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ARTICLE INFO ABSTRACT

Keywords: In March 2020, the World Health Organization (WHO) issued a set of public guidelines for Coronavirus Disease
COVID-19 2019 (COVID-19) prevention measures that highlighted handwashing, physical distancing, and household
SARS-CoV-2

cleaning. These health behaviors are severely compromised in parts of the world that lack secure water supplies,
particularly in low- and middle-income countries (LMICs). We used empirical data gathered in 2017-2018 from
8,297 households in 29 sites across 23 LMICs to address the potential implications of water insecurity for COVID-
19 prevention and response. These data demonstrate how household water insecurity presents many pathways
for limiting personal and environmental hygiene, impeding physical distancing and exacerbating existing social
and health vulnerabilities that can lead to more severe COVID-19 outcomes. In the four weeks prior to survey
implementation, 45.9% of households in our sample either were unable to wash their hands or reported
borrowing water from others, which may undermine hygiene and physical distancing. Further, 70.9% of
households experienced one or more water-related problems that potentially undermine COVID-19 control
strategies or disease treatment, including insufficient water for bathing, laundering, or taking medication;
drinking unsafe water; going to sleep thirsty; or having little-to-no drinking water. These findings help identify
where water provision is most relevant to managing COVID-19 spread and outcomes.

Water insecurity
WASH
Global health

1. Introduction (WHO, 2020). Globally, over four billion people experience water
scarcity at least one month per year (Mekonnen and Hoekstra, 2016), a

The global response to COVID-19 has emphasised basic infection reality that may make it difficult to enact COVID-19 control measures
control strategies, such as self-quarantine, handwashing and physical with far-reaching consequences across continents (Staddon et al., 2020;
distancing, to “flatten the epidemiological curve” in many contexts Stoler et al., 2020). Water insecurity (and more broadly, inadequate
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water, sanitation, and hygiene [WASH]) already contributes to the
global disease burden (Priiss-Ustiin et al., 2019), and has stood out as a
potentially significant multiplier of COVID-19 risk, compounding the
paucity of other healthcare resources—especially test kits, personal
protective equipment, oxygen and ventilators—that has plagued many
nations (Hopman et al., 2020). Identifying the likely location of relevant
water insecurity hot spots and clarifying the pathways by which water
insecurity adds to the burdens of COVID-19 are potentially vital to
ongoing prevention and treatment, especially in low- and
middle-income countries (LMICs).

Persistent household water insecurity is defined as the inability to
‘access and benefit from affordable, adequate, reliable and safe water’
(Jepson et al., 2017). The links between water insecurity and COVID-19
are only beginning to emerge. One early study from Indonesia noted a
positive association between household water reuse and COVID-19
transmission (Sihaloho et al., 2020). It also remains unclear whether
urban slums, which tend to house many of the most vulnerable, are
being sufficiently targeted by national COVID-19 testing and tracing
programs (Mollah and Islam, 2020; Monteiro de Oliveira et al., 2020).
Overcrowding and lack of basic services in urban slums are believed to
contribute to the pandemic in some regions, such as in Latin America
(Burki, 2020), while other regions thought to be particularly vulnerable,
such as sub-Saharan Africa (Ekumah et al., 2020), have responded well
(Makoni, 2020). For example, many African nations have avoided
catastrophic COVID-19 outcomes through advance planning and public
adherence to preventive measures, and because of younger population
structure (Makoni, 2020). But, evolving SARS-CoV-2 variants and
recurring waves of infections in late-2020 clarified that many pandemic
recovery timelines would be extended.

The World Health Organization’s guidance for COVID-19 prevention
includes: (1) frequent handwashing; (2) physical distancing; (3) avoid-
ing touching one’s face; (4) practicing respiratory hygiene; (5) seeking
medical care for cough, fever, and difficulty breathing; and (6) following
advice from one’s healthcare provider (WHO, 2020). In addition, the
United States Centers for Disease Control and Prevention (CDC) also
recommends regularly cleaning and disinfecting household surfaces
(CDC, 2020). Water is thus critical for stemming the spread of COVID-19
in health facilities and households (USAID Water Leadership Council,
2020).

Many organizations have noted the inherent conflicts between these
guidelines and the realities of widespread water insecurity around the
world. Among many other examples, WaterAid, one of the largest non-
governmental implementers of WASH solutions for the poor and
marginalized, has had to change how they work in the midst of this
pandemic with increasing focus on water insecurity as a key element of
their response (Casey, 2020).

Household-level COVID-19 control strategies are complicated by
many factors beyond limits to handwashing and cleaning (Stoler et al.,
2020). Physical distancing is less feasible when it impedes access to
water, as has been noted with shared sanitation facilities (Caruso and
Freeman, 2020). Over a billion people collect water from sources outside
of their home (WHO/UNICEF, 2017), which often requires traveling
significant distances and queuing for long periods in close proximity
with others. Households also frequently cope by sharing water, an un-
derappreciated global phenomenon (Wutich et al., 2018) that typically
involves shared physical spaces or physical contact with water con-
tainers. Households may also increase water storage to avoid fetching,
but improperly stored water increases vulnerability to viral and bacte-
rial illnesses. Informal water vendors who are not officially deemed
essential services may cease operation out of fear of illness, resulting in
significant supply disruptions to informal water markets. The manage-
ment of these water-related tradeoffs and disruptions—on top of fears
about COVID-19—will likely increase stress, anxiety, and interpersonal
violence. All of these factors are exacerbated by the realities of
resource-poor settlements that are home to close to one billion people
(Corburn et al., 2020).
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Our analysis highlights the challenges that many living with house-
hold water insecurity may experience in following international COVID-
19 control guidelines, many of which hamper their ability to protect
themselves, their households, and their communities. Our global data
set also allows us to speak with more precision about the magnitude of
some of these effects. We use empirical data collected in 2017-2018
from 8,297 households in 29 sites across 23 LMICs to demonstrate how
household-level water insecurity not only severely limits handwashing,
cleaning, and disinfection of household surfaces, but also greatly com-
plicates physical distancing. We also illustrate how conforming to cur-
rent COVID-19 control measures may, in some scenarios, lead to
cascading health risks beyond COVID-19, including how water insecu-
rity intersects with other resource constraints such as food and sanita-
tion insecurity. Finally, we explore other contextual vulnerabilities that,
more broadly, may hinder compliance with WHO guidance, and
conclude with considerations for COVID-19 control in resource-limited
settings.

