchomel et al. (2018) [33] the
formula recommended by Lee, Choi & Kim (2007)
[37]: 1.219 x hand length x hand circumference, while
Goroncy-Bermes, Koburger & Meyer (2010) [32] mul-
tiplied hand length by its width. Furthermore, three
studies [29, 33, 34] used regression analysis to examine
the relationship between ABHR volume, bacterial load
reduction and hand size, while Goroncy-Bermes, Kob-
urger & Meyer (2010) [32] investigated for the correla-
tion between the hand size and microbial load reduction
for each of the tested ABHR volumes using regression
analysis in addition to investigating for the difference in
bacterial load reduction between small female hands and
large male hands per ABHR volume.

Findings on the influence of hand size on bacterial
load reduction were inconsistent. Bellissimo-Rodrigues
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et al. (2015) [29] demonstrated a significant, negative
association between hand size and bacterial load reduc-
tion (—0.003 [95% CI, —0.006——0.0005], P=0.019) and
reported the mean log;, reduction per each additional
0.5 ml of ABHR was 0.40 (95% CI, 0.27-0.52, P<0.001)
for small hands, 0.32 (0.21-0.42, P<0.001) for medium
hands, and 0.15 (0.03-0.26, P=0.011) for large hands. On
the contrary, the remaining three studies found no sig-
nificant relationship between hand size and bacterial load
reduction (P<0.05; [32] P=0.698 [33]; P=0.978 [34]).
However, in Goroncy-Bermes, Koburger and Meyer [32]
plateau levels where no further increase in bacterial load
reduction could be achieved by applying greater volumes
of ABHR were reached on smaller, female hands with
lower amounts of product (2.5-3 ml) in comparison to
larger, male hands (> 3 ml).

Influence of ABHR volume on ABHR drying time

Seven laboratory-based studies, including four within-
subject RCTs [20-22, 25], three within-subject NRTs
[33-35] and one clinically based RCT [17] investigated
the influence of ABHR volume on drying time outcomes
(Table 1). Tested ABHR volumes, methods used to collect
drying time data and aspects of intervention standardi-
sation differed across the studies. Tested volumes ranged
from 0.5 to 3.6 ml. In the laboratory-based studies, sam-
ple size ranged from 5 to 15, with all describing their par-
ticipants as “volunteers’, “subjects’, or non-HCWs, with
the exception of Kenters et al. (2020) [21] study in which
participants were HCWs, whereas the clinically based
study by Li et al. (2014) [17] involved 74 nurses. Apart
from Li et al. (2014) [17], who provided no details on how
drying time was measured, in all studies time was meas-
ured until participants reported that their hands felt dry
[20-22, 33-35] or until resistance was noted while rub-
bing the hands together [25].

In six studies [17, 21, 25, 33—-35] the ABHR technique
was standardised to 6-steps. In one study [20] partici-
pants used “responsible application” which involves cov-
ering all hand surfaces with ABHR without following any
particular steps, while Macinga et al. (2014) [22] made no
mention of providing any specific instructions to the par-
ticipants about how to apply ABHR. A variety of ABHR
products were used across the studies, differing in the
format, formulation and concentration, with five studies
[20-22, 34, 35] investigating the volumes of more than
one ABHR formulation or format.

Similarly to the influence of volume on bacterial load
reduction, with regards to the drying time outcome, evi-
dence is mostly consistent in that as the ABHR volume
increased, drying time also increased; however in Rot-
ter et al. (2009) [25] and Kampf et al. (2013) [20] this
evidence was based on descriptive results, with levels of
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significance not provided. Two laboratory-based stud-
ies [34, 35] demonstrated a significant, positive associa-
tion between ABHR volume and drying time (P<0.001).
Meanwhile, a third study [33] reported that while the
mean drying times were greater when larger application
volumes were used (P<0.0001), ABHR volume did not
have a statistically significant effect in addition to dry-
times (P=0.172) and log,;, RF increased 0.29 for every
10 s increase of drying time, regardless of the volume of
ABHR. This suggests that the drying time, rather than
ABHR volume was the key driver of efficacy [33].

