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1. Basic Project Information
A. Grant implementing institution
UNICEF/UNDP/World Bank/WHO Special Programme for Research and Training
in Tropical Diseases (TDR)
World Health Organization
20 Avenue Appia
1211 Geneva 27
Switzerland
Project Leader: Dr Johannes Sommerfeld
e-mail: sommerfeldj@who.int
Tel.: +41-22-791-3954
Fax: +41-22-791-4854

B. Participating research institutions
1. Research site Acapulco, Mexico: Universidad Autónoma de Yucatán, Centro de Investigaciones
Regionales "Dr Hideyo Noguchi", Campus de Ciencias Biológicas y Agropecuarias, Mérida,
Yucatán, Mexico (PI: Professor Pablo Manrique)
2. Research site Salto, Uruguay: Universidad de la República, Facultad de Agronomia and Facultad de
Humanidades y Ciencias de la Educación, Montevideo, Uruguay (PI: Professor César A. Basso,
Co-PI: Professor Sonnia E. Romero Gorski)
3. Research site Fortaleza, Brazil: Universidade Estadual do Ceará (UECE), Department of Public
Health, Fortaleza, CE, Brazil (PI: Professor Andrea Caprara, Co-PI: Dr José Wellington de Oliveira
Lima)
4. Research site Girardot, Colombia: Centro de Estudios e Investigación en Salud – CEIS, Fundación
Santa Fé de Bogotá, Bogotá, Colombia (PI: Dr Gabriel Carrasquilla, Co-PI: Dr Juliana Quintero)
5. Research site Machala, Ecuador: Universidad Andina Simon Bolivar, Quito, Ecudor (PI: Professor
Jaime Breilh, Dr Efrain Felix Beltran), in collaboration with School of Population & Public Health,
Faculty of Medicine, University of British Columbia (UBC), Vancouver, Canada (Professor Jerry
M. Spiegel) and University of Northern British Columbia, Prince George, BC,Canada (Dr Kendra
Mitchell-Foster)
6. Research site rural Yucatan (Teya, Bokoba and Sudzal): Universidad Autónoma de Yucatán,
Laboratorio de Parasitologia, Centro de Investigaciones Regionales "Dr Hideyo Noguchi", Mérida,
Yucatán, Mexico (PI: Dr E Dumonteil).
7. Research sites Bolivia : Institut de Recherche pour le Développement (IRD), Centre de Bolivie, La
Paz, Bolivia (PI: Dr Frédéric Lardeux) in collaboration with Universidad Autónoma Gabriel René
Moreno, Santa Cruz de la Sierra, Bolivia (Co-PI. Dr Lilian Zambrana) and Instituto Nacional de
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Laboratorios de Salud (INLASA), La Paz, BOLIVIA. (Co-P.I., Dra. Tamara CHAVEZ, medical
entomologist).
8. Research site Guatemala: Universidad del Valle de Guatemala, Departamento de Bioquímica y
Microbiología, Centro de Biotecnología afiliado al Centro de Estudios en Salud, Guatemala Ciudad,
Guatemala (PI: Dr Pamela Pennington)

C.

Executive summary

This report provides an overview of a five-year research and capacity building programme
involving eight (8) research studies carried out between 2008 and 2013 in seven countries of
Latin America (Bolivia, Brazil, Colombia, Ecuador, Guatemala, Mexico, Uruguay). Multidisciplinary research groups from seven leading Latin American research institutions
participated in the effort, forming a Community-of-Practice (CoP) for ecohealth research on
vector-borne diseases, with a focus on dengue in urban and peri-urban and on Chagas disease
in rural settings. Based on a common core protocol and standardized data collection
instruments, the research teams undertook an eco-bio-social situation analysis to characterize
and map the ecosystem, vector ecology, the social context, including stakeholder environment,
and community dynamics, including gender implications. All sites disseminated results and
conducted a participatory problem analysis with important multi-sectoral stakeholder groups
aiming at building consensus on potential intervention approaches. This process led to the
design of site-specific intervention packages using innovative biological, chemical, mechanical
and/or environmental vector control technologies and/or a combination of these tools.
The projects on dengue were all carried out in urban contexts, in medium size to large urban
agglomerations of Latin America (Acapulco/Mexico, Fortaleza/Brazil, Girardot/Colombia,
Machala/Ecuador, Salto/Uruguay) where dengue vector control measures, routinely carried out
– without community participation - by municipal or other governmental control services,
usually consist of space spraying and/or larviciding. Regarding dengue, the research approach
used was based on the current assumption that “larval surveys” used since the 1940`s in dengue
vector surveillance are useful to inform on the presence or absence of dengue vectors in the
community but should be complemented by occasional pupal productivity surveys to identify
productive container types for “targeted interventions”. Interventions targeting the productive
container types only have been shown to be more cost-effective than targeting all water holding
containers. Those areas would particularly benefit from targeted interventions where only one or
two container types produce most Aedes mosquitoes (in our study Colombia and Brazil). But also
other places are eligible for targeted interventions even if three or four container types are the main
producers of dengue vectors (Mexico and Ecuador in our study).
For such targeted interventions, new and innovative dengue vector control tools have been
developed and tested and they have been shown to have a decisive impact on the vector
populations. These are particularly a) window and door screens (with insecticide treated netting
material) in a fixed aluminium frame adapted to local window types (Mexico) and b) water
container covers using a similar design but with a flexible opening (Colombia); both devices
were highly appreciated by the population and vector control services.

New strategies of empowering communities in contributing to garbage collection (Brazil,
Uruguay) and of involving primary and secondary schools (Ecuador) to promote vector control
activities at home and in the community. They showed high acceptance rates, visibility and
considerable impact on vector densities.Strengthening community involvement and
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establishing prolonged interaction of community representatives with control services ,
municipalities and other public actors were shown to be time consuming and costly at the
beginning, but rewarding during the process and with excellent potentials for sustainability.
Violence and social segregation was a major barrier towards vector control operations
particularly when aggravated by traffic with illicit substances. This was experienced
particularly in big urban areas such as Acapulco (Mexico), and Fortaleza (Brazil) but much less
in middle sized towns such as Girardot (Colombia) and Machala (Ecuador) and almost
negligible in an urban environment with relative strong social cohesion such as Salto
(Uruguay). Nonetheless, social mobilization and the partnership approach with public services
were achievable with few exceptions even under difficult circumstances.
The earlier findings in the TDR-IDRC research programme on entomological indices for
monitoring progress in vector control could be reconfirmed and refined: The routinely used
“larval surveys” to determine the presence or absence of dengue vectors should be
complemented by annual or biannual “pupal productivity surveys” during the wet season in
order to identify “productive container types” for targeted interventions. Likewise the
characteristics of water containers producing most of dengue vectors could be identified:
outdoor, rainwater filled, not protected, untreated and in shaded areas.
Based on preliminary results, the eco-system interventions in the five study sites indicate to
significantly reduce vector densities compared to the routine programmes, notably in Mexico,
Colombia and Brazil but also in Uruguay and Ecuador.
The ecohealth approach used by the research teams provided an innovative approach. Research
teams enrolled control services and communities into a partnership and in all sites integrated,
locally appropriate control technologies for reducing both the immature and adult forms of the
mosquitoes were employed and implemented through partnership models. In addition, the
interventions were based on prior insights that larval surveys routinely conducted by dengue
vector control services should be complemented by annual or biannual pupal productivity
surveys. Thus, interventions targeting the productive container types were shown to be more
cost-effective than targeting all water holding containers. The eco-bio-social research approach
pursued in this research initiative was instrumental to understand and intervene against a major
ecohealth issue in Latin America, i.e., the challenge of innovating vector control of two
important vector-borne diseases (dengue, Chagas disease) by addressing their social and
environmental determinants.
This innovative approach is attractive a dengue control services in several countries (Brazil,
Colombia, Mexico, Uruguay). Policy makers and practitioners were active part of the research
initiative and committed to scaling up the interventions at city levels. Ecohealth research teams
in those countries where governments committed to funding the intervention will continue to
be part of the research initiative.
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The projects on Chagas disease were carried out in rural research sites of Bolivia, Guatemala
and Mexico, in areas where the socio-ecological setting is characterized by poverty where
social and environmental determinants lead to transmission in domestic and peri-domestic
contexts. The eco-health approach was instrumental to improve and innovate the routine
Chagas disease interventions, e.g., Routine Indoor Residual Spraying (IRS) of insecticides
against domestic vectors of Chagas disease by national control services. Both the domestic and
peri-domestic transmission determinants can be addressed through participatory multistakeholder processes which combine routine IRS with improvement of housing conditions,
management of domestic and peri-domestic animals and general environmental hygiene.
The Chagas disease portfolio showed that an eco-health approach can in fact improve and
innovate traditional Chagas disease interventions (e.g., Routine Indoor Residual Spraying (IRS)
of insecticides against domestic vectors of Chagas disease by national control services) in
situations where the socio-ecological setting is characterized by a poverty situation and where
social and environmental determinants lead to transmission in peri-domestic contexts. These
domestic and peri-domestic transmission contexts can be addressed through participatory
multi-stakeholder processes which combine routine IRS with improvement of housing
conditions, management of domestic and peri-domestic animals and general environmental
hygiene.

D.

Keywords

Ecohealth, eco-bio-social research, dengue, Chagas disease, vector-borne diseases,
intersectoral, community-based interventions, Latin America, Bolivia, Brazil, Colombia,
Ecuador, Guatemala, Mexico, Uruguay
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2. Summary (Ecohealth story)
This research initiative was part and result of ten years of fruitful collaboration between the
Ecosystems and Human Health Program of the International Development Research Centre
(IDRC) and the World Health Organization’s Special Programme for Research and Training in
Tropical Diseases (TDR) on ecohealth research related to vector-borne diseases.
This particular programme was set up and managed to generate, apply and assess scientific
evidence on innovative and sustainable control strategies for dengue and Chagas disease in
Latin America and the Caribbean investigating ecosystem-related, biological and social ("ecobio-social") factors shaping the transmission dynamics and control opportunities of these
diseases in specific high-priority settings.
Based on a common core protocol and standardized data collection instruments, the five
dengue sites undertook a situation analysis to characterize and map the urban ecosystem, vector
ecology in its relation to rainfall, the social context, including stakeholder environment, and
community dynamics, including gender implications. All sites disseminated results and
conducted a participatory problem analysis with important multi-sectoral stakeholder groups
aiming at building consensus on potential intervention approaches. This process led to the
design of site-specific intervention packages using innovative biological, chemical, mechanical
and/or environmental vector control technologies and/or a combination of these tools.
The projects on Chagas disease were carried out in rural research sites of Bolivia, Guatemala
and Mexico, in areas where the socio-ecological setting is characterized by poverty where
social and environmental determinants lead to transmission in domestic and peri-domestic
contexts. The eco-health approach was instrumental to improve and innovate the routine
Chagas disease interventions, e.g., Routine Indoor Residual Spraying (IRS) of insecticides
against domestic vectors of Chagas disease by national control services. This peri-domestic
transmission context can be addressed through participatory multi-stakeholder processes which
combine routine IRS with improvement of housing conditions, management of domestic and
peri-domestic animals and general environmental hygiene.
The projects on dengue were all carried out in urban contexts, in medium size to large urban
agglomerations of Latin America (Acapulco/Mexico, Fortaleza/Brazil, Girardot/Colombia,
Machala/Ecuador, Salto/Uruguay) where dengue vector control measures, routinely carried out
– without community participation - by municipal or other governmental control services,
usually consist of space spraying and/or larviciding. The ecohealth approach used by the
research teams provided an innovative approach. Research teams enrolled control services and
communities into a partnership and in all sites integrated, locally appropriate control
technologies for reducing both the immature and adult forms of the mosquitoes were employed
and implemented through partnership models. This innovative approach is attractive a dengue
control services in several countries (Brazil, Colombia, Mexico, Uruguay). Policy makers and
practitioners were active part of the research initiative and committed to scaling up the
interventions at city levels. Ecohealth research teams in those countries where governments
committed to funding the intervention will continue to be part of the research initiative.
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The Development problem: Context, goals and objectives of the research initiative

Dengue fever and Chagas disease are important public health problems in Latin America. Dengue
is re-emerging and Chagas disease is persisting in different social-ecological settings. Dengue and
Chagas disease as public health problems can be conceptualised as "eco-bio-social" in nature and
origin, with ecological, biological and social factors overlapping and reinforcing each other in
feedback loops. "Eco"-logical factors refer to climate (rainfall, humidity, temperature etc.) and the
natural and man-made ecological setting (including the urban and agricultural environment etc.).
"Bio"-logical factors relate to the behaviour of the disease vectors, Aedes aegypti and Triatoma
species, and transmission dynamics of the disease. Both the ecological and the biological domains
are linked by the ecology of the vector population. Social factors include issues related to
community and household based practices, knowledge and attitudes, to health systems factors,
including vector control and health services, and their political context (e.g. health sector reforms),
public and private services such as sanitation and sewage, garbage collection and water supply.
"Macro-social" events relate demographic growth and urbanisation with community dynamics and
social change and how these are shaped by large-scale forces such as poverty and social inequality.
Research on these diseases should not only focus on biomedical tools or interventions but also
explore public health innovation through a combined analysis of the complex interactions of
ecological, biological and social factors (i.e. the “eco-bio-social” context). While current ecosystem
approaches to health theorize the complex dynamics between social, economic, political (“social”),
and physical, biotic (“ecological”) dimensions of health, bridging both fields into "eco-bio-social"
research still represents a major challenge. This research programme focuses on cross- and interdisciplinary research on dengue and Chagas disease to build vector control strategies on an eco-biosocial/eco-health perspective".

3.1. General objective
As stated in the Memorandum of Grant Conditions (MoGC), the overall objective of the research
programme was "to generate, apply and assess scientific evidence on innovative and sustainable
control strategies for dengue and Chagas disease in Latin America and the Caribbean investigating
ecosystem-related, biological and social ("eco-bio-social") factors shaping the transmission
dynamics and control opportunities of these diseases in specific high-priority settings.".

3.2. Specific objectives
Specific objectives, as stated in the Memorandum of Grant Conditions (MoGC) were:
a. To design and coordinate, a grant making process to support a portfolio of up to ten (10)
studies on eco-bio-social aspects of dengue and Chagas disease in research institutions
located in priority areas of endemic countries in Latin America and the Caribbean. The
institutions will conduct research to inform and evaluate viable public health
interventions, including inter-sectoral and participatory ecosystem interventions. The
research would involve local communities and relevant stakeholders in the planning
process and be conducive to sustainable strategies for better disease prevention;
b. To foster sustainable public health application of the research evidence based on the
eco-bio-social framework, involving policy makers and public health decision-makers
and practitioners from the outset,
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c. To facilitate the write-up and dissemination of findings from funded studies in the
international peer-reviewed literature, through other communications and media
channels and the use of results through active research-to-policy linkages and activities;
d. To develop specific strategies to build and strengthen capacities for research and
research-to-policy applications in this field, including fostering the growth of a
community-of-practice on vector-borne disease prevention.
All these objectives have been successfully implemented as follows:
a. Following an international call for letters-of-interest and a scientific review by an
external expert committee, a multi-country research programme in Latin America
consisting of 8 studies (5 on dengue, 3 on Chagas disease) was set up and coordinated,
with multi-disciplinary research teams in seven research institutions of Latin America.
The research entailed a combined eco(logical), bio-logical (i.e., entomological,
epidemiological) and social ("i.e., "eco-bio-social") assessment of various dimensions
affecting dengue and Chagas disease. For dengue, a detailed situation analysis in
selected urban and peri-urban clusters entailed an investigation of vector ecology, the
social and community context, the stakeholder environment, a gender analysis, and an
ecosystem characterization. In Chagas disease research sites the situation analysis
pertained to the domestic and peri-domiciliary transmission context and the different
social-ecological settings in which the different vector species transmitting Chagas
disease occur.
b. From the outset, all teams enrolled stakeholders, including policy makers, public health
decision-makers and practitioners into their projects. Based on a dissemination of
formative research results, a common problem analysis and consensus building process
led to the design of site-specific and locally-relevant intervention packages, including
tools and/or combination of vector control tools and related delivery strategies. In all
sites, a partnership-driven, community-based intervention based on community
mobilization/ participation/empowerment, specified supply and delivery mechanisms
and management and organization was conducted and later evaluated and monitored. In
order to strengthen regional uptake of the research results in policy and practice, highlevel policy makers and vector as well as disease control authorities were actively
engaged in the community-of-practice meetings.
c. An international peer-reviewed publication was published on Phase 1, various
presentations made at international conferences and a data analysis/writing workshop
was held in November 2013, to advance the further analysis and dissemination of
results. Progress in substantiating the relevance of the eco-bio-social research
framework1 for ecohealth and for scaling up the intervention work, in collaboration
with control services in four countries is underway.
d. Over the course of the project, a series of Community-of-Practice (CoP) workshops,
organized throughout the region and hosted by participating research institutions, built
and strengthened research capacity and formed a coherent network, in a collaborative,
interactive fashion. In cooperation with the IDRC-funded ecohealth leadership
development initiative, the project led to the formation of an active community-ofpractice on ecohealth-based control of vector-borne diseases. Disease and vector
1
The term and concept of "eco-bio-social research" is considered a research framework for multi-disciplinary
research on infectious diseases only. This term and framework does not intend to compete with, or contradict,
broader theoretical notions and fields of inquiry such as, for example, "EcoHealth" (Lebel 2003, cf. also
http://en.wikipedia.org/wiki/EcoHealth).
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control services in several countries are interested and committed to scaling up this
approach.