2. Material and methods
2.1. Study data

Data were drawn from the Household Water Insecurity Experiences
(HWISE) study, which primarily aimed to develop and validate a cross-
culturally equivalent household water insecurity scale (S. L. Young
et al., 2019b; 2019a). Cross-sectional survey data were collected be-
tween 2017 and 2018 from samples of 101-574 households in each of 29
sites across 23 countries (Fig. 1). Sites were selected to maximize het-
erogeneity by climatic region, predominant water infrastructure, and
types of water problems. In most sites, households were selected using
simple random sampling, with the exceptions of purposive sampling
used in Singida, Tanzania; Kampala, Uganda; and Upolu, Samoa; and
parallel assignment in Pune, India. Adults were considered eligible re-
spondents if they “were knowledgeable about their household’s water
situation” (S. L. Young et al., 2019b). These survey data provided a more
detailed view of household water insecurity than other common
household surveys such as Demographic and Health Surveys or Multiple
Indicator Cluster Surveys.

Enumerators used paper and tablet-based surveys to collect data on
sociodemographics and experiences with water availability, accessi-
bility, reliability, and use, which are core components of household
water insecurity (Jepson et al., 2017). The survey items elicited the
frequency of 34 household experiences related to water in the four
weeks prior to survey implementation, and responses were categorized
as follows: never (0 times), rarely (1-2 times), sometimes (3-10 times),
often (11-20 times), or always (more than 20 times). This paper presents
data from the 34-question survey module to highlight pathways through
which different dimensions of water insecurity complicate COVID-19
prevention and control. Data collection occurred in two waves be-
tween 2017 and 2018. The total sample size available for this analysis
was 8,297 households across 29 sites.

All participants provided verbal or written informed consent in the
respective local language. Study activities were reviewed and approved
by all relevant ethical review boards (S. L. Young et al., 2019b).

2.2. Statistical analysis

We assessed the frequency of affirmation for each survey item related
to handwashing, ability to enact physical distancing, and cleaning and
disinfecting household surfaces to demonstrate heterogeneity across
sites. We used a descriptive, rather than inferential, approach due to the
current lack of reliable COVID-19 prevention or case data in the HWISE
study sites that would otherwise help us extrapolate risk to other areas.
Our objective was to present the breadth of water insecurity experiences
that have implications for COVID-19 prevention and control.

In our analysis of socioeconomic status, we categorized HWISE study
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Fig. 1. The 29 HWISE study sites showing the percent of households in each site that experienced one or more water problems in the prior four weeks that potentially
undermine COVID-19 control strategies or disease treatment.

participants’ responses to the MacArthur Scale of Subjective Social
Status, a self-reported measure of one’s perceived social standing in the
community (Adler et al., 2007), into high, medium, and low tertiles, and

Unable to wash hands due to problems
with water in prior month
(N=29 sites, n=8081)

Unable to wash hands of children due
to problems with water in prior month
(N=29 sites, n=7541)

Unable to bathe due to problems with
water in prior month
(N=29 sites, n=8125)

Unable to wash clothes due to
problems with water in prior month
(N=29 sites, n=7759)
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23.0
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examined their relationship with select water insecurity items using
chi-square tests and two-sample tests of proportions. All analyses were
conducted using Stata 14.0 (StataCorp, College Station, TX, USA).
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Fig. 2. Distribution by study site of percent of households that experienced interruptions to hygiene behavior in the prior four weeks due to problems with water

(with percent across all sites in bold).
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3. Results

Frequency statistics for responses to individual water insecurity
items among the 8,297 study households are presented in Figs. 2-8. We
report these results in sub-groups as they pertain to hygiene, physical
distancing, and additional contextual vulnerabilities. Overall, 45.9% of
households reported being unable to wash their hands or reported
borrowing water in the four weeks prior to completing the survey, which
confounds compliance with WHO’s first two guidelines for COVID-19
control (frequent handwashing and physical distancing). We also
considered households’ ability to engage in a broader range of water-
related activities that may serve as proximal and distal determinants
to COVID-19 outcomes: drinking unsafe water, going to sleep thirsty,
having no water or less water for drinking, and lacking water to take
medications, bathe, launder clothes, or prepare foods, in addition to
handwashing or borrowing water. We found that 70.9% of households
experienced at least one of these water-related problems that can un-
dermine COVID-19 control strategies or intensify disease progression.

3.1. Hygiene

3.1.1. Handwashing and bathing

Frequent handwashing with soap and water is critical for reducing
the spread of communicable diseases, including COVID-19. Soap de-
stroys the lipid bilayer that envelopes SARS-CoV-2 and water washes
away the exposed, inactivated virus (Staddon et al., 2020). Yet nearly
one in four households (23.0%) in our study reported that they were
“unable to wash their hands in the prior four weeks after dirty activities”
(e.g., defecating, changing diapers) due to problems with water (Fig. 2).
Of households with children, 23.6% reported being unable to wash their
young children’s hands and faces because of problems with water. Over
a third (33.7%) of households reported being unable to wash their
bodies, varying widely from 4.1% of sampled households in Honda,
Colombia, to 94.8% of households in Punjab, Pakistan.

