GLOBAL
HANDWASHING
PARTNERSHIP

2023 Hand Hygiene Research Summary

-

r?"

e
3 Ve
o~
/
R )

Executive Summary

For over 10 years, the Global Handwashing Partnership has synthesized the latest hand
hygiene research through annual research summaries. These summaries provide the latest
research, key findings, and guidance on hand hygiene best practices for program
implementers, policy actors and researchers. In 2023, studies focused on documenting hand
hygiene impacts, addressing hand hygiene access and supplies, and designing,
implementing, and monitoring hand hygiene behaviour change.

Hand Hygiene Impact. Hand hygiene has a significant positive impact on public health. It is a
key preventative measure against a range of diseases, including diarrhoeal diseases,
respiratory infections, malnutrition, and a range of other diseases. Despite the strong
evidence supporting its physical health benefits, the impact of hand hygiene on mental
health remains under-researched. Additionally, while some studies have evaluated the cost-
effectiveness of hand hygiene interventions, more data is needed to fully understand their
economic benefits. While one study evaluated the cost-effectiveness of individual protective
measures (including hand hygiene), further evidence is needed on relative costs and return
on investment of hand hygiene interventions.

Handwashing Access and Supplies. Access to hand hygiene services, supplies, and facilities
is crucial for promoting proper hand hygiene behaviour. Factors such as water supply and
affordability significantly influence hand hygiene practice. In healthcare settings, the
visibility and strategic placement of handwashing facilities are vital for ensuring compliance.
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More research is needed to understand the attributes of handwashing facilities that are
important to end-users to ensure they are usable for all. Studies also focused on the efficacy
of other hand hygiene supplies. Alcohol-based hand rub (ABHR) is widely used and
considered a suitable alternative to soap in healthcare settings. Use of these alternatives
still leaves the question around whether international guidelines should recommend
affordable options for handwashing when soap or ABHR is unavailable.

Determinants of Hand Hygiene Behaviour. Hand hygiene behaviour is influenced by various
sociodemographic and behavioural factors. Studies found that factors such as knowledge,
educational status, occupation, and wealth influenced hand hygiene behaviour in most
settings. Motivational factors like perceived susceptibility of iliness, collective responsibility,
and social norms were also determinants of hand hygiene behaviour.

Interventions for Behaviour Change. Behaviour change theory is commonly used in hand
hygiene intervention design. Studies showed that educational and nudging interventions,
such as visual and olfactory cues, have shown effectiveness in some settings. However, it is
important that hand hygiene interventions are designed and tailored to the specific contexts
in which they are implemented.

Monitoring Hand Hygiene. Direct observations remain the gold standard for monitoring
hand hygiene compliance, but this method can be labour-intensive and biased. Alternative
methods, including electronic and automated systems, are being explored. However,
patient confidentiality must be considered with video-based technologies.

Overall, research continues to highlight the essential role of hand hygiene in preventing
health issues such as diarrhoeal illnesses, respiratory infections, and malnutrition, as well as
the need to gear hand hygiene interventions to the appropriate conditions of the target
group addressing enabling factors such as hand hygiene access and the key determinants for
hand hygiene behaviour.
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About the Research Summary

For over 10 years, the Global Handwashing Partnership has synthesized the latest hand
hygiene research through annual research summaries. These summaries provide the latest
research, key findings, and guidance on hand hygiene best practices for program
implementers, policy actors and researchers. This summary covers peer-reviewed
publications from 2023 and complements lessons learned from previous years to promote
hand hygiene. Methodology for the summary is included in Annex 1 while the full reference
list is included in Annex 2.

Research Highlights

Research highlights for 2023 are summarized with key findings categorised by the following
themes:

e Impact of Hand Hygiene

e Handwashing Access and Supplies

e Determinants of Hand Hygiene Behaviour

e Interventions for Hand Hygiene Behaviour Change
e Monitoring Hand Hygiene Behaviour

Impact of Hand Hygiene

Respiratory Infections

Newly published systematic reviews demonstrated the impact of hand hygiene on
respiratory infection. A systematic review and meta-analysis on the effectiveness of
interventions promoting handwashing with soap on acute respiratory infection (ARI)
morbidity in low- and middle-income settings found interventions reduced ARl morbidity by
17% (RR 0.83, 95%CI 0.76-0.90) (Ross et al., 2023). These findings are consistent with a
previous meta-analysis that concluded improvements in hand hygiene reduced respiratory
illness by 21%. Similarly, a systematic review and meta-analysis of individual and cluster-
randomized trials showed a 14% relative reduction in the number of people with ARIs
associated with hand hygiene interventions (RR 0.86, 95%Cl 0.81-0.90) (Jefferson et al.,
2023). However, in both studies, hand hygiene interventions made little or no difference to
influenza-like illness and laboratory-confirmed influenza. A systematic review and meta-
analysis of school-based hand hygiene interventions showed interventions delivered in high-
income countries reduced respiratory tract and gastro-intestinal infection-related absence
by 25% (relative rate ratio 0.75, 95% Cl 0.60, 0.94) (Hoyle et al., 2023). The authors also
found evidence that using more behaviour change techniques, utilising both ‘risk
perception’ and ‘instruction’ in intervention design and targeting both children and adults
was associated with increased impact.

The provision of alcohol-based hand rub (ABHR) had limited effect on ARI rates among adult
pilgrims in a pilot randomised controlled trial (RCT) in Saudi Arabia (Albutti et al., 2023).
However, multiple observational studies found associations between reported respiratory
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infections or symptoms and self-reported hand hygiene and/or hand hygiene resources
(Kifle et al., 2023, Girma et al., 2023, Meierhofer et al., 2023, Matsuda et al., 2023, Sepadi
and Nkosi, 2023). A cost-effectiveness assessment of public health measures against
influenza in Italy showed individual preventative measures such as handwashing were a
cost-effective option against human influenza pandemics (253.67 million euros for achieving
a mortality reduction >40%), particularly in severe epidemic scenarios when the cost of
other public health alternatives are more expensive (Beresniak et al., 2023).

COoVID-19

A scoping review and two literature summaries identified hand hygiene as a core measure
recommended for the prevention of SARS-CoV-2 transmission (Donskey, 2023, Voidarou et
al., 2023, Saulnier et al., 2023). A scoping review of non-pharmaceutical interventions (NPIs)
for COVID-19 found behavioural NPIs (including handwashing) positively influenced COVID-
19 outcomes and the use of behavioural NPIs in combination were more effective than
individual interventions (Silubonde-Moyana et al., 2023). However, authors note that few
studies focussed on hand sanitisation.