4. Methodology
This project was designed and carried out as a multi-country research initiative, on the basis of
a collaborative partnership between the Special Programme for Research and Training in
Tropical Diseases (TDR), World Health Organization and the International Development
Research Centre's Ecosystems and Human Health Program.
The overall methodology of the grants scheme was based on the expectation that new scientific
knowledge leads to improved dengue and Chagas diseases prevention by informing and
developing interventions in specific ecosystems (outcomes). This new scientific knowledge
would result from a set of selected research studies carried out by research institutions located
in dengue- and Chagas-endemic areas (process), funded and technically accompanied by
selected capability strengthening efforts (input). Strategic research and implementation
research, both accompanied by appropriate capability strengthening efforts, are thus integral
components of the basic concept underlying this activity. These assumptions are graphically
represented in diagram 1.
INPUT

PROCESS

OUTCOMES

Studies in selected eco-systems

O2: Eco-bio-social
research on
transmission
dynamics

O4: Design of
appropriate
ecosystem
management
intervention

New framework for improved
ecosystem- related
interventions

O5: Intervention

Locally and ecosystemspecific relevant practices for
prevention of dengue and
Chagas disease
Network and community of
research practice

O3: Research Capacity Strengthening

O1: Set up
of study portfolio

O2: Strategic
research

O4 & 5: Implementation
research

O 6/7: Dissemination
and networking

Objective 1 (O1) was reached through a competitive call for letters-of-interest, a competitive
proposal development and selection phase with clearly defined selection criteria.
Objective 2 (O2), the situation analysis during research phase 1, was pursued by developing
common core protocols, based on established multi-method approaches to public health
research. Conceptual frameworks guiding the research initiatives with respect to dengue and
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Chagas disease were developed during a proposal development workshop, in Guatemala, in
2009.
For dengue, the following problem statement guided the research:
“Dengue fever, a viral disease transmitted by the mosquito Aedes aegypti is an emergent public
health problem in Latin America, the Caribbean, Asia and recently the Western Mediterranean
Region. In the absence of a vaccine, primary prevention of dengue and its severe forms
remains dependent upon vector control measures such as elimination of larval habitats or
killing adult mosquitoes. Numerous “top-down” approaches to vector control have not been
able to achieve a sustainable reduction in vector densities or to prevent dengue transmission.
The relative contribution of mosquitoes and humans (or both) to the dispersal of dengue viruses
is poorly understood. The continuous change in the human population, vector population and
the virus along with and in response to the environmental changes present an ongoing
challenge to control. This variation is associated with the transmission dynamics producing
silent epidemics of dengue infection to overt outbreak of disease. There is a gap in
understanding how the transmission and dynamics of disease vary with ecological, biological
and social factors. Under these circumstances, the scarce allocation of resources cannot sustain
conventional dengue control activities. Therefore, more insights, relevant to specific
ecosystems, into transmission dynamics and the possibility of intersectoral ecosystem
management programmes for dengue prevention and control were needed. These insights play
a crucial function in defining locally relevant and appropriate interventions with the prospects
for sustainable control of vector populations. The purpose of this study was to explore the
ecological, biological and social ("eco-bio-social") factors that have contributed to the
development of increased dengue mosquito populations in particular Latin American
ecosystems and to study the effect ecosystem relevant interventions for reducing vector
densities and ultimately viral transmission to levels below epidemic thresholds.”
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For Chagas disease research, the following problem statement guided Phase 1 research:
“Chagas disease is widespread in the Americas, affecting 10-14 million or more2. The causing
agent, Trypanosoma cruzi is transmitted primarily by a few species of blood-feeding triatomine
insects. Chagas disease can also be transmitted via blood transfusion or organ donation, passed
congenitally from mother to child via the placenta, or more rarely by ingesting food
contaminated with the parasite. Because T. cruzi has a sylvatic cycle (i.e. can be maintained
among non-human populations), it will be impossible to totally eliminate T. cruzi-infected
triatomine vectors. Outside Chagas-endemic countries, because of international travel and
immigration patterns, Chagas disease is also cause for great epidemiologic concern3.
In Latin America, more DALYs (Disability Adjusted Life Years) are lost to Chagas disease
than to for example to hepatitis, malaria or tuberculosis4. Even if transmission would be
interrupted today, the chronic disease stage with disease sequelae will continue to place a large
economic burden on Chagas-endemic countries, and hence, Chagas disease control, treatment
and premature disability and death continue to constitute a tremendous economic burden for
Latin America.
Primary prevention can only be achieved with vector control, in the absence of vaccines or
preventative drugs. There are currently three regional initiatives in the Americas for vector
control of Chagas disease: the Southern Cone, the Andean Pact, and the Central American
Initiatives. All three initiatives aim to reduce the incidence of Chagas disease through vector
control programmes, blood supply screening, and health education.
The initiatives were successful and have led to a significant decrease in primarily the incidence
and, to a lesser extent, the prevalence of Chagas disease in selected countries. However, as
with many disease control programmes success if often difficult to sustain, due to issues related
to programme implementation such as reduced emphasis on the programmes when partial
success is achieved, insufficient geographical coverage, but also technical issues such as the
development of insecticide resistancies, over-reliance on one vector control method, to name
but a few. Reinfestation of houses with triatomine vectors occur, as well as an increase of
infections in peri-domestic areas.
More sustainable vector control interventions may have to include different methods or
combinations of methods, considering the particularities of the human host population, in short
through an integrated approach combining various techniques and including a community
development and sustained surveillance component.
However, more insights, relevant to specific ecosystems, into transmission dynamics and the
possibility of intersectoral ecosystem management programmes for Chagas prevention and
control are urgently needed to develop the integrated approach. These insights will play a
2

Chagas Disease: A Latin American Nemesis, Institute of One World Health¸
http://www.oneworldhealth.org/documents/CHAGAS%20Landscape%20FINAL%20VERSION.pdf
3
CDC 2009, Chagas disease, prevention and control, http://www.cdc.gov/chagas/prevent.html
4
World Development Report 1993, Investing in health, Worldbank 1993, http://wwwwds.worldbank.org/external/default/WDSContentServer/WDSP/IB/1993/06/01/000009265_3970716142319/Rend
ered/PDF/multi0page.pdf
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crucial function in defining locally relevant and appropriate interventions with the prospects for
sustainable control of vector populations.
The purpose of this set of studies is to explore the ecological, biological and social ("eco-biosocial") factors that may contribute to a more sustainable approach towards Chagas disease
control. A combined analysis of the ecological, biological and social dimensions of Chagas is
proposed to define community-centered, intersectoral, participatory ecosystem management
activities directed at reducing Chagas vector habitats and the risk of Chagas transmission.
The envisaged project consists of two phases: in phase 1, situational analysis, data along the
described eco-bio-social factors are collected, after phase 1 and following the data analysis, a
tailored vector control approach will be defined by the individual study sites.

For the five dengue studies, standardized research instruments based on standard methods in
entomology, epidemiology, environmental sciences (including ecology) and the social sciences,
including methodologies for designing Knowledge, Attitude and Practice (KAP) surveys, were
established:
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1. A detailed larval/pupal survey form for vector research in households and in public
spaces. "Larval/pupal surveys were conducted according to standard operating
procedures by 2 to 6 university or vector control staff who were re-trained in the
procedures and use of the common data collection instrument. Household areas
including intra-domestic and peri-domestic spaces as well as public (non-household)
spaces in each cluster were inspected. The containers were classified according to type,
source of water, volume, location presence of vegetation, presence of larval control
measures and presence of a proper/suitable lid. Only containers containing water ("wet
containers") were examined. For larvae, the surveyor determined the presence or
absence of Aedes larvae in each container. For pupae, the surveyor counted all the
pupae present in each container.
A household survey instrument based on established standards in survey methodology:
covering a) general survey information, b) household georeference, c) head of household and
respondent, d) household composition, e) housing and basic services, f) knowledge about
dengue, g) vector-related knowledge and practices
2. A Cluster Background Information instrument gathering systematic data on a) the
cluster's geography, length, breadth and surface, b) housing conditions, c) public spaces
and d) basic infrastructure. "The selected clusters and adjacent areas were described in
greater detail using a cluster background survey instrument. One or two additional team
members captured information about cluster size in m2, population densities, infrastructure (water, electricity, construction materials of houses and roads), public and
residential areas, sunny and shaded places and other contextual factors. Some of the
environmental variables such as source of water supply, hygiene and sanitation inside
and around the house, solid waste which can retain rain water around the house and
other potential Aedes breeding/resting place inside/outside house and the distance of
house to nearest water source (if available) were also recorded. GPS was used for
determining the location of houses, public spaces and water collection areas. The
supervisors of both the entomological teams and household teams undertook this
analysis"7.
3. A Social Science Methods Toolbox with modules to assess, predominantly through
qualitative research: a) social context and gender, b) vector control policy and
programme functioning and c) stakeholder analysis

5. Project activities
The grant recipient, the Special Programme for Research and Training in Tropical Diseases
(TDR), has a longstanding track record in establishing and managing large research initiatives.
This particular project followed some of these established steps for the set-up and management
of large multi-country research programmes, including:

•
•

Extensive preparatory work by writing, in close discussions with IDRC, the overall
proposal (February 2008)
Preparation and signature by both parties (IDRC, WHO) of the Memorandum of Grant
Conditions (August 2008)
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•

•

•
•
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Establishment of an external expert committee, in this case a Special Project Team
(SPT) of external experts, appointed to oversee the review of letters-of-interest and
selection of grants (November 2008)
International call for concept notes issued by TDR in English, French and Spanish plus proactive exploration of interest of selected research institutions issued in 2009 with a closing
date of April 15, 2009 (January 2009)
Review of incoming concept notes by the SPT according to defined evaluation criteria
for scientific merit and relevance
Proposal development/Study design/Methods workshop (CoP 1) held in Antigua,
Guatemala (12-18 July 2009)

•

Review of proposals by SPT and final selection of 8 projects to be funded (early September
2009)

•

Proposals processed into Technical Service Agreements between WHO and the contractual
institution (April/May 2010)

•

Research studies funded and active: First research phase of studies followed by an interim
phase to discuss results, devolution, interaction with policy-makers, design of the
intervention, and development of an evaluation framework (4 months) followed by a
second intervention research phase, and discussion of results, national fora, evaluation and
reporting (July 2010-January 2014)

•

Technical assistance provided to the studies (2010-2014)

•

Research capacity strengthening provided to participating teams and community-ofpractice (CoP) established (2009-2013):
o

CoP-2: First network meeting, collaborative workshop with IDRC’s Ecohealth
Communicable Disease Research Initiative and Participation at I Congreso de Salud
Ambiental, Guadalajara, Mexico (16-21 October 2010)

o

CoP-3: Third Community-of-Practice (CoP) Workshop on Data analysis (Phase 1) and
the Development of an Intervention Research Proposal, Merida, Yucatan, Mexico (30
August-2 September 2011)

o

CoP-4: Fourth Community-of-Practice (CoP) Workshop, held in collaboration with
organized in collaboration with Panaftosa at PAHO-AMRO and Universidade Estadual
do Ceará (UECE-IEPRO), Fortaleza, Brazil, 5-8 March 2013

o

CoP-5: Fifth Community-of-Practice (CoP) Workshop, held in collaboration with
PAHO-AMRO and Universidad de la República, Uruguay, Montevideo, Uruguay, 2629 November 2013

•

Networking opportunities provided to participating scientists and policy-makers (20092013)

•

Publication strategy conceived and write-up and dissemination workshops initiated
(November 2013)

•

Documentation and lessons learnt provided to appropriate government institutions and
ministries through appropriate WHO departments (2012)

•

Preparation of a publication/book/film on the initiative (November 2013)

•

Design of follow-up (“Scaling-up”) studies to analyse the process and cost-effectiveness of
large scale implementation of the newly developed dengue control tools and strategies by
national programmes in at least 4 countries. By this the research programme will facilitate
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the translation and transfer of knowledge and information into policy and action (December
2013)

The project was coordinated and implemented by TDR through a project team, including a
Project Leader (Dr J. Sommerfeld), a Chief Scientific Advisor (Professor A. Kroeger) and a
Technical Programme Assistant (Dr Olaf Horstick, until December 2010). A number of
consultants were engaged in the initiative.
6. Key research results
The eco-bio-social research approach pursued in this research initiative was instrumental to
understand and intervene against a major ecohealth issue in Latin America, i.e., the challenge
of innovating vector control of two important vector-borne diseases (dengue, Chagas disease)
by addressing the ecological, biological and social (“eco-bio-social”) factors that determine
their prevention and control.
Regarding dengue, the research approach used was based on the current assumption that larval
surveys used since the 1940`s in dengue vector surveillance are useful to inform on the presence or
absence of dengue vectors in the community but should be complemented by occasional pupal
productivity surveys to identify productive container types for “targeted interventions”.
Interventions targeting the productive container types have been shown to be more cost-effective
than targeting all water holding containers. Those areas would particularly benefit from targeted
interventions where only one or two container types produce most Aedes mosquitoes (in this
research initiative Colombia and Brazil). But also other places are eligible for targeted
interventions even if three or four container types are the main producers of dengue vectors
(Mexico and Ecuador in this research initiative). For such targeted interventions, new and
innovative dengue vector control tools have been developed and tested and they have been
shown to have a decisive impact on the vector densities (cf. site-specific results under 7.
Project outputs) . These are particularly a) window and door screens (with insecticide treated
netting material) in a fixed aluminium frame adapted to local window types (Mexico) and b)
water container covers using a similar design but with a flexible opening (Colombia); both
devices were highly appreciated by the population and vector control services.

New strategies of empowering communities in contributing to garbage collection (Brazil,
Uruguay) and of involving primary and secondary schools (Ecuador) to promote vector control
activities at home and in the community showed high acceptance rates, visibility and
considerable impact on vector densities.
Strengthening community involvement and establishing prolonged interaction of community
representatives with control services , municipalities and other public actors were shown to be
time consuming and costly at the beginning, but rewarding during the process and with
excellent potentials for sustainability.
Violence and lack of social cohesion was a major barrier towards community-based vector
control efforts. This was experienced particularly in big urban areas such as Acapulco
(Mexico), and Fortaleza (Brazil) but much less in middle sized towns such as Girardot
(Colombia) and Machala (Ecuador) and almost negligible in an urban environment with
relative strong social cohesion such as Salto (Uruguay). Nonetheless, social mobilization and
the partnership approach with public services were achievable with few exceptions even under
difficult circumstances.
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The earlier findings in the TDR-IDRC research programme on entomological indices for
monitoring progress in vector control could be reconfirmed and refined: The routinely used
“larval surveys” to determine the presence or absence of dengue vectors should be
complemented by annual or biannual “pupal productivity surveys” during the wet season in
order to identify “productive container types” for targeted interventions. Likewise the
characteristics of water containers producing most of dengue vectors could be identified:
outdoor, rainwater filled, not protected, untreated and in shaded areas.
Based on preliminary results, the eco-system interventions in the five study sites indicate to
significantly reduce vector densities compared to the routine programmes, notably in Mexico,
Colombia and Brazil but also in Uruguay and Ecuador.
The projects on Chagas disease were carried out in rural research sites of Bolivia, Guatemala and
Mexico, in areas where the socio-ecological setting is characterized by poverty where social and
environmental determinants lead to transmission in domestic and peri-domestic contexts. The ecohealth approach was instrumental to improve and innovate the routine Chagas disease interventions,
e.g., Routine Indoor Residual Spraying (IRS) of insecticides against domestic vectors of Chagas
disease by national control services. Both the domestic and peri-domestic transmission
determinants can be addressed through participatory multi-stakeholder processes which combine
routine IRS with improvement of housing conditions, management of domestic and peri-domestic
animals and general environmental hygiene.

The Chagas disease portfolio showed that an eco-health approach can in fact improve and
innovate traditional Chagas disease interventions (e.g., Routine Indoor Residual Spraying (IRS)
of insecticides against domestic vectors of Chagas disease by national control services) in
situations where the socio-ecological setting is characterized by a poverty situation and where
social and environmental determinants lead to transmission in peri-domestic contexts. These
domestic and peri-domestic transmission contexts can be addressed through participatory
multi-stakeholder processes which combine routine IRS with improvement of housing
conditions, management of domestic and peri-domestic animals and general environmental
hygiene.

7. Project studies summary, results and outputs
7.1. Dengue portfolio
The dengue research portfolio of the initiative involved five sub-studies carried out in Brazil,
Colombia, Ecuador, Mexico, and Uruguay. A first common output was the following publication:
QUINTERO, Juliana ; BROCHERO, Helena ; SAIDE Pablo Manrique ; BASSO, César ;
ROMERO, Sonnia ; CAPRARA, Andrea ; de Lima Cunha JC ; AYALA, Efrain Beltran ;
FOSTER, K. M. ; KROEGER, Axel ; SOMMERFELD, Johannes ; PETZOLD Max . Ecological,
biological and social dimensions of dengue vector breeding in five urban settings of Latin America:
a multi-country study. BMC Infectious Diseases (Online), v. 14, p. 38, 2014
http://www.biomedcentral.com/1471-2334/14/38.

7.1.1. Brazil sub-study
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The Brazil sub-study entitled “Empowering communities to dengue control: An eco-health analysis
and an integrated approach in Fortaleza, Brazil” (TDR ID Number A90295) was implemented by a
multi-disciplinary research team at the Department of Public Health, Universidade Estadual do
Ceará.

Fortaleza in the North-East of Brazil is a large city with a dramatic population increase over the
last decade reaching about 2,4 million inhabitants in 2010. The city is a particularly vulnerable
to infestation with the dengue vector Aedes aegypti due to its tropical climate, high
demographic density, uncontrolled urbanization with inadequate sanitary conditions and
deterioration in the health infrastructure.
The intervention study in Fortaleza intended to estimate the feasibility and effectiveness of a
ecosystem management intervention through a community centered inter-sectorial intervention
approach. A cluster randomized controlled trial was designed comparing ten randomly selected
intervention clusters (i.e. neighborhoods with roughly 100 houses) implementing a community
directed waste management scheme, with ten control clusters with routine vector control. In the
intervention clusters, an Aedes control programme was organized through poor urban
communities by enhancing their participation in local environmental management actions
focusing on discarded containers that were identified during the situation analysis to be the
most productive pupae breeding sites in and around houses. Community workshops were
carried out in all intervention clusters and allowed to discuss dengue issues with the social
actors who live and/or work in the study clusters. A leaflet, summarizing the main results of the
first study phase, was printed and discussed with the participants during the workshops. In all
intervention clusters, eco-health activities were organized including the removal of discarded
small recipients, cleaning of backyard areas and covering of large water containers on the
ground and on the roof but with no utilization of larvicides or insecticides. 100% of the large
tanks in the intervention clusters were covered. Education activities with the intersectoral
group (Family Health Strategy professionals, Social Mobilization, Endemic Diseases Agents)
were organized, allowing residents to maintain the covers of the large tanks in perfect
condition.
The research group was involved in the backyards clean-up: meeting with intersectoral groups
to explain the objectives and procedures of the home visits; the delivery of letters at the
Regional Secretariat requesting a dumpster (caçamba de lixo); groups formed by ACS,
Educators and AE made home visits (health education) ; home visits and delivering garbage
bags; Informing the date on which the garbage truck (caçamba da limpeza urbana) was going
to collect the trash; participating in the backyard clean-up process.
The variation of the House Index (HI), the Container Index (CI), Breteau Index(BI) and Pupae
Per Person (PPI) from the dry season (before intervention) to the rainy season (after the
intervention) was assessed by means of linear mixed models.
Results: Social Context: The intervention and control clusters were located in different
neighborhoods in the city of Fortaleza, with strong differences in terms of geography,
population, housing and health, economic, cultural, and social aspects. They were part of the
following neighborhoods: Pici; Quintinho Cunha, Passaré, Messejana, Centro, Cidade 2000,
Parreão, José Walter, Vila Ellery and Granja Lisboa.
Entomological data Two cross-sectional larvae and pupae surveys were carried out between
January and June 2013 in both control and intervention areas. The survey was administered
respectively in 1,580 and 1,689 households in control and intervention areas respectively.
Overall, the House Index (HI), the Container Index(CI), Breteau Index(BI) and Pupae Per
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Person(PPI) increased from the dry season (before intervention) to the rainy season (after the
intervention), but the increase was significantly higher in the control area (P-values: HI=0.029,
CI=0.020, BI=0.014, PPI=0.023). Before and after the intervention strong differences were
identified between intervention and control areas: 1. To what refers to the Breteau Index,
differences of 4.3 in control and 2.46 in intervention area were identified; 2. To what refers to
House Index, differences of 2.04 (intervention) and 3.16 (control) respectively were found (p
value = 0,02); 3. Container Indexes after the intervention (rainy season) also showed strong
differences between control and intervention areas (0.71 vs 0.22); 4. A mean of 0.02
(intervention) and 0.05 (control) pupae per person were found after the intervention but the
increase during rainy season was significantly higher in the control area.
After the targeted intervention on productive water containers (small discarded containers and
large mainly elevated containers) through community mobilization and partnership with
control services, a significant reduction of dengue vectors in intervention clusters compared to
control clusters could be shown (see Figures below).
Overall, the entomological indices (House Index(HI), the Container Index –CI-, Breteau IndexBI- and Pupae Per Person Index -PPI) increased –as expected and observed in other studiesfrom the dry season (before intervention) to the rainy season (after the intervention), but the
increase was significantly higher in the control area (p-values for: HI=0.029, CI=0.020,
BI=0.014, PPI=0.023) demonstrating the protective efficacy of the intervention.

