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Abstract

In 2015, China implemented the national Toilet Revolution, which aimed to
upgrade toilets in rural areas. We quantified the health and economic impact of
the Toilet Revolution from 2018 to 2024 by examining the association between
sanitary toilet coverage and the incidence of diseases transmitted by the faecal-
oral route. We used national and provincial data on sanitary toilet coverage and
the reported incidence of faecal—oral diseases. We adjusted estimated
associations by socioeconomic and environmental covariates. We calculated
population attributable fractions to estimate the preventable disease burden, and
assessed economic benefits through reductions in treatment costs associated
with a reduction in cases of faecal-oral diseases. From 2018 to 2024, the
estimated rural sanitary toilet coverage increased from an estimated 56% to 76%,
while faecal—oral disease incidence declined substantially. A 1% increase in toilet
coverage was associated with a 1.56% reduction in national incidence of
disease. Overall, 16.87% (95% confidence intervals: 16.64% to 17.12%) of the
observed decline in the incidence of faecal-oral diseases was attributable to
increased toilet coverage. This reduction corresponded to average annual
treatment savings of 4.93 million yuan (¥; 1 United States dollar = ¥ 6.80) and
cumulative savings exceeding ¥ 200 million. Forward projections indicate that
continued expansion of sanitary toilet coverage will further reduce disease
incidence up to 2032. Our analysis shows that provision of sanitation
infrastructure is a high-impact population health intervention that produce
sustained economic returns at scale.
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Introduction

Safe sanitation is a cornerstone of public health. Inadequate sanitation, together with
unsafe water and poor hygiene, contributes to diarrhoeal disease, neglected tropical
infections and environmental contamination. Globally, despite two decades of progress,
substantial gaps remain. In 2022, an estimated 3.5 billion people still lacked safely
managed sanitation, including about 419 million who practised open defecation and, in
2024, more than 3.4 billion people were still without safely managed sanitation services
at home.! In China, between 2000 and 2020, access to sanitary toilets (toilets that meet
basic hygiene and sanitation standards) in mainland China increased from an aggerated
estimate of 19% to 78%, with particularly rapid gains in rural areas.? These
improvements build on decades of state-led public health campaigns but since 2015 they
have accelerated because of the national so-called Toilet Revolution, which made the
upgrading of toilets in rural areas a flagship of rural revitalization and environmental
governance. However, coverage and service levels still vary across regions and
socioeconomic groups, and enteric infections are still a sizeable burden. For example, a
recent analysis estimated that about 75 million incident cases of enteric infection and
more than 5500 deaths occurred in China in 2021, despite significant declines in age-

standardized rates since 1990.3

Evidence on the health effects of sanitation improvements increasingly suggests
that sanitary toilets provide important but context-dependent benefits.* Global
randomized trials and meta-analyses indicate that sanitation and broader water, sanitation
and hygiene interventions can reduce diarrhoea by roughly 15-25% on average, but effect
sizes vary widely by setting, baseline coverage and co-interventions.> Indeed, some
recent large trials reported small or null effects when sanitation was improved in
isolation.’ In China, microlevel studies using national survey data have found that
household access to sanitary toilets is associated with better self-rated health and lower
recent diarrhoea in rural adults, after accounting for socioeconomic factors.” Longitudinal
household survey data from rural China further suggest that higher village-level sanitary
toilet coverage may benefit the wider community.® Ecological analyses from some
provinces and national surveillance data similarly report that increases in sanitary toilet

coverage coincide with declines in intestinal infectious diseases.’

Despite this growing body of evidence, important gaps remain. Most Chinese

studies focus on single provinces or pre-2015 programmes, rely on cross-sectional
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designs or self-reported morbidity, and typically evaluate toilets as individual household
exposures rather than as an infrastructure system whose health effects depend on
coverage, quality, and sustained operation and maintenance. To address these gaps, we
aimed to: (i) quantify the association between provincial-level sanitary toilet coverage
and the incidence of the main diseases transmitted by the faecal—oral route during the
Toilet Revolution period; (i) project the investment needed to expand sanitary toilets;
and (iii) distil China’s policy, financing and technology pathways into a transferable

framework for low- and middle-income countries.