Using spatial modelling, research in Zimbabwe estimated that improvements to
handwashing access could lead to reductions in the risk of severe COVID-19 of up to 16%
(Joseph et al., 2023). A case-control study in Chile found regular handwashing both within
(OR 0.61, 95% CI 0.39-0.95) and outside the home (OR 0.40, 95% Cl 0.24-0.66) was
associated with reduced ICU admissions due to COVID-19 (Urquidi et al., 2023). Multiple
cross-sectional studies found handwashing or hand sanitiser use reduced the risk of COVID-
19 (Francis et al., 2023, Hoffmann et al., 2023). However, several studies found no
protective effect of handwashing on SARS-CoV-2 infection (Huguet-Torres et al., 2023,
Kettlitz et al., 2023). A study investigating global convergence patterns of COVID-19 found
the provision of handwashing facilities reduced the likelihood of belonging to a group with
higher COVID-19 death intensity (Awaworyi Churchill et al., 2023). A global ecological study
found significant positive correlations between COVID-19 deaths per million population with
handwashing facility availability (Dhamnetiya et al., 2023). However, this relation is likely
driven by higher COVID-19 mortality in high-income countries were handwashing facility
availability is high.

Diarrhoeal Disease, Enteric Infections, and Helminth Infections

A new systematic review and meta-analysis showed no significant association between
handwashing after toilet use and intestinal parasite infection among pregnant women in
East Africa (OR 1.29, 95% Cl 0.77-2.18) (Mosisa et al., 2023). A systematic review and meta-
analysis identified handwashing using water only as a risk factor for STH infection among the
paediatric population in India (OR 2.49, 95%Cl 1.51-4.12) (Chopra et al., 2023). A systematic
review and meta-analysis of case-control studies found access to basic hygiene services
(handwashing facility with soap and water available at home) was associated with lower
odds of contracting typhoid (OR 0.60, 95%Cl 0.38-0.97) and access to limited hygiene
(handwashing facility without soap and/or water) was associated with higher odds of
contracting typhoid (OR 2.26, 95%Cl 1.38-3.64) (Kim et al., 2023).
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Among primary research studies, a study nested within a RCT of the CHoBI7 mHealth
program in Bangladesh showed households responding correctly to the CHoBI7 mHealth
intervention interactive voice response (IVR) quiz responses had reduced diarrhoea
prevalence and improvements in observed handwashing with soap behaviour, highlighting
that greater handwashing awareness is associated with reduced diarrhoeal disease
prevalence (Bhuyian et al., 2023). Children receiving the CHoBI7 handwashing intervention
also had significant reductions in harmful gut bacteria belonging to Proteobacteria, and an
increase in beneficial Firmicutes (Monira et al., 2023).

Multiple observational studies explored the impact of handwashing on diarrhoeal disease
and intestinal parasite infection. A case-control study conducted during a cholera outbreak
in Ethiopia found that participants reporting handwashing after defecation were more likely
to be controls than cases (OR 0.4 95% Cl 0.2-0.8) (Davis et al., 2023). Cross-sectional, cohort
and ecological studies explored hand hygiene behaviour or hand hygiene resource
availability as a preventative factor for diarrhoeal disease (Ali et al., 2023, Chatterjee et al.,
2023, Asgedom et al., 2023, Geteneh et al., 2023, Inaida et al., 2023, Islam et al., 2023,
Taranum et al., 2023). A multi-country, cross-sectional study identified hand hygiene as an
effect modifier on the association between flood exposure and diarrhoea risk in children
under five in low- and middle-income countries, with a significantly higher chance of
contracting diarrhoea observed among children living in households with no water available
at the handwashing site (OR 1.80, 95%Cl 1.34-2.41) compared with children living in
households with water available at handwashing sites (OR 1.17, 95%Cl 0.92-1.48) (Wang et
al., 2023b).

A hospital-based case-control study among diarrhoeal patients in Ethiopia showed
handwashing after toilet use and before eating was protective against infection with Giardia
lamblia, Entamoeba Histolytica and Cryptosporidium Spp. (Firdu and Mulatu, 2023). Many
cross-sectional studies identified handwashing as a protective factor against intestinal
parasite infections, particularly amongst children under five, school-aged children and food
handlers (Hussein et al., 2023, Duguma et al., 2023, Hakizimana et al., 2023, Bisetegn et al.,
2023, Dejen et al., 2023, Feleke et al., 2023a, Mraz et al., 2023, Abate et al., 2023, Che et al.,
2023, Chen et al., 2023, Khattak et al., 2023, Mubarak et al., 2023, Nguyen et al., 2023,
Hassanen et al., 2023, Friesema et al., 2023, Melese et al., 2023, Athiyyah et al., 2023). One
cross-sectional study among produce vendors in Ethiopia identified handwashing with soap
after toilet use as protective against contamination of fruits and vegetables with intestinal
parasites (Gemechu et al., 2023). Several cross-sectional studies identified handwashing
after defecation and before eating as a protective factor against STH infection. Most studies
focussed on school-aged children (Bokicho et al., 2023, Imalele et al., 2023, Masaku et al.,
2023, Rahimi et al., 2023, Zeynudin et al., 2023, Meleko et al., 2023, Zacharia et al., 2023).
However, others focussed on adult populations including urban slum-dwelling women and
pregnant women (Mukutmoni et al., 2023, Ulaganeethi et al., 2023). Cross-sectional studies
in Ethiopia found a protective association between handwashing and enteric bacterial
pathogen infection (Solomon et al., 2023). For example, handwashing at less than three
critical timepoints was associated with an increase in lactulose-to-mannitol ratio in
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Ethiopian children (OR 4.37 95%Cl 1.41-13.52), which is indicative of environmental
enteropathy (Regassa et al., 2023).

