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Abstract

Background: Limited data have been available on the global practice of handwashing
with soap (HWWS). To better appreciate global HWWS frequency, which plays a role in
disease transmission, our objectives were to: (i) quantify the presence of designated
handwashing facilities; (ii) assess the association between handwashing facility presence
and observed HWWS; and (iii) derive country, regional and global HWWS estimates after
potential faecal contact.

Methods: First, using data from national surveys, we applied multilevel linear modelling
to estimate national handwashing facility presence. Second, using multilevel Poisson
modelling on datasets including both handwashing facility presence and observed
HWWS after potential faecal contact, we estimated HWWS prevalence conditional on
handwashing facility presence by region. For high-income countries, we used meta-
analysis to pool handwashing prevalence of studies identified through a systematic re-
view. Third, from the modelled handwashing facility presence and estimated HWWS
prevalence conditional on the presence of a handwashing facility, we estimated hand-
washing practice at country, regional and global levels.

Results: First, approximately one in four persons did not have a designated handwashing
facility in 2015, based on 115 data points for 77 countries. Second the prevalence ratio
between HWWS when a designated facility was present compared with when it was ab-
sent was 1.99 (1.66, 2.39) P<0.001 for low- and middle-income countries, based on nine
datasets. Third, we estimate that in 2015, 26.2% (23.1%, 29.6%) of potential faecal con-
tacts were followed by HWWS.

Conclusions: Many people lack a designated handwashing facility, but even among
those with access, HWWS is poorly practised. People with access to designated
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handwashing facilities are about twice as likely to wash their hands with soap after po-
tential faecal contact as people who lack a facility. Estimates are based on limited data.

Key words: Diarrhoea, hygiene, hand disinfection, handwashing facility, global estimates

Key Messages

2015.

* One in four persons worldwide did not have access to a handwashing facility with soap and water on premises in

* In 2015, handwashing with soap occurred in about 26% after events of potential faecal contact, globally. In regions
with high access to handwashing facilities, handwashing with soap was performed by about 51%, and in regions
with more limited access, by about 22% after events of potential faecal contact.

* Though additional data and analyses are needed, quantifying the presence of handwashing facilities with soap and
water on premises may be used to estimate actual handwashing behaviour.

* Important gaps exist for country-representative data on presence of designated handwashing facilities and on hand-
washing behaviour at household level, for all regions of the world and particularly for high-income countries.

Introduction

Handwashing with soap (HWWS) is an important public
health behaviour as it reduces exposure to faecal pathogens
and other infectious agents, thereby reducing gastrointesti-
nal™® and respiratory infections.® Interventions that suc-
cessfully promote HWWS are considered very cost-
effective.* However, HWWS was estimated to be practised
in only 19% of cases after potential faecal contact,
globally.’

The proportion of people using a handwashing facility
with soap and water on premises is a global indicator of
(SDG
6.2.1b).°> Country-representative data on this indicator are

the Sustainable Development Goals indicator
collected in household surveys such as demographic and
health surveys (DHS) and multiple indicator cluster sur-
veys (MICS) and assessed through observation by enumer-
ators.®” The presence of handwashing materials at
household level was associated with observed HWWS,
hand cleanliness and child health.®™'° However, recent ran-
domized controlled trials of interventions which provided
handwashing materials and promoted handwashing with
soap, combined with improvements in drinking water and
sanitation, resulted in ambiguous health impacts.'™® The
absence of a handwashing facility with soap and water on
premises does not preclude that hands are washed, but in
situations where the handwashing facility is located off-site
or water and soap need to be fetched, routine handwashing
after potential faecal contact, or other key times such as
before preparing food or eating, is less likely to occur.®

Handwashing practice recorded during structured
observations is considered the most reliable way to mea-

1415 though some

sure actual handwashing behaviours,
limitations exist with regard to bias.'® Structured observa-
tions are considered impractical to conduct routinely in na-
tional household surveys, given cost and logistical
constraints.””'® This study quantifies the link between ob-
served HWWS and the presence of a designated handwash-
ing facility, defined as a specific place within the premises
of a household which has both soap and water. Previous
estimates of HWWS practice were based on research stud-
ies reporting observed handwashing prevalence after po-
tential faecal contact." These studies were usually not
nationally representative, were conducted in various set-
tings and were therefore not comparable between coun-
tries. The updatepresented here is based on nationally
representative household survey data that are harmonized
across countries and that cover an increasingly large num-
ber of countries around the world.