Figure a: House index before (dry season) and after intervention (rainy season)

Figure b: Container index before (dry season) and after intervention (rainy season)

Figure c: Breteau Index before (dry season) and after intervention (rainy season)
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Figure d: Pupae per Person before (dry season) and after intervention (rainy season)

These encouraging results underline the prospects of a combined intervention with a) targeting
productive container types (as done in this study) and b) window and door screens, as shown
in the Mexican study (see above).
The main results of the second phase , show the effectiveness of an ecohealth intervention
based on community participation, covering the elevated containers on the roof and in-house
rubbish disposal without larviciding the large elevated and ground containers in comparison
with the traditional control programme. Vector control tools, such as provision of water
container covers and clean-up campaigns, resulted in a significant reduction in dengue vector
densities. Participation was considered fragile in locations with nonexistent community
organization or locations considered violent or where the socioeconomic situation was more
privileged. In general, the broader view of the determinants of dengue served as a directing
axis for the management of the actions of the program to control the disease, articulated among
the various sectors involved. These promising results stimulate the realization of an
intervention programme of scaling up supported by the Brazilian Ministry of Health in two
other intervention areas of Brazil, Belo Horizonte & Goiania.
Site-specific outputs
Book publication:
Caprara, A.; de Oliveira Lima, J.W., Peixoto, A.C. (eds) 2013. Ecossaude, uma Abordagem ecobio-social: Percursos convergentes no controle do dengue, Fortaleza, Brazil: Editora da
Universidade Estadual do Ceara, 264 pages.
QUINTERO, Juliana ; BROCHERO, Helena ; SAIDE Pablo Manrique ; BASSO, César ;
ROMERO, Sonnia ; CAPRARA, Andrea ; de Lima Cunha JC ; AYALA, Efrain Beltran ; FOSTER,
K. M. ; KROEGER, Axel ; SOMMERFELD, Johannes ; PETZOLD Max . Ecological, biological
and social dimensions of dengue vector breeding in five urban settings of Latin America: a multi-
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country study. BMC Infectious Diseases (Online), v. 14, p. 38, 2014
MIRANDA, Martha Suellen de Lacerda ; CAPRARA, ANDREA ; PEIXOTO, Ana Carolina
Rocha ; MOTTA, Cyntia Monteiro Vasconcelos ; SANTANA, Rafaela Pessoa . Percepção de
atores sociais responsáveis pela gestão de resíduos sólidos no contexto da dengue. Revista
Brasileira em Promoção da Saúde (Online), v. 26, p. 233-241, 2013.
CAPRARA, Andrea ; LIMA, José Wellington de Oliveira ; PEIXOTO, Ana Carolina Rocha .
Introdução. In: Andrea Caprara, José Wellington de Oliveira, Ana Carolina Rocha Peixoto. (Org.).
ECOSSAÚDE, UMA ABORDAGEM ECO-BIO-SOCIAL: PERCURSOS CONVERGENTES NO
CONTROLE DO DENGUE. 1ed.Fortaleza: EdUECE, 2013, v. 1, p. 23-38.
MOTTA, Cyntia Monteiro Vasconcelos ; CAPRARA, Andrea ; SANTANA, Rafaela Pessoa ;
BORRERO ROLDÁN E. ; CARRASQUILLA, Gabriel . Fatores associados à transmissão do
dengue diante da perspectiva da ecossaúde: uma revisão sistemática. In: Andrea Caprara, José
Wellington de Oliveira, Ana Carolina Rocha Peixoto. (Org.). ECOSSAÚDE, UMA
ABORDAGEM ECO-BIO-SOCIAL: PERCURSOS CONVERGENTES NO CONTROLE DO
DENGUE. 1ed.Fortaleza: EdUECE, 2013, v. 1, p. 71-91.
CALVASINA, Paola ; LIMA, José Wellington de Oliveira ; CAPRARA, Andrea . Iniquidades
sócioambientais, questões de gênero e controle do dengue. Um estudo eco-bio-social no nordeste
do Brasil. In: Andrea Caprara, José Wellington de Oliveira, Ana Carolina Rocha Peixoto. (Org.).
ECOSSAÚDE, UMA ABORDAGEM ECO-BIO-SOCIAL: PERCURSOS CONVERGENTES NO
CONTROLE DO DENGUE. 1ed.Fortaleza: EdUECE, 2013, v. 1, p. 111-132.
FONTENELE, Ruana Álvarez ; MOTTA, Cyntia Monteiro Vasconcelos ; NOBRE, H. G. M. ;
SANDERS, Lorena Pitombeira ; CAPRARA, Andrea . Imersão na pesquisa interdisciplinar:
possibilidades e desafios para a formação médica. In: Andrea Caprara, José Wellington de Oliveira,
Ana Carolina Rocha Peixoto. (Org.). ECOSSAÚDE, UMA ABORDAGEM ECO-BIO-SOCIAL:
PERCURSOS CONVERGENTES NO CONTROLE DO DENGUE. 1ed.Fortaleza: EdUECE, 2013,
v. 1, p. 247-264
MOTTA, Cyntia Monteiro Vasconcelos ; CAPRARA, ANDREA ; Silva Costa E ; Pimentel Moura
S ; Vasconcelos K B L ; GOMES, Kilma Wanderley Lopes . A INSERÇÃO DA ESTRATÉGIA
PARTICIPATIVA NA PREVENÇÃO DA DENGUE: O ENFOQUE DE ECOSSAÚDE. In: VI
Congresso Brasileiro de Ciências Sociais e Humanas, 2013, Rio de Janeiro. VI Congresso
Brasileiro de Ciências Sociais e Humanas. Rio de Janeiro: ABRASCO, 2013.
Brasil Mesquita A L ; CAPRARA, ANDREA ; Silva Costa E ; MOTTA, Cyntia Monteiro
Vasconcelos . O PAPEL DO EMPODERAMENTO DA COMUNIDADE NAS AÇÕES DE
CONTROLE DO VETOR DA DENGUE NO MUNICÍPIO DE FORTALEZA - CE: UMA
ABORDAGEM ECOBIO- SOCIAL. In: XVIII SEMANA UNIVERSITÁRIA, 2013, Fortaleza. 18
anos: Socialização do ensino, da pesquisa e da extensão. Fortaleza: UECE, 2013.
Planned publication for a special issue of Transactions of the Royal Society of Tropical Medicine
and Hygiene (http://trstmh.oxfordjournals.org/) dedicated to this research initiative :
Caprara, A.; De Oliveira Lima, J.W.; Peixoto, A.C.; Vasconcelos Motta, C.M. et al. 2014
Entomological impact and social participation in dengue control: Cluster randomized trial in
Fortaleza, Brazil
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7.1.2. Colombia sub-study
The dengue project entitled “Innovative community-based ecosystem interventions for improved
Aedes aegypti control and dengue prevention in Girardot, Colombia” (TDR A90296) was carried
out by a research team at Centro de Estudios e Investigaciòn en Salud of Fundaciòn Santa Fe de
Bogotà and the faculty of Agronomy of Universidad Nacional de Colombia (PI: Dr Gabriel
Carrasquilla).
The study was conducted in Girardot, a municipality located 120 km from Bogotá on the right
border of the Magdalena and Bogotá River. The city is one of the municipalities with the highest
dengue endemicity in the country. Girardot is a Colombian municipality located in the Department of
Cundinamarca with approximately one hundred and two thousand inhabitants in its urban area. Due
to its proximity to Bogotá (120km) the capital of the country and its tropical climate, its main
economic activity is tourism. During holiday season its population can grow up to three times.
Ecological (289 MASL) and climatic conditions [Mean temp 28 C, rainfall 821 mm and humidity
80% with two seasons during the year, the dry season (December-April) and the rainy season
(May-October)] make the city one of the most endemic municipalities of dengue in the country.
Long lasting insecticide treated curtains on windows and in the covers of water containers were
selected as suitable interventions based on the literature and the results of phase one of the project.
First, natural populations of Aedes aegypti in Girardot were susceptible to pyretroids which are
authorized by public health authorities. Second, in the specific study area traditional prevention
and control programs are vertically organized with incomplete implementation of their activities.
Third, phase one of the project provided evidence that low water recipients for water storage
(cement large tanks or plastic water containers of >200Ltrs) with no protective measures against
mosquito oviposture are the main productive sources for larvae and pupae. Of all pupae collected
more than 80% was found in these breeding sites. Other considerations taken into account for
selecting the intervention were that no studies had been conducted in Colombia using long
lasting insecticide nets materials for dengue vector control, representing an innovative strategy in
our specific study area. In addition, involvement of members of the community in the design,
elaboration, and implementation of the intervention is associated to the success of the project and,
in addition, represents an income generation activity for some local people.
A Cluster randomized trial was designed to assess the efficacy, feasibility, and cost-effectiveness of
a combined approached of insecticide treated (IT) windows and doors curtains (ITN curtains) alone
or in combination with IT covers for large water containers (>200L). In the cluster randomized trial
the participant community was empowered i.e. knowledge transfer, social networking, community
priority setting of targets and problem solving by promoting participatory processes. During the
initial phase creation dialogues with the residents were conducted to design and elaborate curtains
and water containers covers. We carried out cross sectional entomological surveys (Pupae per
person and Pupae per hectare index, total production of Aedes pupae, House Index, Container
Index and Breateu Index) at baseline, 6 weeks after implementation of first intervention (coverage
of windows and doors with ITN curtains) and 4-6 weeks after second intervention (combination of
ITN curtains and ITN water container covers ). Additionally bioavailability of the insecticide and
residual quantity was tested by standard WHO bioassays using “Rockefeller” susceptible and
native Aedes aegypti strains in laboratory conditions. Also different soap treatments
were tested (bar soap, bleach and detergent). To evaluate the intervention, in terms of access, use,
and sustainability we performed surveys, focal groups and interviews with the community,
exploring perceptions, attitudes related to the use of curtains and water cover containers. As well,
we are collecting information regarding cost of the interventions.The project was conducted in
socioeconomically deprived clusters. However, social participation was achieved by the team´s
anthropologist through ethnographic work that included gaining confidence from the population,
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informing about the objectives of the project and constructing communication channels with
community leaders previously identified during fieldwork as key local actors.
Results: 3483 curtains were locally manufactured and installed in windows and doors of 958
households and 340 round and squared water container covers have been elaborated and installed.
The first intervention with insecticide treated curtains (ITN curtains) alone and incomplete
coverage of existing windows and other openings showed a reduction of entomological indices in
intervention clusters compared to control clusters; the differences were significant for BI and CI
but insignificant for PPI (Pupae Per Person index as a proxy for adult vector densities; The
combination of ITN window curtains together with targeted interventions on the main
productive water containers (washing tanks) showed –according to our analysis- a significant
reduction of vector densities measured through the PPI (in Spanish IPP) as shown below. In the
graph the first dotted line corresponds to intervention with curtains and second dotted line to
curtains and water container covers.

PPI

Ento 1 vs
Ento2

Ento 2 vs
Ento3

Diff en Diff

0,182

-0,625

Z
P-value

-0,4
0,69

2,6
0,01

Ninety two percent of the residents recommended the use of IT curtains and 84% observed a
reduction of mosquitoes and other insects. Participants interviewed in focal groups reported less
use of indoor spraying and consequently cost savings. The bioavailability of the insecticide as well
as chemical concentration was 100% before treatments and so was mortality of mosquitos. After 15
washes with bar soap only 4% of mortality was reported for Aedes aegypti, and 8% and 26% of
mortality for detergent and detergent & bleach respectively. The cost per household protected is
US70-81 depending on the cost scenario. Involvement of the community in the design and
elaboration was crucial for the acceptance of the intervention. Working with local entrepreneurs,
also is a strength of the project because they know the context and the residents of the city, and
they have learned for scaling in future phases.
Conclusions: Community based interventions require more time and resources than vertical
interventions due to longer socialisation and negotiation processes that are needed to achieve social
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participation and the expectations of the community involved. However, it is the right way for
sustainability of local projects with an Ecohealth approach. Components of detergents have a direct
impact on the residual effect of deltamethrin-impregnated ITN curtains and ITN water container
covers reducing the mortality of mosquitoes, important factor to consider as long term efficacy.