Nutrition and Development

A narrative literature review described how handwashing was a protective factor of child
linear growth determined by the height-for-age anthropometric index (Veiga et al., 2023).
Several observational studies found an association between inadequate hand hygiene
practices or limited hand hygiene resource availability and being stunted or underweight in
children and adolescents (Meierhofer et al., 2023, Hasan et al., 2023, Som et al., 2023, Jolly
et al., 2023, Shama et al., 2023, Woldesenbet et al., 2023, Shiferaw et al., 2023, Habimana
et al., 2023, Feleke et al., 2023b). One cross-sectional study conducted in Ethiopia, Sudan
and Tanzania found a lack of school handwashing stations was associated with an increased
risk (RR 1.26, 95% Cl 1.20-1.32) of anaemia among in-school young adolescents (Partap et
al., 2023). Cross-sectional studies in the Asia-Pacific region and Ecuador found a protective
association between hand hygiene and cognitive, language and socio-emotional
development (Petermann-Rocha et al., 2023, Weigel and Armijos, 2023).

Bacterial Contamination

A cross-sectional study investigated the effect of handwashing on the concentration of
Escherichia coli (E. coli) among children in an urban slum in Indonesia (Rifqi et al., 2023). The
mean E. coli concentration on the hands decreased after handwashing, with a higher
reduction in E. coli count among students who used soap and had soap for more than 10
seconds during handwashing. Cleaning in-between fingers, using soap, soap contact with
the hand for more than 10 seconds and drying hands with a single-use towel were effective
factors for reducing E. coli concentration after handwashing. Several studies explored the
impact of handwashing on food hygiene. For example, one study in the United States (US)
showed increased handwashing attempts, completion of more handwashing steps and
average scrub times greater than 5 seconds decreased the risk of cross-contamination of
kitchen surfaces and foods during meal preparation (Kirchner et al., 2023). Inadequate hand
hygiene practices, such as not using hand sanitizer or not using a clean towel to dry hands,
were associated with contamination of chicken meat in markets in El Salvador (Lopez et al.,
2023). Several studies demonstrated the importance of hand hygiene to prevent milk
contamination on dairy farms (Alembo and Tonjo Torka, 2023, Agredo-Campos A et al.,
2023, Mesele et al., 2023).

Healthcare-associated Infections

A systematic review aimed to determine the effectiveness of different hand hygiene agents
for preventing neonatal infection in both community and health facilities (Kuti et al., 2023).
The authors insufficient data to allow them to reach meaningful conclusions about the
superiority of one form of antiseptic hand hygiene agent over another for the prevention of
neonatal infection, with the available data being of moderate-to very low-certainty. The
findings from this review, drawing primarily on trials conducted mostly in high-income
countries, highlight the need for further RCTs in different settings to assess the impact of
hand hygiene practices on neonatal infection. Long-term follow-up studies in European
inpatient nephrology departments showed hospital-acquired bloodstream infections
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decreased during electronic hand hygiene monitoring interventions (Rosenfeldt Knudsen et
al., 2023, Mareckova et al., 2023). Improving hand hygiene compliance remains a
recommended strategy to prevent healthcare-associated infections (Glowicz et al., 2023)
and has been successfully used in local Quality Improvement projects to decrease health-
care associated Carbapenen-resistant Enterobacteriaceae infections (Ragonese et al., 2023).

Other Impacts

A cross-sectional study in Uganda found infrequent handwashing before changing menstrual
materials was associated with self-reported urogenital symptoms indicative of infection
(Borg et al., 2023) and a cross-sectional study in Ethiopia found using only water for
handwashing was associated with scabies (Ararsa et al., 2023). A cross-sectional study in
China showed poor handwashing habits were associated with a higher risk of poor overall
health status in women of child bearing age (He et al., 2023a). Finally, a longitudinal study in
China found university students who reported complying with recommended handwashing
technique (WHO) during COVID-19 were less likely to report depression over time (Li et al.,
2023).

What does this mean? Overall, studies published in 2023 build on and reinforce existing
evidence demonstrating the positive impact of hand hygiene. Handwashing continues to
be an important preventative factor for diarrhoeal disease, respiratory infection,
malnutrition and a range of other diseases. The evidence for the impacts of hand hygiene
on mental health and non-physical health remains limited. While one study evaluated the
cost-effectiveness of individual protective measures (including hand hygiene), further
evidence is needed on relative costs and return on investment of hand hygiene
interventions.

Review authors note the high diversity in measures of hand hygiene, and we found a similar
variety in the ways in which researchers measure or estimate hand hygiene behaviour. For
example, some studies measured access to handwashing facilities while others asked
respondents to self-report handwashing behaviour. Few studies measured handwashing
using observations, the current “gold standard’ for measuring hand hygiene.

Handwashing Access & Supplies

Several studies the critical role of access and supplies as a key driver of handwashing
behaviour in different settings, including the availability, operation and design of
handwashing facilities (e.g., soap, sanitiser, water access). The efficacy of different
handwashing methods and resources was also explored, and novel handwashing
technologies were highlighted.

Community Settings
A systematic review identified several barriers to community handwashing with soap
globally, including: resource availability, cost and affordability, ineffective handwashing
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facility design, and inadequate water supply (Ezezika et al., 2023). A systematic review of
studies in African countries identified the main barrier to hand hygiene among low-income
urban and slum dwellers was the lack of safe and clean water (Kawuki et al., 2023). A
scoping review of strategies implemented by governments for the homeless population
during COVID-19 revealed implementation of mobile handwashing facilities was well-
received (Ahillan et al., 2023). However, a lack of public facilities due to public services
closing was a barrier to maintaining hand hygiene for people experiencing homelessness.

Several cross-sectional studies identified a lack of access to hand hygiene resources,
including handwashing facilities and water supply, as key barriers to self-reported
handwashing in community settings (Abebe et al., 2023, Birhanu et al., 2023, Tamene et al.,
2023, Aydamo et al., 2023, Gizaw et al., 2023). The availability of handwashing facilities with
water and soap also predicted other WASH behaviours in Ethiopia, including proper latrine
utilisation (Yirdaw et al., 2023). A cross-sectional study in a drought-prone region of
Southern Niger found as water depth increased at the nearest water point (more
groundwater nearby), households were more likely to have water and soap observed at the
handwashing station (OR 1.25, 95%Cl 1.12-1.49) (Pinchoff et al., 2023). However, a cross-
sectional study in vulnerable communities in the Mekong region found the increased need
for water to wash hands contributed to water insecure, which in turn made adoption of
good practices less likely (Lebel et al., 2023). Qualitative literature supported these
guantitative reslationships. In Ghana, participants reported that handwashing with soap
depended on water availability and the financial position of the household, including their
ability to buy soap and pay for water services (Kyei-Arthur et al., 2023, Fielmua et al., 2023).
Handwashing facility design was also important, with end-users preferring handwashing
facilities with a large water storage capacity (Brial et al., 2023).