The purpose of this analysis was to quantify the current
state of global handwashing practice. To that end, we had
the following three objectives: (i) to quantify presence of
designated handwashing facilities at national, regional and
global levels; (ii) to assess the association between presence
of a designated handwashing facility and observed HWWS
at crucial time points; and (iii) to derive country, regional
and global estimates of HWWS practice after potential fae-
cal contact.
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Objective 1: Quantifying the presence of a designated
handwashing facility (pgw place]

Objective 2: Assessing the association
between presence of a designated
handwashing facility and observed

Method: Multi-level modelling of household survey data in low- and
middle-income countries (LMIC) on presence of a handwashing facility
with soap and water on premises

Result: Percentage of population by country in LMIC (pyy place)
having a designated handwashing facility

HWWS (pgwws, HW place)

Method: Multi-level modelling of study datasets from LMIC identified
from systematic review reporting household-level data on both
HWWS practices and presence of a designated handwashing facility

Result: Probability of HWWS given the presence of a designated
handwashing facility in LMIC (pgywhys, I-{Wplaca]

Separate analysis for high-income countries (HIC): meta-analysis of 15
studies in HIC on HWWS prevalence identified from systematic review

Objective 3: Deriving country, regional and global estimates of
HWWS prevalence after potential faecal contact (pgyws)

PHWWS = PHWWS, HW place ' PHW place T PHWWS, no HW place " 1 — PHW place

Separate analysis for high-income countries (HIC): pyyws = pooled result from meta-analysis

of all 15 studies in HIC

Figure 1. Overview of objectives, methods and results; HIC: high-income countrie; LMIC: low- and middle-income countries. Icons made by pongsa-

kornred, Freepik, and turkkub from www.flaticon.com.

Methods

We have summarized the key methodological approaches
below; but as this work uses various methods and analysis
steps, we have included a figure explaining the relationship
between the three objectives (Figure 1). An additional table
listing the methods used for each objective in detail is pro-
vided in the Supplementary Appendix A.0.1 (available as
Supplementary data at IJE online). We are following
guidelines for accurate and transparent health estimates
reporting (GATHER)'”>'® and have included a GATHER
checklist in Supplementary Appendix A.0.2. Data analysis
code can be obtained from the corresponding author.

Objective 1: quantifying the presence of a
designated handwashing facility

We extracted country data on household presence of a des-
ignated handwashing facility from the WHO/UNICEF
Joint Monitoring Programme for Water Supply, Sanitation
and Hygiene (JMP) global database. This compiles data
collected through nationally representative household sur-
veys and censuses, and represents proportions of house-
holds that have a handwashing facility with soap and
water available on premises, i.e. within the dwelling, yard

or plot (defined above as and named within this manu-
script as a ‘designated handwashing facility’)."”

We modelled a continuous time series of estimates for 194
countries using a two-level (data points clustered within coun-
tries) linear multilevel model (MLM) with a random intercept
by country. This approach allowed us to estimate values for
countries with and without data points. The dependent vari-
able (survey estimate of presence of a designated handwash-
ing facility) was logit-transformed to restrict estimates
between 0 and 1 (or between 0 and 100%). Covariates (fixed
effects) included in the model were a continuous time variable
(year, centred by its median), a factor variable indicating re-
gional grouping (the six WHO regions: AFR, AMR, EMR,
EUR, SEAR and WPR?’) and a factor variable indicating the
country’s income level. Countries’ income levels were
grouped as low-, lower-middle-, upper-middle- and high-
income economies for the year 2015,%! as the main outcome
of the analysis was modelled country estimates for 20135.
Urban and rural areas were modelled separately. Estimates
for countries with no data point (7= 118, Table 1) were ex-
trapolated from the mean urban and rural values for the re-
spective year, region and income level (i.e. the model
prediction for the fixed part). Further model details are in-
cluded in Supplementary Appendix A.1.2 (available as
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Supplementary data at IJE online). Supplementary Appendix
A.3.4 (available as Supplementary data at IJE online) lists in
column H whether the modelled estimate is based on own
country values or whether it was extrapolated from the mean
value.

Confidence intervals (Cls) of the presence of a desig-
nated handwashing facility by urban and rural areas and
for countries with data points were derived using the
Monte Carlo method with random draws (z = 10 000) of
the fixed and random effects coefficient sets and the 2.5
and 97.5 percentiles of the hereby created model predic-
tions. For countries without data points (thus without ran-
dom effect coefficients to be varied), confidence intervals
were approximated as 95% prediction intervals of a stan-
dard fixed effects linear model for the respective region.
The prediction interval PI was applied to the model output
(main estimate y) of the MLM to yield approximate lower
and upper confidence limits CL (= y=PI/2). The MLM
was implemented in Stata 14.>> Confidence intervals for
urban and rural areas at country level were derived in R*3
using the ‘arm’-package.**

Country estimates and their 95% Cls were derived us-
ing country population figures for urban and rural areas
from the United Nations Population Division (2017 revi-
sion).?* Country estimates were calculated as population-
weighted means of the urban and rural modelled values;
95% ClIs were derived with standard formulae. The stan-
dard error (SE) at country level was estimated with an ap-
proach using the delta method which is described in detail
here?® for a similar context and in the Supplementary
Appendix (Equation A3), available as Supplementary data
at IJE online. The same approach was used to calculate re-
gional and global estimates and their 95% Cls.

As a sensitivity analysis, we modelled presence of a des-
ignated handwashing facility using only the more recent
survey data since 2009, as before 2009 handwashing meas-
urements in DHS and MICS had not yet been harmonized
across countries.”