Macinga et al. (2014) [22] and Kenters et al. (2020) [21]
used a different approach as they aimed to identify ABHR
volumes required to dry in 20-30 s. The former showed
that volumes ranging from 1.7 to 2.1 were required to
achieve 30 s drying time and drying rate ranged from
12.2 s/ml (95% CI, 9.8-14.7) to 18.2 (95% CI, 15.5-21.0)
[22], while the latter reported that 0.75 ml, 1.5 ml and
2.25 ml volumes of ABHR all dried within 20-30 s [21].

Finally, the findings from a clinically based study by
Li et al. (2014) [17] indicated that using 3.6 ml of ABHR
resulted in significantly longer drying time in comparison
with 1.8 ml volume (P <0.001).

Influence of ABHR volume on hand surface coverage

Of the studies focusing on ABHR volume, six used hand
surface coverage as an outcome, including five labora-
tory-based within-subject RCT [19, 20] or NRTs [21,
31, 32], and one clinically based NRT [27]. The range of
ABHR volumes tested in these studies was between 0.75
ml and 4 ml. In three studies [20, 21, 27] hand surface
coverage was determined using ultraviolet light source
after participants applied specific volume of fluorescent
ABHR, while in three studies coverage was assessed by
the participants or an investigator as sufficient to cover
all hand surfaces [19, 31, 32]. In laboratory-based stud-
ies, participants were volunteers [19, 32], HCWs [21, 31]
or non-HCWs [20], with sample size ranging from 10 to
71, while the clinically based study sample consisted of 84
HCWs.

In two laboratory-based studies participants used
either a standard 6-step technique [21], or 6-steps
with an additional step involving rubbing of the wrists
[31]. In Kampf (2008) [19] and Kampf et al. (2013)
[20], participants applied ABHR to cover all hand sur-
faces, without any specific instructions followed, while
Goroncy-Bermes, Koburger & Meyer (2010) [32] did
not specify the application technique in their instruc-
tions. Apart from Goroncy-Bermes, Koburger & Meyer
(2010) [32] who standardised the duration of hand rub-
bing to 30 s, in all laboratory-based studies participants
were asked to rub their hands until dry. Furthermore, in
all laboratory-based studies, the volumes of more than
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one ABHR formulation or format were used, with a range
from two to 27 different ABHR products. In the clinically
based study by MacDonald et al. (2006) [27] participants
were asked to rub their hands as they normally would,
using the same fluorescent ABHR, with no restrictions to
the hand rubbing duration.

All laboratory-based studies provided only descriptive
findings on the influence of volume on hand surface cov-
erage, with the levels of significance not reported. Three
studies showed that the number of cases in which applied
ABHR volume was assessed to be sufficient to cover all
hand surfaces [31, 32], or the number of participants with
complete coverage [20] was greater when larger ABHR
volumes were used. However, in one study [19] the per-
cent of participants with sufficient hand coverage was
slightly greater (96.6%) after application of 2.4 ml vol-
ume of ABHR, than when 3.6 ml were applied (93.6%,
P-value not reported). Yet another study [21] identified
that at least 2.25 ml of ABHR were required to achieve
optimal hand coverage, with ABHR foam applied at this
volume resulting in an average 90% coverage while ABHR
gel achieved 82%. The only statistically significant finding
derived from a clinically based study [27] demonstrated
that the mean percentage of missed areas was signifi-
cantly greater when 1.75 ml volume of ABHR was used
(6.35%), in comparison with the larger 3.5 ml volume
(1.23%; P <0.001).

