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Cholera has been eliminated as a public health problem in high-income countries that have implemented
sanitation system separating the community’s fecal waste from their drinking water and food supply.
These expensive, highly-engineered systems, first developed in London over 150 years ago, have not
reached low-income high-risk communities across Asia. Barriers to their implementation in communities
at highest risk for cholera include the high capital and operating costs for this technological approach,
limited capacity and perverse incentives of local governments, and a decreasing availability of water.
Interim solutions including household level water treatment, constructing latrines and handwashing pro-
motion have only marginally reduced the risk of cholera and other fecally transmitted diseases. Increased
research to develop and policy flexibility to implement a new generation of solutions that are designed
specifically to address the physical, financial and political constraints of low-income communities offers
the best prospect for reducing the burden of cholera across Asia.
� 2019 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Background

Fear of cholera contributed importantly to the development of
modern sanitation systems. In the middle of the 19th century,
recurrent cholera outbreaks in London resulted in thousands of
deaths [1,2]. In the hot summer of 1858 when the smell of open
sewage in the Thames River became so intolerable (‘‘The Great
Stink”) that several parliamentary meetings were suspended,
members of Parliament approved unprecedented centralized
authority to the Metropolitan Board of Works over >90 different
local authorities [3]. In the ensuing 15 years Chief Engineer Joseph
Bazalgette oversaw an enormous civil works effort that con-
structed 37 acres of embankments along the Thames, 4 major
steam engine powered pumping stations and over 100 miles of
underground interceptor sewers that connected with over 13,000
miles of smaller local sewers some dating from the 15th century
[4,5]. The resulting system diverted 180 million gallons of sewage
each day to a stretch of the river east of the city past the tidal seg-
ment so that the waste would flow into the ocean [4]. The cleaner
Thames, combined with a requirement that municipal water be fil-
tered before being piped to city residents [2], markedly improved
water quality and reduced fecal exposure to the residents of
London. Since this definitive big pipe infrastructure was
implemented, cholera outbreaks have not recurred in London.

More than a century later, the 1991 cholera outbreak in
Santiago, Chile prompted government officials to construct
wastewater treatment plants that interrupted sewage contamina-
tion of crops grown in agricultural fields surrounding Santiago
[6]. Ultimately, only 142 cholera cases and 3 deaths were identified
in the 1991 outbreak in Chile, but the investment in infrastructure
also eliminated typhoid as a public health problem and markedly
reduce the incidence of hepatitis A for the city [7,8].

The objective of this paper within this supplemental issue of
Vaccine focused on cholera vaccine, is to reflect on the importance
of complementary strategies to reduce the burden of cholera and
other infectious water borne diseases, and to consider how such
efforts can be simultaneously advanced to work towards decreas-
ing the burden of disease. When deployed in settings where
cholera is endemic, the current vaccine reduces incidence of severe
cholera by 37–65% over the ensuing 2–3 years [9,10]. Even in set-
tings where cholera is a public health problem, cholera represents
a small proportion of the burden of disease transmitted by the fecal
oral pathway [11]. Thus, while the other articles in this issue
address appropriate settings and strategies for deployment of vac-
cine as a focused tool, we aim to provide some consideration on
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broader strategies to reduce fecal-oral transmission in high-risk
communities.

London’s 19th century big pipes approach–that is, delivering
piped clean drinking water to households, collecting human feces
and urine, diluting it with water, pumping this waste stream over
long distances and discharging it away from population centers–
has been replicated in high-income cities globally. Treatment of
wastewater prior to discharge to the environment was added
25 years later in London [4] and not until the middle of the 20th
century in most cities in the United States [12]. Although net-
worked sewers have been implemented in wealthier cities and
wealthier neighborhoods in less wealthy cities, this solution has
not been extended to the lowest income communities throughout
Asia where the risk of cholera is highest.

Arguably the largest barrier to implementing city-wide, net-
worked water and sewer infrastructure throughout Asia is high
cost relative to the wealth of the population. These large civil
works are expensive to construct, expensive to operate and expen-
sive to maintain. Across Asia two-thirds of wastewater is dis-
charged back into the environment without any form of
treatment [13].