The predictive performance of the model was
assessed using cross-validation.”” As modelled results
are presented for the year 2015, and as it was neces-
sary to extrapolate to many countries with no survey
point at all, leave-one-out cross validation was used for
the number 7 of countries with a survey point for the
year 2015 (country,..., country,). The model was fit-
ted n times, each time setting all survey points for
country; as missing (country; formed the ‘test set’ in
round 7). Subsequently, country; model prediction was
compared with country; actual survey value for the
year 2015 and the root mean squared error across 7
rounds was calculated.

Table 1. Number of survey data points available by country
on proportions of households with an observed designated
handwashing facility

Number of countries Number of data points®

117 0
48 1
23 2
4 3
1 4
1 S
Total = 194 Total =115

?A data point comprises one estimate for urban and rural areas separately.

Objective 2: assessing the association between
presence of a designated handwashing facility
and observed HWWS

Systematic review of observed HWWS prevalence after
potential faecal contact

We updated the results of our previous systematic review'
to identify any study that reported proportion of observed
HWWS after potential faecal contact, published from
August 2013 to February 2016, using PubMed, Embase
and ISI Web of Knowledge. No restrictions were placed on
language or study type. The search strategy was identical
to that in the previous review and used the following key-
[observ*] AND [hand wash*], [handwash*],
[soap]. The database search was supplemented with data

words:

identified in a previous review?® and with additional
Google Scholar searches of author names identified during
the systematic database search. In addition, subject matter
experts were contacted for unpublished handwashing
observations.

We included any study that reported HWWS practice
assessed with structured observations in adults and chil-
dren. Though direct observation has shown to change par-
ticipant behaviours,'® this bias is lower than what has been
found with self-report.”” Therefore, studies were sought
that reported the observed prevalence of HWWS after us-
ing a toilet or after potential contact with human excreta
(including children’s excreta). There are several key events
for HWWS, including food preparation, eating or feeding
a child, but we focused on HWWS after potential contact
with faecal pathogens such as after defecation, after using
the toilet and after potential contact with child faeces.
Contrary to our previous systematic review, we excluded
handwashing observation studies in day care centres and
schools (pre-, primary, middle and high school) and refu-
gee camps, as such settings might not be representative for
handwashing at household level.


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
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https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
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Studies were selected for inclusion using a two-step re-
view process. Titles and abstracts of all studies identified in
the search were screened for relevance. The full text of
each of the relevant articles was then reviewed, and studies
were excluded if they did not provide observational data
on the prevalence of observed HWWS. Data were
extracted from each study using a standard protocol and
included information on study setting (country), observa-
tion location (home or public setting), time frame of sur-
vey, population subgroup, sample size, a description of
how handwashing prevalence was measured and specific
prevalence estimates for any of the handwashing occa-
sions, such as after toilet use or after cleaning up after a
child. Characteristic of included studies and their referen-
ces are listed in Supplementary Appendix A.2.1 (available
as Supplementary data at IJE online).

Multilevel analysis of the association between presence of
a designated handwashing facility and observed HWWS
Inclusion criteria and study selection. For analysing the as-
sociation between presence of a designated handwashing
facility and HWWS, studies were assembled from the sys-
tematic review that reported both observed presence of a
designated place for handwashing and HWWS at critical
times (i.e. after faecal exposure and before food contact),
assessed through structured observations. Additional study
datasets were provided from subject matter experts.
Studies needed to fulfil the following further criteria to be
included in the analysis: (i) the study needed to be con-
ducted at household-level; (ii) in case of post-intervention
data, the control group needed to be identifiable; and (iii)
the study needed to have been conducted within the past
20 years (1998-2017).

In case of intervention data, we included data from
both intervention and control groups at study baseline if

3031y However, in most

available (e.g. Nepal, Zimbabwe
studies data on the observed designated handwashing facil-
ity and structured observations of HWWS were available
post-intervention only. From these studies, we used post-
intervention data and we used data from control house-
holds only. For the Zimbabwe study,®! data on observed
designated handwashing facilities and HWWS were avail-
able at study baseline and post-intervention. Here we
added post-intervention data from the control group in

case these households had not been included at baseline.

Exposure definition. The exposure of interest was defined
as an observed designated handwashing facility (defined
above as a designated place within the premises of a house-
hold which has both soap and water) that could include a
specific handwashing hardware, such as a tippy tap or
washbasin, or be any set place that householders consider

their designated handwashing place. Soap in this context
includes any kind of soap or detergent but excludes mud,
sand or ash. In most studies, householders were asked to
show the place where household members usually washed
hands and the presence of soap and water was observed. In
two datasets, information on the designated handwashing
facility was given for the primary and secondary (or ter-
tiary) handwashing facility (Nepal, Tanzania). In these
datasets, the main exposure was present (coded 1) when
soap and water were present at any of the observed hand-
washing facilities.