Data sources

Funds for the Toilet Revolution

China’s Toilet Revolution has been supported by different funding systems over the past
2 decades. The central government has allocated substantial financial resources through
direct subsidies, transfer payments and performance-based incentives.!® We obtained data
on the central funds supporting the Toilet Revolution in China from 2019 to 2024 from
the Ministry of Agriculture and Rural Affairs. Although some provinces did not receive
central funds in certain years due to policy adjustments, the data collected over the whole
study period nonetheless covered all 31 provinces, autonomous regions and

municipalities in mainland China.

We obtained national- and province-level data on sanitary toilet coverage from the
Ministry of Agriculture and Rural Affairs (online repository).!' Sanitary toilet coverage
was defined as the proportion of rural households using toilets that meet national
standards for rural sanitary toilets, including the safe containment of human excreta to
prevent human contact. These systems include water-flush toilets connected to sewerage
or treatment systems, three-compartment septic tanks, biogas-digester toilets, double-pit

alternating toilets and other locally approved sanitary systems.

Incidence of faecal-oral diseases

We restricted outcome data to four nationally notifiable faecal-oral diseases with
consistent national and province-level annual data from 2018 to 2024: cholera, dysentery,
hepatitis A, and typhoid and paratyphoid fever. More common enteric pathogens,
including diarrhoeagenic Escherichia coli and norovirus, are monitored through outbreak
investigations, foodborne-disease surveillance, laboratory testing networks and

environmental or sentinel monitoring. However, these pathogen-specific surveillance
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streams did not provide consistently published incidence series by province and year for
the full study period. We therefore did not include these pathogens as outcome variables
in the main analysis. We calculated the incidence rates based on the resident population

and the number of disease cases in China for 2022 and 2024 (online repository).!!

Covariates

We collected data on the daily per capita domestic water consumption, local expenditure
on medical and health care, local expenditure on environmental protection, and resident
population by province and year. We extracted these data from the China Statistical

Yearbooks published by the National Bureau of Statistics of China.

Analysis

We calculated average annual percentage changes of the incidence of faccal—oral diseases
and the sanitary toilet coverage rate using linear regression models. We used generalized
linear mixed models with a Poisson distribution to examine the association between the
sanitary toilet coverage rate and the incidence of faecal—oral diseases. The model
incorporated covariates, including daily per capita domestic water consumption, local
expenditure on medical and health care, and local spending on environmental protection.
We incorporated a random intercept for province to account for clustering effects across
provinces. We included the natural logarithm of the province-specific population size in
the generalized linear mixed models as an offset term. Health behaviour changes (e.g.
handwashing and toilet use) may jointly drive sanitation benefits, but we could not
quantify these effects because the relevant data were not available. Instead, we conducted
a sensitivity analysis with additional adjustment for education level and health education
delivery to test the robustness of the results, as these metrics partly reflect the extent of
health behaviour changes (online repository).!! We also estimated the potential health and
economic benefits from the Toilet Revolution (online repository).!! Detailed information

on the study design and methods is provided in the online repository.!!

Developing a framework

We developed a structured framework to synthesize implementation of rural sanitation.
We reviewed relevant national and local policy documents to identify institutional
arrangements and implementation responsibilities. We classified financing mechanisms
across the construction and operation phases, and developed a decision tree for selecting

suitable toilet and excreta-treatment systems based on local environmental conditions,
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available infrastructure, whether households are clustered or dispersed, and user
preferences. We also reviewed records of international cooperation, particularly the
Ministry of Agriculture and Rural Affairs—United Nations Children’s Fund (UNICEF)
collaboration, to identify external inputs related to capacity-building, technical support

pilot demonstrations and knowledge exchange.

