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A B S T R A C T

Background

Health care-associated infection is a major cause of morbidity and mortality. Hand hygiene is regarded as an effective preventive measure.

This is an update of a previously published review.

Objectives

To assess the short- and long-term success of strategies to improve compliance to recommendations for hand hygiene, and to determine

whether an increase in hand hygiene compliance can reduce rates of health care-associated infection.

Search methods

We conducted electronic searches of the Cochrane Register of Controlled Trials, PubMed, Embase, and CINAHL. We conducted the

searches from November 2009 to October 2016.

Selection criteria

We included randomised trials, non-randomised trials, controlled before-after studies, and interrupted time series analyses (ITS) that

evaluated any intervention to improve compliance with hand hygiene using soap and water or alcohol-based hand rub (ABHR), or

both.

Data collection and analysis

Two review authors independently screened citations for inclusion, extracted data, and assessed risks of bias for each included study.

Meta-analysis was not possible, as there was substantial heterogeneity across studies. We assessed the certainty of evidence using the

GRADE approach and present the results narratively in a ’Summary of findings’ table.

Main results

This review includes 26 studies: 14 randomised trials, two non-randomised trials and 10 ITS studies. Most studies were conducted in

hospitals or long-term care facilities in different countries, and collected data from a variety of healthcare workers. Fourteen studies

assessed the success of different combinations of strategies recommended by the World Health Organization (WHO) to improve hand
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hygiene compliance. Strategies consisted of the following: increasing the availability of ABHR, different types of education for staff,

reminders (written and verbal), different types of performance feedback, administrative support, and staff involvement. Six studies

assessed different types of performance feedback, two studies evaluated education, three studies evaluated cues such as signs or scent,

and one study assessed placement of ABHR. Observed hand hygiene compliance was measured in all but three studies which reported

product usage. Eight studies also reported either infection or colonisation rates. All studies had two or more sources of high or unclear

risks of bias, most often associated with blinding or independence of the intervention.

Multimodal interventions that include some but not all strategies recommended in the WHO guidelines may slightly improve hand

hygiene compliance (five studies; 56 centres) and may slightly reduce infection rates (three studies; 34 centres), low certainty of evidence

for both outcomes.

Multimodal interventions that include all strategies recommended in the WHO guidelines may slightly reduce colonisation rates (one

study; 167 centres; low certainty of evidence). It is unclear whether the intervention improves hand hygiene compliance (five studies;

184 centres) or reduces infection (two studies; 16 centres) because the certainty of this evidence is very low.

Multimodal interventions that contain all strategies recommended in the WHO guidelines plus additional strategies may slightly

improve hand hygiene compliance (six studies; 15 centres; low certainty of evidence). It is unclear whether this intervention reduces

infection rates (one study; one centre; very low certainty of evidence).

Performance feedback may improve hand hygiene compliance (six studies; 21 centres; low certainty of evidence). This intervention

probably slightly reduces infection (one study; one centre) and colonisation rates (one study; one centre) based on moderate certainty

of evidence.

Education may improve hand hygiene compliance (two studies; two centres), low certainty of evidence.

Cues such as signs or scent may slightly improve hand hygiene compliance (three studies; three centres), low certainty of evidence.

Placement of ABHR close to point of use probably slightly improves hand hygiene compliance (one study; one centre), moderate

certainty of evidence.

Authors’ conclusions

With the identified variability in certainty of evidence, interventions, and methods, there remains an urgent need to undertake

methodologically robust research to explore the effectiveness of multimodal versus simpler interventions to increase hand hygiene

compliance, and to identify which components of multimodal interventions or combinations of strategies are most effective in a

particular context.

P L A I N L A N G U A G E S U M M A R Y

Methods to improve healthcare worker hand hygiene to decrease infection in patient care

What is the aim of this review?

To find out what strategies can improve healthcare workers’ compliance with recommendations for hand hygiene, either handwashing

with soap and water or using alcohol-based hand rub (ABHR), or both. This is an update of a previously published review.

Key messages

A variety of single intervention strategies and combinations of strategies, many based on current recommendations from the World

Health Organization (WHO), led to increased hand hygiene compliance in most studies, regardless of setting. However, the certainty

of the evidence varied from very low to moderate, depending on the strategy. What remains unclear is which strategy or combination

of strategies is most effective in a given context.

What did we study in the review?

Traditionally hand hygiene has been considered the single most important way of reducing health care-associated infections, many of

which are spread by direct contact, especially by the hands of healthcare workers. Much time and effort is spent worldwide promoting

hand hygiene. Many different strategies have been tried to improve hand hygiene compliance but the most effective methods remain

unclear.
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What are the main results of the review?

We included 26 studies in the review. Fourteen studies assessed the success of different combinations of strategies recommended by WHO

to improve hand hygiene compliance. Strategies consisted of the following: increasing the availability of alcohol-based hand hygiene

products, different types of education for staff, reminders (written and verbal), different types of performance feedback, administrative

support and staff involvement. Six studies assessed different types of performance feedback, two studies evaluated education, three

studies evaluated cues such as signs or scent, and one study assessed placement of ABHR.

Multimodal (combinations of ) strategies that include some but not all strategies recommended by WHO may slightly improve hand

hygiene compliance and slightly reduce infection rates (low certainty of evidence). Multimodal interventions that include all strategies

recommended by WHO may lead to little or no difference in methicillin-resistant Staphylococcus aureus (MRSA) infection rates

(low certainty of evidence), but it is uncertain whether such WHO-based approaches improve hand hygiene compliance or reduce

colonisation rates because the certainty of this evidence is very low. Multimodal interventions that contain all recommended strategies

plus additional strategies may slightly improve hand hygiene compliance (low certainty of evidence). It is unclear whether such WHO-

enhanced interventions reduce infection rates because the certainty of this evidence is very low.

Performance feedback may improve hand hygiene compliance (low certainty of evidence) and probably slightly reduces infection and

colonisation rates (moderate certainty of evidence). Education may improve hand hygiene compliance (low certainty of evidence).

Cues, such as signs or scent, may slightly improve hand hygiene compliance (low certainty of evidence). Placement of ABHR close to

the point of use probably slightly improves hand hygiene compliance (moderate certainty of evidence).

How up-to-date is this review?

The review authors searched for studies that had been published up to October 2016.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Overview: interventions compared with different or no interventions for improving hand hygiene compliance in healthcare workers or reducing infection or colonisation

rates

Patient or population: Healthcare workers

Settings: Hospitals, nursing homes and long-term care facilit ies

Intervention: Strategies varied by study

Comparison: Varied by study

Types of Interventions1 Impact Outcomes and Certainty of the evidence (GRADE) 2

Hand Hygiene Compliance3 Change in infection rates4 Change in colonisation rates4

Mult imodal, not WHO-based5:

contains some strategies recom-

mended by WHO

Mult imodal intervent ions that in-

clude some but not all strategies

recommended in the WHO guide-

lines may slight ly improve hand

hygiene compliance and may

slight ly reduce infect ion rates

(low certainty of evidence)

⊕⊕©©

low

(5 studies)

⊕⊕©©

low

(3 studies)

---

Mult imodal, WHO-based: con-

tains all strategies recommended

by WHO

It is uncertain whether mult i-

modal intervent ions that include

all strategies recommended in

the WHO guidelines improve hand

hygiene compliance or reduces

infect ion because the certainty

of this evidence is very low.

Such mult imodal intervent ions

may slight ly reduce colonizat ion

rates (low certainty of evidence)

⊕©©©

very low

(5 studies)

⊕©©©

very low

(2 studies)

⊕⊕©©

low

(2 studies)

Mult imodal, WHO-enhanced: con-

tains all strategies recommended

by WHO and addit ional ones

Mult imodal intervent ions that

contain all strategies recom-

mended in the WHO guidelines

plus addit ional strategies may

slight ly improve hand hygiene

⊕⊕©©

low

(6 studies)

⊕©©©

very low

(1 study)

---
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compliance (low certainty of ev-

idence). It is uncertain whether

such mult imodal intervent ions re-

duce infect ion rates because the

certainty of this evidence is very

low

Performance feedback Performance feedback may im-

prove hand hygiene compliance

(low certainty of evidence) and

probably slight ly reduces infec-

t ion and colonisat ion rates

⊕⊕©©

low

(6 studies)

⊕⊕⊕©

moderate

(1 study)

⊕⊕⊕©

moderate

(1 study)

Educat ion Educat ion may improve hand hy-

giene compliance (low certainty

of evidence)

⊕⊕©©

low

(2 studies)

--- ---

Cues Cues such as signs or scent

may slight ly improve hand hy-

giene compliance (low certainty

of evidence)

⊕⊕©©

low

(3 studies)

--- ---

Placement of ABHR Placement of ABHR close to point

of use probably slight ly improves

hand hygiene compliance (mod-

erate certainty of evidence)

⊕⊕⊕©

moderate

(1 study)

--- ---

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: ABHR: alcohol-based hand rub; WHO: World Health Organizat ion

1Studies evaluated dif ferent strategies or combinat ions of strategies.
2See individual ’Summary of f indings’ tables (by intervent ion type) for specif ic impact and rat ionale for downgrading evidence.
3Hand hygiene compliance: measured through direct observat ion or a proxy indicator such as product use.
4Rates: infect ion or colonisat ion rates, or both, were reported for dif f erent m icro-organisms.

5
In

te
rv

e
n

tio
n

s
to

im
p

ro
v
e

h
a
n

d
h
y
g
ie

n
e

c
o

m
p

lia
n

c
e

in
p

a
tie

n
t

c
a
re

(R
e
v
ie

w
)

C
o

p
y
rig

h
t

©
2
0
1
7

T
h

e
C

o
c
h

ra
n

e
C

o
lla

b
o

ra
tio

n
.
P

u
b

lish
e
d

b
y

Jo
h

n
W

ile
y

&
S

o
n

s,
L

td
.



5Mult iple strategies were used but were not consistent with WHO guidelines.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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B A C K G R O U N D

Description of the condition

The most recent prevalence study in England established that

6.4% of hospital inpatients develop health care-associated infec-

tions (HCAIs) (Health Protection Agency 2011). In European

acute care hospitals between 2011 and 2012, overall prevalence of

HCAIs was 5.7% (ECDC 2013a). In a 2010 survey of 183 hos-

pitals in the USA, prevalence of HCAIs was 4.0% (Magill 2014),

while the prevalence was 8.7% in 30 Canadian paediatric hospi-

tals in 2009 (Rutledge-Taylor 2012). HCAI rates vary consider-

ably by type of infection (e.g. surgical site infection or pneumo-

nia), by hospital or long-term care facility, and by causative mi-

cro-organism. In the European Union (EU) study 12.3% of the

HCAIs were caused by methicillin-resistant Staphylococcus aureus
(MRSA), while in the USA study 12.1% were caused by Clostrid-
ium difficile, 10.7% by Staphylococcus aureus (sensitive and resis-

tant strains), and 9.9% by Klebsiella species. In general, rates of

MRSA and Clostridium difficile infections have fallen but infec-

tions caused by Gram negative bacteria are increasing, especially

those caused by antimicrobial-resistant strains (ESPAUR 2015).

However, not all facilities have been able to reduce overall or mi-

cro-organism-specific HCAI rates (CDC 2016). In Canada, for

example, rates of vancomycin-resistant enterococci (VRE) infec-

tions rose from 0.31 per 10,000 patient days in 2009 to 0.45 in

2014 (CNISP 2015).

Infections caused by antimicrobial-resistant micro-organisms

place patients at risk of infection that cannot be treated eas-

ily and costs the EU 1.5 billion euros annually (UK Five Year

Antimicrobial Resistance Strategy). It has been estimated that in

general hospital populations in the USA the cost per case of HCAI

ranges from USD 2027 to USD 12,197 (Etchells 2012). In acute

care hospitals in the USA it has been estimated that the overall

burden of HCAIs, including lost income and other direct and in-

direct health costs, result in an overall financial burden of USD

96 to USD 147 billion annually (Marchetti 2013 ). Collectively

these figures demonstrate that strategies to prevent HCAIs have

been more successful in some countries and healthcare facilities

than others and for some pathogens more than others, and that

HCAIs remain a major threat to patient safety globally and a drain

on healthcare resources.

Most HCAIs are spread by direct contact, especially by the hands

of healthcare workers. Hand hygiene has traditionally been con-

sidered the most important means of preventing HCAIs because

it disrupts the chain of infection (Pittet 2004; Teare 1999). Trans-

mission of micro-organisms from the hands of healthcare workers

to a patient or to the environment can be prevented either by me-

chanical removal by washing with soap and water or an aqueous

antiseptic (e.g. chlorhexidine gluconate) and drying, or by use of

alcohol-based hand rubs (ABHRs). ABHRs kill many of the or-

ganisms that cause HCAIs, and are less time-consuming and more

convenient to use than traditional washing. However, they are ef-

fective only when used on physically clean hands. Furthermore,

because they have low viscosity and evaporate rapidly, care must

be taken to ensure that there is adequate contact with all hand

surfaces. The availability of soap and water or of ABHR is insuf-

ficient, however, to ensure that healthcare workers perform hand

hygiene when it is indicated.

In 2009 the World Health Organization (WHO) published guide-

lines for implementing and evaluating hand hygiene programmes

in healthcare settings (WHO Guidelines 2009). The guidelines

incorporate ‘My Five Moments for Hand Hygiene’, which sets

out a framework for understanding, training, monitoring and re-

porting hand hygiene compliance (Sax 2007). The WHO guide-

lines also identify five components to be specifically implemented:

ABHR at point of care or carried by the healthcare worker, training

and education, observation and performance feedback, reminders

(e.g. posters), and administrative support/institutional safety cli-

mate. The WHO guidelines have been widely disseminated in-

ternationally and are reported to be highly influential (Mathai

2011). Healthcare workers in many countries now spend consid-

erable time and effort promoting hand hygiene, auditing hand hy-

giene compliance, and assessing the effectiveness of hand hygiene

and other measures to reduce HCAIs. Multiple interventions have

been implemented to improve hand hygiene compliance but the

most effective method remains unclear.

Description of the intervention

Pittet 2000 published the results of a Swiss initiative that used an

uncontrolled before-after design to demonstrate that a hospital-

wide multimodal campaign led to a sustained improvement in

hand hygiene compliance for nursing but not for medical staff, as

well as a reduction in overall HCAIs and transmission of MRSA.

The campaign consisted of visual cues (posters, signs), educa-

tion to optimise use of ABHR, ABHR placed at every bedside,

performance feedback and managerial support. Follow-up data

published independently revealed continuing success (Hugonnet

2002). These studies have been widely taken to indicate that mul-

timodal campaigns are the most effective way of promoting hand

hygiene compliance and reducing HCAIs. All of the interventions

used in the Swiss initiative were incorporated into the recom-

mendations for multimodal campaigns published in the WHO

Guidelines 2009, which have since been implemented in many

countries (Mathai 2011). Many different interventions have been

tried over the years, both as individual interventions and as mul-

timodal campaigns. The latter are usually based on the WHO

recommendations, but multiple variations have been adopted. In

the earliest studies, interventions were targeted mostly at nursing

and sometimes at medical staff, but in recent years most have been

targeted at inter-professional audiences.

Interventions to promote hand hygiene compliance fall mainly

under the heading of Implementation Strategies in the Evaluation
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of Practice and Organisation of Care (EPOC) Taxonomy of Top-

ics (EPOC 2015a). Such strategies are designed to bring about

changes in healthcare workers’ behaviour. Education is an impor-

tant component of hand hygiene interventions. Information, usu-

ally based on the WHO Guidelines 2009, is displayed on posters

and flyers. E-learning materials and simulation have been used

in wards in a few studies, while other studies have used lectures

or workshops. Teaching is usually delivered by in-house infection

prevention teams or external consultants by outreach to clinical

areas. Some studies have included reminders about hand hygiene.

A common strategy is to use audit with performance feedback de-

livered to wards, units, organisations and sometimes to individu-

als. In some studies individual verbal as well as written feedback

is given and in most studies there is graphical display of hand hy-

giene audit findings in clinical areas which may include infection

rates.

Changes to the healthcare environment have also been incorpo-

rated into hand hygiene campaigns. These involve the introduc-

tion of ABHR, a new formulation of an alcohol-based product

(e.g. replacement of a liquid hand rub with gel), changes related to

gloves, and in a few studies, rearranging the work environment to

improve access to hand hygiene products in addition to increasing

their availability. In a few studies consensus processes have been

used to adapt guidelines for a local healthcare system, and a small

number have employed administrators, opinion leaders or local

champions to improve the practice culture.

Only a few studies have deployed incentives. These can take the

form of individual rewards, financial incentives to healthcare work-

ers in countries where money to pay for insurance claims arising

from cases of HCAI is derived from hospital fines, or rewarding

successful wards or healthcare workers by publicising their achieve-

ments throughout the organisation.

How the intervention might work

Education and training to use the different types of hand hygiene

products are intended to increase compliance by increasing health-

care workers’ knowledge of when hand hygiene should be per-

formed, and in some cases encouraging optimal technique. Au-

dit and performance feedback are intended to increase awareness

of behaviours, and, like incentives, may serve as a motivator to

continue to perform well or to improve performance, depending

on the level of compliance. Reminders serve as cues to action.

Changes in the availability of products or the environment or both

can facilitate performance of the behaviour; it is difficult to per-

form hand hygiene, for example, if sinks or ABHR are not readily

available. Involvement of staff and leadership support help to cre-

ate unit-specific strategies to address local contributing factors to

reduced compliance, and may reinforce behaviour through role-

modelling or creating expectations about hand hygiene. Perfor-

mance feedback, reminders, and leadership support may serve to

reinforce the need for hand hygiene in a continual Hawthorne

effect (Roethlisberger 1939).

Multimodal interventions incorporate different components, in-

cluding some of those advocated by WHO and, in some cases,

different ones. The ideal components of multimodal campaigns

remain to be established, and it is still unclear whether multi-

modal interventions are superior to single interventions, although

a number of the most recent randomised trials are now exploring

the impact of single interventions. Because few studies to improve

hand hygiene compliance have incorporated any theoretical un-

derpinning, the best way of encouraging compliance is unknown.

A recent systematic review (Srigley 2015) has concluded that be-

havioural theories may help guide interventions.

Why it is important to do this review

An early systematic review by Naikoba 2001 of 21 studies pub-

lished before 2000 suggested that multimodal campaigns held

more promise of effectiveness than single interventions, and that

education with written information, reminders and continuous

performance feedback were more useful than single interventions

such as automated sinks or provision of moisturised soaps. How-

ever, it was difficult to draw firm conclusions in this review.

Naikoba 2001 noted numerous limitations associated with the

studies they reviewed, including small sample sizes, short duration

of follow-up, lack of or inappropriate control groups, lack of gen-

eralisability from critical care units where most studies had been

conducted to other clinical settings, and emphasis on frequency of

hand hygiene as an outcome measure rather than microbiological

data. One key limitation of the review was that it included studies

that had weak designs for making causal inferences about the ef-

fects of interventions (mainly uncontrolled before-after studies).

Another disadvantage is the failure of the authors to consider vari-

ables that might influence rates of HCAIs. Seasonal variations are

particularly likely to influence outcome measures in studies that

examine hand hygiene and rates of HCAI. For example, bacte-

rial counts are affected by seasonal factors such as humidity, while

hand hygiene compliance is likely to be influenced by factors such

as staffing levels and replacement of usual staff by temporary staff

during national holidays or in the event of staff sickness.

Work published after Naikoba 2001 indicated that multimodal

interventions to improve different aspects of healthcare delivery

are not likely to change practice more effectively than single in-

terventions (Grimshaw 2004), and that audit with performance

feedback has only a modest effect on improving practice (Ivers

2012).

In 2007, we published a systematic review of interventions to im-

prove hand hygiene compliance in patient care (Gould 2007), fol-

lowed by an update in 2010 (Gould 2010). Only four studies met

the inclusion criteria. Two examined education as a single inter-

vention (Gould 1997; Huang 2002) while two evaluated multi-

modal campaigns (Vernaz 2008; Whitby 2008). Sample sizes were
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small and most studies lacked either a suitable comparison group

or any control group at all. Consequently, we were unable to draw

a conclusicn about the effectiveness of interventions to promote

hand hygiene compliance due to the lack of high certainty of evi-

dence (Gould 2010).

HCAIs remain a major threat to patient safety globally and a drain

on healthcare resources (Badia 2017; PHAC 2016). The hospital

microbial flora are constantly changing to present new infection

prevention challenges, illustrated by a recent decline in MRSA

and an upsurge in Gram negative bacteraemia in the UK (Health

Foundation 2015). Some organisms are intrinsically resistant to

antibiotics and for these, excellent non-antibiotic approaches to

prevention will always be essential. Hand hygiene has continued to

be promoted as the foremost intervention that can be undertaken

to prevent HCAIs and a large number of new studies have been

published (Luangasanatip 2015). Since 2009 there has also been

explicit guidance from WHO of what should be done to improve

hand hygiene compliance, based on Pittet’s work in Geneva (Pittet

2000), but the components of multimodal campaigns vary con-

siderably and do not always reflect the WHO recommendations.

Since evidence of the effectiveness of interventions to promote

hand hygiene compliance and prevent HCAIs identified in Gould

2010 was limited and based on methodologically weak studies, it

is important to review the large number of new studies and re-

assess the body of evidence. We undertook this review update to

demonstrate the effectiveness or otherwise of new strategies, dif-

ferent approaches to performance feedback, the new combinations

of approaches that have been adopted, and the impact of improved

hand hygiene compliance on patient outcomes and healthcare ex-

penditure.

O B J E C T I V E S

1. To assess the short- and long-term success of strategies to

improve hand hygiene compliance in patient care.

2. To determine whether an increase in hand hygiene

compliance can reduce rates of health care-associated infection.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised trials (RCTs), non-randomised trials,

controlled before-after studies (CBAs) and interrupted time series

(ITS) studies meeting the most recent explicit entry and quality

criteria used by the Cochrane Effective Practice and Organisation

of Care (EPOC) Group (EPOC 2013b). Studies reporting un-

controlled before-after (UCBA) designs were not eligible for in-

clusion. To be eligible for review, ITS studies had to demonstrate

a clearly-defined point in time when the intervention occurred,

and include at least three data collection points both before and

after the intervention to take into account the influence of secular

trends and the auto-correlation among measurements repeatedly

taken over time (Ramsay 2003). Data for CBAs had to be collected

in at least two centres, with at least two intervention groups and

two control groups.

Types of participants

We considered studies where the participants or target groups were

nurses, doctors and other healthcare workers in any hospital, nurs-

ing home, long-term care facility or community healthcare setting

in any country. We excluded studies looking at surgical hand dis-

infection and surgical scrubbing, because their aims are not the

same as hand hygiene for care in ward areas and clinics.

Types of interventions

We considered any intervention intended to improve compliance

with hand hygiene using soap and water or alcohol-based products,

or both. For example, we considered education, audit with perfor-

mance feedback, health promotion, and variations in availability

and type of products used for hand hygiene. Studies of interven-

tions to promote hand hygiene compliance were potentially eligi-

ble regardless of whether the intervention occurred in outbreak or

non-outbreak situations. We considered studies to promote com-

pliance with universal or infection prevention and control precau-

tions for inclusion, provided that data relating specifically to hand

hygiene compliance were presented separately. Similarly, studies

to promote hand hygiene compliance as part of a care bundle

approach were eligible, provided that data relating specifically to

hand hygiene compliance were presented separately. We excluded

studies if hand hygiene compliance was assessed in simulations or

artificial settings outside the clinical environment.

Types of outcome measures

Primary outcomes

Our primary outcome of interest was:

• Hand hygiene compliance, measured through observation

or a proxy indicator of hand hygiene compliance (e.g. increased

use of hand hygiene products).