Volume of ABHR: summary

With regards to the studies investigating the influence
of ABHR volume on bacterial load reduction, five out
of six studies demonstrated either a significant, positive
relationship between ABHR volume and bacterial load
reduction on hands or a significant difference in bacterial
reduction between different volumes, in favour of ABHR
volumes that were equal to or larger than 3 ml. Consist-
ent agreement was also found amongst studies that inves-
tigated the influence of ABHR volume on drying time,
with five laboratory-based within-subject trials and one
clinically based RCT demonstrating that as ABHR vol-
ume increased, drying time also increased. Another two
laboratory-based within-subject RCT showed that ABHR
volumes between 1.7 and 2.25 ml were required to dry
within 20-30 s, while one laboratory-based within-sub-
ject NRT indicated that drying time, rather than ABHR
volume was the prime driver of efficacy. However, the
evidence on the influence of ABHR volume on hand size
is inconsistent, with three laboratory-based within-sub-
ject NRTs showing the lack of a relationship and another
one demonstrating a significant association between
hand size and bacterial load reduction when fixed ABHR
volumes were used.
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With respect to the hand surface coverage outcome,
apart from one laboratory-based study, evidence was
consistent in reporting that the largest ABHR volumes
tested resulted in the highest hand surface coverage, with
one study reporting that at least 2.5 ml of ABHR was
required to achieve 82—90% coverage. However, this evi-
dence is mainly based on descriptive findings, and only
one, clinically based study demonstrated a significant
difference in hand coverage between 1.75 and 3.5 ml vol-
ume, in favour of the larger volume.

Application time of ABHR

Influence of ABHR application time on bacterial load
reduction

The influence of ABHR application time on bacterial load
reduction was the focus of six studies. These included
three laboratory-based within-subject RCTs [23-25], one
laboratory-based within-subject NRT [30], and two clini-
cally based parallel [16] or crossover RCTs [18] (Table 2).
All six studies compared 15 s and 30 s application times
but in addition, Rotter et al. (2009) [25] also compared
these to 60 s, while in a separate experiment, Pires et al.
(2017) [24] also compared six different application dura-
tions, ranging from 10 to 60 s. However, methods, ABHR
volumes, application technique and products varied
across the studies.

In the laboratory-based experiments, participants were
described as volunteers [25, 30] or HCWs [23, 24] with
sample size range of 1223, while each of the two clinical
studies involved 14 nurses [16, 18]. In all six studies, sam-
ples were collected from participants’ hands using the
fingertip method, with all four laboratory-based studies
involving artificial contamination of participants’ hands.
With regards to the intervention standardisation, in four
studies [16, 18, 24, 25], the 6-step technique was used by
the participants to apply ABHR to hands. In Dharan et al.
(2003) [30], ABHR was applied to the cupped fingertips
of the right hand, which were cleaned by rubbing of the
thumb against fingertips and fingernails, while Pires et al.
[23] stated that participants performed variations of the
6-step technique according to their daily routine, but no
specific advice was given. In four studies, the volume of
ABHR was standardised to 3 ml [24, 25, 30] or 4 ml [18],
while in one study [23], ABHR volume was customized to
hand size. In Kramer et al. [16] study, ABHR volume was
monitored with an average of 3.4 ml being used. Regard-
ing ABHR product, apart from Dharan et al. (2003) [30]
who tested four different ABHR formulations, in all stud-
ies single ABHR product was used for all tests.

With regards to 15 s versus 30 s application times, evi-
dence was inconsistent. Two laboratory-based RCTs [23,
24] showed that 15 s application time was non-inferior
to 30 s (0.11 log;, lower; 95% CI, —0.46—0.24 [24] and
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—0.06 log,p; 95% CI, —0.34-0.22; P=0.659 [23]). Fur-
thermore, two clinically based RCTs showed no signifi-
cant difference between 15 and 30 s (P=0.59 [16] and
P=0.64 [18]). However, one laboratory-based NRT [30]
demonstrated that the reduction in bacterial load was
significantly higher at 30 s application time in compari-
son with 15 s (P<0.01). Yet another laboratory-based
RCT [25] compared 15 s, 30 s and 60 s application times
and found that bacterial load reduction increased as the
application time increased, but the difference was signifi-
cant between 30 and 60 s (P<0.01) and between 15 and
60 s (P<0.001), in favour of the longer application time.
In addition, Pires et al. (2017) [24] compared six differ-
ent application times ranging from 10 to 60 s and found
that microbial load reduction achieved after 10, 15 and
20 s did not significantly differ from reduction achieved
after 30 s. Interestingly, 30 s application time resulted in
significantly higher microbial load reduction when com-
pared to 45 s (P=0.004) or 60 s (P=0.011) [24].