Comprehensive citywide water and sanitation systems also
require a municipal government that is able to operate, maintain,
repair and collect sufficient revenue to support these complex sys-
tems. Most low-income country municipal governments, however,
have limited administrative, revenue-generating and technical
capacity. Although most low-income country governments claim
they are responsible for providing essential services, government
actors often have incentives to provide such poor service that
households pay additional fees to secure some basic form of ser-
vice [14,15]. In the water sector, these fees might pay for an illegal
connection or for a tanker truck, whose exclusive contract to oper-
ate includes a kickback to ruling politicians [16–19].

The critical shortage of available water in many Asian cities also
prevents a 19th century London style big pipe solution. Transport-
ing wastes from one person through a conventional waterborne
sewer system requires an average of 15,000 L of water per year
[20]. Even at the current level of service, which leaves many resi-
dents without a reliable convenient water supply or a sewer con-
nection. Many large Asian cities including Chennai, Delhi, Lahore
and Dhaka are drawing substantially more groundwater from aqui-
fers than is being replenished [21–24]. These unsustainable with-
drawals means that in the future there will be a marked
reduction in available water and no cushion for drought emergen-
cies. Since 2000, the population in Asian cities has increased by
>850,000 persons per week [25]. The combination of population
growth and reduction in available water supply means that the
water supply per capita is progressively decreasing [26].

Climate change is likely to affect monsoon timing and magni-
tude [27]. With long-term constraints on physical water shortage,
political leaders are pursuing engineered water storage and diver-
sion infrastructure [28,29]. Upstream human activities will affect
the quantity, quality, and timing of surface-water resources. For
example, the construction of the Farakka Barrage by India diverted
the flow of the Ganges River to increase water supply to Kolkata
beginning in the early 1970s. This dam reduced the flow into
Bangladesh by 73% during the dry season, with calamitous effects
including increasing soil salinity and decreasing available freshwa-
ter [30]. The cascading effects of reduced transboundary flow is
likely to reduce access to freshwater downstream and thus
increase risk to cholera.

With rapid population growth and dwindling freshwater sup-
plies, municipal water managers across Asia ration water. House-
holds receive only intermittent supply when water is provided to
their branch of the distribution network, perhaps a few hours per
day or less [31]. Indeed, no major city in India provides piped
drinking water 24 h per day 7 days a week to all residents [32].
All piped water systems leak [19]. When water is flowing in a fully
pressurized system, clean water moves through the leaks into the
environment. By contrast, when water is turned off contaminants
from the environment can be drawn back into the pipes [33]. This
ingress is particularly dangerous when water pipes course through
sewage contaminated soils that are heavily enriched with patho-
gens such as Vibrio cholerae. When water services resume, these
contaminants circulate throughout the system. An intermittent
water supply is a contaminated water supply [34,35]. When the
municipally supplied water was collected and cultured from
households where a resident was hospitalized for cholera in Dhaka,
Bangladesh, 33% grew V. cholerae [36].

Low-income residents of urban slums are serviced by the worst
water and sanitary infrastructure in cities and are at particularly
high risk for cholera [32,37]. They are often exposed not only to
the fecal waste generated by their own community, but also to
waste generated from other areas of the city that flows through
their communities in open drains [38]. Although the proportion
of Asian residents living in slums decreased between 1990 and
2012, the absolute number of urban slum residents increased by
100 million [25]. Without adequate piped water supply, the urban
poor are often dependent upon more expensive water delivered by
tanker trucks to their community.

