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Abstract Water-related diseases such as diarrhoeal diseases from viral, bacterial and parasitic organisms and Aedes-borne arboviral diseases
are major global health problems. We believe that these two disease groups share common risk factors, namely inadequate household
water management, poor sanitation and solid waste management. Where water provision is inadequate, water storage is essential. Aedes
mosquitoes commonly breed in household water storage containers, which can hold water contaminated with enteric disease-causing
organisms. Microbiological contamination of water between source and point-of-use is a major cause of reduced drinking-water quality.
Inadequate sanitation and solid waste management increase not only risk of water contamination, but also the availability of mosquito larval
habitats. In this article we discuss integrated interventions that interrupt mosquito breeding while also providing sanitary environments
and clean water. Specific interventions include improving storage container design, placement and maintenance and scaling up access
to piped water. Vector control can be integrated into sanitation projects that target sewers and drains to avoid accumulation of stagnant
water. Better management of garbage and solid waste can reduce the availability of mosquito habitats while improving human living
conditions. Our proposed integration of disease interventions is consistent with strategies promoted in several global health frameworks,
such as the sustainable development goals, the global vector control response, behavioural change, and water, sanitation and hygiene
initiatives. Future research should address how interventions targeting water, sanitation, hygiene and community waste disposal also
benefit Aedes-borne disease control. The projected effects of climate change mean that integrated management and control strategies
will become increasingly important.
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Introduction

Water-related diseases such as diarrhoeal diseases from viral,
bacterial and parasitic organisms and Aedes-borne arboviral
diseases are major global health problems (Box 1; Table 1). The
effects of water on disease are determined by multiple factors
including the water source, pathogen abundance and diversity,
and human water management practices. For waterborne diar-
rhoeal diseases, these determinants relate to faecal contamina-
tion at the water source, in transit and during storage, while
for diseases borne by Aedes spp. mosquitoes, such as dengue
fever, Zika virus disease and chikungunya, the determinants
relate to water storage functioning as mosquito larval habitats.

Storage of water for human consumption and water man-
agement practices in both the domestic and public domains
are shared risk factors for the transmission of the dengue
virus (representative of Aedes-borne arboviral diseases in
this article) and diarrhoea (here representing a multitude of
gastrointestinal diseases). Other potential shared risk factors
are inadequate sanitation and waste disposal.*"” Targeting such
risk factors allows for integrated disease control and risk man-
agement. Co-occurrence and coinfection of both diarrhoeal
diseases and dengue may explain the shared epidemiology of
the diseases and can guide the design of integrated manage-
ment strategies. In this article, we propose options for inte-
grated interventions and how they fit into established health
and development frameworks. We discuss considerations
around sustainability of interventions and identify priorities
for future research.

Common factors

Knowing the geographical co-occurrence of diseases is im-
portant for allocating scarce resources. Globally, the burden
of diarrhoeal diseases is highest in Africa,® whereas dengue is
highest in Asia.”> However, recent research on dengue in Africa
has shown that it is more prevalent than previously thought.*
Some regions, notably the Caribbean (such as Haiti and Suri-
name) and Asia (such as India, Indonesia, Lao People's Demo-
cratic Republic and the Philippines), have a high incidence
of both dengue and diarrhoeal diseases.*"* Spatial overlap
may be more evident at smaller scales, because more detailed
spatial and temporal variation in disease prevalence is not
fully reflected in national-level statistics. Diarrhoeal diseases
are more widespread and their burden is orders of magnitude
higher than dengue. The more geographically constrained
distribution of dengue could therefore provide a starting point
for identifying locations suitable for integrating management
strategies within areas where the two diseases overlap.

Understanding the shared risk factors between dengue
and diarrhoeal diseases can help identify suitable integrated
management and control strategies. We conducted a problem
analysis as part of a logical framework approach showing
cause and effect relationships between dengue and diarrhoeal
diseases (Fig. 1). We identified water storage containers, sanita-
tion and waste disposal as the main shared risk factors. These
factors vary by location and time.

Factors related to water management include the source
of water and how the water is collected, stored, used and
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Box 1.Risk factors and burden of dengue and diarrhoeal diseases

Water-related diseases may be classified into waterborne, such as diarrhoeal diseases; water-
based, such as schistosomiasis; and water-related vector-borne, such as dengue.

Dengue, Zika virus and chikungunya arboviral diseases are major global causes of morbidity
and mortality sharing the same water-related risk factors and vector species (Table 1). The
main vector, Aedes aegypti, commonly breeds in clean water in household water containers
in urban areas and is highly anthropophagic, endophilic and diurnal. The larval habitats of Ae.
aegypti proliferate in areas where water supply is unreliable or where conventional water storage
habits persist.” Solid waste production (garbage) and inadequate disposal also result in the
accumulation of larval habitats.* A lack of clear evidence of the effectiveness of existing vector
control methods indicates that innovative vector control strategies, socioecological approaches
and controlled experimental studies are needed.” Determining the disease burden from dengue
is impeded by diagnostic difficulties, poor surveillance, low fatality rates and a general lack of

intersectoral coordination.%’