OQutcome definition. The primary outcome was observed
HWWS after potential faecal contact. Both hands needed
to be washed with soap. Potential faecal contact in this
analysis includes visiting the toilet, defaecation and clean-
ing a child’s bottom or changing its nappies, but does not
include potential contact with animal faeces. Any hand-
washing occasion by any household member reported in
the primary studies and related to the respective exposure
was included in the analysis. Though the literature search
had focused on observed HWWS after potential faecal con-
tact, we also analysed the available data to investigate the
association between presence of a designated handwashing
facility and observed HWWS before food contact. Food
contact in this analysis includes preparing, cooking or serv-
ing food, eating, and feeding or breastfeeding a child. We
excluded handwashing observations when either the desig-
nated handwashing facility or HWWS could not be
observed.

Statistical analysis. To estimate adjusted prevalences and
prevalence ratios from binary outcome data, we used
Poisson regression with robust standard errors.*** We
used a three-level model (handwashing observations clus-
tered within households, households clustered within
countries (or studies) to estimate HWWS prevalence after
potential faecal contact, and to account for the clustering
of observations within households and countries (or stud-
ies). HWWS was included as a binary variable and coded
‘1’ if HWWS occurred after potential faecal contact and
coded ‘0’ if the respective contact occurred but hands were
not washed or not washed with soap or only one hand was
washed with soap. Presence or absence of a designated
handwashing facility was included as a binary variable.
Absence includes presence of a handwashing facility on
premises that are not equipped with soap and water, as
well as no place for handwashing on premises. As further
fixed effect covariates, we included binary variables for the
respective WHO region®® (Supplementary Appendix 1.1,
available as Supplementary data at IJE online). As determi-
nants for washing own hands might be different from


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
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washing children’s hands, we analysed data restricted to
handwashing occasions among adults. More details on the
model are included in Supplementary Appendix A.2.3
(available as Supplementary data at IJE online).

We used the ‘margins’ command in Stata®* to predict
adjusted HWWS prevalence after potential faecal contact
at regional level for households with and without a desig-
nated handwashing facility, for each region represented by
included studies (AFR, AMR, SEAR, and WPR).>* We pre-
dicted the average adjusted HWWS prevalence after poten-
tial faecal contact for households having or not having a
designated handwashing facility for the remaining regions
(low- and middle-income countries only) not represented
by included studies (EMR and EUR).>* To account for the
uncertainty of estimates for the latter, 95% prediction
intervals were approximated based on the standard devia-
tion of the available country-level adjusted prevalences.
Analyses were performed in Stata 14.%

High-income countries: meta-analysis of observed HWWS
prevalence after potential faecal contact

As the selected studies for the analysis of the association
between presence of a designated handwashing facility and
observed HWWS were conducted exclusively in low- and
middle-income countries, we conducted random effects
meta-analysis on observed HWWS prevalence after poten-
tial faecal contact in high-income country studies identified
in the systematic review, to approximate the proportion of
HWWS after potential faecal contact in those countries.

Objective 3: deriving country, regional and global
estimates of HWWS prevalence after potential
faecal contact

To estimate HWWS prevalence pywws after potential fae-
cal contact at country level for low- and middle-income
countries in 2015, we applied the following formula:

PHWWS = pHWWS, HW place 'PHW place (1)

+PHWWS, no HW place * 1- PHW places

where puwws, HW place 1S the estimated HWWS prevalence
after potential faecal contact in the presence of an observed
designated handwashing facility (estimated at regional
level, Table 4), the proportion piw pace is the modelled es-
timate of presence of a designated handwashing facility at
country level and prwws no HW place is the estimated
HWWS prevalence after potential faecal contact without
having a designated handwashing facility (Tables 2 and 4).
The estimates for prwws, HW place A0 PHWWS, no HW place
at country level are extrapolated from modelled results at
regional level (see objective 2). This projection from

regional to country level results in an increase of the confi-
dence intervals, just as the inverse operation—the aggrega-
tion from country to regional level—would lead to a
decrease, as the uncertainties at country level would par-
tially offset each other (Supplementary Appendix
Equations A3 and A.3.1, available as Supplementary data
at IJE online). For estimating HWWS prevalence after po-
tential faecal contact for high-income countries, the pooled
HWWS prevalence from the meta-analysis (objective 2)
was taken. To estimate the proportion of potential faecal
events that were followed by HWWS at regional and
global level for low-, middle- and high-income countries,
we calculated population-weighted means of the country
estimates. As we do not know the total number of potential
faecal contacts by country and region, we assume an equal
average number of faecal contacts by person across coun-
tries and regions, and use total population by country and
region to calculate the regional and global estimates. The
calculation of the 95% confidence intervals for these esti-
mates at country, regional and global levels is described in
Supplementary Appendix A.3.2, A.3.3 (available as
Supplementary data at IJE online).

As a sensitivity analysis, we re-calculated regional and
global handwashing prevalence, applying the approach for
low- and middle-income countries to high-income coun-
tries. We did so by using formula 1 for high-income coun-
tries, where piyy piace 18 the modelled estimate of presence
of a designated handwashing facility for high-income
countries, Pwws, HW place 18 the pooled estimate of hand-
washing prevalence from meta-analysis from all hand-
washing observation studies in high-income countries and
PHWWS, no HW place Was approximated with the mean hand-
washing prevalence without a designated handwashing fa-
cility from the analysis of the nine low- and middle-income
country datasets (Table 4).