Results

Toilet coverage and disease incidence

From 2018 to 2024, the estimated aggregated national coverage of sanitary toilets in rural
China increased from 56.00% to 76.00%, with an average annual percentage change of
5.25% (95% confidence intervals, CI: 3.25 to 7.29). Over the same period, annual central
government funds earmarked for the Toilet Revolution remained close to 7 billion
Chinese yuan (¥; 1 United States dollar (US$) = ¥ 6.80) in most years (Table 1). Between
2018 and 2024, the incidence of dysentery declined from 6.57 to 2.47 cases per 100 000
population (average annual percentage change —16.35%, 95% CI: —21.07 to —11.35) and
typhoid and paratyphoid fever from 0.78 to 0.34 cases per 100 000 (average annual
percentage change —12.51%, 95% CI: —15.40 to —9.52). Hepatitis A showed a modest
non-significant downward trend from 1.17 to 1.02 cases per 100 000 (average annual
percentage change —6.10%, 95% CI: —13.76 to 2.24). Cholera incidence remained low
throughout (<0.002 cases per 100 000 annually) and showed no clear time trend (average
annual percentage change —2.98%, 95% CI: —30.63 to 35.69). Fig. 1 shows the trend in
faecal—oral disease incidence nationally by the increase in sanitary toilet coverage from
2018 to 2024. At the provincial level in 2018, toilet coverage was lower in western and
northern China compared with eastern and southern regions, but it increased rapidly

between 2018 and 2024 (Fig. 2 and Fig. 3).

Across provinces and years, higher sanitary toilet coverage was strongly
associated with lower incidence of the four major faecal-oral diseases. Each percentage
increase in sanitary toilet coverage was associated with an estimated 1.56% (95% CI:
1.54 to 1.58) reduction in the national incidence of these diseases. Results from our
sensitivity analysis indicated the robustness of our findings (online repository).!! Using
reducible population attributable fractions and setting 2018 as the baseline coverage
level, we estimated that 16.87% (95% CI: 16.64% to 17.12%) of the observed decline in
faecal-oral disease incidence between 2018 and 2024 was attributable to increases in

sanitary toilet coverage during the Toilet Revolution period.
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Fig. 4 shows the estimated additional treatment costs for faccal-oral diseases
attributable to insufficient sanitary toilet coverage between 2018 and 2024. Over this
period, the decline in faecal—oral disease incidence was accompanied by a gradual
reduction in the corresponding treatment costs. Nationally, the reduction in disease
incidence from 2018 to 2024 was associated with a significant average annual decrease of
¥ 4.93 million in treatment expenditures (P-value: 0.002), with cumulative savings of

more than ¥ 200 million over the study period.

Funding to expand toilet coverage

Fig. 5 shows the observed and projected relative risks of faecal-oral diseases and the
corresponding central government investments in the Toilet Revolution for the period
2018-2032. For 2018-2024, the curves show the historical trajectory of risk and annual
central investment. For 2024-2032, the figure gives projections of sanitary toilet
coverage, associated risks of faccal-oral diseases and required annual investments based
on the observed relationship between investment and coverage growth. The projected
curves indicate that in the 5 years after 2024, the annual investment will remain at a
relatively high level and the relative risk of faecal-oral diseases will continue to decline.
After 2029, as provincial coverage approaches the planned completion levels, the
projected central investment requirement will decrease substantially, while the projected

relative risk curve gradually flattens in the later years of the projection period.

Transferable framework

Our study identified an integrated implementation framework linking policy, funding and
technology selection. Policy provided the regulatory basis by defining strategic priorities,
institutional responsibilities, standards and implementation requirements. Financing
arrangements differed by phase. Initial construction was supported by central-government
funding, matching funds from provincial, municipal and county governments, and
household contributions. Operation and maintenance, which has received greater
attention only in recent years, relied mainly on subnational subsidies, market-based
financing and service provision by social enterprises or third-party operators, and
household payments rather than routine central-government funding. Technology
selection was guided by local environmental and infrastructure conditions, settlement
patterns, user preferences, the intended reuse of treated excreta and financial feasibility.
Because technologies differ in construction and recurrent costs, available financing

shaped which options could be adopted and sustained, while the selected technology
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determined subsequent operation and maintenance requirements (Fig. 6). We identified
international inputs as a supporting component rather than a main driver; in particular,
UNICETF contributed through capacity-building activities, technical training, pilot

demonstrations, support with technology selection and knowledge exchange.