Diarrhoeal diseases are responsible for some of the highest mortality rates worldwide, particularly
in young children and people who are malnourished or have impaired immunity (Table 1).¢ In
locations where water provision is inadequate, communities must rely on water harvesting,
transport and storage in or near houses for domestic purposes. Microbial contamination
between source and point-of-use is often an important cause of reduced quality of household
drinking water.” The fraction of diarrhoeal diseases attributable to inadequate water, sanitation
and hygiene practices in low- and middle-income countries is about 60% (an estimated 829 000

deaths out of 1.4 million total deaths in 2016).'°

treated, all of which can also affect water
quality. Contamination may occur at any
of these points, but also through poor
sanitation and sewage systems. Poor
water management is clearly related to
diarrhoeal diseases, but can also con-
tribute to propagation of the vectors of
dengue. The nutritional quality of the
larval environment affects the size and
survival of mosquitoes, which may also
impact vector-borne disease transmis-
sion.”! As such, general contamination or
accumulation of organic matter in water
can favour larval development. We have
previously shown that there are more
Ae. aegypti pupae in containers that are
contaminated with Escherichia coli com-
pared with uncontaminated containers.*
Inadequate sanitation and solid waste
management also affect both diseases as
these factors increase the risk of water
contamination and the availability of
potential mosquito larval habitats.*

International frameworks

As we discuss in the next section, our
proposed integrated interventions are
closely aligned with the sustainable
development goals (SDGs), particu-
larly: strengthening good health and
well-being (SDG 3), improving quality
education to promote sustainable devel-
opment (SDG 4), providing clean water
and sanitation (SDG 6), making cities
and communities safe, resilient and sus-
tainable (SDG 11), reducing the effect of
climate change (SDG 13) and support-
ing global partnerships (SDG 17).
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The World Health Organization’s
(WHO) Handbook for integrated vector
management aims to break the tradi-
tional top-down, insecticide-based,
single-intervention approaches in favour
of more evidence-based, integrated and
participatory strategies.” Integrated vec-
tor management is defined as a rational
decision-making process to optimize the
use of resources for vector control. Vec-
tor control methods should preferably
target the vectors of multiple diseases
and be implemented through intersec-
toral collaboration and community
participation. Integrated vector manage-
ment is at the centre of the WHO global
vector control response adopted in 2017,
which aims to reduce vector-borne dis-
ease mortality and incidence in 2030 by
at least 75% and 60%, respectively.® This
target will be achieved by strengthening
intersectoral collaboration, engaging
communities, enhancing vector surveil-
lance and scaling up and integrating
vector control methods, supported
by enhanced capacity and increased
research and innovation. The global
vector control response recommends
comprehensive vector control through
integrated action using effective existing
and novel vector control approaches.
A complementary framework for ad-
dressing behavioural change in dengue
control is the Communication for
Behavioural Impact approach,” which
is a planning tool with a mixture of
theory and practice. The approach uses
communication theory and marketing
practices to achieve behaviour change
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through a broad integration of mobiliza-
tion, communication, strategic planning
and evaluation of specific behaviours.
Waterborne disease control frame-
works include interventions related to
water, sanitation and hygiene (known
as WASH). WHO and others promote
household water treatment and safe stor-
age.”* Some scientists argue, however,
that the evidence for scaling up house-
hold water treatment to reduce diar-
rhoeal diseases is not strong enough and
that greater emphasis should be placed
on water access and water quantity,
rather than water quality.® Nonetheless,
household water treatment and safe
storage does substantially improve the
microbiological quality of water. More
than an estimated 60% (risk ratio: 0.39;
95% confidence interval: 0.32-0.48) of
diarrhoeal diseases prevalence could
be reduced by filtering and safe storage
of water.”® Water safety plans are inter-
national preventive risk management
systems developed by WHO to manage,
monitor and evaluate drinking-water
quality.” The guidelines apply to all
kinds of water supply systems from
large piped drinking-water supplies to
small community and household sup-
ply systems. Other researchers have
proposed the Integrated Behavioural
Model for water, sanitation and hy-
giene to address behavioural change.”
Based on a comprehensive framework,
the model includes contextual, psy-
chosocial and technology factors that
operate on five different levels: societal
(broad organizational, institutional or
cultural factors); community (physical
and social environment); interpersonal
or household (interactions between
closely related individuals); individual
(sociodemographic factors, such as age
and sex); and habits (opportunities and
necessities affecting behaviours nested
within the individual). The model pro-
vides conceptual and practical tools
for improving knowledge about and
evaluation of factors that influence wa-
ter, sanitation and hygiene practices to
sustain behaviour change in areas with
limited infrastructure. The theoretical
behavioural frameworks mentioned
above are only a small sample of the
available evidence-based behavioural
theories demonstrated to be suitable and
useful in waterborne disease control in
general. Finally, these and other related
frameworks must be understood in
relation to climate resilience,”” and com-
munity vulnerability and adaptability.*
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Table 1. Characteristics of dengue and diarrhoeal diseases

Factor

Dengue

Diarrhoeal diseases

Definition and
symptoms

Clinical types

Biological agents

Routes of

transmission

Morbidity
Mortality

Disability-adjusted
life year (DALY)

Distribution of global
burden

Setting

Risk factors

Treatment and
prevention or control

Projected effects of
climate change

A mosquito-borne viral disease which causes influenza-
like illness that occasionally develops potentially lethal
complications. Typical symptoms include sudden onset
of fever, headache, muscle, joint and bone pain