Studies examining access to basic hygiene facilities in low- or middle-income settings found
access to handwashing facilities was poor (Salam et al., 2023). A cross-sectional study
conducted in Bishoftu Town, Ethiopia found only 19% of households used basic hygiene
services (handwashing facility with soap and water) and 40% of households lacked a
functional handwashing facility (Girmay et al., 2023). Other studies conducted in high-
income countries found access to handwashing facilities was poor in specific populations
such as mobile workers, unhoused communities, service industry workers and incarcerated
individuals (Rutter et al., 2023, Avelar Portillo et al., 2023, Cassarino et al., 2023, Rosemberg
et al., 2023).

Humanitarian Settings

An exploratory study conducted in Rohingya refugee camps in Bangladesh found more than
92% of respondents in each camp reported that the availability of soap and handwashing in
the latrine was low (Shapna et al., 2023). A study conducted in Goma city, Democratic
Republic of Congo (DRC), found the level of action by humanitarian organisations (HOs) to
distribute handwashing devices during the COVID-19 pandemic did not meet the
expectations of community members, with 32% of participants expecting to see HOs
distributing handwashing devices, yet only 13% of participants reported observing this
(Hamuli et al., 2023). A microbial assessment conducted two years after the Nepal 2015
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earthquake showed target genes of enteric pathogens were detected in significantly higher
proportions from hand rinse samples of households in temporary settlements (with limited
hand hygiene infrastructure) compared households in more permanent settlements (Uprety
et al., 2023). This highlighted the importance of WASH infrastructure to enable hand
hygiene and prevent diarrhoeal disease in humanitarian crises.

School Settings

Observational studies exploring access to handwashing facilities in schools in low- and
middle-income settings found access could be improved (Sahni et al., 2023, Mwapasa et al.,
2023, Melaku and Addis, 2023, Pieters et al., 2023, Dorkenoo et al., 2023). A cross-sectional
study in Ethiopia identified the provision of basic hygiene facilities at schools in Addis Ababa
was inadequate (36.7% of schools provided basic hygiene services) and that the regions was
not on track to meet the Sustainable Development Goal (SDG) targets (Melaku et al.,
2023b). Cross-sectional studies in Ethiopia and Indonesia specifically identified a lack of
water and soap available for safe menstrual hygiene management practices in schools
(Wihdaturrahmah and Chuemchit, 2023, Melaku et al., 2023a). Water supply interruption,
financial constraints and a lack of appropriate WASH infrastructure were identified as key
barriers to hand hygiene in school settings (Melaku and Addis, 2023, Kirira et al., 2023,
Pieters et al., 2023).

Healthcare Settings

A summary of recent hand hygiene literature found there is increased interest in hand
sanitiser dispenser function, location and design (Boyce, 2023). Observational studies
identified the layout of patient care areas was important for handwashing compliance in
healthcare settings, specifically the visibility and accessibility of handwashing facilities or
ABHR, with a recognised need to prioritise the accessibility of hand hygiene materials at the
point of care (Cai et al., 2023, Pratt et al., 2023). Several qualitative studies identified a lack
of hand hygiene resources as a barrier to practicing infection, prevention and control
measures, including hand hygiene, in healthcare settings in Malawi, Uganda and Nigeria
(Mangochi et al., 2023, Nassolo et al., 2023, Ataiyero et al., 2023). A quality improvement
project in long-term care homes in Canada found family members and residents considered
accessibility to hygiene infrastructure, including ABHR, important (Yip and Diamond, 2023).
To increase provider access to ABHR at smaller healthcare facilities in low- and middle-
income settings, a study from Uganda recommended establishing centralised local
production of ABHR using a district-wide approach (Tusabe et al., 2023). The importance of
product quality management was highlighted in a study in West Africa which identified hand
hygiene products, such as liquid soap, could act as reservoirs of Gram-negative bacteria if
managed poorly (Lompo et al., 2023).

Efficacy of Hand Hygiene Methods

A scoping review of international guidelines making recommendations for hand hygiene in
community settings found handwashing with soap was consistently recommended as the
preferred method for hand hygiene across all community settings, with most guidelines
specifically recommending handwashing with plain soap and running water for at least 20
seconds (Macleod et al., 2023). However, there were inconsistent recommendations for
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affordable and effective alternatives for soap or alcohol-based hand rub (ABHR) and
handwashing facility design. A laboratory-based study testing the efficacy of different
handwashing methods found that several alternative handwashing methods - such as
washing with water only or washing with soapy water - were as effective in a laboratory
setting for removal and inactivation of viral surrogates as washing with soap and water for
20 seconds (Anderson et al., 2023a). However, alcohol-based hand rub (ABHR) and washing
for a short duration (5 seconds) was only effective for enveloped viruses, whilst using a
Supertowel (microfiber towel with antimicrobial coating) was less effective for handwashing
than methods using soap and water.

Other studies examined the efficacy of different handwashing techniques in healthcare
settings including the 10-Stroke-Scrub (10SS), a 3-step hand hygiene technique and a novel
six moments of hand hygiene compliance among hospital cleaning staff (Valim et al., 2023,
Aslan et al., 2023, He et al., 2023b). Key handwashing steps for handwashing effectiveness
included rubbing the dorsum of fingers, rubbing wrists, rubbing hands during rinsing and
rinsing time, and frequently missed areas included wrists, webbing between fingers and skin
folds (Shi et al., 2023, Pluta et al., 2023). The impact of gloving practices on infection rates
were also explored. A prospective cohort study in Japan found double-gloving with hygienic
hand wash was associated with reduced odds of developing postoperative fever during
hospitalisation following urological robotic or laparoscopic surgeries compared with single
gloving with surgical hand wash (Nagai et al., 2023). Furthermore, a cross-sectional study
assessing the microbiological profile of gloves used by food handlers in Singapore
demonstrated damaged gloves exhibited higher mean Standard Plate Counts, suggesting
damaged gloves promote the transfer of bacteria (Selvaraj et al., 2023).