Publications
QUINTERO, Juliana ; BROCHERO, Helena ; SAIDE Pablo Manrique ; BASSO, César ;
ROMERO, Sonnia ; CAPRARA, Andrea ; de Lima Cunha JC ; AYALA, Efrain Beltran ; FOSTER,
K. M. ; KROEGER, Axel ; SOMMERFELD, Johannes ; PETZOLD Max . Ecological, biological
and social dimensions of dengue vector breeding in five urban settings of Latin America: a multicountry study. BMC Infectious Diseases (Online), v. 14, p. 38, 2014
Articles in progress
Community household water storage perceptions and practices in the context of a
community-based intervention for dengue control and prevention in Girardot Colombia
Higuera D, García-Betancourt T, Salazar Bueyes V,Quintero J, Gonzalez- Uribe C..
b. Effectiveness and acceptability of curtains and water containers covers with long-lasting
insecticidal nets for dengue prevention and control in Girardot, Colombia.
Quintero J, Cortes S, García-Betancourt T, Alcala L, Garcia D, Gonzalez C, Brochero H,
Carrasquilla G.Trans Roy Soc Trop Med
Systematic review of ITN for dengue
Hovey N, Quintero J, Higuera D, García-Betancourt T, Gonzalez C,Brochero H,
Carrasquilla G .
Bioassay of long lasting nets in natural population of Aedes aegypti (L)(Dipetera:
Culicidae) of Girardot, Colombia .
García D, Alcala L, Brochero H, García-Betancourt T, Quintero J, Gonzalez C.
Journal of the American Mosquito Control Association.
Field sensibility of Aedes aegypti (L)(Dipetera: Culicidae) to long lasting nets for dengue
prevention and control in Girardot, Colombia.
García D, Alcala L,, García-Betancourt T, Quintero J, Brochero H, Gonzalez C.
Cost-effectiveness of long lasting nets for dengue prevention and control in Girardot,
Colombia. Cortes S, , Velandia D, García-Betancourt T Gonzalez-Uribe C, Quintero J, Carrasquilla
G Journal of economic entomology.
Submitted articles:
Productividad del vector del dengue Aedes aegypti (L.) (Diptera:Culicidae) en predios de Girardot,
Colombia. Alcalá L.A., Quintero J., González C., Brochero H.L. Journal: Pan American Journal of
Public Health
Benefits of m health support in dengue research and vector surveillance
Higuera D, Fuentes M, Quintero J, Carrasquilla G, Bollinger B, Sijat M, Paje K..
Bulletin OMS
Accepted articles
¿Contribuye el espacio público a la productividad del vector del dengue Aedes aegypti
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(L.) (Diptera: Culicidae) en Girardot, Colombia? Alcala L, Quintero J, Brochero H.
Biomedica
Ecobiosocial community intervention for improved Aedes aegypti control using water container
covers to prevent dengue: lessons learned from Girardot Colombia
García-Betancourt, Tatiana, González-Uribe, Catalina, Quintero, Juliana, and Carrasquilla, Gabriel
Journal : Ecohealth
Congress presentations:
Insecticide treated windows nets and water tank lids for Aedes aegypti (Diptera: Culicidae) control
in Girardot, Cundinamarca – Colombia Diana García, Lucas Alcalá, Tatiana García, Juliana
Quintero, Catalina González, Helena Brochero AMCA 80th Annual Meeting, February 2-6 2014,
Seattle, Washington
Análisis de Costo efectividad de una intervención con materiales impregnados con
insecticida de larga duración para el control y prevención del dengue en Girardot, 20132014. Quintero J & Velandia D Primer encuentro de Investigación Fundación Santa Fe de BogotáUniversidad de los Andes, mayo 22 2014, Oral Presentation
Dimensiones ecológicas y biológicas del vector de dengue en 5 zonas urbanas de América Latina:
estudio multicéntrico 2011-2012 Juliana Quintero
Primer encuentro de Investigación Fundación Santa Fe de Bogotá- Universidad de los
Andes, mayo 22 2014, E poster
Dimensiones ecológicas y biológicas del vector de dengue en 5 zonas urbanas de
América Latina: estudio multicéntrico 2011-2012 Juliana Quintero, Dia de la Investigación .
Fundación Cardio infantil Bogota-, 15 noviembre 2013,
Poster
Congress acceptance:
Strategies to achieve participation based on ecohealth approach active community participation for
the design and elaboration of an intervention to improve Aedes aegpti control
Presentation format: Oral presentation
Tatiana García-Betancourt, Catalina González-Uribe, Juliana Quintero
5th Biennial Conference of the International Association for Ecology & Health (11-15 August
2014, Quebec Canada)
Planned publication for a special issue of Transactions of the Royal Society of Tropical Medicine
and Hygiene (http://trstmh.oxfordjournals.org/) dedicated to this research initiative :
Juliana Quintero, Tatiana García Betancour, Sebastián Cortés, diana García, Lucas Alcalá, Catalina
González , Helena Brochero, Gabriel Carrasquilla. 2014. Effectiveness and acceptability of
insecticide treated curtains and water container covers for dengue vector control in Girardot,
Colombia: a community based delivery strategy.
7.1.3. Ecuador sub-study
The project “Meeting capacity-building and scaling-up challenges to sustainably prevent and
control dengue in Machala, Ecuador” was carried out by an international and multidisciplinary
team at the Universidad Simón Bolívar in Quito (PI: Dr Jaime Breilh Paz y Miño), the Servicio
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Nacional de Control de Enfermedades Transmitidas por Vectores (SNEM) (Co-PI: Dr Efraín
Beltrán Ayala) in Machala and the University of British Columbia (Co-PI: Dr Jerry Spiegel) in
Vancouver.
The study was carried out in the city of Machala where Aedes aegypti mosquitoes are present yearround and Aedes indices are generally high. The average House Index (HI) is 12.6 and the average
Breteau Index (BI) is 18.3. Values of HI over 5, and values of BI over 15 are considered high risk;
essentially, Machala exists in a perpetual state of risk for outbreaks and epidemic transmission of
dengue. Aedes indices normally peak between February and April, following the precipitation trend
of the rainy season. Reported cases of dengue closely follow this trend. Case reports normally
increase in the month of February and continue at higher levels throughout the rainy season and
into the first weeks of the dry season (May, June). In 2010 there was a dengue epidemic in El Oro
from mid-January to April with 3365 cases of classic dengue fever and dengue hemorrhagic fever.
Machala proper registered 1474 dengue cases. Pasaje, Guabo and Santa Rosa, all within 20 minutes
of Machala, registered a combined 1408 classic dengue cases.
Twenty (20) communities (“clusters”) were randomly selected and then stratified according to
social class, using the INSOC variable validated in Phase One of the study, and then pairing by
Pupa per Person (PPP) index scores, with designation as intervention or control being determined
by coin toss. While the study was initially designed to resemble a “cluster randomized trial”, the
research team chose not to define it as such so that they could keep the broader control and
intervention areas quite separate, thereby minimizing the cross contamination likely to occur with
an air-borne vector in contiguous areas; the “control” area plan being to continue with its current
vector control programme, while the intervention area would receive a new vector control
programme more consistent with EBS principles.
Entomological analysis of the first study phase showed that the most productive container types
were ground-level tanks (200L or greater), larger basins (cubetas) and small discarded containers
(< 5L) such as tins (botes) as these were most commonly found to contain pupae in the rainy
season in both the designated intervention and control areas. Considerable variation exists in the
presence of eco-bio-social factors associated with the incidence of dengue. While large ground
level tanks (greater than 200L) were those most frequently found to be positive for mosquito pupae
across the City, this varied by particular area and season. Behaviours regarding water collection
and maintenance of secure coverage were also observed to vary, with the presence of elevated /
high tanks being a particular area for concern due to the difficulties in access for proper cleaning
and larviciding. Furthermore, the identification of factors associated with of dengue risk suggests
the potential benefits of interventions to address them.
The stakeholder analysis conducted in Phase 1 revealed that there are concerns other than dengue
that often have greater priority for local citizens and stakeholders, there was a strong senese that
participatory dengue prevention programming could provide an opportunity for contributing to the
challenge of promoting health equity in Machala. An eco-bio-social approach to dengue prevention
and control could in this way contribute to strengthened capacities that could extend to other health
and equity concerns as well as provide a model for emancipatory health policy and program
development and implementation. Benefits could then extend beyond the arena of dengue
prevention and control (i.e. water-borne disease, rodent and insect infestation, air quality, water
quality, personal hygiene and improved public spaces) to include areas such as increased capacity
for applying evidence-based methods and for actively engaging affected communities on issues
such as basic sanitary infrastructure, solid waste management, water management and behaviour
change for positive health impacts would extend
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Consequently, the intervention was an integrated participatory programme consisting of the
following:
a) “Clean Patio and Safe Container” Programme (CPSC) focused primarily toward
eliminating mosquito breeding sites and immature mosquitoes (larvae and pupae) in
containers characteristic of the strata being addressed. Community empowerment and
participation strategy: recruitment of CPSC inspectors from within the community linked
closely with the Health Inspectors. CPSC inspectors are trained in principles, strategy and
home-inspection technique. there are also community training workshops and house visits
at the beginning. CPSC inspectors will carry out monthly visits to collect data (and
eliminate breeding sites). Homes that repeatedly show poor indices over three month
periods will be targeted for further intervention by project personnel. A new element to the
programme to increase visibility is to design playground structures in the shape of a
mosquito larva "Lupita the Larva"; to be constructed from discarded tyres. Lupita the Larva
will act as a focal point for visibility of the project within the community but will also act
as a programme mascot with branding and visible signage at community events, in
children's school books and other project materials
b) Dengue Elementary School Education Program (DESE) for 5th and 6th grade children
focusing on both theoretical and practical educational approaches to strengthen healthy
dengue-prevention awareness and behaviour. Two 30-minute classes per week for two
weeks to learn about dengue. Laboratory observation and practical learning session in a
location near the school, focused on the most common and most productive containers.
Saturday session inspecting a residential patio and/or public space. Homework assignment,
to collect mosquitoes at home, repeating monthly. This training was based on a previously
developed book, and repeated twice. Teachers were trained in the aspects of the children’s
learning module in an intensive one-day workshop.
The control clusters received dengue vector control measures with house visits, monitoring,
fumigation and, later in 2013 introduced by government services, biolarviciding (bti). During the
intervention, the government programme shifted from pesticide (fumigation) with standard
pesticides such as temephos/deltamethrine to using bio-larviciding (bti).
Preliminary analysis, available in mid-2014, suggested that the participatory programme building
on primary prevention (clean patio, safe containers) and school-based training was feasible and
well received by the beneficiaries. Comparing the intervention programme with the government
programme indicated that for all the clusters a PPP decline of 62.3% was observed (from 0.668 in
2012 to 0.252 in 2013). The intervention clusters, however, experienced a decline of 85.1% versus
47.2% in the control clusters. In 7 of the 10 clusters, declines were significantly greater, and in
only one instance did a control pairing experience greater decline. In the two other pairings, PPP
indices were lower in the intervention clusters, but without statistical significance. Preliminary cost
analysis suggests that the participatory programme is more expensive (30.42 USD per home and
per year) than a standard insecticide-based programme (9.42 USD per home per year) but less
expensive that the biolarvicide programme (68.79 USD per home per year).
Dissemination and publications
QUINTERO, Juliana ; BROCHERO, Helena ; SAIDE Pablo Manrique ; BASSO, César ;
ROMERO, Sonnia ; CAPRARA, Andrea ; de Lima Cunha JC ; AYALA, Efrain Beltran ;
FOSTER, K. M. ; KROEGER, Axel ; SOMMERFELD, Johannes ; PETZOLD Max . Ecological,
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biological and social dimensions of dengue vector breeding in five urban settings of Latin America:
a multi-country study. BMC Infectious Diseases (Online), v. 14, p. 38, 2014
Mitchell-Foster K. An Eco-Bio-Social Approach to Innovation in Dengue Prevention and Control
in Latin America and the Caribbean: Results and Experiences. 13th International Dengue Course,
Instituto Pedro Kourí. August 12th – 23rd, Havana, Cuba.
Mitchell-Foster K, Spiegel J, Breilh J, Henry B, Rojas A, Morshed M. Knowledge translation and
the social determinants of dengue fever in Machala, Ecuador: A participatory approach to scalingup local success. 19th Canadian Conference on Global Health. October 21st – 23rd, 2012. Ottawa,
Canada.
Spiegel JM, Breilh J, Mitchell-Foster K. Strengthening analysis of social determination of health
within an Eco-Bio-Social approach: Lessons from a dengue study pilot application in Machala,
Ecuador. ECOHEALTH 2012. The 4th Biennial Conference of the International Association for
Ecology & Health. October 15-18, 2012. Kunming, China.
Mitchell-Foster K, Beltrán-Ayala E, Spiegel J, Breilh J, Henry B, Morshed M, Rojas A. Mapping
stakeholder priorities to re-establish intersectoral spaces: Knowledge translation for the scaling-up
of local success. Innovation and Development Commons Northern Health Research Days.
November 13th & 14th, 2012. Prince George, Canada.
Adrian, J Manejo innovador basado en la comunidad de prevención de dengue con enfoque
ecosistémico, Machala – Ecuador. Taller para la consolidación de un plan de cooperación en la
Integración de SCIBHE con OHASIS, e-Health y otros recursos. Universidad Andina Simon
Bolívar. 14 de noviembre, 2012. Quito, Ecuador.
Spiegel JM, Breilh J, Beltrán E, Mitchell-Foster K. Strengthening analysis of social determination
of health within an Eco-Bio-Social approach: Lessons from a dengue study pilot application in
Machala, Ecuador. Canadian Public Health Association (CPHA) 2013 Conference; June, 2013;
Ottawa, Ontario.
Planned publication for a special issue of Transactions of the Royal Society of Tropical Medicine
and Hygiene (http://trstmh.oxfordjournals.org/) dedicated to this research initiative :
Jaime Breilh Paz y Mino, Jerry Spiegel, Kendra Mitchell-Foster, Efraín Beltrán Ayala, Ana
Arichabala Wilches, Tania Ordóñez Leon, Jefferson Adrian Delgado 2014. Integrating
participatory community mobilization processes to improve dengue prevention: an eco-bio-social
scaling up of local success in Machala, Ecuador.
7.1.4. Mexico sub-study
The project entitled “Innovative community-based ecosystem interventions for improved Aedes
control and dengue prevention in Acapulco Mexico” carried out at the Universidad Autonoma de
Yucatan (PI: Dr Manrique-Saide; TDR ID No. A90297), is being conducted to identify, implement,
and assess innovative, effective, appropriate and sustainable tools/strategies for Aedes/dengue
control– directed at both households and public locations, in a dengue endemic community urban
community (ciudad) of Renacimiento in the Northern outskirts of Acapulco, State of Guerrero,
Mexico. Renacimiento displays most of the risk factors for dengue. First of all, Acapulco is
vulnerable to the impact of globalisation as it is a major international tourist destination. It is an
impoverished urban area poorly served by public amenities. All clusters studied in Acapulco
presented conditions favourable for the dengue vector breeding/presence and actually, Aedes
aegypti breeding was prolific at the household level. Water supply, sanitation and housing are
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available in the study clusters, but incomplete. For example, even when the totality of clusters
reports the provision of water supply, 98% also reported storing water in tanks (1,000 lt) and
plastic barrels (100-200 lt.), which represented the most productive containers (89% of total pupae
produced) in the study area.
Phase I (12 months) studied the dynamics between ecological, biological and social factors as they
shape the transmission dynamics of dengue: specifically ecosystem description of area (including
its houses and public locations), baseline entomological and epidemiological assessments, and
stakeholder and policy analyses. The study area was divided into 20 clusters, each comprising an
area with >100 households and all the directly contiguous non- residential buildings and public
spaces.
Neighbourhood/household background, KAP and entomological surveys were carried out during
2011. People’s knowledge about dengue and its transmission was high: 99% had heard about
dengue, 92% knew it is transmitted by mosquitoes, 86% considered it a serious disease and most
(73%) considered it preventable. They recognised the government’s role in vector control;
however, few acknowledged the need for personal (<10%) and community (<20%) protective
actions/measures against dengue vectors. All clusters studied in Acapulco presented conditions
favourable for the dengue vector breeding/presence and actually, Aedes aegypti breeding was
prolific at the household level. Water supply, sanitation and housing are available in the study
clusters, but incomplete. For example, even when the totality of clusters reports the provision of
water supply, 98% also reported storing water in buckets (20 lt.), tanks (1000 lt.) and plastic barrels
(100-200 lt.), which represented the most productive containers (89% of total pupae produced) in
the study area. Large and permanent containers, such as tanks and plastic barrels, are intended to be
controlled by the local ministry of health (MoH) staff through house-to-house visits with larvicide
(abatizacion with Temephos) but their complete coverage is a challenge throughout the year since
this activity has to be performed every two months. Productivity of dengue vectors detected on
Phase I surveys suggest that abatizacion was either not rigorously carried out and/or did not have
enough coverage. Buckets were also a productive container type in Acapulco and have been
reported to be the most common and the most important larval- breeding site in other localities of
South Mexico, associated with water storage and lack of proper water supply (Danis-Lozano et al.,
2002; Arredondo-Jiménez & Valdéz-Delgado, 2006; Manrique-Saide et al., 2008); however they
are a useful household equipment because they are used to carry water from one place to another,
for floor- mopping, for washing and/or soaking clothes, among many other uses. Current clean-up
campaigns are unlikely to succeed in removing buckets simply because many buckets are not
considered by people as disposable items. In addition, exposure at the house level to mosquito
contact (and biting) seems very likely since 60-70% of the houses had openings/incomplete walls
and unprotected windows/doors open during the day. Indoor mosquito collections in Phase I
showed the presence of adult Aedes in 4 of every ten houses (40%) during the dry season but
reached 80% during the rainy season. Dengue vector were also collected in 80% of schools located
in the clusters.
Specific objectives of the second phase were: a) to implement an evidence-based intervention and
to analyse its effectiveness on reducing dengue vector density, b) to estimate the feasibility and
effectiveness of ecosystem management interventions based on the prior eco-bio-social analysis,
and c) to recommend modified and or adapted community centred/intense intersectoral intervention
approaches.
The project was deploying a package of novel interventions for dengue control based on the
situation analysis and particularly factors associated with vector breeding and indoor infestation
with mosquitoes at household-level: the targeted treatment (TT) of the most productive Ae. aegypti
breeding sites and Long lasting insecticide treated nets (LNs) permanently installed on windows
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and doors both at houses and schools and delivered in a community development approach
working together with local authorities. TT includes: improved environmental/water management,
behavioural interventions and judicious and environmentally friendly chemical control of targeted
water containers, e.g. Spinosad.
LNs for the protection of houses and schools against dengue vectors include the permanent
installation of DuraNet™long-lasting insecticidal nets on doors and windows.
The intervention consisted of:
1. Long lasting insecticide treated nets (LNs) permanently installed on windows and doors.
2. Targeted treatment (TT) of the most productive breeding sites at houses and schools,
delivered in a community development approach working together with local authorities.
The TT will depend upon the type of containers as well as the availability and acceptance
to stakeholders and community. A complementary community education programme to
inform inhabitants about the importance of throwing away unused buckets and other rainfilled containers will also be included.
The intervention was a cluster randomized controlled trial to test the efficacy of a novel Aedes
aegypti intervention package, comparing ten control and ten intervention areas consisting of 100
households each. In control clusters, routine vector control activities performed included
adulticiding and larviciding. Intervention clusters included firstly (since year 1) long-lasting
insecticidal nets (LNs) installed as framed mosquito screens on doors and windows (Duranet®
made of polyethylene and 0.55% w.w ±15% alpha-cypermethrin), followed (during year 2) by the
targeted treatment (TT) of the most productive containers with a biorational larvicide (Spinosad
Natular®, 1 tablet per every 200 lt. in barrels, water storage tubs and tanks). In the intervention
clusters, the activities were organized through community participation in close collaboration with
the vector control personnel and supported by small enterprises who produced and fixed the
window/door screens as well as by local politicians who facilitated the partnership model of
“working together”. Main outcome metrics were: the significant reduction of vector densities
(measured through indoor adult vector collections and pupae-based indicators), people’s
satisfaction with the intervention (determined through household surveys and focus group
discussions) and acceptable costs (estimated through documentation of all direct costs arising
during the intervention).
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Figure 1. Infestation indices for Aedes aegypti mosquitoes in intervention (solid line) and
control (broken line) households pre and post-intervention in Acapulco, Mexico as measured
during dry (Mar) and wet season (Aug-Sep) cross-sectional surveys.
Individual graphs illustrate: vector infestation rates (percentage of houses positive) for (a) all
adults, (b) all females, (c) blood-fed females, (d) males; vector density (mean [SE] number per
infested house) of (e) all adults, (f) all females, (g) blood-fed females (h) males.
The vertical dotted line indicates when fitting of insecticide-treated window and door screens
commenced. The symbol denotes dates when the index was significantly different between
treated and control groups on that date.
Publications
Quintero J, Brochero H, Manrique-Saide P, Barrera-Pérez M, Basso C, Romero S, Caprara A, De Lima
Cunha JC, Beltrán-Ayala E, Mitchell-Foster K, Kroeger A, Sommerfeld J, Petzold M. Ecological,
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biological and social dimensions of dengue vector breeding in five urban settings of Latin America: a
multi-country study. BMC Infectious Diseases
Jones C, Benítez-Valladares D, Barrera-Pérez M, Selem-Salas C, Chablé-Santos J, Dzul-Manzanilla F,
Che-Mendoza A, Guillermo-May G, Sommerfeld J, Kroeger A, Manrique-Saide P. Use and acceptance
of Long Lasting Insecticidal Nets for dengue prevention in Acapulco, Guerrero, Mexico. BMC Public
Health (submitted)
Manrique-Saide P, Che-Mendoza A, Guillermo-May G, Herrera-Bojórquez J, Barrera-Pérez M, DzulManzanilla F, Gutiérrez-Castro C, Arredondo-Jiménez JI, Lenhart A, Vazquez-Prokopec G,
Sommerfeld J, McCall PJ, Kroeger A. The impact of mosquito-proofing houses with long-lasting
insecticidal nets on adult dengue vectors in Acapulco, Mexico. Emerging Infectious Diseases
(submitted)

Planned publication for a special issue of Transactions of the Royal Society of Tropical Medicine
and Hygiene (http://trstmh.oxfordjournals.org/) dedicated to this research initiative :
Pablo Manrique-Saide, Azael Che-Mendoza, Guillermo Guillermo-May, Josué Herrera-Bojórquez,
Mario Barrera-Pérez, Felipe Dzul-Manzanilla, Cipriano Gutierrez et al. 2014. House screening with
long-lasting insecticidal nets and targeted control on productive breeding-sites to improve Aedes
control in Acapulco Mexico.

7.1.5. Uruguay sub-study
The project in Uruguay entitled “Situational Analysis and Innovative Intervention for Improved
Dengue Disease Prevention in Salto (Uruguay)” (TDR ID No. A90292) was carried out by a
research team of the Universidad de la República de Uruguay (PI: Dr César Basso).
Geographically, Uruguay is on the southern boundary of Aedes aegypti’s extension in the South
American continent. In 1997, the presence of this mosquito was detected in the country after a long
period of eradication since 1958. The Uruguayan Government carries out a national dengueprevention program based on educating the population to eliminate the origins of vectorial
proliferation, monitoring larvae, and spraying insecticides. As theses activities have not shown the
expected results, there is great concern about the possibility of an explosive outbreak of the disease
in the country.
Due to Uruguayan climatic characteristics, the vector population decreases abruptly during the
winter and regrows when temperature rises, resulting in a particular population dynamic that differs
from that of tropical regions. The current status of this issue in Uruguay implies that one of the
cities at higher risk is Salto. This city (population 130,000) is located in the North-east of Uruguay
(31°43ºS, 58°38ºW), on the Argentinian border. It has the characteristics of a “border-city” with
heavy traffic of private vehicles, international passenger transport (40 buses a day to Concordia city
in Argentina, and connections to Buenos Aires and Asunción in Paraguay), and truckload
transportation from areas in which the vector is present and cases of dengue fever are reported
every year (Argentina, Paraguay, Brazil and Bolivia). Such intense traffic resulted in the
installation of a high number of (formal and informal) tire shops on the access roads and in the city,
where tires pile up outdoors. In addition, there is cargo train traffic to and from the same areas.
Salto also receives an important number of tourists from the region, who are attracted by the
thermal springs, and it sells its fruit and vegetable production to the rest of the country. It may
therefore become an important point of access and transmission of the virus.
In Phase I ("situation analysis"), research was carried out in twenty randomly selected areas or
"clusters" of the city of Salto. The 100-house clusters were located in different neighborhoods of
the city, capturing differences in terms of geography, population, housing and health, economic,
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cultural, and social aspects. Two types of surveys were carried out in each cluster. First, household
surveys were used to determine the socio-cultural factors which contribute to the transmission of
the dengue virus. Secondly, entomological surveys identifying larvae / pupae of Aedes aegypti
were carried out in the same homes which participated in the household surveys, as well as in
public spaces within the clusters, in order to develop indices of mosquito density. The clusters were
then geo-referenced and characterized. The ecological characteristics of these clusters with varying
levels of vector density were analyzed focusing on vector ecology, the current vector control
program implementation and the specific social, biological and ecological context. A situational
assessment of the eco-bio-social context, stakeholder and policy analysis was complemented by a
study of vector density levels to elicit associations between numbers of explanatory variables with
the dependent variable, i.e., vector density.
Based on the situation analysis, and through participatory processes of all stakeholders concerned,
an appropriate ecosystem management intervention was defined for phase 2. The purpose of this
phase included implementing and evaluating innovative interventions that increase the
effectiveness of institutions working on dengue prevention (Ministry of Public Health and
Municipalities), and to encourage participation and empowerment of citizens, so as to generate
appropriate, sustainable recommendations.
Clusters were characterized according to the presence of productive containers, Ae. aegypti pupae
per person index (PPI) and the socio-economic characteristics of the population as defined in Phase
1. In 10 “intervention clusters” were possible to implement innovative interventions aimed at
reducing dengue vector habitats in the city of Salto, based on inter-sectoral partnerships (Ministry
of Public Health - Municipality of Salto – University of the Republic) and community involvement.
Non-chemical tools were used to eliminate the containers, and to upgrade or remove existing tanks.
Ecosystem management measures consisted of promoting and organizing a campaign together with
community members and public health institutions for the physical or functional removal of
containers around homes. The people who live in the house collected the containers and the
Municipality of Salto was responsible for gathering up and elimination. Containers which cannot
be moved (tanks) were covered so that oviposition by mosquitoes was not possible. To achieve this
objective, this stage involved actions carried out at different dimensions: 1. At the level of
residents: information and delivering bags for collecting containers; 2. At the level of key
community members and social organizations: interviews and meetings to promote increased
community participation over time, leading to collaboration, then mobilization and finally
empowerment of this action; 3. At the level of the wider population: messages through press
conferences and interviews in written press (Fig. 2 and Fig. 3); 4. At the municipal level:
implementation of a new neighborhood collection routine 5. At the level of stakeholders associated
with dengue: Meeting with physicians from Salto. In the 10 "control clusters" public health
institution (Ministry of Public Health) continued with their routine removal of the containers.
The response from the community when asked to collect containers which had been identified as
potential mosquito habitats for collection by the public institutions was encouraging. Out of a total
of 1.000 households included in the ten intervention clusters, it was possible to leave the collection
bag in 783 of them (20 neighbors refused to accept it and the rest of them were not at home when
the visit took place). The following day, the bags were collected. A total of 610 bags were
retrieved. 237 (37 %) of them had containers, and 385 (63 %) were returned empty, with the
remark that no containers were available in that household (Fig. 4 and Fig. 5).
The intervention was also very effective considering the time this activity required, because it
allowed a larger number of containers to be collected than what is usually collected by the public
institutions when they perform this task routinely. A cost calculation determined that the
elimination of containers in 1.000 households with participation of neighbors, when compared with
similar tasks developed by the Ministry of Public Health (with no citizens ‘participation) involving
the same number of households, resulted in savings of 36 % in the hours worked in the
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intervention, 16 % in fuel savings – for the transportation of workers and the bags carrying the
containers - , and taking the activity only half of the time In total, 21% reduction in costs per
household (Table 1; Fig. 6) (Eduardo Sierra, pers. com.).
On the other hand, family members intervened heavily with the tanks in their homes, eliminating
them or using them in new ways so that they could no longer hold water. In the 10 intervention
clusters 171 households with a total of 259 tanks were visited. 82% of the tanks had been modified
by the owners (25% conditioned: tanks turned sideways or upside down, plants with soil added and
tanks punctured, used as a dog house ..., 26% covered and 31 % removed). Tanks that were found
uncovered (18% of those originally surveyed) were covered by the project team (Fig. 7).
The pre-post intervention analysis of entomological indicators (PPI = number of pupae per person)
is expected to be finalized in the second half of 2014. The comparison of results in the intervention
clusters with the control group, however, yielded encouraging results. As already indicated, the
vector´s population in Uruguay shows seasonal variations, depending on temperature. That leads to
strong reductions in winter and to an increase from the spring onwards, reaching the highest values
in the fall. Studies done in Salto during Stage 1 of the project established that the PPI increased
sevenfold between the spring and autumn sampling (Quintero et al., 2014) In the Phase 2 of the
intervention it was established that between spring and autumn, the average PPI in the ten control
clusters multiplied by 8.4, while in the ten intervention clusters it rose only 2.6 times (Max Petzold,
pers. com.). Due to the fact that the intervention took place between the spring and autumn
samplings, the difference in PPI variations between intervention and control clusters could be the
consequence of the elimination of containers in the households and to the action taken on tanks.
Anthropological field work was carried out in a dynamic manner: activities focused on key
informants-proactive community members who are linked to committees- and other members of
these same committees. With these community members we: 1) established a diagnostic evaluation
of the main problems in the area and 2) organized meetings with neighbors in each zone, using the
qualitative methodology of focus groups.
The results of focus groups showed that the same health problems were of concern in different
parts of the city: garbage in vacant lots, sewage problems, stagnant water close to the Sauzal and
Ceibal rivers (which flow through the urban area), concentration of mosquitoes, sewage overflow,
large numbers of rats, and accumulation of clean drinking water due to leaking pipes in the
National Network of Drinking Water. No significant difference of opinion between people from
different socio-economic levels was noted. The population is informed, but does not apply the
recommendations for the prevention of the dengue vector. Dengue is perceived as a distant problem
which is unlikely to develop in Uruguay. The knowledge related to the topic, that population
handles, is not operative, because the information is neither prioritized nor associated with visible
risk, and it does not lead to systematic execution of preventive actions.
Through the actions described (interventions in homes, meetings with community representatives,
local media campaigns, roundtable discussions with physicians and health workers) the project
proposes that the people will finally adopt preventive measures. It aims not only to understand the
risk, but also to implement sustainable prevention. To achieve sustainability of prevention
measures, these must be integrated into the habits, that is, into the daily life of local people.
Satisfaction of the family members with the intervention was high, which was also reflected by the
very high coverage of study houses with the intervention elements. Local vector control services
and politicians expressed their satisfaction with the measure and demanded a continuous
intervention of this kind at a larger scale.
The promising results obtained indicate that the intervention package is effective and can be
adopted by local communities. Our results justify the proposal for a subsequent phase of research in
which the intervention package is scaled up to much larger geographic areas (thousands of
households) in order to: a) broaden the evidence base for the feasibility of the proposed