Dengue with or without warning signs.
Severe dengue (dengue haemorrhagic fever, dengue
shock syndrome)

Four serotypes of a single-stranded RNA flavivirus:
DENV1, DENV2, DENV3, DENV4

By mosquito bites. Main mosquito vectors: Aedes aegypti
(more common in tropical areas) and Ae. albopictus
(more common in temperate areas). Sexual human-to-
human transmission has been reported'”

Estimated 390 million cases annually.
2.5-3.6 billion people living in risk areas globally’

Estimated average 9200 annual deaths (maximum
11300) during 1990-2010"

Dengue was responsible for an estimated 1.14 million
(95% uncertainty interval: 0.73—1.98 million) DALYs in
2013

Regional distribution of apparent and inapparent
infections of the total 390 million dengue infections:
Asia, 69.5% (271 million); Americas, 13.8% (53.8 million);
Africa, 16.4% (64.1 million)

Generally household-centred, mainly in urban, but also
in rural areas. Public areas, such as schools, underground
drains, industrial and abandoned sites also contribute to
mosquito breeding

Interactions between socioeconomic, environmental
and behavioural factors such as inadequate water
supply, poor water storage and inadequate sanitation
conditions. Rapid unplanned and unregulated
urbanization, globalization and international travel are
global risk factors'

No specific treatment or effective drugs are available.
Several vaccine candidates are under various stages of
development.”

Mosquito control, by chemical, biological or physical
means, remains critical for sustained dengue control®

Both future contraction and expansion of areas at risk for
dengue have been projected.’® Most predictions expect
negative impacts of climate change on dengue. An
increase in the ability of mosquitoes to transmit dengue
and more people being exposed to climates suitable

for dengue create greater potential for epidemics of
dengue.” Causal pathways are complex because of

the intermediate direct and indirect effects on the
vector, virus and transmission, further complicated by
human behaviour and immunity. Temperature effects
are potentially more predictable than independent
effects of rainfall and humidity. Increases in temperature
will generally increase vector development, survival,
density and vector competence, and consequently virus
circulation and transmission'”

Viral, bacterial and parasitic diseases characterized by the
passage of three or more loose or liquid stools per day, or
more frequent passage than is normal for the individual''

Acute watery diarrhoea: lasts several hours or days, and
includes cholera.

Acute bloody diarrhoea, also called dysentery. Persistent
diarrhoea: lasts 14 days or longer

Rotavirus, Shigella spp. and Salmonella spp. are the leading
causes of infection leading to death from diarrhoea®

By consumption of food or water contaminated with human
or animal faecal matter and other causative pathogens. By
person-to-person transmission, aggravated by poor personal
hygiene and sanitation®

Estimated > 957 million episodes per year.
Occurring globally

Estimated 1.3—1.4 million deaths annually, of which about
499000 (36%) are in children younger than 5 years®'

Diarrhoeal diseases are responsible for an estimated 71.6
million DALYs per year (95% uncertainty interval: 66.4-77.2).%
The disease burden attributable to water, sanitation and
hygiene amounts to 49.8 million global DALYs'

Regional distribution of episodes out of the total 2.4 billion
diarrhoea episodes in all ages: sub-Saharan Africa, 33.5% (801
million); South Asia, 37.6% (899 million); South-East Asia and
Oceania, 12.9% (308 million); North Africa and Middle East,
7.1% (170 million); Latin America and Caribbean, 7.2% (172
million); central Europe, eastern Europe, central Asia, 1.3% (31
million); high-income countries, 0.5% (11 million)®

Generally household-centred, in both urban and rural
areas. Public water services may also contribute to water
contamination

Contaminated food and water.

Interactions between socioeconomic, environmental and
behavioural factors such as inadequate water supply, poor
water storage and inadequate sanitation conditions

Drugs and vaccines are available for some causative
pathogens. Access to safe drinking water, improved
sanitation, good personal and food hygiene, together with
health education, can reduce transmission?

Most predictions expect an increase in diarrhoeal diseases
(except viral diarrhoea) due to climate change.® Increases
in temperature, heavy rainfall, drought and flooding are
factors associated with climate change which can result in
surface runoff, contamination of drinking-water resources,
overwhelmed sanitation and water provision infrastructures
at private and public levels, as well as population
displacement'®

RNA: ribonucleic acid.
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Fig. 1. Problem analysis of the determinants of dengue and diarrhoeal diseases
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Note: The figure shows a problem tree done using a logical framework approach indicating cause and effect relationships between dengue (representing Aedes-
borne arboviral diseases) and waterborne diarrhoeal diseases.

Integrated disease
management

The frameworks we outline provide a
foundation for evaluating the suitability
of specific interventions for integrated
disease control and management. Here
we propose the integrated management
of diarrhoeal diseases and dengue based
on identified shared risk factors (Fig. 1).
Integrated management should inter-
rupt mosquito breeding while providing
a clean sanitary environment along with
clean water. Generally, the household is
targeted for integrated disease manage-
ment, but interventions that focus on
non-domestic sites — such as schools,
workplaces, hospitals and industrial
sites — must also be considered.® In this
context, urban spaces need to be classi-
fied by their physical accessibility and
legal accountability, which may impede
access to and failure of assigning respon-
sibility for vector control actions.” Such
interventions in society can be helpful
in identifying integrated strategies that
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are suitable for specific locations, em-
ploying bottom-up community action
as well as government-driven top-down
approaches.