Application time of ABHR: summary

Both clinically based studies showed no significant dif-
ference between the two application times (15 or 30 s).
Furthermore, in the three out of four laboratory-based
studies only one NRT showed significant superiority
of 30 s application time in comparison with 15 s, while
the remaining three studies found no significant dif-
ference between the two application times or demon-
strated that 15 s was non-inferior to 30 s. With regards
to longer application times, further inconsistencies were
found across studies. One laboratory-based RCT found
that microbial load reduction after 60 s application of
ABHR was significantly greater in comparison with 15 or
30 s, and another showed that microbial load reduction
was significantly lower for both 45- and 60-s application
times in comparison with 30 s.

Rubbing friction

Influence of rubbing friction on bacterial load reduction

As shown in Table 3, only one study [26] investigated
the influence of rubbing friction on bacterial load reduc-
tion. It was a laboratory-based within-subject RCT that
compared three protocols amongst 19 HCWs. These
included: (1) hand rubbing using the 6-step technique,
for 30 s using 3 ml of ABHR poured on to a palm of
the hand, (2) hand rubbing using the 6-step technique,
for 30 s using 3 ml of ABHR sprayed onto hands and
(3) using 3 ml of ABHR sprayed onto hands, without
hand rubbing and with hands held in an uprights posi-
tion without moving for 30 s after applying ABHR to let
the hands dry [26]. A single, ABHR product was used
for all tests [26]. To determine bacterial load reduction,
participants’ hands were artificially contaminated and
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samples were collected from their fingertips before and
after application of ABHR [26]. The findings showed
that using ABHR spray without hand rubbing resulted
in significantly lower bacterial load reduction than using
poured or sprayed ABHR with rubbing (—0.70; 95% CI,
—1.13-—0.28).

Rubbing friction: summary

The only study that investigated the influence of the rub-
bing friction on bacterial load reduction showed that the
application of sprayed ABHR without hand rubbing was
inferior to the use of ABHR with rubbing.

Methodological quality of included studies

All studies included in the review used an experimen-
tal or quasi-experimental design and all met the EPOC
criteria for study design [13]. However, there was a sub-
stantial heterogeneity across the studies with respect
to the interventions, intervention standardisation, data
collection methods and outcomes. Furthermore, when
assessed using the EPOC standard risk of bias crite-
ria [14], all of the included studies had at least one item
assessed as high risk; thus, the overall risk of bias of all
included studies was assessed as high (Additional file 3).

High risk of bias was associated with the lack of ran-
dom assignment in NRT studies [21, 28, 29, 31-35].
Furthermore, most of the RCTs provided insufficient
information on the generation of sequence allocation
[16, 17, 19, 20, 22, 24-26], leading to unclear risk. Only
two RCTs [18, 23] clearly described the sequence genera-
tion process using computer-generated random sequence
to allocate participants to study arms, thereby reducing
selection bias. However, with regards to the allocation
concealment, all included studies were assessed as being
of high risk, with the exception of two RCTs [16, 17] for
which this risk was assessed as unclear. Thus, in all stud-
ies there was a degree of risk that assignment could be
foreseen.