The other low-income group at high risk of mortality from
cholera are the rural poor who live far from available services. A
person exposed to V. cholerae can progress from feeling well to
sudden onset of voluminous diarrhea to death in a matter of hours
[39]. During the rainy season in rural areas of Bangladesh when
seasonal flooding makes transportation more difficult, living far
away from a healthcare center increases the risk of death from sev-
ere diarrhea [40].
2. Household level interventions

Because of the many barriers to and slow pace of implementing
robust municipal level systems to provide safe water and remove
waste in low-income country cities, many public health advocates
have promoted household level efforts to improve drinking water
quality, construct latrines and encourage handwashing. When
assiduously implemented, these household level strategies can
reduce transmission of enteric pathogens including cholera; how-
ever, these are not the same approaches that controlled cholera
in London, Tokyo or Singapore. At best, household strategies repre-
sent a partial, interim approach with a quite limited track record of
success.
2.1. Household water treatment

A systematic review of the impact of water, sanitation and
hygiene interventions on cholera [41] identified three trials that
evaluated the effectiveness of point of use water treatment on cho-
lera incidence; each reported a significant reduction [42–44].
These results are consistent with the observed impact of household
water treatment on all causes of diarrhea. In settings where diar-
rhea is a leading cause of death and a community’s drinking water
is contaminated with feces, people who treat their drinking water
with an approach that reduces microbiological contamination
reduce their risk of developing diarrhea [45]. Encouraging house-
hold water treatment with sodium hypochlorite (bleach) can save
lives and would be appropriate during an emergency response,
especially if the disinfectant were distributed at no cost. If people
are charged for household disinfectants, then the most impover-
ished households, that is those are who are at greatest risk of death
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from cholera, will be systematically excluded from this life saving
intervention [46].

Moreover, despite its efficacy, household water treatment has
not made a substantial contribution to reducing cholera burden
because of low uptake among those households at highest risk.
Household water treatment costs money and requires an ongoing
commitment of time and effort for correct and consistent use. Even
in the setting of cholera outbreaks where point-of-use water treat-
ment supplies are provided at no cost, use of these interventions
has characteristically been low, including 12% in Kenya, 19% in
Nepal and 24% in Haiti (10.9% using a filter and 12.7% using chlo-
rine) [47,48]. The low uptake of point-of-use water treatment in
emergency outbreak response is consistent with low uptake
observed more generally in impoverished households whose
drinking water is chronically contaminated with human feces
[49,50]. This experience suggests that expecting the poorest people
in the world to assume the responsibility of disinfecting their
drinking water, when these households are the most financially
tenuous and the least educated, is an unsound strategy.

In settings where the local government utility fails to provide
potable water, most middle-class and wealthier households in Asia
understand that their drinking water is often contaminated with
enteropathogens. They have sufficient knowledge and wealth to
implement household water treatment [46]. When local govern-
ments fail to provide potable water to them, the private sector fills
the gap with an array of home water treatment products. Impover-
ished residents of the same cities are serviced neither by the gov-
ernment nor by the market. This is the group at highest risk for
cholera mortality. Thus, during cholera outbreaks, free provision
of household water treatment with heavy promotion encouraging
regular water treatment may avert some illness.

Although research on point-of-use water treatment continues,
there is little evidence that any of these technologies has made
substantial progress against the hard problem of low uptake
amongst the highest risk populations. If an intervention could be
developed that was so inexpensive and easy to use that it resulted
in >80% uptake of effective treatment in large scale implementa-
tions among households in the lowest income decile, it could pro-
tect vulnerable populations from cholera in their drinking water at
levels approaching an appropriately operating municipal system.
Such an intervention, however, would require a technology that
was so low cost that it presented no meaningful barrier to uptake
among households who live on <1US$ per person per day, that
required very little time, effort, training or behavioral promotion,
and that so improved the drinking water experience that target
households were motivated to use it. None of the current interven-
tions are close to these performance criteria. They are either small
programs that rely on external funding and reach less than 0.01% of
the population in need or they sell products primarily to wealthier
households who are not those at the highest risk of death from
cholera.