Another consideration is the impact
of climate change on these diseases.
Increases in temperature and increases
or decreases in rainfall, flooding and
humidity will likely intensify the epi-
demic potential and expand areas suit-
able for transmission of both arboviral
and waterborne diarrhoeal diseases.'”'
These changes involve complex causal
pathways, including the prevalence of
breeding sites; increased survival or
prevalence of pathogens and vectors;
contamination of drinking-water re-
sources; overwhelmed infrastructures;
and population displacements.”'* The ef-
fects of climate change on the seasonal-
ity of disease outbreaks may also be im-
portant, involving complexities beyond
the scope of this article. However, future
increases in the occurrence of these
diseases would increase the need for
integrated management strategies.’**

To mitigate the effects of climate-related
events, early warning systems could be
useful for both dengue and diarrhoeal
disease surveillance and control.”

Water management

Water management relates to the quan-
tity, quality and accessibility of water,
its collection, transport and storage
practices, as well as its consumption
and treatment patterns. The source
of the water can influence its quality,
which can affect both its suitability for
human consumption and the risk of
Aedes mosquitoes breeding. A study in
southern Lao People's Democratic Re-
public found that household containers
filled with borehole water were almost
four times more likely to be infested
with Ae. aegypti pupae than contain-
ers with rain-fed or purchased bottled
water.”* Containers with borehole water
had higher levels of Escherichia coli
than other containers.”® A relationship
between Ae. aegypti productivity and
E. coli-contaminated domestic water

Bull World Health Organ 2021;99:583—592' doi: http://dx.doi.org/10.2471/BLT.20.269985
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containers has been found,” although
any consequent disease outcomes
remain unknown. Water quality is a
risk factor for diarrhoeal diseases and
potentially also for dengue, since the
nutritional quality of larval habitats af-
fect mosquito size and survival, which
in turn affect vector capacity.?’** India
has implemented groundwater recharge
programmes to manage water crises
through a variety of rainwater harvest-
ing structures, such as percolation pits
and structures connected to wells (in
use or disused). Defective rainwater
harvesting structures were found to be
key breeding habitats for Aedes mos-
quitoes.”” These findings highlight that
integrated control interventions target-
ing the water source should include
water quality improvements as well as
infrastructure management and repair.

Insufficient supply of water requires
the need to store water. Improving the
supply and storage of water in domestic
and public domains is an obvious target
for integrated control of dengue and di-
arrhoeal diseases. An unreliable drink-
ing-water supply has been associated
with higher Ae. aegypti indices, such as
the presence and proportion of positive
containers (container index).’ Rural
areas with a lack of piped water supply
in Viet Nam had a higher risk of dengue
than urban areas with an adequate water
supply.”® However, domestic household
water storage is common even in areas
with reliable access to piped water, and
immature vectors of dengue are still
found in such containers.” Simply im-
proving water connections into houses
may not necessarily prevent people from
storing water.

Interventions targeting water stor-
age containers for integrated control in
households should focus on the type,
quality and cleanliness of the container.
Improving container design is needed,
including covers that prevent mosqui-
toes from breeding and other types of
contamination from occurring. Im-
proved design and placement of contain-
ers may prevent contamination during
flooding and heavy rainfall events that
are expected to become more frequent
with climate change. If drinking-water
containers contribute substantially to
the number of mosquitoes produced in
an area, then an integrated dengue-diar-
rhoea control project could have a major
impact. The WHO global assessments of
household water treatment technologies
show that several meet the established
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microbiological performance criteria
in terms of pathogen removal.** Such
technologies are based, for example,
on various filtration methods using
membrane, ceramic or flocculation tech-
niques and disinfection methods using
ultraviolet, solar or chemical (chlorine)
techniques. However, the effect of these
methods on mosquito breeding is not
well characterized. Differences in de-
signs of these technologies determine
their importance for integrated control.
Indeed, inclusion of vector control ef-
fects as an additional criterion would
enhance the value of these household
water treatment assessments. Chlorine
has been used to clean containers for
vector control but, although effective
against bacteria and protozoa, chlorine
is less effective against viruses.” Scrub-
bing the inside walls of washbasins and
water storage drums with a mixture of
bleach and detergent in households in
Honduras showed high mortality rates
of Ae. aegypti eggs, larvae and pupae.”
It is unclear, however, whether main-
taining container cleanliness for vector
control would also reduce pathogens
through chlorine residuals. These find-
ings underscore the importance of
appropriate site-specific dosing based
on the chlorine demand of the water to
be treated. Regular monitoring is also
needed to ensure that free residual chlo-
rine concentrations of 0.2-0.5 mg/L are
maintained and that these interventions
reduce vector breeding.