Sometimes washing was limited or impossible because water was not
available in sufficient quantities. For example, when water was limited
due to shutoffs, some households reported that they prioritized water for
drinking and cooking over hygiene. Other households reported that
there was water available, but that the quality was too low for hand-
washing or bathing. Although water does not need to meet drinking-
water standards for hygienic purposes (WHO/UNICEF, 2020a),

0%

Borrowed water in prior month
(N=29 sites, n=7753) | ©

Loaned water in prior month o
(N=22 sites, n=5885)

Thought of moving dwellings due to 21.89
problems with water in prior month O <

(N=29 sites, n=8098)
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handwashing with severely contaminated water can be unacceptable,
irritate the skin and create open sores, or expose individuals to a variety
of water-washed diseases (Bartram and Hunter, 2015).

The frequency with which households are unable to wash hands due
to problems with water is likely to increase during the pandemic. As
hand hygiene messaging spreads, individuals may wish to increase
handwashing but may be unable to do so due to competing water de-
mands. For instance, water may become more difficult to access because
of physical distancing recommendations or the need to divert greater
quantities of water to other household tasks that have increased in fre-
quency due to sheltering in place, such as cooking, cleaning, or caring
for the ill. Women and girls typically experience water inadequacy even
more acutely (Maxfield, 2020). This can be due to unequal access within
households, or specific needs related to menstrual or sexual hygiene.
While there is currently no evidence that COVID-19 affects the men-
strual cycle or can be spread by blood or semen, the concomitant stress
and anxiety are nonetheless important to consider (UNICEF, 2020).

3.1.2. Household cleaning and disinfection

SARS-CoV-2, the virus that causes COVID-19, can travel in droplets
and land on common household surfaces, where the virus can remain
viable for hours to days, depending on the surface material (e.g., the
virus survives longer on plastic and wood compared to copper surfaces)
(van Doremalen et al., 2020). Regular disinfection of household surfaces
is therefore recommended to reduce the risk of transmission (CDC,
2020). Best practices include laundering soft, porous surfaces (e.g.,
clothing) with hot water and non-porous surfaces (e.g., tables) with soap
and water or bleach diluted with water. These preventative practices are
difficult or impossible when a household experiences water problems.

Across all sites, 45.9% of households were unable to wash clothes
due to problems with water in the prior four weeks (Fig. 2). Further,
59.1% of households worried that they would not have enough water for
all of their needs and 27.9% reported they had no useable water,
including for chores such as cleaning surfaces. As the price and avail-
ability of water fluctuates throughout the pandemic, households may
reduce water-intensive chores and reserve limited water for higher
priority activities, such as direct consumption. Indeed, in a previous
study in western Kenya, respondents prioritized water for drinking,
taking medications, and cooking over other activities such as washing
clothes (Collins et al., 2019). The 2018 drought in Cape Town, South
Africa, also showed how households can severely reduce water use

25% 50% 75% 100%
39.7%
& > o o @
31.5%
& ® o oo ° )
2@ ° (YY) [ )

Fig. 3. Distribution by study site of percent of households that borrowed or loaned water in the prior four weeks, as well as those who considered moving due to

problems with water (with percent across all sites in bold).
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Fig. 4. Distribution by study site of round trip time to primary water source and trips made to water source per week (with percent across all sites in bold).
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Fig. 5. Distribution by study site of percent of households that experienced livelihood or educational opportunity costs in the prior four weeks due to problems with

water (with percent across all sites in bold).

during an emergency—change that was largely driven by policy
discourse, social norms, and perceived threats to one’s lifestyle (Booysen
et al., 2019; Enqvist and Ziervogel, 2019).

3.2. Physical distancing

3.2.1. Water sharing

If people cannot readily access community water supplies when
physical distancing, water sharing between neighboring households
might increase as a coping strategy (Wutich et al., 2018); this common
adaptation has been observed in many LMICs (Rosinger et al., 2020).

Increased sharing potentially brings people into greater direct physical
contact with each other. It can also bring people into greater contact
with shared objects like water jugs that may then increase transmission
risks of infectious disease (Stoler et al., 2019).

Frequency of borrowing water in the prior month ranged between
4.0 and 85.4% of households across all 29 sites, and lending ranged from
5.2 to 83.8% across the 22 sites with lending data (Fig. 3). Of the 3,078
households that borrowed water, 54.2% also reported loaning water. Of
the households that loaned water, 66.9% also reported borrowing dur-
ing the prior four weeks. Taken together, this suggests substantial
transactional movement of water (and the containers used to haul it)
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Fig. 6. Percent of households across all study sites that worried about problems with water or experienced interruptions to hygiene in the prior four weeks by tertile

of perceived socioeconomic status relative to others in their community.

both in and out of households.

The types of water containers used and the method of exchange may
be important risk factors of COVID-19 transmission, given that SARS-
CoV-2 survival varies across surfaces. While the HWISE study did not
collect data on the types of water containers used during water ex-
changes, plastic jerrycans are a common water storage container in
many water-insecure communities. Jerrycans may pass from one per-
son’s hands to another during the filling process, thus increasing
transmission risk as the virus can survive on plastic for up to 72h (van
Doremalen et al., 2020). Both individuals involved in the water ex-
change should ideally wash their hands prior to exchanging water, and
the surface of the container should be sanitized afterward. This assumes
adequate water for handwashing (see Section 3.1.1), although house-
holds often participate in water sharing specifically because of a lack of
access to water—including for handwashing.