Grant No. 104951-001-Final Technical Report

P a g e | 35

intervention; b) better quantify the effectiveness of the intervention in reducing Ae. aegypti
infestations and c) increase the participation and empowerment of the population.
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and Hygiene (http://trstmh.oxfordjournals.org/) dedicated to this research initiative :
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Roche, Mario R. Caffera, Ricardo da Rosa, Marisel Calfani, Max Petzold, Axel Kroeger,
Johannes Sommerfeld. Innovative interventions for improved dengue disease prevention in
Salto (Uruguay)
7.2. Cost analysis
During 2012 a cost analysis was added to the dengue portfolio and a consultant (Mr Sierra, Bogota,
Colombia) contracted. The purpose of the cost analysis was to provide the programmes in charge of
carrying out (or not) dengue control measures, information to understand the financial
consequences of implementing on a routine basis the innovative interventions being proposed by
the research teams. Thus, the analysis aimed to estimate the costs that would be borne by the
executing agency, in order to scale up to their entire jurisdiction and routinely implement the
innovative interventions being tested. The cost analysis followed a methodological approach
similar 5 to what is known as Budget Impact Analysis (BIA). Additionally, given that the BIA
approach has been applied mostly to pharmaceutical products, the methodological approach will
also be based on previous cost analyses of relatively similar interventions, other guidelines on
costing health interventions, the findings of a systematic review on the costs of scaling up health
interventions as well as previous cost analyses of innovative dengue vector control interventions.

The cost analysis examined the financial costs of the eco-bio-social interventions from the
perspective of the vector control programs. In a nutshell, the cost analysis consisted in
collecting data on the implementation costs of the eco-bio-social interventions as well as on the
routine vector control activities. Cost items were classified in different categories, descriptively
analyzed and aggregated to calculate total costs, incremental costs and costs per house reached.
Costs collected were adjusted to extrapolate beyond the experimental setting and approximate
to the costs in a real situation of the eco-bio-social approach in the same scale as the routine
vector control activities.
The results obtained so far confirm that personnel is the main item driving the costs of the
5

Budget Impact Analysis has been applied mostly to pharmaceutical products and clinical interventions and
therefore several frequently used techniques in such analysis may not apply for the costs analysis discussed
here.
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interventions, accounting for nearly 70% of the total costs in the intervention settings. This is,
however, different in Mexico and Colombia where the insecticide treated materials account for
a sizeable fraction of the total costs. In Mexico for example, the costs associated to install the
insecticide treated materials account for nearly 50% of the total costs in the intervention sites,
but it is important to recall that the expected lifetime of the nets is between 3 and 5 years and
therefore, these costs are incurred only in the early phases of the intervention.
Materials such as leaflets, calendars or disposable bags represented only a small fraction of the
costs (e.g. around 2% in Brazil and Uruguay), which is worth noting because they seem to play
a key role in promoting community participation and creating engagement with dengue vector
control activities. The activities specifically aimed to promote social mobilization in addition to
the house visits (in most cases the house visits are also a means to mobilize the community)
also represented a relatively small fraction of the costs (nearly 8% in Brazil and Uruguay, 2%
in Mexico).
Fixed and step-fixed costs represented between 10% and 30% of the costs of the interventions,
which suggests there are potential economies of scale that could be exploited to improve the
cost profile of the interventions. Finally, incremental costs seemed relatively moderate,
particularly in Uruguay and Brazil (<5% incremental cost in an estimate extrapolating beyond
the intervention clusters) where the interventions can integrate smoothly into the routine
activities of vector control programs and other public programs such as garbage collection. The
interventions in Ecuador, Colombia and Mexico have at least one component that represents
mostly additional costs (use of insecticide treated materials in Mexico and Colombia, School
program in Ecuador), but it is an incremental costs incurred, to a large extent, in the initial
phase of the program and it should accrue benefits for several years.

The following table provides an overview of the five dengue studies:
Research site
Brazil

Social-ecological setting
City of Fortaleza
(population 2,447,409)

Stakeholder involvement
Community, municipality

Vector control approach
Small disposable
containers, clean up
programme with
community
Elevated tanks: develop
lids (to replace continuous
larviciding) with agents

Colombia

Ecuador

Municipality of Girardot
(Population 132,456,
population density
700/km2)

Community, municipality,
schools

City of Machala
(population 281,500)

Public health agents,
Vector control agents,
community
representatives,
municipality (solid waste
collection)
Schools

ITN curtains (1st step)
ITN water container
covers (2nd step) to protect
productive containers
(wash basins & ground
tanks) involving entomol
technicians & community
Barrels/drums: locally
adapted covers
Small dispos. containers:
clean up; waste
management with
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communities, schools,
Inspectors (PH and vector
control)
Mexico

Acapulco, specifically
Ciudad Renacimiento
(population 48,460)

Community, health
workers, educational
workers, parents
representatives in schools

Buckets,pots: clean up
with community
Wash basins: ITN cover
locally manufactured
ITN window screens
(locally manufactured)

Uruguay

City of Salto (population
123,000 inh.)

Municipality, schools,
community

Campaign type
interventions during 3
months of potential
transmission including
clean up (acc. to
productive containers)
with municipality agents.
Ecosystems observatory
for early warning

38 | P a g e

Grant No. 104951-001-Final Technical Report

Research site

Study sites

Number of households
benefitting
from
intervention

Brazil

City of Fortaleza
(population 2,447,409)

1000

Colombia

Municipality of Girardot
(Population 132,456,
population density
700/km2)
City of Machala
(population 281,500)
Acapulco, specifically
Ciudad Renacimiento
(population 48,460)
City of Salto (population
123,000 inh.)

1000

Ecuador
Mexico

Uruguay

Intervention success in
reducing infestation
rates

1000
1000
1000

7.3. Chagas disease studies
The Chagas disease intervention research portfolio of the initiative consisted of three sub-studies in
Bolivia, Guatemala and Mexico.
7.3.1. Chagas disease – Bolivia
The research study “An eco-bio-social approach to implement integrated techniques to control T.
infestans in Bolivian poor communities” (TDR ID No. A90281) was conducted in two different
regions of Bolivia, the Inter Andean dry valleys and the Chaco Region.

