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ABSTRACT

Objective To compare the effectiveness of hand hygiene
using alcohol-based hand sanitiser to soap and water for
preventing the transmission of acute respiratory infections
(ARIs) and to assess the relationship between the dose of
hand hygiene and the number of ARI, influenza-like iliness
(IL1y or influenza events.

Design Systematic review and meta-analysis.

Data sources Cochrane Central Register of Controlled
Trials (CENTRAL), PubMed, Embase, Cumulative Index of
Nursing and Allied Health Literature (CINAHL) and trial
registries were searched in April 2020.

Inclusion criteria We included randomised controlled
trials that compared a community-based hand hygiene
intervention (soap and water, or sanitiser) with a control,
or trials that compared sanitiser with soap and water, and
measured outcomes of AR, ILI or laboratory-confirmed
influenza or related consequences.

Data extraction and analysis Two review authors
independently screened the titles and abstracts for
inclusion and extracted data.

Results Eighteen trials were included. When meta-
analysed, three trials of soap and water versus control
found a non-significant increase in ARI events (risk ratio
(RR) 1.23, 95% Cl 0.78 to 1.93); six trials of sanitiser
versus control found a significant reduction in ARI events
(RR 0.80, 95%Cl 0.71 to 0.89). When hand hygiene dose
was plotted against ARI relative risk, no clear dose—
response relationship was observable. Four trials were
head-to-head comparisons of sanitiser and soap and water
but too heterogeneous to pool: two found a significantly
greater reduction in the sanitiser group compared with
the soap group and two found no significant difference
between the intervention arms.

Conclusions Adequately performed hand hygiene, with
either soap or sanitiser, reduces the risk of ARI virus
transmission; however, direct and indirect evidence
suggest sanitiser might be more effective in practice.

INTRODUCTION

Acute respiratory infections (ARIs) cause a
substantial annual health burden and much
more so in the current COVID-19 pandemic.

, Natalia Krzyzaniak

, Chris Del Mar @ |

Strengths and limitations of this study

» Systematic review with meta-analysis and dose—re-
sponse analysis of randomised controlled trials.

» Additional analysis of a subset of trials from a
previously published systematic review and meta-
analysis of physical interventions to reduce the
spread of respiratory viruses.

» Conclusions are mostly from indirectness evidence,
with direct evidence available from only four head-
to-head trials.

Globally, approximately 4million deaths per
year are caused by ARIs, with the current
pandemic leading to just over 4.3million
deaths." * To minimise the potential threat
of ARIs to public health, the implementa-
tion of effective preventive community-based
measures is essential.” *

Hand hygiene has previously been shown
to be an effective intervention that reduces
the transmission of the viruses and bacteria
that cause ARIs.” ® It is a low-cost interven-
tion that is applicable in all countries and
all settings. Unlike vaccines that are disease
specific, hand hygiene has the advantage of
being applicable to multiple ARIs.” Despite
the effectiveness and worldwide applicability
of hand hygiene, important questions for
policy and practice remain, such as the dose—
response and relative effectiveness of different
materials (alcohol-based hand sanitiser; soap
and water). This systematic review aimed to
address these questions. This review is an
additional analysis of a subset of randomised
trials that were included in a large systematic
review that addressed all physical interven-
tions (eg, face masks, personal protection,
hand hygiene and quarantining) to prevent
the transmission of ARIs.”
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METHODS

We aimed to find, appraise and synthesise studies of the
effectiveness of hand hygiene interventions in the commu-
nity for preventing ARI transmission. For this systematic
review, a subset of articles relating to hand hygiene inter-
ventions were identified from a recently updated and
published systematic review of all physical interventions
for preventing ARI transmission. This review was not
registered on PROSPERO as this review is an additional
analysis of a subset of trials from a published Cochrane
systematic review.”

Inclusion criteria and study source

Participants

We included studies of participants of any age, gender or
condition. Trials in healthcare settings were excluded.

Interventions

We included studies of interventions that compared a
hand hygiene intervention (ie, hand washing with soap
and water or hand sanitiser) with a control intervention,
or which compared two hand hygiene interventions.

Outcomes

We only included studies that reported a measure of ARI,
such as influenza-like illness (ILI), influenza or respi-
ratory infections, and this was our primary outcome.
Studies were also eligible if they reported on ARI conse-
quences (eg, days off work, complications, hospitalisation
or death, if clearly reported as consequences of the respi-
ratory illness), and these were our secondary outcomes.

Study design
Randomised controlled trials (RCTs) and cluster
randomised controlled trials (C-RCTs) were eligible.