We considered studies reporting proxy indicators of hand hygiene

compliance, for example use of soap or ABHRs or compliance

with hand hygiene measured by an automated monitoring device.
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Automated devices vary in their degree of sophistication. The sim-

plest are straightforward devices that deliver a measured amount

(e.g. 5 mls) of product to the hands and record the number of

times that the device has been used. The most sophisticated are

body-worn systems with sensors that indicate whether hands have

been cleansed, linked to a computer that stores uptake. Healthcare

workers’ self-reports of their hand hygiene practices were not con-

sidered a valid measure of compliance because there is evidence

that self-reports are not accurate (Haas 2007).

Secondary outcomes

We also considered the following secondary outcomes of interest

in our review, provided that hand hygiene compliance was also

reported:

• Reduction in health care-associated infection.

• Reduction in colonisation rates by clinically significant

nosocomial pathogens. e.g. MRSA.

All studies had to demonstrate objective measurements of the out-

come of interest, as well as relevant and interpretable data pre-

sented or obtainable.

Search methods for identification of studies

EPOC Information Specialists developed the search strategies ac-

cording to EPOC recommendations.(Ballini 2010; EPOC 2014)

and conducted the searches.

Electronic searches

We searched the following electronic databases up to 18 October

2016:

• Cochrane Central Register of Controlled Trials

(CENTRAL; 2016, Issue 9) in the Cochrane Library

• MEDLINE (including Epub Ahead of Print, In-Process &

Other Non-Indexed Citations) (1946 to 18 October 2016)

• Embase Ovid (1974 to 17 October 2016)

• Cumulative Index to Nursing and Allied Health Literature

(CINAHL EBSCO); 1982 to 18 October 2016)

• US National Institutes of Health Ongoing Trials Register

ClinicalTrials.gov (www.clinicaltrials.gov; searched 18 October

2016)

• World Health Organization International Clinical Trials

Registry Platform (apps.who.int/trialsearch; searched 18

October 2016)

Full search strategies are available in Appendix 1.

Searching other resources

We handsearched the following high-yield journals: BMJ; Journal

of Hospital Infection; American Journal of Infection Control; In-

fection Control and Hospital Epidemiology; the Canadian Jour-

nal of Infection Control; and the Journal of Infection Prevention.

Similarly, we handsearched the conference proceedings from the

UK Hospital Infection Society; the Infection Prevention Society;

the American Association for Professionals in Infection Control

and Epidemiology (APIC); the Society for Health Care Epidemi-

ology in America (SHEA); and Infection Prevention and Control

Canada (IPAC Canada), formerly the Community and Hospital

Infection Control Association (CHICA-Canada).

We reviewed the reference lists of all papers and relevant re-

views identified for additional references. Where relevant, we con-

tacted authors of papers for any further published or unpublished

work. We contacted colleagues from the professional organisa-

tions, WHO and pharmaceutical companies manufacturing hand

hygiene products to ask if they were aware of any unpublished

work within the field, as well as authors of other reviews in the

field of effective professional practice for relevant studies of which

they might be aware.

We also searched ISI Web of Science for relevant papers and the

Database of Abstracts of Reviews of Effectiveness (DARE) for

related reviews.

Data collection and analysis

We conducted the review using standard EPOC methods (Ballini

2010; EPOC 2013c).

Selection of studies

Three review authors (DJG, ND or DM) screened the results of

searches to identify potentially relevant papers. Four review au-

thors (DJG, JHC, ND or DM) independently selected the studies

to be included in the review. ND or DM acted as arbiter for any

unresolved difficulties.

Data extraction and management

Two review authors (DJG and ND or DM) abstracted data from

each paper using the standard EPOC checklist (EPOC 2013c).

The two review authors checked the abstracted data and resolved

discrepancies through discussion, with MT, ND or DM acting as

arbiter for any unresolved difficulties. Where key information was

missing from the studies, we attempted to contact the authors for

further information. None of our attempts to obtain additional

information was successful . Authors either failed to respond or

did not have the required information.

Assessment of risk of bias in included studies

Two review authors (DJG and DM) independently assessed the

risks of bias using the standard EPOC ’Risk of bias’ criteria (EPOC

2015b). All team members checked risk assessments and resolved

discrepancies through discussion, with ND acting as arbiter for

any unresolved difficulties.
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We assessed randomised trials, non-randomised trials and con-

trolled before-after studies according to nine standard criteria:

1. Adequate random sequence generation;

2. Concealment of allocation;

3. Blinding;

4. Adequately-addressed incomplete outcome data;

5. Freedom from selective reporting;

6. Similar baseline outcome measures;

7. Similar baseline characteristics;

8. Adequate protection against contamination;

9. Freedom from other risks of bias.

We assessed ITS studies according to seven standard criteria, four

of which were identical to criteria for the non-ITS studies:

1. Blinding;

2. Adequately-addressed incomplete outcome data;

3. Freedom from selective reporting;

4. Intervention independent of other changes;

5. Shape of the intervention prespecified;

6. Intervention unlikely to affect data collection;

7. Freedom from other risks of bias.

We divided blinding into two criteria to distinguish between blind-

ing of participants and blinding of outcome assessment. The ’Risk

of bias’ tables therefore list 10 criteria for non-ITS studies and

eight criteria for ITS studies.

Measures of treatment effect

We described hand hygiene compliance using the measures re-

ported by the authors: proportion of opportunities for hand hy-

giene in which hand hygiene was performed, or proportion of

nurses who performed hand hygiene, hand hygiene events per

hour, or volume of product. Measures of differences also varied

across studies: adjusted odds ratios, risk ratios, mean difference (in

percentage points), relative change in liquid soap procurement, or

difference in events per hour.

Unit of analysis issues

We assessed whether appropriate analysis was conducted to adjust

for clustering in estimating intervention effects in cluster RCTs

and CBAs. Where clustering had not been accounted for, we

planned to adjust the results using standard approaches incor-

porating measures of intra cluster correlation coefficients (ICCs)

(Higgins 2011). This was not necessary to do however as we were

not able to conduct a meta-analysis because of heterogeneity. Unit

of analysis errors were noted in our qualitative assessment of the

studies’ results.

Data synthesis

Given the substantial heterogeneity of interventions and meth-

ods across studies, it was not sensible to undertake meta-analy-

sis to pool results; we therefore did not need to address cluster-

ing, matching, or inclusion of multi-armed studies in a quan-

titative synthesis. Instead, we presented the results of studies in

tabular form and made a qualitative assessment of the effects of

studies, based on certainty of evidence. We reported the follow-

ing data (where available): pre-intervention and post-intervention

data, including absolute and percentage improvement. Where re-

searchers did not report differences, the review authors calculated

them based on available data and reported in Table 1 and Table 2.

We noted inappropriate statistical analysis where relevant. We in-

cluded studies with high or variable risks of bias in the qualitative

summary, with the GRADE rating downgraded as appropriate.

’Summary of findings’ tables

We created ’Summary of findings’ tables for each category of inter-

ventions (e.g. WHO-based, WHO-enhanced, performance feed-

back) as well as an overview Summary of findings for the main

comparison. We included our primary outcome of hand hygiene

compliance as well as our secondary outcomes of reduction in in-

fection or colonisation rates. Since it was not possible to conduct

a meta-analysis, we summarise results narratively, using plain lan-

guage statements (EPOC 2013c).

Two review authors (DM and DG) independently assessed the

certainty of evidence (high, moderate, low or very low), using the

five GRADE considerations (risk of bias, inconsistency, indirect-

ness, imprecision, publication bias) and EPOC methods and rec-

ommendations (EPOC 2013d). We considered all measures of

hand hygiene compliance together (e.g. observed hand hygiene or

a proxy measure such as increased use of hand hygiene products)

in assigning a GRADE rating. See Appendix 2 for the completed

’Calculation of GRADE ratings’ worksheet. Justification for de-

cisions to downgrade the ratings are placed in footnotes in each

’Summary of findings’ table, and we have made comments to aid

readers’ understanding of the review where necessary.

Subgroup analysis and investigation of heterogeneity

We did not perform any subgroup analysis or quantitative assess-

ment of heterogeneity, since we did not perform a meta-analysis.

R E S U L T S

Description of studies

Results of the search

The searches yielded 4219 abstracts, excluding duplicates. We re-

viewed the full text of 534 potentially eligible articles and excluded

444. Of the remaining 90 full-text articles, we excluded a further
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67 studies with reasons primarily related to lack of adequate data

points in an ITS design, or inadequacy of control groups (See

Characteristics of excluded studies).

This review contains 26 studies. Figure 1 summarises the search

and study selection results.

Figure 1. Study flow diagram.

Included studies

This review includes 26 studies; 23 from this update (Armellino

2012; Derde 2014; Diegel-Vacek 2016; Fisher 2013a; Fuller 2012;

Grant 2011; Higgins 2013; Ho 2012; Huis 2013; King 2016;

Lee 2013; Martin-Madrazo 2012; Mertz 2010; Midturi 2015;

Moghnieh 2016; Munoz-Price 2014; Perlin 2013; Rodriguez

2015; Rosenbluth 2015; Stevenson 2014; Stewardson 2016;

Talbot 2013; Yeung 2011) and three from previous versions of

the review (Huang 2002; Vernaz 2008; Whitby 2008). Details

are provided in the Characteristics of included studies table and

briefly summarised below.

12Interventions to improve hand hygiene compliance in patient care (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Study design

Two studies were randomised trials (Huang 2002; King 2016).

Nine studies were cluster-randomised trials (Fisher 2013a; Grant

2011; Ho 2012; Huis 2013; Martin-Madrazo 2012; Mertz 2010;

Stevenson 2014; Stewardson 2016; Yeung 2011). Two studies were

stepped-wedge cluster-randomised trials (Fuller 2012; Rodriguez

2015). One study was a randomised trial with cross-over (Munoz-

Price 2014). Two were non-randomised trials (Diegel-Vacek 2016;

Moghnieh 2016). Ten studies were ITS studies meeting the spe-

cific criteria stipulated by EPOC (Armellino 2012; Derde 2014

Higgins 2013; Lee 2013; Midturi 2015; Perlin 2013; Rosenbluth

2015; Vernaz 2008; Whitby 2008). Some reports included differ-

ent designs for assessing different interventions or outcomes, such

as randomised trials to assess the effectiveness of bundles with an

embedded ITS study for assessing hand hygiene compliance. We

categorised the studies, and reviewed the appropriate methods re-

lated to the intervention(s) to assess hand hygiene.

Settings

Two studies were conducted in long-term care facilities (Ho 2012;

Yeung 2011) and one in a primary care setting (Martin-Madrazo

2012). The remaining 23 studies were conducted in acute care

hospitals on general wards and/or critical care units, except for

Munoz-Price 2014 which was conducted in an anaesthetic room.

In 15 studies data were collected in a single centre, although the

size of the centre and number of units involved varied (Armellino

2012; Diegel-Vacek 2016; Fisher 2013a; Grant 2011; Higgins

2013; Huang 2002; King 2016; Midturi 2015; Moghnieh 2016;

Munoz-Price 2014; Rosenbluth 2015; Stevenson 2014; Talbot

2013; Vernaz 2008; Whitby 2008). In two studies data were col-

lected in three facilities (Huis 2013; Mertz 2010). In one study,

data were collected in one multi-state healthcare system with 166

hospitals and 116 outpatient surgery and endoscopy centres (Perlin

2013). In the remaining eight studies, data were collected from 7

to 18 centres.

Four studies took place in Southeast Asia (Fisher 2013a; Ho

2012; Midturi 2015; Yeung 2011), one took place in Spain

(Martin-Madrazo 2012), one in Canada (Mertz 2010), one in Eng-

land and Wales (Fuller 2012), one in southern Ireland (Higgins

2013), two in Switzerland (Stewardson 2016; Vernaz 2008), one in

Australia (Whitby 2008), one in Lebanon (Moghnieh 2016),one

in the Netherlands (Huis 2013), one in Argentina (Rodriguez

2015), and 10 in the United States (Armellino 2012; Diegel-Vacek

2016; Grant 2011; King 2016; Midturi 2015; Munoz-Price 2014;

Perlin 2013; Rosenbluth 2015; Stevenson 2014; Talbot 2013).

Two studies were multinational (Derde 2014; Lee 2013), involv-

ing multiple European countries; Lee 2013 also included centres

from Israel.

Staff participating

One study included staff in the anaesthetic room (Munoz-Price

2014). In four studies data were collected from nurses (Huang

2002; Huis 2013; Moghnieh 2016; Yeung 2011); Huis 2013 also

included student nurses, and Yeung 2011 also included nursing

assistants and physiotherapists. In the remaining studies data were

collected from all clinical staff present in the clinical areas during

the period of data collection.

Interventions

Fourteen studies presented the results of multimodal campaigns

featuring complex interventions that were similar to or based on

the WHO Guidelines 2009 recommendations. Five studies re-

ported multimodal campaigns that included some but not all

of the elements recommended by WHO (Ho 2012; Lee 2013;

Martin-Madrazo 2012; Rodriguez 2015; Yeung 2011). They dif-

fered in the elements not included. We categorise them as non-

WHO multimodal interventions in this review. Three studies in-

cluded all five types of strategies recommended by WHO; these

campaigns are referred to as WHO-based multimodal interven-

tions in this review (Derde 2014; Mertz 2010; Perlin 2013).

Derde 2014 did not describe their campaign. Four studies re-

ported campaigns that included the interventions recommended

by WHO in addition to other measures, such as social marketing

or staff involvement in the development of the campaign (Huis

2013; Midturi 2015; Rosenbluth 2015; Stevenson 2014). These

are called WHO-enhanced multimodal interventions in this re-

view. Midturi 2015, for example, evaluated the impact of rewards

and alerts to the supervisor when hands were not cleansed, while

Rosenbluth 2015 additionally evaluated role-modelling, encour-

agement and incentives to cleanse hands.

Two studies reported on two separate multimodal interventions

(Vernaz 2008; Whitby 2008). In Whitby 2008, one of the three in-

terventions tested (Geneva) was categorised as WHO-based, while

the second (Washington) was categorised as WHO-enhanced, as it

included extensive staff involvement. Whitby 2008 also reported

a third intervention that consisted of the addition of ABHR alone.

Similarly, one of the two interventions in Vernaz 2008 (Clean
Care is Safer Care) was categorised as WHO-based, while the other

(VigiGerme) was categorised as WHO-enhanced, as it included

social marketing. Vernaz 2008 did not describe their campaigns

in any detail. As the researchers did not compare results between

arms, we considered each intervention separately in this review

(Vernaz 2008; Whitby 2008).

Table 3 summarises the individual components of the multimodal

campaigns and illustrates the variation that existed.

Of the remaining 12 studies, six reported a single intervention.

Two of these studies focused on education; Huang 2002 eval-

uated education sessions while Higgins 2013 assessed the effect

of an e-learning hand hygiene game. Three studies evaluated the

effectiveness of cues: signs with messages about personal conse-

quences versus patient consequences of failing to cleanse hands
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(Grant 2011), lights above sinks switching on when staff entered

the room (Diegel-Vacek 2016), and signs portraying a stern pair

of male eyes and clean scent to remind healthcare workers about

hand hygiene (King 2016). Munoz-Price 2014 evaluated the dif-

ferent placement of ABHR dispensers in the anaesthesia room.

The six remaining studies focused on performance feedback with

additional components. Two of these evaluated feedback as their

main intervention incorporating technology into the process;

Armellino 2012 videotaped hand hygiene episodes and gave feed-

back to the units, while Fisher 2013a used a wireless monitor-

ing system that had an audible beep as a real-time reminder,

and gave individual feedback. Fuller 2012 used two interven-

tions, adding action planning to performance feedback; hand hy-

giene compliance results were reported to wards and staff were

then supposed to develop action plans to address compliance is-

sues. Stewardson 2016 evaluated performance feedback, enhanced

performance feedback and patient participation. Moghnieh 2016

evaluated incentive-based feedback and audit-based feedback. The

multimodal campaign by Talbot 2013 differed considerably from

the others, focusing on feedback to individuals as well as leader-

ship, goal setting, financial incentives to the centre, and institu-

tion-wide marketing.

Three studies were complex and evaluated the effectiveness of in-

terventions to address MRSA, such as screening, isolation pre-

cautions, and decolonisation, in addition to hand hygiene, but it

was possible to extract hand hygiene data separately (Derde 2014;

Lee 2013; Perlin 2013). One study adopted a two-stage design in

which the first stage refined the hand hygiene intervention which

was then tested in the second stage (Grant 2011).

Six studies contained evidence of theoretical underpinning. In

Vernaz 2008 the intervention was informed by Social Marketing

Theory (Kotler 1971). A framework to support staff accountabil-

ity for hand hygiene developed by the authors was used in Talbot

2013. Huis 2013 was based on a leadership and teamwork model

developed for the study based on earlier descriptions of barriers

and facilitators to hand hygiene. Diegel-Vacek 2016 was based on

an adaptation of the Theory of Planned Behaviour (Azjen 1991)

which holds that behaviour is susceptible to change in environ-

mental conditions and that such change can be manipulated to

encourage the desired action (Shankar 2007). In Diegel-Vacek

2016 the environmental cue was a light above a sink switching

on when the room was entered. In King 2016, the intervention

was based on psychological priming. This is the process through

which exposure to particular cues (auditory, olfactory or visual)

have the capacity to alter behaviour without the individual becom-

ing aware that their behaviour is being manipulated (Bargh 1992).

Fuller 2012 employed an intervention based on behavioural the-

ory that applies psychological techniques to improve compliance

through performance feedback, but no specific behavioural theory

was named.

Exploring sustainability of the intervention

In 11 studies (Armellino 2012; Derde 2014; Fuller 2012; Higgins

2013; Ho 2012; Lee 2013; Midturi 2015; Perlin 2013; Stevenson

2014; Talbot 2013; Vernaz 2008) hand hygiene compliance

measures continued longer-term (12 months or longer). Four

studies reported follow-up data at six months post-intervention

(Huis 2013; Martin-Madrazo 2012; Rodriguez 2015; Rosenbluth

2015), and one reported follow-up data at seven months (Yeung

2011). In three studies follow-up was less than three months

(Diegel-Vacek 2016; King 2016; Moghnieh 2016).

Outcomes

Data were collected by direct observation in 20 studies (Derde

2014; Diegel-Vacek 2016; Grant 2011; Higgins 2013; Ho 2012;

Huang 2002; Huis 2013; King 2016; Lee 2013; Martin-Madrazo

2012; Mertz 2010; Midturi 2015; Moghnieh 2016; Munoz-

Price 2014; Rodriguez 2015; Rosenbluth 2015; Stevenson 2014;

Stewardson 2016; Talbot 2013; Yeung 2011) and through video-

camera observation in one study (Armellino 2012). One study

measured hand hygiene compliance using an electronic monitor-

ing device (Fisher 2013a). All but two of the studies using obser-

vation reported hand hygiene compliance in terms of opportu-

nities for hand hygiene. The two exceptions were Huang 2002,

who reported the proportion of nurses who performed hand hy-

giene, and Munoz-Price 2014 who reported hand hygiene events

per hour. Observation periods and time of day varied in all of

the studies employing observation. One study measured both ob-

served hand hygiene compliance and procurement of ABHR as a

secondary measure (Fuller 2012). Three studies measured prod-

uct usage alone (Perlin 2013; Vernaz 2008; Whitby 2008), but

reported it differently.

Microbiological data were documented in nine studies (Derde

2014; Ho 2012; Lee 2013; Mertz 2010; Perlin 2013; Stevenson

2014; Stewardson 2016; Vernaz 2008; Yeung 2011). Stevenson

2014, however, did not report infection rates as an outcome mea-

sure, instead using the results as part of the hand hygiene campaign.

Mertz 2010 measured MRSA colonisation, Derde 2014 measured

colonisation with MRSA, VRE and highly-resistant Enterobacte-

riaceae (HRE). Perlin 2013 and Lee 2013 documented rates of

MRSA infection rather than colonisation, while Vernaz 2008 re-

ported on the incidence of MRSA and C. difficile in clinical isolates

as well as rates of antibiotic use. Derde 2014, in addition to report-

ing colonisation, also measured rates of intensive care unit (ICU)-

acquired bacteraemia. Both Ho 2012 and Yeung 2011 reported

infections requiring hospitalisation, while Ho 2012 also reported

the number of respiratory infection outbreaks, and Yeung 2011 re-

ported on infection-associated mortality. Stewardson 2016 docu-

mented clinical isolates of hospital pathogens, specifically MRSA,

extended beta lactamase-producing Enterobacteriaceae and C. dif-
ficile, at least 48 hours after admission in patients who were not

known to be colonised.
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Grant 2011 was the only study to estimate cost savings in terms

of the number of infections prevented by cleansing hands.

Use of the World Health Organization Guidelines

Twenty-three of the 26 included studies were published after 2009

when WHO released its guidelines for promoting hand hygiene

compliance. However, the research was initiated prior to the pub-

lication of those guidelines in all but four of the included studies

(Fisher 2013a; Grant 2011; Higgins 2013; Munoz-Price 2014).

Although refined for the WHO Guidelines 2009, WHO had

made earlier recommendations regarding hand hygiene promo-

tion. Their recommendations therefore would have been avail-

able to underpin 25 of the 26 studies, although not the much

earlier study by Huang 2002. Use of the WHO definition for

hand hygiene compliance was stated explicitly in three stud-

ies (Diegel-Vacek 2016; Ho 2012; Yeung 2011). The WHO

Guidelines 2009 recommend implementation of a multimodal

hand hygiene campaign; 18 studies employed more than one in-

tervention (Derde 2014; Higgins 2013; Ho 2012; Huis 2013;

Lee 2013; Martin-Madrazo 2012; Mertz 2010; Midturi 2015;

Moghnieh 2016; Perlin 2013; Rodriguez 2015; Rosenbluth 2015;

Stevenson 2014; Stewardson 2016; Talbot 2013; Vernaz 2008;

Whitby 2008; Yeung 2011). The guidelines also identify five com-

ponents to be specifically implemented: ABHR at point of care or

carried by the healthcare worker; training and education; perfor-

mance observation and feedback; reminders (e.g. posters); and ad-

ministrative support/institutional safety climate. Leadership and

staff involvement contribute to the latter. Three of the studies

(Derde 2014; Mertz 2010; Perlin 2013), and one campaign in

the studies by Vernaz 2008 and Whitby 2008, implemented all

five recommendations. Derde 2014 and Vernaz 2008 may have

adopted them but it is impossible to tell as details were not pro-

vided about their campaigns: they were simply described as based

on the WHO guidelines, without further detail. Four studies

we categorised as WHO-enhanced (Huis 2013; Midturi 2015;

Rosenbluth 2015; Stevenson 2014) and one campaign in the stud-

ies by Vernaz 2008 and Whitby 2008 implemented all the rec-

ommended interventions as well as additional ones. Five studies

implemented many of the five recommended strategies, although

not always the same ones (Ho 2012; Lee 2013; Martin-Madrazo

2012; Rodriguez 2015; Yeung 2011). Table 3 shows the interven-

tions implemented in the different multimodal campaigns.

The WHO Guidelines 2009 recommend that hand hygiene com-

pliance should be assessed by direct observation because it is the

only approach that can detect all hand hygiene opportunities, the

number of times than an opportunity is acted on, and the ap-

propriate timing of the hand hygiene episode in the sequence of

care. In 20 studies data were collected solely by direct observa-

tion, with data collectors present on the units. In Armellino 2012,

observation was recorded by video camera. Three studies em-

ployed product usage as the sole method of data collection (Perlin

2013; Vernaz 2008; Whitby 2008). Two studies documented di-

rect observation and product usage (Fisher 2013a; Fuller 2012).

Higgins 2013 also assessed hand-washing technique using testing

with adenosine triphosphase in addition to hand hygiene compli-

ance. WHO acknowledges that the results of hand hygiene com-

pliance derived through direct observation are open to bias. Thir-

teen studies using direct observation considered the possibility of

bias in the discussion of their results (Derde 2014; Diegel-Vacek

2016; Fisher 2013a; Fuller 2012; Higgins 2013; Ho 2012; Huis

2013; Martin-Madrazo 2012; Mertz 2010; Munoz-Price 2014;

Stevenson 2014; Talbot 2013; Yeung 2011).