3.2.2. Water fetching

Water fetching often involves long queues at water kiosks and
borehole pumps (Geere and Cortobius, 2017). Spending extended time
in close proximity with others is inconsistent with physical distancing

guidelines. In the HWISE sample, we obtained data on the frequency of
trips to collect water per day. We also collected data on the amount of
time spent obtaining water per day (which includes queue time). We
found that 18.5% of households had a roundtrip water collection time
equal to or over 1h (Fig. 4). Also, 9.9% of households made more than
21 trips to their water source each week and 23.4% reported spending at
least 7 h/week fetching water. It is also well documented that there are
frequently gender differences with respect to water fetching (Geere and
Cortobius, 2017), potentially leading to differential disease exposure.
When households are unable to fetch water, or if fetching presents
too large of an opportunity cost in terms of time spent, individuals may
be forced to resort to higher-priced or lower-quality water from tankers,
carts, and other forms of water vending, or use nearby surface water
(Smiley and Stoler, 2020). For lower-income households, higher water
costs may present tradeoffs for other household priorities, particularly
health care for ill family members or COVID-19 preventive gear such as
masks, gloves, disinfectant, soap, detergent and hand sanitizer.
Physical distancing guidelines would also seemingly discourage
water fetching in groups, which eliminates a way of maintaining social
capital and an important safety buffer for women and children, who



J. Stoler et al.

0%

Changed foods being prepared due to
problems with water in prior month  |O
(N=29 sites, n=8093)

Drank water that looked, tasted, or
smelled bad in prior month @)
(N=28 sites, n=8030)

Drank water thought to be unsafe in
prior month O
(N=29 sites, n=8116)

Not enough water in household to drink
as liked in prior month (O
(N=29 sites, n=8121)

Went to sleep thirsty in prior month

Not enough water to take medications
in prior month O~ ee @
(N=16 sites, n=4146)

No useable or drinkable water in the
household in the prior month |O
(N=29 sites, n=8127)

17.6%
(N=29 sites, n=8113) ¢ ®

International Journal of Hygiene and Environmental Health 234 (2021) 113715

25% 50% 75% 100%
32.7%
& ° o0 o o e O
40.5%
< r ° @ [} (]
40.8%
<o e e o (o o0 ®
35.6%
& o] e o e o0 0 @
o ae oo e O
° (]
27.9%
@ o0 |0 e 0@

Fig. 7. Distribution by study site of percent of households that experienced water problems in the prior four weeks that could undermine physical or nutritional

health (with percent across all sites in bold).

frequently suffer harassment, assault, and accidents while fetching
water (Collins et al., 2019; Venkataramanan et al., 2020). This reality
can shape water-related decision making and cause women to take risks,
such as using alternative inferior water sources or navigating physically
dangerous terrain to obtain water elsewhere (Smiley and Stoler, 2020).

3.2.3. Mobility

Because human mobility facilitated rapid transmission of COVID-19
from the start of the outbreak (Kraemer et al., 2020), many nations and
municipalities have enforced self-quarantine in order to reduce spread
and flatten the epidemiological curve. Some lockdowns have been
vigorously enforced by police and even military forces (Human Rights
Watch, 2020). In many regions, lockdown restrictions have had the
unintended consequence of triggering mobility, as many struggled to
return home in the absence of work opportunities and public transport.

The HWISE study asked how frequently households had considered
moving their dwelling due to their water situation in the prior four
weeks. We found that for most sites, at least some households had
considered moving in the past four weeks, with an average of 21.8%
across all sites (Fig. 3). In San Borja, Bolivia, 66.8% of households
considered moving due to problems with water.

When water insecurity drives relocation, the introduction of COVID-
19 into new locations is possible. Further, households often seek out
more desirable water sources that can be chained to their commute and
may therefore increase the risk of transmission to new neighborhoods if
this source is outside their daily activity space (Smiley and Stoler, 2020).
Such dynamics may be further complicated if these destinations are
ill-equipped to support new arrivals safely. Common forms of circular
migration, such as commuting or agricultural migrant labor travel pat-
terns, also present opportunities to spread COVID-19 to origin
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Fig. 8. Distribution by study site of percent of households that experienced perceived stress or interpersonal conflict in the prior four weeks due to problems with

water (with percent across all sites in bold).

communities. If movement induced by water insecurity is migratory and
COVID-19 is introduced, there is even greater potential for hostility in
host destinations.

3.3. Contextual vulnerabilities

Many underlying biocultural and socio-economic vulnerabilities
render water-insecure households even more susceptible to COVID-19
infection and at higher risk of severe disease. Context matters and can
magnify vulnerabilities in communities with high population density
and poverty, particularly places where self-isolation is impractical, such
as informal settlements (Corburn et al., 2020) and refugee camps (Raju
and Ayeb-Karlsson, 2020). For instance, in Beirut, Lebanon, we found
that households inside urban refugee camps had higher water insecurity
scores than nearby households outside the camps (mean + sd, 10.2 + 6.9
vs. 5.5+ 6.5, P < 0.0001).

Water insecurity is shaped by water systems and the use and availability
of different water sources. Water insecurity also intersects with livelihoods,
socioeconomic status, and gender, as well as the sociomedical realities of
food insecurity, thirst and dehydration, and mental health. We summarize
the effects of each of these contextual factors in turn.

3.3.1. Water systems
The HWISE study evaluated the myriad configurations of how

households collect, convey, and access water for domestic needs. We
used these data to examine the variation in primary drinking water
sources—one of the key metrics of the WHO Joint Monitoring Pro-
gramme for Water Supply, Sanitation, and Hygiene—and assess how
piped, collected, or delivered water may contribute to COVID-19
vulnerability.