Results

Objective 1: quantifying the presence of a
designated handwashing facility

Data availability

The dataset consisted of 115 data points for urban and ru-
ral areas each, over the time period 2000 to 2016. A total
of 77 countries had at least one data point available, in-
cluding 76 low- and middle-income countries [of those, 38
countries in the WHO African Region (AFR), 14 countries
in the WHO Region of the Americas (AMR), eight in the
WHO Eastern Mediterranean Region (EMR), eight in
the WHO European Region (EUR), five in the WHO
South-East Asia Region (SEAR) and three in the WHO
Western Pacific Region (WPR)] and one high-income


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy253#supplementary-data
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1210

International Journal of Epidemiology, 2019, Vol. 48, No. 4

Table 2. Percentage of population having access to a desig-
nated handwashing facility in 2015, by area

Area Percentage of population (95% CI)
with access to a designated
handwashing facility in 2015

AFR LMI 17.7 (14.8,21.0)
AMR LMI 83.3(72.2,90.5)
EMR LMI 68.3(59.2,76.1)
EUR LMI 95.7 (91.8, 97.8)
SEAR LMI 69.4 (39.5, 88.7)
WPR LMI 89.6 (67.7,97.3)
Urban 84.1(75.6,90.1)
Rural 61.2 (40.7,78.3)
Low- and middle-income 69.5(56.8,79.8)
countries
High-income countries 95.0 (89.8, 97.7)
World 73.5(63.2,81.8)

AFR, WHO African Region; AMR, WHO Region of the Americas; EMR,
WHO Eastern Mediterranean Region; EUR, WHO European Region; SEAR,
WHO South-East Asia Region; WPR, WHO Western Pacific Region; LMI,

low- and middle-income.

country (Barbados).”® More information on the regional
grouping is listed in Supplementary Appendix A.1.1, avail-
able as Supplementary data at IJE online). Only 29 coun-
tries had more than one data point available, making it
difficult to determine trends (Table 1).

Modelled results of handwashing facility presence

Table 2 lists percentage of population having access to a
designated handwashing facility by area. We estimate that
in 2015, 73.5% of the world population had access to a
designated handwashing facility. In high-income countries,
95% of the population have access to a designated hand-
washing facility compared with 69.5% in low- and
middle-income countries. A similar difference is estimated
between urban and rural areas, with 84.1% in urban com-
pared with 61.2% in rural areas.

The root mean squared error (RMSE) from cross-
validation was 11.1% for urban and 7.3% for rural areas,
indicating that on average the model estimate for the year
2015 for a country without any survey point is respectively
11.1 and 7.3 percentage points away from the ‘true’ value
(which is approximated here with the survey point for
20135 for the respective country).

When modelling the presence of a designated hand-
washing facility based on uniformly collected data in
MICS/ DHS from 2009 onwards (removing 13 data points
for both urban and rural areas which originated from be-
fore 2009), the estimated percentage of population with
access to a designated handwashing facility changed only
slightly (AFR LMI: 17.1; AMR LMI: 83.0; EMR LMI:

66.4; EUR LMI: 95.9; SEAR LMI: 68.3; WPR LMI: 89.8;
urban: 84.1; rural: 60.1; low- and middle-income coun-
tries: 68.9; high-income countries: 94.9; world: 73.0).

Objective 2: assessing the association between
presence of a designated handwashing facility
and observed HWWS

Data availability

The systematic review identified a total of 42 studies of
which 15 were conducted in high-income countries
(Figure 2). Nine datasets (five studies were identified
through the systematic database search and three that had
not been published at the time of the analysis were pro-
vided from subject matter experts) from eight low- and
middle-income countries, in four out of six WHO regions,
reported both presence of a designated handwashing facil-
ity and structured observations of handwashing after po-
tential faecal contact, and thus were included in the
analysis of objective 2.

Multilevel analysis of the association between presence of
a designated handwashing facility and observed HWWS
The eight studies (providing nine datasets), reporting both
presence of a designated handwashing facility and structured
observations of handwashing after potential faecal contact,
were combined to estimate the association between presence
of a designated handwashing facility and HWWS after poten-
tial faecal contact. Data from Zimbabwe urban and rural
sites were different parts of one study from the same research
group. Table 3 lists characteristics of included studies.
Further suitable studies that were identified from the system-
atic search but not included in the analysis are listed, with
reasons for exclusion, in Supplementary Appendix A.2.4
(available as Supplementary data at IJE online).

The pooled dataset includes 3953 observed potential
handwashing occasions after potential faecal contact. Of
those, hands were washed with soap in 18.6% of potential
handwashing occasions. In the presence of a designated
handwashing facility, hands were washed with soap in
25% of potential handwashing occasions compared with
12% in the absence of a designated facility. The 28 obser-
vations with missing values in the variable indicating the
presence of a handwashing place with soap and water
(0.7% of all observations) were excluded from the analysis
(i.e. listwise deletion).