The WHO Guidelines 2009 also recommend use of their tools,

including the Five Moments framework and their data collection

checklist. Three studies reported that their checklists were based

on the WHO audit tool (Higgins 2013; Ho 2012; Huis 2013).

Mertz 2010 used a modified tool based on WHO tools that ex-

isted at the time, and Fuller 2012 used the Hand Hygiene Obser-

vation Tool which had been developed especially for their study.

The other authors did not specify what observation tool was used,

although five studies reported a link to the Five Moments indi-

cations for hand hygiene (Derde 2014; Martin-Madrazo 2012;

Moghnieh 2016; Rosenbluth 2015; Stewardson 2016). Only three

studies clearly reported the use of the Five Moments as part of the

promotional material to inform staff about hand hygiene (Derde

2014; Higgins 2013; Stewardson 2016).

Excluded studies

Forty-five of the 67 excluded studies were ITS studies with in-

adequate numbers of pre- or post-intervention data collection

points, or unclear intervention periods, or both. Three of the ex-

cluded studies were non-randomised trials with inadequate con-

trol groups, and 19 were controlled before-after studies with only

one intervention and one control group, rather than the required

two groups of each.

We also excluded Gould 1997, which we had previously considered

eligible and was included in the original 2007 review and the

2010 update (Gould 2007; Gould 2010). However, changes in

the eligibility criteria of controlled before-after studies meant this

study no longer met the new criteria (EPOC 2013b). We have

therefore removed it from the list of included studies and added it

to the number and table of excluded studies (See Characteristics

of excluded studies).

Risk of bias in included studies

We present details of the risks of bias for non-ITS designs (ran-

domised and non-randomised trials and controlled before-after

studies) in Figure 2 and Figure 3, and details of the risk of bias for

ITS studies in Figure 4 and Figure 5. Details are also provided in

the Characteristics of included studies tables.
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Figure 2. Risk of bias graph for non-ITS studies (RCTs, NRCTs, and CBAs)
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Figure 3. Risk of bias summary for non-ITS studies (RCTs, NRCTs, and CBAs)
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Figure 4. Risk of bias graph for ITS studies
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Figure 5. Risk of bias summary for ITS studies
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All the studies were at high risk of bias overall, with at least two

items at high or unclear risk of bias. Of the 16 non-ITS designs,

Grant 2011 contained one source of high risk and one source of

unclear risk of bias, while Huang 2002 and King 2016 each con-

tained one source of high risk and four or three sources respectively,

of unclear risks of bias. The remaining non-ITS studies contained

at least two sources of high risk of bias, with three having four such

sources (Huis 2013; Mertz 2010; Yeung 2011) and Diegel-Vacek

2016 having five such sources. Inadequate blinding and inade-

quate reporting of baseline characteristics were the most frequent

sources of high risk of bias in non-ITS studies, while most of the

unclear risks stemmed from inadequacy of protection from con-

tamination, inadequate reporting of baseline characteristics, and

lack of clarity of random sequence generation.

Of the 10 ITS studies, Whitby 2008 contained one source of high

risk of bias and one unclear risk of bias. All of the remaining studies

contained two or three sources of high risk of bias. Inadequate

blinding was the most frequent source of high risk of bias in ITS

studies, while most of the unclear risks stemmed from lack of

clarity related to whether the intervention was independent of

other changes.

Allocation

Of the 16 studies reporting non-ITS study designs, we considered

the two non-randomised trials, as in EPOC guidelines, to be at

high risk of bias related to generation of allocation sequence (

Diegel-Vacek 2016; Moghnieh 2016). Four studies were at unclear

risk of bias related to generation of allocation sequence because

randomisation methods were not specified (Grant 2011; Huang

2002; Stevenson 2014; Yeung 2011). For the remainder, this risk

of bias was low (Fisher 2013a; Fuller 2012; Ho 2012; Huis 2013;

King 2016; Martin-Madrazo 2012; Mertz 2010; Munoz-Price

2014; Rodriguez 2015; Stewardson 2016). We rated three studies

(Huang 2002, iMoghnieh 2016, Rodriguez 2015) at unclear risk

of bias in terms of adequate concealment of allocation sequence;

we judged the other 13 studies to be at low risk for this domain.

Blinding

We considered blinding of participants separately from blinding

of outcome assessment.

Blinding of participants and personnel

Of the 16 studies reporting non-ITS study designs, only one was

at low risk of bias for blinding of participants to group allocation

(Grant 2011). In this study staff were aware that signs to promote

hand hygiene compliance had been positioned adjacent to sinks

but were not aware that a research study was taking place. In the

randomised trial with cross-over reported by Munoz-Price 2014,

ABHR dispensers placed on the work surface were visible but staff

did not know what was being assessed, so we considered risk of bias

to be unclear. In King 2016, the participants would have noticed

the signs and scent but the authors did not report whether the

participants knew the purpose of the study.

In the remaining non-ITS studies we rated risk of bias high through

failure to blind staff and researchers to group allocation. In three

studies (Ho 2012; Mertz 2010; Rodriguez 2015) posters and per-

formance feedback were employed, so all staff knew about the

intervention. In Martin-Madrazo 2012 posters were displayed

throughout all participating centres regardless of group allocation.

In Yeung 2011 reminders to cleanse hands were given throughout

all participating centres, regardless of group allocation. In the re-

maining studies blinding was impossible because campaigns were

customised to the clinical setting (Stevenson 2014), the wireless

technology used to promote hand hygiene was visible and audible

(Fisher 2013a), the lights were visible and the participants aware of

the purpose of the study (Diegel-Vacek 2016), the intervention in-

volved performance feedback and individualised action planning

to improve hand hygiene (Fuller 2012; Stewardson 2016), the in-

tervention was promoted by ward leaders (Huis 2013), the inter-

vention involved an incentive or audit and feedback (Moghnieh

2016), or the education was very specific so participants were aware

of the intervention (Huang 2002).

Of the 10 ITS studies we judged one to be at unclear risk of bias

because insufficient information was provided in the study to draw

conclusions (Derde 2014). Risks were high in the remaining ITS

studies because of the changes introduced to collect the data or

because the nature of the intervention indicated that hand hygiene

compliance was being studied. In Armellino 2012, video cameras

were installed to collect data. In the other ITS studies staff could

have been alerted by extra AHBR stations being installed and the

presence of the e-learning hand hygiene game station (Higgins

2013), the appearance of posters and because it was apparent that

managerial support was provided for the campaign (Lee 2013;

Midturi 2015), use of incentives and feedback (Rosenbluth 2015),

a care bundle to prevent MRSA was introduced and clinical leaders

were involved in the delivery of the intervention (Perlin 2013), and

pocket-sized ABHR dispensers were introduced (Vernaz 2008).

Leaders and staff were similarly involved in Talbot 2013 and by

Whitby 2008.

Blinding of outcome assessment

Of the 16 studies reporting non-ITS study designs, four were

at low risk of bias because data collectors and staff were un-

aware of the outcome being assessed (Fuller 2012; Grant 2011;

Martin-Madrazo 2012; Moghnieh 2016). Eight were at high risk

for different reasons, with three at high risk because no attempt was
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made to conceal the outcome assessment (Ho 2012; Munoz-Price

2014; Yeung 2011). In one study with high risk of bias, researchers

responsible for undertaking analysis were informed (Huis 2013),

while in Fisher 2013a data collectors belonged to the research

group and knew the outcome of interest. In three studies (King

2016; Stewardson 2016; Diegel-Vacek 2016) scents and signs,

posters, and lights, respectively would have been visible to the ob-

servers. In the other three studies risk was unclear, either because

the authors did not discuss blinding (Huang 2002; Mertz 2010)

or because observational data were collected by in-house infection

prevention staff (Stevenson 2014).

For three of the 10 ITS studies risk of bias was low because out-

comes were assessed by AHBR usage (Perlin 2013; Vernaz 2008)

or by an automated monitoring device (Whitby 2008). In the re-

maining ITS studies risks were high. In Armellino 2012 the video-

camera recordings were analysed by third-party auditors who were

not blind to the study outcomes, and in the ITS studies by Lee

2013, Midturi 2015, Rosenbluth 2015, and Talbot 2013, ob-

servers were not blinded. In Derde 2014, nurses from the study

units were used as data collectors, while in Higgins 2013 the e-

learning hand hygiene game station was probably visible to data

collectors.

Incomplete outcome data

Of the 16 studies reporting non-ITS study designs, one study was

at unclear risk of bias because of the difficulty of comparing loss to

follow-up given the different compositions of the groups (Fuller

2012). In the remaining non-ITS studies (Diegel-Vacek 2016;

Fisher 2013a; Grant 2011; Ho 2012; Huang 2002; Huis 2013;

King 2016; Martin-Madrazo 2012; Mertz 2010; Moghnieh 2016;

Munoz-Price 2014; Rodriguez 2015; Stevenson 2014; Stewardson

2016; Yeung 2011) and in all 10 ITS studies (Armellino 2012;

Derde 2014; Higgins 2013; Lee 2013; Midturi 2015; Perlin 2013;

Rosenbluth 2015; Talbot 2013; Vernaz 2008; Whitby 2008) risk

of bias was considered low, assuming that missed opportunities for

hand hygiene were not different between each arm of the trial or

study period, and because loss at follow-up in a trial was minimal

or addressed in the analysis.

Selective reporting

There was no evidence of selective reporting in any of the 16

studies reporting non-ITS study designs or in any of the 10 ITS

studies.

Other potential sources of bias

Similar baseline outcome measurements

Of the 16 studies reporting non-ITS study designs, we rated five

at unclear risk of bias. In Ho 2012 there were small differences

in baseline hand hygiene compliance between groups. For four

studies the risk was unclear because baseline outcome measures

were not reported (Diegel-Vacek 2016; Fuller 2012; Munoz-Price

2014; Stevenson 2014). We considered risk of bias to be high in

Rodriguez 2015, because there were differences between groups.

For the remaining studies baseline measurements of outcomes were

similar between groups, so we considered risk of bias to be low

(Fisher 2013a; Grant 2011; Huang 2002; Huis 2013; King 2016;

Martin-Madrazo 2012; Mertz 2010; Moghnieh 2016; Stewardson

2016; Yeung 2011).

Similar baseline characteristics

Of the 16 studies reporting non-ITS designs, we rated only three

at low risk of bias because baseline characteristics were reported

as similar (Huang 2002; Munoz-Price 2014) or used a single unit

(King 2016). We classified Ho 2012 and Rodriguez 2015 as hav-

ing unclear risk of bias as there were minor differences in charac-

teristics between groups, but the impact of such differences was

unclear. Moghnieh 2016 and Stewardson 2016 reported base-

line characteristics as similar but provided no supporting data.

The remaining non-ITS studies were all at high risk of bias. In

Martin-Madrazo 2012 types of healthcare workers were similar

but the types of patients and baseline characteristics of the units in

the healthcare centres participating in the different arms of the trial

were not reported. In Mertz 2010, numbers of sinks and ABHR

availability were similar but there was no comparison of charac-

teristics between patients or staff. In the cluster-randomised trial

by Yeung 2011 there were more patients with severe disability in

the test group and fewer sinks were available in the clinical areas

where they received care. In six studies (Diegel-Vacek 2016; Fisher

2013a; Fuller 2012; Grant 2011; Huis 2013; Stevenson 2014) no

baseline characteristics were reported, so we judged the risk to be

high in accordance with the EPOC criteria.

Adequate protection against contamination

Of the 16 studies reporting non-ITS study designs there was ade-

quate protection against contamination and we rated risk of bias

as low in five studies because allocation was either by organisation

(Ho 2012; Martin-Madrazo 2012; Stevenson 2014) or by units in

different hospitals (Fuller 2012; Huis 2013). We also judged risk

of bias to be low in Grant 2011 because, although physicians and

staff could have seen the different signs to promote hand hygiene

displayed in different units, they were unaware that the research

study was being conducted. We rated risk of bias as high in three

studies (Diegel-Vacek 2016; Mertz 2010; Munoz-Price 2014). In

the cross-over randomised trial reported by Munoz-Price 2014,

there could have been a wash-over effect among staff first allo-

cated to the intervention group as they could have become primed

to look for ABHR when it was no longer placed within reach.

Similarly, staff may have become used to the light over the sink
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as a cue and changed behaviour when the light was not present

(Diegel-Vacek 2016). Mertz 2010 reported that contamination

could have occurred in their study. In the remaining seven stud-

ies contamination was theoretically possible and we considered

risks of bias to be unclear. In Fisher 2013a it was possible for in-

formation (audible bleep) to have been given to the test group,

while in Huang 2002 nurses worked in the same hospital and

could have communicated with one another. Yeung 2011 reported

a high turnover of staff and as a result many in the intervention

group did not in fact receive the intervention. Rodriguez 2015 and

Stewardson 2016 reported that contamination could not be ruled

out. It was unclear if staff in two studies moved within the unit or

between units and may have been influenced by the intervention

(King 2016; Moghnieh 2016).

Intervention independent of other changes (ITS)

In five ITS studies (Armellino 2012; Midturi 2015; Rosenbluth

2015; Talbot 2013; Whitby 2008) risk was unclear because there

was no report concerning other events or activities (e.g. outbreaks,

other campaigns, variations in staffing levels) that could have in-

fluenced findings while the research was in progress. The remain-

ing ITS studies were at high risk for different reasons. In Higgins

2013 extra ABHR stations were added while the study was in

progress and two separate interventions were ongoing at the same

time: the multimodal intervention and the use of the e-learning

hand hygiene game station. Lee 2013 reported that mandatory

MRSA screening was introduced while their study was in progress

and although the intervention took place in 10 hospitals over a

period of 25 months there were no reports of other events that

could have influenced outcomes. Perlin 2013 reported that ABHR

uptake varied in the different centres pre-intervention and MRSA

screening, isolation precautions and new policies for disinfection

and cleaning were also introduced during that time. Two new in-

fection prevention programmes were introduced throughout the

seven years Vernaz 2008 was conducted. Multiple changes oc-

curred related to MRSA screening and use of barrier and contact

precautions during the course of Derde 2014.

Shape of intervention effect was prespecified (ITS)

Risk of bias was low in all 10 ITS studies because the point of

analysis was the same as the point of intervention (Armellino 2012;

Derde 2014; Higgins 2013; Lee 2013; Midturi 2015; Perlin 2013;

Rosenbluth 2015; Talbot 2013; Vernaz 2008; Whitby 2008).

Intervention unlikely to affect data collection (ITS)

Risk of bias was low in all 10 ITS studies because the same

methods of data collection were used pre- and post-intervention

(Armellino 2012; Derde 2014; Higgins 2013; Lee 2013; Midturi

2015; Perlin 2013; Rosenbluth 2015; Talbot 2013; Vernaz 2008;

Whitby 2008).

Freedom from other risks of bias

Of the 16 studies reporting non-ITS study designs, no evidence of

further bias was apparent in 10 studies (Diegel-Vacek 2016; Fisher

2013a; Fuller 2012; Grant 2011; Huang 2002; Moghnieh 2016;

Munoz-Price 2014; Rodriguez 2015; Stevenson 2014; Stewardson

2016). In Ho 2012 risk was unclear through possible selection

bias: it was not clear which staff were invited to participate or

refused. We rated risk of bias as unclear in King 2016 because it did

not distinguish between healthcare workers and visitors, and it is

unclear if their behaviour in response to the scent or signs would be

different. The remaining studies contained high risk risks of bias.

In two of these studies the research was reported to coincide with

an outbreak of the respiratory virus H1N1 and the authors stated

that additional measures were introduced to control spread (Huis

2013; Martin-Madrazo 2012). In Mertz 2010, ABHR dispensers

were installed throughout the hospital during the study period

and there was an outbreak of MRSA that could have prompted

efforts to improve hand hygiene. In Yeung 2011 a feedback session

was delivered in the intervention and control groups three months

after the intervention and at the conclusion of the study.

We judged the 10 ITS studies to be at low risk because we

could identify no evidence of other risks of bias (Armellino 2012;

Derde 2014; Higgins 2013; Lee 2013; Midturi 2015; Perlin 2013;

Rosenbluth 2015; Talbot 2013; Vernaz 2008; Whitby 2008).

Effects of interventions

See: Summary of findings for the main comparison; Summary

of findings 2; Summary of findings 3; Summary of findings 4;

Summary of findings 5; Summary of findings 6; Summary of

findings 7; Summary of findings 8

We present an overview of the effects of the interventions in

Summary of findings for the main comparison, while the evidence

from specific types of interventions is summarised in Summary

of findings 2; Summary of findings 3; Summary of findings 4;

Summary of findings 5; Summary of findings 6; Summary of

findings 7; and Summary of findings 8. Table 1 and Table 2 con-

tain details of key results for all interventions and hand hygiene

outcome measures. Table 4 summarises the results related to in-

fection or colonisation.

As described in the following sections, overall, hand hygiene com-

pliance increased in all studies, regardless of the intervention or the

outcome measure employed. The level of increase varied, however,

as did the level of hand hygiene compliance both at baseline and

post-intervention. Some studies reported reduction in infections

(Ho 2012; Perlin 2013; Stewardson 2016; Yeung 2011) or mor-

tality (Yeung 2011) while other studies reported no changes (Lee

2013) or a variation depending on the micro-organism (Vernaz

2008). Three studies reported little or no changes in colonisation

rates (Derde 2014; Mertz 2010; Stewardson 2016).

Appropriate statistical analysis was conducted in 11 of the 16 non-

ITS studies (Diegel-Vacek 2016; Fuller 2012; Huang 2002; Huis
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2013; King 2016; Mertz 2010; Moghnieh 2016; Munoz-Price

2014; Rodriguez 2015; Stevenson 2014; Stewardson 2016) and

in five of the 10 ITS studies (Armellino 2012; Lee 2013; Talbot

2013; Vernaz 2008; Whitby 2008). The nature of the inappropri-

ate analysis is identified in the Characteristics of included studies

table as well as in Table 1 and Table 2. Reasons varied for why

we considered the analysis inappropriate. Grant 2011 did not

conduct a matched analysis, while two cluster-randomised tri-

als analysed data at the level of individuals rather than clusters

(Martin-Madrazo 2012; Yeung 2011). Several studies did not con-

duct analyses appropriate for an ITS (Derde 2014; Higgins 2013;

Perlin 2013; Rosenbluth 2015) while the reporting of results was

unclear in other studies (Fisher 2013a; Midturi 2015). Ho 2012

used a generalised estimating equation (GEE) but did not com-

pare changes between arms.

Re-analysis of data from studies with inappropriate analysis was

either not possible through lack of available data or not warranted,

given the high risk of bias in the studies. However, where re-

searchers did not report differences, the review authors calculated

them based on available data and reported in Table 1 and Table 2.

Multimodal Campaigns

Fourteen studies evaluated multimodal campaigns, with two eval-

uating two different types of multimodal campaigns (Vernaz 2008;

Whitby 2008). Overall, multimodal interventions led to an in-

crease in hand hygiene compliance, with very low to low certainty

of evidence, depending on the components of the multimodal

intervention, i.e. whether they were not WHO-based, WHO-

based, or WHO-enhanced, as shown in Summary of findings 2;

Summary of findings 3; Summary of findings 4. Table 1 sum-

marises the key results. Outcomes for different measures of hand

hygiene compliance are detailed, with both observed hand hygiene

compliance or proxy measures considered together in determining

the GRADE rating.

Multimodal campaigns not based on WHO

recommendations

Five of the studies evaluated multimodal campaigns that did not

contain all of the elements recommended by WHO (Ho 2012;

Lee 2013; Martin-Madrazo 2012; Rodriguez 2015; Yeung 2011).

All showed improvements in hand hygiene compliance (low cer-

tainty of evidence) as shown in Summary of findings 2. All five

measured observed hand hygiene compliance as the outcome; the

four non-ITS studies compared results of the intervention group

to results from controls who had either received no intervention

or education on another topic. Rodriguez 2015 reported on a

stepped-wedge randomised trial and used appropriate statistical

analysis. They found an increase in observed hand hygiene compli-

ance (odds ratio (OR) 1.17, 95% confidence interval (CI) 1.13 to

1.22), with absolute differences ranging from 1.9 to 26.7 percent-

age points. The other three studies were cluster-randomised trials

with none adopting appropriate statistical analysis: two analysed at

the level of the individual rather than the cluster (Martin-Madrazo

2012; Yeung 2011) and the other failed to compare changes be-

tween the arms of the trial (Ho 2012). However, all three studies

showed increases in hand hygiene compliance in the intervention

groups compared both to the control groups and to baseline lev-

els. Baseline rates were low, ranging from 7.98% to 27%; post-

intervention rates in the intervention groups ranged from 32.74%

to 48.6%. The absolute differences in hand hygiene compliance

compared to baseline ranged from 1.9 to 37.7 percentage points in

the intervention groups and from 0.3 to 11.9 percentage points in

the control groups. Results varied by study and by time period, as

none had the same post-intervention assessment interval. The ITS

study Lee 2013 reported appropriate statistical analysis. This team

demonstrated increases after the start of hand hygiene promotion

(OR 1.19, 95% CI 1.01 to 1.42) with monthly decreases after

the campaign ended. The highest levels of hand hygiene compli-

ance were observed during the intervention phase, with an aver-

age compliance of 63.8% in the intervention group compared to

49.3% at baseline.

Three of the studies also reported reduced infection (low certainty

of evidence); none reported colonisation rates. Ho 2012 reported

reduced respiratory outbreaks (incidence rate ratio (IRR) 0.12,

95% CI 0.01 to 0.93) and reduced MRSA infections requiring

hospitalisation (IRR 0.61, 95% CI 0.38 to 0.97) favouring the

intervention. Yeung 2011 reported reductions of 0.27 to 0.77 cases

per 1000 resident-days in serious infections, pneumonia and death

in the intervention group compared to no change or an increase of

0.57 cases per 1000 resident-days in the control group. In the ITS

study Lee 2013, promotion of hand hygiene was incorporated into

a bundle of strategies for the control of MRSA, so hand hygiene

was a secondary outcome. Lee 2013 found that the bundle, rather

than hand hygiene promotion alone or the other strategies without

hand hygiene promotion, led to a decrease in MRSA isolated from

clinical cultures.

Multimodal campaigns based on WHO recommendations

Summary of findings 3 summarises the five studies that evaluated

WHO-based campaigns that contained the five elements recom-

mended by WHO (Derde 2014; Mertz 2010; Perlin 2013; Vernaz

2008; Whitby 2008). in the cluster-randomised trial Mertz 2010,

the multimodal intervention was compared to the addition of

ABHR alone; each of the other studies was an ITS. All found an

increase in hand hygiene compliance (very low certainty of evi-

dence), regardless of whether hand hygiene compliance was as-

sessed through observation or a proxy measure. Mertz 2010 and

Derde 2014 both assessed observed hand hygiene compliance.

Mertz 2010 reported an increase of 6.3 percentage points in the

mean difference between groups at post-test. Derde 2014 reported

an increase in hand hygiene compliance from a baseline rate of

52% to 69%, a difference of 17 percentage points, after the cam-
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paign but did not conduct statistical analysis appropriate to an ITS

study. The other three studies used different outcome measures.

Whitby 2008 employed an electronic count of the number of times

ABHR was dispensed, and reported an increase for the Geneva
programme in hand hygiene compliance relative to baseline in

immunisation and diagnosis units (IDUs) (risk ratio (RR) 1.56,

95% CI 1.29 to 1.89), but no increase on medical units. Vernaz

2008 measured ABHR in litres per 100 patient-days and reported

increases in use for the Clean Care is Safer Care programme but

did not report volume changes. Perlin 2013 also measured volume

of ABHR but used mean ounces of ABHR per adjusted patient-

day, so the results are not readily comparable to those reported by

Vernaz 2008. Perlin 2013 reported an increase of 24.75 ounces of

ABHR per adjusted bed-day but did not conduct statistical anal-

ysis appropriate to an ITS study.