Almost a quarter of surveyed households (24.3%) accessed water
through a community water system (e.g., on-premises piped water).
While the HWISE study did not collect data on shared connections across
or among homesteads, overall these households are expected to face
fewer risks of COVID-19 exposure unless they are selling water to others.
Other important primary drinking water sources included dug wells
(protected or unprotected) and boreholes, used by 17.9% of households.
Only 1.8% of households engaged in rainwater collection as a primary
drinking water source, though many sites were interviewed in the dry
season. Taken together, these water sources—community water sys-
tems, wells, and rainwater collection, used by 44% of house-
holds—provide mechanisms of obtaining needed water for basic needs
and hygiene that are generally compatible with physical distancing.
Although community water systems depend on a labor force that may or
may not be able to maintain systems during the height of quarantine,
public systems and their workforce are still generally supported in ways
that limit water service intermittency.

On the other hand, over half of our study households accessed water
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in ways that potentially place people at an increased risk of COVID-19
transmission. Water provisioning is a profoundly social activity that
requires considerable physical labor and social relations to fetch or
collect water (Geere and Cortobius, 2017). Water fetching, as noted
earlier, frequently involves queuing in close proximity and spending
significant time waiting for one’s turn or for water to be available. In the
HWISE study, 27.4% of households reported that their primary drinking
water source was a spring (3.5%), surface water (6.6%), or public
standpipe (17.4%). COVID-19 exposure may occur while collecting or
fetching water at any one of these sources through person-to-person
contact. At springs or surface water sources, increased risk may result
from proximity to others when there are limited safe fetching locations.
At public standpipes, increased risk may occur with contact of common
water points that are not disinfected.

The HWISE study also reported that almost 11% of surveyed
households depended on drinking water delivery services. Over 7% of
households reported that their primary drinking water source was
delivered by tanker truck, and another 3.9% received water from a
small-scale vendor. Similarly, over 15% of households depended on
bottled or sachet water. Although not all modes of water delivery
necessarily come directly to households, nearly all involve person-to-
person conveyance and payments. Water delivery services have vary-
ing practices of contact with water containers that do not guarantee
disinfection. During a public health emergency, dependence on informal
water vendors carries additional risk of service disruption, as the
informal workforce may cease operations in the name of physical
distancing or due to other pandemic-driven government mandates.

3.3.2. Livelihoods

Livelihood impacts can be divided into two basic categories: non-
monetary and monetary (Scoones, 2009). Non-monetary impacts
involve aspects of the domestic economy that are not directly part of the
cash economy, such as household tasks linked to the social reproduction
of labour including child-rearing, domestic maintenance, and subsis-
tence food production. Monetary economic impacts are those that are
directly linked to the earning or spending of cash income, such as day
labouring, trading or commodity agriculture. In practice, households are
likely to be involved in a complex range of monetary and non-monetary
economic activities, all of which could be impacted by the COVID-19
pandemic. We first present data about non-monetary livelihood im-
pacts before turning to impacts on cash dimensions of livelihood
strategies.

The HWISE study revealed that, prior to COVID-19, a significant
number of households borrowed (39.7%) and loaned (31.5%) water as
part of their regular livelihoods (Fig. 3). The variability in these in-
dicators across sites was high, with respondents in sites like Arua,
Uganda, suggesting that they almost never borrow/loan water, while
those in other sites such as Cartagena, Colombia, very frequently do.
Depending on specific lockdown policies, such non-monetised ex-
changes of water could be significantly affected. In Uganda, for example,
the military was used to police the nationwide lockdown, and research
partners reported feeling like “prisoners” in their homes, often unable to
go out even to secure basic necessities (Human Rights Watch, 2020).

More indirect consequences could ensue if any of the borrowed/
loaned water is used for other sorts of productive activities, such as crop
or livestock raising. In the HWISE study, 30.7% and 31.0% of house-
holds reported a lack of sufficient water for raising crops or livestock,
respectively (Fig. 5). Moreover, 34.9% of respondents reported that
problems with water prevented them from earning money, and 23.9%
reported that water problems prevented children from attending school.
It is plausible that suppression of the loaning/borrowing of water be-
tween vulnerable households could have damaging effects on income-
generating activities (Wutich et al., 2018).

With respect to the monetary economy, there was considerable
variability among the 29 sites; in Kisumu, Kenya, 74.7% of households
experienced water problems that impacted their ability to earn money
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whereas only 0.8% of households in Ceara, Brazil, reported this. Many
who reported significant impact were day laborers, and the escalation of
water-related obstacles to income generation may produce catastrophic
effects on households’ ability to earn needed cash. As we have seen in
Peruy, India, and elsewhere, lockdown policies triggered an exodus of
poorer people from the cities, presumably since returning to home towns
and villages offered more immediate access to non-commodity subsis-
tence production (Staddon et al., 2020). Even in smaller towns, as
earning potential decreased, households decamped to even smaller vil-
lages and rural areas in order to be closer to their agricultural fields
(World Bank, 2020). The sudden severe curtailment of informal markets
has disproportionately hindered poorer households’ ability to satisfy
even basic needs.

Across all sites, there was evidence that these impacts are experi-
enced differently across socio-demographic groups. For example, in
southwestern Uganda, minority Batwa communities reported more
restrictive lockdown policing than in majority Bufimbira communities
(Staddon et al., 2020). Indeed, as with many communicable disease
outbreaks, socioeconomic status (SES) and gender disparities have
considerable implications for COVID-19 risk and outcomes.

3.3.3. Socioeconomic status

The uneven distribution of resources, power, and voice by historical
and current social and economic systems affects household water se-
curity (Jepson et al., 2017). The U.S. burden of COVID-19 has dispro-
portionately fallen upon those of lower SES and communities of colour,
intersecting with existing structural vulnerabilities, health comorbid-
ities, and differential capacities for everyday mitigation efforts (Dorn
et al., 2020) that has led to utility shutoffs and evictions (Meehan et al.,
2020). These patterns are likely to be further magnified in LMICs
(Hopman et al., 2020). We analysed the relationship between household
SES tertile (i.e., relative low =1, medium =2, and high = 3) and the
affirmation of several water insecurity experiences related to in-
terruptions in household hygiene: (1) being worried that there would
not be enough water for their needs, (2) unable to wash clothes, (3)
unable to bathe due to water-related problems, (4) unable to wash their
hands, and (5) unable to wash their children’s hands. A higher per-
centage of low- and medium-SES households affirmed these water
insecurity experiences than high-SES households (Fig. 6).