Baseline outcome data was only collected in six stud-
ies [16-19, 23, 30] and no significant differences were
reported across the groups or identified differences were
appropriately accounted for in the analysis. The remain-
ing studies did not measure outcomes at baseline or pro-
vided insufficient details. With regards to participants’
baseline characteristics, these were not mentioned in two
parallel RCTs [16, 17]; thus, there is a potential risk that
there were significant differences between the groups. In
addition, one multisite within-subject NRT [31] did not
provide details on participants’ characteristics at each
test centre; thus, it is unclear whether there were differ-
ences in sample characteristics between the sites. The
remaining studies either clearly reported participant
characteristics being similar across the groups [27] or
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used a crossover [18] or within-subject design [19-26,
28-30, 32-35] in which the same participants were
involved in all study arms; thus, baseline characteristics
can be judged to be similar.

One study [24] was assessed as being of high risk of
bias associated with incomplete outcome data because
of a marked imbalance in the proportion of missing data
across the study arms, while for 11 studies [16, 17, 19,
21-23, 26, 31, 32, 34, 35] there was insufficient reporting
of attrition to make a clear judgement on the risk of bias
resulting from missing data, leading to an unclear risk. In
the remaining nine studies [18, 20, 25, 27-30, 33], there
were no missing outcome measures; thus, unlikely to bias
the results.

Only three studies reported measures to prevent the
knowledge of the allocation during the study by blinding
data collectors [20, 35] or investigators who processed
and quantified bacterial samples [23]. Furthermore, Mac-
Donald et al. (2006) [27], Girard et al. (2012) [31] and
Harnoss et al. (2020) [18] were open-label trials, which
creates a risk of detection bias and affects the robustness.
The remaining studies did not provide sufficient details to
judge whether knowledge of the allocated interventions
was adequately prevented during the study; thus, it is dif-
ficult to assess the reliability of the data collection pro-
cess in these studies.

Another common risk of bias was contamination either
resulting from allocation at the individual level or from a
crossover or within-subject designs in which assignments
were reversed or rotated; thus, could be predicted. Only
one multisite study [31] was assessed as being of low
risk of contamination, which resulted from the order of
interventions being assigned independently in each test
centre. In addition, in two parallel design studies [18,
27] allocation was by ward within a single department
or hospital; thus, communication between the groups
could occur and therefore, the risk of contamination was
assessed as unclear.

Finally, apart from three studies for which reporting
of results was insufficient [21, 22], or some of the out-
comes stated in the methods section were not reported
in the results [17], the risk of selective outcome reporting
was assessed as low for all studies. However, some other
potential biases, not included in the EPOC risk of bias
criteria [14] were also identified for all of these studies.

Firstly, none of the studies report conducting a priori
power analysis; thus, it is unclear whether their sample
size was adequate. Furthermore, of the studies evaluating
microbial load on hands, only one [19] used glove juice
sampling method, which allows recovery of the bacterial
load present on the entire surface of the hand [38] while
the remaining studies relied on the fingertip kneading or
imprint techniques, which reflect the bacterial load present
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only on the sampled part of the hand. Furthermore, all lab-
oratory-based studies used artificial contamination of par-
ticipants’ hands that standardised baseline bacterial load.
However, such artificial contamination does not reflect
the natural conditions and the actual bacterial flora pre-
sent on HCWs’ hands. Of the studies that evaluated hand
surface coverage outcome, three [20, 21, 27] used fluores-
cent ABHR and ultraviolet light, while in the remaining
three studies [19, 31, 32] more subjective assessment of
“sufficiency” of applied ABHR to cover all hand surfaces
was used. Drying time outcomes were also assessed using
rather subjective methods involving measuring time until
hands felt dry [17, 20-22, 33-35] or until marked resist-
ance was noted while rubbing hands together, and none of
these studies reported inter- or intra-rater variability [25];
which limits validity and reliability of the measurements.

Discussion

Hand rubbing with ABHR is commonly used in health-
care settings across the world and has been shown to
impact on healthcare-associated infection outcomes [39,
40]; yet the evidence with respect to the factors which
impact on its effectiveness is not well described. To our
knowledge, this systematic review is the first to evaluate
evidence on factors influencing the effectiveness of hand
rubbing with ABHR, including ABHR volume, applica-
tion time, hand size and rubbing friction.