Two of the studies also reported effects of the intervention on in-

fection rates (very low certainty of evidence). Both reported hand

hygiene interventions as part of a bundle for control of specific in-

fections. Perlin 2013 reported a decrease in central line-associated

blood stream infections (CLABSI) of 0.191 cases per 1000 line-

days, and a decrease of 0.538 cases of ventilator-associated pneu-

monia (VAP) per 1000 ventilator-days with the bundle, but did

not conduct an appropriate statistical analysis for an ITS study,

so results must be interpreted with caution. Vernaz 2008 reported

that the WHO-based campaign was associated with a decreased

incidence of 0.03 clinical MRSA isolates for each litre of ABHR

per 100 patient-days but there was no effect on C. difficile rates.

Two studies reported colonisation rates (low certainty of evidence).

Derde 2014 found that increasing hand hygiene compliance alone

accounted for a trend towards reduction of MRSA acquisition

(IRR 0.976, 95% CI 0.954 to 0.999) but neither hand hygiene

alone nor the bundle of interventions had any effect on incidence

of C. difficile or HRE. Mertz 2010 reported no difference in the in-

cidence of MRSA colonisation, with 0.30 and 0.31 cases per 1000

patient days in the intervention and control groups respectively,

but suggested that this might be because of the low hand hygiene

compliance levels achieved post-intervention (42% to 48%).

Multimodal campaigns with WHO enhanced

recommendations

Six studies evaluated WHO-enhanced campaigns, summarised in

Summary of findings 4; all found an increase in hand hygiene com-

pliance (low certainty of evidence). Two of the studies were ran-

domised trials. Stevenson 2014 reported an increase in observed

hand hygiene compliance with mean differences of 20.1 to 28.4

percentage points, depending on which of the moments for hand

hygiene was assessed. In comparison, there was a very small aver-

age mean difference in the control group (0.7 to 3.1 percentage

points) where no intervention was received. Huis 2013 also mea-

sured observed hand hygiene compliance and reported an OR of

1.64, 95% CI 1.33 to 2.02 when leadership support was enhanced

compared to a state-of-the-art health promotion campaign. Huis

2013 reported that hand hygiene compliance was the same im-

mediately post-intervention and six months later (53%) for the

intervention group receiving leadership support, while there was

a slight increase in the control group which had a state-of-the-

art multimodal campaign (42% post-intervention and 46% at six

months).

The other four studies used an ITS design. Vernaz 2008 and

Whitby 2008, in addition to evaluating WHO-based campaigns,

also evaluated WHO-enhanced campaigns that contained all of

the elements recommended by WHO plus some additional ele-

ments. Whitby 2008 used an electronic count of the number of

times ABHR was dispensed, and reported an increase for the Wash-
ington programme in hand hygiene relative to baseline (RR 1.48,

95% CI 1.2 to 1.81). In the Washington programme the interven-

tion was customised to meet the requests of staff employed on the

participating units. Unlike the results for the Geneva programme,

which was WHO-based, there was no difference between medical

units and the IDUs. Vernaz 2008 reported an increase in ABHR

use (litres per 100 patient-days) for the VigiGerme programme

which incorporated social marketing but did not report volume

changes. Midturi 2015 reported an average increase in observed

hand hygiene compliance of 2% per month during the interven-

tion, with less than 1% per month before and after the interven-

tion, while Rosenbluth 2015 reported that hand hygiene compli-

ance ranged from 85% to 92% during the intervention, compared

to 38% to 100% before the intervention. Neither Midturi 2015

nor Rosenbluth 2015 used appropriate statistical analysis for an

ITS.

Only one study reported on infection rates; Vernaz 2008 reported

that there was no change in MRSA clinical isolates or in C. difficile
with the Vigigerme campaign (very low certainty of evidence).

None of the studies reported on colonisation.

Performance feedback

Table 2 summarises key results from the 12 studies that evaluated

interventions other than multimodal campaigns. Six studies eval-

uated interventions with a major emphasis on performance feed-

back. All reported increased hand hygiene compliance (low cer-

tainty of evidence) as shown in Summary of findings 5. Three of

the studies were randomised trials. Fisher 2013a evaluated wireless

monitoring with performance feedback of hand hygiene compli-

ance and reported slight increases of 0 to 5 percentage points on

both entry to and exit from patients’ rooms, compared to slight

decreases of 2 to 4 percentage points in the control group who

received no intervention. There was variation according to type of

ward, occupational group, and opportunity for hand hygiene but

the regression results were not clearly reported. Fuller 2012 focused

on feedback and personalised action planning. This team reported

increases in both the relative use of liquid soap and hand hygiene

compliance documented by direct observation. They found an
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absolute increase in hand hygiene compliance from 10% to 18%

(ORs 1.67 to 2.09) compared to baseline rates during the national

Clean Your Hands campaign in England and Wales, with variation

according to type of ward and baseline rates. Stewardson 2016

reported that observed hand hygiene was only slightly higher in

the groups with performance feedback (75%) and with feedback

and patient participation (77%) during the intervention compared

to the control group (73%), although all groups improved over

baseline (66%). Absolute changes in the intervention period com-

pared to baseline were similar: 10% in the performance feedback

group (OR 1.61, 95% CI 1.41 to 1.84) and 11% in the feedback

and patient participation group (OR 1.73, 95% CI 1.51 to 1.98).

Both changes were slightly higher than the absolute change of 7

percentage points in the control group (OR 1.41, 95% CI 1.21

to 1.63).

One study was a non-randomised trial. Moghnieh 2016 reported

observed hand hygiene compliance rates of 43% at week eight

and 51% at week 14 for the audit and feedback group compared

to 16% to 20% at baseline; rates were unchanged for the control

group but higher in the group receiving an incentive at both week

eight (60%) and week 14 (77%). Differences between baseline and

week eight ranged from 23% to 44% in the intervention groups

and between 31% and 61% between baseline and week 14. Each of

the other studies was an ITS. Armellino 2012 reported increases in

hand hygiene compliance with video-recording and performance

feedback to staff with an average increase of 4% weekly after an ini-

tial increase of 17%. Hand hygiene compliance ranged from 3.5%

to 9.8% at baseline to an average of 81.6% (weekly range 30.8%

to 91.2%) in the post-feedback period. Talbot 2013 reported an

increase in hand hygiene compliance following a programme fo-

cused on performance feedback, leadership goal setting, financial

incentives to the centre and marketing, but did not report estimates

of effect. Only Talbot 2013 reported a sustained and high level

of hand hygiene compliance in the “active accountability phase”

of their study, when strategies to increase staff accountability for

hand hygiene had been incorporated in practice. Hand hygiene

compliance was 89% in the “active accountability phase” and 75%

during the intervention phase compared to 52% at baseline, with

differences of 37 and 23 percentage points respectively.

Only one study reported on both infection rates and colonisation

rates (moderate certainty of evidence). Stewardson 2016 reported

reduced primary bloodstream infection in the enhanced feedback

group (IRR 0.71, 95% CI 0.54 to 0.95) and control group (IRR

0.57, 95% CI 0.40 to 0.80) with little change in the enhanced

feedback + patient participation group (IRR 1.02, 95% CI 0.78

to 1.34). Period prevalence of HCAIs was also reduced in the en-

hanced feedback group (IRR 0.91, 95% CI 0.68 to 1.23), with lit-

tle change in the enhanced feedback + patient participation group

(IRR 1.05, 95% CI 0.78 to 1.40) and an increase in the control

group (IRR 1.33, 95% CI 0.94 to 0.1.88). They also reported

reduced colonisation with MRSA in the enhanced feedback group

(IRR 0.79, 95% CI 0.66 to 0.95) and the enhanced feedback +

patient participation group (IRR 0.82, 95% CI 0.67 to 0.99), as

well as in the control group (IRR 0.92, 95% CI, 0.77 to 1.13).

Education

Two studies evaluated educational interventions. Both reported

increased hand hygiene compliance (low certainty of evidence)

as summarised in Summary of findings 6. Huang 2002 reported

increases of 16.3 to 24.5 percentage points in the proportion of

nurses complying with hand hygiene recommendations following

an educational intervention compared to no changes or a decrease

of 4.1 percentage points in those without the intervention. Dif-

ferences varied by moment of hand hygiene evaluated. They did

not assess the appropriateness of the hand hygiene event or if hand

hygiene opportunities were missed. Higgins 2013 reported that

hand hygiene compliance doubled from 42% to 84%, after an in-

tervention implementing an e-learning hand hygiene game, com-

pared to no intervention, but did not provide details of analysis.

Neither study reported on infection or colonisation rates.

Cues

Three studies focused on cues. All reported increased hand hygiene

compliance (low certainty of evidence) as shown in Summary of

findings 7 none reported on infection or colonisation rates. Grant

2011 reported an increase of 8.51% in observed hand hygiene

compliance on units where a sign with a message relating to pa-

tient consequences of poor hand hygiene was displayed, compared

to a slight decrease of 0.29% on units where a sign with a mes-

sage related to staff-related consequences of poor hand hygiene

was posted. They did not undertake the matched analysis that

would have been most appropriate for their pair-matched cluster-

randomised trial design. Compared to a baseline of 15%, King

2016 reported an increase in observed hand hygiene compliance

of 31.9 percentage points (to 46%) with the scent cue, compared

to an increase of 6.7 percentage points (to 21.7%) with a sign of

stern male eyes, and a decrease of 5 percentage points (to 10%)

with a sign of female eyes. Diegel-Vacek 2016 found that observed

hand hygiene compliance was higher on day 1 and day 2 with

the light cue (23% and 30%) compared to no light cue (7% and

16%), but was the same on the third day with or without the light

cue (23%).The differences from day 1 to day 2 were an increase of

7 percentage points with the light cue compared to 9 percentage

points without the light cue,. On day 3, there was no difference

compared to day 1 with the light cue, and an increase of 16 per-

centage points without the light cue.

None of the studies reported on infection or colonisation rates.

However, Grant 2011 estimated potential savings of USD 300,000

a year in terms of infections prevented by improved hand hygiene,

but did not report infection data.
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Placement of ABHR

The remaining study focused on the single intervention of ABHR

placement. As displayed in Summary of findings 8, Munoz-Price

2014 reported an increase of 0.3 hand hygiene events an hour

(moderate certainty of evidence) when ABHR dispensers were

placed on anaesthesia carts compared to usual placement on wall-

mounted dispensers. They did not report on infection or coloni-

sation rates.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Multimodal interventions (not WHO-based) compared with no intervention for promotion of hand hygiene or reduction of infection or colonisation rates

Patient or population: Healthcare workers

Settings: Long-term care, primary care, hospital

Intervention: Mult imodal with some but not all of the strategies recommended by WHO; strategies varied by study

Comparison: No hand hygiene promotion

Outcomes Impact Studies Certainty of the evidence

(GRADE)

Hand hygiene compliance In the RCTs, the absolute dif f erences in

hand hygiene compliance compared to

baseline ranged f rom 1.9 to 37.7 percent-

age points in intervent ion groups and f rom

0.3 to 11.9 in control groups. The ITS re-

ported an adjusted OR of 1.19, 95% CI 1.

01 to 1.42 favouring the intervent ion

4 RCTs, 1 ITS

24 long-term care facilit ies, 10 hospitals,

11 ICUs and 11 primary healthcare units

⊕⊕©©

low1

Infect ion rates 1 RCT reported reduced respiratory out-

breaks and MRSA infect ions requiring hos-

pitalisat ion (IRR 0.12 to 0.61) favouring

the intervent ion, while 1 ITS study reported

no reduct ion in MRSA clinical isolates or

infect ion. 1 RCT reported reduct ions of 0.

27 to 0.77 cases per 1000 resident-days in

serious infect ions, pneumonia and death

in the intervent ion group compared to no

change or an increase of 0.57 cases per

1000 resident-days in the control group

2 RCT, 1 ITS

24 long-term care facilit ies, 10 hospitals,

⊕⊕©©

low2

Colonisat ion rates Not reported - -
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GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: CI: conf idence interval; ICU: intensive care unit ; IRR: incidence rate rat io; ITS: interrupted t ime series; MRSA: methicill in-resistant Staphylococcus aureus; OR: odds
rat io; RCT: randomised (controlled) trial; WHO: World Health Organizat ion

1Evidence downgraded f rom high to low due to non-randomised evidence (one of f ive studies); high risk of bias (all studies

have two or more sources of bias), and inconsistency in ef fect sizes between studies and within mult i-unit studies.
2Evidence downgraded f rom high to low due to non-randomised evidence (one of three studies), high risk of bias (all studies

have two or more sources of high risk of bias), and (inconsistency in results with some studies report ing changes for some

micro-organisms but not others and 1 report ing no change.
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WHO-based multimodal interventions compared with some or no interventions for promotion of hand hygiene or reduction of infection or colonisation rates

Patient or population: Healthcare workers

Settings: Acute care hospitals

Intervention: Mult imodal with all f ive strategies recommended by WHO: ABHR at point of care, educat ion, performance feedback, reminders, and administrat ive support

Comparison: Varied by study

Outcomes Impact Studies Certainty of the evidence

(GRADE)

Hand hygiene compliance The absolute dif f erence in hand hygiene

compliance between intervent ion and con-

trol group was 6.3 percentage points in the

RCT. One ITS reported a dif ference of 17

percentage points in hand hygiene compli-

ance compared to baseline, while another

ITS reported no change on medicine units

and a RR of 1.56, 95% CI 1.29 to 1.89 in

IDUs favouring intervent ion. One ITS in a

mult istate system reported an increase of

27.45 ounces of ABHR per adjusted bed-

day. One ITS did not report est imates of

change

1 RCT, 4 ITS

1 mult istate system with 166 hospitals, 5

hospitals and 13 ICUs

⊕©©©

very low1

Infect ion rates 1 ITS reported a decrease in blood stream

infect ions of 0.191 cases per 1000 line-

days and a decrease in vent ilator-associ-

ated pneumonia of 0.538 cases per 1000

vent ilator days. 1 ITS reported that MRSA

decreased by 0.03 clinical isolates for each

lit re of ABHRper 100 pat ient-days but there

was no change in C. difficile

2 ITS

3 hospitals and 13 ICUs

⊕©©©

very low2
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Colonisat ion rates 1 RCT reported no dif ference in MRSA

colonisat ion. 1 ITS reported a slight de-

crease in MRSA acquisit ion (IRR 0.976

favouring intervent ion) but no change in

VRE or HRE acquisit ion

1 RCT, 1 ITS

1 mult istate system with 166 hospitals, 1

hospital

⊕⊕©©

low3

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very certainty: We are very uncertain about the est imate.

Abbreviations: ABHR: alcohol-based hand rub; C. difficile: Clostridium difficile; CI: conf idence interval; HRE: highly-resistant Enterobacteriaceae; ICU: intensive care unit ; IDU:

immunisat ion and diagnosis unit ; ; ITS: interrupted t ime series; MRSA: methicill in-resistant Staphylococcus aureus; RCT: randomised (controlled) trial; RR: risk rat io; VRE:

vancomycin-resistant enterococci; WHO: World Health Organizat ion

1Evidence downgraded f rom high to very low due to non-randomised evidence (four of f ive studies); high risk of bias (four of

f ive studies have two or more sources of high risk of bias), and inconsistency in ef fect sizes between studies and within

mult i-unit studies.
2Evidence downgraded f rom high to very low due to non-randomised evidence (two studies), high risk of bias (studies have

two or more sources of high risk of bias), and inconsistency in ef fect sizes between studies and within mult i-unit studies.
3Evidence downgraded f rom high to low due to non-randomised evidence (one of two studies), high risk of bias (both studies

have two or more sources of high risk of bias), and inconsistency in results with one study report ing changes for some

microorganisms but not others and the other report ing no change.
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WHO-enhanced multimodal interventions compared with some or no interventions for promoting hand hygiene

Patient or population: Healthcare workers

Settings: Acute care hospitals

Intervention: Mult imodal with all of the strategies recommended by WHO, plus addit ional intervent ions

Comparison: Varied by study

Outcomes Impact Studies Certainty of the evidence

(GRADE)

Hand hygiene compliance 1 RCT and one ITS reported an increase

in hand hygiene compliance with RR of 1.

48 to 1.64 favouring intervent ion. 1 RCT

reported increases in hand hygiene com-

pliance of 20.1 to 28.4 percentage points

in the intervent ion group compared to a

decrease of 0.7 to 3.1 in the control. 1 ITS

reported an increase in hand hygiene com-

pliance of 2% per month during the inter-

vent ion compared to < 1% a month before

and af ter the intervent ion, while another

ITS reported hand hygiene compliance of

83% - 95% post-intervent ion compared to

38% - 100% at baseline, with variat ion by

unit . 1 ITS did not report est imates of

change

2 RCTs, 4 ITS

15 hospitals

⊕⊕©©

low1

Infect ion rates 1 ITS reported no change in MRSA clinical

isolates or in C. difficile
1 ITS

1 hospital

⊕©©©

very low2

Colonisat ion rates Not reported - -

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.
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Abbreviations: C. difficile: Clostridium difficile; ITS: interrupted t ime series; MRSA: methicill in-resistant Staphylococcus aureus; RCT: randomised (controlled) trial; RR: risk rat io;

WHO: World Health Organizat ion

1Evidence downgraded f rom high to low due to non-randomised evidence (four of six studies; high risk of bias (f ive of six

studies have two or more sources of high risk of bias), and inconsistency in ef fect sizes between studies and within mult i-

unit studies.
2Evidence downgraded f rom high to very low due to non-randomised evidence and high risk of bias (two sources of high risk

of bias).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Performance feedback compared with some or no interventions for promoting hand hygiene

Patient or population: Healthcare workers

Settings: Acute care hospitals

Intervention: Feedback with addit ional strategies such as focus on leadership; varied by study

Comparison: Varied by study

Outcomes Impact Studies Certainty of the evidence

(GRADE)

Observed hand hygiene compliance 1 RCT and 1 NRCT reported increases in

hand hygiene compliance of 0 - 61 per-

centage points in intervent ion groups com-

pared to no changes or a slight decrease

of 4 percentage points in control groups. 2

RCTs reported ORs of 1.61 to 2.09 favour-

ing intervent ion. 1 ITS reported a weekly

increase in hand hygiene compliance of

4% af ter an init ial increase of 17.5%, while

1 ITS reported an increase of 37 percent-

age points during the act ive accountability

phase of the study

3 RCTs, 1 NRCT, 2 ITS

21 hospitals

⊕⊕©©

low1

Infect ion rates 1 RCT reported reduced primary blood-

stream infect ion in the enhanced feedback

group (0.71, 95% CI 0.54 to 0.95) and con-

trol group (0.57, 95% CI 0.40 to 0.80) with

lit t le change in the enhanced feedback +

pat ient part icipat ion group (1.02, 95% CI

0.78 to 1.34). Period prevalence of HCAIs

was also reduced in the enhanced feed-

back group (0.91, 95%CI 0.68 to 1.23),with

lit t le change in the enhanced feedback +

pat ient part icipat ion group (1.05, 95%CI 0.

78 to 1.40) and an increase in the control

group (1.33, 95%CI 0.94 to 1.88)

1 RCT

1 hospital

⊕⊕⊕©

moderate2
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Colonisat ion rates 1 RCT reported reduced colonisat ion with

MRSA in the enhanced feedback group (0.

79, 95%CI 0.66 to 0.95) and the enhanced

feedback + pat ient part icipat ion group (0.

82, 95% CI 0.67 to 0.99), as well as in the

control group (0.92, 95% CI 0.77 to 1.13)

1 RCT

1 hospital

⊕⊕⊕©

moderate2

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: CI: conf idence interval; HCAIs: healthcare-associated infect ions; ITS: interrupted t ime series; MRSA: methicill in-resistant Staphylococcus aureus; NRCT: non-
randomised (controlled) trial; OR: odds rat io; RCT: randomised (controlled) trial

1Evidence downgraded f rom high to low due to non-randomised evidence (three of six studies); high risk of bias (two or more

sources in all studies), and inconsistency in ef fect sizes between studies and within mult i-unit studies.
2Evidence downgraded f rom high to moderate due to high risk of bias (two sources), and inconsistency in ef fect sizes within

the study.
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Education compared with no education for promotion of hand hygiene

Patient or population: Healthcare workers

Settings: Acute care hospitals

Intervention: Educat ion; content and delivery methods varied by study

Comparison: No educat ion

Outcomes Impact Studies Certainty of the evidence

(GRADE)

Observed hand hygiene compliance 1 RCT reported increases of 16.3 to 24.

5 percentage points in the proport ion of

nurses in the intervent ion group who com-

plied with recommendations for hand hy-

giene, depending on moment of hand hy-

giene evaluated, compared to no changes

or a decrease of 4.1 percentage points in

the control group. 1 ITS reported an in-

crease in hand hygiene compliance as a

proport ion of opportunit ies of 42 percent-

age points

1RCT and 1 ITS

2 hospitals

⊕⊕©©

low1

Infect ion rates Not reported. - -

Colonisat ion rates Not reported. - -

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: ITS: interrupted t ime series; RCT: randomised (controlled) trial

1Evidence downgraded f rom high to low due to non-randomised evidence (one of two studies); and risk of bias (high and

unclear).
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Cues compared with no cue or different cue for promotion of hand hygiene

Patient or population: Healthcare workers

Settings: Acute care hospitals

Intervention: Signs or scent as cue

Comparison: No cue or dif f erent signs

Outcomes Impact No of Participants

(studies)

Certainty of the evidence

(GRADE)

Observed hand hygiene compliance 1 RCT reported an increase in hand hy-

giene of 8.51 percentage points for the

pat ient consequences sign compared to a

slight decrease of 0.29 percentage points

for the personal consequences sign. 1 RCT

reported increases in hand hygiene com-

pliance of 31.9 and 6.7 percentage points

for the scent cue and sign of stern male

eyes respect ively, and a decrease of 5 per-

centage points for the sign with female

eyes. One NRCT reported an increase of 7

percentage points in hand hygiene compli-

ance with the light cue on day 2 compared

to 9 percentage points with no light cue,

whereas on day 3 compared to day 1 there

was no dif ference with the light cue and

an increase of 16 percentage points with

no light cue

2 RCTs, 1 NRCT

3 hospitals

⊕⊕©©

low1

Infect ion rates Not reported - -

Colonisat ion rates Not reported - -
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GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: NRCT: non-randomised (controlled) trial; RCT: randomised (controlled) trial

1Evidence downgraded f rom high to low due to non-randomised evidence (one of three studies); risk of bias (all studies have

two or more sources of high risk of bias), and inconsistency in ef fect sizes between studies.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Placement of ABHR on cart compared with placement of ABHR on wall for promotion of hand hygiene

Patient or population: Anaesthesiologists and CRNAs

Settings: Acute care surgical

Intervention: Placement of ABHR on anaesthesia cart

Comparison: Placement of ABHR on wall of anaesthesia room

Outcomes Impact No of Participants

(studies)

Certainty of the evidence

(GRADE)

Observed hand hygiene compliance 1 RCT reported an increase of 0.3 hand

hygiene events an hour in the intervent ion

group compared to the control group

1 RCT

1 hospital

⊕⊕⊕©

moderate1

Infect ion rates Not reported - -

Colonisat ion rates Not reported - -

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate certainty: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low certainty: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low certainty: We are very uncertain about the est imate.

Abbreviations: ABHR: alcohol-based hand rub; CRNA: certified registered nurse anaesthetist; RCT: randomised (controlled) trial

1Evidence downgraded f rom high to moderate due to high risk for bias (two sources of high risk and two sources of unclear

risk ).
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D I S C U S S I O N

Summary of main results

Twenty-six studies met the criteria for inclusion and reported on

eight different types of interventions. All reported on hand hygiene

compliance, although measures differed; some also reported either

infection or colonisation rates. The main results are displayed in

Summary of findings for the main comparison.

Multimodal interventions were evaluated by 14 studies. Multi-

modal interventions that include some but not all strategies rec-

ommended in the WHO guidelines, or that contain all recom-

mended strategies plus additional strategies, may slightly improve

hand hygiene compliance (low certainty of evidence; 11 studies).