Discussion

In this nationwide analysis covering the first decade of China’s rural Toilet Revolution,
we found that rapid expansion of sanitary toilet coverage was accompanied by marked
declines in the incidence of four main faecal—oral diseases. These decreases in incidence

were associated with measurable savings in national treatment expenditure.

Our results are broadly consistent with, and extend, previous evidence on the
impact of sanitation on health. Meta-analyses of sanitation and broader water, sanitation
and hygiene interventions have reported relatively small average reductions in diarrhoeal
disease, with substantial heterogeneity across settings and interventions.> Large trials
have suggested that household-level toilet improvements alone may have a limited effect
in highly contaminated environments or where coverage is low.'>!3 In China, survey-
based studies have linked household access to sanitary toilets with better self-rated health
and lower self-reported diarrhoea among rural adults.”'* Additionally, provincial® and
county'’ studies have shown inverse associations between sanitary toilet coverage and
intestinal infectious diseases. Against this background, our study adds national, policy-
relevant evidence from the recent Toilet Revolution period, showing that increases in
sanitary toilet coverage have measurably contributed to declines in faecal-oral infections
and to reductions in direct medical expenditure at the population level.? Taken together,
this body of work suggests that the key question is no longer whether sanitation matters
for health, but how sanitation systems need to be designed and implemented to maximize

and sustain these benefits.

In China, our findings need to be interpreted in the context of rural sanitation
implementation. The Toilet Revolution has relied predominantly on improved on-site
systems, especially three-compartment septic tanks, often combined with subsequent
treatment, discharge or reuse of effluent and sludge.?!® The performance of these systems
varies by climate and geographic conditions: cold climates, high groundwater tables,
karst terrain and water-scarce regions all pose challenges for effective containment and
the subsequent safe treatment of faecal sludge and effluent. In many rural areas, domestic

sewage treatment has lagged behind toilet construction, and where flush toilets have been
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rapidly promoted, the additional hydraulic and pollutant load on underdeveloped
wastewater infrastructure can create new environmental pressures.!’ These technical and
environmental constraints indicate that the next phase of China’s Toilet Revolution must
focus on aligning toilet technologies with local hydrogeologic conditions, water
availability and treatment capacity, and on shifting from simple coverage targets to safely

managed sanitation across the whole service chain.

Financing, operation and maintenance, and user behaviour are important
challenges for consolidating and extending the gains documented in our paper. Central
government allocations for the Toilet Revolution have averaged at around ¥ 7 billion a
year in recent years, but financial capacity and prioritization vary widely across provinces
and counties. Capital subsidies have facilitated the large-scale construction and upgrading
of rural toilets, yet recurrent costs for desludging, maintenance and repair are often
underfunded or responsibility for them falls ambiguously between households, village
committees and local governments. This responsibility differs by facility type: household
toilets are primarily maintained by users, village-level communal toilets are generally
cleaned and maintained by cleaners hired or arranged by village committees, and school
or workplace toilets are managed outside the rural Toilet Revolution framework through
their respective institutional operators. In some communities, newly built sanitary toilets
are underused or modified because of persistent preferences for traditional practices,
concerns about smell or reliability, or limited understanding of the links between
sanitation and health. These issues suggest that future phases of the Toilet Revolution
will need to move from a construction-oriented approach to one that places greater
emphasis on sustainable financing of operation and maintenance, clear delineation of
responsibilities along the service chain, and sustained engagement with rural households

and communities to support behaviour change and consistent toilet use.