With regards to the volume of ABHR, evidence con-
sistently showed bacterial load reduction on hands and
ABHR drying time both increase with greater ABHR vol-
umes. However, volumes as small as 1-2 ml were found
sufficient [17, 20, 21, 25, 33-35] to keep both hands wet
for the 20-30 s recommended in the guidelines [2, 5];
however, some of the reviewed evidence demonstrated
that application of such small volumes resulted in subop-
timal hand surface coverage [20, 21, 32] and more impor-
tantly, in significantly smaller bacterial load reduction, in
comparison with larger volumes [17, 25, 32].

Simply increasing recommended volume is not jus-
tifiable at this stage, not only from the lack of evidence
but greater volumes may not be acceptable to healthcare
staff. Volumes equal to or greater than 2.4 ml were con-
sistently reported to require longer than 30 s to dry [20,
25, 33-35], with 3 ml volume requiring between 35 and
67 s drying time [25, 33—35]. This could potentially cause
a lack of compliance with recommended volumes and
ineffective decontamination of hands. Indeed, Green-
way et al. (2018) [41] report that regardless of the ABHR
format, 3 ml volume was not perceived as acceptable by
nurse participants, as it took too long to dry, could drip
from the hands and resulted in the build-up of residue.
Considering that frequently reported barriers to hand
hygiene compliance in healthcare include lack of time,
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heavy workload and hand hygiene taking too much time
[42-45], longer application times resulting from using
larger ABHR volumes, which may be required for micro-
biological effectiveness, could lead to reduced accept-
ability and practicality of hand rubbing and subsequently,
decreased hand hygiene compliance.

Application time is important though, not only for
its relationship with the volume of ABHR used but also
because it allows for contact between the active ingredi-
ent in the product used and contaminants on the hands.
Evidence is also inconsistent with regards to the required
ABHR application time, with only one study showing that
30 s was significantly more effective in reducing bacterial
load on hands than 15 s [30], and another four studies
demonstrating the lack of significant difference between
the two application times [16, 18] or non-inferiority of
the 15 to 30 s application time [23, 24]. Both clinically
based studies that focused on the influence of ABHR
application time on bacterial load reduction showed no
significant difference between 15- and 30-s application
time [16, 18]. It could be argued that unlike evidence
derived from laboratory-based experiments, clinically
based studies, conducted within natural, “real-life” con-
ditions would have greater practical consequences. Fur-
thermore, shortened application time could be practical
and time-saving for HCWs; hence, improving compli-
ance with hand hygiene guidelines. Nevertheless, the
sample size in each of the two clinical studies was small
(n=14 each) [16, 18], which offers insufficient evidence
to recommend shortening ABHR application time to
15 s. Thus, current WHO and CDC recommendations
for ABHR application time of between 20 and 30 s [2] or
of about 20 s [5] seems pragmatic in the light of the evi-
dence published on this matter.

One possible solution to increase volume and applica-
tion time in clinical practice is to standardise dispens-
ers to ensure the required ABHR volume is delivered by
a single dispenser action. A recent observational study
of the ABHR volumes showed that the average ABHR
volume used was only 1.09 ml (SD: 0.61), a dose similar
to that delivered by the hospital’s automated ABHR dis-
pensers (1.1ml) [46]. Yet, a recent study [47] investigating
the dispensing performance of 22 wall-mounted ABHR
dispensers commonly used in hospitals showed that the
ABHR volume delivered by the dispensers was influenced
by the ABHR format, the level of ABHR present in the
container and the time lapse between dispenser uses.
Furthermore, ABHR volume and contact time required
to effectively reduce bacterial load on hands, as well as
drying rate vary between the ABHR products, depending
on their composition and alcohol concentration [3, 19,
30]. Thus, universal standardisation of ABHR dispensers
might not be feasible. Furthermore, standardising ABHR
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volume delivered by the dispensers would not allow
for adjusting the ABHR dose according to hand size.
Although reviewed evidence on the relationship between
hand size and ABHR volume showed inconsistent find-
ings, with only one [29] out of four studies demonstrat-
ing a significant relationship, the evidence was limited
by small sample sizes, which could result in a narrow
range of hand sizes insufficient to detect a significant
relationship between the variables. This requires further
research and innovation in ABHR dispenser design to
take account of this need.