The research team was multi-disciplinary and multi-institutional. Principal investigator was Dr
F. Lardeux, a medical entomologist with the Institut de Recherche pour le Développement
(IRD), La Paz, Bolivia. Co-Principal Investigators were Dra Lilian Zambrana, a social scientist
and health educator with the Universidad Autónoma Gabriel Moreno, Santa Cruz, Bolivia and
Dra. Tamara Chavez, a medical entomologist with the Instituto Nacional de Laboratorios de
Salud (INLASA), La Paz, Bolivia.
The study was carried out in two very poor regions of Bolivia, the Andean dry valley region
and the Gran Chaco region. Four villages have been selected. Two are located in the Chaco
region (Palmarito and La Brecha), were inhabitants are from Guarani origin, and the two others
were from the Andean dry valleys (Eje Pampa and Lagar Pampa) were people are from
Quechua origin. In these regions, people are mainly poor farmers and encounter domiciliated
Chagas disease transmission through Triatoma infestans. These two different ecological
situations (Chaco region / Andean dry valleys) account for almost the entire geographical range
of Chagas disease transmission in Bolivia.
In the Chaco region, houses are basically made of mud walls (“Tabique”) where the mud is spread
out with the hand over a braided wood reinforcement in which cracks and crevices are very
favourable sites for the presence of Triatomines. The roof is made of sheet-iron or thatch. Houses
are generally small (20-30 m2) and serve as bedrooms (2-3 beds are usually inside). There is no
fence to separate neighbours and therefore, all the human structures are easily accessible, in
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particular for domestic animals (dogs, pigs, goats, cats, hens etc…) which wander among the
houses.
In the Valley region, houses are made of mud bricks (“Adobe”) and are of better material than in
the Chaco region. Triatomine generally may hide in the interstices of adobe bricks. Neighbouring
houses are separated by walls made of mud bricks and in the backyard of houses, there are small
structures that constitute the “peridomicile”: small constructions to shelter hens, dogs, Guinea
pigs…or anything such as wood, bricks, etc. Most of the houses have also a small coral (made of
rocks and wood) where goats sleep every night. These structures are generally situated outside the
human dwelling (but not far, in the village) and also shelter large Triatomine colonies. Contrary to
the Chaco region, Triatomine infestation is more considerable in the peridomicile than inside the
houses.
In Bolivia, infections rates for Trypanosoma cruzi in humans vary from 26 to 71% in children
between 1 to 6 years old, and from 32 to 93.5% in adults, depending on the endemic area. 80% of
the national territory in Bolivia (~600 km2) is endemic for Chagas disease, with approximately
2 million people at risk of infection. At least 10 percent of Bolivia’s population is believed to be
infected with Chagas, the world’s highest rate of the disease. Triatoma infestans is the main vector.
The Parasitology laboratory of INLASA has carried out a parasitological survey in May 2012 in
Palmarito and La Brecha and in August 2012 in Eje Pampa and Lagar Pampa, the four villages of
the project. In each community blood samples were obtained from school children (with parental
permission) and some adult volunteers. The blood was taken to INLASA parasitology laboratory
for analysis by standard tests (ELISA + IFI for each patient, and a third test (ELISA recombinant)
in case of disagreement between the two initial tests). Parasitological results showed a high
prevalence of infection in all communities, particularly in the Chaco region. In Palmarito,
295 samples were taken from blood, from which 38.6% were positive. In La Brecha 228 blood
samples were taken, of which 33.5% were positive. In Eje Pampa, 71 blood samples were taken, of
which 14.1% were positive and In Lagar Pampa, 127 samples were taken, of which 44.1% were
positive.
The situation analysis demonstrated a very high level of house infestation by T. infestans in the
Chaco region (90-100% of houses) and high in the Andean dry valley region (>70%). House
structures and construction material are very favourable to Triatomine colonization. Moreover,
people do not clean their houses very frequently and many domestic animals (hens, dogs, etc.) enter
houses and sleep there.
Risk factor analysis by logistic regression indicated that house infestation by triatomines is
dependent on (1) the presence of animals inside houses (dogs sleeping at night, hens laying eggs,
etc.) (odds ratio: 6.4 [1.8–23.3]); (2) the presence of objects stuck to the walls (in particular pinned
posters) (odd ratio : 2.5 [1.1–5.8]); (3) the presence of cracks in the wall (Odds ratio: 3.6 [1.3–
10.2]). This was particularly true for houses built with mud (“Tabique”). Beds are also sources of
infestation.
Preliminary data indicate that triatome infestation is high in the Chaco region. The two selected
villages in this region are similar, with high house infestation (≈90%) and high densities of insects
(≈ 30 insects / house). Risk factors for house infestation are the construction type of the houses
(mud walls) and the presence of animal resting inside the bedrooms (especially hens laying eggs
below the beds). Moreover, the configuration of the houses, mainly dedicated to sleeping, favours
the presence of triatomine colonies: houses are small, with only beds inside, touching the mud
walls. Triatomines can therefore encounter favourable living condition in the walls or below the
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mattress where they find shelter and blood sources (sleeping humans or hens laying eggs). The bad
hygiene conditions (house cleaning not done, accumulating material (linen, bags, etc.) on the walls
and floor, favours the persistence of triatomine colonies. In the perspective of a control intervention,
one should focus on house cleaning, house improvement (polishing the walls with mud to fill in
cracks and crevices), and the removal of domestic animal (hens, dogs etc. that are used to sleep
inside the houses). Along with such an approach, some insecticide techniques can also be used as
the strains are not yet insecticide resistant. In the dry valley region, houses are less favourable to
insect colonization: the prevalence of infestation is lower (≈50-70%) and the mean number of
triatomine per house is much lower (≈5). However, some effort can also be made to improve some
constructions, in a same way as in the Chaco region. Triatomines are here more “peridomestic” and
therefore, control action should take into account these structures, in particular goat corals which
are heavily infested. The design of a goat coral refractory to insect colonization is possible, in
particular without rocks and other similar construction material which are perfect ecotope for
triatomines. The “social” investigation shows that people know that Triatomines are vectors of
Chagas disease, but do not take any measure to limit their presence. They are not aware of basic
actions that could be undertaken such as improvement of houses (with basic local cheap material),
cleaning of houses etc. These poor people live with very few resources that even do not cover their
basic necessities. They live in an under-developed environment (no commercial routes, and
sometimes no potable water or electricity) and therefore, vector control is not a priority. However,
they do recognize the importance of controlling insects to improve their health and will accept to
participate in some control actions to help the National Programme.
According to social research data from focus group discussions, stakeholder interviews and field
observations, the population is composed of farmers who preserve his traditions and language
(Guarani). In the Chaco region, Guarani people are territorially and socially organized in
“Captaincies” (“Capitanias”) which all form the Assembly of the Guarani People (APG), whose
structure presents four levels of hierarchy: National APG, Departmental APG, and the Communal
APG. They take as a mission to improve the coverage of basic services and the production capacity
of the Guarani population. For this intention they realize negotiations with public and private
entities, agencies of cooperation and ONGs.
In the Chaco region, people live from their own production (harvest). They do not sell any product
because there is no possibility to export their product outside their villages. There is no work,
except for some of them which travel once a year to the sugar-cane industry of Santa Cruz (the
biggest city of Bolivia, at about 300 km away from the Chaco region). Their only belonging is, for
the majority of them, a small radio transistor.
In the valley region, the majority of people live from their own production and work hard all day
long (men and women), from early in the morning till late in the afternoon (until the hours of the
night).
According to the survey, in all the surveyed village there is a lack of economic resources. In
relation to housing, the majority of families in the four studied village only have one small
habitation consisting in one bedroom where all the family sleeps. Houses are made of basic
material (mud walls). In the four surveyed villages, people are aware that triatomine are vector of
Chagas disease. They do recognize Triatomines (adult and nymph forms), but not their eggs.
In this structure women can only exercise traditional functions from a vision of inequity of gender,
and therefore of power. The regional Captaincies have ordinary meetings every trimester and an
annual assembly at departmental and national level. Every two years they partially or entirely
renew the Directory, in function to the evaluation of the work redeemed. The “Captain Grande” is
the maximum communal authority and he represents the village in the regional APG.
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With reference to this topic the « Captain Grande » of Palmarito mentions: “ My function as
captain of Palmarito is to represent all the people of the community in front of the zonal captaincies.
Every Sunday, we have a general reunion in the village and I inform to the whole community about
the activities that I realize and discuss about topics of interest such as education, water, lands and
health, and we also take decisions.”
In the Valley region the social organization is based on “Sindicatos” (people from each community
are grouped in such structures). The entire social life originates from the “Sindicato” which has
also to see with all the questions of the daily life of the people, their family, regional culture etc.
The “Sindicato” meets every month and all the problems of the community are discussed. The
entire community takes part. People have to pay quotas and fulfil duties. What is said in the
“Sindicato” must be fulfilled by the community. Any family which has a piece of land can
participate in reunions of the “Sindicato”.
In the Valley region, 68% of people know that the bite of the triatomine is dangerous in terms of
Chagas disease (40% in the Chaco region). In relation to the knowledge of the disease, 56% of
people from the Valley region (54% in the Chaco region) affirms that one can die rapidly with the
illness, and 43% think that there is a cure (40% in the Chaco region). In relation to prevention, 57%
of people in the valley region (45% in the Chaco) affirm that if triatomine are eliminated, Chagas
disease can be avoided.
Attitudes: most people fear Triatomines (80% in the valley region and 80% in the Chaco region
respectively), mostly because it can transmit diseases. 96% of people from the valley (70% in the
Chaco region) worry about the presence of Triatomine in their house. These people have made to
know their availability to participate in measure actions that we could propose, to control the
presence of triatomine in their homes. In general terms, the attitude in front of the disease is
indifference since in the four villages the majority of people have at least one infected person in
their family. Therefore, they do not do anything after knowing that they might be ill. Practices: to
control the presence of triatomines in houses, people from the valley region (38%) use insecticide
in spray (domestic use insecticides) such as “Baygon”. 58% use mosquito nets and 64% use smoke
to push away insects. In the Chaco region, only 23% affirm cleaning their house to push away the
insects. Remaining ones do not do anything.
In the four villages, house cleaning activities last between 15 and 30 minutes and are women’s duty.
The usual cleaning activity is sweeping.
Few people do wall plastering (10-20% depending on the village), and usually this is carried out by
men to push away insects.
Knowledge on the vector, the disease and its prevention is clearly deficient in all the studied
villages. However, in the four villages, people do have a positive attitude facing the idea of
working a little to lower the number of Triatomine in their houses and to prevent Chagas disease.
Nevertheless, people think that the task is impossible because “Triatomines can reinvade their
home from the silvatic environment” (this fact is not true, as demonstrated by scientific
observations). Most people only think that insecticide sprayings can eliminate the vectors, and few
are aware that they can do something to prevent Chagas disease. Most people have a relative with
Chagas disease, but they did not do anything neither change their attitude after knowing that
information. Cleaning activities are not carried out as people say: direct observation and focal
group discussions have pointed out that cleaning is not well done. Wall plastering is equally a
neglected activity.
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Intervention tools that can be proposed may be divided into two categories:
- Improvement of living conditions. Here will be proposed house improvement techniques
such as wall plastering with local material (special mud) to fill in cracks in the house walls
and therefore impede the implementation of Triatomine colonies. House cleaning activities,
in particular a thorough cleaning of bed structures (at least twice a year, to break the
triatomine living cycle) will complete the intervention.
- Management of domestic animals. in particular those that enter houses: sleeping dogs, hens
laying eggs etc. and those that are used to sleep outside, but stuck to the house walls. The
goal is to move away these animals to sites where Triatomines cannot shelter.
The delivery strategy can be based on the strong community structures (Captaincies and
“Sindicatos”) in the two ecological regions. From the phase I data analysis, it appears that the
strategies to be implemented can be based on interpersonal communication, community
mobilization, lobbying and supported advertising.
Interpersonal communication: In the two “intervention” village, we will train 2 communal agents of
health (CAH) to help in orienting people attitudes and practices by means of domiciliary visits
(each CAH will visit some families per month), sensitizing and educating the families in relation to
the preventive practices and proposed control actions. This will achieve a better sustainability of
the project. The CAH is a key person and a key activity in the project realization.
As for actions of prevention and control of Chagas disease, the community participation is actually
void. Therefore through the intervention processes, the project will search for thinking changes,
improvement of attitudes and modification of behaviours. For that, the role of the CAH agent will
be of great importance. The CAH is a person elected by its community who has all the confidence
of the community and who will carry out its work on a voluntary basis. With its direct intervention
in the community, he will fulfil an important role in the implementation and the monitoring of
actions, and will help people from its community in supporting the proposed control interventions.
His work will consist in visiting the families in their home, offer them information and deliver the
communication material. He will be able to monitor and control the suggested control techniques.
Group discussions with family mothers and fathers will be carried out to inform on the Chagas
disease and correct practices to limit insect infection of human dwellings. Participating workshops
with teachers of the educational units will be organized with the purpose of repeating messages to
students. The teachers will turn into permanent and important allied forces into the project since
they will teach the suggested practices to their students.
Community mobilization: Based on our earlier experience with “malaria control and social
science”, a “health fair” will be organized in each of the “intervention” village. Both health
personnel and teachers will collaborate in its organization. The fair will rely on with the
participation of the whole population. This event will reinforce messages about how to introduce
our proposed intervention tools such as cleaning activities, house improvement, a better
management of the domestic animals, by means of communication skills such as marionettes,
games, theatre, etc. Apart from this fair, usual social techniques will be used: participating reunion,
focal groups, personal visit to families etc.
Lobbying: Local authorities, educational and health authorities will be involucrate. The
commitment of the “Gran Captain” in the Chaco region as well as that of the “Sindicato” leader in
the Valley region is of major importance, especially because of their power of persuasion at the
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community level. The participation of the directors of Educational Units will facilitate the work
that has to be done with teachers in the repeating of health messages and communication activities
with pupils and students.
Advertising: we will use printed material with allusive messages to proposed control techniques.
Amongst the suggested material are calendars, notebooks and flip charts in which will be printed
messages to reinforce the different activities that people should carry out to better control the
triatomes. Short messages and jingles will be designed and spread in the radio of major hearing of
the population.
Various sampling surveys are planned as follows, and are scheduled on a 2 year basis. At the
beginning of project phase II, a general entomological survey will be carried out in the four villages,
including all the houses. This will give us an entomological base line at time t=0, giving the
“natural” infestation level in each village (which also can be compared to similar data obtained
during project phase I). At the same time, the social team will begin the promotion of our
intervention tools and strategies in the two “intervention” villages.
Then, the four villages will be sprayed by the usual “insecticide” strategy by the Ministry of Health,
in order to lower the prevalence of house infection to <5% in all the villages. This will be the t0 of
our “intervention” strategy and the social team will ensure that people are beginning to use the
proposed control tools.
One month after the “usual” insecticide spraying, a rapid entomological evaluation survey will be
carried out in the four villages to ensure that all villages are at the same level of infestation (<5%).
Then, an entomological follow-up will be carried out every 6 month to monitor the evolution of
house re-infestation in the four villages. This follow up will be carried out on random samples of
houses in each village to shorten the time duration of sampling and data processing (a complete
sampling of each village needs > 15 days / village). In each subsampling survey about 50% of
houses will be randomly sampled.
At the end of the project, a general entomological survey including all the houses will be carried
out in the four villages.
Social surveys
At the first beginning of the project, local authorities, educational and health authorities will be
involucrate. The social team will work on having the commitment of the “Gran Captain” in the
Chaco region as well as that of the “Sindicato” leader in the Valley region. These two key people
are of major importance, especially because of their power of persuasion at the community level. If
these key people are well convinced of the goals of the project, the village populations will follow.
At the beginning of the project (before the insecticide spaying campaign at t0), the Social team will
promote the proposed intervention tools (house improvement, cleaning activities, management of
domestic animals entering houses). This will be done through collaborative reunions and focal
groups.
At the same time, the social team will a) train 2 communal agents of health (CAH) (one agent in
each of the “intervention” villages, to help in orienting people attitudes and practices by means of
domiciliary visits (each CAH will visit some families per month), sensitizing and educating the
families in relation to the preventive practices and proposed control actions, b) organize
participating workshop with teachers of the educational units, with the purpose of repeating health
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messages to the students and c) print material with allusive messages. Amongst the suggested
material are calendars, notebooks and rotafolios in which will be printed messages to reinforce the
different activities that people should carry out to better control the triatomes
Then, at t0 (just after the insecticide spraying campaign), a first survey will be carried out by the
social team to verify that the community participation is going on. This will be based on short visits
to families of the intervention villages.
Then each month, a short monitoring will be carried out in each “intervention” village that will
include in particular, the monitoring of work carried out by the trained communal agent of health
(CAH). At that time, a short subsample will be carried out to measure the level of participating
people (number of families taking some of the proposed vector control measures), and the
adequacy of the actions taken by the families (ej: if wall plastering is correctly done etc.). Again, if
necessary, focal groups will be organized to discuss the control techniques and the difficulties
encountered.
At the end of the project, a general survey will be carried out in the two intervention villages to
collect the definitive social parameter (see paragraph 7.4.2), and analyse the acceptability and use
of our proposed control tools.
The vectorial capacity characterizes the ability of the vector to transmit the parasites. It is a
combination of various factors some of which are relevant in the context of the present project: the
infection rate of the vector (i.e. the proportion of vector infected by the parasite T. cruzi, the
feeding preference of the vector (and in particular the Human Blood Index, i.e. the proportion of
blood meals taken on humans) and the survival of the vector. The intervention measures will not
only diminish the vector presence/ abundance, but also will have an impact on the vectorial
capacity (and therefore the transmission), by modifying at least the three above factors. The
measurement of these factors before and after intervention, as well as their evolution with time (on
the 6 month basis as defined in the sampling design) is therefore of importance. Computation of
such factors will help in measuring the impact of the control measures on transmission (and
therefore will help in measuring the global effectiveness of the intervention).
A careful attention should also be given to blood sources of T. infestans. Some intervention
measure is the removing of domestic animals from the domicile and therefore, one may expect a
shift in blood sources if some usual sources are not present anymore. If T. infestans densities are
not correctly reduced at a minimum level, the zooprophylactic effect of domestic animals should
therefore be studied in details.
Vector presence / abundance, in this study the main dependant variable. It will be measured as a
combination of several indices which describe various aspects of vector infestation: (1) the
infestation index, which is the proportion of houses infested by T. infestans, (2) the density index,
which is the ratio of the number of captured insects by the number of sampled houses, (3) the
proliferation index, which is the ratio of the number of captured insects by the number of infested
houses, (4) the colonization index, which is the ratio of the number of houses with insect’s nymphs
by the number of infested houses.
Outcomes: it is expected that vector presence / abundance indices will be significantly lower in the
« intervention » villages than in the « control ones ». It is expected that <5% of houses will be free
of Triatomines in the “intervention” villages, equal of even below the infestation level that will be
reached just after the general insecticide spraying at the beginning of the project.
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- Prevalence of infection of T. infestans, a dependant variable in this study, it is the ratio of the
number of insects with T. cruzi by the number of examined insects. It can be computed for
each house (intra and peri-domicile), or for the whole community, and even taking into
account the crowding effect of Triatomines (number of houses “infected”, in place of
“infested”, and weighted by the number of Triatomines captured in each house).
Outcomes: It is expected that the prevalence of infection of T. infestans will be lower than at the
beginning of the project, because amongst the intervention tools, there is the removing of domestic
animals from houses. Amongst these animals, dogs for example, are T. cruzi reservoirs.
- Blood sources for T. infestans, a dependant variable in this study. The basic variable is the
Human Blood Index, the proportion of blood meals taken on humans, as a proxy for Chagas
disease force of infection in the case of T. infestans. However, the profile of blood meals can
be described with the proportion of blood meals taken on various animals (dogs, cats, birds,
goats, pigs etc.), and also including Humans.
Outcomes: After intervention, a change in the feeding preference, with less human blood, means
that the Triatomines feed away from Humans and therefore that transmission to Humans is less
likely. This may append if Triatomes are well keep away from houses (due to interventions tools
such as house improvement) and are maintained in the animal shelters away from houses. An
increase in the human blood index will indicate that animals are may be not present in houses
(i.e. that people have effectively remove domestic animals from the domestic environment), but
that houses are still hosting colonies of insects (i.e. that people may not have correctly improved
their house).
- T. infestans age structure and survival a dependant variable in this study. It can be roughly
computed using the histogram of the proportion of each development stage of T. infestans (as
the Y-axis) on the duration of each stage (as an X-axis scale). The aspect of the graph can be
used to derive a value for the mortality rate. The comparison of mortality rates before and
after a control intervention can be informative: a lower rate means that the vector population
is better controlled by the intervention. This may append if few “old” stages are present in
the insect population, i.e. these stages are removed from the population (by means of active
captures for example, following house cleaning activities)
Outcomes: It is expected that few adults and « old » stages of T. infestans will be captured during
the monitoring period. Indeed, villagers will easily remove the larger insects from their houses
during cleaning activities.
- Prevalence of infection of (young) domestic animals (as a proxy of vector / animal contact),
dependant variable in the study. Prevalence of infection will be computed taking into account
the age of the domestic animals, in particular in animals identified as good reservoirs for the
parasite (dogs). This prevalence of infection will be computed at least at the beginning and at
the end of the study.
Outcomes: It is expected that the intervention measures will protect these animals from a strong
“force of infection”. Therefore, at the end of the study, prevalence of infection in young animals in
the intervention villages will be less that in the control ones.
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7.3.2. Guatemala sub-study

A second study on Chagas disease entitled “Management of peri-domestic animals for the
control of Chagas disease” (TDR ID No. A90299) was conducted in rural Guatemala by the
Universidad del Valle de Guatemala, Guatemala City, Guatemala (PI: Dr P. Pennington).
The intervention research study was carried out in communities, scattered villages within
coffee plantations, of the municipalities (municipio) of Comapa, Department of Jutiapa, in
southeastern Guatemala. Comapa has the highest seroprevalence of Chagas infection in the
Department, 13% of school-age children.
In this Department, multiple insecticide rounds are needed to reduce infestation levels. The
study was carried out to better understand and respond to widespread re-infestation, after
routine indoor insecticide spraying in homes, of the vector Triatoma dimidiata which transmits
Trypanosoma cruzi, the etiologic agent of Chagas disease. Animals (dogs, cats, chicken) are a
critical blood source reservoir for the parasite in the peri-domestic environment.
The situation analysis identified the following factors: household construction, practices
regarding domestic animal management and practices regarding environmental management.
The presence of tile roofs, partially plastered walls and dirt floors as well as having coffee trees
planted in the house patio were found to be important risk factors. The presence of the common
house mouse and the tile roof rat (Mus musculus and Rattus rattus, respectively), the presence
of hens brooding inside the house and the presence of more than two dogs were also risk
factors for triatomine infestation. In addition, dogs and rodents were found to be infected with
Trypanosoma cruzi, suggesting the importance of reducing reservoirs in the household.
In terms of peri-domiciliary facilities, 58% of households reported having an outhouse, while 36.4%
mentioned a chicken coop, and 19.3% listed a rain collector device. These last two facilities
suggest the importance of chickens in the household, as well as the relevance of collecting water
due to the lack of a regular water supply to the communities. It is also important to emphasize that
Comapa has been selected nationally as a priority area to work food security projects.
Their food system depends on daily consumption of beans (98.4%), tortillas (90.4%), and eggs
(50.6%). Most of them grow their own beans (72%) and maize for tortilla production (77.2%):
however, several houses only depend on buying those staples, while some produce as well as buy
them. Interviewees also mentioned daily consumption of coffee (70.9%); only 28.4% of those who
consume coffee have their own coffee plants. Related to interviewee’s knowledge about
triatomines, 94.6% reported having seen triatomines in their lives, of which 29% mentioned they
had seen triatomines in the last month. Of those who can recognize or have heard of triatomines, 90%
know triatomines are dangerous to their health. Sixty six percent mentioned taken actions to
protect themselves from triatomines: the most common practices are to check the house
every so often (17.5%) and plastering walls (16.8%). In addition, when a triatomine is found, 62%
of interviewees said they killed them, and 31% reported capturing them for later delivery to
appropriate personnel. In addition, 51% of interviewees mentioned triatomines enter houses
through cracks on walls; few interviewers mentioned grains (0.20%), construction materials (0.20%)
or animals (3.3%) as the sources of triatomine infestation. In terms of Chagas disease, 54.3%
reported knowing something about Chagas disease. Main sources of information for learning about
Chagas disease were the health center (21.7%) and malaria personnel (15.4%). Only 28.7% of
those interviewed knew how Chagas was transmitted. Finally, community meetings (75.1%), and
brochures (14.2%) were mentioned as the best ways to share information about Chagas and
triatomines to community members.
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Regarding household practices and knowledge about rodents at baseline, ninety eight percent (98%)
of households reported using firewood for cooking, which suggests storage of those materials
inside or nearby the house. It was reported that 78.6% of households store grains in silos inside the
house, 19.3% store grains in bags inside the house, while 37.8% store firewood inside the house.
Interviewees have some understanding of the different niche occupied by rats and mice, mentioning
common places for seeing mice the floor (25.9%), corners (23.5%), although roof space (23.5%)
and beams (15.6%) selected as well. In terms of rats, the most common places mentioned were roof
space (42.2%), beams (31.5%), and roof (15.4%). There is tendency to perceive rats as more
dangerous than mice; diseases, and spoiling of food are the most common problems associated with
rodents. However, 27.5% mentioned not knowing if mice cause problems, while 22.5% did not
know if rats were dangerous. A new analysis separating control and intervention communities
indicates similar proportions for most responses, although Chi square indicates significant negative
association of several factors with triatomine infestation in intervention but not control
communities. These include having grain stored in silos in the house, having cats or dogs, the
quantity of dogs, having (now or in the past) other fowl such as ducks. Storage of wood in the
house appears as a protective factor among this sample but did not show a significant association in
the first phase of the study nor the control group. It should be noted that the optimal sample size to
see associations with risk factors having a prevalence in the range of 20-80% is >240, so these
subsamples are not designed to identify risk factors.
Regarding rodents, there was an association between the use of poisons to treat rodent pests and
triatomine infestation. Of all surveyed households analyzed to-date, 70% indicate using poisons to
treat rodent infestations. Of those who do not mention using poison (“veneno”), 28% showed
triatomine infestations. In contrast, of those who do use poison for rodent control, only 17%
showed triatomine infestations. In addition, there are certain concepts that appear to be strongly
protective, such as knowing that rodents enter the house to eat grain (n=11) and knowing that they
can lead to flea infestations (n=16).
We will use the Feeding Index to compare human and rodent blood meals to evaluate if
there are changes in blood sources within the household between the two communities.
We have extracted DNA from all triatomines collected during the final evaluation and will
perform PCR for cytb, followed by human, rat and mouse specific PCR.
In-depth interviews with key stakeholders (community leaders and health providers) in the
control and intervention communities were conducted to understand their perception on the
effectiveness of the intervention. Perceptions vary according to the age, years involved in the
Community Cooperative for Development (COCODE) and attendance to the informative
meeting, among others.
The most highly accepted intervention component was the use of rodent traps. According to
interviewees, this method has replaced traditional rodent control methods due to the ease,
cleanliness, safety, and effectiveness. Elements of the theory that according to participants drove
the adoption of the traps included the relative advantage and effectiveness of the traps in
comparison to the traditional method, the perceived low complexity level, the trialability
facilitated through the community demonstration and individual household training. Several
interviewees mentioned having even trained relatives and friends in the use of the traps. The
majority of participants mention using the traps at least once a week; all interviewees mentioned
they will continue to use the traps into the future.
Other behavioral changes mentioned by interviewees as a result of the intervention are a
more regular and thorough cleaning and organization of household effects. As a result of these
improved practices, interviewees are discovering rodent nests, rodent tracks, and even some
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triatomines. It was even mentioned that they feel better and healthier overall; the majority plan
to continue pursuing these practices into the future because they now recognize them as
beneficial to their family and their health. The only downside is the added time they need to
devote to these new activities, which some refer as a relatively more complex process.
Interviewees mentioned motivations to join the project included: access to traps, insecticide
spraying, and their concern from having seen triatomines in the house.
Several stakeholder interviewees identified the following intervention benefits: perception of
reduction in the number of rodents and triatomines, community members are informed and
more knowledgeable about Chagas and how to prevent triatomine infestation. Interviewees did
not mention any negative impacts derived from the intervention.
Constraints to successful implementation as described by stakeholder interviewees included:
limited access to some communities/place for meetings, religious or political differences among
group members. Suggestions mentioned to improve participation to meetings were: involve
formal community structures/institutions to invite/organize activities, identify population most
in need (rather than those who are randomly selected), share more openly the benefits of the
project as part of the promotional/marketing effort.