In contrast, it is uncertain whether multimodal interventions that

include all strategies recommended in the WHO guidelines im-

prove hand hygiene compliance, because the certainty of this ev-

idence is very low (five studies). Multimodal interventions that

include some but not all strategies recommended in the WHO

guidelines may also slightly reduce infection rates (low certainty

of evidence; three studies). It is uncertain whether multimodal in-

terventions that include all strategies recommended in the WHO

guidelines, or that contain all recommended strategies plus ad-

ditional strategies, reduce infection rates because the certainty of

this evidence is very low (three studies). Lack of impact of inter-

ventions on C. difficile is unsurprising, as alcohol does not destroy

the spores produced by this bacterium. Multimodal interventions

that include all strategies recommended in the WHO guidelines

may lead to little or no difference in MRSA colonisation rates (low

certainty of evidence; two studies).

We found considerable variation in hand hygiene compliance, re-

gardless of type of intervention, the outcome measure used, the

study design, or the setting. Most increases in hand hygiene com-

pliance in intervention groups were small (less than 20% in ob-

served compliance), although larger than the increases seen in the

control groups. One ITS study reported a RR of 1.56 favouring the

WHO-based intervention, and one ITS and one randomised trial

reported RRs of 1.48 to 1.64 favouring the WHO-enhanced in-

tervention. Similarly, there was variation in the types of infections

evaluated. MRSA was the micro-organism most commonly re-

ported, with inconsistency in whether or not there were decreases,

regardless of the type of intervention.

While the variation in results makes it difficult to draw conclu-

sions about the effectiveness of the different types of multimodal

interventions, the variation in the interventions was appropriate,

as the WHO Guidelines 2009 are intended to be adapted to the

local context.

Performance feedback was evaluated by six studies, with consid-

erable variation in the nature and delivery of performance feed-

back. Performance feedback may improve hand hygiene compli-

ance (low certainty of evidence; six studies). Some of the differ-

ences seen were as large as 37% to 61%, with ORs of 1.61 to

2.09 favouring the intervention. Performance feedback probably

slightly reduces infection and colonisation rates (moderate cer-

tainty of evidence; one study).

Education may improve hand hygiene compliance (low certainty

of evidence; two studies). Differences ranged from 16.3 to 42 per-

centage points, although different outcome measures were used.

Cues, such as signs or scent, may slightly improve hand hygiene

compliance (low certainty of evidence; three studies). There was

considerable variation in results, with the scent cue resulting in

greater increases in hand hygiene compliance than signs or light

cues. Placement of ABHR close to the point of use probably

slightly improves hand hygiene compliance (moderate certainty of

evidence; one study).

In summary, because of the heterogeneity in the interventions,

samples and outcome measures, inappropriate statistical analysis

in a number of studies, and the limited number of studies eval-

uating a given intervention using similar measures, it is difficult

to draw a clear conclusion about the effectiveness of different in-

terventions, whether implemented as a single intervention or in

combination. Given the variability of results between and within

studies, we can draw no conclusion about which interventions

or combination of interventions lead to clinically important im-

provements in hand hygiene compliance or reductions in infec-

tion or colonisation rates, and under what circumstances. In the

studies that evaluated bundles for MRSA control, the role of hand

hygiene could not be disentangled from the effects of other inter-

ventions. It does appear, however, that all interventions can po-

tentially lead to some improvement in hand hygiene compliance.

The main harm that may occur would be the use of resources that

might have been directed elsewhere.

Overall completeness and applicability of
evidence

The evidence is relevant to the primary and secondary review ques-

tions, namely to examine the effectiveness of different strategies to

improve hand hygiene compliance in patient care and to reduce

infection, respectively. Further research examining similar inter-

ventions in similar groups of participants, using robust methods

and appropriate statistical analysis, will contribute to greater cer-

tainty of evidence (discussed in the next section). The results of

this review, however, indicate that there is sufficient evidence to

justify taking actions to improve hand hygiene, even though it is

not yet clear which strategies would be the most useful for a specific

context or whether a single intervention rather than a multimodal

intervention would be sufficient for specific situations or clinical

settings.

The review fits into the context of current practice because of the

emphasis that hand hygiene continues to receive as an important

component of infection prevention programmes in health care,

international and national guidelines, and other regulations (e.g.

accreditation standards in many countries). Considerable effort is
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put into promoting hand hygiene and monitoring hand hygiene

performance and it is thus important to be able to identify ef-

fective practices. According to the WHO Guidelines 2009, it is

appropriate for clinical settings to individualise strategies to their

context. Leadership is crucial for infection prevention and con-

trol, but is not enough on its own; implementation of hand hy-

giene campaigns should also consider the opinions of healthcare

workers who are required to implement infection prevention in-

terventions and involve them in local decisions about strategies to

promote hand hygiene (Freeth 2012; Health Foundation 2015).

Some studies considered in this review involved staff in the design

of the intervention, and involved leaders, but the contribution of

these strategies was not assessed. The challenge is to encourage

healthcare workers to accept personal responsibility for hand hy-

giene rather than imposing interventions ‘top down’ that are not

tailored to the specific needs of each workplace. There is a risk that

inflexible requirements for hand hygiene will be resented, as has

been suggested for other aspects of infection prevention (Brewster

2016). Available evidence does not yet provide answers as to how

best to address this challenge.

There are a number of additional problems affecting completeness

and applicability of the evidence. A major problem is that there

is currently a lack of agreement on what optimal hand hygiene

compliance should be for a specific clinical setting or situation

(Mahida 2016). It was not possible to draw conclusions about the

ability of the interventions to achieve sustained high performance,

because of the Hawthorne effect influencing performance and be-

cause of limited follow-up evaluations. The evidence did not ad-

dress the effects of limited evaluation of some of the moments

of hand hygiene (Sax 2007); most studies documented the first

and last moments only. Documentation of the Five Moments, and

thus who performed hand hygiene and under what circumstance,

is not possible in studies where hand hygiene compliance is as-

sessed solely by product usage or electronic monitoring devices.

The studies employing proxy measures of hand hygiene might

not give valid or reliable indicators of compliance. Where prod-

uct consumption is taken as the outcome measure apparent up-

take could increase because more is being consumed each time the

hands are cleansed or through wastage, spillage or improper use

(e.g. cleaning equipment). Automated counters may break down

or healthcare workers may ‘game’, resulting in under- or overesti-

mation of hand hygiene compliance (Gould 2017). None of the

included studies examined hand hygiene technique and its impact

on infection/colonisation rates.

There is also very limited cost-effectiveness data. This is a ma-

jor omission, as healthcare workers require evidence not only of

which hand hygiene interventions are effective, but also which are

the most cost-effective. A number of bundles incorporate hand

hygiene promotion but do not measure it separately from other

outcome measures. The effect of bundling is not clear; it might

increase healthcare worker awareness of the risk of specific infec-

tions or place emphasis on specific technical skills that incorporate

hand hygiene that are more effective than the components of typ-

ical multimodal campaigns incorporating performance feedback,

reminders and education. Factors other than hand hygiene, such

as environmental cleaning, antibiotic use or colonisation pressure,

can have an impact on colonisation and infection rates but were

not explored in any of the studies that evaluated bundles. Finally,

most studies lack a clearly articulated theoretical underpinning.

Linking interventions clearly to individual and organisational be-

haviour change theories would benefit our understanding of how

interventions to promote hand hygiene work and how best to pro-

mote hand hygiene (Srigley 2015).

Certainty of the evidence

Our judgements of the certainty of evidence for the impact of

multimodal interventions on hand hygiene compliance ranged

from very low to low, depending on the combination of strate-

gies recommended by WHO. The description of interventions

was limited in three studies (Derde 2014, Vernaz 2008, Whitby

2008) so assumptions were made in categorizing the interventions

as WHO-based or WHO-enhanced. The impact of incorrectly

categorizing the studies on the GRADE rating would be minimal

however as all three provided nonrandomized evidence and had at

least two sources of high or unclear risk of bias. The overall con-

clusions about certainty of evidence for each of the three categories

of multimodal interventions (not WHO, WHO based or WHO-

enhanced) would be unchanged if errors were made in our catego-

rization of these studies. Certainty of evidence about performance

feedback, education strategies and cues was low, while certainty

about evidence for the impact of placement of ABHR was mod-

erate. The evidence provides a clear indication of the direction of

effect of interventions but not of the magnitude or consistency of

effect of specific interventions in different contexts. The certainty

of evidence was more variable for the outcomes of infection and

colonisation rates, ranging from very low to moderate, with some

studies reporting no effect.

We were unable to draw robust conclusions about which inter-

ventions to promote hand hygiene compliance are most effective

either singly or in combination, because of the heterogeneity of

interventions, participants, settings, and outcome measures. The

evidence indicates that interventions can be effective, but there

was inconsistency in the degree of improvement within and be-

tween studies.

Key methodological limitations of the studies relate to risk of bias.

Most studies contained at least two or more sources of high risk

of bias and many contained sources of unclear risk. Some of the

sources of bias would be difficult to eliminate. These include risk

of bias arising because healthcare workers were aware they were

being observed and inability to blind them to the intervention.

These sources of bias might not make a marked difference if the

resultant overestimation of effect is taken into consideration and

allowance is made during the interpretation of results.
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Some sources of bias could have been readily addressed at the de-

sign stage by, for example, blinding observers. Although we found

many more studies of eligible design in the searches for this update

compared to the first update, a number did not meet the eligibility

criteria because of inadequacies at the design stage. These included

lack of sufficient data collection points pre- and post-intervention

and lack of documentation of a clear intervention period in the

ITS studies. These omissions were particularly problematic when

the studies introduced multiple different interventions at different

stages in the study. Lack of an adequate control group was appar-

ent in the randomised trials, non-randomised trials and controlled

before-after studies. If more attention had been given at the design

stage, more studies would have been eligible for inclusion. This in

turn might have allowed the inclusion of a sufficient number of

studies assessing specific interventions to enable us to draw conclu-

sions about the effectiveness of those interventions. Furthermore,

inappropriate statistical analysis was problematic in a number of

studies and could also have been corrected at the design stage by

identifying appropriate data to collect, and at the analysis phase.

Some biases could have been addressed at the reporting stage, for

example, documenting baseline characteristics, blinding, and al-

location methods. While it is difficult to control for other events

such as outbreaks or changes in policy that could influence hand

hygiene compliance, especially when studies continue over pro-

longed periods, reporting whether or not such changes occurred

would allow for a more accurate assessment of risk of bias. Having

fewer unclear risks of bias could lead to conclusions about inter-

ventions based on a stronger body of evidence.

Potential biases in the review process

The main source of potential bias arising from the conduct of the

review was that we could not obtain relevant data for the studies

with inadequate statistical analyses. Overall, the methods used to

undertake the review were unlikely to have introduced bias: at

least two review authors looked at all the outputs and there was

extensive and detailed discussion amongst the team at all stages of

the review.

Agreements and disagreements with other
studies or reviews

Since the publication of Gould 2010, five systematic reviews have

been published. One review by Huis 2012 considered only studies

published until 2009 and so is not considered here.

Kingston 2016 reviewed intervention studies published be-

tween December 2009 (after the WHO guidelines were issued)

and February 2014, and searched two databases (PubMed and

CINAHL). They include UCBA and ITS studies which do not

meet EPOC inclusion criteria. The review authors stated that het-

erogeneity precluded undertaking a meta-analysis but nevertheless

pooled the results and concluded that multimodal interventions

are modestly effective, whether or not based on the WHO guide-

lines. While this review provides a useful descriptive account of

the studies in terms of geographical locations and clinical settings

where data were collected, it lacks critical appraisal and consider-

ation of potential sources of bias is entirely absent.

Schweizer 2014 systematically reviewed all multimodal studies (re-

ferred to as bundles) to improve hand hygiene compliance. The

searches were extensive; studies were published between 2000 and

2012. Many of 39 quasi-experimental studies in their review did

not meet EPOC criteria and were not included in this second

Cochrane update. The authors concluded that the quality of the

studies was poor but nevertheless proceeded to meta-analysis of

works that, in addition to a lack of rigour, demonstrated consid-

erable heterogeneity. The authors concluded that multimodal in-

terventions improve hand hygiene compliance and that the effec-

tiveness of the different types of multimodal interventions should

be evaluated employing better-quality study designs. They did

not address the question of whether multimodal interventions are

more effective than simpler ones.

Srigley 2016 searched a number of databases and identified 10

studies but did not conduct a meta-analysis because of hetero-

geneity. Eight of the 10 studies were UCBAs; all were considered

to be at moderate to high risk of bias. Interventions varied from

provision of ABHR with or without education, to multimodal

strategies. They concluded that interventions may improve hand

hygiene and reduce HCAI rates but that future research should be

undertaken employing stronger designs.

The only systematic review published since 2009 to rival this sec-

ond Cochrane update in terms of scope and the number of pa-

pers considered is Luangasanatip 2015. The aim of their review

was to evaluate the effectiveness of WHO-based and other inter-

ventions to promote hand hygiene in hospital settings. They un-

dertook comprehensive searches covering the period up to 2014.

Although they said they employed EPOC criteria, they included

some studies that we did not consider eligible for inclusion in our

review. They proceeded to meta-analysis regardless of the marked

heterogeneity between the included studies. Their conclusion dif-

fers from ours in that they considered that evidence of the effec-

tiveness of multimodal interventions to promote hand hygiene,

from a larger set of studies, is strong.

Our update is more rigorous than any of the four reviews discussed

above and the conclusions drawn from it are correspondingly more

cautious. However, our findings overall are broadly in line with

those from the other reviews: there is evidence that interventions

may be effective whether or not they are based on the WHO

guidelines or are single strategies, and that more research studies

are needed that employ stronger designs and address threats to

internal validity.
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A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Since most HCAIs are likely spread by direct contact by the hands

of staff, hand hygiene should logically provide an effective way of

reducing risks of cross-infection as well as being aesthetically de-

sirable. Many organisations have provided guidelines to promote

hand hygiene in healthcare settings but those issued by WHO are

the most comprehensive. The multimodal package of interven-

tions recommended (ABHR, education, reminders, performance

feedback, and managerial support) are applicable to all settings

and implementation should therefore be encouraged. However,

the WHO intervention will need to be adapted to meet local needs

and available resources; different strategies or combinations of in-

terventions may be more effective for some groups or healthcare

settings than others. Multimodal interventions that include some

but not all strategies recommended in the WHO guidelines, and

those that include all the recommended strategies plus additional

strategies, may slightly improve hand hygiene compliance (low

certainty of evidence), but it is uncertain whether multimodal in-

terventions that contain all strategies recommended in the WHO

guidelines improve hand hygiene compliance because the certainty

of this evidence is very low.

There is sufficient evidence to justify taking actions to improve

hand hygiene. However, it is unclear whether interventions need

to be multimodal. When implemented as a single strategy, perfor-

mance feedback and education may improve hand hygiene com-

pliance (low certainty of evidence) and cues such as signs or scent

may slightly improve hand hygiene compliance (low certainty of

evidence). Placement of ABHR close to the point of use as a sin-

gle strategy probably slightly improves hand hygiene compliance

(moderate certainty of evidence). It will therefore be important

for organisations to evaluate their own results and revise their in-

terventions accordingly.

Organisations also need to make decisions about which approach

to use for hand hygiene audit, as each has limitations. The presence

of observers is very likely to increase hand hygiene frequency and

overestimate compliance, but relying solely on product uptake or

electronic counting devices results in loss of information because

they provide no information about the hand hygiene event in the

context of care delivery. Studies have not compared individual

feedback to group feedback to identify which is more effective.

Oganisations will need to interpret the results of audits in terms

of the methods used, e.g. accounting for overestimation of effect.

Implications for research

We have identified several implications for research. While study

designs to evaluate the effectiveness of interventions intended to

improve hand hygiene compliance and reduce HCAIs have im-

proved since the last update of this review, there are still method-

ological inadequacies that should be addressed in future work.

These include providing adequate controls, and blinding data col-

lectors and those undertaking analysis to group allocation. There

will always be some risk of bias in hand hygiene studies where

data are collected by direct observation. Better reporting would

allow risk of bias to be assessed more accurately and completely.

ITS studies should include sufficient numbers of data collection

points pre- and post-intervention and report the period of time

over which each phase of the study was conducted.

A key requirement of future studies is to frame the research ques-

tion in terms of the value of the different components of the in-

tervention: at present it is not clear if multimodal campaigns offer

any advantage over single interventions, or which components add

the most value. Similarly studies that investigate hand hygiene as

part of a bundle to reduce infection also need to address the con-

tribution of various components to the outcome. More sophisti-

cal research designs and analyses may be necessary to be able to

determine the value of individual components.

Multimodal interventions and bundles have the potential to be

more expensive than single strategies and it is important to demon-

strate which component(s) of programmes are effective so that

costly but ineffective elements are not recommended for practice.

Many studies now continue over several years but only a few in-

clude economic outcomes, and this should be addressed.

We recommend that interventions should be considered in terms

of underpinning theoretical frameworks, for example drawing on

knowledge from the social sciences. Most studies continue to lack

convincing theoretical underpinning and in some cases no ratio-

nale is given for including some of the components of multimodal

interventions.

More studies are needed to address the same intervention employ-

ing consistent measures, so that results are comparable. Studies

could consider hand hygiene techniques which still attract little

attention, and data collection. A more thorough assessment of all

of the Five Moments is also warranted.

Some potentially valuable studies that we reviewed were flawed

because the data were not analysed appropriately. Two cluster-

randomised trials, for example, failed to analyse data at the level

of the cluster, while multiple ITS studies did not use the correct

statistical approach. Re-analysis was not possible because too little

information was provided. Research teams need to access high-

quality statistical support so that the appropriate analysis is con-

ducted. Study results should also be reported as fully as possible,

so that the effectiveness of the same approach can be evaluated in

other hospitals and clinical settings.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Armellino 2012

Methods Design: ITS

Study period: 16-week baseline period (June to Sept 2008) followed by a 16-week post-

intervention period (Oct 6 2008 to Jan 24 2009) then 75-week maintenance period (Jan

25 2009 to July 4 2010)

USA

Participants All healthcare workers in a 17-bed medical ICU

Interventions Video cameras recorded attempts at hand hygiene; feedback was given to staff in a variety

of ways including continuous display of hand hygiene rates on electronic boards in

hallways and detailed summaries sent to managers by email

Outcomes Hand hygiene compliance, defined as percentage of hand hygiene opportunities where

hand hygiene was attempted within 10 seconds before or after access to a room

Notes Appropriate analysis for ITS

Third-party auditors remotely assessed video recordings

Funding source: New York State Department of Health

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Presence of video cameras so staff aware of

being monitored

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Outcomes were not assessed blindly, al-

though third-party auditors were used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in various study

periods

Selective reporting (reporting bias) Low risk All relevant outcomes were reported

Other bias Low risk No evidence

Intervention independent Unclear risk No report of whether there were other cam-

paigns, outbreaks, changes in staffing etc

Shape of effect pre-specified Low risk Point of analysis is the point of intervention
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Armellino 2012 (Continued)

Intervention had no effect on data collec-

tion

Low risk Same data collection before and after inter-

vention

Derde 2014

Methods Design: ITS

Study period: May 2008-April 2011

6 month baseline period, 7 month intervention period, 11 month follow up

Participants Europe. 13 ICUs

Interventions Multimodal campaign based on WHO 5 Moments

Outcomes Direct observation of hand hygiene; not clear for how long or how often

Notes Inappropriate analysis for ITS (no segmented regression or equivalent)

Funding source: European Commission

Declaration of interest: None

They also conducted a cluster-randomised trial related to screening and barrier use which

did not have hand hygiene as an outcome

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk Not specified

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Data collectors were nurses from the study

units trained in data collection

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in the different

study periods

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent High risk Other changes occurred in phase 3 of the

study re screening for MRSA and other

pathogens, plus concurrent use of barrier

and contact precautions

Shape of effect pre-specified Low risk Point of analysis is the point intervention
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Derde 2014 (Continued)

Intervention had no effect on data collec-

tion

Low risk Same data collection method before and

after

Diegel-Vacek 2016

Methods Non-randomised trial in 1 centre in the USA

Study period: 3 observation days in a 3-week period: day 1, day 14, day 21. Dates not

stated

Participants All healthcare workers

Interventions Visual light as reminder

Outcomes Observed hand hygiene compliance

Notes Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Non-random allocation

Allocation concealment (selection bias) Low risk Room assigned to be intervention or con-

trol room prior to start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Participants were aware of observer and

purpose of the light

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Blinding was not possible

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Unclear risk No baseline hand hygiene compliance as-

sessed

Baseline characteristics High risk No report of characteristics of patients, staff

or room set-up
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Diegel-Vacek 2016 (Continued)

Protection from contamination High risk The same staff entered both rooms and

were aware of the light cue in the interven-

tion room

Fisher 2013a

Methods Design: cluster-randomised trial

Study period: Dates not stated

Baseline period of 14 weeks, then phase 2 was 6 weeks (real-time reminders) then phase

3 was 4 weeks (added individual feedback)

Singapore

Participants Healthcare workers in cardiology ward and SICU

Interventions Wireless monitoring system of hand hygiene with real-time reminders and individual

feedback

Control: no intervention

Outcomes Compliance with hand hygiene measured by system

ABHR use (L per bed day)

Notes Inappropriate analysis: Unclear reporting of regression

Electronic monitoring so observer effect not a concern

Funding source: Centre for Integration of Medicine and Innovative Technology which

is licensed to HandGenix and by the Agency for Science, Technology and Research

(Singapore). The equipment and its installation was paid for by HandGenix

Declaration of interest: One of the co-authors, S.Schiefen, holds shares in HandGenix

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Allocated to arm using computer-gener-

ated random sequence

Allocation concealment (selection bias) Low risk Allocation was by profession and per-

formed at start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Visible and audible wireless technology so

participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Observers were members of the study team

and not blinded
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Fisher 2013a (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Slightly more non-participation in control

group but this was unlikely to affect results

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Low risk Similar hand hygiene compliance at base-

line

Baseline characteristics High risk No baseline characteristics presented

Protection from contamination Unclear risk Those in control group could potentially

hear reminder beep given to those in inter-

vention group

Fuller 2012

Methods Design: stepped-wedge cluster-randomised trial

Study period: Campagin rolled out in all centres between December 2004-June 2005;

data were collected from October 1, 2006-December 31, 2009

36 month trial overall, with units added to intervention at different periods in time

UK

Participants Healthcare workers in acute care and ICU: 60 wards in 16 hospitals

Interventions Feedback and personalised action planning plus National ’Clean Your Hands’ campaign

Control: ’Clean Your Hands’ campaign only

Outcomes Observation of hand hygiene compliance

Notes Appropriate analysis for stepped wedge

Funding source: Patient Safety Research Programme and Trustees of the Royal Free

Hospital

Declaration of interest: Cookson and Stone have received consultancy fees from GoJo

industries

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Hospitals were given a number, then the

numbers were randomly allocated to arm

using a research randomiser website
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Fuller 2012 (Continued)

Allocation concealment (selection bias) Low risk Unit of allocation was the ward and was

done at the start of the study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included feedback and personalised action

planning so participants aware of interven-

tion

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcomes were assessed blindly

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Missing data (missed opportunities) un-

likely to be very different in different arms

Difficult to compare loss to follow-up in

both groups because of their different com-

position of types of units

Selective reporting (reporting bias) Low risk No evidence of selective reporting. Only 12

wards participated in MRSA swabbing but

all participated in hand hygiene assessment

Other bias Low risk No evidence

Baseline outcomes Unclear risk Baseline hand hygiene not reported; they

reported relative changes from baseline

with baseline as reference point

Baseline characteristics High risk No baseline characteristics presented

Protection from contamination Low risk Individualised unit-based intervention so

even if control units heard about it, they

could not have the intervention

Grant 2011

Methods Design: pair-matched cluster-randomised trial

Study period: Dates not stated

Pre-test: hand hygiene observations over a 2-week period with no sign

Post-test: hand hygiene observations over a two 2-week period with 1 of 2 signs displayed

4 matched pairs of units in one hospital in the USA

Participants 3 categories of healthcare workers: MDs, nurses, and ancillary workers