Search strategy

RCTs and C-RCTs studying the effectiveness of hand
hygiene interventions in the transmission of ARIs were
identified from the parent 2020 systematic review.”
Studies for that review were identified via a search of the
Cochrane Central Register of Controlled Trials, Embase
and Cumulative Index of Nursing and Allied Health
Literature (CINAHL), covering the dates October 2010
to 9 March 2020. The search string (see online supple-
mental file 1) was designed for PubMed using the word
frequency analyser and then translated for use in other
databases using the Polyglot Search Translator.” A back-
wards and forward citation analysis, using Scopus, was
conducted on all new studies retrieved. Search and
citation analysis results were screened using the Robot-
Search tool to remove all obvious non-RCTs.* While the
analysis of the parent review was being conducted, a new
Cochrane review of rinse-free handwashing in school and
preschool children was published, and we also screened
its included studies for possible eligible studies.” Three
authors (TH, MB and NK) independently reviewed the
titles and abstracts of identified studies to assess eligibility
for inclusion. Discrepancies were resolved by consensus.

Screening and data extraction

Two review authors (MB and NK) independently screened
the titles and abstracts for inclusion against the inclusion
criteria. One author retrieved the full text and two authors
screened the full-texts for inclusion. Any disagreements were
resolved by discussion between the authors or with a third
author. Data were independently extracted by two authors
(MB and NK) on: volume or weight of material (eg, sani-
tiser or soap) used per person per day and number of hand-
washes per person per day. When not reported directly, we
estimated usage where possible (see table 1). For estimation
purposes, we used data on the average amount of material
used per person per handwash as reported; if data were not
reported, we assumed 0.035 g of soap or 1.5mL of liquid
used per handwash.'” A data extraction form for outcome
data was piloted on two studies in the review. The following
data were extracted from the parent systematic review”: (1)
study characteristics; (2) risk of bias assessments; (3) type of
handwashing intervention(s) (eg, soap, sanitiser and gel);
and (4) RRs, log RR and SE values for ARI or ILI or influenza
(including the outcome with most events from each study).

Risk of bias assessment

Risk of bias was assessed with the Cochrane Collabora-
tion’s Risk of Bias tool 1."' Author pairs from the parent
review independently screened for: the method of
random sequence generation and allocation concealment
(selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment
(detection bias), outcome reporting (attrition bias) and
selective reporting (reporting bias). Disagreements were
resolved by discussion or a third assessor. For each item,
risk was either ‘high’, ‘low’ or ‘unclear’.

Data analysis

To assess the relationship between handwashes per person
per day and the number of ARI or ILI or influenza events,
we conducted the following analyses: (1) only studies whose
number of handwashes could be estimated (regardless of the
type of handwash material), subgrouped by the type of hand-
wash material (soap vs sanitiser vs combination of sanitiser
and soap) and (2) all studies (whether or not the number of
handwashes could be estimated), subgrouped by the type of
handwash material (soap vs sanitiser vs combination of sani-
tiser and soap). We used a y” test to test for subgroup inter-
actions. Meta-analyses were conducted using Review Manager
5.4.

We used RRs for results, reporting the number of partic-
ipants with an event. We undertook meta-analyses where
data were sufficient to pool (when =2 studies or compari-
sons reported the same outcome). A random effects model
was used because we expected some heterogeneity in the
populations, interventions and outcomes of the included
studies. The individual was used as the unit of analysis, where
possible. However, where data on the number of individuals
with primary and secondary outcomes of interest were not
available, we extracted and used data for the closest equiva-
lent ratio, for example, a rate ratio based on the ratio of total
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number of events (eg, ARI events) in each group irrespec-
tive of the number per person. We contacted investigators to
provide missing data where feasible. We used the I statistic to
measure heterogeneityamong the included trials. We referred
to the Cochrane Handbook in the interpretation of the I*
statistic and were guided by the following ranges: 0%—40%:
may represent non-significant heterogeneity; 30%-60%: may
represent moderate heterogeneity; 50%-90%: may represent
substantial heterogeneity; 75%-100%: considerable hetero-
geneity."" Data were sufficient to conduct a subgroup anal-
ysis by comparison (soap vs sanitiser vs combination soap
and sanitiser). To ensure we accounted for the clustering
effect in the cluster RCTs, we extracted the appropriate

cluster-adjusted estimates from the trial reports and used the
generic inverse variance method of meta-analysis.

Patient and public involvement
Patients or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of our research.