Multi-stakeholder partnership involved the Ministry of Public Health and Social Assistance,
Health Area Office of Jutiapa, the mayors (alcaldes), the Municipal Planning Office (Oficina
Municipal de Planificación, OMP) and local Community Development Councils (Consejos
Comunitarios de Desarrollo, COCODE). To achieve this, we established an alliance with a
non-governmental organization (World Vision) and the Ministry of Agriculture and Range,
which are promoting household horticultural techniques in the region. This alliance allowed the
participants in the study to participate in this long-term project, which includes training on the
use of organic waste to produce compost. These methods should improve environmental
management through the reduction of potential rodent nests in and around the house. Annex B
shows the intersectoral agreement that is being drafted.
The community intervention was grounded in Participatory Action Research (PAR)
theoretically grounded in A Proceed-Precede Model. This model was used to implement an
intervention based on this situational analysis.
The intervention was designed to reduce the infestation from rodent and other peridomestic
animal nests. The intervention consisted of three components:
(1) A modification of the insecticide application method: spraying of exterior walls first,
followed by the interior walls and the roofs reducing transmission through animal nests.
(2) A participatory action research (PAR) education process included a community-based
process of education and reflection regarding Chagas disease, animals as risk factors at
the household level and proposed methods to reduce these risk factors.
(3) A community-based rodent control program based on distribution of rodent traps (one
cage trap, one rat snap trap and one mouse snap trap) and hands-on training of each
household regarding the correct and safe use of the traps and handling of trapped
animals.
(4) The rodent control program included environmental management to reduce organic
litter in and around the household.
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On June 2012, eighteen communities were selected to participate in a cluster-randomized
nested cohort study. The communities were selected based on baseline infestation levels >15%,
according to a survey performed in 32 communities in 2010-2011. Nine communities were
randomly assigned to the intervention arm and nine to the control arm. Twenty four
households were systematically selected at each community. Triatomine infestation was
evaluated between September and November 2012 by person-hour and householder search
(one night) at the beginning of the study. The domestic infestation rate for intervention
communities was 20 ± 11% and for control communities it was 19 ± 9%. Rodent infestations
were also evaluated by trapping with 5 Sherman traps/house for one night.
All the compliant households in the study for both control and intervention communities
received insecticide applications between December 2012 and January 2013. The intervention
communities received a modification of the insecticide application, where the insecticide was
applied on all external walls, followed by internal walls and tile roofs. This modification was
based on the finding that rodents were associated with triatomine infestation and this method
would target nests in walls and tile roofs. Control communities received the spraying method
used by the Ministry of Health in areas with T. dimidiata infestations, which only includes
internal walls and external walls under roof cover.
An analysis of rodent infestations in both intervention and control communities shows some
differences at the baseline, with the overall infestation being 35 to 46% (90% CI) in intervention
versus 43 to 55% in control communities. There seems to be a higher prevalence of Musmusculus
in the control communities and a higher prevalence of Rattusrattus in the intervention communities.
In terms of triatomine infestation, a 20 ± 9% domestic infestation rate was observed among the 18
communities (429 surveyed households, Apantén had only 21 households available for the survey,
so the 24 household sample was not achieved for this community). After removing 27 withdrawals,
we have a sample of 402. We are still pending on completing the KAP on 21 households that were
not present during our survey.With the402 sample, there is 20 ± 11% infestation. It should be noted
that peri-domestic infestation and the search by the householder have not been included in this
analysis. In the situational analysis survey from 2011, the overall infestation was 32 ± 9% ,
including peridomestic and domestic collections. Table 6 shows the infestation rates observed
during the situational analysis (phase 1) compared to phase 2 (pre- and post-intervention). The
proportion of households that were sprayed by the MOH in the year before phase 1 started is shown
for each community, showing that three communities had recently received treatment of over 50%
of the households by the MOH. This confounding factor will need to be considered for the analysis.
The domestic infestation for intervention communities is 20 ± 11% and for control communities it
is 19 ± 9%. At the final evaluation, there is an overall infestation of 7 ± 7%, with an infestation of
8±7% for the intervention group and 6 ± 6 for the control group.There is no significant difference
between the two groups at this timepoint of evaluation. However, it is important to note that the
overall infestation is now at control levels for the selected households. In all communities we had
sprayed the houses at least one year before. This indicates that over half of the households were
protected by spraying alone in the past year.Given that changes in behavior are a long term result, it
is not expected to see a major difference at this early time-point after intervention was
completed.There are 7 new infested households in control and intervention communities.These
were not previously detected, suggesting possibly triatomine dispersal after spraying.
Triatomine Rodent Blood Meal Analysis resulted in triatomines (n=180) collected during phase 1
and screened for vertebrate DNA in the blood meal, for a total of 52 positive specimens. These
were analyzed for cytb blood meal specific for Musmusculus and Rattusrattus, showing that 20/52
(38%) T. dimidiata blood meals were derived from M. musculus and/or R. rattus. R. rattuswas
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observed in 16/52 (31%), Musmusculusin 5/52 (10%). The apparent relative importance of the
blood sources can be stated as chicken (30/47, 64%) > human (23/47, 49%) > rodent (20/52, 38%) >
dog (7/47, 15%). Of those with rodent blood meals, 75% had R. rattus meals and one specimen that
was found in a bed mattress had blood meals from both species. Of the rodent blood meals, 10/20
(50%) were mixed with other blood sources and 7/20 (35%) had human blood sources (Figure ).
During one of the rodent trapping visits, a householder informed the technician that they had killed
a rat the previous night and found the rat nest in the wall. They had removed wall material to
extract the rat litter and found a triatomine nest embedded in the wall next to the litter. These data
support the idea that rodent control should reduce infestation by
reducing stable blood sources within the household.
7.1.1.2.1. Mexico sub-study
The third of the three sub-studies on Chagas disease is entitled “Development of community
interventions for the control of non-domiciliated triatomines in the Yucatan peninsula, Mexico”
(TDR ID No. A90276) and was carried out by a research team at the Laboratorio de Parasitologia,
Universidad Autonoma de Yucatan, Merida, Mexico (PI: Dr E. Dumonteil).
The study was conducted in three rural villages of mainly Mayan descent and culture (Teya,
Bokoba and Sudzal) in the state of Yucatan. Chagas disease is a significant public health threat in
the area due to seasonal house infestation (during the months of March-July), with little
colonization, by non-domiciliated triatomine vectors of the species Triatoma dimidiata. This
infestation is assumed to lead to a seroprevalence of T. cruzi infection in adults of about 3-5% and
in children of about 0.3% in the region.
This social-ecological setting is highly unique and different from the other two Chagas studies in
Guatemala and Bolivia. In these two latter cases, the house infestation is by domiciliated triatomes.
Socio-economic conditions and particularly sub-standard housing are major determinants for bug
presence in the houses. In the Yucatan peninsula, however, due to the presence of a specific
triatome species, T. dimidiate, there is very limited colonization but extensive transient house
infestation T. dimidiata is able to invade or visit any kind of housing, independently of its quality
or of the socio-economic status of the household.
Landscape analysis of the peridomicile during the situation analysis did not sufficiently explain
infestation. Multivariate analyses of the key determinants of house infestation, however, showed a
highly significant association between dog ownership and proximity to public street lights. A house
with 2 dogs had 2.3 fold the probability of being infested compared to a house with no dog, and a
house next to a light had 1.5 fold the probability of being infested compared to a house 20m away
from a light. Social research showed that knowledge about Chagas disease was low. About half
(52%) of participants said that triatomines can cause disease, but only 8% specifically named
Chagas disease.
The team has identified a number of environmental characteristics and household practices that can
increase the likelihood of a house for being infested. First, as we had reported before, the proximity
of bushes from the “sylvatic” area surrounding the village increases the possibilities of a house for
being infested with housing quality emerging as rather irrelevant for T. dimidiata infestation.
Indeed, bugs would be able to visit any kind of house, independently of the type of walls, roof or
floor. However, the presence of domestic animals such as dogs, chickens, turkeys, or even
songbirds in the peridomiciles can provide attractive blood sources for dispersing bugs, and it is
thus not surprising that we found that their presence can be associated with infestation. Importantly,
hosting the chickens/turkeys in a corral may provide a captive and clustered food source that also
increases the attractiveness of a house and its neighbours and may allow the establishment of bug
colonies in the peridomicile. The presence of artificial light sources at the time of bug dispersal
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(i.e. mostly public lights) may interfere with this dispersal process by either directly attracting bugs
or by altering their orientation system.
Situation analysis
KAP
-

Over 90% are of Mayan origin and culture
Mosquitoes are their main preoccupation and motivation for vector control
Low socio economic level:
60% receive benefits from social programs
Passive expectations for vector control: insecticide/larvicide application by health authorities
Insect screens desired but believed to be too expensive

Determinants of infestation (Dumonteil et al. 2013, PLoS NTD)
Periphery of village OR=1.79 [1.14-2.78]
Keeping chicken in a coop OR=2.39 [1.01-5.66]
More than 2 dogs OR=1.39 [1.07-1.81]
Rock piles OR=1.80 [0.83-3.89]
Cleaning peridomicile OR=2.69 [1.19-6.04]
Proximity of public light OR=1.64 [1.23-2.18]

Intervention
1. Housing improvement to prevent bug entry: Insect screens on windows (2 villages, 1
control village)
2. Management of the peridomicile: Cleaning and animal management (chicken coop
cleaning and improvement
3. No house spraying with insecticides
Evaluation
> Insect monitoring: community participation and mouse-baited traps (100 houses in each
village, screens vs no screen)
> Feedback of stakeholders (implementation process)
> Cost analysis and potential for scaling up
Excellent dynamics between stakeholders, enthusiastic communities, high demand for insect
screens
Affordable price, making intervention possibly sustainable
Synergism with mosquito control (Dengue)
Evaluation of entomologic efficacy still underway, as well as process monitoring
Based on the situation analysis, the research team decided to base the intervention not on the
management of the peridomicile, but also reducing bug entry inside houses evaluating the
efficacy of window insect screens and long-lasting impregnated curtains, with or without
improved domestic animal management in the peridomicile, to reduce T. dimidiata infestation
in these villages. Community members and main stakeholders will be engaged in the
development of a vector control plan. Participatory action research is being proposed for the
implementation and monitoring of the interventions. The intervention study will investigate the
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feasibility and potential for scaling-up of interventions, by measuring community acceptance
and acceptability, intensity and direct costs of interventions, as well as by further modelling of
T. cruzi transmission dynamics.
A series of meetings were held with the different stakeholders to first inform them of the
main findings of Phase I of the study and discuss the implementation process of the
interventions in each community. Different processes were considered, their advantages and
inconveniences discussed. The preferred process that was agreed involved several
stakeholders with different roles and responsibilities in the implementation. Since the large
majority of households only have one bedroom, it was agreed that a single bedroom would be
protected by the project (on average with 2 windows). In each village, after discussions with
the local government authorities, a social worker from the municipal team was designated to
coordinate all activities related with the implementation of the interventions, following training
by the research group. This included the organization of community meetings for enrolment of
households and Chagas disease awareness (including instructions for entomological
monitoring, see below), coordinating the carpenters for the distribution of materials and
supervising the installation of screens, and administrating the storage room provided by the
local government, in coordination with the research group. In the village of Teya, two
carpenter workshops were identified by the community and the local government, and they
agreed to be in charge of the manufacture and installation of screens. They arranged for home
visits to each community member to take measurements of windows. The proposed screen
design included a high quality fiber mesh with a wooden frame fitted to each bedroom window.
They also made arrangements for the delivery and installation of the screens. Once initiated,
the research team played a minimal role in these activities, which leadership was effectively
transferred to the local government and the social worker. However, weekly supervision of
installed screens was performed to evaluate coverage and to arrange for the timely delivery of
materials needed by carpenters.
At the end of 2013, 1,612 window screens have been installed for 831 households in the
villages of Teya and Sudzal, in which we are now monitoring infestation following the
intervention. In addition, education about clean chicken coops has been carried out in the
village of Sudzal. Importantly, the proposed interventions are expected to not only prevent
Chagas disease transmission, but also contribute to the prevention of other vector-borne
diseases such as Dengue, since physical barriers with also reduce mosquito abundance in the
houses. Cleaner backyards and a reduced incidence of vector-borne diseases will also lead to
an improvement of the overall living conditions and quality of life of the communities,
bringing additional benefits to the communities beyond Chagas disease prevention.
Publications
1. Nouvellet P, MJ Ramirez-Sierra, E Dumonteil, S Gourbière (2011) Effects of genetic factors
and infection status on wing morphology of Triatoma dimidiata species complex. Inf
Genet Evol, 11: 12431249. http://www.sciencedirect.com/science/article/pii/S1567134811001146?via=ihub
2. Gourbière S, P Dorn, F Tripet, E Dumonteil (2012) Triatomine genetics and evolution: from
phylogeny to vector control. Heredity, 108: 190202. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3282395/
3. Pacheco-Tucuch F, MJ Ramirez-Sierra, S Gourbière, E Dumonteil (2012) Public street lights
increase house infestation by Chagas disease vector Triatoma dimidiata. PLoS ONE, 7:
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e36207. http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.00362
07
4. Nouvellet P, Dumonteil E, Gourbière S (2013) The improbable transmission
of Trypanosoma cruzi to human: the missing link in the dynamic and control of Chagas
disease. PLoS Negl Trop Dis 7(11):
e2505. http://www.plosntds.org/article/info%3Adoi%2F10.1371%2Fjournal.pntd.000250
5
5. Dumonteil E, P Nouvellet, K Rosecrans, MJ Ramirez-Sierra, R Gamboa-Leon, V Cruz-Chan,
M Rosado-Vallado, S Gourbière(2013) Eco-bio-social determinants for house infestation
by non-domiciliated Triatoma dimidiata in the Yucatan peninsula, Mexico. PLoS Negl
Trop Dis 7(9):
e2466. http://www.plosntds.org/article/info%3Adoi%2F10.1371%2Fjournal.pntd.000246
6
6. Rosecrans K, G Cruz-Martin, A King, E Dumonteil (2014) Opportunities for improved
Chagas disease vector control based on knowledge, attitudes and practices of
communities in the Yucatan peninsula, Mexico. PLoS Negl Trop Dis, in press.
7.1.1.2.2. Chagas disease research portfolio
Professor Ricardo Gürtler (National University of Argentina), in collaboration with Dr Yadon
(PAHO), was principal technical consultant to the three Chagas disease projects and advised all
three research teams at the Community-of-Practice workshops in Mérida, Fortaleza and
Montevideo and made site visits to all three sites.

The following table provides an overview of the heterogeneity of the social-ecological settings
under study, the community interventions and the vector control technologies involved. It
becomes obvious that an eco-health approach can improve and innovate traditional Chagas
disease interventions (e.g., Routine Indoor Residual Spraying (IRS) of insecticides against
domestic vectors of Chagas disease by national control services) in situations where the socioecological setting is characterized by a poverty situation and where social and environmental
determinants lead to transmission in domestic and peri-domestic contexts. This peri-domestic
transmission contexts can be addressed through participatory multi-stakeholder processes
which combine routine IRS with improvement of housing conditions, management of domestic
and peri-domestic animals and general environmental hygiene.

Research site

Social-ecological setting

Bolivia

Poor rural communities
Gran Chaco (Guaraní
indians): Palmarito and La
Brecha, self-sufficient
small-scale farmers
Andean Dry Valley-Eje
Pampa and Lagar Pampa
(Quechua indians)
Domiciliated Chagas
disease transmission
through Triatoma
infestans

Community intervention
approach
“Casa Linda – Casa
Limpia”
Chaco Region:
Intervention support and
ownership by Capitanías,
the traditional political
structure of the Guaraní
indigenous people of the
Bolivian Chaco
Valley Region:
Intervention support and
ownership by Sindicatos,
the traditional political
structure of the Guaraní

Vector control approach
Improvement of living
conditions (house
improvement with local
materials, house cleaning,
notably of the bed
structures)
Management of domestic
animals
Routine Indoor Residual
Spraying (IRS) of
insecticides against
domestic vectors of
Chagas disease by
national control services
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indigenous people of the
Bolivian Chaco
Training of and
community sensitization
by Community Health
Agents (Agentes
Comunitarios de Salud)
Organization of Chagas
disease “health fair” (feria
de salud)
IEC material: calendars,
notebooks, flip charts
(rotafolios)
Guatemala

18
communities
(9
intervention, 9 control
communities)
in
the
municipality of Comapa,
Department of Jutiapa,
Eastern Guatemala
House infestation by nondomiciliated
Triatoma
dimidiata

Intervention support and
ownership by Community
Development Councils
(Consejos Comunitarios
de Desarrollo, COCODE)
IEC material: Chagas
disease information
brochure, flipchart
(Cuidado, La chinche
picuda puede producirle
Enfernedad de Chagas)
Participatory Action
Research (PAR) education
process
Community-based rodent
control program including
environmental
management to reduce
organic litter in and
around the households

Mexico

Three rural villages (Teya,
Bokoba, Sudzal) of
middle-income to poor
households of mainly
Mayan descent in the
State of Yucatan
Seasonal house infestation
(during March-July
between the wet and dry
seasons) with limited
colonization of nondomiciliated triatomines
(Triatoma dimidiata)

Multi-stakeholder
partnership with
community and local
government involvement
Chagas disease awareness
campaign
Cooperation between
social workers and
carpenters

Extended insecticide
application: spraying of
exterior walls first,
followed by the interior
walls and the roofs
reducing transmission
through animal nests.
Elimination of sinantropic
rodents through rodent
traps (one cage trap, one
rat snap trap and one
mouse snap trap) and
hands-on training of each
household regarding the
correct and safe use of the
traps and handling of
trapped animals.
Mangement of the peridomestic environment

Housing improvement to
prevent bug entry:
Window screens (high
quality fiber mesh with
wooden frame) mainly for
bedroom windows,
produced by local
carpenters
Management of the
peridomicile: Cleaning
and animal management
(chicken coops cleaning
and improvements)
Mouse traps

Grant No. 104951-001-Final Technical Report

Research site
Bolivia

Number of households
benefitting
from
interventions
Poor rural communities
Gran Chaco (Guaraní
indians): Palmarito and La
Brecha, self-sufficient
small-scale farmers
Andean Dry Valley-Eje
Pampa and Lagar Pampa
(Quechua indians)

Guatemala

18
communities
(9
intervention, 9 control
communities)
in
the
municipality of Comapa,
Department of Jutiapa,
Eastern Guatemala

Mexico

Three rural villages (Teya,
Bokoba, Sudzal) of
middle-income to poor
households of mainly
Mayan descent in the
State of Yucatan
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Intervention success in reducing infestation
rates
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Development outcomes
8.1.

Science innovation and community impact

This eco-health research initiative was based on a new and innovative, explicitly multidisciplinary research framework called "eco-bio-social" research. Multi-disciplinary research
teams were formed in all eight sites and remained committed to the framework for almost 5
years. All eight sites inspired and implemented successful community-directed interventions.
The research project was mainly a proof-of-principle project to show the feasibility and
efficacy of ecosystem-based interventions in dengue and Chagas control. Vector densities were
measured through standard vector indicators such as Pupae Per Person (PPP). As this was done
through a cluster randomized trial design many households in the intervention areas benefited
from new and innovative interventions. Most interventions provided evidence for a significant
reduction of vector densities through innovative community-based interventions and indicate
that a decrease in the risk of transmission is in fact possible. Local populations became more
aware and involved in vector control interventions that at the same time were relevant to
improving overall living conditions, e.g. by housing improvements and peri-domestic
environmental modifications for Chagas vector control or improved window screens plus waste
disposal and recycling for dengue. Many of the intervention approaches were genderresponsive and involved women. By making policy makers aware of the ecohealth approach,
there is a high likelihood that scaled-up interventions can in the future benefit many more
households.