The physical location of water
storage tanks can also provide an op-
portunity for integrated control. Studies
have reported that Ae. aegypti pupae
are not found in elevated water storage
tanks which are located, for example, on
a roof or otherwise above the ground,
potentially due to heating from direct
sun exposure.”’ Keeping water storage
containers out of reach of people or,
preferably, installing closed systems
that avoid contamination should be
considered for integrated dengue and
diarrhoeal diseases control. Such in-
terventions will become even more
important during climate change when
flooding and extreme weather events are
likely to become more frequent.

Sanitation and waste
management

A sanitation system includes the cap-
ture, storage, transport, treatment and
disposal or reuse of human excreta and
wastewater. Targeting the sanitation

Bull World Health Organ 2021 ;99:583—592' doi: http://dx.doi.org/10.2471/BLT.20.269985

system to reduce water contamination
is well known to reduce diarrhoeal
diseases, but less is known about its
impact on dengue. Ae. aegypti can lay
eggs in raw sewage, with normal egg
hatching and larvae development.*
Aedes mosquitoes have also been found
breeding in subterranean septic tanks
and subsurface catch basins, which can
contribute substantially to productiv-
ity.*> As sanitation projects often target
sewers and drains, vector control could
be incorporated into such projects by
avoiding the accumulation of stagnant
water and ensuring that vectors are un-
able to enter physical structures.

Poor solid waste disposal is another
potential risk factor for transmission of
vector-borne and diarrhoeal diseases.
Improperly managed waste such as
motor vehicle tyres — implicated in the
global spread of Ae. albopictus® - pro-
vide suitable larval habitats for mosquito
vectors as well as increased risk for en-
teric diseases, particularly for children.*
Stockpiles of tyres should be properly
stored in ways that avoid water accumu-
lation and reduce mosquito breeding.
Deficiencies in public services, such
as water supply, waste collection and
excreta disposal, can be responsible for
high indices of Ae. aegypti infestation.*
Provision of solid waste management,
recycling and repurposing of plastics
and tyres, reliable piped water supplies
and improved housing design are all
key long-term steps towards reducing
vector populations and improving en-
vironmental health.

Discussion

Water management, sanitation and
waste management are key targets for
integrated dengue and diarrhoeal dis-
eases control. Specific water manage-
ment interventions targeting the water
source should include water quality
improvements and infrastructure man-
agement and repair. Household water
treatment and storage interventions
should consider improved container
design to prevent mosquito breeding
and water contamination as well as
container cleanliness using disinfection
methods, such as chlorine. Awareness
of vector control opportunities while
planning improvements of sanitation
systems, such as physical and organi-
zational structures and facilities, could
lead to improved sanitation as well as
reduced vector densities. An effective
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Box 2. Key knowledge gaps for integrated management of Aedes-borne arboviral
diseases and waterborne diarrhoeal diseases

Do water, sanitation and hygiene initiatives and household water treatment and safe storage

interventions benefit vector control?

Would vector control interventions integrated into sanitation projects be effective?
How effective is community waste disposal for integrated disease control?
Could mosquito vectors that breed in polluted water and sewers be controlled through

integrated sanitation projects?

Can integrated disease management strategies offset potential disease risk increases due

to climate change?

solid waste management system can
improve environmental health, human
living conditions and the general health
of people, while reducing the availability
of suitable larval habitats. Integrated
interventions in non-residential sites,
such as in schools, need careful planning
of appropriate sustainable combinations
of site-specific, effective, acceptable and
sustainable interventions.

The lack of research on integrated
dengue and diarrhoeal disease interven-
tions prevents us from drawing conclu-
sions about their benefits. We have found
only one trial that assessed an integrated
strategy, assessed by a factorial, cluster,
randomized controlled design in rural
primary schools in Colombia during
2012-2014." The trial implemented sets
of physical and educational interven-
tions targeting dengue and diarrhoeal
diseases. Interventions were effective
in reducing mosquito larval habitats in
schools and in providing clean water;
however, students’ absence from school
and adult mosquito density in schools
were not affected. The study concluded
that integrated approaches should not be
limited to schools but also implemented
simultaneously in communities. Two
years after the trial ended the research-
ers assessed the sustainability of the
interventions and institutional adoption
in terms of stakeholder empowerment,
financial support, participation and
leadership, adaptive flexibility and ca-
pacity.”” These categories were measured
using a mixture of knowledge, attitude

and practices questionnaires assigned to
students and teachers, semi-structured
interviews with teachers, as well as
observations of the maintenance of the
interventions. Both the educational
and the physical interventions were
considered moderately sustainable, but
the institutional and human adoption
were considered unsustainable. A lack
of adoption of initiatives is not uncom-
mon, where the short-term nature of
projects often conflicts with the long-
term needs of the community. The
researchers further explained the failure
of institutional commitment by a lack of
integration of the interventions into the
activities of schools and municipalities.
Integration is a process that requires
time and respectful dialogue between
project innovators and the educational
institutions to generate engagement,
enthusiasm and a sense of ownership.
From a teaching standpoint, schools
should focus on place-based education
that promotes learning rooted in lo-
cal habitats.*® Such teaching methods,
combined with adapted Communication
for Behavioural Impact activities,” can
contribute to diffusion of knowledge
from schools to communities and can
lead to community empowerment and
long-term impact.” Integrated inter-
ventions targeting schools or other
non-residential sites, such as hospitals,
religious sites or markets, require com-
prehensive planning and action. Such
action needs appropriate combinations
of interventions that are site-specific,
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effective, acceptable and affordable.
Implementing integrated interven-
tions requires collaboration among
different sectors, capacity-building and
leadership training of implementers to
mobilize resources, form networks, and
engage in participatory decision-making
to ensure sustainability.