Efficacy of Hand Hygiene Supplies

Several studies examined the efficacy of alcohol-based hand rub (ABHR), particularly in
healthcare settings. A literature review provided an overview of classification, application
scenarios and challenges associated with hand sanitiser gels, highlighting the emergence of
novel products to advance hand hygiene practices (Ma et al., 2023). A study comparing
liquid and gel ABHR formulations in Hungary found the 1.5ml volume commonly applied in
healthcare settings provided insufficient hand coverage in both formulations (Voniatis et al.,
2023). Liquid ABHR spread better and gel ABHR was easier handled at a larger volume with
less spillage. In a US operating suite, waterless alcohol-based dry scrub yielded the lowest
amount of particulate formation (which can lead to surgical site infection) during surgical
hand preparation) whilst reusable surgical towels produced the highest number of particles
(Tholcke et al., 2023). ABHR had a higher antibacterial effect when used by skilled (nursing
students) versus unskilled users (other adults), highlighting the importance of education and
training on how to use ABHR correctly (Breidablik et al., 2023).

Comparisons of ABHR formulations in laboratory settings showed the addition of a
secondary ingredient sped up the antimicrobial mode of action and provided additional anti-
biofilm functionality to ABHRs (Lim et al., 2023). Benzalkonium chloride (BAK)-based
sanitisers were also shown to be as effective as ethanol-based hand sanitisers at inactivating
SARS-CoV-2 and HCoV-229E, supporting previously published data demonstrating the

10


https://www.sciencedirect.com/science/article/pii/S2590088921000809

GLOBAL
HANDWASHING
PARTNERSHIP

effectiveness of BAK-based hand sanitisers (Herdt and lkner, 2023). One study found that
far-UVC radiation in the spectral range of 200-230nm provided a reduction in micro-
organisms on the hands (Hessling et al., 2023) while another demonstrated it is possible to
formulate a natural, alcohol-free hand sanitiser from fruit peels that has antimicrobial
properties against certain pathogens (Verma et al., 2023). A study evaluating virus survival
on Supertowels (microfiber towels with antimicrobial coating) found viruses seeded into
Supertowels decayed at a similar rate to viruses seeded onto a regular towel indicating the
virucidal potential of the Supertowel is minimal (Anderson et al., 2023b).

Novel Hand Hygiene Technologies

Several studies explored novel hand hygiene technologies. For example, one study used
Behaviour Centred Design and Human-Centred Design approaches to guide the
development of a novel hand cleansing technology, tab soap (Brial et al., 2023). A small-
scale proof of concept field test found that all low-income households in rural and peri-
urban areas in Tanzania (N=12 households) reported that they would use the product
reliably over the medium term. A qualitative study in schools in Kenya assessed the
utilisation of water backpacks, a product designed to provide a safer alternative to often-
contaminated jerry cans used by children for water transport (Kirira et al., 2023). Feedback
from study participants found the backpack was useful and was often hung outside
classrooms and toilets at schools for handwashing purposes. These novel technologies offer
insights into possible products, services, and interventions that could be used in resource-
constrained settings. In the context of COVID-19, a study proposed deploying contactless
sanitizer dispensers with integrated temperature monitoring and alert systems as a COVID-
19 mitigation strategy (Ashok et al., 2023).

What does this mean? New studies in 2023 further showed how access to hand hygiene
services, supplies and facilities is a crucial determinant of hand hygiene behaviour.
Inadequate water supply and cost/affordability also play significant roles in determining
access and usage.

In healthcare settings, the visibility and placement of handwashing facilities at the point of
care is crucial for hand hygiene compliance. To inform future interventions, more research
is needed on the attributes of handwashing facilities end-users consider important, to
ensure handwashing facilities are accessible and usable for all.

Multiple studies assessed the efficacy of handwashing techniques and supplies. ABHR
remains a suitable alternative for handwashing with soap and is widely used in healthcare

settings. International hand hygiene guidelines should recommend suitable and affordable
options for handwashing when soap or ABHR is not available.

Determinants of Hand Hygiene Behaviour

The literature identified a range of behavioural determinants that influence handwashing
behaviour and explored how these differ in various settings.

11
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Community Settings

Knowledge, attitude and practices (KAP) and determinants of hand hygiene behaviours were
widely researched in community settings (n = 148 studies). Most of these studies described
practices and determinants of hand hygiene in the context of COVID-19 (n = 112 studies). A
systematic review found practices related to hand hygiene were frequently evaluated in
pandemic-related literature (Seng et al., 2023). Furthermore, a mapping review showed
there have been huge volumes of research looking at determinants of COVID-19 protective
behaviours, including hand hygiene (Hanratty et al., 2023). However, most studies focussed
on demographic determinants such as gender and age, which are difficult to target in
interventions. A systematic review and meta-analysis showed there were high levels of
handwashing uptake to prevent COVID-19 in East African countries, with pooled
handwashing levels of 88% (95%Cl 73-97%) in Kenya, Uganda and Tanzania (Muchangi et al.,
2023).

Observational literature found hand hygiene was associated with a range of
sociodemographic factors and behavioural determinants including knowledge, educational
status, occupation, cultural beliefs and wealth (Gizaw et al., 2023, Tamene et al., 2023,
Leung et al., 2023, Mihalache et al., 2023, Wana and Mengesha, 2023, Ango et al., 2023b,
Lee et al., 2023, Yamakawa et al., 2023). One cross-sectional study in Bangladesh observed a
pro-rich socio-economic inequality of handwashing with antimicrobial agents, with a
household’s wealth index explaining almost half (46%) of the overall inequality of
handwashing with antimicrobial agents (Sarker et al., 2023). Further studies identified
motivational factors such as perceived susceptibility of iliness, self-efficacy, collective
responsibility and social norms as predictors of hand hygiene behaviours (Hinssen and
Dohle, 2023, Jo et al., 2023).

Key determinants of handwashing during COVID-19 included trust in the government,
anxiety, practice of other protective measures and perceived threat of COVID (Obach et al.,
2023, Szczuka et al., 2023, Looi, 2023). A cross-sectional study in Nigeria found handwashing
with soap as a COVID-19 coping strategy was an important driver of the work performance
of nonfarm household enterprises (Obiefuna et al., 2023). A qualitative study exploring
perceptions about COVID-19 preventative measures among Ghanaian women found
community members did not adhere to handwashing with soap due to perceptions that
COVID-19 no longer exists, forgetfulness and difficulty understanding why people must
regularly wash hands (Kyei-Arthur et al., 2023).