RESULTS

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow chart (figure 1) shows the number of
trials identified from the 2020 parent systematic review’
and other sources. Eighteen trials were assessed as eligible;

Flow chart for the 2020 updated Cochrane review

1486 records identified through
database searching

1694 additional records identified
through other sources

v

2568 records after
duplicates removed

|

’ 2568 records screened }—D

2480 records excluded ‘

l

88 full-text articles assessed
for eligibility

—>’ 44 full-text articles excluded ‘

A

44 trials included in

23 trials identified and included in
synthesis 2011 review

[ included | [ etgbity | [ screening | [ 1dentfication |

l

Flow chart for current systematic review

Figure 1

3
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=
5 Articles included in the Cochrane
= review Additional articles identified through
(n=67) other sources (n=6) * **
1 Articles excluded (n=30)
*  Hand Hygiene with Masks or Masks= 14
Articles screened *  Hand Hygiene and surface/object
) (n=73) disinfection= 8
i Miscellaneous interventions= 5
*  Viricidal tissues=3
-
=
=
@
b v .
S Full-text articles excluded (n = 25)
Full-text articles assessed for *  Nosufficient data for meta-analysis and did
eligibilit not compare between hand washing and hand
gibility sanitisers®**= 20
— (n=43) *  Notspecificto hand hygiene= 1
— *  Nocontrol group= 1
*  Reported compliance data only=1
*  Noeligible outcome data reported= 2
z l
= 4
3
%‘ Trials included in narrative
synthesis
(n=18)
L/
—
— Trials included in meta-analysis
=1g) **x*
5 (n=16)
=
=3
£
Soap vs control Hand sanitiser vs Combination of Hand sanitiser
(n=5) control (n=9) and soap vs control (n=4)
N

PRISMA flow chart. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.
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Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 25% 50% 78%  100%

.Ln:uw risk of bias

|:] Unclear risk of bias

[l Hioh risk of hias

Figure 2 Overall risk of bias — presented as percentages across all included RCTs. RCTs, randomised controlled trials.

four were head-to-head comparisons of hand sanitiser and
soap and water'*™"* and 16 compared hand hygiene with
a control.'? 1029 yple 1 presents study and interven-
tion characteristics. Online supplemental file 2 contains
a summary of the comparator conditions. The majority of
trials used existing handwashing practices as the compar-
ator condition. One trial additionally provided education
on hand hygiene, and four provided health promotion
education and provided participants with education on
the prevention and treatment of respiratory tract infec-
tions. None of the studies provided control group partici-
pants with any hand hygiene materials.

Risk of bias assessment

Most studies (95%) were unblinded due to the nature of
the intervention, leading to a high risk of bias judgement
(figure 2). See online supplemental file 3 for risk of bias assess-
ment for each individual trial. Only one study was blinded to
staff.?” Blinding of outcome assessment and attrition bias was
poor across 67% and 44% of studies, respectively. Sequence
generation and allocation concealment had a low risk of bias

A

Study or Subgroup
341 Soap vs control

Pickering 2013 (UNK hws) [soap]
Azor-Martinez 2018[soap) (UNK hws)

Risk Ratio Risk Ratio
log(Risk Ratio] __SE_Weight_IV, Random, 95% CI IV, Random, 95% CI

003 0084 T2%  088[082,114) -
0062 0086 70%  094[079,111] -t
Simmerman 2011 (4.7 hws) 0737 0263 14%  209(1.25,350)

Ram 2015 (5.9 hws) 0215 0149 36%  124[093,168) —
Nicholsan 2014 (16.0 hws) 0163 005 101%  085[077,004] -
Subtotal (95% C1) 203%  1.03(086,1.23) >
Heterogenelty: Tau*= 0.03; Chi*= 16.62, df= 4 (P = 0.002); F= 76%
Testor overall efect 7= 0.33 (P = 0.74)

342 Sanitiser vs control

Pickering 2013 (UNK hws) [sanitiser] 0092 00765 7.8%  091(079,108]

Roberts 2000 (UNK hws) 0051 003 118%  095090,1.01] !
Larson 2010 (1.8 hws) 0199 0134 42%  082(063,1.07] —
Stebbins 2011 (2.4 hws) 0211 0212 21% 081053123 — T
Biswas 2019 (2 hws) 0223 0249 16%  080[049,130] — T
Hubner 2010 (3.8 hws) 405 036 08%  035[017,071) ¢
Sandora 2005 (5.2 hws) 003 015 36%  097(072,130]

Correa 2012 (5.3 ws) 0223 0084 72%  080[068,00¢] —
#aor-Martinez 2018lsanitiser] 7.0 hws) 0261 0085 70%  077[065,001] -2
Subtotal (95% C1) 460%  0.85[0.77,094) *

Heterogenelty. Tau= 0.01; ChP= 1657, 0= & (P = 0.03), P= 52%
Testfor overall effect 2= 3.20 (P= 0.001)

3.4.3 Combination soap & sanitiser vs control

assessmentin about half of the studies. Fifty per cent of studies
had unclear risk of bias for selective outcome reporting due
to the lack of sufficient information.