In addition to the issues discussed
above, some underlying factors (Fig. 1)
need to be in place for integrated inter-
ventions to be effective, such as political
will, funding, knowledge, capacity and
empowered communities. Political
will and funding largely depend on
external factors, whereas facilitation of
education and training and community
engagement are technical aspects that
can be adapted to the context of local
communities. Community ownership
of interventions to care for common
environments and individual well-being
must be based on bottom-up approach-
es, justified by social and behavioural
theories.”® Fundamental factors in sus-
taining good integrated strategies would
be strengthened by well-educated,
confident, responsible and environ-
mentally aware citizens who understand
the holistic interrelationships between
environment and disease and keeping
neighbourhoods clean and healthy. On
the other hand, physical accessibility and
legal accountability criteria are impor-
tant to select spaces that are suitable for
integrated strategies where bottom-up
community approaches or government-
driven top-down approaches or both can
be employed. Finally, and as a recom-
mendation for future research, we have
identified some gaps in knowledge that
need to be addressed to strengthen the
evidence base for best practices in man-
agement strategies for the integration
of dengue and waterborne diarrhoeal
diseases (Box 2). H

Competing interests: None declared.

.

oLlb J gd) Il Y15 ladlls & gl colu g il (g gl 1 o e Aol 3,15

P 8% s o ol 52 055 (S e ol s s
] u-{"‘i L;J\} c&.jjl\ a\:l\ u:’.j; <ol ‘“j ssle :\p&\)‘
s ReelT 80 ) S B 5ke o o 55
o plas N 85 el G oboold o o) g5 S 2511
J:-é L5>=-\G-H JJ.AJ\ ol u,ﬁd\ oles 83 9>~ u,pl.sbu\! Gl
Qj.bjlﬁ:-unhbdiﬁy M‘ C)Liu.l.”'é)blr—y) rﬁ)&l\

G

588

oF U Jlea ¥l (5 1al Jae ol s L1 511 s
o gl 1Y cddedlall s oSl A i) S
| el UKL e ciome| I 5 4m Gb e AR
O a5 (211 e i gaell s OF ditnd e dnnc I
i A obal) il e 51501 s S e o ol ge
djgi Ledise M‘ CJL:LQ.J\ SJ\Jlj u.>;.,ej\ g_‘bj.an & g 9

Bull World Health Organ 2021 ;99:583—592' doi: http://dx.doi.org/10.2471/BLT.20.269985



Hans J Overgaard et al.

LW mbw‘ﬁ\j calazadl W\ u\.u! (-}..\A cs\.leﬂ doeall
Ol ysley el s cu.a\).a)U aul ulj.d»\ ol
Sl s o ot Bl eall Ol ol
uj.aj\j oLU q.L@,.w.: dJl u)’b—J.JJ u.ﬁu &_ASM‘
o\ w\)\ DO LGJ.M L;J\ up\;ay‘ ol u‘ L.n.»\
v_iaJ\j Y ol 2l ol S CL_U el dad gl 56V

o.b\f,a Pl els (s L

Policy & practice I
Integrated management of dengue and diarrhoea

DB o Bl S Blpe 15 e LAt o805 ol
e oh o) IS5 S 3 LISl s Ul aa
o:.bJ.\ oMl Jeis ekl ollly i)l bl b g
C‘*"j‘) Ll Lend sy ol Sl el et
.5 u—i"-' w\f}“.s djj.c.i\ ou\ J& J}.p.:u QLE.:

d‘j\ juqaj‘ JJ”AH uLp_gf.wo L3 u..ab»}U sl u\J,.M:L\
St 3511 oLl 0515 o Sylually (g laedl g
Jos ] lall obladly Ll fas¥l s byl g5 O
Tl G5 Bl (et o o Lior o sadl ol e 315
o oA M o s el 38 oL

ME
SFREFRERE  RERE RN KEERES
ﬁﬁ%%ﬁ,%mﬁﬁ‘%%%%éiﬁiﬁﬁﬁﬁ
HURFPIAEEN B ERR, REREN LRI A
B, RATAK X BARM LA SLE NS E xR | B
FERMAKEELR, DEFHEZMERENEETE,
ERAT R HTT RO EFZLATDE, FEGE
WHEREMAKE S P EHE, XBES P REA UM
Lﬁﬁké%ﬁ B Ko AR A K R Z T8 B A
TREVAARET RN —AMEREEH, T LRk
@%%%%@7&?&%%7*@%%ﬂﬁyﬁﬁL
BT BT 4 R R E IR R, EASH  BATR T &
BB 0 T SR AR R AR B L B R W T A
aT k. BANTHRBEEECE Kt FHEESN

Wit. WEREP LR AGHEEANER, TH
o4 5 LTk A A B AR T AR E
DL AR K, T A TR 3 A KR A T DR B
FAE M, Bk E A KA E A, RAORE8E
BTG AR THERRE . 2RFREH
AL AR BEURK, BT A F A T A (B
BT AT ARG S0 R, BB R
Dok, BT A, AT Aok KA TE H B AR
F H 0 1 7 B B 25 P U 4 R e . B
ggg,ﬂm ok 4540 T A ) A B L R