School Settings

Multiple studies in 2023 explored knowledge and practices of hand hygiene in educational
settings, including schools and universities (n=28), with most of these studies exploring hand
hygiene in the context of COVID-19 (n=21). Observational studies found hand hygiene in
schools was associated with several factors including school ownership (public vs private),
having a trained coordinator on hygiene, having a health education programmes at school,
and having training on handwashing at school (Melaku and Addis, 2023, Melaku et al.,
2023b). Knowledge, attitude towards handwashing with soap, and perception of the

12



GLOBAL
HANDWASHING
PARTNERSHIP

severity of diarrhoea were determinants of primary schoolteachers’ reported handwashing
with soap behaviours in Ghana (Gbolu et al., 2023).

Humanitarian Settings

Several studies investigated how handwashing behaviour is impacted in protracted conflicts
and complex refugee contexts. A scoping review mapped the association between mental
health and people’s ability to practice hand hygiene behaviours in humanitarian and
pandemic crises (Ghassemi et al., 2023). The review found contradictory results, with
studies finding both positive and negative correlations between anxiety, depression and
post-traumatic stress disorder (PTSD) and handwashing with soap. The authors conclude
that the association between mental health and handwashing should be explored further in
a wider range of crises. A cross-sectional study on the Thai-Myanmar border reported that
fewer than half of the caregivers interviewed reported routinely washing their hands before
preparing meals of after using the latrine (Pooseesod et al., 2023). Furthermore, conflict-
affected populations in eastern Ukraine reported difficulty in complying with COVID-19
preventative measures, including handwashing, due to losses of housing, partners, and
access to food resources (Cha et al., 2023).

Healthcare Facilities

Hand hygiene compliance among healthcare workers is critical for preventing healthcare-
associated infections and limiting the spread of disease and several studies published in
2023 explored determinants of hand hygiene compliance in healthcare settings (n=53). A
systematic review identified overcrowding and high patient complexity as barriers to hand
hygiene compliance in emergency departments (Issa et al., 2023). Evidence-based strategies
are crucial to help healthcare professionals integrate hand hygiene practices into their
workflow. A cluster randomised clinical trial showed a policy endorsing a direct-gloving
strategy (compared with the current strategy requiring hand hygiene before global use) led
to improved hand hygiene adherence in US hospital units, with no increase in bacterial
contamination in most clinical areas (Thom et al., 2023). The authors argue that strategies
to improve the efficiency of hand hygiene will likely improve adherence.

Another randomised controlled trial showed that activating an empathic focus during
COVID-19 promoted perceived importance and motivation of healthcare workers of a
German hospital to comply with hand hygiene to protect vulnerable individuals from
contamination and infection (Sassenrath et al., 2023). The wider literature found
motivational factors such as fear or professional identity associated with the adoption of
good hand hygiene practices among healthcare workers (Douno et al., 2023, Sands and
Aunger, 2023, van Dijk et al., 2023). Cross-sectional literature also identified
sociodemographic factors, work experience, hand hygiene resource availability, occupation
and workload as determinants of hand hygiene compliance in healthcare settings (Harun et
al., 2023, Liu et al., 2023).

A systematic literature search identified mobile phones are often contaminated with SARS-

CoV-2 virus and are an important fomite vector of viral transmission (Olsen et al., 2023).
Observations in healthcare settings identified “touching phones” as common institution-
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wide reasons for hand hygiene misses (Wilson et al., 2023). Furthermore, cross-sectional
research highlighted the importance of hand hygiene to prevent hand contamination from
phones (Correa et al., 2023, Albastaki et al., 2023). Whilst handheld electronic devices are
valued for improving work efficiency, they can reduce hand hygiene compliance in
healthcare settings (Suliman et al., 2023).

What does this mean? Hand hygiene behaviour is predicted by a range of sociodemographic
and behavioural determinants which vary in different settings. Factors such as knowledge,
educational status, occupation, and wealth determined hand hygiene behaviour in most
settings. Motivational factors such as perceived susceptibility of illness, collective
responsibility and social norms were also determinants of hand hygiene. In healthcare
facilities, overcrowding and patient complexity were key determinants of hand hygiene
behaviours.

Interventions for Hand Hygiene Behaviour Change

Behaviour change interventions must address the range of behavioural determinants,
individual motives and barriers to practicing hand hygiene. As determinants vary by setting,
interventions should be designed and adapted to suit different contexts.

Community Settings

A systematic review assessing the global application of behavioural change theory and
models on COVID-19 preventative behaviours, such as handwashing, found the health belief
model (HBM) and theory of planned behaviour (TPB) were most used (Anagaw et al., 2023).
A review found that nudging interventions (messages, images, posters, visual cues, olfactory
cues, directional arrows, footprints, handprints) had a positive effect on hand hygiene as a
COVID-19 preventative measure (Tzikas and Koulierakis, 2023). However, a scoping review
of international guidelines for hand hygiene in community settings found there were gaps in
recommendations on behaviour change approaches (Macleod et al., 2023).

The community-based literature mainly focussed on educational interventions. To develop
and test a smartphone-based hand hygiene intervention (Soapp) during the COVID-19
pandemic in Switzerland, an intervention optimisation randomised trial was conducted to
identify the most effective combination and sequence of three theory- and evidence-based
intervention modules (habit, motivation and social norms), to be included in a subsequent
evaluation phase (Baretta et al., 2023). Results showed significant increases in hand hygiene
over time across all conditions, with no interaction effect between time and intervention
condition. Further intervention and observational studies showed educational interventions
improved knowledge and self-reported hand hygiene practices (Vagha et al., 2023, Dearden
et al., 2023, Matsungo et al., 2023, Negussie et al., 2023, Blanco et al., 2023). For example, a
process evaluation of the ‘Safe Start’ trial in Kenya found caregivers in the intervention arm
demonstrated a good understanding of intervention messages and were more likely to
practice handwashing before food preparation than caregivers in the control arm (OR 1.39,
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95%Cl 1.02-1.87) (Simiyu et al., 2023). A cross-sectional study in rural Ethiopia showed being
exposed to WASH health education by health extension workers was associated with
improved household access to handwashing facilities (AOR 5.14, 95%Cl 4.11-6.42) (Alemu et
al., 2023). Qualitative assessments showed educational interventions were well-received
and demonstrated improvements to knowledge and practices of hand hygiene behaviours
following educational interventions (Yan et al., 2023, Calderon-Villarreal et al., 2023).