9.

Project impacts
9.1.

Partnership benefits

In close partnership with IDRCs ecohealth programme and its projects, e.g., its Ecohealth
Fieldbuilding Leadership Initiative, the project innovated and advanced the application, theory,
method and policy and practice relevance of ecohealth research for vector-borne diseases
control. By providing a scientific platform for multi-disciplinary research on vector-borne
disease at the interface of , the partnership resulted in more scientific credibility for such
ecohealth research. This in the longterm resulted in increased legitimacy for such research. The
longterm partnership-driven research initiatives and their enabling mechanisms (e.g.,
communities-of-practice, ecohealth conferences and publications and supporting networks such
as the Ecohealth Fieldbuilding Leadership initiative) led TDR and its governing bodies to
increase the visibility and strategic position of such research. In fact, TDR established a
dedicated research unit on Vectors, Environment and Society (VES), in early 2012, partially
also as a consequence of the increased perceived importance of the work. In line with the
objectives of the overall project and IDRC’s ecohealth concept, this unit is specifically
mandated by TDRs governing bodies to:
•
•
•

promote and facilitate the development and evaluation of new and improved integrated vector
control methods and strategies;
design and implement community-based ecosystem management and environmentally-friendly
vector control interventions for the prevention of dengue and Chagas disease;
undertake interdisciplinary research towards the understanding, prevention and mitigation of
the impact of environmental and climate changes on vectors and vector-borne diseases; and
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•
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enhance access to control interventions through community engagement in improved and
sustained delivery and scale up of the interventions for the prevention of major vector-borne
diseases and other poverty related diseases.

9.2. Research capacity strengthening and community-of-Practice

This initiative has led to an active Community-of-Practice (CoP) on EcoHealth/Eco-Bio-Social
research related to two major public health problems in Latin America, dengue and Chagas
disease. After five years, all eight teams are still interacting and collaborating. The
collaboration with the IDRC-funded Ecohealth Fieldbuilding Leadership Initiative (PI:
Professor M.-H. Rodriguez, Instituto Nacional de Salud Pública, México) has increased the
sustainability of the Community-of-Practice as research nodes have been established in the
research sites of Mexico (Merida), Colombia, Uruguay and Brazil.
This outcome was the result of extensive scientific oversight and management:
•

Rigid scientific review and oversight by an external expert committee (SPT)

•

Extensive curriculum development for the five Community-of-Practice meetings including
development of teaching modules. All these workshop activities have been reported in
progress reports.

•

Extensive electronic communication with all research teams on specific and general
questions related to the research and grant (TDR Project Leader, Administrative Support
Officer, Consultant, Statistician, Data Base Manager, Health economist).

•

International promotion and dissemination of underlying ecohealth research concept and
methodology, e.g., the chairing by the Project Leader of an Ecohealth community-ofpractice network meeting at the Fourth Biennial Conference of the International
Association for Ecology and Health, “Sustaining Ecosystems, Supporting Health” 15-18
October 2012, Kunming, PR China

•

Extensive communications by TDR, as part of a global communications effort on eeco-biosocial/ecohealth research, including several news items that are sent to 11,000 recipients
worldwide:
•
•
•
•
•
•

http://www.who.int/tdr/research/vectors/en/
http://www.who.int/tdr/research/ntd/dengue/en/
http://www.who.int/tdr/news/2011/dengue-chagas-new-solutions/en/
http://www.who.int/tdr/news/2013/dengue_control/en/
http://www.who.int/tdr/news/2012/ecohealth_china/en/
http://www.who.int/tdr/diseases-topics/environment/vector-research/en/index2.html

•

Support and technical assistance by the Project Leader to other IDRC-led initiatives,
e.g., serving as a resource person for the inception workshop, hosted by the National
Institute of Public Health, Lao PDR, for IDRCs new Ecohealth Emerging Infectious
Diseases (Eco EID) research initiative, Vientiane, Lao PDR, 12-16 March 2012

•

Provision of extensive technical support, with respect to data collection and analysis of
statistical data, social science research and data base development, maintenance and
transfer to a cross-site, integrated database.

•

Extensive electronic communication with all research teams on specific and general
questions related to the research and the grant.
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•

Production of five videos on the research initiative, the first one (on the Bolivia project)
launched to celebrate the 2014 World Health Day on Vector-Borne Disease:
http://www.who.int/tdr/research/vectors/community_based_interventions/ecohealth/en/

•

Featuring of the research work in the overall video on TDR’s history and achievements:
http://multimedia.who.int/mp4/WHOPROD_Tropical_diseases_TDR_40th_anniv_14MAY2014_en.mp4

•

Emerging scientific output (much more expected in the near future): Cross-site publication
on dengue research portfolio, a highly accessed open access journal article in BMC
Infectious Diseases (Impact Factor 3.03). A poster presenting this paper received the “Best
Poster” award received at the Dia de la Investigaccion, in Colombia, in October
2013.Quintero, J; Brochero, H.; Manrique-Saide, P., Barrera-Péerez, M.; Basso, C.,
Romero, S.; Caprara, A.; de Lima Cunha, J.; Beltran-Ayala, E.; Mitchell-Foster, K.;
Kroeger, A.; Sommerfeld, J., Petzold, M. 2014. Ecological, biological and social
dimensions of dengue vector breeding in five urban settings of Latin America: a multicountry study. BMC Infectious Diseases http://www.biomedcentral.com/1471-2334/14/38
A planned special issue of the Transactions of the Royal Society for Tropical Medicine
International presentations and dissemination by the Project Leader of the ecohealth
approach and the overall research programme at major international meetings:
• Fourth Biennial Conference of the International Association for Ecology and
Health, “Sustaining Ecosystems, Supporting Health”, 15-18 October 2012 in
Kunming, People’s Republic of China, with communication feature on
WHO/TDR website at http://www.who.int/tdr/news/2012/ecohealth_china/en/

•
•

9.3. Networking formation
Networking opportunities were provided through regular Community-of-Practice meetings,
attended by members of the external expert committee (SPT).
The first CoP meeting was held in collaboration with PAHO/AMRO and the Universidad del Valle
de Guatemala in Antigua, Guatemala from 13-17 July 2009, to establish the network and multicountry research initiative and to develop fundable proposals (reported in the Second Technical
Progress Report).
The second CoP workshop was held in Guadalajara/Mexico, 16 – 21 October 2010 with
networking opportunities with IDRC's CD LAC programme and participating in the “I congreso de
salud ambiental” (reported in the Third Technical Progress Report).
The third CoP workshop was held 30 August - 2 September 2011, hosted by the Universidad
Autónoma de Yucatán, Mexico, and served to advance data analysis on phase 1 and to facilitate the
proposal development for Phase 2 (reported in the Fourth Technical Progress Report).
A fourth Community-of-Practice (CoP) workshop was held March 3-7, 2013 in Fortaleza, Brazil,
hosted by PAHO-WHO and the State University of Céara State.
A fifth and final Community-of-Practice (CoP) workshop, was held in collaboration with PAHOAMRO and Universidad de la República, Uruguay, Montevideo, Uruguay, 26-29 November 2013
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9.4. Effects on policy and practice
All eight research sites established links with public health services and vector control
units at national and local governance levels. Research results were communicated with
success to a number of policy makers.

With respect to regional research uptake and research-to-policy and practice effects, from
its inception, the project initiative enrolled relevant PAHO officers and programmes and
country dengue or vector control programmes into the effort. High-level policy makers
attended the two final CoP workshops:
Fortaleza CoP, 5-8 March 2013:
1. Brazil: Dr Giovanini E. Coelho, Dengue Control Programme Manager, Ministry of
Health, Ministerio da Saude, Brazil with Dr Fabiano Geraldo Pimenta Junior, Secretaria
de Saúde do Municipio de Belo Horizonte and Dr Flúvia Pereira Amorim da Silva,
Secretaria de Saúde do Municipio de Goiânia
2. Mexico: Dr Juan I. Arredondo Jimenez, Director Nacional Programa de Enfermedades
Transmitidas por Vectores, México
3. Ecuador: Dr Efrain Felix Beltran, Acting Dengue Control Officer, Quito, Ecuador
4. PAHO: Dr Zaida Yadón, Regional Adviser, Communicable Diseases, Health
Surveillance and Disease Prevention and Control
Montevideo CoP, 5-8 March 2013:
1. Argentina: Dr Cynthia Spillmann, Dirección de Enfermedades Transmisibles por
Vectores, Ministerio de Salud, Buenos Aires, Argentina
2. Brazil: Dr Giovanini E. Coelho, Dengue Control Programme Manager, Ministry of
Health, Ministerio da Saude, Brazil
3. Colombia: Dr Elkin de Jesús Osorio Saldarriaga, Director de Promoción y Prevención,
Ministerio de Salud
4. Mexico: Jesús Felipe González Roldan, Director General, CENAPRECE, Dirección de
Enfermedades Transmitidas por Vector
5. PAHO: Dr Zaida Yadón, Regional Adviser, Communicable Diseases, Health
Surveillance and Disease Prevention and Control and Dr Roberto Salvatella Agrelo,
Representative, PAHO, a.i. , Adviser, Chagas disease Prevention and Control,
Representación de OPS/OMS en Uruguay
Involvement of these high-level policy makers during the later stages of the Project initative
has led to commitment by several countries to scale-up interventions for which a proof-ofprinciple was established during Phases 1 and 2. The promising results obtained in the three
countries indicate that the individual intervention packages were effective in terms of reducing
the vector populations and can even be strengthened by putting the intervention elements from
the different study sites together: a) Mexico and Colombia with emphasis on window, door,
and water container screening involving local industries, community actors and vector control
staff and b) Brazil with particular emphasis on elimination of small discarded water
containers through social mobilization in conjunction with vector control services. Results
justify the proposal for a subsequent phase of research in which the intervention package is
scaled up to much larger geographic areas (thousands of households) in order to: a) broaden the
evidence base for the feasibility of the proposed intervention; b) better quantify the
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effectiveness of the intervention in both reducing Ae. aegypti infestations and, more
importantly, impacting dengue virus transmission and thus dengue incidence.
An implementation research programme accompanying the efforts by national control
programmes in implementing the newly developed control tools and strategies has been a
concrete outcome of the TDR/IDRC research initiative and is meant to support four of the
research teams, in Brazil, Colombia, Mexico and likely Uruguay (also nodes of the Ecohealth
Fieldbuilding Leadership Programme) to work with their committed vector control services on
a scaled up programme. This proposed research will integrate different components of the
scaling up process to be realized in Belo Horizonte and Goiania (Brazil), Merida (Mexico) and
Girardot (Colombia). Likewise the study in Salto (Uruguay) will be scaled up taking in mind
that it has some unique features due to the fact that dengue vectors are present but no local
dengue virus transmission currently taking place.
At WHO-headquarters, TDR is also in close contact with WHO's Department of Control of
Neglected Tropical Diseases (NTD) and its Vector Ecology and Management (VEM) unit
around the application of the eco-bio-social research approach and its inherent situation
analysis approach for the operationalization of the Integrated Vector Management (IVM)
strategy. In this context, the Project Leader presented the research initiative at the 8th Meeting
of the Global Collaboration for Development of Pesticides for Public Health (GCDPP) (20 –
21 February 2012) focusing on Dengue Vector Surveillance and Management with the
following presentation abstract:
Eco-Bio-Social Determinants of Dengue Vector Breeding
Johannes Sommerfeld
Dr phil. MPH, Scientist, Research Manager, Research Line "Vectors, Environment and Society", Special Programme for Research and
Training in Tropical Diseases (TDR), World Health Organization, 20 Ave Appia, 1211 Geneva 27, Switzerland, Tel. direct: +41 22 791
3954, Fax direct: +41 22 791 4825, E-mail: sommerfeldj@who.int

Dengue vector surveillance and management practices in line with the principles of Integrated Vector Management (IVM)
should be evidence-based and relevant to local conditions. As dengue vector transmission in such specific local contexts
is determined by a complex interaction of vector-related, biological and community factors, there is, consequently, a need
for good operational and implementation research in relation to vector control needs assessments relevant to local vector
ecologies and the community context in which vector transmission occurs.
Recent research initiatives in Asia, Latin America and the Caribbean, supported by a research partnership between the
Special Programme for Research and Training in Tropical Diseases (TDR) at the World Health Organization and the
International Development Research Centre (IDRC) of Canada, are based on a systematic research framework for multidisciplinary research on ecological, biological and social ("eco-bio-social") aspects of vector-borne diseases.
The presentation will introduce the rationale, research framework, methodology and preliminary results of the two
research initiatives, focusing on the just completed study in Asia. The research programme in Asia carried out between
2006 and 2011 in six countries of South Asia (India, Sri Lanka) and Southeast Asia (Indonesia, Myanmar, Philippines,
Thailand). The programme was set up to investigate, from a multi-disciplinary perspective, the ecological, biological and
social (i.e., "eco-bio-social") dimensions of dengue in urban and peri-urban areas in Asia and to develop, on the basis of
a detailed local situation analysis, community-based and multi-partnership intervention programmes aimed at reducing
dengue vector breeding and viral transmission.
The intervention tools were selected according to the site-specific productive container types and ranged from mechanical
lid covers for key productive water containers to chemical (e.g., Pyriproxyfen, Bti) to biological methods (e.g., dragon fly
nymphs, larivovorous fish and copepods). Several groups experimented with solid waste management, composting and
recycling schemes particularly in those sites where small discarded water containers were the most productive ones. The
programmes led to significant outcomes at community level, with the formation of community groups and other public
and private partners with broad environmental hygiene and sanitation interests. The impact on vector densities compared
to control neighbourhoods was significant in some sites (India, Thailand, Sri Lanka) and was as strong as in
neighbourhoods with enhanced public vector control but more sustainable (Myanmar, Indonesia).
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"Eco-bio-social research" is a holistic research framework for the systematic assessment of vector control needs and the
development of community-centred partnership strategies. The presentation will highlight how the five IVM principles
were addressed by the different teams and how this was relevant for defining efficient, effective and ecologically sound
vector control needs based on local evidence, as proposed in the IVM strategy.

The abstract of the presentation was published in the meeting report6.
The research initiative was further included as a case example for studying the
determinants of dengue vector breeding in WHO’s recently published Handbook for
Integrated Vector Management7.
The proposed implementation research programme will be conducted in direct collaboration
with dengue control units at national and local levels. TDR will manage this programme in
collaboration with external partners such as the Innovative Vector Control Consortium at the
Liverpool School of Tropical Medicine. TDR will notably work with national dengue/vector
control services based on their expressed needs in sustaining urban dengue vector control.
Selected urban agglomerations in Brazil, Mexico, Colombia and other countries in Latin
America and the Caribbean will be identified for the following interventions: Vector control
operations targeting the most productive breeding sites (determined through pupal surveys)
plus insecticide treated window curtains and water container covers. Intervention delivery will
be through public health agents trained to work in urban communities and civil society
organizations operating in complex urban environments. Community involvement through
established, locally feasible community engagement strategies will be further strengthened
through innovative health information technologies, e.g. smartphone applications (to be
developed during the project period or adapted from existing smartphone applications) which
inform smartphone users (estimated to be above 60% of households) on the epidemiology of
dengue in their cities, how to manage water containers and what else to do in support of public
health agents. Performance and results will be tested through a “before-after comparison” in
randomly selected city clusters and through comparison with control clusters during two
rounds of dry and wet seasons.

10. Project initiative’s ecohealth story
Seven research institutions, working as a community-of-practice in urban and rural Latin
America, have shown that working with communities and other partners led to a range of
effective solutions that used fewer pesticides and were customized to that region’s ecosystem
peculiarities and control needs. The research, carried out between 2008 and 2014, was
supported by a research and capacity building partnership between TDR and the Ecosystem
and Human Health Program of Canada’s International Development Research Centre (IDRC).
Partner institutions included leading research institutions throughout the region, the
Universidad de la República, Montevideo, Uruguay, the Universidad Andina Simon Bolivar,
Quito, Ecuador, the Universidade Estadual do Ceara, Fortaleza, Brazil, the Fundación Santa Fé,
Bogotá, Colombia, the Universidad Autónoma de Yucatán, Mérida, Mexico, the Institut de
Recherche et Développement, Centre de Bolivie, La Paz, Bolivia, and the Universidad del
Valle de Guatemala, Guatemala City, Guatemala.
6

World Health Organization. 2012. Report of the Eighth Meeting of the Global Collaboration for Development of
Pesticides for Public Health, WHO headquarters, Geneva, Switzerland, 20-21 February 2012,
http://whqlibdoc.who.int/publications/2012/9789241503358_eng.pdf, p. 27-31
7
World Health Organization. 2012. Handbook for Integrated Vector Management. Geneva, Switzerland.
WHO/HTM/NTD/VEM/2012.3 http://whqlibdoc.who.int/publications/2012/9789241502801_eng.pdf, p. 39
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Social, ecological and environmental approaches to controlling the vectors – Aedes mosquitoes
for dengue and the triatomine bugs for Chagas disease – were combined since there are few
other control options. Dengue is a major public health problem throughout Latin America,
particularly in cities. At the same time, Chagas disease is persisting and re-emerging in
different ecological zones of the continent, notably in the Southern Cone of Latin America,
more precisely in the Gran Chaco Region and Central America. Environmental management is
particularly important for its control. The researchers were successfully analysing for both
diseases the transmission patterns, risk factors, community context and stakeholder
environment, and then developing potential solutions country by country.
Each disease and each community has its own set of social, ecological and environmental
factors. The dengue studies in Brazil, Colombia, Ecuador, Mexico and Uruguay each followed
site-specific approaches. For example, in Brazil, lids on elevated tanks that replace continuous
larviciding (reducing cost and toxins) have been tested. In Columbia, insecticide-treated nets to
cover wash basins and ground tanks were a better solution. For the three Chagas studies
(Guatemala, Bolivia and Mexico), the solutions were based on the local ecology and root
causes of triatome infestations.
The research initiative analysed shared knowledge and approaches and also identifying unique
solutions. Bringing dengue vector control practitioners from several countries to the
community-of-practice workshops led to uptake and utilization of research evidence to inform
changes to improve the control of these devastating vectors. This led to a set of "good
practices" for ecosystem-specific dengue and Chagas disease prevention, a research-to-policy
framework to build upon for future interventions, and a sustainable community of practice on
dengue and Chagas disease prevention and control in Latin America and the Caribbean. A
scaling up programme is planned as a result of the research initiative with commitments from
four national control programmes to fund and support a scaling up of the interventions.
The Pan American Health Organization (PAHO) served as a valued technical partner of the
initiative and will also help with further transitioning the research evidence into policy and
practice.
11. Overall assessment and recommendations
WHO-TDR considers this project successfully completed. All milestones as specified in the
Memorandum of Grant Conditions have been reached. An international, peer-reviewed journal
publication has been published on Phase 1. A Community-of-Practice (CoP) consisting of eight
research institutions throughout Latin America has emerged, continuing the learning process
and advancing their research agenda into new and innovative topics. The Community-ofPractice has become integral part of the IDRC-funded Ecohealth Fieldbuilding Leadership
Initiative. A follow-up programme scaling up the dengue-related project interventions in real
life control situations (intervention fully paid for by control services) has been designed and
will be carried out during 2014-15. This IDRC-funded ecohealth project has had impact at
many levels, at the levels of households, communities, society, academic institutions, the lives
and careers of researchers and the world of research.