Trials of hand sanitiser or soap and water versus control
Figure 3A presents the meta-analysis of all trials, regard-
less of whether the number of handwashes could be esti-
mated. Combining the five trials of soap and water hand
hygiene versus control found a non-significant increase in
ARI events: RR: 1.03 (95% CI 0.86 to 1.23) but with high
heterogeneity. The nine trials of hand sanitiser versus
control found a significant reduction in ARI events:
RR: 0.85 (95% CI 0.77 to 0.94), providing some indirect
evidence in favour of hand sanitiser.

A similar pattern of results was found when only trials
for which the number of handwashes could be estimated
were considered (figure 3B), combining the three trials
of soap and water hand hygiene versus control found a
non-significant increase in ARI events: RR: 1.23 (95% CI

B

Cowling 2008 (UNK hws) 0151 0408 06%  086(039,191]

Cowiing 2008 (UNK hws) 0083 0243 17%  092[057,1.48] 1
Zomer 2015 (UNKhws) 0068 0052 99% 107097119 ™
Litle 2015 (7.5 hws) 0151 002 125%  086[083,089] b
Subtotal (95% CI) 247%  095[0.79,113] -

Heterogeneity Tau?= 0.02; Chi*= 15.48, df= 3 (P = 0.001); F= 81%
Testfor overall effect Z= 0,62 (P= 0.54)

Total (95% C1) 1000%  0.91(0.85,097)
Heterogeneity. Tau= 0.01; Chi"= 50.03, df= 17 (P < 0.0001); F= 66%
Testfor overall effect 2= 2.78 (P= 0.006)

Testfor subgroup diflerences: Chi*= 3.72, df=2 (P = 0.16), F= 46.2%
Risk of bias legend

(A)Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(€)Binding of participants and personnel (performance bias)

(D) Biinding of outcome assessment (Getection bias)

(E) Incomplete outcome data (attton bias)

(F) Selective reporting (reporting bias)

05 07 5 3
Favours hand hygiene - Favours control

Number of handwashes (hws) indicated in brackets after study reference where estimable. UNK = the number of handwashes was not
estimable.

Figure 3

Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup SE_Weight IV, Random, 95% CI v, Rand: a ABCDEF
334 Soap
Simmerman 2011 (4.7 hws) 0737 0263 31%  209(1.25,350) [ 3 ®
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Testfor overal effect Z= 088 (P = 0.38)
332 Sanitiser
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Heterogeneity Taue= 0.00; Chi= 7.16, 0= (P= 0.31); P= 16%
Testfor overal effect 2= 3.99 (P < 0.0001)
333 Combination s0ap & sanitiser
Litle 2015 (7.5 hws) 0151 002 207% 086083089 N 700000
subtotal (95% C1) 207% 0860083089 ‘
Testfor overal effect Z= 7.55 (P < 0.00001)
Total (95% CI) 1000%  0.87(0.79,096] *
Heterogeneiy Tau"= 0.01; Chi= 27.03, = 10 (P = 0.003); = 63%

9
Testfor subgroup differences: Chi*= 4.01, df= 2 (P = 0.13), F= 50.2%

(C) Blinding of participants and personnel (performance bias)

(F) Selective reporting (reporting bias)

ber of

(A) Meta-analysis of all studies (regardless of whether the number of handwashes could be estimated) regardless

of the type of handwash material (soap vs sanitiser vs combination of sanitiser and soap). (B) Meta-analysis of studies whose
number of handwashes could be estimated, subgrouped by the type of handwash material (soap vs sanitiser vs combination of

sanitiser and soap).
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Figure 4 Hand hygiene frequency (‘dose’) versus risk
of respiratory infection (ARI, ILI or influenza). ARI, acute
respiratory infection; ILI, influenza-like iliness.

0.78 to 1.93) but with high heterogeneity (figure 3B).
Combining the seven trials of hand sanitiser versus
control found a significant reduction in ARI events: RR:
0.80 (95% CI0.71 to 0.89).