An evaluation of meal-kit recipes in the UK found handwashing during food preparation was
featured in 52% of relevant recipe cards (Melville et al., 2023). Furthermore, a
methodological study described the development and validation of a telephone messaging
intervention targeting hand hygiene behaviour in Brazil (Souza Neto et al., 2023). A study in
Sierra Leone highlighted the importance of considering power dynamics affecting
handwashing interventions, and found the strategic inclusion of community leaders in local
participatory community projects is essential to enhance the value of projects, mobilise
creative action, and empower lower-ranking individuals to practice handwashing (Luetke
Lanfer et al., 2023).

School Settings

Intervention studies in educational settings primarily focussed on increasing children’s
knowledge and practice of hand hygiene through educational approaches such as games or
playful activities (Costa et al., 2023, Caplan et al., 2023, Bricchi et al., 2023). For example, a
qguasi-experimental study evaluated a hand hygiene intervention delivered at a kindergarten
school in Malawi with the following components: (1) hand hygiene protocol integrated into
school health curriculum; (2) health talks; (3) construction of handwashing facilities; (4)
training of schoolteachers and (5) development of reminders and posters of simplified 5-
step handwashing technique (Mbakaya et al., 2023). The intervention was effective at
increasing hand hygiene knowledge and technique among kindergarten children, with
knowledge being retained three months after the programme stopped. A mixed-methods
study in India described an innovative approach to handwashing behaviour change using a
minimalistic social robot which was co-designed with children (Pasupuleti et al., 2023).
Findings showed that children liked and trusted anthropomorphised caricatured designs of
everyday objects for the robot’s morphology, and most children wanted to robot to be
highly interactive and response.

Infrastructural interventions improved hand hygiene accessibility. For example, an impact
assessment of a soil-transmitted helminth prevention programme in Angola found schools
that received support from the provincial or municipality health department and
operational partners to implement WASH interventions were more likely to have improved
handwashing facilities and a hygiene club than schools that did not receive any support
(Bartlett et al., 2023). Other interventions targeted school employees’ behaviour. For
example, an intervention study showed improvements to US school nutrition employee’s
handwashing behaviours did not differ between groups receiving food safety training
interventions with a realistic-event video and groups receiving training interventions
without a video (Roberts et al., 2023).
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Humanitarian Settings

Surprise soaps are a novel soap product with an embedded toy designed for humanitarian
settings. Two cluster-randomised controlled equivalence trials evaluated the “Surprise
Soap” intervention, where surprise soap was delivered to children in humanitarian settings
in a short, participatory household session that included a glitter game and handwashing
with soap (HWWS) practice. Results from the first study conducted with children aged 5-12
in Somalia showed that HWWS increased in both the intervention and active comparator
group (plain soap delivered in a short household session with standard health-based
messaging). However, there was no evidence of a difference in HWWS between
intervention and control groups (Watson et al., 2023a). These findings were replicated in
the second study conducted with older children living in a refugee settlement in Sudan
(Watson et al., 2023c). These findings indicate the Surprise Soap intervention offers no
marginal benefit over a standard intervention that would justify the additional costs.

A mixed-methods study evaluated a Case-Area Targeted Intervention (CATI) approach
during a cholera outbreak in DRC (Endres et al., 2023). The study showed a higher
percentage of CATI area households had handwashing stations present compared to control
households. However, handwashing with soap was very low among both groups, and few
CATI recipients reported receiving soap in their hygiene kit. As CATIs are part of cholera
control plans in many endemic countries, it is important to develop evidence-based delivery
approaches to improve hand hygiene behaviours.

A qualitative study explored NGO practitioners’ perspective on the challenges and solutions
to handwashing with soap interventions targeting older children in development and
humanitarian settings (Watson et al., 2023b). The study found that funding for interventions
targeting older children is insufficient and inconsistent, with a lack of coordination within
and between sectors creating major challenges for implementation. The study recommends
NGOs should foster better intra- and intersectional coordination to overcome challenges
related to the integration of interventions within education institutions, the standardisation
of implementation tools and sustainability of interventions.

Healthcare Settings

A systematic review and meta-analysis found that intelligent technology interventions to
monitor hand hygiene in healthcare settings were associated with improvements in
healthcare workers’ hand hygiene compliance (RR 1.56, 95%Cl 1.47-1.66) and reduced
healthcare associated infection rates (RR 0.25, 95%Cl 0.19-0.33)(Zhang et al., 2023). A
stepped-wedge cluster-randomised controlled trial in the Netherlands found a multimodal
improvement strategy consisting of education, training reminders, observation sessions
(including feedback) and team meetings (including feedback) was successful at improving
hand hygiene compliance (Haenen et al., 2023). An interventional study evaluating the
provision of ABHR with visual cues (using yellow curing tape or signage) in Japanese day care
centres found elderly users did not react to these nudges, with no differences in hand
sanitiser use observed between intervention and control groups (Takebayashi et al., 2023).
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A scoping review of interventions to improve hand hygiene compliance in nursing students
showed education and training were core elements of these interventions (Meza Sierra et
al., 2023). The literature widely evaluated interventions with hand hygiene training (Mlouki
et al., 2023, Farizon et al., 2023, Kouhi et al., 2023, Dhamdhere et al., 2023, Garnier et al.,
2023, Chitamanni et al., 2023). Interventions using automated reminders, data-driven
feedback and compliance monitoring to boost hand hygiene compliance were also widely
evaluated (Rosenfeldt Knudsen et al., 2023, Arbogast et al., 2023, Bolcato et al., 2023,
Zwicker et al., 2023, Iversen et al., 2023a, Seferi et al., 2023, Kathirvel et al., 2023). A quasi-
experimental study found a multi-modal intervention (SafeHANDS) involving staff training,
provision of ABHR bottles, educational leaflets, performance feedback and setting of
compliance performance targets, had no impact on hand hygiene compliance rates in a
resource-limited neonatal unit in South Africa (Dramowski et al., 2023). The authors
suggested this could have been due to the lack of daily reminders and designated hand
hygiene champions for each shift. Another quasi-experimental study found hand hygiene
compliance improved among nurses with an infection control link nurse nominated, as they
acted as role models and influenced hand hygiene practices of other nurses in their wards
(Ghorbanmovahhed et al., 2023).