First, SES tertile was negatively associated with whether a household
affirmed being worried that there would not be sufficient water for their
needs (x2: 93.20, P < 0.01). Using a two-sample test of proportions
(adjusted for multiple comparisons), we found that 54.2% of high-SES
households affirmed water worry, a lower percentage than low-SES
(64.5%; P < 0.01) and middle-SES (65.6%; P < 0.01) households.

Second, SES tertile was negatively associated with whether a
household affirmed the inability to wash clothes (y2: 72.48, P < 0.01)
and bathe (y2: 90.69, P<0.01) in the prior four weeks. High-SES
households reported being unable to wash their clothes (40.5%) and
body (28.4%), at lower frequencies than low-SES (51.2% and 40.5%;
both P < 0.01) and medium-SES (50.1% and 36.8%; both P < 0.01)
households.

Third, SES tertile was negatively associated with whether a house-
hold affirmed the inability to wash their hands (y2: 39.90, P < 0.01) and
wash the hands of their children (y2: 56.14, P <0.01). High-SES
households affirmed being unable to wash their hands (19.7%) and
children’s hands (19.8%) at lower frequencies than low-SES (26.8% and
28.9%; both P <0.01) and medium-SES (24.6% and 25.4%; both
P < 0.01) households.

Overall, a higher percentage of medium- and low-SES households
affirmed water insecurity experiences compared with high-SES house-
holds, but the overall percentages across tertiles were high, ranging from
approximately 20-66%. This underscores the need for efforts at all scales
to improve household water security across multiple dimensions of
human well-being, particularly minimizing risks associated with COVID-
19 transmission, morbidity, and mortality. Such efforts will require
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improved water service provision as well as efforts to reduce potential
socioeconomic barriers to sufficient water access through government
subsidies or other policies.

The HWISE study also recorded the sex of the household head, and we
found that female-headed low-SES households most commonly affirmed
water insecurity experiences related to aspects where higher quantities of
water are required, such as not being able to bathe (43.3%) or wash their
clothes (53.6%) in the prior four weeks. COVID-19 clearly presents spe-
cific risks for women, including challenges for menstrual hygiene (UNI-
CEF, 2020), and serious economic impacts given potential for lower
earnings and savings, higher exposure to COVID-19 through occupa-
tional work (women comprise 70% of the global healthcare workforce),
additional unpaid work such as caring for sick children or elders, and
gender-based violence resulting from policy measures designed to reduce
the transmission of COVID-19 (United Nations, 2020).

3.3.4. Food insecurity

Household food insecurity often co-occurs with water insecurity. In
the HWISE study, the overall correlation between food and water inse-
curity scores was 0.37 (P < 0.001), with correlations among study sites
ranging from —0.02 to 0.74. Brewis et al. (2020) also tested multiple
sub-dimensions of water insecurity (need, quality, water worry) using
the same HWISE dataset, and found all to be associated with greater
household food insecurity. In site-specific regressions, greater water
need was positively associated with food insecurity for 24 of 27 sites.
The only exceptions were Acatenango, Guatemala (the site with the
smallest sample), Punjab, Pakistan (the most water-insecure site), and
Pune, India (the most water-secure and also one of the most food-secure
sites) (Brewis et al., 2020).

Theoretically, there is reason to expect that water insecurity is a
driver of food insecurity rather than the other way around, particularly
because water is needed to grow crops, feed livestock, and prepare and
cook adequate safe foods but not the converse (Brewis et al., 2020;
Wautich and Brewis, 2014). For example, water is needed to irrigate
household gardens and maintain animals, prepare food safely, and many
of the most readily available cereals, tubers, and grains (e.g., rice, cas-
sava) specifically require treatment with water to make them digestible
and safe. Note that many sites reported high levels of “having to change
foods being prepared” (Fig. 7) and “water situation impacted livestock™
and “water situation impacted crops” (Fig. 5).

The observation of a strong and consistent association between food
and water insecurity across many of the global sites, with water inse-
curity as a potential driver, has implications for COVID-19 in several
dimensions based on elevation of risk of food insecurity. There are many
mechanisms by which household food insecurity might potentially
impact COVID-19 risk to individuals, households, and communities, and
we would then expect water insecurity to elevate these. First, it is well-
established that acute and chronic undernutrition creates additional
risks for infection (Calder and Jackson, 2000). Undernutrition un-
dermines barrier function, allowing easier entry of infectious agents, and
it also weakens immune function, making it harder to recover from in-
fections. Also, water security appears to be important for mothers’ ca-
pacity and decisions about how they (breast)feed their children (Collins
et al., 2019; Schuster et al., 2020), an additional way in which water
may be hypothesized to affect children’s immune function. Third, under
low-resource conditions, money, assets, or social capital deployed to
deal with water (or food) insecurities can undermine household budgets
or other means to cope with health challenges, including healthcare and
other spending relevant to the prevention and treatment of infectious
disease (Brewis et al., 2020).

3.3.5. Thirst and dehydration

One of the most common recommendations that patients with res-
piratory infections receive from doctors, is to “drink plenty of fluids”
(Guppy et al., 2004). This recommendation is given to reduce risk of
dehydration through insensible water loss and account for potential
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lower water intake, as well as reduce mucus thickness (Guppy et al.,
2004). Poor water accessibility and reliability may make it difficult to
meet this recommendation. Lacking access to water while in a mildly
dehydrated condition increases anxiety and can change decision-making
practices (H. A. Young et al., 2019), which may increase transmission
risk of COVID-19.