Interventions 1 of 2 signs displayed. Signs had message related to personal consequences or to patient

consequences

Outcomes Hand hygiene compliance
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Grant 2011 (Continued)

Notes Incorrect analysis: analysed by units rather than matched analysis

Covert observation so observer effect unlikely to be a threat

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not specified how random allocation was

done

Allocation concealment (selection bias) Low risk Unit of allocation was the ward and was

done at the start of the study

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Participants were aware of the signs but

were not informed of the research under-

way

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Observers were blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be different in each arm

All units remained in study

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Low risk Similar baseline hand hygiene rates for all

3 types of healthcare workers

Baseline characteristics High risk No baseline characteristics presented

Protection from contamination Low risk Participants were aware of the signs but

were not informed of the research under-

way
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Higgins 2013

Methods Design: ITS

Study period: Baseline for 2 months in November - December 2009 and multimodal

campaign to end of 2010. Then in autumn 2011 an e-learning hand hygiene game was

added; it was moved from ward to ward on a mobile station. Data collected until end of

first quarter of 2012

Ireland

Participants Healthcare workers in 1 hospital

Interventions An e-learning hand hygiene game: 1 week per unit, twice in1 year. Staff members had

multiple opportunities to use it during that time on unit

Outcomes Hand hygiene compliance

Notes Inappropriate analysis for ITS (no segmented regression or equivalent)

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk E-learning hand hygiene game stations

used so participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk E-learning hand hygiene game stations

used and visible so observers aware of in-

tervention

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in various study

periods

Selective reporting (reporting bias) Low risk All relevant outcomes were reported

Other bias Low risk None noted

Intervention independent High risk Extra ABHR stations added during the

study period and there were 2 interventions

occurring at the same time: 1) multimodal

and 2) e-learning hand hygiene game

Shape of effect pre-specified Low risk Point of analysis is point of intervention

Intervention had no effect on data collec-

tion

Low risk Same data collection method before and

after
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Ho 2012

Methods Design: cluster-randomised trial with 2 intervention groups and 1 control group

Study period: Hand hygiene observations occurred at baseline, intervention, 1 month

post-intervention and 4 months post-intervention

Duration of observation periods were not reported but totaled 333 hours between

November 2009 and July 2010

Hong Kong

Participants Healthcare workers in 18 long-term care facilities

Interventions WHO multimodal strategy including posters, reminders, education, pocket-sized bottles

of ABHR for personal use, and feedback. In addition, 1 test group received powdered

disposable gloves and the other test group received powderless disposable gloves

Control: 2-hour health talk

Outcomes Hand hygiene compliance, defined as proportion of hand hygiene opportunities resulting

in compliant action

Number of respiratory outbreaks and MRSA infections requiring hospital admission

Notes Logistic regression with GEE to account for clustering but did not compare changes

between arms so inappropriate analysis

Funding source: Centre for Health Protection, Hong Kong SAR, China

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk 72 homes allocated to arm with a random-

number generator, then called in randomly

selected order until 6 homes successfully

recruited per group

Allocation concealment (selection bias) Low risk Unit of allocation was institution and per-

formed at start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included posters and feedback so partici-

pants aware of the intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Outcomes were not assessed blindly

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

No loss to follow-up

Selective reporting (reporting bias) Low risk No evidence of selective reporting
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Ho 2012 (Continued)

Other bias Unclear risk Possible selection bias as unclear who re-

fused/did not have a chance to participate

Baseline outcomes Unclear risk Some difference in baseline hand hygiene

compliance in the 3 groups (19.5, 27 and

22)

Baseline characteristics Unclear risk There were gender differences and a differ-

ence in the proportion of residents with de-

mentia between arms

Protection from contamination Low risk Allocation was by institution

Huang 2002

Methods Design: RCT

Study period: September 2000-January 2001

Questionnaires and observations done at baseline and at 4 months post-intervention

China

Participants Nurses throughout a hospital

Interventions Education, mainly universal precautions

Outcomes % of nurses washing hands before and after patient contact

Also evaluated knowledge scores, prevalence of Hepatitis B immunisation, self-reported

behaviours related to blood-borne pathogens and universal precautions, self-reported

needlestick and sharps injury, and observed behaviours related to handling used needles

Notes Intervention successful after 4 months

Appropriate analysis

Funding source: No information given

Declaration of Interest: No information given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not specified how were randomly selected

to participate nor randomly allocated to

group

Allocation concealment (selection bias) Unclear risk Allocation was done at the start of the study

but method was not reported

Blinding of participants and personnel

(performance bias)

High risk Education and questionnaire were very spe-

cific so participants aware of intervention
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Huang 2002 (Continued)

All outcomes

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Researchers did not specify if observers

were blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk 98% follow-up achieved in both groups

Missing data (missed opportunities) un-

likely to be different in both arms

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Low risk Similar at baseline

Baseline characteristics Low risk Similar at baseline

Protection from contamination Unclear risk Participants worked in same institution so

may have communicated with each other

Huis 2013

Methods Design: cluster-randomised trial

Study period:September 2008-November 2009

Baseline (T1), then observations immediately after intervention (T2) then observations

6 months after end of intervention (T3)

Netherlands

Participants Nurses in patient wards

Interventions Multimodal: education, individual feedback, posters/signs, ABHR, admin support, staff

involvement, adequate supplies

Control: state of the art (no admin support or staff involvement)

Outcomes Observation of hand hygiene compliance

Notes Appropriate analysis

Observer effect not a concern as participants did not know what was being observed

Funding source:Netherlands Organisation for Health Research and Development

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Allocated to arm using computer-gener-

ated random sequence
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Huis 2013 (Continued)

Allocation concealment (selection bias) Low risk Allocation was by unit at start of study after

baseline assessment

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Leaders directed strategy so participants

aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Analysts were not blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

10 intervention wards did not complete in-

tervention; they did an ITT analysis so the

loss to follow-up may have resulted in un-

derestimation of effect but not bias

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias High risk H1N1 influenza publicity may have influ-

enced hand hygiene

Baseline outcomes Low risk Similar hand hygiene compliance at base-

line

Baseline characteristics High risk No baseline characteristics presented

Protection from contamination Low risk Individualised unit-based intervention so

even if control units heard about it, they

could not have the intervention

King 2016

Methods RCT in an ICU

Study period: November 2012-January 2013

USA

Participants All healthcare workers

Interventions Olfactory cue and visual cues

Outcomes Observed hand hygiene compliance

Notes Funding source: Not stated

Declaration of interest: Not stated

Risk of bias
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King 2016 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Blocks of observation periods (not individ-

uals) were assigned to type of intervention

using a random-number generator

Allocation concealment (selection bias) Low risk Blocks assigned to intervention or control

group prior to start of study

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk They would have noticed signs and scent

but authors did not specify whether they

knew the purpose of the study

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not possible to blind observers

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Unclear risk They did not collect data on number of

visitors vs healthcare workers and unclear

if their behaviour would be different

Baseline outcomes Low risk Single unit

Baseline characteristics Low risk Single unit

Protection from contamination Unclear risk Single unit, unclear if staff would have dif-

ferent behavior at end of 1 intervention pe-

riod that could have affected performance

when a different intervention occurred

Lee 2013

Methods Design: ITS

Study period: March 2008-July 2010

Baseline: 6 - 7 months, Intervention 12 months, washout 6 months

9 countries in Europe, and Israel

Participants 33 wards, 10 hospitals, all healthcare workers

Interventions WHO multimodal
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Lee 2013 (Continued)

Outcomes Hand hygiene compliance, no feedback

Also studied MRSA screening and decolonisation, with MRSA rates as outcome of

primary interest

Notes Appropriate analysis for ITS ( segmented multilevel logistic regression)

Funding source: European Commission 6th framework programme

Declaration of interest: Harbarth is a member of the speakers’ bureau for bioMerieux

and Pfizer

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included posters and managerial support so

participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Observers were not blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in various study

periods

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent High risk Introduction of MRSA screening pro-

gramme; 10 hospitals over 25 months with

no report of whether there were other cam-

paigns, outbreaks etc

Shape of effect pre-specified Low risk Point of analysis is point of intervention

Intervention had no effect on data collec-

tion

Low risk Same data collection before and after
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Martin-Madrazo 2012

Methods Design: Cluster-randomised trial

Study period: January 2009 to December 2009

3-month baseline (first observation) then follow-up (second observation) 6 months after

intervention, although duration of data collection in the latter period was not specified

Spain

Participants Healthcare workers in 11 primary healthcare centres

Interventions Multimodal strategy based on WHO: posters, education sessions, and availability of

ABHR

Control: no intervention

Outcomes Hand hygiene compliance, defined as number of hand hygiene opportunities taken by

number of opportunities observed

Notes Unit of analysis error: analysed by healthcare worker type, not cluster, and inappropriate

correction for missing data

10 opportunities were observed for each healthcare worker at each observation period

Unlikely observer effect as participants did not know what outcome was being measured

Funding source: Istituto de Salud Carlos III, Ministry of Health of Spain

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk EPIDAT3 program used to randomly select

centres for each arm (reported in previous
article listed in references)

Allocation concealment (selection bias) Low risk Unit of allocation was the centre and per-

formed at the start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included reminder posters so participants

aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Observer was blinded (reported in discus-

sion) and participants were unaware hand

hygiene was being observed

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Similar loss to follow-up in both groups

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias High risk Additional measures taken for H1N1
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Martin-Madrazo 2012 (Continued)

Baseline outcomes Low risk Similar hand hygiene compliance at base-

line

Baseline characteristics High risk Similar types of healthcare workers but

types of patients seen at the centres not re-

ported and baseline characteristics of the

units were not reported

Protection from contamination Low risk Intervention was by centre

Mertz 2010

Methods Design: Cluster-randomised trial

Study period: 3 month baseline assessment (October - December 2006) then trial was

conducted for 1 year (June 2007 - May 2008) with assessments conducted weekly (5

randomly-selected 15-minute periods per week per unit)

Canada

Participants All healthcare workers on 30 adult hospital wards in 3 acute care hospitals

Interventions Performance feedback (pooled not individual), small-group teaching seminars, posters

and pamphlets, unit-generated target adherence level and approaches to increase aware-

ness of hand hygiene

Control: ABHR dispensers installed

Outcomes Adherence to hand hygiene: considered successful if hand hygiene occurred when it was

deemed necessary (using WHO indications for hand hygiene) and if duration of hand

hygiene met pre-set criteria

Incidence of hospital-acquired MRSA colonisation (cases per 1000 patient-days)

Notes Appropriate analysis: unit of analysis for hand hygiene was at the level of the clusters

Funding source: Physicians’ Services Incorporated Foundation of Ontario, Canada and

Swiss National Science Foundation Grant

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Allocated to arm using random numbers

table; statistician was not part of study team

Allocation concealment (selection bias) Low risk Allocation was by unit and performed at

start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included posters and performance feed-

back so participants aware of the interven-

tion
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Mertz 2010 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Unclear if outcomes were assessed blindly

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias High risk ABHR dispensers installed hospital wide

during study; 1 MRSA outbreak

Baseline outcomes Low risk Similar hand hygiene compliance at base-

line

Baseline characteristics High risk Only reported that sinks and ABHR avail-

ability were similar; no comparison of pa-

tients, staffing, etc

Protection from contamination High risk Authors suggested contamination of con-

trol group likely; control units were in same

hospitals as intervention groups

Midturi 2015

Methods ITS in one hospital

Study period: Pre-intervention January-September 2011; intervention October 2011-

July 2012; post-intervention August 2012-May 2014

USA

Participants All healthcare workers

Interventions Multimodal: education and training; promotion; use of visual cues, covert direct obser-

vation of hand hygiene by peers; rewards; alerts to the immediate supervisor; and regular

reports to leadership

Outcomes Observed hand hygiene compliance

Notes Unclear if analysis was appropriate for ITS but reported only compliance per period

Funding source: Not stated

Declaration of interest: Not stated

Risk of bias

Bias Authors’ judgement Support for judgement
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Midturi 2015 (Continued)

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Observers not blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different time

periods

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent Unclear risk No report of whether there were other cam-

paigns, outbreaks, changes in staffing etc

Shape of effect pre-specified Low risk Point of analysis is the point of intervention

Intervention had no effect on data collec-

tion

Low risk Same data collection before and after the

intervention

Moghnieh 2016

Methods Non-randomised trial in 1 hospital

Study period: November 2015-March 2016

Lebanon

Participants Nurses

Interventions Incentives in 1 intervention arm, and audit feedback in separate intervention arm vs

education in control group

Outcomes Observed hand hygiene compliance

Notes Funding source: Not stated

Declaration of interest: Not stated

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Non-random allocation

68Interventions to improve hand hygiene compliance in patient care (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Moghnieh 2016 (Continued)

Allocation concealment (selection bias) Unclear risk Allocation was done at the start of the study

but method was not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not possible to blind

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Auditors were blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Similar loss to follow-up in both groups

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Low risk Similar baseline hand hygiene compliance

Baseline characteristics Unclear risk Reported as similar but no supporting data

provided

Protection from contamination Unclear risk Unclear if staff moved from unit to unit

and would have been aware of feedback

Munoz-Price 2014

Methods Design: RCT with cross-over

Study period: Dates not stated.

Each participant was randomised to receive either the intervention or control first, was

monitored for all activities with 1 patient (up to 120 minutes), then within a month was

re-monitored in the opposite arm

USA

Participants Anaesthesiologists and CRNAs

Interventions Placement of ABHR dispenser on cart + wall vs wall only

Outcomes Observation of hand hygiene compliance

Notes Appropriate analysis

Observer effect not a concern since participants did not know what outcome was being

measured

Funding source: GoJo provided the alcohol product and dispensers

Declaration of interest: None
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Munoz-Price 2014 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random-number generator used to select

OR, then group allocation determined by

electronic files based on previous block ran-

domisation

Allocation concealment (selection bias) Low risk Participants assigned to start as interven-

tion or control prior to start of study, then

evaluated within 30 days in opposite allo-

cation; did not know what outcome was

being assessed

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk ABHR dispenser was visible on cart but

researchers said that participants were not

aware of what was being assessed

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Outcomes were not assessed blindly

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Similar loss to follow-up in both groups

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes Unclear risk Baseline hand hygiene not reported

Baseline characteristics Low risk Similar baseline characteristics

Protection from contamination High risk Participants were assessed once with in-

tervention and once with control condi-

tions but were blinded to outcome being

assessed. They may have learned to look

for ABHR on the cart when in the inter-

vention arm first, affecting behaviour when

they crossed over to the control arm
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Perlin 2013

Methods Design: ITS

Study period: Pre-intervention: 3 quarters in 2006; intervention over 2 quarters in 2007;

follow-up over 10 quarters in 2007 - 2009

USA

Participants 1 multi-state healthcare system with 166 hospitals and 116 outpatient surgery and en-

doscopy centres

Interventions Available ABHR, ongoing education, letters for awareness

Outcomes ABHR use in ounces per adjusted patient-day

Notes Inappropriate analysis for ITS (no segmented regression or equivalent)

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Bundle for MRSA reinforced hand hygiene

so participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Objective measure used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in various study

periods

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent High risk Variable pre-intervention ABHR use in

different centres; introduction of MRSA

screening, barrier precautions, cleaning and

disinfection

Shape of effect pre-specified Low risk Point of analysis is point of intervention

Intervention had no effect on data collec-

tion

Low risk Same data collection method before and

after
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Rodriguez 2015

Methods Stepped-wedge cluster-randomised trial in 11 ICUs in hospitals

Study period: August 1, 2011 -May 1, 2012.

A new intervention unit was added each month, and a new intervention component was

added each month in each intervention unit

Argentina

Participants All healthcare workers

Interventions Multimodal intervention with stepped introduction of leadership support, availability

of ABHR, reminders, story boards, and unit feedback

Outcomes Observed hand hygiene compliance

Notes Funding source: Patient Safety Small Grant Program, WHO, Switzerland

Declaration of interest: Not stated

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Concealed table of random numbers

Allocation concealment (selection bias) Unclear risk Participants assigned to intervention or

control group once a month as next units

added to intervention

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not possible to blind

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Similar loss to follow-up in both groups

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Baseline outcomes High risk Some differences in baseline; authors iden-

tified sites as heterogeneous

Baseline characteristics Unclear risk Variation reported but impact unclear
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Rodriguez 2015 (Continued)

Protection from contamination Unclear risk Authors identified that contamination

could not be ruled out

Rosenbluth 2015

Methods ITS in 1 centre

Study period; July 2008-May 2014, with interventions introduced or altered between

July 2010 and July 2013

USA

Participants Physicians

Interventions Multimodal intervention with audit, role modelling, feedback, education, visual cues,

direct physician engagement, incentives, and adequate resources

Outcomes Observed hand hygiene compliance

Notes Inappropriate analysis for an ITS (no segmented regression or equivalent)

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Participants aware of intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Observers not blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in time period

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent Unclear risk No report of whether there other cam-

paigns, outbreaks, changes in staffing etc;

additional interventions added for physi-

cians

Shape of effect pre-specified Low risk Point of analysis is the point of intervention
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Rosenbluth 2015 (Continued)

Intervention had no effect on data collec-

tion

Low risk Same data collection before and after the

intervention

Stevenson 2014

Methods Design: cluster-randomised trial

Study period: March 2003-February 2004

4-month baseline, intervention period of 5 months

USA

Participants Healthcare workers in 10 community hospitals

Interventions Multimodal, customised to the unit: education, feedback at the unit level, posters/signs,

ABHR, admin support, staff involvement, recognition and rewards programme (candy,

buttons)

Control: usual infection control practices

Outcomes Observation of hand hygiene compliance

Notes Mixed effects logistic regression: appropriate analysis

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not specified how random allocation was

done

Allocation concealment (selection bias) Low risk Unit of allocation was institution and per-

formed at start of study after baseline as-

sessment

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Individualised campaigns so participants

aware of the intervention

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Outcomes were assessed blindly but local

observers were used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

1 withdrew early from the control group

but this was unlikely to affect results

Selective reporting (reporting bias) Low risk No evidence of selective reporting
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Stevenson 2014 (Continued)

Other bias Low risk No evidence

Baseline outcomes Unclear risk Baseline hand hygiene not reported; they

compared absolute changes from baseline

Baseline characteristics High risk No baseline characteristics reported

Protection from contamination Low risk Allocation was by institution

Stewardson 2016

Methods Cluster-randomised trial in 1 centre

Study period: Baseline period April 1, 2009-June 30, 2010; intervention period July 1,

2010 -June 30, 2012

Switzerland

Participants All healthcare workers

Interventions Enhanced feedback or enhanced feedback with patient participation vs standard WHO-

based multimodal intervention

Outcomes Observed hand hygiene compliance

Notes Funding source: Swiss National Science Foundation

Declaration of interest: None declared

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated sequence with block

randomisation of wards to groups

Allocation concealment (selection bias) Low risk Participants assigned to intervention or

control group prior to start of study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not possible to blind

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not possible to blind as posters used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Selective reporting (reporting bias) Low risk No evidence of selective reporting
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Stewardson 2016 (Continued)

Other bias Low risk No evidence

Baseline outcomes Low risk Similar baseline outcomes

Baseline characteristics Unclear risk Allocated by strata so patient characteris-

tics likely similar but no data provided on

healthcare workers or physical layout

Protection from contamination Unclear risk Unclear if staff moved from control to in-

tervention wards; identified by authors in

discussion as a possibility

Talbot 2013

Methods Design: ITS

Study period: Baseline: 2004 - 2009; Programme launch over 12-month period (late

2009 - late 2010); active accountability phase from late 2010 to fall 2012

USA

Participants Healthcare workers in 1 centre

Interventions Leadership goal-setting, financial incentives for centre, expanded hand hygiene observa-

tion programme including feedback to individuals, system-wide marketing campaign

Outcomes Observed hand hygiene compliance

Notes Appropriate analysis for ITS

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Leaders were involved so participants were

aware of the intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Observers were not blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in various study

periods

Selective reporting (reporting bias) Low risk No evidence of selective reporting
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Talbot 2013 (Continued)

Other bias Low risk No evidence

Intervention independent Unclear risk They did not report whether or not there

were other campaigns, outbreaks etc

Shape of effect pre-specified Low risk Point of analysis is point of intervention

Intervention had no effect on data collec-

tion

Low risk Same data collection before and after the

intervention

Vernaz 2008

Methods Design: ITS

Study period: February 2000 - September 2006; VigiGerme® campaign occurred in

spring 2003 and the Clean Care is Safer Care occurred in autumn 2005

University of Geneva Hospital Centre (2200 bed primary and tertiary care centre),

Switzerland

Participants Healthcare workers throughout hospital

Interventions Social marketing campaign (VigiGerme®) aimed at Standard Precautions in 2003 and

Clean Care is Safer Care campaign in 2005. The campaigns were not described but were

based on the Geneva campaign model which included the five components recommended

in the WHO Guidelines 2009

Outcomes Volume of hand hygiene products (litres per 100 patient-days)

Also measured new MRSA isolates per 100 patient-days, newC. difficile isolates per 100

patient-days, defined daily dose of antibiotics per 100 patient-days

Notes Analysis appropriate for ITS

Funding source: None

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Pocket-sized ABHR given so participants

aware of the intervention

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Objective measure used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be different in different time peri-

ods
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Vernaz 2008 (Continued)

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent High risk Multiple interventions occurred over the 7-

year period including 2 infection control

programmes, so very likely there were con-

founding factors

Shape of effect pre-specified Low risk Point of analysis same as point of interven-

tion

Intervention had no effect on data collec-

tion

Low risk Same data collection method before and

after the intervention

Whitby 2008

Methods Design: ITS

Duration: 2004-2006, with 24 months of data collection following start of each campaign

Geneva: pre-intervention July-October 2004; intervention October 2004-May 2005

Washington: pre-intervention July-November 2004; intervention November 2004-May

2005

Australia

Participants All healthcare workers in multiple units

Interventions 3 separate interventions:

1) Simple substitutions: ABHR for soap, and 1 type of ABHR for another

2) Geneva campaign: based on the Geneva campaign (Pittet 2000) that existed at the

time which consisted of all of the elements later included in the WHO Guidelines 2009

3) Washington campaign: based on a campaign that had taken place in Washington

(Larson 2000) and consisted of the elements later included in the WHO Guidelines

2009 with informal feedback during the staff involvement in all aspects of design and

implementation

Outcomes Product use (electronic count of soap/AHBR dispensers)

Notes Appropriate analysis for ITS

Funding source: None

Declaration of interest: No information given

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Staff involved in developing campaign so

participants aware of intervention
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Whitby 2008 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Objective measure used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be different in different time peri-

ods

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias Low risk No evidence

Intervention independent Unclear risk They did not comment on whether there

were other changes, outbreaks etc

Shape of effect pre-specified Low risk Point of analysis same as point of interven-

tion

Intervention had no effect on data collec-

tion

Low risk Data collection method same before and

after

Yeung 2011

Methods Design: cluster-randomised trial

Study period: intervention period April 1-15, 2007; baseline assessment over 3 months;

post intervention assessments over 36-37 days starting April 16, 2007. Monthly moni-

toring for 3 months, then gave feedback to both intervention and control groups, then

monitored for another 4 months

Participants Hong Kong

Healthcare workers in 6 long term care facilities

Interventions Multimodal: education, feedback to group in one session, posters, individual ABHR,

pens as reminder

Control: basic life support workshop

Outcomes Observed compliance to hand hygiene

Notes Unit of analysis error: analysed at level of individual not cluster

Funding source: Grant to Support Academic Activities for Public Health and Social

Medicine from the Chinese University of Hong Kong and by Vickmans Laboratories

which supplied the pocket-sized alcohol containers of hand rub

Declaration of interest: None

Risk of bias

Bias Authors’ judgement Support for judgement
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Yeung 2011 (Continued)

Random sequence generation (selection

bias)

Unclear risk Not specified how random allocation was

done

Allocation concealment (selection bias) Low risk Unit of allocation was institution and per-

formed at start of study after baseline as-

sessment

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Included reminders so participants aware

of the intervention

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Outcomes were not assessed blindly (re-

ported in discussion)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing data (missed opportunities) un-

likely to be very different in different arms

Similar loss to follow up in both groups

Selective reporting (reporting bias) Low risk No evidence of selective reporting

Other bias High risk A feedback session took place in both inter-

vention and control units 3 months after

intervention

Baseline outcomes Low risk Similar hand hygiene compliance at base-

line

Baseline characteristics High risk Higher proportion with severe disabilities

in treatment group and they had fewer

handwashing sinks

Protection from contamination Unclear risk 43% of intervention group staff left by end

of study and new staff may not have re-

ceived education

ABHR: alcohol-based hand rub

C.difficile: Clostridium difficile
CRNA: certified registered nurse anaesthetist

GEE: generalised estimating equation

ICU: intensive care unit

ITS: interrupted time series

MRSA: methicillin-resistant Staphylococcus aureus
OR: operating room

RCT: randomised (controlled) trial

SICU: surgical intensive care unit

WHO: World Health Organization
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Aboumater 2012 ITS design with insufficient data collection points

Adams 2013 ITS design with unclear intervention period

Al Tawfiq 2013 ITS design with inadeqate data collection points

Armellino 2013 ITS design with inadeqate data collection points

Assanasen 2008 ITS design with inadequate data collection points

Barnett 2013 ITS design with inadeqate data collection points

Barrera 2011 ITS design with inadequate data collection points

Barrow 2009 ITS design with insufficient data collection points

Bellis 2006 ITS design with inadequate data collection points

Bittner 2002 CBA study design with 1 nonequivalent control group.