A design-research project in The Netherlands developed the “Island-based nursing” concept
based on nudge theory, where a patient room is divided into geographical areas (island and
general zone) and the primary hand hygiene indication is upon entering and exiting the
island zone (Jansen et al., 2023). The study found the demarcation facilitated and
economised hand hygiene in an innovative and user-friendly manner. Furthermore, several
studies highlighted the importance of conducting operational research and delivering
interventions that are underpinned by theories from organisational learning and culture
(Kamara et al., 2023, Moiwo et al., 2023, Frodin et al., 2023). Strategies to improve hand
hygiene compliance in healthcare settings need to acknowledge and cater for the
unpredictable and busy environment. Local capacity building through training, and
availability of hand hygiene materials is crucial to enhance hand hygiene culture in
healthcare settings.

What does this mean? Many studies published in 2023 focused on educational interventions.
Behaviour change theory was also applied to intervention design. Nudging interventions
(such as messages, images, posters, visual cues, olfactory cues, directional arrows, footprints,
handprints) were shown to be effective in some settings.

Interventions targeting hand hygiene behaviour change must be designed and adapted to
suit the contexts they will be delivered in. For example, strategies to improve hand hygiene
compliance in healthcare settings must acknowledge the unpredictable and busy
environment.
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Monitoring Hand Hygiene Behaviour

A systematic review of WASH assessment tools in healthcare facilities found a lack of
uniformity in definitions and methodology adopted for assessments (Trivedi et al., 2023).
Furthermore, a summary of recent hand hygiene literature highlighted an increased interest
in alternative hand hygiene monitoring options (Boyce, 2023). A randomised feasibility
study of eye-tracking glasses showed they provided helpful insights during the recording of
hand hygiene compliance in an intensive care unit in Switzerland (Valek et al., 2023). The
accuracy, cost-effectiveness, and user-satisfaction of other electronic/automated hand
hygiene monitoring systems (such as automated count dispensers to measure ABHR
consumption) were widely explored in the literature, particularly in healthcare settings
(Ilversen et al., 2023b, Salinas-Escudero et al., 2023, Figueroa et al., 2023, Lintz, 2023,
Haghpanah et al., 2023a, Haghpanah et al., 2023b). Patient and healthcare worker feedback
of video-based monitoring raised concerns over confidentiality and feedback delays (McKay
and Shaban, 2023, McKay et al., 2023). Other monitoring technology explored in the
literature included Bluetooth low energy-based beacons for in-room positioning and
thermal imaging to measure hand hygiene quality (Hadian et al., 2023, Wang et al., 2023a).

Direct observations are the ‘gold standard’ of monitoring handwashing compliance. A study
testing the validity of self-reported compliance tools in Dutch hospitals showed no
association between self-reported and observed hand hygiene compliance, indicating it is
not a valid substitute for direct hand hygiene observations in healthcare settings (van Dijk et
al., 2023). This builds on existing literature highlighting that self-report surveys commonly
used to assess behavioural changes can substantially overestimate levels of adherence.
However, direct observations are labour intensive and can be subject to biases. Whilst tools
to reduce the time burden of observations such as smartphone applications have been
tested (Libero et al., 2023), the use of electronic monitoring tools is being more widely
explored. One study in France explored the use of patients as observers of healthcare
workers’ hand hygiene compliance in clinical settings, and proposed new indicators
considering patients’ observations could provide interesting insights (Velardo et al., 2023).

The literature also explored the use of hand swabs to monitor hand contamination as a
proxy for hand hygiene. Two studies measured hand hygiene status of housemaids in Jimmy
City, Ethiopia, using hand swab samples to test for bacterial contaminants (Ango et al.,
2023b, Ango et al., 2023a). Furthermore, a comparative pilot study on Gram-negative
bacterial contamination of the hands of children revealed faecal contaminants were more
common on the hands of children who live in rural areas with low hygiene conditions
(Sibertu, Indonesia) than in urban areas with better hygiene conditions (Gottingen,
Germany) (Simanjuntak et al., 2023). Therefore, investigating the hands of children for the
prevalence of Gram-negative bacteria are helpful to monitor hygienic conditions.

What does this mean? Direct observations are the gold standard of monitoring hand
hygiene compliance. However, they can be labour intensive and subject to bias. Therefore,
the accuracy of alternative monitoring methods is being more widely explored.
Electronic/automated hand hygiene monitoring systems have been implemented widely
in healthcare settings. However, considerations for patient confidentiality must be
considered with video-based technologies.
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ANNEX 1. Methodology

Searches for handwashing studies published in 2023 were completed on two databases:
PubMed and Embase (see search criteria below).

Heading n° Keyword
1 (handwash* or hand wash* or hand-wash* or hand
hygien*).ti,ab
((Hand or hands) adj3 (wash* or clean* or disinfect* or
2 sterili* or saniti* or decontaminat® or rub* or scrub* or
Hand Hygiene soap or hygien*)).ti,ab

(surgical or surger*) adj2 (scrub*).ti,ab

3
4 hand washing/
5 10R20R30R4

Year 6 Limit 5 to yr="2023"
ti,ab — title & abstract
* —truncation
adj — adjacent to

Below is a visual representation of the literature review process that was conducted to
identify and assess the publications included in this research summary.

PubMed = 1571 publications Embase = 1836 publications
Total = 3407 search results from literature search Excluded duplicates, preprints,
> conference abstracts = 928
publications

l

Total = 2479 peer-reviewed publications from 2023 identified in Excluded papers due to not meeting
literature search search criteria = 1682 publications

l

Total = 797 peer-reviewed publications identified after primary Excluded during more in-depth
screening of eligibility criteria evaluation = 341 publications

l

Total = 456 peer-reviewed publications included in the analysis
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From the initial search 3407 publications were identified. After deleting duplicates, preprints
and conferences and confirming articles were published in 2023, a total of 2479 studies were
identified for primary analysis against eligibility criteria. Initial eligibility criteria included:

1) Article is published between January 1, 2023, through December 31, 2023

2) Article includes relevant hand hygiene terms in its title and/or abstract and is relevant
to the hand hygiene literature

3) Article is free to access

4) Article is written in the English language

After excluding papers that did not meet the eligibility criteria a total of 797 studies were
identified for a more in-depth assessment and evaluation of the publication. Papers not
specifically focussing on hand hygiene (for example focussing on more general infection
prevention) were excluded, leaving a total of 456 peer-reviewed publications included in the
analysis.
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