Across all HWISE study sites, 17.6% of households reported going to
sleep thirsty at least once in the last four weeks. At every site, some
households reported water problems so severe that they reported at least
one night of going to sleep thirsty, ranging from 0.4% in Ceara, Brazil, to
67.9% in Kahemba, DRC (Fig. 7). In addition, 27.9% of all households
had no useable or drinking water at least once in the prior month; 40.5%
drank water that looked, tasted, or smelled bad; and 40.8% drank water
thought to be unsafe. We would not expect any of these experiences to be
associated with optimum hydration.

Our results indicate that a large proportion of households would not
be able to meet the treatment recommendation of “drink plenty of
fluids” if they were to contract COVID-19. While dehydration was not
explicitly measured in the HWISE study, from a physiological perspec-
tive, thirst can be indicative of dehydration (Weinberg et al., 1995). It is
likely that some proportion of the individuals in these households are
also dehydrated, which can negatively affect cognitive performance and
lead to confusion, particularly among older adults, as well as lead to
higher risk of kidney stones (Popkin et al., 2010; Weinberg et al., 1995).
Therefore, prevention and at-home treatment of COVID-19 may be more
challenging under these conditions.

3.3.6. Mental health

Water insecurity is strongly linked to mental ill-health. Early
exploratory research found high rates of worry, anger, shame, and
conflict among people experiencing water insecurity (Sultana, 2011;
Wautich and Ragsdale, 2008). Recent research finds that water insecurity
is associated with symptoms of anxiety and depression (Mushavi et al.,
2020). Seven key mechanisms appear to produce water-related mental
ill-health: (1) worry about illness and health problems, (2) conflict in
households and communities, (3) status loss or social failure, (4) loss of
connection to meaningful places, (5) reduced autonomy or opportu-
nities, (6) poverty, deprivation and uncertainty, and (7) unjust or unfair
treatment (Wutich et al., 2020). It is likely that COVID-19 will intensify
most, if not all, of these pathways. We highlight three likely dynamics:
worry about illness and health problems, conflict in households and
communities, and status loss or social failure.

Water insecurity puts people at higher risk of contracting COVID-19,
and thus is distressing. Past research shows that people feel significant
worry over the risks of drinking contaminated water, the physical risks
of water fetching, and thirst and hunger borne of water insecurity
(Wutich et al., 2020). Our data indicate that 59.1% of households re-
ported that at least one member experienced worry that they would not
have enough water in the last four weeks (Fig. 8). This is likely to
intensify as people worry about contracting COVID-19 at water-fetching
points, contamination of stored water, and the necessity of drinking
less-safe water if cash becomes short and water-points become
inaccessible.

Water insecurity precipitates significant conflicts both within
households and across communities. Within households, conflicts tend
to center on financial worries and water shortages, with women often
bearing the brunt of blame and experiencing higher risk of intimate
partner violence (Choudhary et al., 2020). Within communities, water
insecurity produces conflict as people argue over access to water sources
(Sultana, 2011). In the HWISE study, 28.0% of households reported
intra-household difficulties over water, and 21.5% reported
extra-household difficulties over water (Fig. 8). As the stakes of water
insecurity increase during a COVID-19 outbreak, we would predict such
conflict would also increase—for example, if people are unable to meet
physical distancing expectations while queuing for water.

Water insecurity can create status loss, especially for households that
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are impoverished, unable to maintain hygiene norms, or are perceived
as too dependent on others (Wutich and Brewis, 2014). This can be
particularly true for households that lean more heavily on water sharing
arrangements when water becomes scarce (Wutich et al., 2018). Shame
and anger are common emotional responses to the threat of status loss
(Sznycer et al., 2016). In our sample, 47.0% of households reported
anger/upset and 34.4% reported shame over water (Fig. 8). As com-
munities experience economic and social disruptions related to
COVID-19, people will likely find it increasingly difficult to conform to
social norms and expectations (such as hygiene norms) and may expe-
rience anger and shame over status loss as a result.

3.3.7. Household sanitation

Inadequate sanitation and water insecurity are mutually reinforcing,
as the inability to effectively separate human waste more readily in-
troduces pathogens into the domestic environment. Recent evidence
indicates gut involvement of SARS-CoV-2, with prolonged viral shed-
ding found in both symptomatic and non-symptomatic patients (Wu
et al., 2020). Although the HWISE study did not ask about water use for
sanitation, the gut involvement of SARS-CoV-2 poses several implica-
tions for WASH-insecure households.

Gastrointestinal symptoms require increased attention to fecal
management when sick individuals increase use of bathrooms, latrines,
or chamber pots. Evidence is also emerging for fecal-oral transmission of
the virus (Yeo et al., 2020), with implications for WASH-insecure areas.
Even if fecal-oral transmission proves uncommon, sanitation security
nonetheless is critical. Shared sanitation facilities, such as latrines, are
often small enclosed spaces that experience high usage and thus present
additional COVID-19 transmission risk (Caruso and Freeman, 2020). We
may see increases in droplet and fomite transmission of COVID-19 if
facilities are inadequately cleaned. Effective management of diarrhea
requires sufficient quantities of safe water for cleaning as well as for
hydration, hand hygiene, and caregiving.

Second, inadequate sanitation is a key driver of environmentally
mediated transmission of enteric infections. As COVID-19 spreads to
countries with high burdens of enteric infections, enteric infections may
emerge as important comorbidities that shape epidemic trajectories
given the noted effects of infection with SARS-CoV-2 in the gastroin-
testinal tract.