From the three-level Poisson model there was very
strong evidence (P <0.001) for an association between
presence of a designated handwashing facility and ob-
served HWWS after potential faecal contact in structured
observations. After taking account of the clustering of
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observations in households and countries (or studies), and
after adjusting for study region, the prevalence of HWWS
where a designated handwashing facility was present was
1.99 (95% CI 1.66, 2.39) times higher than in the absence
of a designated facility, Note that in the absence of a desig-
nated handwashing facility, householders could still fetch
water and soap to wash their hands, use the neighbour’s fa-
cility etc..

There was also very strong evidence (P <0.001) for an
association between having a designated handwashing fa-
cility and observed HWWS before food contact (there were
a total of 12 052 potential handwashing occasions before
food contact, of which hands were washed in 5%). After
taking account of the clustering of observations in house-
holds and countries (or studies) and after adjusting for
study region, the prevalence of HWWS in presence of a
designated handwashing facility was present was 2.57
(95% CI 2.26, 2.92) times higher than in the absence of a
designated facility.

After restricting to adult handwashing, there remained
2578 observed potential handwashing occasions after po-
tential faecal contact and 7554 potential handwashing
occasions before food contact. Of those, hands were
washed with soap in 19.1% of potential handwashing
occasions after potential faecal contact and in 4% of po-
tential handwashing occasions before food contact. The as-
sociation between presence of a designated handwashing
facility and adult HWWS after potential faecal or before
food contact remained very strong (P <0.001) and of simi-
lar size compared with the analysis including data on child-
ren’s handwashing (prevalence ratios for HWWS after
potential faecal contact 2.02 (95% CI 1.77, 2.32) and be-
fore food contact 2.42 (1.96, 3.00)).

High-income countries: meta-analysis of HWWS preva-
lence after potential faecal contact

Supplementary Appendix A.2.1 (available as Supplementary
data at IJE online) includes citations, number of observed
HWWS events after potential faecal exposure, number of ob-
served faecal contact events and characteristics for all 15 stud-
ies in high-income countries included in random effect meta-
analysis. The pooled HWWS proportion after potential faecal
contact was 51% (95% CI: 43%, 59%) (independent of pres-
ence of a designated handwashing facility, Figure 3). The I* of
99.5% indicates high heterogeneity of HWWS between stud-
ies.*> Subgroup meta-analysis by study region did not lead to
a relevant reduction of I* (>95% within subgroups), which
resulted in the choice of the pooled estimate over all 15 stud-
ies. We additionally examined the 15 studies for potential out-
liers.** Jeong 2007** was identified as outlier, and the removal
of this study changed the pooled estimate from 51% to 53%.

A forest plot of the meta-analysis of all studies identified in the
systematic review, separately by high- versus low- and middle-
income countries, is placed in Supplementary Appendix A.2.2
(available as Supplementary data at IJE online).

HWWS prevalence results by presence of a handwashing
facility and by region

Adjusted HWWS prevalences after potential faecal contact by
presence of a designated handwashing facility and by region
are given in Table 4. Predicted HWWS prevalences by pres-
ence/absence of a designated handwashing facility for low-
and middle-income regions are derived from the analysis de-
scribed in objective 2. Proportions of HWWS after potential
faecal contact for high-income regions are taken from the
meta-analysis of all identified studies in high-income coun-
Supplementary
Appendix A.3.4 (available as Supplementary data at IJE on-

tries described in the same objective.
line) lists under column I how HWWS estimates were gener-
ated by country.

Objective 3: deriving country, regional and global
estimates of HWWS prevalence after potential
faecal contact

HWWS prevalences after potential faecal contact, by country
for low- and middle-income countries, are computed on the
basis of the estimates of presence of a designated handwash-
ing facility at country- evel (objective 1) and the adjusted re-
gional predictions of HWWS after potential faecal contact by
presence/absence of a designated facility (objective 2,
Table 4) using formula 1. For high-income countries, hand-
washing prevalence was estimated using the result from
meta-analysis (objective 2, Figure 2).

Using this approach, we estimate that, worldwide, 26.2%
of potential faecal contacts were followed by HWWS in 2015
(Table 5). Country estimates for HWWS after potential faecal
contact are provided in Supplementary Appendix A.3.4
(available as Supplementary data at IJE online).

When calculating the regional (high-income countries)
and global proportions of faecal contacts followed by
HWWS using formula 1 as described above (sensitivity
analysis described in Methods) also for high-income coun-
tries, estimates changed only slightly (48.7% instead of
50.6% for high-income countries and 25.9% instead of
26.2% for the world).

Discussion

This analysis shows that 27% of the world population—
nearly two billion people—lack a designated handwashing
facility (objective 1). People who have access to a designated
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Table 4. Predicted HWWS prevalence by presence of a designated handwashing facility and by region

Predicted HWWS (95% CI) after potential faecal contact (proportion)

Area In households without designated In households with designated
handwashing facility handwashing facility
AFR, LMI 0.071 (0.033, 0.110) 0.142 (0.056, 0.227)
AMR, LMI 0.198 (0.165,0.231) 0.394 (0.362, 0.426)
EMR, LMI 0.128 (0.040, 0.337) 0.254 (0.078,0.578)
EUR, LMI 0.128 (0.040, 0.337) 0.254 (0.078,0.578)
SEAR, LMI 0.163 (0.144, 0.182) 0.325(0.277,0.373)
WPR, LMI 0.090 (0.074, 0.107) 0.180(0.167,0.193)

High-income countries

0.506 (0.426, 0.585)*

Values for LMI regions are predicted adjusted prevalences at representative (regional) values (AFR, SEAR and WPR) and average (pooled across regions) ad-
justed prevalence (AMR, EMR and EUR) calculated from the multilevel logistic model.