Chan 2013 ITS design with inadeqate data collection points

Chen 2011 ITS design with inadequate data collection points

Christiaens 2009 ITS design with inadeqate data collection points

Colombo 2002 CBA study design with 1 nonequivalent control group.

Conly 1989 IITS design with inadeqate data collection points

Conrad 2010 ITS design with unclear intervention period

Creel 2014 ITS design with inadeqate data collection points

Crews 2013 ITS design with inadeqate data collection points

Donnellan 2011 ITS design with inadequate data collection points

Donowitz 1986 ITS design with inadeqate data collection points

Dos Santos 2011 ITS design with inadeqate data collection points and unclear intervention period
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(Continued)

Duerink 2006 CBA study inadequate control, no baseline

Eldridge 2006 ITS design with inadeqate data collection points

Fisher 2013b ITS design with inadeqate data collection points

Giannitsioti 2009 Non-randomised trial with inadequate control group

Golan 2006 Cross-over CBA design with only 1 intervention group and 1 control group

Gould 1997 CBA design with only 1 intervention group and 1 control group

Grayson 2008 ITS design with inadeqate data collection points

Grayson 2011 ITS design with inadeqate data collection points

Harne-Bittner 2011 CBA design with 2 intervention groups but only 1 control group

Huang 2006 ITS design with inadeqate data collection points

Huang 2008 IITS design with inadeqate data collection points

Kohli 2009 Non-randomised clinical trial with inadequate control group

Larson 1991 CBA study design with 1 nonequivalent control group

Larson 1997 CBA study design with 1 nonequivalent control group

Larson 2000 CBA study design with 1 nonequivalent control group

Linam 2011 CBA design with only 1 intervention group and 1 control group

Lobo 2010 ITS design with inadeqate data collection points

Madani 2006 ITS design with inadequate data collection points

Marra 2008 Non-randomised trial, no baseline data, inadequate control group

Marra 2010 CBA design with only 1 intervention group and 1 control group

Marra 2011 CBA design with only 1 intervention group and 1 control group

Marra 2013a CBA design with only 1 intervention group and 1 control group

Marra 2013b ITS design with inadeqate data collection points
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(Continued)

Marra 2014 CBA design with only 1 intervention group and 1 control group

Mayer 1986 CBA study design with 1 nonequivalent control group

McLaws 2009 ITS design with inadequate data collection points

Miyachi 2007 ITS design with inadequate data collection points

Molina-Cabrillana 2010 ITS design with inadequate data collection points

Peterson 2012 ITS design with unclear intervention period

Picheansathian 2008 ITS design with inadequate data collection points

Raju 1991 ITS design with inadeqate data collection points

Rees 2013 ITS design with inadeqate data collection points and unclear intervention period

Rupp 2008 Cross-over CBA design with only 1 intervention group and 1 control group

Sakamoto 2010 ITS design with no clear intervention period

Schweon 2012 ITS design with inadequate data collection points

Song 2013 ITS design with inadeqate data collection points

Sopirala 2014 ITS design with inadeqate data collection points

Stella 2013 ITS design with inadeqate data collection points

Stoesser 2013 ITS design with inadeqate data collection points

Stone 2007 ITS design with inadeqate data collection points

Stone 2011 ITS design with inadeqate data collection points

Trick 2007 CBA study with only 1 control group

Van de Mortel 2006 ITS design with inadequate data collection points

Vinci 2012 ITS design with inadequate data collection points

Walker 2013 CBA design with only 1 intervention group and 1 control group

Walker 2014 CBA design with only 1 intervention group and 1 control group
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CBA: controlled before-after

ITS: interrupted time series

RCT: randomised (controlled) trial

A D D I T I O N A L T A B L E S

Table 1. Results from studies evaluating multimodal interventions

Study Comparison Estimate of compliance Measure of difference or change

Intervention: Multimodal, not WHO

Ho 2012 Cluster-randomised trial

Intervention:

Multimodal not WHO
· Also had study arms with pow-

dered or powderless gloves

Control: 2-hour health talk

Outcome: Hand hygiene compli-

ance

Inappropriate analysis:

GEE but did not compare changes

between arms

Observed mean hand hygiene

compliance:

Intervention with powdered

gloves:

· Baseline: 27.0%

· 1 month post: 59.2%

· 4 months post: 60.6%

Intervention with powderless

gloves:

· Baseline: 22.2%

· 1 month post: 59.9%

· 4 months post: 48.6%

Control:

· Baseline: 19.5%

· 1 month post: 19.8%

· 4 months post: 21.6%

Not reported by researchers

Calculated differences1 in per-

centage points between baseline

and 1 month:

· intervention with powdered

gloves: 32.2

· intervention with powderless

gloves: 37.7

· control: 0.3

Calculated differences1 in per-

centage points between baseline

and 4 months:

· intervention with powdered

gloves: 33.6

· intervention with powderless

gloves: 26.4

· control: 2.1

Lee 2013 ITS

· 6 - 7 month baseline

· Intervention:

Multimodal not WHO
· 12 month intervention phase

· 6-month washout period

· Control wards: no hand hygiene

promotion

Outcome: Hand hygiene compli-

ance

Intervention wards

· Baseline: 49.3% (95% CI 47.2%

to 51.4%)

· Intervention phase: 63.8% (95%

CI 62.3% to 64.4%)

Control wards:

· Baseline: 30.5% (95% CI 28.7%

to 32.4%)

· Washout period: 23.9% (95%

CI 22.0% to 25.9%)

Segmented regression analysis:

· Increase after start of hand hy-

giene promotion: adjusted OR 1.

19, 95% CI 1.01 to 1.42

· Decrease of 9% per month in

washout period after campaign

ended: adjusted OR 0.91, 95% CI

0.85 to 0.97

Martin-Madrazo 2012 Cluster-randomised trial

Intervention:

Outcome: Hand hygiene compli-

ance

Not reported by researchers

Calculated differences1 in per-
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Table 1. Results from studies evaluating multimodal interventions (Continued)

Multimodal not WHO
Control: No intervention

Inappropriate analysis:

Analysed at level of individual not

cluster; inappropriate correction

for missing data

Mean observed hand hygiene

compliance:

Intervention group:

Baseline: 7.98%, 95% CI 4.5 to

10.2

6 months post: 32.74 (no CI re-

ported)

Control group:

Baseline: 8.26% (95% CI: 6.2-11.

6)

6 months post: 11.86 (no CI re-

ported)

centage points between baseline

and 6 months

post-intervention:

· intervention group: 24.76

· control group: 3.6

Rodriguez 2015 Stepped wedge RCT

Intervention: Multimodal Not
WHO
Control: No intervention

Outcome: Hand hygiene compli-

ance

Variation by site:

· Pre: 47.2% to 79.8%

· Post: 57.0% to 93.9%

Absolute difference range: 1.9 to

26.7

Intervention effect: OR 1.17,

95% CI 1.13 to 1.22

Intervention effect adjusted by

time: OR 1.08, 95% CI 1.03 to

1.14

Yeung 2011 Cluster-randomised trial

Intervention:

Multimodal not WHO
Control: Basic life support work-

shop

Outcome: Hand hygiene compli-

ance

Inappropriate analysis:

Analysed at level of individual not

cluster

Mean observed

hand hygiene compliance (hand-

washing or ABHR use):

Intervention group:

Baseline: 25.8%

Post-intervention: 33.3%

7 months post: 36.7%

Control group:

Baseline: 25.8%

Post-intervention: 30.0%

7 months post: 37.7%

Not reported by researchers

Calculated differences1 in per-

centage points between baseline

and post intervention:

· intervention group: 7.5

· control group: 4.2

Calculated differences1 in per-

centage points between baseline

and 7 months post-intervention:

· intervention group: 10.9

· control group: 11.9

Intervention: Multimodal, WHO based

Derde 2014 ITS

Intervention: WHO based multi-
modal

Outcome: Observed mean hand

hygiene compliance:

· Baseline: 52%

· Optimised hand hygiene plus

CHG bathing: 69%

Inappropriate analysis:

No statistical analysis done

Calculated difference1 in percent-

age points:

· between baseline and optimised
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Table 1. Results from studies evaluating multimodal interventions (Continued)

· Addition of MRSA screening

and contact precautions: 77%

hand hygiene plus CHG bathing:

17

· between baseline and addition of

MRSA screening and contact pre-

cautions: 25

Mertz 2010 Cluster-randomised trial

Intervention: WHO based multi-
modal
Control: addition of ABHR

Outcome: Hand hygiene compli-

ance

Intervention:

· Pre: 15.8%

· Post: 48.2%

Control:

· Pre: 15.9%

· Post 42.6%

Mean difference between groups

at post-test:

· 6.3%, 95% CI 4.3% to 8.4%

Perlin 2013 ITS

Intervention: WHO-based multi-
modal

Outcome: Mean ounces of ABHR

per adjusted pt-day

· Pre intervention: 21.3

· Post intervention: 48.75

Inappropriate analysis:

No statistical analysis done

Calculated difference1 between

pre and post intervention: 27.45

ounces of ABHR per adjusted pa-

tient-day

Interventions: Multimodal, WHO-enhanced and WHO based

Vernaz 2008 ITS

VigiGerme campaign:WHO-en-
hanced multimodal
Clean Care is Safer Care campaign:

WHO-based multimodal

Outcome: ABHR in litres per 100

patient-days

Did not report actual volume

Increases in both VigiGerme

and Clean Care campaigns via

ARIMA modelling; no estimates

of effect reported

Overall increase in ABHR from 1.

303 L/100 patient days to 2.016

L/patient days, but did not report

by programme

Whitby 2008 ITS

Washington programme: WHO-
enhanced multimodal
Geneva programme: WHO based
multimodal

Outcome: Electronic count of

hand hygiene measured number

of times ABHR dispensed from

count

Actual counts were not reported

Noted that initial compliance was

high in IDU

GEE analysis:

Washington program: increase in

hand hygiene relative to baseline:

RR 1.48 (95% CI: 1.2-1.81)

Geneva on medicine units: no in-

crease in hand hygiene

Geneva in IDU: increase in hand

hygiene relative to baseline: RR 1.

56, 95% CI 1.29 to 1.89

Intervention: Multimodal, WHO-enhanced

Huis 2013 Cluster-randomised trial

Intervention: WHO-enhanced
multimodal
Control: State of the art multi-

Outcome: Observed mean hy-

giene compliance

Intervention:

· Pre: 20%

OR of 1.64, 95% CI 1.33 to 2.02

in favour of team leader support
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Table 1. Results from studies evaluating multimodal interventions (Continued)

modal · Post: 53%

· 6 months: 53%

Control:

· Pre: 23%

· Post: 42%

· 6 months: 46%

Midturi 2015 ITS

· 9-month baseline

Intervention: Multimodal WHO-
enhanced
· 10-month intervention period

· 22-month post-intervention

Outcome: Hand hygiene compli-

ance

· Baseline: 72.7% (range: 62.5%

to 86.2%)

· Intervention period: 79.7%

(range not reported)

· Post: 93.2% (range 7.9% to 97.

7%)

Inappropriate reporting of anal-

ysis for ITS

· During intervention, average in-

crease was 2% per month

· Before-after intervention, aver-

age increase was < 1% a month

Rosenbluth 2015 ITS

· 2-year baseline

Intervention: Multimodal WHO-
enhanced
· 3-year intervention period

· 10-month post-intervention

Outcome: Hand hygiene compli-

ance

Inappropriate analysis for ITS

All healthcare workers:

· During intervention: 85% to

92%

· Pre-intervention: variation (38%

- 100% but < 80% most months)

· Post-intervention: 83% - 95%

but most > 85%

MDs:

· During intervention: 75% - 83%

· Not reported for other time pe-

riods

Not reported by researchers

Because of the considerable vari-

ation by unit, it was not possible

for the review authors to calculate

a difference1 in percentage points

between pre- and post-interven-

tion

Stevenson 2014 Cluster-randomised trial

Intervention: WHO-enhanced
multimodal
Control:

Usual activities

Outcome: Observed mean hand

hygiene compliance

Actual compliance rates were not

reported

Hand hygiene before and after pa-

tient contact, mean difference per

group:

Intervention:

· 20.1% (range: 7.8% - 35.5%)

Control:

· -3.1% (range: -6.3% - +5.9%)

Hand hygiene before or after pa-

tient contact,

mean difference per group:

Intervention:

· 28.4% (range: 17.8% - 38.2%)

Control:

· -0.7% (range: -16.7% - +20.7%)

1 Where researchers did not report differences, the review authors calculated the differences based on the data reported by the researchers

and summarised in the column “estimate of compliance”.

ABHR: alcohol-based hand rub; ARIMA: autoregressive integrated moving average; CHG: chlorhexidine gluconate; CI: confidence

interval; GEE: generalised estimating equation; IDU: immunisation and diagnosis unit; ITS: interrupted time series; MDs: physicians;
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MRSA: methicillin-resistant Staphylococcus aureus; OR: odds ratio; RCT: randomised (controlled) trial; RR: risk ratio; WHO: World

Health Organizaiton

Table 2. Results from studies evaluating interventions other than multimodal interventions

Study Comparison Estimate of compliance Measure of difference or change

Intervention: Performance feedback

Armellino 2012 ITS

· 16-week baseline

· Intervention: video recording and
feedback of hand hygiene rates

· 16-week post

· 75-week maintenance

Outcome: Observed mean hand

hygiene compliance:

Baseline: 6.5% (weekly range: 3.

5% to 9.8%)

Post-feedback period: 81.6%

(weekly range: 30.8% to 91.2%)

Maintenance phase: 87.9%

(weekly range: 83.5% to 91.6%)

Segmented regression analysis:

· In week after start of intervention,

estimated increase in compliance of

17.5% with additional 4% increase

in each following week

· In maintenance period, small

weekly decrease of -0.04%

Fisher 2013a Cluster-randomised trial

Intervention: wireless monitoring
and feedback
Control: No intervention

Outcome: Mean hand hygiene

compliance on entry as recorded by

electronic monitor:

Intervention group:

· Baseline: 28% (21% - 37%)

· Phase 2: real time reminders: 33%

(25% - 41%)

· Phase 3: feedback: 28% (16% -

40%)

Control group:

· Baseline: 28% (21% - 37%)

· Phase 2: real time reminders: 26%

(22% - 32%)

· Phase 3: feedback: 24% (19% -

33%)

Similar increases in compliance on

exit

Variation by study ward, profes-

sional category and opportunity

load

Unclear reporting of regression

Not reported by researchers

Calculated differences1 in percent-

age points between baseline and

phase 2 real time reminders:

· intervention group: 5

· control group: -2

Calculated differences1 in percent-

age points between baseline and

phase 3 feedback:

· intervention group: 0

· control group: -4

Fuller 2012 Stepped-wedge RCT

Intervention: feedback and person-
alised action planning
Control: Clean Your Hands cam-

paign

Outcomes reported:

· Estimated relative change in liquid

soap procurement

· Hand hygiene compliance

Estimates of volume of soap use or

observed hand hygiene compliance

were not reported

Estimated relative change in liquid

soap:

ACE: 1.133, 95% CI 0.987 to 1.3)

ITU: 1.314, 95% CI 1.114 to 1.

548

Absolute increase in compliance:

ACE wards:

· 13% if pre-hand hygiene compli-

ance was 50%

· 10% if pre-hand hygiene compli-

ance was 70%
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Table 2. Results from studies evaluating interventions other than multimodal interventions (Continued)

ITU wards

· 18% if pre-hand hygiene compli-

ance was 50%

· 13% if pre-hand hygiene compli-

ance was 70%

OR (compared to baseline)

ACE wards:

· 1.67, 95% CI 1.26 to 2.22

ITU wards:

· 2.09, 95% CI 1.55 to 2.81

Moghnieh 2016 NRCT

Intervention 1: Incentive
Intervention 2: Audit and feedback
Control: Usual hand hygiene cam-

paign

Outcome: Hand hygiene compli-

ance

Variation by week:

· Baseline all groups: 16% - 20%

· During intervention 1: 60% at

week 8 and 77% at week 14

· During intervention 2: 43% at

week 8 and 51% at week 14

· Control group: unchanged from

baseline

Decreased post-intervention at

week 21:

· Intervention 1: 34%

· Intervention 2: 48%

· Control: unchanged

Not reported by researchers

Calculated differences1 in percent-

age points between baseline and

week 8:

· intervention 1: 40 - 44

· intervention 2: 23 - 27

· control group: unchanged

Calculated differences1 in percent-

age points between baseline and

week 14:

· intervention 1: 57 - 61

· intervention 2: 31 - 35

· control group: unchanged

Stewardson 2016 Cluster-randomised trial

Intervention 1: Enhanced perfor-
mance feedback
Intervention 2: Enhanced perfor-
mance feedback plus patient partici-
pation
Control: Usual WHO-based hand

hygiene campaign

Outcome: Hand hygiene compli-

ance

Performance feedback:

· Baseline: 65%

· Intervention period:75%

· Follow-up:72%

Feedback plus patient participa-

tion:

· Baseline: 66%

· Intervention period: 77%

· Follow-up: 72%

Control:

· Baseline: 66%

· Intervention period: 73%

· Follow-up: 70%

Absolute change for performance

feedback:

· Intervention period: 10% with

OR 1.61, 95% CI 1.41 to 1.84

· Follow-up:7% with OR 1.38,

95% CI 1.19 to 1.60

Absolute change for feedback plus

patient participation:

· Intervention period: 11% with

OR 1.73, 95% CI 1.51 to 1.98

· Follow-up: 6% with OR 1.36,

95% CI 1.18 to 1.57

Absolute change for Control:

· Intervention period: 7% with OR

1.41, 95% CI 1.21 to 1.63

· Follow-up: 4% with OR 1.21,

95% CI 1.00 to 1.47

Talbot 2013 ITS

· Baseline: 2004 - 2009

· Intervention 2009 - 10: feedback,
leadership and incentives

Outcome: observed hand hygiene

compliance

Baseline: 52%

Intervention: 75%

Segmented regression analysis done

but no estimates of effect reported:

· Increase in adherence in each

phase
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Table 2. Results from studies evaluating interventions other than multimodal interventions (Continued)

· Active accountability: 2010 -

2012

Active accountability phase: 89% · Changes in slope associated with

each time period

Calculated differences1 in percent-

age points between baseline and

· intervention phase: 23

· active accountability phase 37

Intervention: Education

Higgins 2013 ITS

Intervention: Education: E-learn-

ing hand hygiene game

Outcome: Observed mean hand

hygiene compliance:

· in 12 months pre-e-learning

game: 42%

· in 12 months post-e-learning

game: 84%

Appropriateness of analysis un-

clear: Did not specify statistical

analysis done but only reported

mean hand hygiene compliance

Calculated differences1 in percent-

age points between pre and post: 42

Huang 2002 RCT

Intervention:

Education sessions on hand hygiene

and UP

Control: No intervention

Outcome: % of nurses who per-

formed hand hygiene

Before patient contact:

Intervention

· Pre: 51.0%

· Post: 85.7%

Control

· Pre: 53.1%

· Post:53.1%

After patient contact:

Intervention

· Pre: 75.5%

· Post: 91.8%

Control

· Pre: 75.5%

· Post: 71.4%

Not reported by researchers

Calculated differences1 in percent-

age points for before pt contact:

· intervention: 24.5

· control group: no change

Calculated differences1 in percent-

age points for after patient contact:

· intervention: 16.3

· control group: 4.1

Intervention: Cues

Diegel-Vacek 2016 NRCT

Intervention: Light cue over sink
Comparison: no light cue

Outcome: Hand hygiene compli-

ance

Light cue:

· Day 1: 23%

· Day 2: 30%

· Day 3: 23%

No light cue:

· Day 1: 7%

· Day 2: 16%

· Day 3: 23%

Not reported by researchers

Calculated differences1 in percent-

age points between day 1 and day

2:

· light cue: 7

· no light cue: 9

Calculated differences1 in percent-

age points between day 1 and day

3:

· light cue: 0

· no light cue: 16

Grant 2011 Pair-matched cluster-randomised

trial

Outcome: Observed mean hand

hygiene compliance:

Inappropriate analysis : Did not

do a matched analysis
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Table 2. Results from studies evaluating interventions other than multimodal interventions (Continued)

Compared 2 signs: personal vs patient
consequences as message

Personal consequences sign:

Pre-test: 80.0%

Post-test: 79.71%

Patient consequences sign:

Pre-test: 80.69%

Post-test: 89.2%

Variation by type of practitioner

but all had greater increase in hand

hygiene in response to patient con-

sequences sign

Not reported by researchers

Calculated differences1 in percent-

age points between pre and post

test:

· Personal consequences sign: -0.29

· Patient consequences sign: +8.51

King 2016 RCT

Intervention: Olfactory cue (scent) or
signs with male or female eyes
Comparison: baseline without cues

Outcome: Hand hygiene compli-

ance

· Baseline: 15.0%

· Scent cue: 46.9%

· Male eyes cue: 21.7%

· Female eyes cue: 10.0%

Some differences women vs men

Not reported by researcher

Calculated differences1 in percent-

age points between pre- and post-

test:

· Scent cue: +31.9

· Stern male eyes: +6.7

· Female eyes: -5

Intervention: Placement of ABHR

Munoz-Price 2014 RCT with cross-over

Intervention: placement of ABHR
on cart
Control: ABHR on wall

Outcome: hand hygiene events per

hour:

Intervention: 0.84

Control: 0.54

Difference was an increase of 0.3

events per hour

1 Where researchers did not report differences, the review authors calculated the differences based on the data reported by the researchers

and summarized in the column “estimate of compliance”.