Résumé

Gestion intégrée des maladies: arboviroses et diarrhées liées a I'eau

Diarrhées provoquées par la présence d'organismes viraux, bactériens
et parasites, arboviroses véhiculées par les moustiques Aedes: les
maladies liées a I'eau constituent un probleme de santé majeur dans
le monde. Nous pensons que ces deux groupes de maladies partagent
les mémes facteurs de risque, a savoir une mauvaise gestion de I'eau
au sein du foyer ainsi qu'un manque d'assainissement et de traitement
des déchets solides. Dans les endroits ou |'approvisionnement en eau
est insuffisant, les conditions de conservation sont essentielles. Les
moustiques Aedes se reproduisent fréquemment dans les réservoirs
d'eau a domicile, qui peuvent dés lors contenir de I'eau contaminée par
des organismes responsables d'infections entériques. La contamination
microbiologique de l'eau, entre la source et le moment ou elle est
consommeée, représente I'une des causes principales d'altération de la
qualité de I'eau potable. Le manque d'assainissement et de traitement
des déchets solides fait augmenter le risque de contamination de
I'eau, mais aussi le nombre de biotopes disponibles pour les larves de
moustique. Dans cet article, nous parlons des interventions intégrées
qui permettent d'interrompre la reproduction des moustiques tout en
créant des environnements sanitaires adaptés et de I'eau propre. Ces

interventions spécifiques prévoient notamment une optimisation de la
conception, du placement et de I'entretien des réservoirs, ainsi qu'un
meilleur acces a I'eau courante. La lutte contre les vecteurs peut étre
incorporée dans des projets d'assainissement qui ciblent les égouts et
canalisations, afin d'éviter toute accumulation d'eau stagnante. Une
meilleure gestion des ordures ménagéres et des déchets solides peut
réduire le nombre de biotopes disponibles pour les moustiques, mais
aussi améliorer les conditions de vie de la population. Nous proposons
une gestion intégrée des maladies cohérente avec les stratégies mises
en avant dans plusieurs cadres de santé mondiaux tels que les objectifs
de développement durable, I'action mondiale pour lutter contre les
vecteurs, le changement de comportement ainsi que les initiatives
relatives a I'approvisionnement en eau, l'assainissement et I'hygiene.
Les futures recherches devraient étudier la facon dont les interventions
dédiées a I'eau, a l'assainissement, a I'hygiéne et a I'élimination des
déchets au sein des communautés contribuent également a la lutte
contre les maladies véhiculées par les moustiques Aedes. Compte tenu
des effets attendus du changement climatique, les stratégies de lutte
et de gestion intégrée vont gagner en importance.

Pe3iome

KomnnekcHoe neueHue 3ab6onesanuii: apboBmpycHbie MHGeKLMM 1 auapes, nepegaBaemas uepes Bogy

bonesHu, NnepenaBaemblie yepes BOfy, TakMe Kak [MapeitHble
3a60M1€eBaHNA, BbI3BAHHbIE BUPYCHBIMK, OGaKTepUanbHbIMU
M NapasuTapHbIMU OPraHW3Mamu, a Takke apbOBUPYCHbIE
3aboneBaHna, nepeaaBaembe yepes MHOULMPOBAHHbIX

KOMapoB BUMAa Aedes, ABNATCA CePbe3HbIMU FMobanbHbIMU
npobnemamn 3ApaBoOXpaHeHrs. ABTOPbI CUATAIOT, YTO STU [Be
rpynnsl 3aboneBaHni MveloT obLre GakTopbl PUCKaE, @ UMEHHO:
HeaaeKBaTHOE ynpaBieHne BOAHbIMA PecypcamMn B AOMALIHMX
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X03ANCTBAX, MIOXYI0 CaHUTAPWIO U yaaneHne TBepAblX OTXOLOB.
IMpy HEe[OCTaTOUHOM BOAOCHAOXEHNM KpaiiHe BaXHO 0becrneunTb
3anacbl Bobl. Komapbl Bra Aedes 06bIYHO Pa3MHOMAIOTCH B ObITOBbIX
pe3epByapax [J1A XPaHeHVA BOAL], B KOTOPbIX MOXET COfepaTbCA
BOZa, 3arpA3HEHHas KMLLIEYHbIMI 6GONE3HETBOPHBIMY OPraHV3MamMu.
MuKpobronornyeckoe 3arpasHeHre BOAbl MEXAY UCTOUHUKOM
M MEeCTOM MCMOb30BaHNA ABNAETCA OCHOBHOW MPUUYNHON
CHUXeHMS KauecTBa NUTbEBON BOfbl. HeaoctaTouHas caHuTapus
N HeahdeKTNBHOE ObpallieHne C TBEPAbIMY OTXOAaMM HE TONbKO
NOBbILIAIOT PUCK 3arPA3HEHNS BOABI, HO 1 0OeCneunBatoT Hanmyme
MECT 0OUTaHMSA NINMUMHOK KOMapOB. B 3TOV CTaTbe paccMaTprBaioTCA
KOMMJIEKCHble Mepbl, NPENATCTBYIOWIME PAa3MHOXKEHMNIO KOMAPOB 1
obecrneunBaloLLve CaHUTaPHbIE YCOBMA 1 YNCTYIO BOY. KOHKpPETHble
Mepbl BK/IOUAIOT COBEPLIEHCTBOBAHME KOHCTPYKLIMM PE3EPBYapOB
ONA XPaHEHWA, MX pasMeLLeHrA 1 TEXHUYECKOTO 0OCTYKNBaHWA,
a TaKxe paclimMpenune JOCTyNa K BOAOMPOBOAHON Bofe. bopbba
C NnepeHoCYMKamMy HOEKLMM MOXKET ObiTb BKIIOYEHA B MPOEKTHI