HWWS, handwashing with soap; AFR, WHO African Region; AMR, WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region; EUR,
WHO European Region; SEAR, WHO South-East Asia Region; WPR, WHO Western Pacific Region; LMI, low- and middle-income.

“Value taken from meta-analysis on studies in high-income countries (objective 2, Figure 2).

handwashing facility, defined here as a specific place
within the premises of a household which has both soap
and water, are about twice as likely to wash hands with
soap after potential faecal contact and 2.6 times as likely to
wash hands with soap before food contact, compared
with people without a designated facility (objective 2).
Only 26% of potential faecal contacts (i.e. after visiting
the toilet, after defaecation, after cleaning a child’s
bottom or changing its nappies) were followed by HWWS
(objective 3).

We provide country, regional and global HWWS esti-
mates after potential faecal contact. These estimates are
based on modelled estimates of survey data on the presence
of designated handwashing facilities. The modelled esti-
mates were converted to estimated HWWS practice using
predicted handwashing prevalence in the presence or ab-
sence of a designated handwashing facility.

Compared with our previous estimate of 19% HWWS
after potential faecal contact,' the estimates from the cur-
rent analysis presented here are slightly higher. Whereas it
is possible that a real global trend exists due to efforts of
improving HWWS after potential faecal contact globally,*
it is more likely that this new estimate represents our re-
vised and improved modelling approach. We use a revised
and extended methodology compared with our assessment
in 2012 which had relied solely on a systematic review of
observed HWWS. We now use country-representative data
on presence of essential handwashing materials at a desig-
nated handwashing facility, converting them into hand-
washing practice based on an analysis of the association
between presence of a designated handwashing facility and
handwashing behaviour. Many more countries are now
covered by national data compared with the previous ap-
proach (76 versus 28 low- and middle-income countries).

Strengths and limitations

Objective 1

The estimates for presence of a designated handwashing fa-
cility are based on 115 data points. For 118 of 194 coun-
tries there was no data point, and for 48 countries there
was only one data point. Trends over time were estimated
based on the overall trend from available data points. For
countries with no data, the mean for the respective region
and income group was used. As such, the reliability of esti-
mates for different regions and countries varies. Results
from cross-validation showed, however, that the model
predicted was sufficiently close to the actual survey data
point even for countries with no data point. Our modelling
approach offers several advantages, including a single
model for all countries, a continuous time series and the
use of information from other country data for countries
with few data or no data.

Objective 2

Estimates for the association between presence of a desig-
nated handwashing facility and observed HWWS are de-
rived by regions and are based on nine datasets from eight
heterogeneous studies in low- and middle-income coun-
tries, covering various subgroups of populations in four
out of six regions. For EMR and EUR regions, HWWS
practice was assumed as the average adjusted predicted
prevalence based on all included studies. As such, estimates
of the association between presence of a designated hand-
washing facility and observed HWWS are based on limited
evidence. However, the proportion of observed HWWS is
consistently low across the nine datasets (Table 3). The
African region is covered by four datapoints which are all
lower than any other datapoint for any different region.
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Figure 2. PRISMA flow chart®® of selection process of handwashing observation studies.

Removing one of the datasets at a time changed the pre-
dicted mean HWWS after potential faecal contact only to a
minor extent [from 0.25 predicted HWWS in households
with a basic handwashing facility, including all studies to a
minimum of 0.2 (excluding Nepal), and to a maximum of
0.27 (excluding Viet Nam)]. Furthermore, overall hand-
washing prevalence after potential faecal contact—irre-
spective of handwashing facility presence—across the nine
datasets, taking account of clustering within studies, is
14%, which is close to the pooled estimate of 17% from
all 27 observations from low- and middle-income coun-
tries. This indicates that HWWS rates across these settings
are consistently low (forest plot in Supplementary
Appendix A.2.2, available as Supplementary data at IJE
online).

Of the 15 studies conducted in high-income countries,

4 that was conducted at household

there was only one
level; the rest were conducted in public settings, which may
limit their generalizability to the household setting. In the
one household-level study, hands were washed with soap
in about 80% after visiting the toilet but only in 42% after
changing a dirty nappy.*® Studies conducted in public set-
tings will mostly include potential handwashing occasions
after visiting the toilet, whereas household-level studies
will also include occasions after cleaning a child’s bottom
or changing its nappies. In the household-level study, 57%
of potential faecal contacts were followed by HWWS,
which is however close to the pooled estimate of 51% for
all high-income countries, and close to the handwashing
prevalence found for a study conducted in the same
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Figure 3. Forest plot of handwashing observation studies in high-income countries.

country but in a public setting.*” The I? statistic, a measure
of inconsistency across study findings,** was very high,
which indicates that results for individual high-income
countries might vary to a larger extent from the pooled es-
timate, and likely reflects substantial differences among the
studies in terms of study design and methods, settings and
populations.