International comparisons suggest that China’s Toilet Revolution should be seen
as a systems-oriented reference model rather than a prescriptive blueprint. India’s
Swachh Bharat Mission—Grameen illustrates a mission-mode pathway centred on
household incentives, mass behaviour change mobilization, digital monitoring and
village-level implementation. On the other hand, Indonesia’s sanitation reform follows a
more decentralized and community-led pathway, with greater emphasis on facilitation,
local planning, partner support and gradual system strengthening (Table 2). Compared

with these approaches, China’s model places emphasis on top-level political

8 of 19



Publication: Bulletin of the World Health Organization; Type: Policy & practice
Article ID: BLT.25.295599

prioritization, dedicated public financing, integration with broader rural development
agendas and context-specific technology selection. These differences indicate that the
transferable value of China’s experience lies less on replicating its exact financing scale
or administrative arrangements, and more on its system logic, that is, aligning policy
commitment, predictable funding, clear operation-and-maintenance responsibilities,
behavioural support, routine monitoring and locally appropriate technology choices. For
low- and middle-income countries with more resource constraints, core functions such as
political prioritization, partial public financing for both construction and recurrent costs,
explicit cost-sharing rules, and basic monitoring and behaviour-change mechanisms may
be minimally required. The exact subsidy level, central-local-household cost split and
market-based resource-recovery models should be adapted to national income, fiscal
capacity and private-sector readiness. In this sense, China, India and Indonesia offer
complementary lessons: China provides a systems-planning template, India a
mobilization-and-monitoring template and Indonesia an adaptation-and-local-ownership

template for advancing safely managed rural sanitation.

Our study has several strengths. First, we used recent, nationally representative
routine data to link trends in sanitary toilet coverage with surveillance-based incidence of
important faecal-oral diseases during a period of intense policy focus on rural sanitation.
Second, by combining disease incidence with attributable fractions and unit treatment
costs, our analysis goes beyond relative risks to quantify the contribution of sanitation to
changes in both health burden and health-care expenditure. Finally, we integrated
empirical trends with forward-looking projections of investment needs and disease risks,

providing a policy-relevant view of the returns of sustained investment in rural sanitation.

Our study also has some limitations. First, the analysis is ecological and
conducted at the provincial level, so causal inferences at the individual or community
level cannot be drawn. Unmeasured confounding by other time-varying factors, such as
improvements in drinking-water quality, hygiene promotion, poverty alleviation, health-
care access, surveillance practices, health behaviours and cognitive changes, may
partially account for the observed trends. Second, coverage measures were based on
administrative statistics and may not fully capture toilet functionality, safe containment or
actual use. Our estimates, therefore, reflect the impact of sanitary toilet coverage as
reported, rather than the broader concept of safely managed sanitation. Third, we focused

on four notifiable faccal-oral diseases and excluded other outcomes that may be affected
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by sanitation, such as non-notifiable enteric infections, environmental enteric dysfunction
or certain neglected tropical diseases. Fourth, the cost analysis was restricted to direct
medical expenditure and used average treatment costs that may vary across settings and
over time. As such, our estimates likely understate the full economic benefits of reduced
disease, including productivity gains and avoided household out-of-pocket spending.
Finally, projections of future disease risks and investment requirements were based on
historical relationships and simplifying assumptions and should be interpreted as

illustrative scenarios rather than precise forecasts.

In conclusion, expansion of sanitary toilet coverage in rural China was associated
with marked reductions in faecal-oral disease incidence and lower national-level
treatment expenditure. These quantitative estimates show that large-scale, publicly

supported sanitation programmes can yield measurable health and economic gains.
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Table 1. Toilet Revolution funding, coverage of sanitary toilets and
incidence of diseases transmitted by the faecal-oral route, China,

2018-2024

Parameter Year Average annual %

2018 2019 2020 2021 2022 2023 2024 change (95% CI)
Central NA 7.00 7.38 4.82 740 7.40 6.87 NA
funds
(billion ¥)?
Estimated 56 60 68 70 73 75 76 5.25 (3.25t0 7.29)
coverage of
sanitary
toilets, %
Incidence, no. of cases per 100 000 population
Cholera 0.002 0.001 0.0008 0.0004 0.002 0.002 0.0007 -2.98 (-30.63 to 35.69)
Dysentery 6.57 5.81 4.12 3.58 255 263 247  -16.35(-21.07 to -11.35)
Hepatitis A 117  1.38 1.05 0.85 0.77 0.82 1.02 -6.10 (-13.76 to 2.24)