2.2. Sanitation

The Millennium Development Goals targeted halving the pro-
portion of the population without access to improved sanitation
over the period 1990–2015 [51]. In response many government
and aid organizations built or encouraged the construction of latri-
nes, that is a toilet with a pit for containment of fecal and urinary
waste [52]. The push for improved access also included events to
raise awareness such as the designation of November 19 as World
Toilet Day. A toilet, however, is not a sanitation system. Engineers
in London did not control cholera in the 19th century by building
toilets. Building a toilet is only the first step, containment. In urban
settings where the volume of feces generated by the human popu-
lation far exceeds the capacity of the environment to assimilate
these wastes, a sanitation system requires safely collecting and
transporting this excreta out of the immediate community, treat-
ing it, and then either reusing or safely disposing the resulting
material. In settings where cholera occurs in Asia, many people
have toilets, but the fecal sludge that collects in these toilets is usu-
ally dumped back into the environment untreated. For example, in
Dhaka, Bangladesh, 99% of the population have access to a toilet,
but 98% of the fecally contaminated wastewater is discharged back
into the environment untreated from leaking or damaged toilets,
deliberately by vacuum truck operators or through open drains
or drainage pipes that discharge into local surface water bodies
[53]. In dense urban areas, providing toilets to people without an
effective system for managing the waste will not control cholera.

In rural areas, population densities are lower and so the
environment can more readily absorb and break down the lower
volume and concentration of locally generated human feces.
Although the evidence is equivocal, a latrine that contains feces
would be expected to reduce population exposure to fecally shed
organisms including cholera. Few studies have rigorously evalu-
ated the public health benefit from latrine construction in rural
areas [41,54]. Whether or not a simple latrine is sufficient or
whether a more hygienic latrine that consistently separates feces
from flies and the environment is more useful is an open question.
Of course, intervention programs that build toilets that are not
used do not contribute to cholera control [55]. Many rural sanita-
tion programs in India have focused on building toilets with little
attention to understanding the interests and perspectives of poten-
tial users and so have resulted in quite low uptake [56].

In urban areas, the key policy consideration is moving beyond
toilets with on-site containment and instead improving the entire
sanitation system (discussed below). In rural areas, policies that
support quality latrine construction and use are likely to reduce
the risk of cholera and other enteric disease. Research priorities
in rural areas include developing more effective strategies to pro-
mote habitual use of latrines, developing effective strategies for
containment of child feces, and better evaluations of health impact
to provide ongoing guidance to policy and intervention.

2.3. Handwashing

Risk factor studies during cholera outbreaks consistently iden-
tify handwashing with soap as protective [57]. In a public health
crisis, fear of illness coupled with aggressive promotion can mark-
edly increase handwashing behavior [58,59]. Although evaluations
of handwashing promotion during cholera outbreaks have notable
methodological limitations, each of four intervention assessments
identified in a recent systematic review concluded that the inter-
ventions were effective [41].

Most people know that washing hands with soap is a good idea,
though this behavior is not habitually practiced [60]. A primary bar-
rier to adopting a handwashing habit is the paucity of environments
that support the regular practice of handwashing with soap. For
example, in Bangladesh 36% of government hospitals do not have
running water within the hospital [61]. In a structured observation
of 4676 potential handwashing opportunities observed within a
nationally representative sample of hospitals in Bangladesh,
healthcare workers only washed their hands 2% of time [61]. Simi-
larly, only 21% of schools across Bangladesh have a location for stu-
dents to wash hands with both soap and water present [62].

The primary policy steps to improve handwashing in settings
where cholera is a public health risk is for institutions to develop
and maintain the infrastructure and provide the consumable sup-
plies to support handwashing. Hospitals, schools and food markets
should have water supplies that are not contaminated by human
feces, as well as easily accessible locations to wash hands with
soap. Because contaminated water often contaminates food [63],
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food markets are particularly important loci to interrupt transmis-
sion. If low-income communities do not have sufficient running
water to wash hands, then handwashing promotion efforts to these
communities will be ineffective.