Objective 3

This study provides important input to the SDG indicator
3.9.2 (Mortality from water, sanitation and hygiene),’esti-
mating population exposures to inadequate handwashing
practices. HWWS estimates are based on a novel approach
using country-representative data on presence of a desig-
nated handwashing facility, converting them into actual
handwashing practice. We assumed that the average num-
ber of potential faecal contacts per person was the same
across regions but might not be correct for different rea-
sons, e.g. different number of children per caregiver. Due
to data scarcity for high-income countries, the estimate of

HWWS for high-income countries is not based on mod-
elled estimates from national household surveys (as are the
estimates for low- and middle-income countries), but only
on smaller observational studies reporting handwashing
behaviour. The sensitivity analysis using modelled esti-
mates for high-income countries yielded, however, very
similar estimates for HWWS practice.

Further discussion

This analysis proposes an approach for estimating HWWS
practice after potential faecal contact, including after toilet
use, which is based on adjusted nationally representative
household survey data and the probability of HWWS by
presence/absence of a designated handwashing facility.

We quantify the presence and importance of designated
handwashing places as a crucial first step for achieving the
desired handwashing behaviour. This analysis suggests
that data on the presence of designated handwashing facili-
ties at household level could be used to assess actual
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Table 5. Percentage of faecal contacts that are followed by
HWWS (in 2015), by area

Area Percentage (95% CI) of
faecal contacts followed
by HWWS
AFR, LMI 4(5.0,13.6)
AMR, LMI 36 1(33.0, 39.4)
EMR, LMI 21.4(8.2,45.2)
EUR, LMI 24.9 (7.8, 56.3)
SEAR, LMI 27.6 (22.5, 33.3)
WPR, LMI 17.1(15.5,18.7)
Low- and middle-income countries 21.7 (18.7,25.1)
High-income countries 50.6 (42.6, 58.5)
World 26.2(23.1,29.6)

The estimate for low- and middle-income countries is the combined esti-
mate from the six regions above.

HWWS, handwashing with soap; AFR, WHO African Region; AMR,
WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region;
EUR, WHO European Region; SEAR, WHO South-East Asia Region; WPR,
WHO Western Pacific Region; LMI, low- and middle-income.

handwashing behaviour when handwashing facility pres-
ence is adjusted by the association with actual observed
handwashing. This could be highly valuable for aggregated
HWWS estimates (i.e. at country level) because data on
handwashing facility presence are reliable and efficient
and—whereas structured observations can estimate hand-
washing behaviour directly—structured observations are
also too time consuming to be integrated in national data
collection.®'* This analysis also suggests that using hand-
washing facility presence for estimating handwashing be-
haviour, without further adjustment, would grossly
overestimate actual handwashing prevalence, as we show
that in low- and middle-income countries only 25% of po-
tential faecal contacts in households with access to a desig-
nated handwashing facility are followed by HWWS. We
show that HWWS practice after potential faecal contact is
low, in particular in low- and middle-income-countries but
also in high-income countries. There are further substantial
differences between HWWS in sub-Saharan Africa (WHO
AFR region) and low- and middle-income countries from
other regions. In sub-Saharan Africa, access to designated
handwashing facilities is much lower than in other world
regions (Table 2). Even in the presence of a designated
handwashing facility, HWWS was lower in sub-Saharan
Africa compared with other low- and middle-income
regions (12% versus 29% of all potential faecal contacts).
Given that HWWS is associated with the risk of diarrhoea

*8:4% it is important to take

and acute respiratory infections,
action at national and international levels to reduce this

important global public health risk.

Conclusions

HWWS is practised in around 26% of cases after potential
faecal contact. To effectively promote HWWS, there is a
need to increase handwashing facilities equipped with soap
and water in or around the home. As HWWS remains lim-
ited even in the presence of a designated handwashing fa-
cility, efforts to promote handwashing behaviour need to
be conducted simultaneously. This analysis uses nationally
representative survey data and derived HWWS estimates,
and is in line with individual HWWS observation studies.
It suggests that the presence of a designated handwashing
facility could be used to estimate actual handwashing be-
haviour. However, our estimates are based on limited data,
i.e. 115 survey data points covering 77 countries for access
to designated handwashing facilities and nine datasets
from eight low- and middle-income countries, to analyse
the association between presence of a designated hand-
washing facility and observed handwashing behaviour.
There is a need for greater data availability on hand hy-
giene, in particular for: (i) data at household level reporting
observed handwashing behaviour, including reporting of
the presence of handwashing facilities for low-, middle-
and especially high-income countries; and (ii) nationally
representative data on presence of handwashing facilities
for high-income countries and those low- and middle-
income countries not yet covered by such data.

Supplementary Data

Supplementary data are available at IJE online.
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