Typhoidand 0.78  0.66 0.50 0.51 0.41 0.39 0.34 -12.51 (-15.40 to —9.52)
paratyphoid

ClI: confidence intervals; NA: not applicable; ¥: yuan.
a1 United States dollar = ¥ 6.80.
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Table 2. Comparison of national rural sanitation programmes, China, India
and Indonesia

Feature China India Indonesia
Programme Toilet Revolution, Swachh Bharat National rural sanitation reform
and period launched in 2015; rural Mission—Grameen, built around community-based
sanitation scale-up launched in 2014: total sanitation, expanded from
accelerated from 2017 phase | focused on the mid-2000s through water
and later linked to rural ending open and sanitation programmes
revitalization defecation, phase Il on
sustaining gains and
managing waste
Governance Strong central political Centrally sponsored More decentralized and
model leadership, with local national mission, multiagency model, with health,
governments implemented through a  public works, planning agencies
responsible for clear administrative and local governments sharing
implementation, and chain from national to responsibilities
rural sanitation village levels
embedded in broader
rural governance and
development agendas
Financing Mainly public financing, Much of the capital cost Relied on national and local
structure combining central covered by central and  government budgets, donor-

Implementation
instruments

Overall
orientation

support, local matching
of funds and household
contributions, with
subsidy levels varying by
locality rather than
based on one national
formula

Administrative
mobilization, financial
support, local
adaptation, technical
guidance and integration
with rural development
priorities

A state-led systems
approach linking policy,
funding, technology
choice and local
implementation

state governments with
household incentives
used to promote toilet
construction; funding
for waste management
and sustainability
added in phase Il

Large-scale behaviour-
change campaign,
toilet construction
incentives, digital
monitoring and village-
level mobilization

A mission-mode
campaign combining
mass mobilization,
household incentives
and monitoring

supported programmes and
community-based grants, with
funding focused on facilitation
and local capacity rather than
universal household hardware
subsidies

Community-led behaviour
change, local planning, training,
facilitation, and partner support
for monitoring and
implementation

A decentralized, community-
based approach emphasizing
behaviour change, local
ownership and gradual system
strengthening

Notes: we obtained information from national policy documents and programme reports. Key
sources include: China: Three-Year Action Plan for Improving the Rural Living Environment
(2018-2020)"° and related policy documents on the Rural Toilet Revolution issued by the General
Office of the Communist Party of China Central Committee and the State Council; India: Swachh
Bharat Mission—Grameen guidelines.'®'® Indonesia: Community-Based Total Sanitation Strategy
and related water and sanitation programme documents, including PAMSIMAS.20-2" Additional
information was supplemented by peer-reviewed literature and international programme reports.
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Fig. 1. Incidence of diseases transmitted by the faecal-oral route and
coverage of sanitary toilets during the Toilet Revolution, China, 2018-2024
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Fig. 2. Sanitary toilet coverage, by province, China, 2018-2024
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Fig. 3. Change in sanitary toilet coverage, by province, China, 2018-2024
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Fig. 4. Estimated additional treatment costs for diseases transmitted by the
faecal-oral route attributable to insufficient toilet coverage, China,
2018-2024
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Fig. 5. Projected risk of diseases transmitted by the faecal-oral route and
required investments, China, 2018-2024
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Fig. 6. Adaptable rural sanitation framework based on China’s Toilet Revolution for low- and middle-income countries
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Notes: we organized the framework around four pillars: policy, finance, technology, and human capacity and implementation. In the policy section the optional
enhancements that can be scaled up or down according to financial resources and implementation capacity. In the funding section, central government funding
refers to funds allocated by the central government at the national level, whereas subnational government subsidies refer to subsidies provided by subnational
governments at the provincial, municipal or county level. The approximate financing shares shown for the construction and scale-up phase were informed by
consultations with relevant government authorities. They are indicative rather than nationally standardized proportions and vary across localities.
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