A productive area for handwashing research is developing scal-
able strategies to improve handwashing practices in high-risk
resource-constrained environments. Both the cost of soap and
the time required to wash hands are important barriers to hand-
washing. Using soapy water made from low cost detergent [64]
or developing other inexpensive approaches can help address these
barriers. Approaches other than soap and water may extend the
reach of hand hygiene especially in water scarce contexts, but
these approaches need to be remarkably low cost to reach people
at highest risk.
3. Definitive solutions

Cholera has been successfully controlled by infrastructure
improvements that reliably separate the community’s excreta from
its water and food supplies. This approach was effective in London
in the 19th century and in Singapore in the 20th century [65]. It is
the one proven approach with a sound historical track record.
Implementing such definitive approaches offers the most robust
protection against cholera and other enteropathogen transmission.

By contrast, beginning in the 1960s, to reduce the risk of diar-
rhea, residents of rural Bangladesh were encouraged to switch from
surface water that was commonly contaminated with human and
animal feces, to instead exploit shallow groundwater by installing
tubewells. Contemporary studies found no impact on the incidence
of cholera or diarrhea in thismove from surfacewater to groundwa-
ter [66–69]. Subsequently, much of the shallow groundwater in
Bangladesh was found to be heavily contaminated with arsenic,
and so the switch to shallow groundwater as a source for drinking
water has generated an ongoing public health catastrophe [70].

Despite 150 years of evidence from high income settings, we
lack robust strategies for removing fecal contamination and the
attendant risk of exposure to Vibrio cholerae and other pathogens
from drinking water and from the food supply in low-income com-
munities of low-income countries. Professionals working in this
space should own the failure of these efforts. Neither a few mar-
ginal technical tweaks nor impassioned exhortations on the human
right to water and the responsibilities of governments are likely to
solve this longstanding hard problem.

Nevertheless, well delivered focused interventions can inter-
rupt enteropathogen transmission. The WASH Benefits trial in Ban-
gladesh specifically evaluated the impact of 3 focused individual
interventions on (1) drinking water quality, (2) handwashing pro-
motion and (3) hygienic sanitation when delivered separately and
when combined on reported diarrhea and on objective measures of
enteropathogen prevalence in children stool. Giardia [71] and
hookworm [72] transmission as well as reported diarrhea [73]
were reduced in some, but not all, of the single intervention arms.
This is consistent with the notion that enteropathogen transmis-
sion varies by place and time. For example, contaminated water
was the primary transmission pathway for V. cholerae transmission
in Freetown, Sierra Leone in 2012 [74], while contaminated raw
vegetables were the primary transmission pathway in Lusaka,
Zambia in 2003–2004 [75]. Although comprehensive strategies
provide the most robust protection, reducing transmission one
pathway at a time can progressively improve community health.
3.1. Improving drinking water supply

Well-functioning centralized water distribution systems
require capital for construction and funds for ongoing maintenance
and repair, but municipal water suppliers in weak states com-
monly lack the incentives and capacity to regularly collect cus-
tomer payments [16,76]. People living in poor communities are
willing to pay for water. Indeed, the poor in Asia pay 10 to 20 times
more per liter for water that they purchase from small-scale provi-
ders or vendors, as compared to wealthier households who receive
water from piped networks that benefit from both economies of
scale and government subsidies [19,77]. Expanding high quality
service to poor neighborhoods is impeded by a variety of perverse
incentives within municipal water institutions which encourage
overstaffing, prioritizing service improvements to politically con-
nected customers, and failing to set service prices to cover operat-
ing costs [78]. Water, like food, should be priced at a level that is
sufficient to cover the costs of ensuring ongoing supply. Setting
prices that are artificially low means that providers have insuffi-
cient resources to reach populations in need [78].

One potential low-cost strategy to better align the incentives of
water municipalities and communities would be requiring water
service providers to complement the current standard practice of
testing microbiological quality of drinking water as it exits the
pumping station/treatment plant with evaluating water samples
collected from randomly selected points throughout the municipal
distribution system. The goal of a municipal water supply system is
to supply sufficient safe water to residents. Collecting water sam-
ples throughout the distribution network would assess whether
or not the municipally supplied drinking water met World Health
Organization criteria for potability. New technologies permitting
pathogen detection in municipal water supplies [79] could further
motivate attention to these often neglected systems. Sharing such
results could help stimulate broader discussion and, ultimately,
longer term strategies to address widespread drinking water con-
tamination. If government authorities are reluctant to generate
such data, non-government organizations could partner with cred-
ible laboratories to conduct such analyses to initiate these
conversations.