Dose-response relationship: hand hygiene frequency
versus risk of respiratory infection (ARI, ILI or influenza)

Eleven of the trials provided sufficient information to
estimate the dose of hand hygiene, which we converted to
number of hand hygiene events per day. Plotted against
the relative risk of ARIs, there is little dose-response
relationship evident for hand sanitiser (figure 4). The
difference in effectiveness between hand sanitiser and
soap and water does not appear to be explained by a
difference in frequency. The cluster randomised trial by
Little and colleagues22 primarily used soap and water but
also offered participants free hand sanitiser; only 18%
reported collecting the sanitiser.

Head-to-head trials of hand hygiene with hand sanitiser
versus with soap and water
Four trials directly compared hand sanitiser with soap and
water: two in childcare centres, one at a primary school
and one in workplaces. In a cluster randomised trial of
children and staff in Swedish childcare centres, those at
centres who were randomised to use an alcohol-based oily
disinfectant gel (70% ethanol) after regular hand washing
had a reduction in absenteeism rate of 12% (95% CI 4%
to 20%) compared with control centres which used only
soap and water."” The three-arm cluster randomised trial
of 24 childcare centres in Spain: educational and hand
hygiene measures (one with soap and water; another with
hand sanitiser) and a control group found children in
the sanitiser group had a 13% lower (95% CI 6% to 28%)
risk of respiratory infection than children in the soap and
water group.'”

In Kenya, a cluster randomised trial assigned two
primary schools to receive a handwashing with soap and

water intervention, two to receive a sanitiser intervention
and two were a control.'* Compared with control group
students, both intervention groups had a reduction in
observed rhinorrhoea (RR 0.77, 95% CI 0.62 to 0.95 for
both sanitiser vs control and soap vs control). No signif-
icant differences between the sanitiser and soap groups
were observed for respiratory outcomes. The three-arm
trial in six companies in Finland randomised workplaces
to equip workplace bathrooms with liquid hand soap
(soap and control arms) or alcohol-based hand rub.'®
Participants in the intervention arms also received guid-
ance on additional strategies for limiting infection trans-
mission. Before the onset of the 2009 influenza pandemic
(and the subsequent national hand hygiene campaign), a
statistically significant (p=0.002) difference in the infec-
tion episodes was observed between the control (6.0
per year) and the soap-and-water arm (5.0 per year) but
not between the control and the alcohol rub arm (5.6
per year). Neither intervention had an effect on work
absenteeism.

DISCUSSION

Based on both indirect and direct (head to head) trials,
hand hygiene using alcohol-based hand sanitiser appears
more effective at reducing ARI transmission than hand
hygiene using soap and water, with the difference in effect
not explained by the difference in frequency of hand
hygiene. This is an important finding, as most guidelines
consider the two hand hygiene processes as equivalent,
based on microbiological data for correctly performed
processes.

The apparent greater effectiveness of hand sanitiser
may be explained by its greater convenience, the lesser
time required to perform hand hygiene, more sustained
compliance with hand hygiene and less irritation to the
skin.?® From our review of current research, we cannot
determine the relative contribution of these behavioural
elements, and hence further research is warranted to
examine those contributions and ways to improve each.

Limitations of this review are that conclusions are mostly
from indirectness evidence, with direct evidence available
from only four head-to-head trials and that it was not
possible to estimate the dose of hand hygiene for some
trials. The variable duration of the interventions (which
ranged from 2 to 26 months) in the included studies may
have impacted the reported intervention adherence and
hence the comparability of it.

A recent Cochrane review of the effect of rinsefree
handwashing, compared with traditional hand hygiene,
on absenteeism for ARI in preschool and school children
reported a significant reduction in absenteeism of 9 days
per 1000 available days for children in the rinse-free group,
with the results coming from six randomised trials.” The
effectiveness of handwashing with materials other than
sanitiser or soap and water, such as ash, which may be
used in low-income countries, has mostly been examined
in observational studies with uncertain effects.”’
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Although the current evidence modestly favours
hand sanitiser, further trials of hand hygiene methods
are warranted. Any such trials should include a set of
process measures looking at the ‘intervention fidelity’
elements, such as frequency and correctness of hand
hygiene processes. Meanwhile, policy documents and
public guidance should continue to suggest both but
indicate that current evidence somewhat favours sanitiser
for behavioural rather than biological reasons and that it
should be recommended where feasible.

CONCLUSIONS

Hand hygiene has a modest but important role in
reducing the transmission of ARIs. Adequately performed
hand hygiene, with either soap or sanitiser, reduces the
risk of acute respiratory virus transmission. However,
from both the direct and indirect comparisons in this
review, sanitiser appears more effective in practice. While
further head-to-head randomised trials are warranted, the
current evidence appears sufficient to promote the use of
hand sanitiser as the primary means for many everyday
situations.
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