Our systematic review provides an important and up
to date contribution to the body of knowledge on factors
influencing the effectiveness of hand rubbing with ABHR.
It provides a unique evidence synthesis focusing specifically
on hand rubbing with ABHR. It has used rigorous methods
and all studies included in our review used study designs
that met the EPOC criteria [13]. We have also reviewed and
reported the review in adherence with the PRISMA state-
ment [9] to enhance the rigour of our review.

Some challenges were experienced with the application
of eligibility criteria during the study selection process. In
our review, we included humans in the context of clinical
practice or laboratory settings, but excluded studies con-
ducted in healthcare settings in which participants were
patients or visitors. This created a concern whether labora-
tory-based studies’ samples, described as volunteers could
possibly include patients or visitors. However, because
most of the laboratory-based studies used testing stand-
ards, such as EN1500 which defines participants as “healthy
volunteers’, [48] we considered it unlikely for these samples
to include patients. In addition, we assumed that for prac-
tical, ethical and accessibility reasons, laboratory-based
studies’ samples were unlikely to include hospital patients
or visitors. Furthermore, in our review, we included stud-
ies that focused on hand rubbing with ABHR, regardless of
the format (i.e. liquid, gel or foam). Yet, in our search strat-
egy, we have only included search terms related to ABHR in
general and ABHR gels. However, we believed that the use
of broad “ABHR” index terms and search terms would have
covered for different ABHR formats.

Some limitations are acknowledged in respect to the
search strategy. Language restrictions were applied,
which could result in relevant studies being omitted.
Furthermore, with the exception of one study, all studies
included in the review were conducted in high-income
countries; thus, studies from low and middle-income
countries were underrepresented. While this underrepre-
sentation could result from language restrictions applied
to our search, another hand hygiene systematic review in
which no language restrictions were applied, also identi-
fied most studies to be conducted in high-income coun-
tries [39, 40].
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In addition, there are limitations in the evidence base.
There was a substantial heterogeneity across the stud-
ies in application time, volume, application technique
and ABHR product used. All studies were also assessed
as being high risk of bias. The identified methodological
limitations of the studies have been detailed and should
be carefully considered and addressed in future research.
Furthermore, most studies included in the review were
conducted in laboratory settings. While such settings
offer highly controlled conditions and allow for a greater
level of intervention standardisation, they do not reflect
real practice conditions, limiting generalisability.

Current guidelines recommend using a palmful of
ABHR, sufficient to cover all hand surfaces within 20 to
30 s [2] or using a manufacturer-recommended volume
for rubbing hands until dry for about 20 s while covering
all surfaces [4, 5]. From this systematic review, there is a
lack of high-quality evidence to make recommendations
for changes. Thus, current guidelines should be followed
until the body of evidence can be developed.

Conclusions

Our systematic review demonstrates that complex rela-
tionships exist between ABHR volume, hand size, appli-
cation time and bacterial reduction factor. For clinical
practice, the situation is even more complex as these fac-
tors need to be considered alongside their practicality,
acceptability and feasibility. Considering the substantial
heterogeneity of the knowledge base, its limited meth-
odological quality and some inconsistencies in the find-
ings, the evidence is insufficient to advise any changes to
current guidance. Future hand hygiene research in this
field should consider ABHR volume, application time
and hand size as potential confounding factors in study
design considerations in order to build a more homog-
enous body of evidence that could inform international
hand hygiene guidance.
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