Some municipalities, often at the insistence of donors, have
engaged private industry in the hope that private sector skills
and incentives could manage water utilities more efficiently, pro-
vide better service, collect bills more regularly and be less likely
to have service undermined by political interference. Experience
with this approach has varied. In Argentina, cities that privatized
their water services in the 1990s expanded water service so effec-
tively into poor communities that child mortality fell 26% in the
poorest communities of cities adopting water privatization com-
pared with cities that maintained government water service provi-
sion [80]. Similarly water privatization in La Paz and El Alto, Bolivia
also improved access to the lowest income communities [81].
However, under public pressure politicians in both Argentina and
Bolivia revoked these arrangements. Formal private sector firms
provide only 5% of water services globally [82]. Indeed, there is lit-
tle evidence that providing water to poor communities is a suffi-
ciently profitable business to attract private international finance
and multinational firms to fill this role. We do not have robust
models of efficient cost-effective water service delivery reaching
populations who are at highest risk of cholera.

A more limited role for the private sector may help improve the
availability of potable water in these environments. In several set-
tings private entrepreneurs have established water kiosks that pro-
vide water for purchase that is often of substantially improved
microbiological quality [83–85]. Water treatments of this privately
vended water range from none at all to reverse osmosis. The cost
per liter is generally higher than the stated government price for
municipal water, but the perceived quality and convenience is of
sufficient value to water constrained communities to support a
sustainable business model in at least some locations. Although
private water kiosks are unlikely to provide abundant safe water
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to the poorest households, they may provide an essential service to
some communities. By providing a separate treatment and distri-
bution system for water intended for drinking and cooking, this
method of delivery inserts some efficiency by prioritizing the high-
est investment in water quality for water that will be ingested.

The private sector can also play a role in reducing leaks in
municipal water supplies by performance-based contracting [86].
With this approach, a public utility enters a performance-based
contract with a private company to reduce non-revenue water
across the municipal area. Payment is linked to the reduction in
lost water. This saves the utility money, because they can expand
service without expanding supply. It also leverages the creative
flexibility of the private sector. Although eliminating illegal con-
nections that contribute to non-revenue water risks reducing
water access to the poor, physical losses in water systems and
underpayment by big users are much larger components of non-
revenue water than are connections to low income communities
[76]. Low income communities would generally benefit from a
more efficient and transparent system, since they use less water
per person and are currently paying so much more per liter than
are wealthier consumers [19,77].

Another potential role for the private sector would be collecting
wastewater, either graywater and/or blackwater (contains feces),
treating it and returning it to consumers or municipalities. In water
short areas, water is a scarce resource. Private companies might be
better placed to maximize efficiency in water reclamation. Munic-
ipalities, may find it more feasible and less expensive to purchase
reclaimed water, rather than attempting to exploit new sources, or
invest in and manage their own facilities.

Expected economic growth across Asia will generate more
wealth and so more revenue is likely to be available from these
communities to improve municipal water utilities. Rising incomes,
on their own, however, are unlikely to eliminate the risk of cholera,
because the health of rapidly growing cities will be constrained by
dwindling supplies of available water.

Contemporary thinking in integrated urban water cycle man-
agement can help service growing urban populations in the setting
of reduced supply [87]. Since a minority of the water supplied to
cities is ingested, fit-for-purpose water quality production and
treatment can provide water from a greater diversity of water
sources including water recycling to meet urban demand [88].
An integrated water cycle approach can also improve sanitation
by collecting water from the effluent stream and reduce environ-
mental contamination. A fit-for-purpose water treatment frame-
work also focuses behavior and expenditure on that component
of water that truly needs to be potable.