Hans J Overgaard et al.

CaHWTapHOM 06PabOTKY, HaLleNeHHblIe Ha KaHanM3aLmio 1 CTOKN
BO M30exaHwe HakonneHns 3acTolHoN Bogbl. bonee addekTBHOe
obpalleHne ¢ MyCOpOM ¥ TBEPABbIMY OTXOLAMU MOXeT CHU3UTb
JOCTYMHOCTb MeCT 0BUTaHWA ANA KOMapOB, YIy4YllVB NPY STOM
YCNOBUWS X13HW Ntoaei. MpegnaraeMoe aBTopamut KOMMIeKCHoe
ocyulecTeieHve mep no 6opbbe ¢ 6onesHAMK cornacyeTcsa co
CTpaTervAMy, MPOABUIAEMbIMA B HECKOSBKMX M06anbHbIX MiaHax
30PaBOOXPAHEHNS, TaKMUX Kak Lienu 8 061acT yCTOMUMBOrO
pa3BUTKA, rNobanbHble Mepbl 6OPbObI C MepeHOCUVKamMm bonesHen,
M3MEHEHWe NOBEAEHUYECKNX MOAENeN 1 UHULMATUB B 06NaCTy
BOLOCHAOXEHNS, CAHUTAPUM U TUTEHDI. B OyayLLMX MCCNea0BaHMAX
CneyeT PacCMOTPETb, Kak Mepbl, HaNpaBneHHble Ha BOAOCHAGKEHWE,
CaHWTapWIO, TUIEHY 1 yaaneHne ObITOBbIX OTXOLOB, Takke MOryT
romoub B 6opbbe ¢ 6onesHAMK, NepeHOCMbIMI KoMapamn Aedes.
MporHosnpyemble NOCNEACTBMA M3MEHEHMA KNMMaTa O3Havalor,
UTO KOMMIEKCHblE CTpaTernv ynpasieHua v KOHTpona 6yayT
npurobpeTaTh BCe Gosbliee 3HaueHMe.

Resumen

Gestion integrada de enfermedades: infecciones arbovirales y diarreas transmitidas por el agua

Las enfermedades relacionadas con el agua, como las enfermedades
diarreicas por organismos viricos, bacterianos y parasitarios, y las
enfermedades arbovirales transmitidas por el Aedes, son importantes
problemas sanitarios a nivel mundial. Creemos que estos dos grupos
de enfermedades comparten factores de riesgo comunes, es decir, una
gestion inadecuada del agua en los hogares, un saneamiento deficiente
y la gestién de los residuos sélidos. Cuando el suministro de agua es
inadecuado, el almacenamiento de agua es esencial. Los mosquitos
Aedes suelen criar en los recipientes de almacenamiento de agua de
los hogares, que pueden contener agua contaminada con organismos
causantes de enfermedades entéricas. La contaminacién microbiolégica
del agua entre la fuente y el punto de uso es una de las principales
causas de la reduccién de la calidad del agua potable. Un saneamiento
y una gestion de residuos sélidos inadecuados no solo aumentan el
riesgo de contaminacion del agua, sino también la disponibilidad
de hébitats para las larvas de mosquitos. En este articulo se analizan
las intervenciones integradas que interrumpen la cria de mosquitos
al tiempo que proporcionan entornos sanitarios y agua limpia. Las

intervenciones especificas incluyen la mejora del disefo, la colocacién
y el mantenimiento de los contenedores de almacenamiento y la
ampliacion del acceso al agua corriente. El control de los vectores puede
integrarse en proyectos de saneamiento dirigidos a las alcantarillas y
los desagies para evitar la acumulacion de agua estancada. Una mejor
gestion de la basuray los residuos sélidos puede reducir la disponibilidad
de habitats para los mosquitos y mejorar las condiciones de vida de
las personas. Nuestra propuesta de integracion de las intervenciones
contra la enfermedad es coherente con las estrategias promovidas en
varios marcos sanitarios mundiales, como los objetivos de desarrollo
sostenible, la respuesta mundial de control de vectores, el cambio de
comportamiento Y las iniciativas de agua, saneamiento e higiene. La
investigacion futura deberfa abordar cémo las intervenciones dirigidas
al agua, el saneamiento, la higiene y la eliminacion de residuos de
la comunidad también benefician al control de las enfermedades
transmitidas por el Aedes. Los efectos previstos del cambio climético
significan que las estrategias de gestion y control integrados seran cada
vez mas importantes.
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