ABHR: alcohol-based hand rub; ACE: acute care of the elderly; CI: confidence interval; ITS: interrupted time series; ITU: intensive

care unit; NRCT: non-randomised (controlled) trial; OR: odds ratio; RCT: randomised (controlled) trial

Table 3. Comparison of multimodal interventions

Study/

Category*

Education Feedback Posters/

signs

ABHR Admin Staff Other

Intervention: Multimodal, not WHO

Ho 2012 Yes

(detailed)

Individual and

unit

Yes Individual and

point of care

No No Gloves with and with-

out powder

Lee 2013 Yes No Yes Yes Yes No ---

Martin-

Madrazo

2012

Yes (details) No Yes Yes --- No ---
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Table 3. Comparison of multimodal interventions (Continued)

Rodriguez

2015

Yes Unit level Yes Yes Yes No Role modelling

Direct MD encourage-

ment

Incentives for MDs

Yeung 2011 Yes (details) 1 session to

both groups at

3 months

Yes Individual No No Pens as reminder

Intervention: Multimodal, WHO based

Mertz 2010

WHO-based

Yes Unit level Yes Yes Yes Yes ---

Perlin 2013

WHO-based

Yes Yes (at discre-

tion)

Yes Yes Yes No ---

Whitby

2008:

Geneva

Intervention

WHO-based

Yes Yes Yes Yes Yes No ---

Intervention: Multimodal, WHO-enhanced

Huis 2012 Yes Individual Yes Yes Yes Yes Adequate supplies

Midturi 2015 Yes Individual and

unit level

Yes Yes Yes No Rewards, alerts to im-

mediate supervisor

Rosenbluth

2015

No Unit level Yes Yes Yes No ---

Stevenson

2014

Yes Yes at unit

level (variable)

Yes Yes Yes Yes Recognition and re-

wards programme (e.g.

candy, buttons)

Whitby

2008: Wash-

ington

Intervention

Yes Informal Yes Yes Yes

(walk around

by exec)

Yes ---

Note: Vernaz 2008 and Derde 2014 did not describe their multimodal campaigns and are not included in this table.

Category: WHO-based = included the 5 types of interventions recommended by WHO; WHO-enhanced = included the 5 types of

interventions recommended by WHO plus additional strategies; Not WHO = did not include at least the 5 types of interventions

recommended by WHO.

ABHR: alcohol-based hand rub; MDs: physicians; WHO: World Health Organization
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Table 4. Results from studies reporting microbiological data

Study Design/

Intervention

Results

Intervention: Multimodal, not WHO

Ho 2012 RCT · Reduced respiratory outbreaks: IRR 0.12, 95% CI 0.01 to 0.93

· Reduced MRSA infections requiring hospitalisation: IRR 0.61, 95% CI 0.38 to 0.97

Lee 2013 ITS No reduction related to the hand hygiene promotion campaign alone in:

· MRSA in clinical isolates: IRR 1.44, 95% CI 0.96 to 2.15

· MRSA infections: IRR 1.28, 95% CI 0.79 to 2.06

Yeung 2011 RCT Reduced serious infections (cases per 1000 resident-days):

· Intervention group: pre: 1.42; post: 0.65 (difference: -0.77)

· Control groups: pre: 0.49; post: 1.05 (difference: 0.56)

Reduced pneumonia (cases per 1000 resident-days)

· Intervention group: pre: 0.91; post: 0.28 (difference: -0.63)

· Control group: no change

Reduced deaths per 1000 resident-days:

· Intervention group: pre: 0.37; post: 0.10 (difference: -0.27)

· Control group: no change

Intervention: Multimodal, WHO based

Derde 2014 ITS · Trend in MRSA acquisition following hand hygiene campaign: IRR 0.976, 95% CI

0.954 to 0.999;

· No changes in acquisition of VRE or HRE

Mertz 2010 RCT No difference in MRSA colonisation (cases per 1000 patient-days):

· Intervention group: 0.30

· Control group: 0.31

Perlin 2013 ITS MRSA CLABSI per 1000 line days:

· Pre: .497 (difference: -0.191)

· Post: .306

MRSA VAP per 1000 ventilator days:

· Pre: 1.088 (difference: -0.538)

· Post: 0.550

Vernaz 2008 ITS · MRSA decreased by 0.03 clinical isolates per 100 patient-days for each litre of ABHR

per 100 patient-days

· No change in C. difficile

Intervention: Multimodal, WHO-enhanced

Vernaz 2008 ITS · No change in MRSA clinical isolates

· No change in C. difficile
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Table 4. Results from studies reporting microbiological data (Continued)

Intervention: Performance feedback

Stewardson 2016 RCT Primary bloodstream infection

· Enhanced feedback: IRR 0.71, 95% CI 0.54 to 0.95

· Enhanced feedback + patient participation: IRR 1.02, 95% CI 0.78 to 1.34

· Control: IRR 0.57, 95% CI 0.40 to 0.80

Period prevalence of HCAIs

· Enhanced feedback: IRR 0.91, 95% CI 0.68 to 1.23

· Enhanced feedback + patient participation: IRR 1.05, 95% CI 0.78 to 1.40

· Control: IRR 1.33, 95% CI 0.94 to 1.88

Colonisation with MRSA

· Enhanced feedback: IRR 0.79, 95% CI 0.66 to 0.95

· Enhanced feedback + patient participation: IRR 0.82, 95% CI 0.67 to 0.99

· Control: IRR 0.92, 95% CI 0.77 to 1.13

AHBR: alcohol-based hand rub; C. difficile: Clostridium difficile; CLABSI: central line-associated blood stream infections; CI: con-

fidence interval; HCAI: healthcare-associated infection; HRE: highly-resistant Enterobacteriaceae; IRR: incidence rate ratio; ITS:

interrupted time series; MSRA: methicillin-resistant Staphylococcus aureus; RCT: randomised (controlled) trial; VAP: ventilator-

associated pneumonia; VRE: vancomycin-resistant enterococci; WHO: World Health Organization

A P P E N D I C E S

Appendix 1. Search Strategies

Medline (OVID)

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Search date: 18 October 2016

No. Search terms Results

1 (doctor* or physician* or nurse* or clinician* or consultant*

or healthcare assistant* or health care assistant* or health care

professional* or healthcare professional* or team* or healthcare

worker* or health care worker* or (health* adj2 personnel) or

medical or nursing or staff ).ti,ab

1811863

2 exp health personnel/ 430936

3 exp health facilities/ 682773

4 (ward? or centre or centres or center or centers or department?

or unit or units or hospital?).ti,ab

1960472
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(Continued)

5 long-term care.ti,ab. 16518

6 (residential adj3 (care or healthcare or facilit*)).ti,ab. 4658

7 nursing home?.ti,ab. 25235

8 1 or 2 or 3 or 4 or 5 or 6 or 7 3711914

9 hand disinfection/ 4943

10 (handwash* or hand wash* or hand hygiene or handrub* or

hand rub*).ti,ab

6366

11 (hand? adj2 (clean* or decontaminat* or disinfect* or hygiene

or hygienic* or saniti* or sterili* or wash*)).ti,ab

6686

12 (hand* adj3 (alcohol* or propanol* or ethanol*)).ti,ab. 1322

13 (hand* adj scrub*).ti,ab. 101

14 (antisepsis/ or sterilization/ or disinfection/) and hand/ 432

15 (hand? adj2 (aseps* or aseptic* or antisep*)).ti,ab. 216

16 or/9-15 10437

17 ((university adj student?) or school or preschool* or pre-

school* or daycare? or virolog* or parasitol* or home* or sani-

tat* or water).ti

344602

18 16 not 17 9861

19 randomized controlled trial.pt. 432907

20 controlled clinical trial.pt. 91818

21 multicenter study.pt. 212516

22 pragmatic clinical trial.pt. 427

23 (randomis* or randomiz* or randomly).ti,ab. 703141

24 groups.ab. 1648291

25 (trial or multicenter or multi center or multicentre or multi

centre).ti

192218
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(Continued)

26 (intervention? or effect? or impact? or controlled or control

group? or (before adj5 after) or (pre adj5 post) or ((pretest or pre

test) and (posttest or post test)) or quasiexperiment* or quasi

experiment* or pseudo experiment* or pseudoexperiment* or

evaluat* or time series or time point? or repeated measur*).ti,

ab

7780288

27 non-randomized controlled trials as topic/ 83

28 interrupted time series analysis/ 226

29 controlled before-after studies/ 185

30 or/19-29 8697386

31 exp animals/ 20710394

32 humans/ 16384441

33 31 not (31 and 32) 4325953

34 review.pt. 2202629

35 meta analysis.pt. 74283

36 news.pt. 180656

37 comment.pt. 686913

38 editorial.pt. 420754

39 cochrane database of systematic reviews.jn. 16245

40 comment on.cm. 686917

41 (systematic review or literature review).ti. 85309

42 or/33-41 7512404

43 30 not 42 6043658

44 8 and 16 and 43 3925304

Embase (OVID)

Embase 1974 to 2016 October 17

Search date: 18 October 2016
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No. Search terms Results

1 (doctor* or physician* or nurse* or clinician* or consultant*

or healthcare assistant* or health care assistant* or health care

professional* or healthcare professional* or team* or healthcare

worker* or health care worker* or (health* adj2 personnel) or

medical or nursing or staff ).ti,ab

2368813

2 (ward? or centre or centres or center or centers or department?

or unit or units or hospital?).ti,ab

2661525

3 long-term care.ti,ab. 19913

4 (residential adj3 (care or healthcare or facilit*)).ti,ab. 5554

5 nursing home?.ti,ab. 31181

6 exp *health care personnel/ 506049

7 exp *health care facility/ 495390

8 or/1-7 4662077

9 *hand washing/ 3726

10 (handwash* or hand wash* or hand hygiene or handrub* or

hand rub*).ti,ab

8852

11 (hand? adj2 (clean* or decontaminat* or disinfect* or hygiene

or hygienic* or saniti* or sterili* or wash*)).ti,ab

9375

12 (hand* adj3 (alcohol* or propanol* or ethanol*)).ti,ab. 1902

13 (hand* adj scrub*).ti,ab. 125

14 (hand? adj2 (aseps* or aseptic* or antisep*)).ti,ab. 311

15 (antisepsis/ or disinfection/) and Hand/ 330

16 or/9-15 12308

17 randomized controlled trial/ 455978

18 controlled clinical trial/ 443330

19 quasi experimental study/ 4113

20 pretest posttest control group design/ 329
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(Continued)

21 time series analysis/ 23372

22 experimental design/ 24295

23 multicenter study/ 153846

24 (randomis* or randomiz* or randomly).ti,ab. 931918

25 groups.ab. 2162571

26 (trial or multicentre or multicenter or multi centre or multi

center).ti

257431

27 (intervention? or effect? or impact? or controlled or control

group? or (before adj5 after) or (pre adj5 post) or ((pretest or pre

test) and (posttest or post test)) or quasiexperiment* or quasi

experiment* or pseudo experiment* or pseudoexperiment* or

evaluat* or time series or time point? or repeated measur*).ti,

ab

9651646

28 or/17-27 10781079

29 (systematic review or literature review).ti. 100616

30 “cochrane database of systematic reviews”.jn. 4951

31 exp animals/ or exp invertebrate/ or animal experiment/ or

animal model/ or animal tissue/ or animal cell/ or nonhuman/

23939845

32 human/ or normal human/ or human cell/ 18128043

33 31 not (31 and 32) 5858620

34 29 or 30 or 33 5963444

35 28 not 34 8250546

36 8 and 16 and 35 4265

Cochrane Central Register of Controlled Trials (Wiley)

Search date: 18 October 2016
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No. Search terms Results

#1 (doctor* or physician* or nurse* or clinician* or consultant*

or healthcare assistant* or health care assistant* or health care

professional* or healthcare professional* or team* or healthcare

worker* or health care worker* or (health* near/2 personnel)

or medical or nursing or staff ):ti,ab

93726

#2 (ward? or centre or centres or center or centers or department?

or unit or units or hospital?):ti,ab

89747

#3 long-term care:ti,ab 810

#4 (residential near/3 (care or healthcare or facilit*)):ti,ab 395

#5 nursing home?:ti,ab 1151

#6 [mh “health personnel”] 7078

#7 [mh “health facilities”] 13547

#8 {or #1-#7} 168722

#9 [mh handwashing] 321

#10 (handwash* or (hand hygiene) or handrub* or hand rub*):ti,

ab

551

#11 (hand near/2 (clean* or decontaminat* or disinfect* or hygiene

or hygienic* or saniti* or sterili* or wash*)):ti,ab

457

#12 (hand* near/3 (alcohol* or propanol* or ethanol*)):ti,ab 157

#13 (hand* near scrub*):ti,ab 42

#14 [mh antisepsis] 109

#15 [mh sterilization] 490

#16 [mh disinfection] 324

#17 [mh hand] 2298

#18 (#14 or #15 or #16) and #17 18

#19 (hand near/2 (aseps* or aseptic* or antisep*)):ti,ab 30

#20 #9 or #10 or #11 or #12 or #13 or #18 or #19 805
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(Continued)

#21 #8 and #20 382

CINAHL (Ebsco)

Search date: 18 October 2016

No. Search terms Results

S1 TI (doctor* or physician* or nurse* or clinician* or consultant*

or healthcare assistant* or health care assistant* or health care

professional* or healthcare professional* or team* or healthcare

worker* or health care worker* or (health* N2 personnel) or

medical or nursing or staff )

361,447

S2 AB (doctor* or physician* or nurse* or clinician* or con-

sultant* or healthcare assistant* or health care assistant* or

health care professional* or healthcare professional* or team*

or healthcare worker* or health care worker* or (health* N2

personnel) or medical or nursing or staff )

395,210

S3 TI (ward? or centre or centres or center or centers or depart-

ment? or unit or units or hospital?)

60,274

S4 AB (ward? or centre or centres or center or centers or depart-

ment? or unit or units or hospital?)

157,221

S5 TI (long-term care) OR AB (long-term care) 12,209

S6 TI (residential N3 (care or healthcare or facilit*)) 1,392

S7 AB (residential N3 (care or healthcare or facilit*)) 1,948

S8 TI nursing home? OR AB nursing home? 6,966

S9 (MH “Health Personnel+”) 342,921

S10 (MH “Health Facilities+”) 253,292

S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR

S9 OR S10

1,056,730

S12 (MH “Handwashing”) 5,414

S13 TI (handwash* or hand hygiene or handrub* or hand rub*) or

AB (handwash* or hand hygiene or handrub* or hand rub*)

2,942
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(Continued)

S14 TI (hand* N2 (clean* or decontaminat* or disinfect* or hy-

giene or hygienic* or saniti* or sterili* or wash*)

2,002

S15 AB (hand* N2 (clean* or decontaminat* or disinfect* or hy-

giene or hygienic* or saniti* or sterili* or wash*)

2,152

S16 TI (hand* N3 (alcohol* or propanol* or ethanol*)) 264

S17 AB (hand* N3 (alcohol* or propanol* or ethanol*)) 427

S18 TI (hand* N1 scrub*) or AB (hand* N1 scrub*) 67

S19 (MH “Hand”) 4,576

S20 (MH “Sterilization and Disinfection”) 6,710

S21 S19 AND S20 29

S22 S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR

S21

6,702

S23 PT randomized controlled trial 30,693

S24 PT clinical trial 52,806

S25 PT research 986,950

S26 (MH “Randomized Controlled Trials”) 28,251

S27 (MH “Clinical Trials”) 85,144

S28 (MH “Intervention Trials”) 6,071

S29 (MH “Nonrandomized Trials”) 179

S30 (MH “Experimental Studies”) 15,081

S31 (MH “Pretest-Posttest Design+”) 27,448

S32 (MH “Quasi-Experimental Studies+”) 8,692

S33 (MH “Multicenter Studies”) 14,354

S34 (MH “Health Services Research”) 7,478

S35 TI ( randomis* or randomiz* or randomly) OR AB ( randomis*

or randomiz* or randomly)

114,306
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(Continued)

S36 TI (trial or effect* or impact* or intervention* or before N5

after or pre N5 post or ((pretest or “pre test”) and (posttest

or “post test”)) or quasiexperiment* or quasi W0 experiment*

or pseudo experiment* or pseudoexperiment* or evaluat* or

“time series” or time W0 point* or repeated W0 measur*) OR

AB (trial or effect* or impact* or intervention* or before N5

after or pre N5 post or ((pretest or “pre test”) and (posttest

or “post test”)) or quasiexperiment* or quasi W0 experiment*

or pseudo experiment* or pseudoexperiment* or evaluat* or

“time series” or time W0 point* or repeated W0 measur*)

782,466

S37 S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR

S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36

1,318,672

S38 S11 AND S22 AND S37 2,297

S39 S38 Limiters - Exclude MEDLINE records 576

ClinicalTrials.gov

Search date: 18 October 2016

Search terms Results

doctor OR physician OR nurse OR clinician OR consultant OR

healthcare OR health care OR professional OR team OR worker

OR personnel OR medical OR nursing OR staff OR ward OR

centre OR center OR department OR unit OR hospital | Inter-

ventional Studies | “hand asepsis” OR “hand aseptic” OR “hand

antiseptic” OR “hand sanitizer” OR “hand sterilization”

63

handwash OR “hand wash” OR “hand hygiene” OR handrub OR

“hand rub” OR “hand clean” OR “hand disinfection” OR “hand

sanitiser” OR “hand sterilisation” OR “hand alcohol” OR “hand

doctor OR physician OR nurse OR clinician OR consultant OR

healthcare OR health care OR professional OR team OR worker

OR personnel OR medical OR nursing OR staff OR ward OR

centre OR center OR department OR unit OR hospital | Inter-

ventional Studies | handwash OR “hand wash” OR “hand hy-

giene” OR handrub OR “hand rub” OR “hand clean” OR “hand

disinfection” OR “hand sanitiser” OR “hand sterilisation” OR

“hand alcohol” OR “hand propanol” OR “hand ethanol” OR

“hand scrub” OR “hand ethanol” OR “hand scrub” | Interven-

tional Studies

159

WHO ICTRP

Search date: 18 October 2016
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Search terms Results

“hand asepsis” OR “hand aseptic” OR “hand antiseptic” OR

“hand sanitizer” OR “hand sterilization”

14

handwash OR “hand wash” OR “hand hygiene” OR handrub OR

“hand rub” OR “hand clean” OR “hand disinfection” OR “hand

sanitiser” OR “hand sterilisation” OR “hand alcohol” OR “hand

propanol” OR “hand ethanol” OR “hand scrub”

80

Appendix 2. Calculation of GRADE ratings

No of studies Design Risk of Bias Inconsis-

tency

Indirectness Imprecision Other Certainty (overall

score)

Intervention: Multimodal not WHO-based

Outcome: Hand Hygiene Compliance

5 4 RCT

1 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Multimodal not WHO-based

Outcome: Infection rates

3 2 RCT

1 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Multimodal WHO-based

Outcome: Hand Hygiene Compliance

5 1 RCT

4 ITS

(2)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Very low

(1)

Intervention: Multimodal WHO-based

Outcome: Infection rates

2 2 ITS

(2)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Very low

(1)
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(Continued)

Intervention: Multimodal WHO-based

Outcome: Colonisation rates

2 1 RCT

1 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Multimodal WHO-enhanced

Outcome: Hand Hygiene Compliance

6 2 RCT

4 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Multimodal WHO-enhanced

Outcome: Infection rates

1 1 ITS

(2)

Serious risk of

bias

(-.5)

No inconsis-

tency in effect

sizes

No serious in-

directness

No serious im-

precision

None Very low

(1.5)

Intervention: Performance feedback

Outcome: Hand Hygiene Compliance

6 3 RCT, 1

NRCT,

2 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Performance feedback

Outcome: Infection rates

1 1 RCT

(4)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Moderate

(3)

Intervention: Performance feedback

Outcome: Colonization rates

1 1 RCT

(4)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Moderate

(3)

Intervention: Education

Outcome: Hand Hygiene Compliance
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(Continued)

2 1 RCT

1 ITS

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Cues

Outcome: Hand Hygiene Compliance

3 2 RCT,

1 NRCT

(3)

Serious risk of

bias

(-0.5)

Important in-

consistency in

effect sizes

(-0.5)

No serious in-

directness

No serious im-

precision

None Low

(2)

Intervention: Placement of ABHR

Outcome: Hand Hygiene Compliance

1 1 RCT

(4)

Serious risk of

bias

(-0.5)

No inconsis-

tency in effect

sizes

No serious in-

directness

No serious im-

precision

None Moderate

(3.5)

Footnotes

W H A T ’ S N E W

Last assessed as up-to-date: 18 October 2016.

Date Event Description

18 October 2016 New citation required and conclusions have changed Additional studies included with new conclusions

reached:

Multimodal interventions that include some but not all

strategies recommended in the WHO guidelines, mul-

timodal interventions that include all the recommended

strategies plus additional strategies, and cues such as signs

or scent may slightly improve hand hygiene compliance

(low certainty evidence). It is uncertain whether mul-

timodal interventions that contain all strategies recom-

mended in the WHO guidelines improve hand hygiene

compliance because the certainty of this evidence is very

low

Performance feedback and education may improve hand

hygiene compliance (low certainty evidence). Placement
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(Continued)

of ABHR close to point of use probably slightly improves

hand hygiene compliance (moderate certainty evidence)

18 October 2016 New search has been performed Updated searches performed to October 18 2016, with

23 new studies identified.This review now includes 26

studies

We have revised the searches to increase precision, and

GRADE ratings are incorporated. One new author

added (MT)

H I S T O R Y

Protocol first published: Issue 4, 2004

Review first published: Issue 2, 2007

Date Event Description

3 August 2010 New citation required but conclusions have not changed Two new studies added, no change in conclusions. Re-

view now includes risk of bias table for all included stud-

ies and new searches up to November 2009. Review au-

thor order has been revised to reflect contribution for

this update

3 August 2010 New search has been performed New search, screening, two new studies included

24 June 2008 Amended Converted to new review format.

7 February 2007 New citation required and conclusions have changed Substantive amendment

C O N T R I B U T I O N S O F A U T H O R S

Papers were reviewed by DJG, DM, ND and JC.

ND or DM acted as arbiter in cases of disagreement.

MT assisted in judgements related to eligibility, risk of bias, and/or statistical analyses for this update.

DJG and DM compiled the final report.

106Interventions to improve hand hygiene compliance in patient care (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



D E C L A R A T I O N S O F I N T E R E S T

DJG co-authored one of the excluded studies (Gould 1997).

DM: none known

ND: none known

JC: none known

MT: none known

S O U R C E S O F S U P P O R T

Internal sources

• City Hospital, London, UK.

• Memorial University School of Nursing, St John’s, Canada.

External sources

• Department of Health Cochrane Review Incentive Scheme 2005 and 2010, UK.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

We refined the search strategy for this review to increase precision of the search results.

We include one new author (MT).

We added ’Summary of findings’ tables and GRADE ratings.

We updated the eligibility criteria of study designs in line with changes to EPOC criteria for study designs eligible for inclusion.

We updated the objective “To determine whether a sustained increase in hand hygiene compliance can reduce rates of health care-

associated infection” and replaced it with “To determine whether an increase in hand hygiene compliance can reduce rates of health

care-associated infection”, since studies examined the effect of changes in hand hygiene compliance, not a sustained increase in hand

hygiene compliance.

The primary objective is: “To assess the short- and long-term success of strategies to improve hand hygiene compliance in patient care”.

Because of inconsistency in duration of follow-up, and no clear definition of ’long-term success’ in the literature or the studies, we

focused only on short-term success, with “short-term” being the interval reported by the researchers.

In the original Gould 2007 review and the Gould 2010 update, the excluded studies lists summarised the reasons for lack of eligibility of

the 129 excluded studies. The purpose was to highlight the types of studies being undertaken, most of which were uncontrolled before-

after designs, and explain why so few studies were eligible despite the large volume of publications. Since the Gould 2010 update, there

has been a marked increase in the number of studies conducted using research designs that are potentially eligible for inclusion, so there

is no longer a need to provide this level of detail. The excluded studies table now lists only randomised trials, non-randomised trials,

controlled before-after studies and ITS studies failing to meet EPOC eligibility criteria. As previously discussed, one of the original

studies (Gould 1997) is no longer eligible for inclusion and has therefore been removed from the list of included studies and added

to the Characteristics of excluded studies table. Overall, while the types of studies differed between the original review and the first

updated review, the reasons for exclusion were similar, primarily relating to insufficiency of control groups or inadequate data points

in ITS studies.
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I N D E X T E R M S

Medical Subject Headings (MeSH)

∗Health Personnel; Clostridium Infections [prevention & control]; Clostridium difficile; Cross Infection [∗ prevention & control]; Hand

Disinfection [∗standards]; Infectious Disease Transmission, Professional-to-Patient [∗prevention & control]; Interrupted Time Series

Analysis; Methicillin-Resistant Staphylococcus aureus; Randomized Controlled Trials as Topic; Staphylococcal Infections [prevention

& control]

MeSH check words

Humans
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