The current approach adopted by most municipalities in low-
income countries of extending piped water service to wealthy
new neighborhoods while dramatically underserving impover-
ished neighborhoods will not provide a sustainable defense against
cholera. Only by providing safe drinking water to the poorest, least
politically empowered residents, will the whole city be protected.
Advocacy for water as a human right [89] may motivate improved
availability in some circumstances, but framing access to water as
a right risks implying that poor water availability is solely an issue
of political will. We assert that insufficient safe water for low
income communities is a complex problem that results from pop-
ulation growth, progressive reduction in available surface and
groundwater, poverty, climate change, limited government capac-
ity, perverse incentives and technologies that are not fit for pur-
pose in these highly constrained environments. Addressing the
complex problem requires that we accept its complexity, which
means recognizing that urging a handful of key political leaders
to enact a specific policy is insufficient. We assert that the failure
to resolve this problem reflects how difficult of a problem it is to
solve and so requires investment in additional research to design,
iterate and evaluate interventions. These are not only technology
interventions on how to better purify and distribute water, but also
political, administrative and informational interventions that
might improve municipal water management.

Informed by the long history of failure of municipal systems in
low income countries to provide safe water to low income neigh-
borhoods, new approaches are called for. One technological devel-
opment is lower cost water meters [90]. The improved
transparency offered by applying information technology to track
water connections, water consumption, water billing, repairs and
services provides an opportunity to combat the corrupt private
deals that undermine service and water utility revenue. Develop-
ing new technology for identifying leaks could improve efficiency
of municipal systems and reduce the need for increasing environ-
mental withdrawals.

Because the long history of failure of adapting large expensive
centralized systems that require more water, more funding and
more government capacity than is available, new approaches are
needed for collecting, disinfecting and distributing water that are
specifically designed to function in the water-, capital- and
governance-constrained contexts where risk of cholera and other
waterborne diseases is greatest. Such approaches are likely to
operate on a smaller scale than traditional municipal networks
[91,92]; rigorous evaluation of these decentralized approaches
can provide valuable sector guidance. In addition, developing and
testing approaches to prevent or mitigate the effects of intermit-
tent water supply service could reduce risk. Importantly, research-
ers and change agents should appreciate that a safe and sufficient
water supply is not solely a technical challenge, but also a difficult
political issue [16,93]. Research should explicitly develop and eval-
uate strategies to break the dysfunctional political economy equi-
librium that incentivizes poor service provision. This requires
broadening the community of researchers and practitioners
addressing these issues to ensure an adequate range of disciplinary
expertise to assess dimensions of the problem that transcend civil
engineering.

3.2. Upgrading sanitation systems

Around the world and throughout history, communities have
prioritized meeting their water supply needs before addressing
their sanitation needs; similarly, containment and isolation of
waste is prioritized over waste treatment [12]. Since large sewered
sanitation systems cost considerably more than water distribution
systems, improvement in sanitation systems generally require
more time and wealth accumulation than improvements in water
systems [12]. High-income countries currently treat approximately
70% of their wastewater, while low-income countries treat only 8%
[13]. The immense volume of untreated wastewater generated by
rapidly growing cities that is dumped back into the immediate
environment worsens health in the affected communities,
adversely impacts the broader ecology and worsens water quality
for downstream communities.

The big pipe approach implemented to serve London’s 3 million
residents in the 1860s is not a fit-for-purpose approach for sanita-
tion in water scarce cities of Asia in the 21st century. High capital
and operating costs means sanitary system infrastructure will be
slow to arrive in poor cities and particularly slow to arrive in infor-
mal settlements at the highest risk for cholera.

Efforts to improve these conditions should focus less on con-
structing toilets and latrines and more on developing systems for
the collection, transport, treatment, and reuse or discharge of fecal
sludge. Because infrastructure investments are designed to last for
several decades, technical recommendations by lending bodies
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tend to reflect conservative old technology approaches [12,93,94],
but the populations at highest risk for devastating high mortality
cholera outbreaks are the least likely to be served by these tradi-
tional high capital approaches. Lenders and policymakers should
create a more flexible policy environment that permits innovation
and experimentation.