4. Conclusion

Water is a critical component of human well-being and development
(Jepson etal., 2017), and household water insecurity presents an array of
complications for COVID-19 prevention and control. Although the
pandemic is exacerbating socio-medical inequalities in high-income na-
tions (Dorn et al., 2020), water insecurity is experienced everywhere, and
its effects are especially salient in LMICs. Our analysis of empirical data
from 8,297 households across 29 LMIC sites illustrate how the WHO
guidelines for COVID-19 control are difficult to meet given the everyday
realities faced by billions of people. For example, 71% of households had
recently experienced a water-related problem that has the potential to
undermine COVID-19 control strategies or intensify disease progression,
and 46% faced specific challenges with handwashing and physical
distancing, both core elements of WHO’s guidelines for COVID-19 pre-
vention and control. In light of new, more infectious strains of COVID-19
like B.1.1.7 (Galloway et al., 2021), prevention strategies such as mask-
ing and physical distancing are even more important given initial delays
to vaccine deployment. Although our study sample is not representative
of all LMICs or communities in the countries sampled, the water problems
documented here clearly exemplify the range of substantial issues
endured by water-insecure households across diverse rural and urban
contexts. While water issues alone cannot forecast COVID-19 intensity,
these data suggest some practical means to identify where particular and
layered risk for COVID-19 are located within LMICs: those communities
with particularly high levels of water insecurity.
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Our analysis has limitations. The data do not include information
beyond households, and non-household water sources could be an
important and effective means for households to obtain water. Nearly
two billion people depend on healthcare facilities without basic water
services, which increases COVID-19 risks for patients and health care
workers (WHO/UNICEF, 2020b). Additionally, over 30% of schools
globally lack access to an onsite water point and 36% have no hygiene
facilities. These institutions are more likely to be found in communities
with poor household water security, multiplying the risks to people
living there, especially during the pandemic.

This pandemic necessitated legislation of economic stimulus and
relief packages in high- and middle-income nations. Although the cost of
achieving Sustainable Development Goal (SDG) 6 would require a sig-
nificant increase over our current global investment, the cost of
achieving universal basic WASH services has been estimated at US$28.4
billion per year from 2015 to 2030 (i.e., US$426 billion, non-
discounted), or 0.10% of global GDP (Hutton and Varughese, 2016).
In March and April 2020 alone, the United States committed US$3
trillion in a series of four economic relief packages, and the European
Union committed €540 billion, with significant additional relief legis-
lation pending on both continents. Other countries have followed suit,
such as Japan’s US$992 billion stimulus package, China’s US$500
billion fiscal stimulus, and India’s US$260 billion COVID-19 relief
package. Compared to what the world will ultimately end up spending
on emergency economic measures, the cost of universal basic WASH
looks like a bargain, something we have known for years (Hutton et al.,
2007). We emphasize that while these issues are most acute in situations
such as the current pandemic, basic WASH services have implications for
many other key considerations ranging from mitigating the global
burden of disease to improving education outcomes and improving
gender equity. WASH service coverage has long been a pressing global
concern; COVID-19 has made its importance more visible and urgent.

In the short term, the COVID-19 crisis should trigger increased in-
vestments and attention to WASH issues by LMICs and the development
community as seen after the 2014-16 Ebola outbreak in West Africa
(Cooper, 2020a). Eleven African nations announced different forms of
free water for the urban poor and other groups, for example paying users
bills in some areas in Ghana (Amankwaa and Ampratwum, 2020; Smiley
et al., 2020), providing water for vulnerable communities and informal
settlements in Kenya, and the World Bank supporting 20 new water
points for poor communities in Democratic Republic of the Congo sup-
plied by utility-owned water tankers (Cooper, 2020b). Government
stimulus programs may also need to directly address public-private
partnerships (PPP) that have historically played a crucial role in
WASH service provision. These partnerships may have the physical and
social infrastructure to immediately improve water access for many
vulnerable communities. But the pandemic has created financial stress
for PPPs across industries globally and threatens widespread project
failure from logistical disruption and new budget constraints, including
the loss of revenue from regional lockdowns (Baxter and Casady, 2020;
Casady and Baxter, 2020). PPP engagement requires caution, as goals
and accountability are not always well-aligned between partners, and
profit imperatives can clash with equity and other priorities.

As policymakers and program implementers scale-up the immediate
distribution of emergency WASH supplies, we encourage deeper
consideration of how these activities can be transitioned into targeted,
sustainable, long-term WASH investments. High-resolution geospatial
mapping of water and sanitation access, like those produced by the Local
Burden of Disease WaSH Collaborators in 2020, can provide sub-
national guidance on priority regions (Deshpande et al., 2020).
Although solutions should be tailored to local needs and constraints, it is
clear that most communities will benefit from improvements in both
water infrastructure and water governance, and also the way water
managers distribute water and remain responsive to the needs of diverse
users. Ultimately, such strategies have the potential to greatly improve
the overall health of communities and increase their resilience to future
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shocks, including another pandemic. Housing and utility policies may
help deter COVID-19 transmission as well: in the US and Iran, moratoria
on eviction and electricity and water shutoffs have helped contain dis-
ease spread, although the economic impacts on landlords and utilities
remain unclear (Jowers et al., 2020; Seddighi et al., 2020).

Strengthening household water security is critical for preventing and
mitigating the effects of future pandemics in underserved communities
around the world (Cooper, 2020b). The world was already off track to
achieve SDG 6 before the COVID-19 pandemic, and innovations in water
economics, engineering, and management will be critical to accelerate
the pace of progress (Sadoff et al., 2020). In the meantime, adequate and
affordable WASH services can mitigate the potentially compounding
effects of COVID-19 and future pandemics with the traditional burdens
of water insecurity, especially in the most historically marginalized
households and communities.
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