Improving sanitation systems in water scarce low-income cities
in Asia will require new approaches and new research. Green
urban design and technologies that are being increasingly imple-
mented in high-income countries to improve water security, sus-
tainability and resilience could be adapted to enable low-income
communities to implement decentralized approaches that recycle
wastewater, harvest rainwater and storm water, and protect them-
selves against flooding and pollution [95]. Applied at different
scales (households, neighborhoods, and whole precincts), this
approach supports outcomes beyond simply providing clean water
and sanitation services. Such approaches close the water cycle loop
to make local waterways healthier and water supplies more secure.
They reduce flood vulnerability, create landscapes for growing
high-value crops and deliver a viable receiving environment for
effluent from wetlands constructed for wastewater treatment.
The adaptation of these approaches to low income country munic-
ipal environments is only beginning [96]. The primary wastewater
of concern in low income country cities is blackwater, that is water
contaminated with feces and urine. There are well established wet-
land systems for wastewater treatment [97]. However, they need
to be re-configured for dense urban settings. Recent success in
urban storm water wetlands embedded in dense urban settings
provide templates for the required modification [98].

Other potential decentralized technical approaches include
urine diverting toilets with dry sanitation [20], container based
sanitation approaches that collect and process excreta into com-
post or solid fuel briquettes [99] and low energy decentralized
electrolysis to remove pathogens fromwastewater [100]. Advances
in resource recovery from wastewater, including recovering the
water, can offset at least some of the system costs [101]. All engi-
neered civil works require ongoing operation and maintenance
which, in turn, requires funding, trained personnel and local gov-
ernment capacity. Designing new approaches that require less
technical sophistication, less active management and less ongoing
funding to maintain are more likely to overcome the shortcomings
of historical approaches in reaching the highest risk communities.
Research that focuses on solutions that are fit-for-purpose for com-
munities at highest risk for cholera are particularly important
because of the failure of the traditional model to address these
highest risk groups. Although none of the systems are yet suffi-
ciently robust and low cost enough to be effective at managing
the excreta of entire communities living in dense urban settle-
ments of over 10,000 people per square kilometer, the approaches
are sufficiently promising to justify further investment in research
to advance their development. Unless we develop a technical and
institutional approach to either remove or decontaminate the fecal
effluent from these communities, then fecal oral transmission will
continue, including outbreaks of cholera.

Handwashing should be viewed as an important complemen-
tary behavior that can reduce fecal oral transmission, but is not
the primary definitive strategy. An environment that is supportive
of handwashing is a necessary condition for optimal handwashing
practices [102]. In a water scarce setting, especially when families
have to devote considerable time to collecting water, handwashing
with water will not be a priority. Alternative approaches to hand
hygiene are attractive but it is hard to imagine even a product as
inexpensive as alcohol gel being affordable to the households at
highest risk of cholera mortality. Integrating handwashing stations
into public facilities including public toilets might be an efficient
strategy to reduce community transmission of enteric pathogens.
4. Conclusion

The mixture of community fecal effluent with drinking water
and food presents an ongoing risk of cholera and other enteric dis-
eases including enteric fever, Hepatitis E, Hepatitis A, Norovirus,
Shigella, and Campylobacter to populations across Asia. Since the
available cholera vaccine leaves at least 35% of vaccinated individ-
uals unprotected from severe cholera and no immunization pro-
gram reaches its entire target population, approaches that
provide clean water, uncontaminated food and safe management
of human excreta provide additional protection to the population
against cholera and other enteropathogens. Like vaccinations,
water supply, sanitation and hygiene interventions are not one-
off investments, but require substantial ongoing operational com-
mitments to maintain a skilled workforce and consistent service
delivery. During an acute cholera outbreak, efforts to improve
drinking water quality by encouraging household disinfection
and promoting handwashing with soap can marginally reduce
the transmission and burden of cholera. The approaches used to
eliminate cholera as a public health problem in high-income coun-
tries require too much money, too much water and too much
energy to address rapidly growing low income communities in
Asian cities. New approaches that are specifically designed to pro-
vide potable water and management of wastewater are essential to
further reduce risks. These approaches will require both policy
flexibility and investment in research and evaluation.
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